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Abstract 

 

Introduction 

Royal Perth Hospital is the largest hospital in Western Australia and also has the 

largest intensive care unit (ICU) in the State. It was the first public hospital to provide 

intensive care services in Western Australia. This thesis examines the intermediate- 

and long-term outcomes of patients admitted to the Royal Perth Hospital ICU between 

1987 and 2002. Intermediate-term survival, defined as survival after discharge from 

hospital to one year and long-term survival, that exceeding one year after discharge, 

are important outcomes. Information on outcomes can be used by ICU staff in 

discussions with patients and their families and to inform policy decision-making and 

future research. 

 

Aims 

The aim of this research was to examine one-year and long-term outcomes of patients 

admitted to the ICU between 1987 and 2002 and explore the factors that might be 

associated with the outcomes for 22,298 patients admitted to the ICU. 

 

Materials and Methods 

A clinical ICU database was linked to morbidity and mortality databases by Data 

Linkage WA. A wide range of demographic and clinical factors were examined for 

their effect on outcome. These included age, sex, comorbidity, severity of illness, 

organ failure, ICU diagnostic groups, type of admission (medical, elective surgical 

and non-elective surgical), length of stay in ICU and era of admission (1987-1990, 

1991-1994, 1995-1998, 1999-2002). Patients were followed-up to study end, 31st 

December 2003 or death if it occurred before study end, that is, up to 17 years after 

the index ICU admission. Kaplan Meier survival curves and Cox regression models 

were used to examine intermediate and long-term survival for patients who survived 

to hospital discharge. A comparison of admissions to hospital before and after the 

index ICU admission was made using descriptive statistics and logistic regression. 

 

Results 
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Throughout the study period survival for the ICU cohort was shorter when compared 

to the Australian population. This was consistent throughout the follow-up period. 

The most important determinants of long-term survival were age, comorbidity, 

severity of illness and diagnostic group but the strength of association varied with the 

duration of follow-up. Although age, comorbidity and severity of illness increased 

among the critically ill survival improved over time. Hospital admissions were more 

frequent after a discharge from hospital that required an admission to ICU than before 

the index admission, even after adjusting for the ageing of the cohort. 

 

Conclusion 

This study provides unique information about the survival and other outcomes of 

patients discharged from a hospital admission that included an ICU stay. The strength 

of this study lies in the follow-up to 17 years and the more comprehensive range of 

explanatory factors than in previous studies. This thesis demonstrates that follow-up 

studies after intensive care should be of sufficient duration to account for the changes 

that occur in survival over time and indicates the range of factors that should be taken 

into account when making comparisons of long-term survival. 
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Chapter 1. Introduction 

 

Royal Perth Hospital is the largest hospital in Western Australia and also has the 

largest ICU in the State. It was the first public hospital in Western Australia to 

provide intensive care services in the State. This thesis examines the long-term 

outcomes of patients admitted to the Royal Perth Hospital intensive care unit (ICU) 

between 1987 and 2002. It seeks to describe long-term outcomes and identify factors 

that are associated with survival and to compare admissions to hospital before and 

after the index admission that contained an admission to ICU, with a view to 

improving long-term morbidity and mortality. This study will provide unique 

information about long-term outcomes including longer periods of follow-up and 

analysis of a more complete range of explanatory variables than published previously. 

 

1.1. Illnesses throughout life of any individual 

 

A person’s health status begins at conception and continues through life until death. 

Along this journey of life, there are events that impact on health. Factors influencing 

the development of, and response to, illness include behavioural (for example, 

smoking and drinking), background (for example, genetic and environmental), and/or 

physiological factors (for example, high blood pressure and obesity). Most illnesses 

are acute, often, though not always, self-limiting and have no long-term sequelae. 

Other illnesses can be chronic, often with the capacity to impair physiological 

function and predispose to acute illness, sometimes with further impairment of 

function. Medical and surgical treatment of illnesses is often effective at reversing, or 

slowing the rate of progression of illness. If illness is severe, it may require treatment 

in an acute health care setting. In some patients, acute illness may be (or become) 

critical or life-threatening. 

 

1.2. What is critical illness? 

 

Critical illness is any illness which is potentially life-threatening. It can be caused by 

a variety of factors including infection, trauma, ischaemia, haemorrhage, exposure to 

toxins, and derangement of metabolic pathways. The natural history of critical illness 
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(Figure 1.1) involves a complex interaction between the initiating critical illness, 

chronic pre-existing disease, age, treatments provided and patient susceptibility. 2 

Figure 1.1 Natural history of critical illness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The major characteristic of critical illness is failure or impairment of one or more 

organ systems. These systems include the brain, with failure manifest by coma or 

critical focal neurological deficits; the heart and haemodynamic system, with failure 

resulting in shock or disturbances of cardiac rhythm; the kidneys, with failure 

producing renal failure; and the lungs, with failure manifest as respiratory and 

ventilatory failure. The factors influencing the course of critical illness are described 
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Figure 1.2 Factors associated with the course of critical illness. 
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responses. The care provided in ICU provides more detailed observation and invasive 

treatment than can be provided in general wards or high dependency areas. 5 

Monitoring of patients who are critically ill is focused on determining whether oxygen 

delivery to tissue is adequate. 
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1.4. Historical background 

 

Intensive care medicine is a relatively new specialty and ICUs have developed rapidly 

over the last fifty years. 6 The poliomyelitis epidemic of 1952 in Denmark was a key 

impetus for the development of the modern ICU. 5 Mortality from respiratory failure 

was dramatically reduced by applying techniques originating in the operating room, 

and by centralising care. Improvements in resuscitation techniques and the 

development of mechanical ventilators led to the development of modern ICUs. 7 

Further maturation of the speciality occurred during the 1970s with the foundation of 

speciality journals, training programs and post-graduate qualifications in intensive 

care. 8 Increasing expertise and technology increased utilisation of ICUs substantially 

during the 1980s providing support for patients with multiple rather than single organ 

failures, often for prolonged periods. 7, 9 Advances in the support of vital organ 

function have converted life-threatening illnesses from rapidly lethal conditions to 

chronic but potentially, survivable conditions. 10 The success of intensive care has 

created a spectrum of new clinical problems; for example, initial survival has enabled 

the development of multiple organ dysfunction syndrome. This syndrome is initiated 

by physiological insults including trauma, ischaemia and infection. The exaggerated 

host inflammatory response, and the interventions used to sustain organ function 

during this time, together with the many and interdependent interactions of 

inflammatory mediators, leads to a self perpetuating cascade of organ dysfunction. 10, 

11 

 

1.5. Large consumer of health care resources 

 

Intensive care is costly, consuming a large amount of health care resources 12, 13 that is 

not commensurate with the number of patients treated in the ICU in comparison to the 

number of patients admitted to other acute areas in the hospital. An increasing 

proportion of health care resources are being consumed in the care of patients who are 

critically ill. 12, 14-19 In 2000, critical care costs in the United States represented 13.3% 

of hospital costs, 4.2% of national health expenditures, and 0.6% of the gross 

domestic product (GDP). 18 These data included specialty ICUs and coronary care 

units. In 2005, approximately 5 million persons in the United States were treated in 
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ICUs, using a greater proportion of hospital bed resources than in previous years. 20 

The cost of adult ICUs in the United Kingdom is less than that of the United States 

and has been estimated as £700 million, which represents only 0.1% of GDP. 6 The 

cost of intensive care in Australia is unknown but probably lies between that of the 

United States and the United Kingdom, and probably nearer to that of the United 

Kingdom. Providing sufficient intensive care resources is challenging. Higher 

numbers of admissions, more severely ill patients and new technologies further 

increase the demand on resources. 21 

 

1.6. Provision of intensive care unit beds 

 

In Australia, there were 171 ICUs in 2002 with 1,272 beds that admitted 137,000 

patients. 22 The precise number of ICUs and beds in the United States is not known 

but estimates suggest that there are about 6,000 ICUs providing 75,000 to 90,000 

beds, of which 60 to 80% are occupied at any one time. 18, 23, 24 Units are said to be 

‘closed’ if medical care is provided by specialist intensivists trained in the care of the 

critically ill, whilst maintaining close liaison with the admitting team. Intensive care 

units are said to be ‘open’ when a primary specialist (surgeon or physician) directs 

management in the ICU and determines if their patients are admitted to ICU. In 

Australia and New Zealand, intensive care has evolved as a separate specialty with 

medical services provided by physicians with post-graduate qualifications in intensive 

care. In the United Kingdom, care is often provided by anaesthetists who may have 

had no formal training in intensive care and provide ICU services. 6 In the United 

States, a significant proportion of ICU care is not provided by ICU specialists. 25, 26 

This, in part, relates to the trend in the United States for speciality-based ICU, with 

specific and separate neurosurgical, burns, cardiothoracic and respiratory units. 

Physicians of the primary speciality often provide medical services in these units. It is 

estimated that specialist ICU physicians provide care to only 37% of ICU patients in 

the United States. 23, 27 In Europe, intensive care medicine varies profoundly between 

countries with important differences in terms of structure, training and education. 

Nevertheless, ICUs generally are closed units. 28 

 

1.7. Balancing supply and demand of intensive care resources 
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The demand for intensive care is increasing at a rate higher than the average for all 

health services in total. 6, 12, 18, 29, 30 This demand is being driven by the need for 

sophisticated technology, increased consumer expectations, an increasingly ageing 

population, evidence-based practice and, in the United States, especially, ‘defensive 

medicine’. 7 Indeed, intensive care is increasingly being provided to older and sicker 

patients, whom in the past were not treated in ICU. 31, 32 Changing referral patterns 

and services have provided further impetus in the demand for ICU beds. 33 The 

demand for intensive care fluctuates, often created by medical and surgical 

emergencies, and utilisation therefore changes continuously and rather unpredictably. 
34 As a consequence, the provision of adequate ICU bed numbers poses many 

challenges with supply often not meeting the demand. 35, 36 The pressure to 

admit/discharge patients in ICU varies, depending on the size, location, characteristics 

and bed occupancy of different hospitals. When the availability of ICU beds does not 

keep up with demand for intensive care, difficult triage decisions have to be made. 29, 

37-44 Refusal of ICU admissions, as high as 24 to 46%, 40, 41, 45 delay in admissions, the 

need for otherwise unnecessary transfer to another hospital, or the implicit or explicit 

rationing of services, may occur. 30 Staff shortages also limit availability of beds with 

adequate skilled staffing levels essential for the provision of timely, safe and effective 

care. 23, 46-49 These shortages in critical care staffing are predicted to worsen over the 

next few years. Considering the large amount of resources used and the increasing 

demand for intensive care 12 an overriding question is whether treatment in the ICU 

benefits patients and whether this benefit is sustained beyond the acute phase of the 

illness. 

 

1.8. Are intensive care units effective? 

 

The assumption that survival of critically ill patients is improved by treatment in an 

ICU has not and cannot be tested by the ideal method of a randomised controlled trial. 

When ICUs were initiated more than fifty years ago, randomised controlled trials 

were not routinely used to establish efficacy. Today, there is no clinical equipoise to 

conduct such trials: The role of intensive care is evolving, for example, the 

introduction of medical emergency teams 50 led by intensivists, critical care outreach 
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51, 52 and intermediate care units 53-55 take intensive care services beyond the physical 

walls of an ICU. The effectiveness and efficacy of these services can be evaluated 

with randomised controlled trials, for example, the MERIT study was recently 

conducted to test the outcomes of introducing a MET. 56 While the re-design of 

intensive care services will change treatment options for some patients, and patient 

selection, justified rationing and end-of-life care will influence some ICU admission 

and discharge decisions, it is unlikely that many patients who are treated in ICUs 

would survive without ICU and therefore it would be unethical to conduct randomised 

controlled trials to evaluate the benefit of ICUs. 57 

 

Effectiveness of ICU has mainly been inferred from observational studies in which 

the mere reporting of survival from intensive care is considered as evidence of 

effectiveness. The few studies that have examined patients referred but refused 

admission to ICU have found poorer survival for patients who were not admitted to 

ICU. 38, 40, 41 Such comparisons are likely to be confounded. While effectiveness is 

difficult to measure using observational data, valuable information on survival, and 

the factors associated with survival, can be obtained. 

 

1.9. What outcomes are measured? 

 

Outcomes of critical illness are multidimensional. Whilst survival is the principal 

outcome, other dimensions are important. ‘Patient-centred’ outcomes, in addition to 

survival, include health status, functional status and quality of life. Surrogate 

measures for these outcomes include employment status before and after intensive 

care, discharge destination, readmissions to ICU and subsequent hospitalisations. It is 

important to understand outcomes that reflect the patient’s perspective on the impact 

of critical illness and its treatment on functioning and wellbeing. An important 

consideration when determining outcomes is deciding when is the optimum duration 

of follow up before measurement. This may naturally differ across ICU populations 

and be context-specific. 

 

1.9.1 Short term outcomes 
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Although both short and long-term outcomes are important, short-term mortality 

(ICU, hospital or mortality at a fixed time point, for example, 28 or 30 days) is more 

frequently reported. However, there are several disadvantages in using these as 

measures of outcome from intensive care. Tracking hospital deaths may be difficult 

because access to these records is not available in some hospitals. It is often 

accomplished using hospital discharge data but this restricts cases to those that die in 

the hospital. It will not capture patients that die shortly after discharge and may miss 

those patients transferred to other facilities. 58 Short durations of follow-up, for 

example, 28 days after ICU admission, may lead to underestimation of the true 

mortality from critical illness as deaths may continue to occur beyond 28 days. 59 

 

Ninety-day mortality has been suggested as an alternative to short-term mortality 

(ICU, hospital or mortality at 28 or 30 days) and has been used as a surrogate measure 

of long-term outcome after intensive care. 60 Teres and Lemeshow 61 argue that re-

defining the end-point from hospital mortality to 90 days will overcome the problem 

that arises from different discharge policies influencing the place and time of death. 

Furthermore, 90 days is more realistic because the course of critical illness is liable to 

exceed 28 days. 61, 62 There are increasing numbers of patients requiring critical care 

after leaving ICU 63 supporting the premise that critical care extends beyond ICU and 

therefore a longer duration of follow-up is required to understand the impact of 

critical illness. Although regarded as a better end-point, there is a growing body of 

evidence challenging short-term mortality as a valid measure of outcome after 

intensive care. 59, 64-66 While 90 days is used as a surrogate for long-term survival, 

there is insufficient evidence to suggest that this is the case. 

 

1.9.2 Intermediate-term survival 

 

Short-term mortality is an important measure of the outcome of intensive care. 

However ICU or hospital mortality depends on the location of death, which is affected 

by hospital practices. This makes it difficult to compare outcomes between ICUs. 

Even intermediate-term survival, up to, and including, one year after critical illness, 

has important limitations because trends over time, particularly in different diagnostic 

sub-groups are difficult to observe. 66 Some interventions that improved short-term 

outcomes have been found to have harmful long-term effects. 67, 68 For example, in a 
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randomised controlled trial of encainide/ flecainide, there was a reduction in 

arrhythmias in 755 patients receiving study drug. 67 However, there was a significant 

excess of arrhythmic deaths in the treated group compared to those receiving placebo. 

In another randomised controlled trial of transfusion requirements in 838 patients who 

were critically ill, the desired increase in haematocrit from blood transfusion was 

associated with a higher mortality. 68 

 

1.9.3 Long-term survival 

 

There is a relative paucity of long-term outcome data. In fact, there are only three 

studies of five-year outcomes in general ICU cohorts with more than 1,000 patients. 
69-71 The lack of long-term data is in contrast with what is known about the long-term 

course of other diseases, particularly heart disease and cancer. This contrast is 

particularly marked given the resources consumed in the care of the critically ill. 

1.10. Why are studies of long-term survival important? 

 

Studies of long-term survival are crucial to provide information about the impact of 

critical illness on subsequent survival although it should be recognised that any cohort 

of patients admitted to ICU have a cumulative mortality with time. 72-75 Clearly 

survival is an important outcome, but for patients and their families, information 

about other patient-centred outcomes, for example morbidity and quality of life, are 

also important. Little information is known about whether critical illness or its 

treatments have long-term adverse effects. Reports 76-78 describe physical, 

psychological and neurocognitive effects after critical illness, but the contribution of 

critical illness and/or the treatments received on long-term outcomes have not been 

compared with outcomes of patients with similar disease and severity of illness not 

treated in an ICU. Only one study has examined the impact of ICU on long-term 

outcomes but this study did not account for severity of illness. 73 Important questions 

are: do patients admitted to ICU have poor long-term survival, more hospitalisations 

after critical illness, have an increased risk for developing common illnesses and carry 

a disproportionate burden of chronic illness and disability? For patients discharged 

from hospital, is survival comparable to that of the general population or are there 

excess deaths as a consequence of critical illness? Some investigators have found that 
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survival at one to two years was similar for survivors of critical illness and the general 

population and therefore argue that intermediate-term follow-up is a surrogate for 

long-term survival. 79, 80 The assumption that one-year survival is a suitable surrogate 

for long-term outcomes after critical illness has not been validated. More recent 

studies have found that the risk for higher mortality among ICU patients extends to at 

least three to five years. 66, 69, 73 

 

Long-term survival provides information on the natural history of critical illness, and 

enables identification of important underlying characteristics of patients that influence 

survival. Clinicians and policy makers can use information from studies of long-term 

outcomes to make judgements about the relative effectiveness of treatment in ICU. 

For patients and their families this information can inform expectations about their 

recovery and long-term outcomes. While both short and long-term outcomes are 

important for patients and their families there is little information on long-term 

outcomes. 

 

Identification of potentially modifiable risk factors provides an opportunity to 

improve long-term survival. Furthermore, risk adjusted outcomes enable comparisons 

with other centres to be made and identification of trends over time. This information 

can be used to judge the relative effectiveness of intensive care. 

 

In addition understanding survival from critical illness may guide appropriate 

allocation of finite healthcare resources. Short-term studies are not surrogates for 

long-term benefits and cannot inform on the value for the resources consumed in 

intensive care. Intensive care is costly and there should be demonstrable benefits to 

the patient. Long-term studies can provide information on the burden of illness among 

survivors of critical care. Subsequent hospitalisations after discharge may be 

indicative of ongoing health problems. Long-term outcome studies provide 

information to enable clinicians, patients and their families, and healthcare providers, 

to make informed decisions. 

 

1.11. Why are there so few long-term outcome studies 
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Studies evaluating long-term outcomes are difficult to do in this heterogeneous 

population. 81, 82 Separating the outcomes of intensive care treatment from the 

outcomes of the primary disease and its treatment is complex. 82, 83 The impact of 

planned/unexpected adverse events and/or nosocomial complications may further 

modify the disease experience of the patient. Following patients for long periods is 

costly and there may be considerable loss to follow-up. These problems increase with 

the duration of follow-up. Despite these difficulties, long-term outcomes have been 

well described for other patient groups, for example, those undergoing cardiac 

surgery. Costly procedures such as cardiac surgery have been the subject of intense 

scrutiny because of political and consumer expectations. In contrast, intensivists have 

traditionally handed over responsibility for ongoing management and have not 

followed patients once they are discharged from ICU. 

 

In addition, few studies that have examined a large cohort of patients admitted to ICU 

have had available to them sufficient clinical data to enable identification of the 

important determinants of long-term survival. Factors that have been proposed as 

being important, for example, age, sex, comorbidity, severity of illness, admitting 

diagnosis, type of admission, length of stay in ICU, and socioeconomic status, have 

not been examined concurrently to understand the independent effects each factor 

contributes to long-term outcomes. 

 

1.12. How can administrative data improve the understanding of 

long-term outcomes? 

 

Studies of long-term outcomes for patients admitted to the ICU require large numbers 

of patients to enable valid interpretation of their results. Ideally, follow-up of 

individual patients should be conducted but, logistically, doing this over a long period 

of time is difficult and expensive. Loss to follow-up can be considerable, particularly 

with longer durations of follow-up. Considering the need to study long-term 

outcomes, and the problems of having a large cohort with sufficient duration of 

follow-up, a strategy increasingly being used in health services research is to draw on 

the unique research capacity of data linkage. Data linkage is a method of combining 

databases using probabilistic or deterministic matching. The linkage of clinical and 
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administrative data enables an individual to be followed over time to determine long-

term outcomes and the factors associated with those outcomes. This is especially 

useful if it is conducted in locations with high quality data and with stable populations 

in which there is a low rate of emigration. The ‘linked file’, thus formed, contains data 

from a large cohort of patients admitted to ICU, with clinical data from before, 

during, and after ICU, as well as subsequent survival data. Data Linkage WA 1 

provides researchers with the opportunity to study long-term health outcomes for 

selected cohorts. 

 

1.13. Scope and purpose of the thesis 

 

Intensive care units provide treatment for patients with potentially reversible critical 

illness or provide close monitoring and early intervention for patients at high-risk of 

developing critical illness. Outcomes for this complex and heterogeneous population 

are context-specific. It is reasonable to speculate that a patient’s outcome after critical 

illness is a consequence of the synergistic effect of pre-existing morbidity, the critical 

illness and its complications, and the treatment received in ICU. It is important that 

the short and long-term outcomes of patients receiving intensive care are known. This 

will enable judgements to be made about the effectiveness of care and enables 

clinicians, patients and their families to make decisions about the patient’s care. 

Studies of long-term outcomes that have large sample sizes, adequate duration of 

follow-up and include important explanatory variables are needed. This thesis uses 

linked administrative and clinical data to describe short and long-term outcomes and 

evaluate the determinants of those outcomes for patients admitted to ICU at Royal 

Perth Hospital in Western Australia. 

 

1.14. Aims 

 

The overall aim of this study is to describe long-term survival, compare admissions to 

hospital before and after the index admission, and investigate determinants of these 

outcomes for patients admitted to the ICU at Royal Perth Hospital, 1987 to 2002. 

 

Aims 
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� To describe the long-term outcomes following critical illness for patients admitted 

to the ICU, in terms of survival, temporal trends and subsequent hospitalisation; 

� To estimate the effect of age, sex, pre-existing disease, severity of illness, organ 

failure, diagnosis, type of admission, length of stay in ICU, era of admission, 

socio-economic status, accessibility/remoteness and readmission to ICU in the 

same admission on long-term survival after critical illness; 

� To compare short, intermediate and long-term survival of patients admitted to 

ICU; 

� To compare survival after admission to ICU with that of an age, sex and era 

matched general population; 

� To compare admissions before and after the index hospital admission; 

 

The null hypotheses are that: 

(1) Age / sex / pre-existing disease / severity of illness / organ failure / diagnosis / 

type of admission / length of stay in ICU and era of admission are not independently 

associated with short, intermediate and long-term survival; 

(2) Type (elective and non-elective) hospital admission, socio-economic status, 

accessibility/remoteness and readmissions to ICU in the index admission are not 

independently associated with intermediate and long-term survival; 

(3) The factors associated with outcome are the same for short, intermediate and long-

term survival; 

(4) Hospital admissions after the index admission and cumulative length of stay are 

the same as before the index admission. 

 

The ultimate goal of this research is to improve patient outcomes by informing 

clinicians, consumers and policy makers of those factors associated with optimal 

prognosis and to enable the identification and testing of interventions to improve 

long-term outcomes after critical illness. 

 

1.15. Structure of thesis 
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Long-term outcomes after critical illness in this thesis were examined using data from 

the Royal Perth Hospital ICU clinical database that was linked to Western Australian 

hospital morbidity and mortality data. 

 

Background information, necessary to understanding the context of the research for 

the reader is presented in Chapter 2. This Chapter provides a description of the current 

knowledge of long-term outcomes for critically ill patients and the gaps in this 

knowledge. The Chapter begins with a description of study endpoints together with 

the rationale for conducting long-term outcome studies after critical illness and the 

limitations in this research area. Outcome measures other than survival are described 

including discharge destination, subsequent hospitalisations and readmissions after 

survival from hospital. 

 

Chapter 3 provides an overview of the aims of the study and methods used to achieve 

these aims. The choice of research design, selection of participants and setting where 

the research was conducted are presented. The research uses data linkage to generate a 

‘linked ICU’ dataset. The data sources and the process of data linkage are outlined. 

The selection of outcome measures and variables examined are described. This 

section is followed by a discussion of the statistical methods used in the research. This 

includes a description of the statistical techniques that enable all the available 

information about patients to be used even if a patient has incomplete follow-up (for 

example, patients alive at study end) provide a better estimate of long-term survival. 

 

Results of the analysis of the ‘linked ICU’ data are presented in Chapter 4. The 

baseline characteristics of the cohort presented in the first part of the Chapter 

introduce the reader to the patients in this study. Short-term mortality for ‘general’ 

patients is then examined using three analytic strategies: (1) unadjusted logistic 

models, (2) logistic models adjusted for age and sex and (3) logistic models adjusted 

for explanatory variables. Longer-term survival and the factors associated with 

longer-term survival for patients who survived to hospital discharge are examined in 

Cox models in greater detail. In addition to the examination of patients admitted to the 

general ICU, two important subgroups, patients admitted with conditions other than 

cardiac surgery and those admitted after cardiac surgery, are compared. The 

multivariate analyses for short-term mortality and longer-term survival are important 
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to separate the factors that are associated with death from the direct consequences of 

critical illness with those associated with subsequent survival. To estimate the impact 

of critical illness, the survival experience of the ICU cohort is compared to that of the 

Australian population of similar age, sex and calendar year of admission. Causes of 

death are described. The Chapter concludes with a section that compares 

hospitalisations before and after the index admission, a surrogate measure for quality 

of life. 

 

The Discussion in Chapter 5 presents the principal findings from this thesis; a 

comparison with existing knowledge and how the information from this thesis 

contributes to the body of knowledge on outcomes for patients admitted to the ICU 

are discussed. Furthermore, the strengths and weaknesses of the thesis are considered 

with a view to identifying unanswered questions as topics for future research. A 

summary of the key findings of this thesis and its recommendations are provided. 
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Chapter 2  Literature Review 

 

2.1. Introduction 

 

This Chapter discusses the current knowledge of outcomes after critical illness, with 

particular emphasis on long-term outcomes. There is extensive research literature 

related to intensive care. Much of this literature describes clinical studies of the efficacy 

or effectiveness of specific treatments, interventions and processes. In addition, there 

are studies examining the utilisation of health care resources in intensive care, such as 

cost effectiveness studies and appropriate use of intensive care services. While these 

types of studies often use mortality as an endpoint, increasingly they explore endpoints 

such as quality-adjusted life years (QALY) and often restrict their study to specific 

patient groups such as the aged, patients with prolonged stays and patients with sepsis. 

The outcomes from intensive care also form an important part of the literature. Reports 

describe short-term mortality and survival, while prognostic scoring systems receive 

particular attention. More recently there is an emphasis on the on-going physiological 

effects of critical illness and treatments received in ICU, quality of life, quality of care, 

adverse events and safety and rehabilitation from critical illness. The majority of reports 

that consider outcomes from ICU focus on the short-term with relatively little 

information on long-term outcomes after ICU. 

 

Observational studies of long-term outcomes in general, medical or surgical ICUs have 

used different research designs and patient populations in their investigations. 

Differences in patient characteristics, casemix and selection criteria are common and 

this heterogeneity in reports may account for the observed variability in survival. Many 

of the studies that describe and investigate long-term outcomes have methodologic 

flaws. The focus in this Chapter will be on describing limitations of studies examining 

long-term outcomes followed by a discussion of what can be concluded (within the 

constraints imposed by limitations of existing work). 

 

The first part of the Chapter will discuss the limitations to the long-term studies. These 

include: 

� Research designs; 

� Heterogeneity of the ICU population; 
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� Lack of consistent definitions of important proposed determinants of long-term 

outcome, for example, severity of illness and comorbidity;  

� Statistical methods; 

� Small sample size; 

� Short duration of follow-up; 

� Loss of patients to follow-up; 

� Restriction to selected patient groups; 

� Measurement of vital status. 

 

Within these limitations, the second part of the Chapter describes factors that are 

important for long-term survival and compares these to determinants of shorter-term 

outcomes. The Chapter also presents information related to patterns of subsequent 

hospitalisations and readmissions to ICU. The information presented in this Chapter 

enables gaps in the current literature to be identified and provides the rationale for the 

conduct of this research. 

 

2.2. Terminology 

 

Terminology relating to outcomes after intensive care has been defined differently by 

different authors. This section will clarify the use of such terms in this thesis. 

 

(1) In this thesis ‘intensive care’ relates to patients receiving care in an intensive care 

unit. An ICU is a self contained facility that can provide complex care to patients with 

actual or potential life-threatening illnesses. 84 ‘General’ ICUs have a combined 

population of medical and surgical patients whilst surgical ICUs admit patients with 

predominantly surgery-related conditions and medical ICUs admit patients with medical 

conditions. Patients admitted to ICU may not necessarily be ‘critically ill’ but may be 

admitted to ICU for monitoring purposes because they are at high-risk of complications. 

Intensive care is a sub-group of critical care, although there is no consensus definition 

of the term ‘critical care’. Other types of critical care include coronary care, 

intermediate care (high dependency care, step-down or step-up units), recovery room 

(or post anaesthetic care units), cardiothoracic units, and emergency departments. This 

study applies only to patients admitted to the ICU. 
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(2) ‘Long-term’ outcomes - there is no consensus definition of ‘long-term’ in the ICU 

literature. Ideally, follow-up should continue until the patient’s death. However, for 

practical purposes, the length of time used for ‘long-term’ follow-up is a shorter period 

that represents a (largely unvalidated) surrogate of total remaining life-span. 

Furthermore, follow-up may be considered ‘long-term’ if the research question or 

particular condition being studied has a short life expectancy. 85 Several studies that 

have examined outcomes for patients admitted to ICU have defined ‘long-term’ as a 

follow-up period for up to one year after critical illness. 80, 86, 87 However, it is 

increasingly acknowledged that this duration of follow-up is inadequate and a longer 

duration of follow-up is more appropriate. 66, 82, 85 In addition, survival is generally 

lowest in the first year, particularly in the first few months after discharge 79, 88-90 and it 

is likely that this early excess mortality influences the study of long-term survival, and 

long-term outcomes after one year should be examined separately. This approach has 

been used by Guru and colleagues 91 who found the proportional hazards assumption in 

Cox regression models was violated in a large cohort of patients after cardiac surgery. 

They elected to examine intermediate outcomes, that is, those up to and including one 

year, and long-term outcomes, that is, those exceeding one year. It is unlikely that the 

proportional hazards assumption will be met in heterogeneous general ICU cohorts. For 

the purpose of this thesis, I have used these definitions, shown in Figure 2.1: 

 

� Short-term outcomes: evaluation at time of discharge from hospital, or 28/30-day 

outcomes; 

� Intermediate-term outcomes: period from hospital discharge up to, and including, 

one year; 

� Long-term outcomes: evaluation from one year onwards. 

 

Figure 2.1 Time periods for follow-up for patients admitted to ICU. 

 

Short-term 
outcomes 

Intermediate-
term outcomes 

Long-term outcomes 

    

 
Admit 
to 
ICU  

ICU     Hospital 
Discharge 

One year                                   Longer than one year 
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(3) ‘General studies’ refer to studies conducted in general ICUs, respiratory ICUs, 

surgical ICUs and medical ICUs. They may include some coronary care unit (CCU)-

type patients but are not combined medical ICUs/CCUs. 

 

2.3. Search Strategy 

 

Several methods were used to identify relevant research literature relating to long-term 

outcomes for patients admitted to the ICU. A computerised literature search for articles 

mentioning long-term outcomes or patients admitted to an ICU from online databases 

MEDLINE (1966 to 2008), EMBASE (1966 to 2008), CINAHL (1982-2008), and the 

Cochrane Library (1966 to 2008) was conducted, until 30th September 2008. Entering 

the search term ICU, that also included the terms intensive care, critical care and critical 

illness resulted in 56,413 hits. Restricting the search to the English language, adults and 

humans, there were 44,292 hits. The search was refined by the use of additional search 

terms: ‘outcome’, ‘long-term outcome’, ‘follow-up studies’, ‘mortality’, ‘survival’, 

‘utilisation’. Reports for long-term outcomes in adult patients combined with these 

terms resulted in 1,184 hits. A flow diagram, Figure 2.2, shows an overview of the 

literature selection process. Studies that divided patients into two or more groups for 

treatment purposes were excluded. 92-101 Articles relating to long-term outcomes of 

patients having cardiac, lung and liver transplants 102 and patients with ventricular assist 

devices 103 were also excluded. Articles were classified as retrospective, 

retrospective/prospective or prospective, according to the timing of patient enrolment, 

method of data collection and the outcome measured. If a follow-up evaluation was 

performed to determine outcome the study was classified as prospective. However, if a 

follow-up evaluation was performed to determine outcome, but baseline data was 

collected retrospectively, for example, by chart review, the study was considered 

retrospective/prospective. If both baseline data and the outcome were determined from 

patient notes, it was classified as retrospective. 

 

Abstracts were reviewed and papers that included information on long-term outcomes 

from these abstracts were examined. In addition, the reference lists of all articles were 

reviewed for papers not identified during the computerised search. Searches of key 

journals specialising in critical care, ‘Critical Care Medicine’, ‘American Journal of 

Respiratory and Critical Care Medicine’, ‘Intensive Care Medicine’, ‘Chest and 
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‘Anaesthesia and Intensive Care’, as well as papers published by leading intensive care 

and relevant healthcare specialty authors were also made to identify papers. 

 

Figure 2.2 Flow diagram of the results of the literature search. 

 

This literature review focuses on articles describing long-term outcomes, that is those 

exceeding one year 104 in adult patients. Multiple papers describing the same cohort are 

reported as one study. For example, three papers involve the same hospital, initially 

between 1985 and 1987 then follow-up extended over time, 69, 85, 105 but only survival 

data from the most recent study 69 is presented. Similarly, a study of outcomes from a 

Danish general ICU cohort described in a series of papers 71, 106-110 is considered as a 

single study and a ‘1987’ ICU cohort described in two papers is also considered as one 

study. 31, 74 The 30 studies on long-term outcomes (selected subgroups or combined 

medical ICU/CCUs excluded) include data on a total of 53,051 patients. Only seven of 

these studies had sample sizes greater than 1,000 patients. 69-71, 73, 111-113 Two studies 

were truly population-based. 73, 111 Table 2.1 provides a summary of studies describing 

long-term outcomes from ICU. The table will be referred to in the ensuing sections 2.4 

to 2.11.1 of this Chapter. 
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Table 2.1. Characteristics of studies of long-term survival (duration of follow up exceeding one year) for medical, surgical or general (mixed) ICUs, grouped by 

studies of general cohorts followed by subgroups (cardiac surgery studies excluded), in chronological order (most recent first). 

 

Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Numbe
r of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

‘General’ studies continued 

Fildissis et 
al. 
(2007)114 

Greece 

7-bed 
general 
ICU in 
university 
trauma 
hospital 

Prospective 
cohort study 

2002-2004 
(18 months) 

242 Aged >=14 
years 

LOS in ICU 
>=24 hours 

18 
months 

Mean age 
58 years 

Males 70% 

Not 
examined 

Mean 
APACHE 
II=18.5 
SAPS II= 
49.9 

OF not 
examined 

 

Mean 
LOS 11.7 

Univariate, 
QOL-SP 

Multilinear 
analysis QOL 

Not 
examined 

ICU 67%, 
hospital 62%, 
follow-up 48% 

Hospital 
survivors 94% 

18 pts 

Laupland 
et al. 
(2006) 
(2005) 59, 
111 

1999-2002 

Canada 

General 
and 
cardio-
thoracic 
ICUs 

Population 
based cohort 

4,845 Aged >=18 
years  

Up to 
3.75 
years 
(end date 
31 March 
2003) 

Median age 
65 years 

Males 62% 

Medical 
40% 

Not 
examined 

Mean 
APACHE 
II=24.9 

Not 
examined 

MV O/A 

Shock/ 
vaso-
active 
drugs 

Median 
LOS 2  

Univariate, 
KM, logistic 
model for 
prolonged 
stay 

Costs, TISS a 

Not 
examined 

ICU 87%, 
hospital 81% 

Hospital 
survivors: 1-
year for 
hospital 
survivors 94% 

Not 
stated 

Graf et al. 
(2005) 115 

Germany 

Single 
medical 
ICU 

Prospective 
cohort study 

1997-1998  

(3 months) 

303 Hospital 
survivors,  
ICU LOS > 
24 hours  

No re-
admissions 

51% MI, 
angina, 
arrhythmias 

5 years 
after 
hospital 
discharge 

Mean age 
62 years 

Males 71% 

Not 
examined 

Mean 
SAPS II= 
26 

Maximum
SOFA 
=3.3 

53% MV 

Mean 
LOS 3.7 

Median 
LOS 2 

Univariate, 
KM, 
functional 
outcomes: 
employment, 
residence, 
ICU again, 
SF-36b TISSa, 
cost analysis 

General 
population 

Hospital 
survivors 5-
year survival 
73% (63% 
cumulative 
survival) 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Numbe
r of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-
up 

‘General’ studies 

Flaatten & 
Kvale 
(2003) 112 

Norway 

10-bed 
single 
general 
ICU 

Prospective 
collected data 

1997-1998   
(3 years) 

1,051 Aged >16 
years, no 
burns, 
cardiac 
surgery 

18 
months 

Mean age 
49 years 

Not 
examined 

Mean 
SAPS II= 
44.2 

OF not 
examined 

Mean 
LOS 5.5 

KM, SMR, 
Cost 
effectiveness 
NEMSc 

General 
population 

ICU 81%, 
Hospital 71%, 
18-month 61% 

Not 
stated 

Garcia 
Lizana et 
al. 
(2003)116 

Belgium 

Single 31-
bed 
general 
ICU 

Prospective 
study 

2000  

(13 weeks) 

202 Age >=16 
years. No 
post-
operative 
monitor pts. 
No re-
admissions 

18 
months 
post ICU 
discharge 

Hospital 
survivors 

Median age 
60 years 

Male 64% 

Researcher 
specific 
chronic 
diseases 

Median 
APACHE II 
= 9 

Median 
admission 
& max 
SOFA =3 
discharge 
SOFA=2 

Median 
LOS 3 

Univariate, 
logistic 
regression 

EuroQoL d 

No costs 

Not 
examined 

ICU 84%, 
hospital 72% 

Follow-up All 
pts58%, 
hospital 
survivors 78% 

21 pts 

Kaarlola et 
al. 
(2003)117 
Pettila et 
al. 
(2000)118 

Finland 

10-bed 
general 
ICU 

Prospective 
cohort 

1995  

(12 months) 

591 No neuro-
surgery, 
limited 
trauma and 
elective 
admissions
No re-
admissions 

6 years 
after ICU 
discharge 

1-year 
survivors 

Mean/ 
median age 
53/55 years 

Males 63% 

Medical 
68% 

Not 
examined 

1-year 
survivors 

Mean 
APACHE II 
= 12.8  

1-year 
survivors 

Mean 
maximum 
SOFA 5.5 

Mean 
LOS 4.5 

Descriptive 
statistics  

Employment 
education, 
living status, 
ADLs e, SF-
36b 

No costs 

General 
population 

ICU 85%,       
1-year 64%,   
5-year 52%,   
6-year 9%  

After ICU 
discharge:      
1-year 36%,   
5-year 48%  

63 pts 

Wright et 
al. (2003)69 

United 
Kingdom 

10-bed 
single 
general 
ICU 

Prospective 
collected data 

1985-1989 
(79 months) 

2,104 Age >=16 
years 

No re-
admissions 

5-12 
years 
from ICU 
adm-
ission 

Mean age 
54 years 

Not 
examined 

Mean 
APACHE II 
= 14.0 

OF not 
examined 

Mean 
LOS 4.5 

Univariate, 
KM, Cox 
regression 

No costs 

General 
population 
from 
Scotland 

ICU 79.4%.    
2-year 60%,    
3-year 57%,   
5-year 53% 

Not 
stated 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-
up 

‘General’ studies 

Keenan et 
al. (2002)73 

Canada 

Adminis-
trative 
data-
bases 

Retrospective 
data 

1994-1997 

(3 years) 

27,103 
ICU 
pts  

41,308 
non-
ICU 

MCC 
coding 
related to 
CCU 
excluded 

Up to 4 
years 
after 
hospital 
discharge 

Mean age 
54, median 
age 61 
years 

Males 57% 

Mean 
Charlson 
Co-
morbidity 
Index 

Not 
examined 

OF not 
examined 

LOS not 
reported 

Univariate, 
KM, Cox 
regression 

No costs 

41,308 
hospital 
pts and 
general 
population 

Hospital 86% 

Survivors: 3-
year 85% 

Not 
stated 

Kvale & 
Flaatten 
(2002) 31 

Norway 

10-bed 
single 
general 
ICU 

Prospective/ 
retrospective 
cohort study 

1987 & 1997 
(24 months) 

338 No burns, 
neonates, 
CTS, post-
operative 

3 years 
1997 
cohort 

Mean age 
50 

Males 64% 

Medical pts 
22% 

Not 
examined 

Mean 
SAPS II 
42.7 

OF not 
examined 

Mean 
LOS 5.9 

SMR, SF-36b 

No costs 

Age and 
sex-
matched 
general 
population 

ICU 78% 

3-year survival 
for 2-year 
survivors 95% 

Not 
stated 

Flaatten & 
Kvale 
(2001) 74 

Norway 

10-bed 
single 
general 
ICU 

Prospective 
collected data 

1997-1998 
(12 months) 

219 No burns, 
neonates, 
CTS 

12 years Mean/ 
median age 
46/52 
Survivors 
33/28 

Males 70% 

Medical pts 
29% 

Not 
examined 

Mean 
SAPS II 
34.7 

OF not 
examined 

Mean 
LOS 6.0 

KM, log-rank 
tests. SMR 

SF-36b 

No costs 

Age and 
sex-
matched 
general 
population 

ICU 85% 

12-year 52% 

21 pts 

Lam & 
Ridley 
(1999) 113 

United 
Kingdom 

Single 
general 
ICU 

Prospective 
study 

1995-1997 

(26 months) 

2,166 Age>=16 
years 

18 
months 

Medical/ 
other pts 

Mean age 
medical pts 
53/62 years 

Males 55% 
/ 62% 

Medical pts 
17% 

Not 
examined 

Medical/ 
other pts 

Median 
APACHE II 
17 / 10 

OF not 
examined 

Median 
LOS 
medical/ 
other pts 

1.4 / 1.0 

Univariate, 
KM, log-rank 
tests, linear 
regression 

No costs 

Age and 
sex 
matched 
general 
population 

18 months: 
94% medical 
pts, 93% non-
medical pts 

213 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-
up 

‘General’ studies 

Niskanen 
et al. 
(1996)70 

Finland 

25 mixed, 
medical 
and 
surgical 
ICUs  

Prospective 
study 

1987 

(12 months) 

12,180 Age >=15 
years 

No re-
admissions 

5 years 
(4-5 
years) 
from ad-
mission 
to ICU 

Mean age 
57 years 

Male 63% 

Elective 
surg 33% 

CHE Mean APS 
survivors= 
6.3 / non-
survivors = 
10.3 

OF not 
examined/
Mean/ 
median 
LOS 3.3 / 
1.8 

Univariate, 
KM, log-rank, 
Cox, relative 
survival 

No costs 

Finnish 
general 
population 

ICU 90% 

5-year 60% 

Not 
stated 

Capuzzo et 
al. (1996)86  

Italy 

8-bed 
general 
ICU 

Prospective 
study 

1993-1994 

(12 months) 

260 Admitted 
>24 hours, 
age> 18 
years. No 
CTS, 
burns, re-
admissions 
living>30 
kms from 
hospital 

8-20 
months 
after 
hospital 
discharge 

249 
survivors: 

Surgical 
80% 

Medical 
15% 

Trauma 5% 

Males 68% 

Not 
examined 

Mean 
SAPS II 
28.2 / 31.1 
per QOL 
group 

OF not 
examined 

Mean 
LOS 
3.7/6.5 
per QOL 
group 

Univariate, 
QOL 119 

No costs 

General 
population 

Hospital 79%. 
Survivors:      
1-month 98%, 
6-month 88%,       
12-month 82% 

11 pts 

Kerridge et 
al. (1995)75 

Australia 

6-bed 
single 
general 
ICU 

Observational 
study 

1986            
(7 months) 

248 No re-
admissions
ODs, CTS, 
neuro-
surgery 
burns 

3 years 
(follow-up 
July 
1989) 

Mean age 
55 years 

Not 
examined 

Mean 
APACHE II 
= 15.3 

OF not 
examined 
ICU bed 
days 1.5-
4.6 per 
diagnostic 
group 

Physical and 
psychological 
status, 
Rosser Indexf 

Costs/QALY 

Not 
examined 

1-year 70% 

3-year 60% 

14 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure 
(OF) ICU 
LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-
up 

‘General’ studies 

Dragsted 
(1991) 71, 
107 

Denmark 

Single 
general 
ICU 

Prospective 
study 

1979-1983   
(5 years) 

1,308 Admitted to 
ICU > 48 
hours. No 
ED, burns 
limited 
trauma 

3-8 
years, 
median 
46 
months 
from ICU 
admiss-
ion 

Median age 
60 

Males 50% 

Surgical pts 
67% 

Cancer, 
COPD 

APACHE II 
for 216 pts 
= 14.9 

Resp, 
hepatic, 
renal, 0-3 
points 

MV 48% 

Median 
LOS 2 

Univariate, 
KM, Cox, 
researcher 
designed 
QOL 

Costs 

Danish 
general 
population 

Hospital 71%, 
1-year survival 
57%, 5-year 
survival 42% 

1 pt 

Havill et al. 
(1989)120, 
121 

New 
Zealand 

Single 8-
bed 
general 
ICU 

Observational 
study 

1983-1984   
(2 years) 

273 Age >=13 
years 

No CTS 

2-3.5 
years 
after ICU 
admiss-
ion 

Males 54% 

 

Surgical pts 
24% 

Not 
examined 

Mean 
APACHE II  

Mean APS 
= 14.2 

OF not 
examined 

Mean 
LOS 6.3 

No univariate/ 
analysis of 
survival 

Three-point 
QOL scale 

Costs 

Not 
examined 

2-year 72% 38 pts 
(14%) 

Zaren & 
Bergstrom 
(1989) 79 

Sweden 

20-bed 
general 
ICU 

Prospective 
study 

1983          
(12 months) 

980 Age >=15 
years  

ICU stay at 
least 1 hour 

2 years 
after ICU 
admiss-
ion 

Mean age 
54 years 

Males 58% 

Surgical pts 
63% 

Not 
examined 

Not 
examined 

OF >=2 

MV 47% 

Mean 
LOS 3.3 

KM Log rank 
test, logistic 
regression, 
health status  

TISS a  

Swedish 
general 
population 

2-year 68% 8 pts 

Jacobs et 
al. 
(1988)122 

Netherlands 

8-bed 
single 
general 
ICU 

Prospective 
cohort 

1982-1984 
(12 months) 

313 Included    
2 pts aged 
< 10 years,   
6 pts aged 
10-19 
years 

No ODs 

Survivors 
2 years 
after 
discharge 
from ICU 

Hospital 
survivors  

Mean age 
53 years 

Males 64% 

Not 
examined 

Mean 
SAPS II 
=10.7 

OF not 
examined 

Complicat
-ions 

Follow-up 
pts mean 
ICU LOS 
of 4 

Chi2, t test, 
housing, drug 
usage, 
hospital 
admissions 
pre/post ICU 
stay, physical 
condition 

No costs 

Not 
examined 

1-year 58% 

2-year 49% 

Not 
stated 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 
patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 
admission 

Comorbidity Severity of 
illness 

Organ 
failure 
(OF) ICU 
LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-
up 

‘General’ studies 

Thoner 
(1987) 123 

Norway 

6-bed 
general 
ICU 

Historical 
prospective 
study 

1976-1978 
(72 months) 

249 MV >= 48 
hours 

Age range 
2-88 years 

Median/ 
mean 49 
(range 
18-89) 
months 
ICU adm-
ission 

Mean age 
47 years 

Surgical pts 
85% 

Cardio-
vascular, 
cardio-
vascular& 
respiratory,
respiratory,
other 

Not 
examined 

OF not 
examined 

MV days 

ICU LOS 
not stated 

Descriptive 
statistics, no 
analysis of 
survival 
Health status, 
activity level, 
costs 

Not 
examined 

Hospital 57% 

5-year 45.4% 

1 pt  

no reply 

Loes et al. 
(1987) 16 

Norway 

General 
ICU 

Observation 
study 

1978-1979   
(4 years) 

419 8.6% 
paediatric 
pts 

Mean 20 
months 
(minimum 
1 year) 
after ICU 
adm-
ission 

Age (years) 
0-29 29%, 
30-59 31%, 
60+ 40%  

Males 62% 

Surgical 
67% 

Secondary 
diagnosis 

Not 
examined 

OF not 
examined 

Inter-
ventions 

MV 51% 

Mean ICU 
LOS 6.2 

Descriptive, 
no survival 
analysis, 
health status, 
QOL, work 
load (5-grade 
scale), Costs 
(ICU budget, 
care product) 

Not 
examined 

ICU 87% 

Hospital 80% 

20-month 69%  

3 pts 

Sage et al. 
(1986) 124 

United 
States 

General 
ICU 

Prospective 
study 

1982            
(5 months) 

337 No CTS, 
admission 
(highest 
APACHE/ 
TISS a), 
Californian 
residents, 
no organ 
transplant 

16-20 
months 
after 
hospital 
discharge 

Mean age 
56 years 

M:F 

1.1:1 

56% 
elective 
surgery 

CHE Mean 
APACHE II 
= 15.4 

OF not 
examined 

Mean ICU 
LOS 3.7 

Univariate, 
multiple 
regression,  

SIP g, 
Uniscaleh, 
Costs (TISSa, 
hospital bills) 

Not 
examined 

ICU 92%, 
Hospital 89% 

Cumulative 18-
month survival 
75% 

42 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-
up 

‘General’ studies 

Bams et al. 
(1985) 125 

Netherlands 

16-bed 
surgical 
ICU 

Retrospective 
follow-up 
study 

1981        
(first 300 pts) 

238 No neuro-
surgery 

42 children 
included 

2 years 
after 
discharge 
from ICU 

Mean age 
42 years 

Males 72% 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
3.1 

No survival 
analysis. 
Functional 
status 

Costs, TISSa 

Not 
examined 

2-year 85% 

Hospital 
survivors: 2-
year 92.4% 

62 pts 

Potgieter et 
al. 
(1985)126 

United 
States 

6-bed ICU 
and 4-bed 
RICU 

Cohort study 

1980          
(12 months) 

458 RICU, 
some 
children 
with trauma 

18+ 
months 
after 
hospital 
discharge 

Mean age 
45 years 

Males 63%  

MV 65% 

Not 
examined 

Not 
examined 

OF not 
examined 

Mean ICU 
LOS 7.1 

Descriptive, 
no survival 
analysis 
Recovery 

No costs 

Not 
examined 

Hospital 
survivors: 18-
month 87% 

124 pts 

Benzer et 
al. 
(1983)127 
Pauser et 
al. 
(1984)128 

Germany 

General 
ICU 

Cohort study 

Year and 
period of 
recruitment 
not stated 

182 Not stated 3 years 
after ICU 
discharge 

Not stated Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not stated 

Psycho-social 
functioning 

No costs 

Not 
examined 

1-year 77%, 2-
year 70%, 3-
year 63% 

Not 
stated 

Parno et al. 
(1982, 
1984) 129, 
130 

United 
States 

Two 33-
bed 
general 
ICUs 

Cohort study 

1978            
(3 months) 

558 Limited 
cardiac 
surgical pts 

2 years 
after 
hospital 
discharge  

Mean age 
55 years 

 

Males 61% 

Not 
examined 

Not 
examined 

OF not 
examined 

Mean ICU 
LOS 3.6 

Univariate, 
logistic & 
survival 
regression 
Employment 
status, ADLse 
Costs 
(hospital 
charges) 

124 
hospital 
pts. 
Excluded 
obs/ 
gynae, 
psych, 
paediatric 
pts 

ICU survival 
82.6% 

2-year 63.5% 

2-year survival 
ICU survivors 
84.6% 

11 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-
up 

‘General’ studies 

Schmidt et 
al. 
(1983)131 

United 
States 

3-bed 
RICU and 
6-bed 
general 
ICU 

Cohort study 

1976-1977   
(2 years) 

137 MV >= 48 
hours 

3 years 
after 
hospital 
discharge 

Mean age 
55 years 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not stated 

No 
multivariate 
survival 
analysis. 
Health status, 
productivity 

TISS a, Costs 
(pt bills) 

Not 
examined 

ICU survivors 
36% 

Hospital 
survivors: 3-
year 28% 

4 pts 

Fedullo et 
al. 
(1983)132 

United 
States 

10-bed 
single 
medical 
ICU 

20% CCU 
pts 

Cohort study 

1978             
(3 months) 

182 Age >=20 
years. No 
post-
operative 
pts, burns, 
trauma, 
simple 
cardiac 
conditions 

Mean 
19.2 
months 
post 
discharge 

Pts >=70 
years 46% 

Males 55%, 
Males >= 
70 years 
43% 

Not 
examined 

Mean 
APACHE 
17.2 

OF not 
examined 

ICU LOS 
not stated 

Univariate, no 
analysis of 
survival 

Discharge 
destination  

Costs 
(hospital bills) 

Not 
examined 

ICU 79%, 
hospital 
70.3%, age 
70+ years 
61%, follow-up 

survival if 70+ 
years 84% 

5 pts 

Jacobson 
et al. 
(1982)133 

United 
States 

General 
ICU 

Prospective 
QOL 

1979             
(1 month) 

210 None 
stated 

23 
months 
after ICU 
admiss-
ion 

Mean age 
56 years 

Males 62% 

Surgical 
87% (65% 
elective) 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not stated 

No analysis 
of survival 

QWBI h 

No costs 

Not 
examined 

ICU 92% 

23-month 80% 

19%  

Davis et al. 
(1980) 134 

United 
States 

ICU Prospective 
study 

1975-1976 
(12 months) 

100 MV >= 48 
hours. 

2 years 
after 
hospital 
discharge 

Mean age 
67 years 

Males 50% 

Not 
examined 

Not 
examined 

OF not 
examined 

Mean ICU 
LOS 12.5 

Univariate, no 
survival 
analysis, 
Costs 
(hospital 
charges) 

Not 
examined 

1-year 37%         
2-year 28% 

5 pts  
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-
up 

‘General’ studies 

Nunn et al. 
(1979) 135 

United 
Kingdom 

General 
ICU 

Cohort study 

1970-1974 
(first 100 
patients) 

100 Resp 
failure, MV 
>4hours    
9 pts aged 
< 15 years. 
No CTS or 
neuro-
surgery 

4-7 years 
after 
hospital 
discharge 

Not stated Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not stated 

Descriptive, 
Causes of 
death, state 
of health           
No costs 

Not 
examined 

1-year 40%   
2-year 33%   
3-year 30% 

6 pts 

Medical ICU/CCU 

Detsky et al 
(1981)136 

Thibault et 
al. 
(1980)137 

United 
States 

Medical 
ICU/ CCU 

Prospective 
study 

1977-1979 
(19 months) 

1,604 
pts 
1,831 
admiss
-ions 

194 pts 
with 
missing 
data 
excluded. 

18 (mean 
16 
months) 

Mean age 
60 years, 
median age 
62 years 

Males 58% 

Hospital 
admission 
in previous 
year to 
ICU 
admission 

Not 
examined 

Major 
intervent-
ions 

Mean ICU 
LOS 
Survivors 
3.3 

Non-
survivors 
5.3 

Correlation, 
ANOVA, no 
survival 
regression 
analysis 

Costs 
(hospital bills) 

Not 
examined 

82% during 
follow-up 

194 
adm-
issions 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 
patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 
admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Abdominal sepsis or pancreatitis 

Haraldsen 
et al. 
(2002)138 

Sweden 

Surgical 
ICU 

Retrospective 
study, 
prospective 
QOL 

1983-1995 
(156 months) 

210 Abdominal 
sepsis 

Up to 
14.8 
years 
after 
discharge 
from 
hospital 

Mean age 
65 years 

Co-
morbidity, 
undefined
Survivors/ 
non-
survivors 
31% / 40% 

Mean 
APACHE II 
= 11.2 
survivors, & 
13.1 non-
survivors 

MODS 
45% 
survivors 

42% non-
survivors 

ICU LOS 
6 

Univariate 

QOL86 

No costs 

Not 
examined 

Hospital 
survival 
71.9%, follow-
up survival 
73.4%  

41 pts 

Soran et al. 
(2000) 139 

United 
States 

ICU Retrospective 
chart review, 
prospective 
QOL 

1992-1996   
(5 years) 

52 Pancreatitis Median 
42 (range 
17–69) 
months 
after 
discharge 

Mean age 
53 years 

Males 60%  

54% 
surgical 

Not 
examined 

Mean 
APACHE 
II=11 

OF not 
examined 

Mean ICU 
LOS 15 

Univariate 

SF-36b 

Costs 

Not 
examined 

Hospital 
survivors 75% 

5 pts died 
after 
discharge 

13 pts 

Kriwanek et 
al. 
(1998)140 

Austria 

Single 
general 
ICU 

Cohort study 

1988-1996 
(102 months) 

147 Open 
surgery for 
severe 
intra-
abdominal 
infection & 
pancreatic 
necrosis 

5 years Mean age 
53 years 

Males 65% 

Not 
examined 

APACHE II 
=16 

Organ 
failure 141 
(1-2, >=3) 

Median 
ICU LOS 
30 

KM 

Functional 
status, 
employment 
status. SF-
36b 

Costs 

Not 
examined 

Hospital 
62.6%, follow-
up 77.2% 

No pts 

McLaughlan 
et al. 
(1995)142 

Scotland 

Surgical 
ICU 

Cohort study 

1990-1993 
(42 months) 

125 Abdominal 
sepsis, pts 
aged >= 20 
years 

Median 
15. 
(range 3-
39) 
months 
after 
discharge 

Mean age 
66 years 

Males 49% 

Emergency 
surgery 
79% 

Researcher 
designated 
(57%) and 
CHE 
points 
(36%) 

Mean 
APACHE II 
= 23 

OF not 
examined 

Median 
ICU LOS 
6 

Univariate, no 
long-term 
survival 
analysis, 
WHO 
performance 
score by GPs 
No costs 

Not 
examined 

Hospital 
survival 37% 

Hospital 
survivors: 15-
month 84% 

3 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 
admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) 

Deja et al. 
(2006) 143 

Germany 

Single 
ICU, 
university 
hospital 
specialty 
ARDS 

Prospective 
QOL 

1991-2002 
(10 years) 

163 ARDS, 
discharged 
from ICU > 
1 year 

Minimum 
1 year, 
mean 57 
months 
after ICU 
discharge 

Survivors: 

Mean age 
39 years 

Males 60% 

Not 
examined 

Mean 
APACHE II 
= 16 

OF not 
examined 

Mean ICU 
LOS 47 

SF-36b, 
PTSS-10 j, 
Symptom 
Checklist-90k, 
Social 
supportn 
employment 
status 

No costs 

Not 
examined 

ICU survival 
71% 

1-year 98% 

5 pts 

Cheung et 
al. (2006)76 

United 
States 

Four ICUs Prospective 
study 

1998-2001 
(37 months) 

85 ARDS 
survivors.  

Age>= 16 
years 

No lung 
resection, 
neuro-
logical or 
psych 
history, not 
immobile 
pre-ICU 

2 years 
after ICU 
discharge 

Median age 
45 years 

 

Males 56% 

Pulmonary 
disease 
11% 

APACHE II 
= 23.0 

MODS 
day of 
eligibility = 
9.0 

Median 
ICU LOS 
25 

6 minute walk 

Lung function 
tests 

SF-36b 

Functional 
and health 
status 

Costs 

Not 
examined 

ICU 60% 

2-year 51% 

Cumulative 
survival 

6 month 96%, 
1-year 9.9%, 
2-year 98.9% 

14 pts 
and 8 
pts 
declined 

Rothen-
hausler et 
al. 
(2001)144 

Germany 

Single 
major 
tertiary 
referral 
centre 

Prospective 
cohort 

1985-1995 
(121 months) 

119 ARDS 
survivors  

Median 
time 6 
years 
after ICU 
discharge 

Mean age 
42 years 

Not 
examined 

Mean 
APACHE II 
= 22.8 

OF not 
examined 

Mean 
MV=32 
days  

Mean ICU 
LOS 44 

SKT l, SF-
36b, brief 
psychiatric 
interview, 
employment 
status 

No costs 

Age and 
sex-
matched 
general 
population 

Follow-up 
survival 78% 

43 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 
admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) 

Davidson 
et al. 
(1999) 64 

United 
States 

38-bed 
ICU 

Prospective, 
matched, 
parallel cohort 
study Non-
ARDS 
trauma/ septic 
pts, matched 
1:1 

1994-1996 
(31 months) 

207 ARDS 
survivors 
aged >=14 
years  

Median 
753 days 
(range 8 
to 1,503 
days). 

Median age 
39 years 

Males 68% 

APACHE 
III 
definitions 

APACHE III 
= 73 

OF not 
examined 

ICU LOS 
not 
reported 

KM, Cox 

No costs 

Not 
examined 

Hospital 
69.6% 

Follow-up of 
survivors 
88.9% 

Not 
stated 

Valta et al. 
(1999) 145 

Finland 

ICU 
university 
hospital 

Retrospective 
study 

1993-1995 (3 
years) 

59 ARDS 8-44 
months 

Mean age 
43 years 

Males 63% 

Not 
examined 

Chest xray 
scored by 
Murray’s 
criteria  

Number 
of organ 
failures 

Mean ICU 
LOS 3 

Students t 
test, chi/ 
Fisher 
MANOVER 
Costs TISS a 

Not 
examined 

ICU 63%, 
hospital 58% 
Hospital 
survivors: 8-
month 100% 

Not 
stated 

Schelling et 
al. 
(1998)146 

Germany 

ICU Retrospective 
cohort, case-
control study 

1985-1995 
(121 months) 

192 ARDS 
survivors 
>=6 
months,  
age >16 
years 

No CPR, 
chronic 
neuro-
logical/ 
psych, 
cerebral 
trauma/ 
surgery 

18 
months 
(range 3 
weeks to 
8 years) 
after ICU 
discharge  

Survivors 
mean age 
36 years 

Males 51% 

Not 
examined 

Median 
APACHE II 
= 22 

Median 
number of 
failing 
organs = 
2 

Median 
ICU LOS 
31 

No analysis 
of survival 

SF-36b 

No costs 

Groups: 
Comm-
unity; 
hospital 
OMF 
surgery 
for 
cancer; 
soldiers 
prolonged 
service in 
Cambodia 

ICU 62% 

Follow-up 
survival of 
survivors 
83.7% 

15 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 
admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) 

Halevy et 
al. 
(1984)147 

Israel 

ICU Prospective 
study 

1975-1976   
(2 years) 

18/50  Survivors 
of ARDS, 
MV > 24 
hours 

Mean 16 
(range 3-
30) 
months 

Mean age 
of survivors 
39 years 

Males 67% 

Not 
examined 

Not 
examined 

Not 
examined 

ICU LOS 
not 
reported 

No survival 
analysis. 
Resp 
function, 
ability to 
work.  

No costs 

Not 
examined 

ICU survival 
40%. Post-
discharge 
survival 95% 

1 pt 

Aged patients 

Grace et al. 
(2007) 148 

Australia 

General 
ICU (level 
2 unit) 

Retrospective 
review 

2003-2005   
(3 years) 

432 Pts >=60 
years 

Mean 2.4 
years 
(range, 
11-35 
months) 

Males 67% Not 
examined 

APACHE II 
score 

OF not 
examined 

ICU LOS 
not 
reported 

Descriptive 
statistics 

EuroQoLd 

No costs 

Not 
examined 

Allowing for 
estimated 
survival of 
61% in 
unknown 
group, overall 
estimated 
survival 40% 

137 
(32%) 
pts 

Merlani et 
al. 
(2007)149 

Switzerland 

18-bed 
SICU, 
university 
hospital 

Retrospective 
review, 
prospective 
QOL 

1999-2000   
(2 years) 

141 Age>70 
years, 
abdominal 
pathology 

2 years Mean age 
79 years 

Males 73% 

Surgery 
77% (non-
elective 
52%) 

Diabetes, 
chronic 
renal in-
sufficiency 
cancer, 
CVS / liver 
disease, 
COPD 

Mean 
SAPS II = 
48 

Mean 
SOFA = 7 

Median 
ICU LOS 
2 

Univariate, 
Mann 
Whitney, 
ANOVA, KM, 
multiple 
logistic 
regression, 
SF-36b, 
EuroQoLd 

No costs 

Age and 
sex 
matched 
Swiss 
general 
population 

ICU 79%, 
hospital 67% 

2-year 37% 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 
patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 
admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Aged patients 

De Rooj et 
al. 
(2006)150 

Netherlands 

28-bed 
general 
ICUs 

Retrospective 
study 

1997-2002 
(71 months) 

578 Aged >= 80 
years 

Median 
43 
months 
after 
discharge 
from ICU 

Elective 
(57%)/ non-
elective 
surgery 
(18%)/ 
medical 
(25%) 

Mean age 
82/84/83 

Males 
50%/60%/ 
46% 

Not 
examined 

Elective/ 
non-
elective 
surgery/ 
medical  

Median 
APACHE II 
=16/ 20/ 23, 
Median 
SAPS II= 
32/48/53 

OF not 
examined 

MV 65%/ 
71%/74% 

Elective/ 
non-
elective 
surgery/ 
medical  

Median 
ICU LOS 
1.2/2.9/ 
3.3 

Univariate, 
KM, logistic 
regression 

No costs 

Age and 
sex Dutch 
population 

1-year survival 
for hospital 
survivors:  

Elective 
surgery 92%/ 
non-elective 
surgery 78%/ 
medical 70% 

37 pts 

Kaarlola et 
al. 
(2006)151 

Finland 

10-bed 
general 
ICU 

Prospective 
cohort 

1995-2000 
(72 months) 

882 
pts 
aged 
>=65 
and 
1,827 
control 
aged 
<65 
years 

Aged >=65 
years  

QOL 
excluded 
those 
without 
accurate 
address in 
Finland 

3 years Males 66% 

Medical 
49% 

Not 
examined 

Age>=65 
years/ <65 
years 

APACHE II 
= 18/14 

SOFA 

Median 
ICU LOS 
>=65 
years/ 
<65 years 
2 / 3 

Descriptive 
statistics of 
long-term 
survival, KM 

SF-36 b, 
EuroQoL d 
QALY, 
respiratory 
function, 
ability to work 

No costs 

General 
population 

>=65 / < 65 
years 

ICU 81.0% 
/83.5% 

Hospital 
63.5%/72.6% 

3-year survival 
pts >=65 
years 45%  

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Aged patients 

Boumendil 
et al. 
(2004)152 

France 

18-bed 
surgical 
ICU 

Prospective 
study 

1998-1999   
(2 years) 

233 Age >=80 
years 

3 years Pts >=80/ 
<80 years 
Mean age 
86 / 52 

Males 40%/ 
61% 

Knaus 
class A 
11%  

Immuno-
suppress 
4.7% 

SAPS II = 
45.1 

OF not 
examined 

Pts >=80/ 
<80 years 
MV 46% 
39% 

Mean ICU 
LOS 6.3/ 
5.7 

KM, Cox 

Knaus class 
m, McCabe o, 
IADL p, 
OMEGA 
scoreq  

No costs 

Not 
examined 

3-year 29% 

For pts 
discharged 
from ICU 3-
year survival 
35% 

No pts 

Montuclard 
et al. 
(2000)153 

France 

10-bed 
general 
ICU 

Prospective 
cohort study 
1993-1998 
(68 months) 

75 Age > 70 
years 

Stay >= 30 
days 

All pts 
received 
MV 

Median 
150 days 
(30 to 
1699 
days) 

Mean age 
76 years, 
males 57% 
Elective 
surgical 
7%, non-
elective 
surgical 
16% 

Knaus 
class =yes 
43% 

SAPS II = 
46.4 

ODIN* 
score=2.1 

Mean 
LOS 10.2 

KM 

ADL e, PQOLr  

Omega 
scoreq 

Costs 

Age and 
sex- 
matched 
French 
population  

ICU 67%, 
hospital 47% 

Cumulative 
survival:        
1-year 41%,    
2-year 37% 

No pts 

Benhamou 
et al. 
(1998)154 

France 

10-bed 
RICU in 
university 
hospital  

Retrospective 
study 

1994-1996   
(2 years) 

478 

106 
aged 
>= 80 
years 

Older pts>= 
80 years 
compared 
to younger 
pts 

2 years Mean age 
68 years 

M:F 3:2  

Pts >= 80 
years: 
mean age 
85 years 

Males 68% 

Previous 
respiratory 
disease, 
chronic 
cardiac 
failure, 
neuro-
logical 
disease 

All pts: 
SAPS 8.3 

Pts >= 80 
years = 

10.4 

OF not 
examined  

Mean 
LOS in 
ICU 11  

Univariate 

Costs 

Not 
examined 

Pts >=80 
years: 

Discharge 
72% 

2-year 12% 

Not 
stated 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Aged patients 

Dardaine et 
al.(1995)155 

France 

Single 
medical 
ICU 

Retrospective 
review, 
prospective 
QOL 

1989-1990 
(13 months) 

110 Age >=70 
years 

MV>= 24 
hours  

No neuro-
surgery 

18 
months 
after 
discharge 
from ICU 

Mean age 
78 (median 
77) years 

Males 55% 

Knaus 
class:         
A 4%,         
B 51%,       
C 40%,       
D 5% 

SAPS 
survivors/ 
non-
survivors 
15/18 

OF not 
examined  

Dialysis, 
PAC 

Survivors/ 
non-
survivors 

Mean ICU 
LOS 11.5/ 
12.5 

Logistic 
regression 
Knaus health 
status m, 
ADLe, 
residence  

No costs 

Not 
examined 

ICU 62% 

18-month 33% 

2 pts 

Cohen et 
al. 
(1993)156 

United 
States 

20-bed 
general 
ICU 

Retrospective 
review 

 1985-1987 
(31 months) 

45 Age >= 80 
years 

MV >= 3 
days 

4 years Mean age 
85 years 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

Cost 
analysis, 
hospital bills 

Not 
examined 

Hospital 22% 

Follow-up 
4.5% 

1 pt 

Chelluri et 
al. 
(1992)157 

United 
States 

54 
medical/ 
surgical 
ICU 

Retrospective 
review and 
follow-up 
phone call 

1988          
(12 months) 

34 Aged >= 85 
years 

No re-
admissions 

18 (range 
1-32) 
months 

Mean age 
88 years 

Male 15/34 

Research-
designated  

APACHE II 
=22 

APS=15 

OF not 
examined 

Mean ICU 
LOS 4 

Univariate, no 
regression, 
QOL 3-point 
scale, 
residence. 

Costs, TISS a 

Not 
examined 

34%  4 pts 

McLean et 
al. 
(1985)158 

Canada 

14-bed 
RICU 

Cohort study 

1982-1983 
(12 months) 

1,018 

54 pts 
>= 75 
years 

Age >=75 
years 

No neuro-
surgery 

2 years Medical 
16% 

Not 
examined 

Mean APS 
18.6 for pts 
aged>=75 
years 

OF not 
examined 

Mean ICU 
LOS 4.3 

Hospital 
admissions, 
doctor visits, 
QOL, ICU 
again 

No costs 

Compared 
to non-
neuro pt 
hospital 
deaths >= 
75 years 

ICU 88.8%, 
hospital 82.1% 

Long-term 
48% (14/29) 

Not 
stated 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 
patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 
admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Aged patients 

Grenrot et 
al. 
(1986)159 

Sweden 

20-bed 
general 
(mainly 
medical) 

Retrospective 
study, 
compared to 
younger ICU 
pts 

1979-1982   
(4 years) 

143 Age >=70 
years, 21% 

ICU stays 
>= 48 
hours 

18 
months 

Males 64% 

Non-
elective 
83% 

Not 
examined 

Not 
examined 

OF not 
examined 

Age >=70 
years ICU 
LOS 9.2 

No analysis 
of survival, 
discharge 
destination 

Costs 

Not 
examined 

18 month 44% Not 
stated 

Vang et al. 
(1985) 160 

Sweden 

ICU Retrospective 
chart review 

1978-1980   
(3 years) 

147 Age >=75 
years 

Surgical, 
orthopaedic 
urological 

No internal 
medicine, 
gynae, 
(30%) 

2 years Median age 
79 years 

Males 59% 

Not 
examined 

Not 
examined 

OF not 
examined 

Median 
ICU LOS 
1.5 

Descriptive 

Costs 

Swedish 
general 
population 

ICU 82% 

2 ½ years 
50% 

Not 
stated 

Campion et 
al. 
(1981)161 

United 
States 

18-bed 
medical 
ICU/ CCU 

Prospective 
study 

1977-1979    
(2 years) 

1,832 Age >=55 
years 

No re-
admissions 

6-18 
months  

Males 55-
64 years 
61% 

65-74 years 
53% 

75+ years 
48% 

Not 
examined 

Not 
examined 

OF not 
examined  

Inter-
ventions 
used 

Mean ICU 
LOS 55-
64 years 
3.4,  65-
74 years 
3.5 

75+ years 
3.4 

Univariate, no 
analysis of 
survival 

Complicat-
ions, 
functional 
status, 
hospital 
charges 

Not 
examined 

6-18 months 
67.9% 

2% 
exclude 
deaths 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Asthma, near fatal 

Tan et al. 
(1999) 162 

Singapore 

Medical 
ICU, 
university 
hospital 

Retrospective 
chart review, 
prospective 
follow-up 
interview 

1992-1997 
(69 months) 

93 Near fatal 
asthma in 
ICU 

Median 
19 (range 
1 to 56 
months) 

Mean age 
55.2 years 

Smoking 
history 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

Survival 
curve, health 
care 
provision & 
utilisation. No 
costs 

Not 
examined 

Hospital 
survival 81% 

Follow-up 
survival: 83% 

17 pts 

Wasser-
fallen et al. 
(1998) 163 

Switzerland 

RICU Prospective 
study 

1978-1992 
(15 years) 

39 Near fatal 
asthma 

Median 
12.7 
years 

Mean age 
39 years  

Males 26% 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

QOL 164 
Pulmonary 
function tests 
No costs 

Not 
examined 

90% (4 pts 
died) 

3 pts 

Marquette 
et al. 
(1992)89 

France 

Four ICUs 
large 
urban 
area 

Retrospective 
cohort study 

1983-1988   
(6 years) 

147 Asthma 
requiring 
MV for the 
first time 

Mean 
33.4 
(range 1-
75) 
months 

Mean 45 
years 

Smoking 
history 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

Univariate, 
survival 
analysis, Cox 
No costs 

Not 
examined 

ICU survival 
84% Hospital 
survivors  1-
year 90%  3-
year, 86% 6-
year 77%  

2 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Cardio-Pulmonary Resuscitation (CPR) 

Graf et al. 
(2008) 165 

Germany 

ICU of 
medical 
clinic 

Prospective 
study 

1999-2001   
(3 years) 

354 Pts 
received 
CPR for 
out-of-
hospital or 
in-hospital 
cardiac 
arrest for 
any cause 

5 years Mean/ 
median age 
66/68 years 

Male 71% 

Not stated Mean 
SAPS II = 
47 

Mean 
maximum 
SOFA = 
9.6. 

Simplified 
TISS-28 
day 1, 
mean = 
34 

ICU LOS 
mean 9, 
median 3 

SF-36b, 
costs, QALY 

No severe 
neuro-
logical 
disability, 
QOL 
versus 
age- and 
sex-
matched 
controls 

ICU survival 
52% 

In-hospital 
survival 45% 

31% alive 5 
years after 
hospital 
discharge 

Vital 
status 
known 
for all 
pts 

Yi et al. 
(2006) 166 

Korea 

Neuro-
surgical 
ICU 

Retrospective 
study 

1992-2002 
(130 months) 

214 Cardiac 
arrest 

 ICU LOS > 
24 hours 
and < 14 
days 

Up to 
1,896 
days 

Mean/ 
median age 
54/ 68 
years,  

Males 56% 

IHD, 
hyper-
tension 
acute renal 
failure, 
pneumonia 
sepsis 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

Logistic 
regression, 
KM 

No costs 

Not 
examined 

Immediate 
survival 49%, 
hospital 
survival 9%, 
5% alive at 
end of study 

Not 
stated 

Di Bari et 
al. 
(2000)167 

Italy 

Geriatric 
depart-
ment ICU 

Retrospective 
study 

1988-1998 
(127 months) 

245 Pts who 
received in-
hospital 
CPR 

Median 
31.5 
months 

Mean age 
70 years 

Diabetes, 
hyper-
tension 
CCF, 
COPD, 
renal 
failure 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

KM, logistic 
regression, 
Cox 
regression. 

ADLs e, 
disability  

No costs 

Not 
examined 

Immediate 
survival 53%, 
survived 
hospital 33%, 
long-term 17% 

2 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Cardio-Pulmonary Resuscitation (CPR) 

Dhar et al. 
(1996) 168 

Canada 

10-bed 
medical 
ICU 

Retrospective 
study 

1988-1991 
(42 months) 

285 Pts 
admitted 
after CPR 
(in-hospital 
and out of 
hospital) 

2 years Mean age 
survivors 
62 & non-
survivors 
64 years 

More males 
pts 

IHD, 
hyper-
tension 
renal 
failure, 
cancer, 
liver 
failure, 
COPD, 
diabetes 

Mean 
APACHE: 

Survivors 
=22.5, non-
survivors 

=34.4 

OF not 
examined 

Mean ICU 
LOS 
survivors/
non-
survivors 
5.1 / 2.8 

Univariate, 
Mann-
Whitney / 
Chi2.  

No analysis 
of long-term 
survival 

Costs 

Not 
examined 

Hospital 
survival 33% 

Hospital 
survivors: 2-
year 58%  

2 pts 

Karetzky et 
al. 
(1995)169 

Israel 

ICU 
(54%) of 
pts in 
hospital 
with 
cardiac 
arrest  

Retrospective 
review 

1990-1992   
(3 years) 

360/ 
668 

118 
pts in 
‘1990’ 

Cardiac 
arrest, 
excluded 
pts in ED  

First 
cardiac 
arrest only 

3 years Mean age 
59.5 years 

Females 
52% 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

Descriptive 
statistics 

No costs 

ICU 
versus 
non-ICU 

Immediate 
survival 39%, 
hospital 3%, 
1-year 2%  

Not 
stated 

Berger & 
Kelley 
(1994) 170 

United 
States 

28 critical 
care beds 

Prospective 
study  

1985-1989 
(45 months) 

132/ 
255 

Post in-
hospital 
cardiac 
arrest in 
non critical 
care areas 

Mean 22 
months 

Mean age 
hospital 
survivors=6
8 years 

Not 
examined 

APACHE II 
hospital 
survivors= 
19.6, non-
survivors=2
0.2 

OF not 
examined 

Mean ICU 
LOS 9.8 

ANOVA, Chi2 

Costs 

Not 
examined 

ICU survival 
22%, hospital 
survival 11%, 
follow-up 4% 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Chronic Pulmonary Obstructive Disease (COPD) 

Berkius et 
al. 
(2008)171 

Sweden 

Mixed 
ICUs 

Examination 
of Swedish 
Intensive 
Care Registry 

2001-2006   
(6 years) 

1,009 COPD Up to 64 
months 

Mean age 
70 years 

Males 38% 

Not 
examined 

Mean 
APACHE II 
= 20.2 

OF not 
examined 

Median 
ICU LOS 
28 

Univariate, 
logistic 
regression 
90-day 
mortality, KM 

No costs 

Not 
examined 

ICU 93%, 30-
day 74%, 3-
year 31% 

0.4% 
pts 

Rivera-
Fernandez 
et al. 
(2006)172 

Spain 

86 ICUs Prospective 
study 

1992-1993   
(2 years) 

742 COPD, age 
>=16 years 
No burns or 
pts dying 
=< 6 hours 
of ICU 
admission 

6 years 
after 
admiss-
ion 

Mean age 
65 years 

MV 75% 

Not 
examined 

Mean 
APACHE 
III= 66.6 

OF not 
examined 

Mean ICU 
LOS 11.7 

KM, Logistic 
regression. 

SF-36b 

TISS a 

Not 
examined 

ICU/hospital 
survival 77% 
/68% 

Survival after 
hospital 
discharge 
68% 

22%  

Ai-Ping et 
al. 
(2005)173 

Singapore 

ICU Retrospective 
cohort 

1999-2000   
(2 years) 

57 No re-
admissions 
pneumonia,
pulmomary
oedema, 
ARDS, PE, 
asthma, 
PTX, 
existing 
trache-
ostomy, L/T 
ventilatory 
support 

5 years 
after 
admiss-
ion to 
ICU 

Mean age 
70 years 

Males 81% 

81% pts 
with 
Charlson 
Co-
morbidity 
Index =<2 

Mean 
APACHE II 
= 22 

OF not 
examined 

MV = 
95% 

Mean ICU 
LOS 3  

Student t test, 
Mann-
Whitney test, 
Chi2, Fisher 
exact test, 
KM, Logistic 
regression 

No costs 

Not 
examined 

Survival: 
hospital 
75.5%. 6-
month 61%, 1-
year 57.3%, 3 
years 38.8%, 
5-year 24.1% 

Hospital 
survivors:  5-
year 69.6% 

2 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 
admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Chronic Pulmonary Obstructive Disease (COPD) 

Breen et al. 
(2002) 174 

Australia 

ICU Prospective 
study  

1989-1994   
(6 years) 

74 Acute 
respiratory 
failure R/T 
COPD 

No re-
admissions 

3 years Mean age 
66 years 

Males 59% 

Not 
examined 

Mean 
APACHE II 
=22.0 

OF not 
examined 

MV 85% 

Median 
ICU LOS 
3  

Logistic, KM, 
Cox 

No costs 

Not 
examined 

Hospital 
79.7% 

3-year 36..5% 

2 pts 

Anon et al. 
(1999) 175 

Spain 

26 bed 
general 
ICU, 
university 
hospital 

Prospective 
cohort study 

1992-1994   
(2 years) 

20 COPD and 
long-term 
oxygen 
therapy 
and MV  

5 years Mean and 
median age 
64 years 

IHD, 
hyper-
tension, 
chronic 
AF, 
diabetes 

Mean 
APACHE II 
= 20, 
median 20  

OF not 
examined  

Median 
ICU LOS 
20 

Rosser Indexf 
QALYs 

Not 
examined 

ICU 35%, 
hospital 50%, 
1 year 75%, 5-
year 85% 

No pts 

Hill et al. 
(1998) 176 

United 
Kingdom 

ICU 
tertiary 
referral 
hospital 

Retrospective 
study 

1993-1995 
(27 months) 

46 COPD Up to 21 
months 

Median 
69/67 years 
survivors/ 
non -
survivors 

Males 51% 

Smoking, 
steroid 
use, 
previous 
COPD 

Median 
APACHE II 
survivors / 
non-
survivors 
12 / 16 

OF not 
examined 

ICU LOS 
not 
reported 

Functional 
capacity 

Not 
examined 

Hospital 
survival 51%, 
1-year 41% 

5 pts 

Kaelin et al. 
(1987) 177  

Switzerland 

ICU Cohort study 

1982-1985 
(32 months) 

39 
admiss
-ions  

(35 
pts) 

COPD and 
MV, no 
asthma, 
other 
chronic 
respiratory 
diseases 

Median 
follow-up 
503 
(range 
310-
1,108) 
days 

Survived 
<180 days 
mean age 
68 years, 
M:F 10:4; 

> 180 days 
64 years  

M:F 15:10 

Not 
examined 

Not 
examined 

OF not 
examined 

Duration 
of MV 

ICU LOS 
not 
reported 

Univariate, 
discriminant 
analysis 

Not 
examined 

6-month 64% No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Human immunodeficiency virus (HIV)/Acquired immunodeficiency syndrome (AIDS) 

Casalino et 
al. 
(2004)178 

France 

ICU Prospective 
cohort study 

1995-1999 
(42 months) 

426 HIV before 
and after 
highly 
active anti-
retroviral 
therapy 

Up  to 
1080 
days 
Study 
end 31 
Dec 1996 

Mean age 
38 years 

Males 79% 

Not 
examined 

SAPS II = 
34.2 

Mean ICU 
LOS 1.2 

OF not 
examined 

MV 

ICU LOS 
not 
reported 

KM, Cox 

OMEGA q 

No costs 

Not 
examined 

ICU survival 
77%. ICU 
survivors:      
1-year 85%, 2-
year 71%  

16 pts 

Nickas & 
Wachter 
(2000) 179 

United 
States 

3 ICUs 
(30 beds) 

Chart review 

1992-1995  

(4 years) 

394 Adults 
infected 
with HIV 

4 years Median age 
38 (range 
20-64) 
years 

Males 91% 

Cancer 

Opport-
unistic 
infections 

Mean 
APACHE II 
= 16 

OF not 
examined 

MV 
Median 
LOS ICU  
3  

Logistic 
regression, 
KM, Cox 

No costs 

Not 
examined 

Hospital 
survival 63%. 
Survivors: 
27%, 18%, 
13%, 11% at 
1, 2, 3, 4 
years 

5 pts 

Forrest et 
al. 
(1999)180  

Canada 

ICU, 
single 
tertiary 
care 
institution 

Retrospective 
medical chart 
review and 
data linkage 

1991-1996 
(69 months) 

39 pts, 
41 
admiss
-ions 

PCP-
related 
acute 
respiratory 
failure 

Study 
end 29 
Sep 1997 

Median age 
38 years 

Males 97% 

Not 
examined 

Median 
APACHE II 
= 19.0 

Median 
MSOF**=
1 

MV 61% 

Median 
ICU LOS 
4  

Logistic 
regression, 
KM, Cox 

No costs 

Not 
examined 

Hospital 
survival 
43.6%. 
Survival at 
862 days: pts 
MV=26% and 
non-MV 27% 

Not 
stated 

Casalino et 
al. 
(1998)181 

France 

ICU Prospective 
cohort study 

1990-1992   
(3 years) 

421 HIV related 
conditions 

Up  to 
1080 
days 
Study 
end 31 
Dec 1994 

Mean age 
39 years 

Not 
examined 

SAPS 
II=34.2 

OF not 
examined
MV 19% 

Mean ICU 
LOS 1.2 

t-test, 
ANOVA, 
multivariate 
KM, Cox 
regression, 
Omega q  

No costs 

Not 
examined 

6 months 
51%, 12 
months 28%, 
24 months 
18%  

16 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Human immunodeficiency virus (HIV)/Acquired immunodeficiency syndrome (AIDS) 

Franklin et 
al. 
(1995)182 

United 
States 

Medical 
ICU in 
urban 
teaching 
hospital 

Prospective 
cohort study 

1987-1992 
(61 months) 

47 Hospital 
survivors, 
MV and/or 
CPAP for 
AIDS, PCP 
acute 
respiratory 
failure  

5 years Median age 
36 years 

Male 98% 

Not 
examined 

Not 
examined 

Not 
examined 

ICU LOS 
not 
reported 

Actuarial life 
table analysis 

No costs 

Not 
examined 

Follow-up 
survival 66% 

12 pts  

Long-term acute care / weaning facility / extended care facility (ECF) 

Quinnell et 
al. 
(2006)183 

United 
Kingdom 

Resp-
iratory 
Support 
and Sleep 
Centre 

Retrospective 
study 

1992-2003 
(138 months) 

67 COPD, 
trache and 
failed 
weaning. 
Excluded 
co-existing 
pulmonary, 
chest-wall 
or neuro-
muscular 
disorders, 
obstructive 
sleep 
apnoea 

5 years Median age 
66 years 

Not 
examined 

Mean 
APACHE II 
= 25.5 

OF not 
examined 

Median 
ICU LOS 
NIV / no 
NIV 

31/23 

t-test, Mann-
Whitney, KM 
Cox 
regression 

No costs 

Not 
examined 

Survival        
1-year 68%,  
2-year 54%,  
3-year 40%,  
4-year 31%,      
5-year 25% 

Nil 

Stoller et 
al.(2003)184 

United 
States 

6-bed 
private 
RICU 

Chart review 
and inquiry 
pts/family 

1993-1996   
(3 years) 

135 Prolonged 
MV 

5 years Mean age 
65 years 

Males 41% 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

KM, Cox 
regression 

No costs 

Not 
examined 

1-month 11%; 
1-year 57%,  
3-year 73%,  
5-year 81%  

9 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Long-term acute care / weaning facility / extended care facility (ECF) 

Schonhofer 
et al. 
(2002)185, 
186 

Germany 

RICU in 
special 
weaning 
centre 

Retrospective 
cohort study 

1990-1999 
(10 years) 

403/ 
640 

MV>2 
weeks & 
failed > 2 
weaning in 
referring 
ICUs 

Jul 1999 
to Apr 
2000 

Median age 

66 years 

Males 65% 

Not 
examined 

Median 
APACHE II 
survivors 
=15, non-
survivors= 
17 

OF not 
examined 

Median 
RICU 
LOS 14  

Univariate, 
KM,  Cox 
regression 

No costs 

Not 
examined 

Hospital 
survival 76%. 
Post-
discharge:  

1-year 49%, 3-
year 38%  

12 pts 

Nasraway 
et al. 
(2000)187 

United 
States 

ICUs in 
tertiary 
acute 
care 
hospital 

Retrospective 
cohort study 

1990-1996   
(7 years) 

97 Adult 
survivors, 
ICU LOS 
>= 7 days 
direct ICU 
to ECF 

Minimum 
1 year, 
up to 6 
years 

Mean age 
66 years 

Males 55% 

Not 
examined 

Mean 
admission 
APACHE = 
13.3 

OF not 
examined 

Median 
ICU LOS 
39 

Descriptive 
statistics, 
analysis of 
variance, 
logistic 
regression, 
KM, Cox 

Barthel Index  

No costs 

Not 
examined 

1 year survival 
49.5% 

2-year survival 
33% 

1 pt 

Cook et al. 
(1999) 188 

United 
States 

38-bed 
surgical 
ICU 

Prospective 
cohort study 

(2 years) 

160 Pts 
discharged 
to ECF 

2 years 
after 
discharge 
(mean 21 
months) 

Mean age 
64 years 

Not 
examined 

Mean 
admission 
APACHE = 
13 

OF not 
examined 

Mean 
LOS 11  

KM 

No costs 

Not 
examined 

Follow-up 
55% 

10 pts 

Gracey et 
al. 
(1997)189 

United 
States 

MV 
depend-
ent 
rehabilit-
ation unit 

Prospective 
cohort study 

1990-1994   
(5 years) 

206 Ventilator 
dependent 
in current 
hospital 
admission 

4 years Mean age 
65 years 

Males 57% 

Not 
examined 

Mean 
admission 
APACHE = 
13 

OF not 
examined 

Median 
LOS 56 

KM 

No costs 

Lower 
survival 
than 
Minnesota 
population 

Hospital 
survival 92%, 
1-year 69%,   
3-year 56%    
4-year 53% 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Malignancy/bone marrow transplant (BMT) 

Soares et 
al. 
(2008)190 

Brazil 

Medical-
surgical 
10 bed-
closed 
ICU, only 
oncology 

Cohort study 

2000-2005 
(67 months) 

1,090 

 

163 
pts 
ICU 
LOS 
>= 21 
days 

Aged >= 18 
years, 
cancer with 
ICU >= 24 
hour, 

Excluded 
re-
admissions
complete 
remission 
for >5 
years, 
routine 
post-op 
admissions 

Median 
follow-up 
after 
hospital 
discharge 
537 
(range, 
193-
1119) 
days 

Study 
end 31 
Oct 2007 

Mean age 
58 years 

Males 54% 

Medical 
80% 

Adult Co-
morbidity 
Evaluation 
-27 191 

Moderate 
to severe 
22% 

Mean 
SAPS 
II=45.3 

Mean 
SOFA on 
admission
=6.8 

ICU LOS 
mean / 
median 
11.2 / 7 

Univariate 
analysis. 
Logistic 
regression of 
hospital 
mortality 

No costs 

Not 
examined 

ICU 63% 
Hospital 49% 
6-month 39% 

ICU 74% 
Hospital 40% 
6-month 40% 

Follow-up for 
ICU LOS >= 
21 days 18% 

6 pts 

Cherif et al. 
(2007) 192 

Sweden 

ICU, 
university 
hospital 

Cohort study 

1996-2001   
(6 years) 

85 Haemato-
logical pts, 
88% 
haematol-
ogical 
cancer 

Median 
7.4 
(range 
4.9-10.5) 
years 

Median age 
59 years 

Males 61% 

Not 
examined 

Mean 
admission 
APACHE II 
= 20 

OF not 
examined 

MV 27% 

Median 
ICU LOS 
2 

Univariate 
analysis, 
multivariate 
logistic 
regression 

No costs 

Not 
examined 

ICU survival 
70%,             
6-month 38%, 
5-year survival 
20% 

Nil 

Cense et 
al. 
(2006)193 

Netherlands 

ICUs in 2 
centres 

Prospective 
study 

1994-2000 
(71 months) 

92/109 Trans-
oeso-
phageal 
resection 
adeno-
carcinoma  

Median 
4.9 years 

Median age 
62 years 

Males 86% 

Not 
examined 

Not 
examined 

OF not 
examined 

Median 
ICU LOS 
5.5 days 

KM, Medical 
Outcomes 
Study Short 
Form-20 

No costs 

Not 
examined 

Hospital 
survival 95%. 

Follow-up 
survival for 
hospital 
survivors 58% 

12 pts 
no 
base-
line 
data 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Malignancy/bone marrow transplant (BMT) 

Cornet et 
al. 
(2005)194 

Netherlands 

7-bed 
medical 
ICU 

Retrospective 
/ prospective 
study 

1995-2002 
(86 months) 

58 Haematol-
ogical 
cancer 

2 years Survivors/ 
non-
survivors 
mean age 
54/ 53 
years  

M:F  

12:10/ 
20:16 

Not 
examined 

SAPS II SOFA Mann-
Whitney, 
Chi2, KM 

No costs 

Not 
examined 

ICU survival 
38%, 1-year 
12%, (33% for 
ICU survivors) 

3-year 5% 

1 pt 

Jackson et 
al. 
(1998)195 

Canada 

ICUs from 
2 
hospitals 

Retrospective 
study 

1988-1993   
(6 years) 

116 Adult BMT 
recipients 

Median 
3.5 (2.6-
7.9) 
years 

Median age 
36 years 

Males 47% 

Not 
examined 

Mean 
APACHE = 
33 

Support-
ive care 

ICU LOS 
not 
reported 

KM 

No costs 

Not 
examined 

ICU 50%, 
hospital 23%, 
Hospital 
survivors: 14%  

No pts 

Hollmig et 
al. 
(1997)196 

Germany 

University 
hospital 
ICU 

Case series 

1989-1995 
(80 months) 

10 Allogeneic 
BMT 

5 years Mean age 
37 years 

Not 
examined 

APACHE II OF not 
examined 

ICU LOS 
not 
reported 

Wilcoxon for 
paired data, 
Mann 
Whitney 

No costs 

Not 
examined 

ICU 40% 

Long-term 
survivors 30% 

No pts 

Yau et al. 
(1991) 197 

United 
Kingdom 

ICU Retrospective 
review, 
prospective 
follow-up 

1980-1989 
(10 years) 

92 Haemato-
logical 
cancer 

Up to 8 
years 

Male 63% Not 
examined 

Hospital 
survivors 
median 
APACHE II 
= 21 

Number 
of organ 
failures 
(median 
=2) 

ICU LOS 
not 
reported 

Regression 
analysis 

NHP i, 
HADSs, 
PQOL r. 

No costs 

Not 
examined 

ICU 35%, 
hospital 23% 

Survivors: 1-
year 62% 

3-year 43% 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Prolonged stay/mechanical ventilation (MV) 

Hartl et al. 
(2007) 198 

Germany 

Surgical 
ICU 

Retrospective 
review 

1993-2005 
(12 years) 

392 LOS in 
ICU>28 
days 

Medical pts 
excluded 

5 years Mean 65 
years, 
median 67 
years 

Males 72% 

Cancer Mean 
APACHE II 
= 18.4 

Maximum 
number 
organ 
failures = 
4.4 

Mean ICU 
LOS 63 
days 

Univariate, 
Logistic 
regression, 
KM, Cox 

No costs 

Lower 
survival 
than 
German 
population 

ICU survival 
53.6%.  

Among ICU 
survivors:  

1-year 61.8%, 
3-year 44.7% 
5-year 37% 

2 pts 

Delle Karth 
et al. 
(2006)199 

Austria 

8-bed 
mixed 
cardiol-
ogic unit 

Retrospective 
study, 
prospective 
QOL 

1998-2003 
(70 months) 

Long 
stay/ 
short 
stay 

135/ 
1,225 

ICU stay 
>= 30 days 

No re-
admission 

Median 
follow-up 
694 days 

Median age 
64 years 

Males 65% 

Medical 
67% and 
33% 
cardiac 
surgery 

Chronic 
renal 
failure 

Median 
SAPS II = 
40 

OF not 
examined  

RRT 42% 

Median 
ICU LOS 
5 

Univariate, 
KM 

Logistic 
regression 

Barthel Indext 

TISS a  

No costs 

Not 
examined 

Short / long-
stay: 

ICU 76%/79% 
hospital 70%/ 
66% 

Hospital 
survivors:       
1-year 86%/ 
69%, 4-year 
74% /39% 

No pts 

O’Brien et 
al. 
(2006)200 

Australia 

30-bed 
university 
medical-
general 
ICU 

Prospective 
study 

2000-2002   
(2 years) 

68 ICU stay 
>= 28 days 

Mean 2 
(range 1-
3) years 

Mean age 
59 years 

Not 
examined 

APACHE 
II= 22.2 

Not 
examined 

Median 
ICU LOS 
4 

Chi2, t-test 

GOS u 

No costs 

Not 
examined 

Hospital 79% 

Follow-up 
survival for 
hospital 
survivors 64% 

1 pt 

Richter et 
al. 
(2006)201 

Germany 

SICU Cohort study 

Recruitment 
time not 
stated 

101 ICU stay 
>= 30 days 

35 
months 
after 
discharge 

Survivors: 

Mean age 
41 years 

Males 76% 

Not 
examined 

Mean 
APACHE II 
= 19.9 

OF not 
examine 

Mean ICU 
LOS 
follow-up 
pts 52  

PTSD data. 
SCL-90k 

No survival or 
cost analysis 

Not 
examined 

ICU survival 
69% 

Follow-up 
survival 45% 

5 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Prolonged stay/mechanical ventilation (MV) continued 

Pilcher et 
al. 
(2005)202 

United 
Kingdom 

16-bed 
weaning 
unit 

Cohort study 

1997-2000   
(4 years) 

153 MV median 
26 days 
before 
transfer to 
weaning 
centre 

3 years Mean age 
62 years 

Males 48% 

Not 
examined 

APACHE 
II=15 

OF not 
examined 

Median 
ICU LOS 
26 

Univariate, 
Spearman’s, 
KM, Cox, 
Logistic 
regression, 
Costs, TISS a 

Not 
examined 

1-year 58%, 3-
year 47% from 
admission 

13 pts 

Venker et 
al. 
(2005)203 

Netherlands 

19 to 26 
bed 
general 
ICU 

Retrospective 
cohort and 
prospective 
follow-up  

1995-2003 
(87 months) 

78 LOS in ICU 
> 60 days. 

Mean 1.7 
years 
from 
admiss-
ion 

Survivors / 
non-
survivors 
Mean age: 
49 / 66 yrs  

Male 62% / 
63% 

COPD, 
cancer, 
diabetes, 
CVS, 
pulmonary 
renal, 
neuro-
logical 
disease, 
ESRD 

SAPS II 
survivors 
=31.9  

non-
survivors 
=37.5 

SOFA 
day 0 / 
day 60 

Survivors 
7.7 / 2.5  
non-
survivors 
6.7 / 4.3 

Mean ICU 
LOS 77 

Univariate, 
Spearman’s 
correlation, 
KM. 

No costs 

Not 
examined 

5 year overall 
33% 

Hospital 
survivors: 5-
year 65% 

3 pts 
assume 
alive 

Fletcher et 
al. 
(2003)204 

United 
Kingdom 

ICUs in 
university 
hospital 
and 2 
district 
hospitals 

Prospective 
follow-up 
study 

1993-1997   
(5 years) 

22/195 LOS in ICU 
> 28 days 

Median 
42 (range 
12-57) 
months 
from ICU 
discharge 

Median age 
of survivors 
60 years 

Not 
examined 

Median 
APACHE 
II= 21 

Number 
of organ 
failures 

Median 
ICU LOS 
40.5 

Muscle power 
MRC scale, 
nerve 
conduction, 
Barthel Indext 

No costs 

Not 
examined 

Follow-up 
survival 42% 

17 pts 

Fakhry et 
al. 
(1996)205 

United 
States 

Surgical 
ICU 

Retrospective 
review, 
prospective 
QOL 

1991-1993 
(34 months) 

52  Hospital 
survivors 
admitted to 
SICU, LOS 
ICU >=14 
days 

Mean 17 
(range 4-
30) 
months 
after 
hospital 
discharge 

Survivors: 
Mean age 
53 years 

Male 69% 

Not 
examined 

Survivors 
mean 
APACHE II 
= 23.4 

OF not 
examined 

Mean ICU 
LOS 26 

No 
multivariate 
analysis 
Pre/post 
hospital 
functional 
status, costs 

Not 
examined 

ICU 63%, 
hospital 52% 
18-month 30%    
Hospital 
survivors: 
78.7% 

13 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Prolonged stay/mechanical ventilation (MV) 

Gracey et 
al. 
(1992)206 

United 
States 

Single 
general 
ICU 

Retrospective 
study 

1986-1988 
(29 months) 

104 Age > 16 
years,  

MV > 29 
days 

14 to 43 
months 
after 
discharge 

Mean age 
66 years 

Males 59% 

Surgical 
83% 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

KM, Cox 

Power 
calculation 

No costs 

Not 
examined 

Hospital 
57.7% 

3-year 32.6%,  
Hospital 
survivors: 
56.5% 

7 pts 

Elpern 
(1989) 207 

United 
States 

Single 
surgical 
ICU 

Retrospective 
study 

1983-1984   
(1 year) 

31 Aged pts, 
60-90 
years, 
survived 
hospital, 

MV>= 3 
days 

3 years Males 65% Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

No analysis 
of survival 

Post-
discharge 
resources, 
admissions 

Costs 

Not 
examined 

2-year 14% 

3-year 9% 

1 pt 

Spicher et 
al. (1987) 17 

United 
States 

Single 
MICU/ 
non-RICU 

Retrospective 
study 

1979-1984   
(6 years) 

250 MV >=  10 
days 

Age >= 18 
years  

2 years Mean age 
60 years 

Males 61% 

Not 
examined 

Not 
examined 

OF not 
examined 

Mean ICU 
LOS 38 

Univariate, 
regression 
analysis, pre/ 
post 
functional 
status 

No costs 

Not 
examined 

Discharge 
39.2% 

1 year 28.6% 

2-year 22.5% 

5 pts 

Madoff et 
al. 
(1985)208 

United 
States 

18-bed 
surgical 
ICU 

Chart review 

1982 

(1 year) 

59 

63 
adm-
issions 

ICU stay 
>= 7 days 

19-84 
years 

No CTS, 
burns, 
neuro-
surgery 

At least 1 
year 
(mean 
16.5 
months) 

Mean age 
62 years 

 

Males 51% 

CHE 
(class C 
and D 
worse) 209  

Mean 
APACHE 
=19.6 

OF not 
examined  

MV, RRT, 
CPR 

Mean ICU 
LOS 21 

No analysis 
of survival. 
Employment 
status, place 
of residence. 
Costs 
(hospital bills 
but no 
doctors’ fees) 

Not 
examined 

ICU survival 
59% 

Follow-up 
survival for 
ICU survivors 
57% 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Renal failure 

Bell et al. 
(2008)210 

Sweden 

32 ICUs Cohort study 

1995-2004 
(10 years) 

245 ESRD 
requiring 
RRT 

5 years 21% >=70 
years 

Heart 
failure 

Diabetes 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

KM, logistic 
regression.  

No costs 

General 
population 

90-day 42% 

<20% alive at 
5 years 

Nil 

Liano et al. 
(2007) 211 

Spain 

ICU and 
nephro-
logy 
depart-
ment 

Cohort study 

1977-2002 
(190 months) 

187 
pts, 
43% 
admitt-
ed to 
ICU 

Hospital 
survivors. 

Acute 
tubular 
necrosis 
without 
previous 
nephro-
pathies 

Median 
7.2 
(range 6 
months–
22) years 

Mean age 
58 years 

Males 66% 

Medical pts 
51%  for 
cohort, not 
described 
for ICU pts 

Co-
morbidity 
factors 
yes/no 

ARF 
functional 
capacity 

OF not 
examined 

Mean ICU 
LOS 14.7  

KM 

No costs 

Not 
examined 

Survival at 
10/15 years 
85%/ 61% for 
ICU pts and 
60%/ 43% for 
non-ICU pts 

10 pts 

Noble et al. 
(2006) 212 

Scotland 

6 bed 
general 
ICU 

Cross 
sectional 
survey 

1984-1991   
(1 year) 

126 Acute renal 
and 
respiratory 
failure with 
RRT & MV  

Up to 15 
years 

Mean age 
52 years 

Males 71% 

Medical 
52% 

Not 
examined 

N/S MODS 

ICU LOS 
not 
reported 

SF-36b 

No costs 

Not 
examined 

ICU 27.4%, 
hospital 20.6%   
Long-term 
13.7% 

4 pts 

Morgera et 
al (2002)213 

Germany 

72 ICU 
beds 

Prospective 
study 

1993-1998   
(6 years) 

979 Multiorgan 
failure and 
acute renal 
failure with 
RRT 

5 years Mean age 
58 years 
survivors 
and 62 
non-
survivors 

Males 65% 

Not 
examined 

Mean 
APACHE II 
=20.5 
survivors/ 
21.9 non-
survivors  

OF not 
examined 

ICU LOS 
not 
reported 

KM, Cox 

NHP i 

No costs 

Not 
examined 

Hospital 
survival 31%, 
Post-
discharge:     
6-month 77%, 
5-year 50% 

34 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Renal failure 

Akposso et 
al. 
(2000)214 

France 

Renal 
ICU  

Historical 
cohort 
analysis 

1971-1996 
(25 years) 

381 Acute renal 
failure 

Age >80 
years 

6 days to 
142 
months 
after 
discharge 

Median age 
85 years. 

Males 
189/381 

Hyper-
tension, 
diabetes, 
stroke, 
cancer, MI, 
single 
kidney, 
nephro-
lithiasis 

Mean 
SAPS II = 
54.4 

OF not 
examined  

RRT 29% 

ICU LOS 
not 
reported 

Multiple 
regression 
hospital 
mortality, 
actuarial 
survival 

No costs 

Age-
matched 
French 
population 

Hospital 
survival 60%. 
Hospital 
survivors:      
1-year 80%      
6-year survival 
20% of males, 
40% of 
females  

122 
hospital 
surv-
ivors  

Korkeila et 
al. 
(2000)215 

Finland 

ICU Retrospective 
data 
collection, 
prospective 
QOL 

1992-1993   
(2 years) 

62 Acute renal 
failure, 
RRT  

No pre-
existing 
end stage 
renal failure 

5 years 
from start 
RRT 

Mean age 
survivors/ 
non-
survivors 

54/58 years 

Not 
examined 

APACHE II 
survivors/ 
non-
survivors = 
23.4/ 19.1 

SOFA 
>=3 
organ 
failures 
71% 

Mean ICU 
LOS 
survivors/
non-
survivors
18 / 20 

Descriptive 
statistics for 
survival, no 
regression 
analysis 

NHP i, ADL e 

Costs, TISS a 

Not 
examined 

ICU 66%, 
hospital 55% 

5-year survival 
35.5% 

Not 
stated 

Gopal et al. 
(1997) 216 

Australia 

Two 
general 
ICUs 

Prospective 
cohort 

Recruitment 
frame not 
stated 

250 

85 
surv-
ivors 

Acute renal 
failure and 
having 
RRT 

Mean 30 
(range 2 
60) 
months 

Mean age 
57 years 

Males 67% 

Not 
examined 

Admission 
APACHE II 
= 25 

OF 217 

Mean 
LOS 12 

Researcher-
designed 
QOL 

Costs 

Not 
examined 

Hospital 
mortality 66% 

Follow-up 
20% 

33 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Sepsis 

Ylipalosaari 
(2007) 218 

Finland 

General 
ICU in 
900 bed 
tertiary 
teaching 
hospital 

Prospective 
cohort study 

2002-2003 
(14 months) 

272 Hospital 
survivors, 
ICU 
stay>48 
hours and 
developed 
infection in 
ICU 

Median 
22 
months 

Median age 
57 years 

Males 64% 

Research-
er selected  

Median 
APACHE II 
ICU 
infection/ 
no ICU 
infection  

= 20/22 

ICU 
infection/ 
no ICU 
infection 
Median 
admission 
SOFA 9/6 

Mean ICU 
LOS 10/4 

KM, Cox. 

EuroQOLd 

No costs 

Not 
examined 

Follow-up 
survival 68.7% 

Not 
stated 

Ranes et 
al. 
(2006)219 

United 
States 

9 ICUs Prospective 
study 

1994-2000   
(7 years) 

448 Ventilator 
acquired 
pneumonia 
MV >= 48 
hours, data 
complete  

Up to 10 
years 
(study 
end 14 
Nov  
2004) 

Mean age 
65 years 

Male pts 
66% 

Not 
examined 

Not 
examined 

OF not 
examined 
Vaso-
pressors, 
RRT, 
trache-
ostomy 

ICU LOS 
not 
reported 

Logistic 
regression, 
KM, Cox. 

No costs 

Not 
examined 

Hospital 
survival 58%. 
1, 3, & 5 year 
survival 26%, 
34%, and 45% 

223  pts 
in-
complete 
data 

Korosec 
Jagodic et 
al. 
(2006)220 

Slovenia 

11-bed, 
closed 
surgical 
ICU, 860-
bed 
teaching 
general 
hospital 

Observational 
study 

2003            
(1 year) 

164  Pts with 
sepsis 
(n=66); or 
with trauma 
(n=98) 

2 years Trauma /, 
sepsis  

53 / 64 
years 

Males 

71% / 49% 

Not 
examined 

Mean 
APACHE II 

Trauma= 
14.3 

Sepsis= 
15.5 

OF not 
examined 

Mean ICU 
LOS: 
Trauma 
35 / 
Sepsis 17   

KM, Cox. 

EuroQoL d 

No costs 

Not 
examined 

Sepsis / 
trauma: SICU 
60% / 74%; 
hospital 42% / 
62%; post-
hospital 78% / 
92%, 
cumulative 2-
year 33% / 
57% 

39 pts 
did not 
return 
QOL  
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Sepsis 

Heyland et 
al. 
(2000)221 

Canada 

University 
ICU 

Cross-
sectional 
survey 

1993-1998   
(6 years) 

78/109 Survivors, 
organ 
dysfunction
age> 17 
years. 
Excluded 
disabilities, 
English 
difficulties  

Mean 
16.6 
months 
after 
hospital 
discharge 

Mean age 
62 years. 

Male 53% 

Not 
examined 

Mean 
APACHE II 
score= 22.5 

OF not 
examined 

Mean 
LOS ICU 
12 

SF 36b, 
PQOLr 

SES-Employ-
ment, marital 
status, 
residence 

No costs 

General 
population 
from the 
United 
States 

Pts with 
chronic 
illness. 

31 (39.7%) 
died (27 in 
hospital and 4 
after 
discharge 
from hospital) 

5 pts 

Ortquist 
(1990) 222 

Sweden 

University 
ICU 

Retrospective 
study, 
prospective 
questionnaire 

1977-1981   
(5 years) 

53 Community 
acquired 
pneumonia 
requiring 
ICU 

Mean 3.2 
years 

Mean age 
50 years 

Male 53% 

Pre-
existing 
illness 

Not 
examined 

OF not 
examined  

MV=70% 

Mean 
LOS ICU 
12 

Follow-up 
questionnaire 

No costs 

Not 
examined 

Hospital 
survival 75%, 
follow-up 61% 

Not 
stated 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Stroke / Non-traumatic brain 

Broessner 
et al. 
(2007)223 

Austria 

10 bed 
neuro-
logic ICU, 
one of six 
ICUs in 
university 
hospital 

Retrospective 
chart review, 
prospective 
follow-up 

2002-2005   
(3 years) 

1,155 Neurologic 
conditions 
but not pts 
who 
needed 
immediate 
neuro-
surgery or 
polytrauma 

Mean 2.5 
years 
after 
discharge 

Mean age 
55 years 

Males 59% 

Not 
examined 

Not 
examined 

OF not 
examined  

Median 
ICU LOS 
4 

Proportions, 
logistic 
regression of 
functional 
outcome, 
GOS u, 
modified 
Rankin w 

TISS a 

No costs 

Not 
examined 

ICU survival 
82% 

Follow-up 
survival  of 
hospital 
survivors 86% 

280 pts 

Schielke et 
al. 
(2005)224 

Germany 

Neuro-
logical 
ICU 

Retrospective 
chart review, 
prospective 
QOL 

1996-1999 
(42 months) 

101 Acute 
ischaemic 
stroke that 
required 
MV > 24 
hours 

2 years Mean age 
64 years 

Males 55% 

Circulatory 
diseases, 
hyper-
tension 
atrial 
fibrillation, 
diabetes 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

KM, Cox. 
Barthel 
Indext, 
modified 
Rankin 
Scalew, 
MMSEx,  
2 depression 
scales, SF36b 

No costs 

Not 
examined 

ICU survival 
61%     60-day 
56% 1-year 
40%, 2-year 
33% 

No pts 

Foerch et 
al. 
(2004)225 

Germany 

Surgical 
ICU 

Cohort study 

1998-2002   
(5 years) 

36 Survivors 
malignant 
middle 
cerebral 
artery 
infarction & 
decom-
pressive 
hemi crani-
ectomy  

Mean 
13.7 
(range 7-
28) 
months 
after 
hospital 
adm-
ission 

Mean age 
59 years  

Males 56% 

Charlson 
Co-
morbidity 
Index 

European 
Stroke 
Scale 

OF not 
examined 

Mean ICU 
LOS 20.5 

Univariate 

Bartel Indext, 
QOL 
questionnaire 

No costs 

Not 
examined 

6 months 78%  

Follow-up 
64% 

1 pt 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Stroke / Non-traumatic brain condition 

Foerch et 
al. 
(2004)226 

Germany 

Surgical 
ICU 

Prospective 
cohort study 
and additional 
cross-
sectional 
survey  

1998-2001 
(27 months) 

65 Age>=65 
years 

Ischaemic / 
haem-
orrhagic 
stroke who 
had MV 

Mean 
15.8 
(range 9-
33) 
months 

Mean age 
76 years 

Males 54% 

Cardio-
vascular 
risk factors 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

KM, logistic 
regression at 
6 months, 
Barthel 
Indext, 
modified 
Rankin 
Scalew, 
Stroke 
Adapted SIPg 
No costs 

Not 
examined 

6 months 40% 

Follow-up 
survival 40% 

2 pts  

no to 
survey 

Hilker et al. 
(2003) 227 

Germany 

Neuro-
logical 
ICU, uni-
versity 
hospital 

Prospective 
study 

(1 year) 

124 Acute 
stroke, < 24 
hours 
symptom 
onset, and 
time to 
treatment  

Mean 15 
months 

Mean age 
64 years. 

Males 66% 

Not 
examined 

APACHE II OF not 
examined 

Mean ICU 
LOS 7.6 

Rankin 
Scalew, 
Barthel 
Indext. 

No costs 

Not 
examined 

ICU mortality 
12%, follow-up  
31%; long-
term, 32% 

23 pts 

Roch et al. 
(2003) 228 

France 

ICU Retrospective 
chart review 
and 
prospective 
follow-up 

1997-1999   
(3 years)  

120 Intra-
cerebral 
haem-
orrhage 
after MV  

=> 12 
(mean 
27, range 
12-56) 
months 

Mean age 
64 years 

M:F=1:2 

Circulatory 
disease, 
diabetes, 
respiratory 
failure 

Admission 
SAPS II=41 

OF not 
examined 
GCS, 
trache-
ostomy 

Mean ICU 
LOS 39 

Barthel Indext 
and modified 
Rankin Scale 
scores w  

No costs 

Not 
examined 

Hospital 52% 

Survivors:     
1-year 65%   
3-year 57% 

2 pts 

Ronkainen 
et al. 
(2001)229 

Finland 

Tertiary 
referral 
centre, 
ICU 

Cohort study 

1977-1998 
(21 years) 

1,537 Sub-
arachnoid 
haem-
orrhage 

Median 
7.5 years 

(range 0-
22.3)  

Mean age 
50 years 

Males 50% 

Cardio-
vascular 
disease 

Pre-
operative 
clinical 
status 

OF not 
examined 

No report 
ICU LOS 

Descriptive 

KM, SMR, 
GOS u 

No costs 

Not 
examined 

6-month 87%, 
1-year 87%,  
5-year 82%, 
10-year 74%, 
20-year 56% 

36 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Trauma 

Ulvick et al. 
(2007, 
2006) 230, 
231 

Norway 

10-bed 
closed 
general 
ICU 

Retrospective 
chart review, 
prospective 
follow-up 

1998-2003   
(6 years) 

325 Trauma, 
age> 18 
years  

No foreign 
pts (n=16) 

Median 
47 
months, 
2-7 years 

Median age 
41 years 

Males 83% 

Not 
examined 

Mean 
SAPS 
II=36.6 

Median 
ISS*** =25 

Mean and 
maximum 
SOFA = 
6.9 

Mean ICU 
LOS 4.9 

Descriptive 
statistics, KM, 
Cox models 

No costs 

Age and 
sex 
matched 
general 
population 

ICU/ hospital 
survival 86%/ 
82%/ Follow-
up survival for 
hospital pts= 
92%. 

3 pts  

no to 
QOL 

Jackson et 
al. (2007)78 

United 
States 

Trauma 
ICU 

Retrospective 
trauma 
registry and 
prospective 
follow-up 

2003            
(1 year) 

58 Trauma 
ISS*** >25 
no 
traumatic 
brain injury, 
age >18 
years 

12-24 
months 

Survivors: 
Mean age 
58 years 

Males 67% 

Mental 
health 
history 

ISS*** OF not 
examined 

ICU LOS 
not 
reported 

Several QOL/ 
functional 
tests, 
education 
and 
employment 

No costs 

Not 
examined 

Follow-up 
survival 87% 

18 pts, 
plus 10 
deaths 
and 11 pts 
excluded 

Kazakos et 
al. 
(2006)232 

Greece 

ICU Cohort study 

1995-1996   
(5 years) 

42 Multi 
trauma 
including 
femoral 
fractures 

Mean 9 
months, 
(range 4-
20) 
months 

Mean age 
30 years 

Males 67% 

Not 
examined 

ISS*** = 
18-41 

OF not 
examined  

Mean ICU 
LOS 12  

Descriptive 
statistics 

No costs 

Not 
examined 

1 pt died No pts 

Sutton et 
al. 
(2006)233 

United 
States 

ICU Prospective 
study 

2000-2002 
(20 months) 

56 Abdominal 
trauma 

2 years Mean age 
31 years 

Males 73% 

Not 
examined 

Mean 
ISS*** =33 

OF not 
examined 

Mean ICU 
LOS 17  

Descriptive 
statistics 

No costs 

Not 
examined 

Hospital 
mortality 27%. 

All hospital 
survivors 
survived 

5% 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Trauma 

Avidan et 
al. 
(2005)234 

Israel 

6-bed 
general 
ICU 

Retrospective 
study, 
prospective 
follow-up by 
telephone 
interview 

1983-2004 
(123 months) 

29 Pts in 
terrorist 
bomb 
attack 
sustaining 
blast lung 
injury  

6 months 
to 21 
years, 
median 3 
years 

Mean age 
30 years 

Males 52% 

MV 76% 

Not 
examined 

Not 
examined 

Not 
examined 

Median 
ICU LOS 
6 

Descriptive 
statistics. 
Resp 
symptoms, 
exercise 
tolerance, 
resp inhalers/ 
aids. 

No costs 

Not 
examined 

Hospital 
survival 96.6% 
(1 pt died) 

7 pts 

Pajonk et 
al. 
(2005)235 

Germany 

German 
trauma 
centre 

Prospective 
cohort study 

1982-1995 
(165 months) 

65 Para-
suicide 
from 
trauma 

Mean 
follow-up 
6.1 years 
(range 16 
months to 
13 years) 

Mean age 
38 years. 

Male 57% 

Not 
examined 

Mean 
ISS*** = 40 

OF not 
examined 

Mean ICU 
LOS 22 

Descriptive, 
regression, 
physical and 
psychiatric 
questions 

No costs 

Not 
examined 

Hospital 
survival 68% 

Follow-up 
survival  58% 

3 pts 

Grotz et al. 
(1997) 236 

Germany 

20-bed 
single 
general 
ICU 

Prospective 
study 

1984-1993 
(10 years) 

50 Survivors 
with MOF 

Age > 16 
and < 65 
years 

4.9 +/- 
0.3 years 
after the 
trauma 

Survivors: 

Mean age 
34 years 

Males 70% 

Not 
examined 

ISS*** =37 Organ 
failure 141 

GCS= 
10.4 

Mean ICU 
LOS 30 

No analysis 
of survival. 
Physical 
exam, 
activity, 
spirometry, 
FIMy, GOS t  

No costs 

Not 
examined 

ICU 40% 

Follow-up 
49/50 
survivors 
survived 

9 pts 

Combes et 
al. 
(1996)237 

France 

Neuro-
surgical 
ICU 

Prospective 
study 

1989-1992   
(4 years) 

198 Comatose 
with head 
injury, GCS 
=<8 

61 
months 

Mean age 
38 years 

Males 82% 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

Descriptive 
statistics, Cox 
regression 

No costs 

Not 
examined 

63 pts died No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Trauma 

Vasquez 
Mata et al. 
(1996) 238 

Spain 

37-bed 
single 
ICU 

Prospective 
study 

1990-1991   
(2 years) 

351 Survivors 
of trauma, 
reside 
hospital 
area 

2 years 
after 
discharge  

Survivors 

Mean age 
31 years 

Males 80% 

Not 
examined 

APACHE II 
= 13.5 

ISS*** = 
23.6 

OF not 
examined 

ICU LOS 
not 
reported 

Descriptive, 
linear 
regression for 
QOL, GOS t. 

No costs 

Not 
examined 

Hospital 75% 

Follow-up 
72% 

26 pts 

Thiagaraja
n et al. 
(1994)239 

United 
Kingdom 

General 
ICU 

Prospective 
study 

1990-1991 
(15 months) 

83 pts 
hosp-
ital 
surv-
ivors 

Survivors 
of trauma 

Aged >= 14 
years  

Median 
317 days 

(up to 18 
months) 

Mean age 
33 years 

Not 
examined 

APACHE II 
= 8 

OF not 
examined 

Median 
ICU LOS 
4 

Descriptive, 
no analysis of 
survival  

PQOLr, NHP i 

No costs 

Not 
examined 

Follow-up of 
hospital 
survivors 81% 

22 pts 

Fearnside 
et al. 
(1993)240 

Australia 

General Prospective 
cohort 

Recruitment 
year not 
stated 

(2 years) 

315 Severe 
head injury 
GCS < 8 

2 years 70% less 
than 30 
years 

Male 76% 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

Descriptive 
statistics, no 
analysis of 
survival 

Health, 
functional 
status, GOS u 

No costs 

Not 
examined 

3 months after 
head injury 
69% 

No further 
deaths 

37 pts 

Frutiger et 
al. (1991)90 

Switzerland 

Single 
surgical 
ICU 

Prospective 
study 

1980-1983   
(4 years) 

233 Initial 
survival 
and severe 
injury: ISS 
>= 18 

5 years Mean age 
of 35.6 
years 

Males 81% 

Limitations 
in health 
status 
before 
injury 

Mean 
ISS***= 
29.3  

OF not 
examined 

Mean ICU 
LOS 7.8 

Descriptive 
statistics 
Employment 
status. GOS u 

No costs 

Not 
examined 

Hospital 
mortality 18% 

Follow-up 
mortality 6% 

10 pts 

Kivioja et 
al. 
(1990)241 

Finland 

Single 
ICU 

Cohort study 

1966-1984 
(19 years) 

92 Severely 
injured pts, 
4 body 
regions 

5-20 
years 

Mean age 
31 years 

Males 71% 

Not 
examined 

Mean 
ISS*** = 39 

OF not 
examined 

Mean ICU 
LOS 15 

Univariate, 
logistic 
regression  

No costs 

Not 
examined 

Hospital 
mortality 26% 

9 pts died 
within 1year 

11 pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Trauma 

Kaukinen 
et al. 
(1984)242 

Finland 

Single 
ICU 

Retrospective 
study 

1976-1980   
(5 years) 

228 Trauma  2 years 
after 
discharge 
from ICU 

Mean age, 
male 44 
years, 
female 51 
years 

Males 76% 

Cardiac 
disease 
and COPD 

3-point 
severity 
scale 

Not 
examined 

OF not 
examined 

Mean ICU 
LOS 10.5 

Descriptive 
statistics, 
logistic 
regression, 
TISS a 

No costs 

Not 
examined 

ICU 77%,      
1-year 63%,  
2-year 63% 

1 pt 

Vascular/Abdominal aortic aneurysm (AAA) 

Estrera et 
al. 
(2006)243 

United 
States 

Cardio-
vascular 
ICU 

Retrospective 
study 

2001-2005 
(51 months) 

129 Confirmed 
diagnosis 
of acute 
type B 
aortic 
dissection 

Median 
18.5 
months 
(0-54.7 
months) 

Mean age 
was 61 (29 
to 94) years 

Males 67% 

Not 
examined 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

KM, Cox 
regression 

No costs 

Not 
examined 

Hospital 90% 

1-year 82%,             
4-year 72% 

No pts 

Landesberg 
et al. 
(2003)244 

Israel 

ICU Retrospective 
study 

2001            
(9 months) 

407 Major 
vascular 
procedures
No re-
admissions 

Group III  
moderate-
severe 
reversible 
ischaemia 
no pre-op 
CRP 

Median 
follow-up 
55.3 
(range 
18-138) 
months 

Mean age 
66 years 

Males 76% 

Cardio-
vascular 
risk factors 

Not 
examined 

OF not 
examined 

Mean ICU 
LOS 4.1 

KM, Cox, 
propensity 
scoring 

No costs 

Not 
examined 

Pooled 30-day 
and 5-year 
survival in 
groups I, II, 

and IV 97% 
and 74%, vs 

97% and 53% 
group III 

Not 
stated 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Vascular/Abdominal aortic aneurysm (AAA) 

Williamson 
et al. 
(2001)245 

Israel 

8-bed 
general 
ICU 

Chart review 
and telephone 
interview 

1990-1997   
(8 years) 

154 Non-
emergency 
open 
repairs of 
infrarenal 
AAA 

Median 
25 
months 
Range, 
0.13-
108.5 
months 

Mean age 
69 years  

Males 73% 

Smoking, 
vascular 
conditions, 
COPD, 
steroids, 
diabetes 

Not 
examined 

OF not 
examined 

Mean ICU 
LOS 4.6 

KM, SF-36b, 
recovery, 
perception of 
health, 
activity, 
employment 
status, 
surgery again  

No costs 

Not 
examined 

2-year 
cumulative 
survival  85% 

67 pts 

Milner et al. 
(2000) 246 

United 
Kingdom 

Single 
general 
ICU 

Retrospective 
observational 
study 

1993-1997   
(5 years) 

75 Emergency 
surgery for 
ruptured 
AAA 

5 years Mean age 
75 years 

Males 90% 

Not 
examined 

Survivors/ 
non-
survivors 
median 

APACHE 
II=18/ 22 

OF not 
examined 

ICU LOS 
median 4 

Survivors/ 
non-
survivors 
mean 6.8 
/ 7.9 

KM 

Costs, TISS a 

40-day 
survivors 
vs. age-
specific 
mortality 
general 
population 

ICU 40% 

Hospital 31 % 

Follow-up 
29% 

22 pts 

Okita et al. 
(1999) 247 

Japan 

ICU Observational 
study 

1978-1997 
(20 years) 

 

1,157 

261 
aged 
>70 
years 

896 
=<70 
years 

Thoracic 
aortic 
aneurysm 

Up to 10 
years 

Mean age 
for pts>70 
=74 years 

M:F = 3.2:1 

COPD, 
neuro-
logical 
vascular, 
liver 
diseases, 
chronic 
renal 
failure, 
cancer 

Not 
examined 

OF not 
examined 

Mean age 
>70 years 
9.3, =<70 
years 5.9 

Univariate 

Logistic 
regression 
hospital 
mortality 

No costs 

No Early mortality 
(+ hospital 
mortality) 14% 

Survivors: 

5-year 76%, 
10-year 36% 

Not 
stated 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Vascular/Abdominal aortic aneurysm (AAA) 

Hennessy 
et al. 
(1998)248 

Ireland 

Single 
ICU 

Retrospective 
case control 
study 

Recruitment 
year not 
stated          
(2 years) 

14  Survivors 
AAA repair. 

Age, sex, 
duration of 
stay in ICU 
hospital 
stay 
matched 

Not 
stated 

Non-
elective / 
elective 

Mean age 
69/71 years 

M:F 

13:1/11:3 

Not 
examined 

Not 
examined 

Not 
examined 

Median 
ICU LOS 
Non-
elective / 
elective    
5 / 4 

Descriptive, 
Hopkins 
Symptoms 
Checklist z 
General 
Health 
Rosser 
Indexf, QOL 
symptoms. 
No costs 

Not 
examined 

 74% 1 pt 

Gefke et al. 
(1994) 249 

Denmark 

ICU Retrospective 
chart review, 
prospective 
QOL  

1979-1987   
(9 years) 

109 / 
502 

Pts 
admitted > 
48 hours in 
ICU after 
AAA 
surgery 

6 years 
(end of 
1988) 

Age >70 
years 56% 

Cardio-
vascular 
risk factors 

Not 
examined 

OF not 
examined 

Median 
ICU LOS 
6 

6-month 
logistic, life 
table 
analysis. 

Ability to 
work, 
physical and 
social status. 
No costs 

ICU LOS 
<48 and > 
48 hours 
and age 
and sex 
matched 
general 
population 

2-30 days 
68% 

>30 days to 6 
months 78% 

6-year 38% 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Other sub-groups 

Conlon et 
al. 
(2008)250 

Ireland 

General 
ICU, uni-
versity 
tertiary 
referral 
hospital 

Prospective 
study 

2004            
(1 year) 

73 pts 
re-
admits 
988 
pts not  

Pts 
readmitted 
to ICU 
during 
index 
admission 

2-3years Re-
admission / 
no re-
admission 
Mean age 
67/62 years 

Males 
62%/70% 

Not 
examined 

Mean 
APACHE II 
re-
admission / 
no re-
admission 
14.4 / 10.2 

Number 
of organ 
failures 

Mean ICU 
LOS re-
admission 
/ no re-
admission 
6.4 / 4.7 

Logistic 
regression 
from day of 
admission, 
Karnofsky 
Index 4, 
GOSu  

No costs 

Not 
examined 

Re-admission 
Yes/ No 

ICU 19% / 9%  

Follow-up for 
readmitted  
hospital 
survivors 24% 

Nil 

Dhar et al. 
(2008) 251 

Canada 

ICU in 
regional 
referral 
centre 

Retrospective 
chart review 

1983-2003 
(20 years) 

76 Guillian 
Barre 
Syndrome 

Adults 

Median 
433 
(range 
16-6931) 
days 

Median age 
58 years 

Males 61% 

Cardiac, 
pulmonary
coronary 
artery 
disease, 
diabetes 

Significant 
co-
morbidity 
16% 

Not 
examined 

OF not 
examined 
MV, 
trache-
ostomy 

Mean ICU 
LOS 41, 
median 
21 

Descriptive 
statistics 

Functional 
outcomes 

Costs 

Not 
examined 

ICU survival 
95%, 1-year 
and long-term 
follow-up 
93.5% 

No 

Alzeer et 
al. 
(2007)252 

Saudi 
Arabia 

Medical 
ICU 

Retrospective 
study 

1995-2004 
(10 years) 

35 Bronch-
iectasis 
admitted to 
ICU for 
respiratory 
failure  

4 years 
(1-1,426 
days) 

Mean age 
64 years 

Females 
60% 

Myco-
bacterium 
TB, long-
term home 
O2, high 
BP, renal 
and liver 
disease, 
diabetes 

APACHE II 
= 22.3 

OF not 
examined  

MV, 
inotropes 

Mean ICU 
LOS 
survivors/
non-
survivors 
6.7 / 14.5 

Activities of 
living 
(bedridden or 
wheelchair-
bound vs 
working, 
independent, 
vs restricted) 

No costs 

Not 
examined 

ICU 66% 

4-year 40% 

Not 
stated 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Other sub-groups 

Goodman 
et al. 
(2007) 253 

Israel 

11-bed 
general 
ICU 

Prospective 
study 

Pts with 
arrhythmia 
compared to 
those with no 
arrhythmia 

Recruitment 
year not 
stated 

(1 year) 

611 Pts with 
new (n=52) 
or pre-
existing 
supra-
ventricular 
arrhythmias 
(n=75) vs 
others 
(n=484). 
Excluded: 
recent 
cardiac/ 
thoracic 
surgery or 
chest 
trauma 

4 years New and 
pre-existing 
supra-
ventricular 
arrhythmias
/ others 
Mean age 
69 and 73/ 
53 years 

Males 50% 
and 57% / 
58% 

Medical 
52% and 
37%/ 43% 

CHF, MI, 
angina, 
hyper-
tension, 
COPD, 

other 
pulmonary 
disease, 
diabetes 

New and 
pre-existing 
SVA/ others 

Mean 
APACHE II 

23 and 19 / 
16 

OF not 
examined 

Mean / 
median 
ICU LOS 
No SVA 
11/4  

New 
onset 
SVA 
15/11 

Pre-
existing 
SVA 

12/6 

Descriptive 
statistics, 
Chi2, logistic 
regression of 
risk factors 
for 
arrhythmia, 
KM. 

No costs 

Not 
examined 

New and pre-
existing SVA/ 
others 

Hospital 
mortality: 56% 
and 31%/ 18% 

Follow-up for 
hospital 
survivors 84% 
and 69%/ 83% 

Not 
stated 

Song et al. 
(2007)254 

Korea 

Single 
ICU 

Retrospective 
review 

2001-2005 
(54 months) 

94 Major 
resection 
for lung or 
esophageal 
cancer 

Median 
11.5 
(range 3-
54.4) 
months 

Mean age 
66 years 

Males 90% 

Not 
examined 

Not stated OF not 
examined 

Median 
ICU LOS 
8 

Univariate, 
logistic 
regression, 
KM, Cox.  

No costs 

Not 
examined 

In-hospital 
67%, 1-year 
survival 68%, 
3-year 51% 

Not 
stated 

Landesberg 
et al. 
(2005)255 

Israel 

Single 
general 
ICU 

Prospective 
observational 
study 

2001            
(9 months) 

101 CAD / >= 2 
risk factors 
for CAD 

No re-
admissions 

2 years Mean age 
69 years 

 

Males 64% 

CVS, renal 
disease, 
high BP, 
high lipid, 
diabetes, 
smoking  

Mean 
APACHE II 
= 23 

OF not 
examined 

Therapies 

ICU LOS 
not 
reported 

KM, Cox 

No costs 

Not 
examined 

Follow-up 
survival 54% 

61% died first 
month, 76% 
within 6 
months of ICU 
admission 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Other sub-groups 

Garland et 
al. 
(2004)256 

United 
States 

ICUs in 5 
medical 
centres 

Secondary 
analysis of 
inception 
cohort, part of 
‘SUPPORT’ 
study 

1989-1994   
(5 years) 

1,722 Acute 
respiratory 
failure - 
pneumonia 
/ARDS, MV 
within 48 
hours, 
APACHE III 
APS > 10, 
> 7 if no 
neurolog-
ical part 

Median 
time 662 
(IQR 327 
- 1,049, 
range, 2 - 
2,014) 
days 

Median age 
62 years. 

Males 56% 

31 co-
morbidities 

Median 
APACHE III 
APS= 60 

OF not 
examined 

Median 
ICU LOS 
10 

KM, Cox 
regression 

Dukes 
Activity 
Status 
Index2, 
ADLse, global 
QOL 3 

Cost 
effectiveness, 
TISS a 

Not 
examined 

Hospital 
survival 62% 

Follow-up 
survival of 
hospital 
survival 63% 

7 pts  

in-
complete 
data 

Gildea et 
al. 
(2004)257 258 

United 
States 

Single 
medical 
ICU, 
major 
referral 
medical 
centre 

Cohort study 

1993-1998 
(70 months) 

420 Age >=18 
years 

Liver 
failure, 
cirrhosis, 
chronic 
liver 
disease, 
variceal 
bleeding, 
hepatic 
encephalo-
pathy, 
HRS, no 
liver 
transplants 

5 years Mean age 
55 years. 

Males 57% 

Median 
Charlson 
Co-
morbidity 
Index=3 

Mean 
APACHE 
III= 84.0 

OF not 
examined 

ICU LOS 
not 
reported 

Cox 

No costs 

Not 
examined 

Hospital 
survival 56% 

1-year survival 
31% 

5-year survival 
23% 

No pts 

 



 65 

Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Other sub-groups 

Gopals-
wamy et al. 
(2004) 259 

United 
States 

Two 
medical 
ICUs 

Retrospective 
chart review 

1995            
(1 year) 

66 Gastro-
intestinal 
bleeding 

7 years Mean age 
58 years 

Males 73% 

Charlson 
Co-
morbidity 
Index 

APACHE 
III, most pts 
< 90 

OF not 
examined 

ICU LOS 
not 
reported 

KM, Cox 
regression 

No costs 

Not 
examined 

Hospital 
survival 89% 

Follow-up 
survival 47% 

No pts 

Engoren et 
al. 
(2004)260 

United 
States 

Neuro-
logical 
and 
neuro-
surgical 
ICUs 

Retrospective 
chart review, 
prospective 
functional 
status 

1998-2000   
(3 years) 

429 Trache-
ostomy for 
respiratory 
failure. 

Adults >= 
18 years. 

 

2 years Survivors/ 
non-
survivors 
median age 
64/72 

Males 
59/51% 

Hyper-
tension, 
IHD, PVD, 
stroke, 
COPD, 
cancer, 
diabetes, 
renal 
disease 

Not 
examined 

OF not 
examined 

ICU LOS 
not 
reported 

Univariate, 
logistic, KM, 
Cox. 

Costs 

Not 
examined 

Tow-year 
survival 58% 
for hospital 
survivors 
(cumulative 
survival 47%) 

67 
survivors 
not 
contacted 
for QOL 

Cruz et al. 
(2003) 261 

France 

Single 
ICU 

Retrospective 
chart review 

1982-2001 
(20 years) 

26 Systemic 
necrotizing 
vasculitis 

Mean 
follow-up 
31.4 
months 

Mean age 
46 years 

Males 62% 

Not 
examined 

Survivors/ 
non-
survivor 
APACHE II 
= 15.9/ 28.0 

SAPS II = 
25.7/50.0 

OF not 
examined 

ICU LOS 
not 
reported 

Univariate 

No costs 

Not 
examined 

ICU survival 
85%, overall 
survival 61% 

No pts 
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Study / 
Country 
conducted 

Type of 
ICU/s 

Research 
design / 

recruitment 
timeframe 

Number 
of 

patients 

Selection 
criteria 

Follow-up Age/ sex/ 
type of 

admission 

Comorbidity Severity of 
illness 

Organ 
failure (OF) 
ICU LOS 
(days) 

Analysis / 
Functional / 
QOL / Costs 

Compare to 
non-ICU 
population 

Survival (%) Loss to 
follow-up 

Other sub-groups 

Adnet et al. 
(2001) 262 

France 

12 ICUs & 
1 emerg-
ency pre-
hospital 
medical 
depart-
ment  

Retrospective 
(55 pts) 

Prospective 
(24 pts) 

1994-1999 
(61 months) 

79 Age > 75 
years. 

Severe 
heart 
failure and 
MV (usually 
prehospital 
setting) 

Mean 
follow-up 
23 (range 
2-56) 
months 

Age range 
75-99 
years, 
mean age 
82.4 +/- 
5.9.  

M:F 35:44 

Not 
examined 

APACHE II 

Survivors= 
12 

Non-
survivors= 
17 

Median ICU 
LOS 5 

Survivors/ 
non-
survivors.
MOF 
10%/78%  

MV>3 
days 
19%/65% 

Median 
ICU LOS 
5  

Univariate 
KM, logistic 
regression for 
in hospital 
survival 

No costs 

Age and 
sex 
matched 
French 
population 

In-hospital 
mortality 
26.6%.  

Among those 
discharged 1-
year survival 
69% 

No pts 

 

KEY:     

AAA=Abdominal aortic aneurysm  APACHE=Acute and Chronic Health Evaluation APS=Acute Physiology Score  BP=Blood pressure   CAD=Coronary artery disease 

CCU=Coronary Care Unit  CHE=Chronic Health Evaluation  CPAP=Continuous Positive Airway Pressure CPR=cardiopulmonary resuscitation  CRP Coronary revascularisation surgery 

CTS=Cardiothoracic surgery  CVS=Cardiovascular System  ED=Emergency Department   ESRD=end stage renal disease  GCS=Glasgow Coma Scale   

GOS=Glasgow Outcome Score  Gynae=Gynaecological   HRS=Hepato-renal syndrome  IQR=Interquartile range   ISS=Injury Severity Score   

KM=Kaplan Meier survival analysis  LOS=Length of stay   L/T=Long-term   MCC=Major Clinical Category  M:F=Male to female patient ratio   

MI=Myocardial infarction   MODS=Multiorgan Dysfunction Score MOF=Multi organ failure   MV=mechanical ventilation  NYHA=New York heart Association   

O/A=on admission   Obs/gynae=Obstetric/gynaecological  OD=drug overdose   OMF=oral maxillary facial  PAC=Pulmonary Artery Catheter 

PCP= Pneumocystis carinii pneumonia Post-op=post-operative    Pre-op=pre-operative   Psych=Psychiatric   Pt/s=patient/s    

PTSD=post traumatic stress disorder  PTX=pneumothorax   PVD=Peripheral vascular disease  QALY=Quality adjusted life years  QOL=Quality of life    

Resp=respiratory   RICU =Respiratory intensive care unit RRT=renal replacement therapy   R/T=related to    SAPS=Simplified Acute Physiology System  

SMR=Standardised Mortality Ratio  SVA= Supra-ventricular arrhythmias  TB=Tuberculosis   vs.=versus    WHO= World Health Organisation 

 

* ODIN score 263 is based upon the presence or absence of 6 organ dysfunctions and / or infection 

**MSOF 264 multisystem organ failure 
*** ISS (Injury Severity Score) 265 assigns a score to each of six anatomical regions: head, face, chest, abdomen, extremities (including pelvis) and external structures. The three most severely injured regions have their 
highest score squared and added together to produce the ISS. Major trauma is classified as an ISS greater than 15. 
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Assessment tools cited in Table 2.1: 

a Therapeutic Intervention Severity Score (TISS) 266 76 selected therapeutic activities among the many activities performed ICUs. It is a reliable indicator of the use of nursing manpower in the care of patients in ICU. 

b Medical Outcomes short form -36 health status questionnaire (SF-36) 267Self completed questionnaire covering all aspects of health related QOL. 36 questions on functional status, emotional and social well-being, and 
overall evaluation of health summarised into 8 categories (domains). For each variable item, scores are coded, summed, and transformed on to a scale from zero (worst possible health state measure by the questionnaire) to 
100 (best possible health state). 

c Nine Equivalents of Nursing Manpower System (NEMS) 268 measures nine representative items of treatment performed on each patient in the ICU during the previous 24 hours. 

d EuroQoL 269 Asses state of health and preferences for 14 hypothetical health states. Non-disease specific instrument consisting of 2 parts. First part descriptive, consisting of 5 dimensions (mobility, self care, usual 
activities, pain/discomfort, and anxiety/depression) with 3 levels of severity in each dimension, ranging from ‘1’, no problems, to ‘3’ very severe problems. The second part is a visual analogue scale on which the individual 
rates their health on a scale from 0 to 100 (worst to best imaginable health state).   

e Activities of Daily Living 270 (ADL) system assesses the ability of patients for six daily activities - bathing, dressing, toileting, transfer, continence, and feeding. The score ranges from 0 indicating independence in all 
activities to 6 indicating complete dependence. Alternatively, for each function, patient dependence has been described in three degrees: no help, partial assistance, and complete assistance. 

f The Rosser Index 271 measures eight levels of disability (physical mobility) and four levels of distress (freedom from pain). Each patient allocated a disability score and a distress score and a QoL rating calculated using a 
matrix scoring system. QoL value is always one or less where one is perfect health. 

g Sickness Impact Profile (SIP) 272 consists of 136 questions regarding physical functioning and psychosocial functioning for the individual on the day that it is administered. 12 specific subscales: ambulation, mobility, body 
care and movement, social interaction, communication, alertness behaviour, emotional behaviour, sleep and rest, eating, home management, recreating and pastime, and employment. A SIP score is calculated from the 
dysfunction score attributed to each question. 

h Quality Well-Being Index (QWBI) 273 assesses QQL for two dimensions, function and symptoms. Function is assessed separately across physical activity, social activity, and mobility for the 6 days before the interview to 
produce a score using weights established from the preferences of a U.S. general population cohort. The QWBI assesses neither all components of QOL nor the patient’s own perception of the value of their current health 
state but estimates from a societal perspective the utility, or “worth,” of a given health state, score ranges from 0 to 1 where 0 equals death and 1 equals optimal well-being. The QWBI score is multiplied by the time spent in 
a particular health state to calculate the number of QALYs. 

i Nottingham Health Profile (NHP) 267 measures perceived physical, social and emotional health in two parts. The first part of the NHP containing 38 questions cover feelings and functions in six areas: pain (eight questions), 
energy (three questions), physical mobility (eight questions), sleep (five questions), social isolation (five questions), and emotional reactions (nine questions), and a global score. For each question, the answer is computed 
as 1 (yes, presence of handicap) or 0 (no, absence of handicap). The range of possible scores is 0 to 100 in each dimension and in the global score, with lower scores indicating fewer difficulties. Second part 7 items: 
employment, looking after home and social life, sex life, hobbies and holidays. 

j The Post-Traumatic Stress Syndrome 10-Questions Inventory (PTSS-10) 274 First part-patients asked about possible traumatic memories of their ICU stay and symptoms of severe illness such as pain, nightmares, anxiety, 
and respiratory distress. Part two is a ten-item self-report scale to record the intensity of PTSD symptoms (sleep disturbance, nightmares, depression, hyper-alertness, withdrawal, general irritability, frequent mood swings, 
guilt, avoidance of activities prompting the recall of possible traumatic events, and increased muscle tension. For each item a rating between 1 (never) and 7 (always) for a total score ranging from 10 to 70 points. Score of 
70 points indicates severe PTSD symptoms 

k Symptom Checklist-90 contains 275 Scales are summarized under three global indices: Global Severity Index, Positive Symptom Distress Index and Positive Symptom Total. 90 items, multidimensional self-report inventory 
containing several dimensions: somatisation, obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. For each of the 90 items a rating on a five-step 
Lickert scale between 0 (not at all) and 4 (extremely) is possible. 

l Syndrom Kurztest (SKT) 276 is a cognitive performance test including nine subtests for assessing deficits of memory and attention. Norm values range from 0 to 27, and differentiate between profound (24–27), severe (19–
23), moderate (14–18), mild (9–13), minimal (5–8) cognitive impairments and no cognitive deficits (0–4). 

m Knaus classification 277 has 4 categories: A-No functional limitation B-Slight limitation, C-Severe limitation, D-Bed-ridden patient. 

n The Questionnaire for Social Support 278: 22-item questionnaire that measures the quality of social relationships and support. For each item a rating between 1 (low) and 5 (high) is possible. Scores for the three dimensions 
and a total score are calculated as means of summed scores. A rating of 5 points indicates the highest degree of social support 
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o McCabe Classification 279 has 3 classes: Class 1 for none or nonfatal underlying disease, Class 2 for ultimately fatal disease (death expected in a 5-year period), and Class 3 for rapidly fatal disease (death expected in 1 
year). 

p Instrumental activities of daily living (IADL) 280: assesses higher level of functions such as performing household chores and shopping. The score ranges from 0 to 8 with a higher score indicating more dependence 

q OMEGA 281 is a scoring system to assess workload and  weights 47 diagnostic and therapeutic procedures from 1 to 10 points according to the required workload in three categories: (1) once during a stay, (2) every time 
they are performed, or (3) every day. The total score is obtained by adding all OMEGA points on the last ICU day. The ratio of the total OMEGA score to the length of the ICU stay used as a proxy for daily workload. 

r Perceived Quality of Life (PQOL) 282 scale is an 11-item health status instrument, developed specifically to measure HRQL in survivors of critical illness It sums up the level of satisfaction within 11 areas of life. Satisfaction 
with material, physical, psychological, social, and spiritual well being, as well as satisfaction with one’s opportunity for access to the total environment, education and training, and employment. 

s Hospital Anxiety and Depression Score (HADS) 283 identifies (possible and probable) cases of anxiety disorders and depression among patients in nonpsychiatric hospital clinics. It is divided into an Anxiety subscale 
(HADS-A) and a Depression subscale (HADS-D) both containing seven intermingled items. It does not contain questions pertaining to somatic complaints. Both of the subscales (one for depression and one for anxiety) have 
threshold scores (>8) above which a clinical disorder is likely. Scores from the two subscales may be combined to produce an HADS full-scale score. A full-scale score of over 12 is indicative of a clinical disorder. 

t Barthel Index 284 is a 10-item disability score with scores ranging between 0 (highest dependency) and 100 (lowest dependency) with 5-point increments: good 75–100; moderate:35–70; poor: 0–30good: 75–100; 
moderate:35–70; poor: 0–30. 

u Glasgow Outcome Scale (GOS) 285 classifies quality of life into five categories: normal, limited but self-sufficient, limited and not self-sufficient, vegetative, and dead 

v St George Respiratory Questionnaire (SGRP)286: 76-item pulmonary-specific HRQoL questionnaire and has the responses grouped into three domains (symptoms, activity, and impacts) and a global score. Scores ranging 
from 0 to 100 and are calculated for each component and the global score, with a score of zero indicating no impairment of quality of life. 

w Rankin scale 287  widely used, handicap rating scale ranging from 0 (full independency) to 5 points (full dependency). 

x Mini Mental State Examination (MMSE) 288: a score of 20–24 indicating mild, 12–19 moderate and less than 12 severe dementia. 

y Functional Independence Measure (FIM) 289 assesses basic activities of daily living and consists of 18 categories from 6 subscales: self-care, sphincter control, mobility, locomotion, communication, and social cognition; 
each category has a maximum score of 7 and a minimum score of 1; total scores range from 18 (completely dependent) to 126 (completely independent). 

z The Hopkins Symptom Checklist 290 somatisation subgroup contains twelve items which reflect distress arising from perceptions of bodily dysfunction. Symptoms include headache, faintness, chest pain, loss of energy, 
back pain, muscle pain, dyspnoea, feeling cold or hot, numbness, weakness, heaviness, and the sensation of a lump in the throat. Answers are scored using a four point scale of distress from one1 (not at-all) to four 
(extreme distress). 

1 The General Health Questionnaire 291 comprises thirty items estimates two major domains: inability to carry out normal “healthy” functions, and the appearance of new and distressing symptoms. Respondents compare 
their “recent” experience with their usual state. Items include positive and negative experiences scored as, zero (not at all), one (no more than usual), two (more than usual), and three (much more than usual).  

2 The Dukes Activity Status Index 292 measures functional capacity on a scale that ranges from 11 (unable to walk indoors) to 33 (able to do vigorous exercise or aerobics).  

3 Global QOL (GQOL) 256 rates QOL on a 5-point scale as excellent, very good, good, fair, or poor, producing a score of 1 to 5, with lower numbers reflecting better QOL. 

4 The Karnofsky index 293 measures functional status, ordinal scale that ranges from 100 (good health) to 0 (dead), >=80 indicates ability to carry on normal activities independently. 

5 QOL-SP 294 has 15 items consisting of three subscales: basic physiological activities (4 items), normal daily activities (8 items) and emotional state(3 items). Scores range between 0-29 points. 
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2.4. Describing long-term outcomes of intensive care 

 

2.4.1 Research designs used to describe long-term outcomes 

 

The investigation of long-term outcomes of intensive care requires the use of 

appropriate research methods to ensure reliability and validity of the findings. 

Randomised controlled trials are not suitable for the examination of long-term outcomes 

because patients who are critically ill cannot be randomised to receive or not receive 

treatment in the ICU. An alternative approach is to use observational studies. 

Observational studies of long-term outcomes after intensive care include both 

descriptive as well as analytic epidemiology. Descriptive studies describe patterns of 

survival without exploring factors that influence survival. They may report absolute 

survival (no comparison) or compare survival to another population such as an age and 

sex-matched general population, 69-71, 74, 79, 86, 112, 113, 144, 150, 151, 153, 214, 231, 262, 295 a group 

of hospitalised patients 73, 129, 158, 169, 221 or a different patient group within the ICU. 64, 159, 

189, 296 Analytic studies describe cohorts of patients treated in ICU and aim to identify 

factors that are associated with the observed long-term outcomes. 

 

Studies used to examine outcomes from intensive care have four key components: (1) 

the participants, either the ICU population as a whole, or particular subgroups; (2) the 

outcomes examined, for example, long-term survival, morbidity and quality of life; (3) 

the exposures, factors such as patient characteristics, clinical management factors, and 

ICU organisation that may be associated with outcomes 297, 298 and; (4) the duration and 

completeness of follow-up. Threats to internal validity to draw causal inference from 

associations between exposures and outcomes occur in observational studies because of 

chance, unrecognised confounding and bias. This is a feature common to all 

observational studies. 299 Confounders can obscure a true association or create the 

illusion of a causal association where none exists. Failure to identify and minimise bias 

and confounding is a drawback in many studies that report factors associated with long-

term survival after intensive care. In addition, definitions and measurement of 

outcomes, exposures and confounders as well as methods of analysis vary between 

studies and, in some studies, are neither adequately defined nor accounted for by 

appropriate analysis. In single centre studies, external validity may be restricted because 

outcomes may reflect local practice patterns rather than generally accepted standards of 

care. 300, 301 
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Research designs used to describe long-term outcomes of patients admitted to ICU 

include cohort studies, case control studies, cross sectional studies and case series. Case 

series suffer from inherent bias and confounding and are considered the lowest level of 

evidence. 302 Matched case control studies have been used only infrequently for long-

term outcome studies, particularly in specific groups for example, older patients 

undergoing cardiac surgery. 248, 303, 304 The vast majority of long-term outcome studies 

utilise a cohort design. This is the most appropriate design both to describe long-term 

survival and to analyse factors that influence long-term survival. Cohort studies enable 

long-term outcomes to be compared among patients ‘exposed’ and ‘non-exposed’ to 

various factors of interest. The measurement of exposures, or factors to be examined for 

their association with outcomes after intensive care, includes patient characteristics, 

clinical and organisational factors. 297, 305 A particular strength of these studies is the 

ability to estimate the effects of multiple exposures, for example, the effect of age, 

comorbidity, diagnosis and severity of illness, on various outcomes. Well-constructed 

cohort studies provide the highest level of evidence among observation studies. 

 

Often studies of long-term outcomes, 73, 125, 206, 207, 252, 260 as shown in Table 2.1, have 

used retrospective data collection with their inherent bias. For example, non-differential 

misclassification biases results toward the null hypothesis of no association between 

exposure and outcome. 299 These studies often have problems with missing records 74 or 

missing data. For example, 10% of records were missing in the retrospective study of 

long-term outcomes conducted by Flaatten and colleagues. 74 In addition, there were 

missing physiological data required for the calculation of SAPS II. These missing 

values were assumed to be normal, but this assumption may not be true. Several studies 

have used retrospective chart review with prospective quality of life or health status 

assessment, 157, 158, 205, 231 retrospective review with prospectively collected data 69 or not 

described the research design used. 197 Recently, more outcomes studies have used 

prospective designs 70, 71, 115, 117, 175, 236, 240 that allow for more accurate measurement of 

important factors and potential confounders and are less likely to have missing data. 

 

2.4.2 Patient populations in long-term outcome studies of intensive care 

 

One of the difficulties associated with interpretation of studies of long-term outcome is 

that variation in the population being studied can influence long-term survival and its 

determinants. The wide variation among patient characteristics and study selection 
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criteria is shown in Table 2.1 and are described in Section 2.4.3 to 2.6.5. Casemix refers 

to attributes including diagnosis, clinical complexity, severity of illness, treatment 

difficulty and need for intervention. 306 Differences in casemix between individual ICUs 

in the United Kingdom altered the crude hospital mortality by as much as 15%. 307 

Admission following elective surgery have lower mortality than patients admitted after 

emergency surgery or for medical admissions. 16, 70, 71, 74, 113, 130, 137, 161, 308 Furthermore, 

medical patients tend to suffer more decompensation of chronic underlying diseases. 86 

Medical patients in ICU with disorders that tend to be progressive, for example, chronic 

pulmonary disease, cancer or haematological disease, have shorter survival after leaving 

ICU. 295 

 

Some studies of long-term outcome have attempted to deal with issues that arise from 

casemix by restricting the study to patients with a particular characteristic-such as age, 

sex, LOS, specific interventions provided in the ICU, or diagnostic group. Some 

‘general studies’ exclude some sub-groups so as to reduce heterogeneity that arises from 

variation in casemix. Patients excluded from some studies of general ICUs include those 

with drug overdose, 75, 122 those with admissions of short duration, 71, 309 those not 

receiving mechanical ventilation for a minimum period 79, 123, 134, 135 and patients with 

burns. 31, 71, 74, 75, 79, 120, 123, 135 The specialist services provided by an ICU will also 

influence casemix with some, but not other, general ICUs lacking one or more 

neurosurgical, 69, 75, 79, 123, 135, 155, 161 cardiothoracic, 31, 74, 75, 79, 120, 123, 124, 130, 131 or trauma 

patients. 71, 79, 123 

 

Research in the critically ill is complex. Comparisons between long-term outcome 

studies are difficult because there are few large studies with long duration of follow-up 

(shown in Table 2.1) and the differences in design, casemix 310 and the method of 

analysing the data. Table 2.1 and Section 2.4.3 to 2.6.5 clearly show that there is no 

consensus in the minimal reporting of study results. Important factors that may 

influence outcomes are often not reported and for the studies that do report these data, 

the definitions are inconsistent. Considering the heterogeneity of ICUs and the lack of 

consistency in reporting, the variation observed in the rates, as shown in Table 2.1, and 

predictors of short and longer-term survival, is not surprising. Well designed studies are 

needed to evaluate long-term outcomes with transparency in reporting the results. 
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2.4.3 Differences in patient age and sex profiles 

 

Within the reports of long-term outcomes, the age of patients in studies varied, and was 

reported as means or medians, or outcomes were compared in specific age groups. As 

shown in Table 2.1, the mean age reported by studies in ‘general studies’ ranged from 

46 to 62 years (median 52 to 60 years) although some reports did not describe the age 

profile of their cohort. 132, 135, 215 Some studies included patients below 18 years. 69, 70, 79, 

112, 113, 116, 120, 206 Age is a major determinant of long-term survival and younger patients 

in adult ICUs are likely to have little or no comorbidity, compared to older patients. 

Several studies focused their investigation exclusively on long-term outcomes of 

patients in older age groups 132, 152, 155-158, 161 or specific sub-groups, for example, older 

patients admitted to ICU after cardiac surgery. 304, 311, 312 The variability in patient age 

must be taken into account when comparing studies. Reports that describe the effect of 

age on long-term outcomes are discussed in Section 2.13.1. 

 

In addition to the variation in the age of patients admitted to ICUs, studies of long-term 

outcomes varied in the proportion of male and female patients. There were generally 

more male patients compared to female patients in studies from general ICUs (54% to 

72%), as shown in Table 2.1. 16, 31, 70, 73, 74, 79, 111, 113-117, 120, 122, 124-126, 130, 132, 133 Studies 

that have examined the effect of sex on long-term outcomes are discussed in Section 

2.13.2. 

 

2.5. Outcome measures 

 

The outcome to be assessed depends on the specific research question. 83, 313 Intensive 

care units were primarily instituted to save lives, and the examination of short-term 

mortality is clearly important. 69, 70, 75, 86, 314-318 However, it is also important to 

understand what happens after critical illness, why it happens, and whether critical 

illness and/or its treatments affect survival in the long-term. Furthermore, whilst there is 

no doubt that survival is important, there has been increasing emphasis on other 

‘patient-centred’ outcomes 319 such as morbidity and quality of life. Subsequent 

hospitalisations and the number of readmission days are measures that reflect both these 

outcomes. 320 Information on long-term outcomes is essential for decisions and 

treatment in the ICU to be optimised to benefit patients. It relies on accurate assessment 

of survival and minimal loss to follow-up. 
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The validity of methods used to determine vital status is clearly of central importance to 

the validity of long-term outcome studies. Most studies rely on local death registry data 

to determine survival 31, 69-71, 73, 215 and assume that all patients not on the death registry 

were alive. 87 When this technique is used, deaths among former patients who have 

emigrated will not be recorded. The emigration rate varies between countries and while 

likely to be low in Scandinavia where some studies were performed 70, 71, 74 may be 

substantially higher in the settings of some of the other long-term studies. 69 This source 

of error will tend to over-estimate long-term survival. The accuracy of the assumption 

that patients are alive when vital status is unconfirmed has been tested in Western 

Australia and found to be generally robust. 321 In a study of 5,745 patients undergoing 

coronary artery bypass grafting, the number of additional deaths in other states of 

Australia after a mean of 12 years of follow-up was at least 0.8%, but not more than 

1.8%, of the total deaths. 321 The State is isolated and known to have minimal 

emigration. 322 In a study in Scotland, the information on deaths was obtained from the 

Registrar General for Scotland who issues death certificates but there were no death 

certificates in 22 known deaths (12%). 323 Patients may have been missed if the 

information provided at the time of registration of death did not match the information 

provided by investigators to the Registrar General or patients moved out of Scotland. 

 

In some studies, survival was determined from hospital records, insurance agency 

and/or general practitioners. 113, 204, 213, 242 These methods are more inaccurate because 

they rely on patient admissions to hospital or attendance to the same general practice. 

Individual follow-up is an alternative but tends to be logistically difficult and has 

mainly been used only in studies with small sample sizes or high case fatality or both. 
180, 182 In more general ICU populations individual follow-up is expensive, and loss to 

follow-up may be considerable. 148, 223 These problems of accurate ascertainment of vital 

status are compounded over longer durations of follow-up. Table 2.1 shows that loss to 

follow-up varies from no patients 115 to 27% 126 in studies from general ICUs. Nine 

‘general’ studies had loss to follow-up of 10% or more while seven studies did not 

report these data. 

 

In summary, it is likely that the loss to follow-up in the studies from Scandinavia 70, 71, 74 

and Western Australia 321 is minimal considering their use of data from death registries 

and their low emigration. In contrast, in studies such as those from Scotland 323 where 

emigration is likely to be high or those that have not obtained their vital status from 
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death registries, 113, 204, 213, 242 the assumption that patients are alive if there is no death 

record is likely to be critically compromised by the uncertainty of ascertainment of vital 

status. 

 

2.6. Predictors of outcome 

 

2.6.1 Introduction 

 

The aim of many studies of long-term outcome is to identify those factors that explain 

variation in survival within the cohort. Candidate factors that have been evaluated in 

different studies include age, comorbidity, severity of illness, organ failure, diagnosis, 

length of stay (LOS) in ICU, socio-economic status, and pre-existing functional status. 

However, a substantial limitation of outcome studies of intensive care is that different 

definitions are often used to describe important exposure factors. Consistency in 

definitions is essential for interpretation of the effect of exposures on outcomes and for 

comparison between studies. Furthermore, many studies fail to measure all potentially 

relevant explanatory factors. For example, Table 2.1 shows that of the ‘general’ studies, 

22 did not collect data on comorbidity 31, 69, 74, 75, 79, 86, 112-115, 117, 120, 122, 125-127, 130-135 or 

very limited data. 71 Of the ‘general’ studies published after 1990, one did not report 

severity of illness 73 and several did not examine organ failure. 31, 69, 70, 74, 75, 86, 112-114 

This is a critical flaw - not just because the effect of missing predictors cannot be 

estimated but also because the estimates of effect size of the remaining predictor 

variables may be different if there had been adjustment for the missing variable(s). The 

following sections will outline issues related to the definition, measurement, and 

consequences of the absence of measurement of comorbidity, severity of illness, organ 

failure and diagnosis. 

 

2.6.2 Comorbidity  

 

Comorbidity is pre-existing illness that is present at hospital admission and not part of 

the primary illness. 324 However, there are some patients admitted to ICU who have 

decompensation of their chronic disease, for example, decompensated heart or liver 

failure. More than half of the adult population report at least one chronic condition, and 

a substantial proportion of individuals have more than one coexisting condition. 87, 325, 

326 Patients admitted to ICU have higher comorbidity than the general population. 87, 320 
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When critical illness is superimposed on comorbidity the independent effects of 

comorbidity on survival are likely to be important. This is because the comorbidity may 

have a natural history that can progress to death, irrespective of the development of 

critical illness. It is quite plausible that studies that reported associations between other 

predictor variables and long-term outcomes will not be accurate unless there is 

adjustment for the effects comorbidity. In particular the effects of age are likely to be 

strongly influenced by co-existing effects of comorbidity. 

 

For long-term studies that have reported the effects of comorbidity, several methods 

were used to define comorbidity. 64, 69-71, 73, 76, 116, 123, 124, 142, 149, 154, 157, 173, 190, 225, 257, 259 

The Chronic Health Evaluation points derived from the Acute Physiology and Chronic 

Health Evaluation (APACHE) II scoring system 327 includes five end-stage chronic 

disease (cardiovascular, respiratory, renal, liver and immunological). It has been used as 

a measure of comorbidity in several studies 70, 120, 124, 142 but this system is a relatively 

poor measure of comorbidity compared to other comorbidity measures because it 

captures only individuals with end-stage disease. 328-330 Methods of reporting Chronic 

Health Evaluation are inconsistent. Niskanen and colleagues 70 report mean scores for 

survivors and nonsurvivors of 0.6 and 1.4, respectively (p<0.001) while Havill and 

colleagues 120, 121 report severe pre-existing disease in 9% of patients. In a study of 

abdominal sepsis, 36% of patients had positive chronic health evaluation while 57% had 

pre-existing chronic disease. 142 There are no results reported by Sage and colleagues.124 

 

The Charlson Comorbidity Index was used in five studies of long-term outcomes. 73, 173, 

225, 257, 259 This is a weighted index that takes into account the number and severity of 17 

pre-existing diseases to produce a comorbidity score with a range of ‘0’ to ‘33’ 331 It can 

be used with administrative data 331-333 and agreement between administrative databases 

and chart review has been found to be high 334 although an Australian study that 

compared comorbidities among cardiac patients from administrative databases with 

chart review found comorbidity in the administrative databases to be underestimated, 

particularly for dementia. 335 Nevertheless, it is a useful measure of comorbidity and is 

particularly suited to studies that abstract data from administrative databases. The 

Charlson Comorbidity Index has been examined in studies of outcomes in ICU cohorts 

as a continuous variable, 73, 257 grouped into categories 225, 336, 337 or both. 173 Values for 

continuous variables are reported as means and range from 0.57 for general cohorts 73 to 

1.19 for patients with COPD, 173 or reported as the median; 3 for patients with cirrhosis 
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of the liver. 257 Cut-off points to categorise the Charlson Comorbidity Index also vary. 

The proportion of patients with Charlson scores >2 was 19% for patients with COPD 173 

and 50% for those with malignant middle cerebral artery infarction who underwent 

decompressive hemicraniectomy. 225 A high Charlson score is associated with greater 

comorbidity and has shown to be associated with a stepwise increase in observed 

mortality, even when controlling for severity of illness. 338 For patients admitted with 

upper gastro-intestinal bleeding, the crude Charlson scores were not reported but, after 

adjustment for severity of illness, were associated with long-term survival in Cox 

models. 259 The Charlson Comorbidity Index has been shown to perform effectively as a 

measure of comorbidity in a variety of clinical populations. 87, 332, 333, 338-350 The estimate 

for comorbidity will be higher, and the severity of comorbidity taken into account, when 

using the weighted Charlson Comorbidity Index compared to the APACHE II Chronic 

Health Evaluation that captures only five end stage diseases. Furthermore, the APACHE 

II system includes values for age and acute physiological derangement. Severity of 

illness is known to be an important predictor of short-term mortality 327 and its inclusion 

is likely to confound valid interpretation of the effect of comorbidity. 

 

Studies have also measured specific individual comorbidities, 16, 71, 76, 116, 123, 149, 154, 157, 

214 for example, cancer and chronic obstructive pulmonary disease (COPD), 71 non-

primary (secondary) diagnoses 16 and APACHE III comorbidities. 64 Whilst the number 

of prior admissions to hospital have been examined in addition to pre-existing illnesses, 
73, 136 hospitalisations before the index admission are related to chronic illness and a 

poorer measure of comorbidity. 351 Measuring comorbidity with a validated tool that 

accounts for severity as well as the presence of chronic diseases will provide a more 

robust estimate of comorbidity. 330 

 

None of the measures of comorbidity is perfect. Nevertheless, the validity of studies that 

evaluate factors associated with long-term outcome is likely to be seriously flawed if no 

account for comorbidity is made. Studies that have examined the effect of comorbidity 

on long-term outcomes are discussed in Section 2.13.3. The use of a consistent, 

validated comorbidity measure is important for valid interpretation of results. Of those 

used in studies of critical illness, the Charlson Comorbidity Index is particularly useful 

because it is a validated measure that has been widely used in a variety of critical care 

settings, and can be used with different methods of data abstraction. Consequently, it 

provides advantages over other measures of comorbidity. 334, 352 
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2.6.3 Severity of illness 

 

Severity of illness is related to the severity of physiological derangement associated 

with acute illness. It is a difficult construct to measure. A variety of scores have been 

developed to measure severity of illness including the APACHE system 277 (APACHE 

II, 327 APACHE III, 317 APACHE IV, 353), Simplified Acute Physiology System (SAPS, 
354 SAPS II, 355 SAPS-3, 356, 357) and the Mortality Probability Model (MPM). 358 These 

scores usually comprise one or more of the following: physiological data obtained on 

admission or within the first 24 hours of admission, interventions, or diagnostic 

groupings. They are derived from expert opinion and supported by statistical methods, 

developed to maximise their capacity to predict likelihood of survival to hospital 

discharge. 81 They demonstrated good calibration in their capacity to predict hospital 

mortality with the area under the receiver operating characteristic (ROC) curves: 0.86 

for APACHE II, 327 0.90 for APACHE III, 317 0.88 for APACHE IV, 353 0.86 in the 

validation sample for SAPS II 355 and 0.85 for SAPS-3. 356, 357 Whilst they capture some, 

but not all, of the factors that predict outcome, and do not predict short-term mortality 

perfectly, nevertheless they have performed remarkably well over time. However, none 

of them have been evaluated to determine their capacity to predict long-term outcomes. 

 

The APACHE II score 327 developed in the United States, is a second generation 

severity of illness score and uses a combination of patient age, twelve physiological 

variables and five end-stage disease variables. Further information is provided in 

Chapter 3, Section 3.7.2. While the ‘worst in 24-hour’ values of the APACHE II scoring 

system was used in several studies, based on the original validation, some studies used 

the APACHE II after obtaining physiological values at the time of admission or before 

the ICU admission. 69, 70, 359, 360 Admission data are easier to obtain than the worst in 24-

hour values. Moreover, the worst in 24-hour physiological data used to derive APACHE 

II scores has been criticised because they can be treatment-dependent or reflect poor 

clinical management rather than identifying the sicker patients. 361, 362 A recent study 

found substitution of the worst 24-hour physiological variables with the admission 

physiological variables to calculate the admission APACHE II score maintained the 

overall discrimination ability of the traditional APACHE II model. 363 Nevertheless, the 

use of values recorded at the time of admission to calculate the APACHE II score has 

not achieved significant penetration within the ICU community. 
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Third generation ICU severity of illness scoring systems comprise the APACHE III, 317 

the SAPS II 355 and the MPM II 318 systems. The APACHE III uses 27 physiological 

variables and incorporates a patient location variable to indicate patient origin of non-

operative patients. In addition, APACHE III has a list of 78 diagnoses for selection of 

the reason for admission to the ICU. The SAPS II system, 355 first described by Le Gall 

and colleagues, 364 includes 17 variables: 12 physiologic variables, age, type of 

admission (elective surgical, non-elective surgical, or medical), and three underlying 

disease variables (acquired immunodeficiency syndrome, metastatic cancer, and 

haematologic malignancy). In both the APACHE and SAPS scoring systems the 

physiologic abnormalities have much greater impact on explaining short-term mortality 

for patients admitted to ICU than age or the chronic health points. 365 Revised versions, 

APACHE IV 353 and SAPS 3, 356, 357 have been released recently to account for the loss 

of calibration of the prediction models that has occurred over time. 

 

Unlike the APACHE III and SAPS II models, which measure degree of derangement of 

physiology, the MPM II 318 admission model is based primarily on conditions and is not 

based on a score. Instead it makes two mortality predictions, one from data collected 

within an hour of admission to ICU and a second at 24 hours for patients staying in ICU 

for 24 hours or longer. Variables include age, cardiopulmonary resuscitation within 24 

hours prior to admission, medical or non-elective surgical admission, requirement for 

mechanical ventilation, coma or deep stupor not due to drug overdose, confirmed 

infection, continuous intravenous vasoactive drug therapy for at least one hour, two 

chronic diagnoses, one acute diagnosis and some physiological parameters. 

 

Early outcome studies used a variety of non-validated measures to estimate severity of 

illness. 132, 135, 155, 158, 161, 206, 207 In more recent times, the predictive scoring systems were 

often used to describe severity of illness in long-term outcome studies. Some 

investigators used the severity of illness score that includes age and comorbidity 

components in its entirety to estimate severity of illness whilst others examined the 

effect of the individual components. Using the individual components enables an 

estimation of the contribution of these individual factors on long-term survival. There is 

no consensus as to the best severity of illness scoring system to use. The APACHE II 

score, or its components, was the most common severity of illness measure in the 

literature of long-term outcomes used to test the association of severity of illness with 

long-term outcomes. Since its inception, other scoring systems have been developed 
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using more recent cohorts. However, APACHE II is still widely used and its use over a 

long period provides consistency for research and monitoring of ICU performance. 363, 

366, 367 Studies that have evaluated the effect of severity of illness on long-term survival 

have used either the severity of illness score in its entirety or its components, for 

example, the Acute Physiology Score (APS), with age and the Chronic Health 

Evaluation points of the APACHE II score evaluated separately 70, 124, 179 or the SAPS II 

without the age points. 74 Whilst individual components have not been validated, they 

are likely to be more informative than the composite score. Niskanen and colleagues 70 

reported the mean APS for survivors was 6.3 and for non-survivors, 10.3. In 

comparison, the mean APS for patients in the study conducted by Havill and colleagues 
120, 121 was 14.3. 

 

Severity of illness was not reported in early studies. 16, 71, 79, 123, 125-127, 130-135 Dragsted 

and colleagues 107 assessed three organ failures as an indicator for severity of illness on 

short-term mortality but did not examine its effect on long-term outcomes. They 

conducted a subgroup analysis (216 patients) of the APACHE II on in-hospital 

mortality for patients enrolled in the 1983. In later studies, severity of illness was also 

not reported by some. 73, 166, 167, 184, 193, 219, 223, 243, 260, 368 For studies that did report 

severity of illness, it was reported as means, medians or both (as shown in Table 2.1). 31, 

69, 74, 75, 112-117, 122, 124 In these studies, mean APACHE II scores ranged from 12.3 to 18.5 

for patients in general ICUs 69, 75, 114, 117, 124 and median values (reported less commonly) 

ranged from 9 to 17. 113, 116, 117 Mean SAPS II scores ranged from 10.7 to 49.9. 31, 74, 112, 

114, 115, 122 Higher values were recorded for subgroups, for example, in patients with 

abdominal sepsis, and therefore survival is likely to be shorter in these patients (mean 

APACHE II score 16 and 23). 140, 142 Studies that have examined the effect of severity 

of illness on long-term outcomes are discussed in Section 2.13.4. 

 

2.6.4 Organ failure 

 

Severity of illness scoring systems utilise data that is derived from up to the first 24 

hours of admission. However, the process of organ failure may change or fluctuate 

during the course of critical illness. 369 Many studies of long-term outcomes have not 

accounted for organ failure (beyond that captured in admission physiological scores) 

and its effect on long-term outcomes, as shown in Table 2.1. Among those studies that 

have measured organ failure 79, 115-117 several methods have been used. Similar to 
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comorbidity and severity of illness, there is no consensus on the most appropriate 

method to examine organ failure. 

 

A frequently reported measure is the number of organ system failures that occur during 

the observation period. 79, 146, 197, 204, 262 Examples of scores designed to evaluate organ 

failure, on given day of an ICU admission, are the Sequential Organ Failure Assessment 

(SOFA) score, 369 Multiple Organ Dysfunction Score (MODS) 10 and Logistic Organ 

Dysfunction System (LODS) score. 370 The organ failure scores have been validated to 

predict short-term mortality in the critically ill. 10, 371 

 

There is little difference in the short-term predictive ability between the SOFA score, 

developed in Europe from expert opinion using consensus methods 369 and later 

validated in 1,449 patients who were critically ill, 371 and the MODS that was developed 

in Canada and validated in a smaller sample of 692 patients. 10 Both SOFA and MODS 

have been found to be valid predictors of short-term mortality in most patients who are 

critically ill, and the area under the receiver operating characteristic (ROC) curve was 

0.85 for the maximum SOFA score 372 and 0.93 for the maximum MODS. 10 A recent 

study found SOFA and MODS had only modest ability to discriminate between 

survivors and non-survivors in patients admitted to general ICUs. 373 Cohort 

characteristics, study methods and the loss of discrimination over time may be 

responsible for the observed differences. 

 

Studies of long-term outcomes that have reported the severity of organ failure have used 

SOFA, 115-117, 151, 194, 203, 215, 218, 230 MODS 76, 138, 212 and other validated/non-validated 

systems. 71, 153, 180, 216, 236, 295 Mean maximum SOFA ranged from 3 to 5.5. 115-118 

Dragsted and colleagues 107 found more than one organ failure on admission in 48% of a 

subgroup of 216 patients admitted in 1983. Zaren and colleagues 79 reported 7% of 

patients had two or more organ failures but did not examine the effect on outcomes, but 

instead examined the effect of mechanical ventilation (47% of patients), length of stay 

and workload. An alternative measure used by some investigators is therapeutic support, 

for example, if the patient has received mechanical ventilation, vasoactive drugs (or is 

in shock) or RRT. 79, 111 The simplicity of SOFA compared to MODS and LODS that 

require a more complicated calculation to determine cardiovascular failure makes it the 

more attractive measure. Studies that have examined the effect of organ failure on long-

term outcomes are discussed in Section 2.13.5. 
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2.6.5 Diagnosis 

 

It is likely that the reason for admission to ICU is an important factor associated with 

long-term outcomes. Even among patients who survive an initial episode of critical 

illness, different causes of critical illness are likely to have different subsequent natural 

histories. For example, patients admitted with trauma are likely to have different 

outcomes to patients admitted after sepsis or cardiac surgery. Similar to comorbidity, 

studies that do not adjust for the effects of diagnosis in addition to other predictor 

variables on long-term outcomes are unlikely to be accurate. 

 

Different methods have been used to categorise diagnosis in long-term outcome studies. 

The system used may depend on the research question, research design and method, and 

population to be studied. Methods used to classify diagnosis include: 

� Investigator-defined diagnoses; 

� System-based, for example, diagnoses as defined in APACHE II 69, 351 or 

APACHE III systems; 

� Admission diagnosis using ICD-9-CM/10-AM categories; 70 

� Major diagnostic categories derived from hospital separation data. 73 In 

Australia, there are 23 major diagnostic categories, mostly defined by body 

system or disease type and corresponding with particular medical specialties into 

which Australian Refined-Diagnostic Related Groups (AR-DRGs) 374 are 

grouped. Episodes of care are usually assigned to major diagnostic categories 

derived from the principal diagnosis but can be assigned to a separate group if it 

involves procedures that are particularly resource intensive; 

� Principal hospital diagnosis derived from hospital separation data may not 

necessarily be the same as the ICU admission diagnosis and can be categorised 

into major diagnostic categories or smaller groups within these categories. 66 

 

The APACHE II and III prognostic scoring systems provide a system for categorisation 

of the primary admission diagnosis that necessitated ICU admission. 327 Diagnoses are 

separated into non-operative and post-operative. Patients who are admitted directly from 

the operating room or recovery room are considered post-operative, with all other 

admissions coded as non-operative, even if patients have surgery undertaken shortly 

after arrival to the ICU. Diagnosis using the APACHE II system is further categorised 

by different system failures: cardiovascular, respiratory, neurological, trauma, 
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haematological, renal, gastrointestinal tract and metabolic. The patient is assigned to the 

specific APACHE II diagnostic category at the time of ICU admission. If the diagnosis 

does not fit into any of these categories, then the patient is assigned to one of seven 

mutually exclusive categories of organ system failure or insufficiency – neurological, 

cardiovascular, respiratory, gastrointestinal, metabolic, renal or haematological. A 

weakness of the APACHE II system for categorisation of primary admission is that 

some common ICU conditions could be legitimately classified within more than one 

APACHE II diagnostic group. For example, a patient may be septic from a perforated 

gut due to a neoplasm and be admitted to ICU postoperatively for respiratory 

insufficiency. The patient’s diagnostic group may be classified as one of four APACHE 

II diagnostic categories: sepsis (post-operative), respiratory insufficiency (after surgery), 

gastro-intestinal surgery for neoplasm or gastro-intestinal perforation/obstruction. 

Furthermore, some of the diagnostic categories characterise specific disease processes 

such as chronic pulmonary obstructive disease or neoplasms whilst other categories 

describe symptoms/conditions/processes rather than a disease such as post operative 

respiratory insufficiency or respiratory arrest. There are no precise definitions of each 

diagnosis and the lack of objective measurement may lead to inconsistent and inaccurate 

coding. 

 

A diagnostic coding system developed in the United Kingdom (Intensive Care National 

Audit and Research Centre coding method) 375 uses a hierarchical, five-tiered system: 

type of condition required surgery or not, body system, anatomical site, physiological/ 

pathological process, condition. When comparing this system with the APACHE II 

system by extending the admission type and substituting the 53 United Kingdom 

APACHE II diagnostic categories with nine body systems, there was no loss of 

discrimination or calibration. 376 

 

Whilst several methods utilise ICD coding, the timing of categorisation (for example, at 

hospital admission, ICU admission or hospital discharge) and the method of 

categorisation varies. Hospital separation data may be used to derive the reason for 

admission to ICU. It can be problematic because the reason for ICU admission may not 

be included in the diagnostic coding in hospital separation data. If separation data are 

used to classify diagnoses, timelines are difficult to identify, for example, if sepsis is 

coded as the principal diagnosis in the separation data, it is often unknown whether the 
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sepsis occurred before, during, or after the ICU admission, and whether this was the 

actual reason for admission to ICU. 

 

There was no consistent approach to the definition of diagnostic categories in studies of 

long-term outcomes. Among the ‘general studies’ of long-term outcomes, diagnostic 

categories were frequently investigator designated, 16, 31, 69, 71, 74, 75, 79, 86, 111-113, 115, 116, 120, 

123-126, 131-135 although these often used a system-based approach. Studies often included 

sepsis 16, 69, 113, 115, 116 and trauma 16, 31, 69, 74, 75, 79, 86, 111-113, 116, 120, 124-126, 133, 135 as 

subgroups in their diagnostic categorisation. Other studies used APACHE III, 151 ICD 

coding groups 70 or major clinical category. 73 Two studies did not report diagnosis. 122, 

127 The grouping of diagnosis is important. If categories are too broad, the predictive 

effect of diagnosis may not be found. 105, 377 

 

2.6.6 Length of stay 

 

Length of stay in ICU is widely reported in the literature, but the method of 

measurement is rarely defined. 74, 378 It may be calculated from the time of admission to 

ICU to the time of discharge from ICU, and reported in hours. Alternatively, it may be 

calculated from the midnight census. A third method is the calendar method, that is, the 

LOS from the day of admission to the day of discharge (and reported in number of 

days). This method will overestimate the LOS in ICU as only part of the day for the first 

and last day in ICU is used in the calculation. These differences have little impact for 

patients with long admissions but can have a major impact for patients with short 

admissions. Length of stay when combined with cost per day is used to assess resource 

utilisation in health care. 365, 379-383 More importantly, in the assessment of long-term 

outcomes for patients who survive to hospital discharge, it is a surrogate measure of 

morbidity. In addition to age, comorbidity, pre-existing functional status and diagnosis, 

it is influenced by ICU admission and discharge criteria, the availability of intermediate 

care and chronic ventilator weaning units and the availability of monitoring ability and 

staff availability in general ward areas. 384 Mean LOS in ICU in general ICUs ranged 

from 3.3 to 11.7 days 31, 69, 70, 74, 112, 114, 115, 117, 118, 120, 122, 124-126, 129 and median LOS 1-3 

days, 70, 71, 113, 115, 116 as shown in Table 2.1 It should be noted that the selection criteria 

for the study conducted by Fildissis and colleagues 114 was an ICU stay of 24 hours or 

more and explains the longer mean duration of ICU LOS (11.7 days compared to the 

maximum mean reported of 7.1 days in a respiratory ICU 126). For patients who 
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received mechanical ventilation for 48 hours or longer the mean LOS in ICU was 12.5 

days. 134 

 

Most patients admitted to ICU require intensive care for only a few days, but 

approximately 2% to 11% of patients require prolonged care 111, 199, 200, 380, 381, 385-392. 

These patients occupy approximately 25-45% of ICU patient days and consume a large 

proportion of intensive care resources. 19, 381, 385, 391, 393-397 There is no standard definition 

for a ‘prolonged stay’, 111, 199, 200, 202, 203, 205, 303, 385-388, 391, 394, 398-402 and reports describe 

outcomes for patients ranging for those staying in ICU longer than 48 hours 387 to those 

whose LOS is 60 days. 203 Patients who receive prolonged mechanical ventilation may 

be examined as a subgroup. 403 A consensus meeting recently defined prolonged 

mechanical ventilation as the need for mechanical ventilation for 21 consecutive days or 

longer for at least six hours per day. 404 The International Classification of Disease, 

ninth revision (ICD-9) codes differentiate between those who have received four days of 

mechanical ventilation and those who have received five or more days. 405 However, the 

definition used in the literature varies widely and a consensus definition is needed to 

facilitate comparison of outcomes between studies. 

 

2.6.7 Socio-economic status 

 

Social and economic factors, for example, income, education, occupation, and 

employment status, constitute an individual’s socio-economic status. Socio-economic 

factors have been shown to have a strong association with the need for ICU and lower 

socio-economic status has been associated with decreased short- and long-term 

outcomes. 73, 406-408 Patients of low socio-economic status are more likely to be exposed 

to severe infections and accidents that require intensive care. 409, 410 Lower 

socioeconomic status has been associated with an increased severity of illness on 

admission (APACHE) and increased ICU mortality. 408 

 

The method of measurement of socio-economic status is important. 411 Socio-economic 

status may be collected directly from the patient but these data may contain issues that 

are sensitive to the patient, and this may impair the practicality and validity of responses 

given. 411 For example, patients may be reluctant to provide information about their 

income. 
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Residential location has been used as a valid proxy to estimate socioeconomic status. 
412, 413 These measures incorporate both community- and individual-level characteristics. 

This area-based approach is relatively inexpensive, information is readily accessible and 

non-response is limited. 414, 415 Area-based attributes of socio-economic status include 

average house value, median monthly rental value of dwellings, education level, 

employment status as well as composite scales formed by combining these variables. 414, 

416, 417 Although census data are collected only every five or ten years in most countries, 

the time lag between the primary data set being analysed and collection of the census 

data makes little difference to area-based socio-economic status measures in predicting 

health outcomes. 417 

 

The use of census data is based on an assumption that the characteristics are stable and 

homogeneous within the geographic area. However, urban areas can be heterogeneous 

in terms of social and economic conditions even within small areas and can change over 

time. 415 Poor agreement between area-based and individual level socio-economic status 

measures exists even when applied to broad socio-economic status categories. 415 For 

example, the associations of health outcomes with aggregate socio-economic status 

measures based on United States census data were substantially weaker than with 

micro-level measures. 417 However, the measurement error that results when area-based 

socio-economic status measures are used is likely to be non-differential 

misclassification, that is, the same in the groups being compared and unrelated to 

disease status. 299, 415 

 

Three studies 73, 155, 260 reported aspects of socio-economic status. Keenan and 

colleagues 73 used census tract data (median income, education and employment status) 

that referred to the average for the census tract of patient residence, that is, the data were 

not patient-specific. The median income (Canadian dollars) was CAN$19,119 (IQR 

6,984–39,954), 10% (IQR 0–66%) of patients had post-secondary degrees and 10% 

(IQR 2–52%) were unemployed, but this cohort included 64% non-ICU admissions. In 

contrast, two small studies examined patient specific data to ascertain marital status. 155, 

260 In both studies, 46% of patients were married. The effects of these factors on long-

term outcomes are discussed in Section 2.13.10. 
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2.7. Statistical analysis 

 

2.7.1 Adjustment for confounding 

 

Appropriate statistical methods are essential to control for confounding. Factors 

associated with long-term survival in univariate analysis may not be independent 

predictors of outcomes when fitted in multivariate regression models. 71, 79, 105, 116, 124 

After adjustment for potential confounders, these models provide an estimate of the 

independent effect of the factor/s of interest. However, statistical methods cannot adjust 

for unknown, known but not measured, or invalidly measured confounders in 

observational studies. A significant proportion of studies of ICU outcomes 73, 113, 123, 132, 

135, 158, 161, 203, 206 rely upon univariate or bivariate associations between factor/s of 

interest and long-term outcome after an admission to ICU rather than more 

sophisticated multivariate techniques, as shown in Table 2.1. Among the 30 ‘general’ 

studies that examined long-term survival after an admission to ICU, only a third used 

multivariate analytic techniques. Studies found variables that were associated with 

outcomes in univariate analysis but the association was no longer demonstrated after 

adjustment for confounders. 71, 105, 116 Some studies have made partial adjustment by 

including some important factors such as age and sex but have omitted known 

confounders such as comorbidity 69, 71 and so the true independent estimate of long-term 

survival is unknown. Only one large study, 70 conducted among 12,180 patients five 

years after admission to ICU, has adjusted for age, sex, severity of illness (admission 

APS), comorbidity (Chronic Health Evaluation from the APACHE II system) and 

diagnostic group simultaneously. 

 

2.7.2 Power considerations 

 

Power is the probability that the null hypothesis will not be accepted when there is 

evidence to suggest there is a statistical association with the outcome. Observational 

studies must be of adequate size to have sufficient power to detect important 

associations between exposures and outcomes 418 and to overcome the common 

problems of multiple exposures and outcomes, and loss to follow-up. If the sample is 

too small, then even if large differences are observed, it will be impossible to show that 

these are due to anything more than sampling variation. Power, typically set at 80% or 
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90% %, is "100% minus the percentage chance of missing a real effect" and therefore 

the higher the power, the lower the chance of missing a real effect. A Type I error 

occurs when the null hypothesis is incorrectly rejected when in fact it is true. The 

probability of a Type I error is referred to as the level of significance, and often set at 

‘0.05’ or ‘5%’. A Type II error occurs when the null hypothesis fails to be rejected 

when it is actually false. The Type II error is commonly identified as ‘β’, but usually it 

is ‘1- β’ or power that is reported rather than Type II error. Power is a measure of how 

likely a study to detect a statistically significant difference of a given magnitude if it 

truly exists. There may be important effects that truly exist that may not be detected if 

the sample size is not large enough. Ideally, the probability of making both types of 

error should be kept small, but reducing the Type I error increases the risk of a Type II 

error. The power of the survival analyses of ICU cohorts depends on the number of 

outcome events. Whilst the sample size calculation should be reported 305 this is rarely 

done in studies describing long-term outcomes from intensive care. 

 

Many studies have been conducted using sample sizes of less than 500 patients. Two 

multicentre studies of long-term outcomes in patients admitted to ICUs in Finland and 

British Columbia each had in excess of 12,000 patients. 70, 73 However, the population-

based study conducted by Keenan and colleagues 73 included 41,308 hospital controls in 

addition to the 27,103 patients who had been admitted to ICU. Another population-

based study had 4,845 patients 111. The majority of ‘general’ studies had sample sizes 

ranging from 100 to 2,166 patients (median 273 patients). 16, 31, 69, 71, 74, 75, 79, 86, 112-117, 120, 

122-127, 129, 131-135 Large studies are logistically difficult, resource intensive and costly but 

are important because small studies 134, 135, 155, 174, 208 lack the power to support valid 

associations. 419 The problem associated with recruiting sufficient patients may be 

overcome by abstracting data from large observational databases. This method has 

enabled evaluation of outcomes from intensive care. 73, 260, 297, 320, 337, 420 The trade-off is 

that important clinical information to examine long-term outcomes may be missing. 

 

2.8. Duration of follow up 

 

Follow-up for life is the gold standard but this has not been done in studies of patients 

admitted to ICU. It is uncertain what the optimum period of follow-up should be 69, 85 

and whether shorter periods of time represent a valid surrogate for long-term follow-up. 

In the oldest studies, six months was considered adequate 80, 421 but more recently, 
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longer durations of follow-up have been advocated, 64-66, 69, 70, 73 although no specific 

time-period has been recommended. Critical illness continues to shorten life expectancy 

for a considerable period after discharge 66, 105 and the survival experience in specific 

diagnostic categories may be quite different from that of the general ICU population. 66, 

70, 79, 422 Outcomes among patients with trauma at 12 months and 18 months after 

discharge were found to be similar among 780 patients enrolled in ‘The Trauma 

Recovery Program’, leading the investigators to conclude that twelve months was an 

adequate duration of follow-up for these patients. 423 Considering that most trauma 

studies are not ICU-specific 423-426 it is difficult to generalise these results to patients 

admitted to the ICU. It may be unwise to stipulate a maximum endpoint; rather, follow-

up for ICU survivors should be conducted for an extended period. 69, 85, 427 

 

The timepoints when follow-up commences varied between reports. As shown in Table 

2.1, some long-term outcome studies commenced follow-up from the time of admission 

to ICU, 16, 69-71, 79, 120, 123, 133 after discharge from ICU 116, 117, 122, 125, 127 and others after 

discharge from hospital. 73, 86, 115, 124, 126, 129, 131, 134, 135 Two studies commenced the study 

when patients met disease eligibility criteria. 87, 215 Starting follow-up from the day of 

admission is considered appropriate to identify those patients who are critically ill and 

track the consequences of treatment in ICU. 70, 86, 428 However, to identify whether the 

factors that influence in-hospital mortality are different from those that affect long-term 

survival, it may be more informative to study patients who have survived to hospital 

discharge. 

 

Although discharge policy can influence the place of death 429 generally discharge from 

hospital may be regarded as the time when the acute illness has finished. 86 Considering 

that the majority of the survival curves present survival from the time of ICU admission, 

it is difficult to interpret the effect of critical illness on long-term survival from these 

studies. There were two exceptions. 73, 115 Keenan and colleagues 73 compared survival 

for 27,103 patients with a cohort of 41,308 hospital patients not admitted to ICU and a 

general community cohort. Long-term survival was examined for up to 45 months after 

hospital discharge. The study by Graf and colleagues 115 examined long-term survival, 

quality of life and the costs for 303 patients who stayed in ICU for at least 24 hours and 

survived to discharge from a medical ICU. There is no consensus in the literature 

defining the most appropriate timepoints to commence follow-up but differences in 
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outcomes are likely to be observed if in-hospital deaths are included in the examination 

of survival after hospital discharge. 

 

Only seven studies of medical, surgical or general ICU cohorts have a duration of 

follow-up of five years or longer 31, 69-71, 115, 117, 123 and 23 studies have a duration of 

follow-up greater than one year and less than five years, 16, 73-75, 79, 86, 111-114, 116, 120, 122, 124-

127, 129, 131-135 spanning three decades. 

 

In summary, almost all studies of long-term outcome are flawed by one or more of the 

issues outlined in the preceding Sections. Small sample sizes, short duration of follow-

up, inconsistency in definitions, failure to include the important explanatory factor 

simultaneously, accurate ascertainment of vital status and loss to follow-up are likely to 

challenge valid interpretation. Niskanen and colleagues 70 conducted the largest of the 

‘general studies’ to examine the effects of age, sex, admission APS, Chronic Health 

Evaluation points and admission diagnosis on five-year survival among 25 medical and 

surgical ICUs. The contribution of in-hospital deaths was not accounted for, and the use 

of chronic health evaluation points may not have provided sufficient information on the 

effect of comorbidity on long-term survival. Although this multicentre study enrolled 

12,180 patients, the study did not account for all patients, challenging the validity of the 

results. Clearly research in this area is needed. Conducting high quality research is 

essential to our understanding of long-term outcomes. 

 

Considering the differences in casemix and study methods, is there variability in long-

term survival? This question, comparison with a reference population and the factors 

associated with survival will be explored in the next Sections. 

 

2.9. Variability of long-term survival 

 

Reported crude survival from general ICUs ranges widely from 44% to 94% at ICU 

discharge and 47% to 90% at hospital discharge. For tertiary referral hospitals in 

Australia, crude ICU survival between 1993 and 2003 was 88% and hospital survival 

81%. 430 One, two and five-year survival was reported to range from 37 to 74%, 28 to 

80% and 42 to 60% respectively, as shown in Table 2.1. Most deaths for patients who 

survived to hospital discharge occurred within the first year after discharge from 

hospital, 71, 73, 76, 113, 256 particularly in the first few months, 70, 73, 76, 151, 159, 206, 431 and in 
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some ICUs these deaths in the first year after discharge were higher than in-hospital 

mortality. 161 Considering the heterogeneity in ICU cohorts, this variation in survival 

was not surprising 6 and makes valid comparisons between studies difficult. Survival 

after critical illness is lower than other acute health care areas 83 but crude survival is an 

inadequate measure to examine the consequences of critical illness. While it is 

important to report crude survival, valid comparisons between studies of long-term 

outcomes require adjustment for confounding. 

 

2.10. Cause of death 

 

The cause of death is defined as the primary pathology (irrespective of its duration) 

leading to death of the patient. 88 Many deaths in the first six months after discharge 

from hospital are related to pre-existing conditions or admission diagnosis. 76, 88, 262, 323 

In a large prospective study of 3,700 patients, primarily surgical admissions, admitted to 

an Austrian general ICU between 1997 and 2003 88 neoplastic disease and chronic 

cardiovascular disease were the most frequent causes of death within a year after ICU. 

Similar results were reported by two smaller studies of patients with abdominal sepsis in 

whom the main cause of death was cardiovascular disease and neoplasms. 138, 140 In two 

ICUs that had a large proportion of patients with neoplastic disease, the two most 

frequent causes of death after discharge were malignancy and respiratory failure. 108, 323 

After two years no deaths were attributed to the ICU admission diagnosis among 158 

deaths after hospital discharge. 323 It is not surprising that cardiovascular and neoplastic 

disease are common causes of death in long-term outcome studies considering the large 

proportion of aged patients and patients admitted to ICU with these conditions or 

comorbidities. 

 

2.11. Survival after ICU 

 

The pattern of survival after admission to ICU has been described using a three phase 

model. 85 Phase one that occurs during the index ICU and hospital admission has a high 

case-fatality directly attributable to the initiating critical illness, as shown in Figure 2.3. 

Mortality here is heavily influenced by disease severity and admission diagnosis. 327 In 

the second phase, from hospital discharge and lasting months to a year, the rate of 

deaths slows and in the third phase the rate of death stabilises and becomes linear again. 

The duration of this phase differs depending on the cause of critical illness. 70 The 
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reasons are incompletely understood although age, comorbidities (particularly cancer, 

heart disease, and chronic airflow limitation) have been strongly associated with 

death.69, 70 

 

Figure 2.3 Three phase survival model for survival from the time of admission to ICU. The 

survival curve 85 shows phase one has high mortality, phase two has lower mortality but higher 

than that of the general population and in phase three survival parallels that of the general 

population. 

 

Phase 1 Phase 2   Phase 3 

   ▼    ▼      ▼ 
 

 

 

 

2.12. Comparison with a reference population 

 

2.12.1 Comparison of long-term survival of the ICU cohort with the general population 

 

Comparisons of the long-term survival of patients treated in ICU with patients not 

admitted to ICU allow differences in mortality to be estimated. This is useful to identify 

the impact of critical illness, combined with factors that predispose to critical illness, on 

long-term survival. Several studies have compared long-term survival of patients 

admitted to general ICUs with those of the general population after matching for age 

and sex. 69-71, 73, 74, 79, 427 These found that survival was decreased among patients treated 

in ICU in comparison with the general population. Outcomes from ‘general’ cohorts, 

and specific subgroups, are shown in Figure 2.4. Excess mortality was greatest in the 
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first year. The ‘general’ studies shown in Figure 2.4 followed patients from the day of 

admission, except for two studies 71, 73 that compared patients who survived to hospital 

discharge with the comparative population. This may explain the difference in the slope 

of the survival curves shown in Figure 2.4 in the first few months of follow-up. 

 

Some studies have reported that the survival curves of the general population and 

critically ill patients become parallel. This is interpreted as occurring when the effects of 

both critical illness and the underlying pathology should have run their course. 69 The 

time for survival curves to parallel the normal population is unclear. Studies comparing 

the time when survival of patients admitted to ICU returns to that of the general 

population report times ranging from six months 79, 110 to at least four years. 69 One 

study found a trend towards reduced mortality in survivors compared with community 

controls after seven years, that is, the survival curves start to converge. If real, this may 

reflect ‘survival of the fittest’. That is, those who survive an episode of critical illness 

are intrinsically healthier and this resilience is reflected in survival that is superior to 

age- and sex-matched community controls. 69 Small sample sizes, 74, 188 short duration 

of follow-up 79 and possible invalid matching challenge the validity of these estimates. 

Cohorts should be large enough to be able to demonstrate valid associations and 

accommodate the attrition of cases that will occur during the follow-up. Furthermore, 

most of the studies 69, 70, 74, 79 have included in-hospital deaths that can have profound 

effects on survival curves in the first year after discharge. This may explain the 

difference in the slope of the survival curves shown in Figure 2.4 in the first few months 

of follow-up. 

 

The conditional risk or the observed/expected mortality ratio (standardised mortality 

ratio) provides an alternative estimation of excess mortality from intensive care. 

Investigators have also measured relative survival, and the differences in relative 

survival 70 but little advantage is gained from using this reciprocal method to understand 

the impairment in survival compared to estimating the increased (or decreased) risk of 

death. 
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Figure 2.4 Survival of patients admitted to ICU compared with a reference population. 

 

 

 

 

A) Zaren et al (1989) 79 980 general ICU patients and 
Swedish general population, follow-up 2 years 

 B) Flaatten et al. (2001) 74 219 general ICU patients 
and Norwegian general population, follow-up 12 
years 

 

   

 

  

 

 

C) Dragsted (1991) 71 1,308 general ICU cohort and 
Danish general population, follow-up 3-8 years 

 D) Wright et al. (2003) 69 2,104 general ICU 
patients and Scottish general population, follow-up 
5-12 years 

 

   

 

 

 

E) Niskanen et al. (1996) 70 12,180 general, medical 
and surgical ICU patients and Finnish general 
population, follow-up 5 years 

 F) Keenan et al. (2002) 73 27,103 ICU patients, 
41,308 non-ICU hospitalised patients and British 
Columbia general population, follow-up 4 years 
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2.12.2 Temporal issues for valid estimation of general population survival 

 

The method of estimating the population mortality by basing it on data from a single 

time-point (for example, at the time of admission, discharge or midpoint of the time 

interval) may contribute to inaccuracies in the estimation of population mortality. When 

observing changes over time, adjustment for calendar year should also be made to 

account for changes in mortality in the general population. Some investigators 70 have 

made this adjustment but in other studies it is often unclear whether this adjustment has 

been made. Life tables for the calendar year 1987 were used to estimate survival over a 

12-year period in a Swedish study and therefore survival could not have been adjusted 

for changing mortality patterns in the general population during follow-up. 74 

 

2.12.3 Selection of comparison group 

 

The choice of comparison group is important when interpreting whether there is excess 

mortality among patients admitted to ICU. Differences between ICU group survival and 

the general population could arise from: 

• Progression of underlying disease that influenced susceptibility to critical illness; 

• Progression of natural history of critical illness; 

• Late consequences of critical illness. 

 

Comparisons of long-term survival have typically been with an age- and sex-matched 

general population but the choice of the general population is important because 

outcomes may depend upon the characteristics of the general population group.69 

Differences in population characteristics are likely between a community sample, for 

example, a sample drawn from the Western Australian population and a sample drawn 

from the entire Australian population. 

 

Comparison with a group of hospital patients may provide an alternative comparison. 73, 

129 Hospitalised patients, irrespective of whether they are admitted to ICU or non-ICU 

wards, will be systematically different to the general population. Patients admitted to 

hospital tend to have more pre-existing disease than the general population. After 

controlling for age, sex, major clinical category, comorbidity, and a variety of other 

patient and hospital variables, but not severity of illness, it was found that patients who 

survived a hospitalisation that included an admission to the ICU (23,225 patients) had 
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lower three-year survival (80%) than those who survived a hospitalisation that did not 

include admission to the ICU (85%, 40,626 patients). 73 There was a 21% risk for lower 

long-term survival (95% Confidence Interval (CI) 1.17, 1.27) than those who survived a 

hospitalisation that did not include admission to the ICU (40,626 patients). 73 The 

strongest associations with long-term survival were found with age (Hazard Ratio (HR) 

per decade of age 1.60, 95% CI 1.58, 1.62) and Charlson Comorbidity Index (HR 1.28, 

95% CI 1.27, 1.29). In a smaller study 129 among 558 ICU and 124 non-ICU patients 

from a large community hospital, two-year survival was similar for patients who 

survived to hospital discharge (83.3% of ICU patients and 89.1% of non-ICU patients). 

While comparison of ICU patients with hospitalised patients, rather than the general 

population, deals partially with issues related to co-morbidity, other factors may tend to 

invalidate the comparison. Some hospitalised patients would not have received 

admission to ICU, even if they were critically ill, for example, patients with dementia or 

advanced malignancy. However, such patients were not excluded from this study. 

Inclusion of such patients will tend to narrow differences between ICU and non-ICU 

hospitalised patients. 

 

2.12.4 Summary 

 

A suitably matched comparison group is useful to understand the impact of critical 

illness and intensive care on long-term survival. Both the general population and non-

ICU hospitalised patients have been used for this type of comparison. Both methods 

have validity but evaluate different questions. Some, though not all, studies have 

reported that the survival curve of ICU patients matches that of the general population 

after two to four years. 

 

2.13. Factors associated with long-term survival 

 

Understanding the factors associated with long-term survival are important so as to 

understand the natural history of critical illness. Potentially modifiable risk factors may 

be identified to inform management of patients in the ICU and in the community. 

Whilst several studies have examined short-term survival and long-term ‘quality of life’ 

or morbidity outcomes, 75, 115, 117, 143, 146, 149, 201, 221, 240, 241, 309, 432-438 they have not 

examined the predictors of long-term survival. Furthermore, factors associated with 

short-term outcomes may differ from those that influence long-term outcomes. 71, 129, 152, 
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173 Examination of the factors associated with long-term outcomes is crucial to find 

those that can be modified to improve long-term outcomes. These factors include 

patient characteristics, and exposure to clinical and organisational factors. 297, 305 

 

Factors that have been found associated with long-term survival for patients admitted to 

the ICU include age, sex, comorbidity, severity of illness, and diagnosis. A summary of 

studies and the factors associated with long-term survival is shown in Table 2.2. The 

reports that describe outcomes from ‘general studies’ and subgroups are listed by 

duration of follow-up and this Table will be referred to in Sections 2.13.2 to 2.13.15. 

Some studies report long-term survival (that may include factors associated with 

intermediate-term outcomes) but did not examine factors associated with survival 

beyond one year 79, 155, 439 and these are not included in this discussion. It is evident 

from Table 2.2 that most of the studies examining the factors associated with long-term 

outcomes have been conducted among patients who have been admitted to ICU after 

cardiac surgery. 

 

2.13.1 The effect of age on long-term survival 

 

Age is strongly associated with survival in the general population and likely to be so in 

critical illness. 440 The age structure of the population in developed countries is 

changing with an increase in the number and proportion of the elderly. Intensive care 

units, too, are admitting an increasing number and proportion of older patients, many of 

whom are reported to survive intensive care. 152, 153, 304, 441-444 Considering the strong 

association of age with survival in the general population, it is not surprising that similar 

results have been found for long-term survival of the critically ill. Most studies report 

association between decreased long-term survival and increasing age, 16, 17, 64, 69-71, 74, 116, 

120, 124, 130, 142, 156, 159, 172, 177, 183, 203, 206, 207, 242, 295 although a few studies found no 

association. 132, 152, 157, 158, 161, 173, 208, 431, 445 These studies were generally small, had short 

durations of follow-up, often targeted patients in the older age groups and did not adjust 

for potential confounders in their examination of long-term survival. Furthermore, in-

hospital deaths were often included in the analyses of post-hospital survival. Age was a 

strong independent predictor of long-term survival in three large ‘general’ studies, 69-71 

as shown in Table 2.2. The risk was increased by 3% for lower long-term survival for 

each year increase in age in the study conducted by Niskanen and colleagues 70 and 8% 
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Table 2.2. Studies (from the 1980s to current time), and presented by duration of follow-up, of the factors associated with long-term survival after critical illness for 

admissions to medical, surgical or general ICUs, grouped into ‘general’ and selected subgroups, and cardiac surgery. 

 

Study Patients Follow-up Survival Factors associated with survival 

‘General’ studies 

Flaatten & Kvale 
(2001) 74 

236 (219 pts) admitted to a Swedish 
10-bed general ICU in 1987. No 
neonates, burns, cardiothoracic surgery 

12 years ICU 85%, hospital 75%, 12-
year 48%, 3-year 
cumulative 95.7%. 

Age (>70 years) predictive of long-term survival, not severity of illness (SAPS II). 
Assessed using Kaplan Meier survival analysis and log rank test. No multivariate 
analysis 

Wright et al. 
(2003)69 

2,104 pts aged > 16 years admitted to a 
United Kingdom general ICU (no 
neurosurgery) 1985-1992 

5-12 years 5-year survival 53% Age, APACHE II, diagnosis independently predictive of 5-year survival, not sex. 
Comorbidity not examined. Included in-hospital deaths 

Niskanen et al. 
(1996) 70 

12,180 pts admitted to 25 Finnish ICUs 
(medical, surgical or mixed) in 1987 

5 years after 
admission to 
ICU 

5-year 59.9%. 58.7% for 
hospital survivors 

Age, sex, APS, nature of admission (elective /emergency), chronic health evaluation 
points, and the majority of diagnostic categories (especially presence of cancer) 
independent predictors of 5-year survival. APS most important predictor. Included in-
hospital deaths 

Dragsted, (1991) 71 926/1308 pts admitted to a Danish 
general ICU, 1979-1983 

3-8 years after 
discharge 
(median 46 
months) 

ICU 92% , hospital 71%, 5-
year 58% 

ICU survival: age, cardiovascular conditions (vs. resp, renal, GIT, endocrine, other), 
sepsis, acute respiratory distress syndrome and acute renal failure, but not sex, type 
of admission, COPD, organ failure. These factors plus cancer associated with 
hospital mortality. In subset of pts staying in ICU >48 hours age & organ failure 
associated with survival. Independent predictors for long-term survival of pts with 
and without cancer: age, primary service (medical/ surgical). 

Lam & Ridley 
(1999) 113 

304/1953 critically ill medical pts in 
United Kingdom ICU 1995-1997 

1 to 3 years ICU 71% medical pts/ 89% 
non-medical pts. 18-month 
cumulative survival medical 
pts 45%, medical pts/ 70% 
non-medical pts. Loss to 
follow-up 9.8% 

Stratified by APACHE II score, no difference between the long-term survival of 
medical and nonmedical pts. Stratified by age group, survival of medical pts was 
significantly lower  
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Study Patients Follow-up Survival Factors associated with survival 

‘General’ studies 

Parno et al. (1982, 
1984) 130 

558 pts admitted to two general 33-bed 
ICUs 1978 

2 years ICU survival 82.6%, 2-year 
survival 63.5%. 2-year 
cumulative survival surgical 
pts 84.6%, medical pts 
76.5% 

Age, coma, cardiopulmonary resuscitation, renal failure, infection, shock and white 
cell count predictive 2-year survival in multiple logistic regression analysis 

Ridley et al. 
(1990)105 

497 general ICU pts, in the United 
Kingdom, 1985-1987 

18 to 42 
months 

ICU 76%. 2-year 52%, 2-
year survivors 68.6% 

Univariate analysis age, APACHE II, and diagnosis predictors of long term survival. 
Age and APACHE II independent predictors of long term survival. 

Havill et al. 
(1989)120 

300 pts, general New Zealand ICU. 2 to 3.5 years 2-year 74% Long term survival associated with age and admitting diagnosis. No multivariate 
analysis. 

Davis et al. 
(1980)134 

100 pts MV>= 48 hours in 18-bed US 
ICU, 1975-1976 

2 years Discharge 44%, 2-year 28% 

5 pts lost to follow-up 

Pulmonary group had significantly better outcomes initially but were similar at 2 
years. Cardiac pts’ survival decreased with follow-up time. 

Sage et al. 
(1986)124 

337 pts (no cardiac surgery) admitted to 
general ICU, 1982 

16 to 20 
months after 
discharge 
from ICU. 

Hospital 88.7%, 18-month 
75.4%, 18-month survival 
for hospital survivors 86.6% 

Acute health and chronic conditions predicted total mortality, not age. APS 
independent predictor of hospital mortality. Age independent predictor of post-
discharge mortality. 

Garcia-Lizana et al. 
(2003) 116 

202 pts admitted in 2000 18 months ICU 83.8%, hospital 71.8% 

Follow-up 58.4% 

Mortality after ICU discharge associated with age, APACHE II, severity of organ 
failure (SOFAa, SOFAm, SOFAd), history of immuno-compromise, neurological 
disease (epilepsy, cerebrovascular accident, chronic degenerative disease and 
cerebral cancer) or cancer (not cardiovascular, respiratory, hepatic, renal, diabetes 
disease), diagnosis of head trauma and ICU readmission. Only APACHE II and 
number of readmissions were independently associated with survival after discharge 
from ICU 

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) 

Davidson et al. 
(1999) 64 

Prospective, matched, parallel cohort 
study to compare 127 pts with ARDS 
associated with trauma or sepsis and 
127 controls matched for risk factor 
(trauma or sepsis) and severity of 
illness who survived to hospital 
discharge. 

Median follow-
up 753 days 

Follow-up survival 90% 
study cohort and 86% 
controls. No difference 
between pts with sepsis-
induced ARDS and sepsis 
controls  or with trauma-
induced ARDS and 
matched trauma controls 

Survival was associated with age, risk factor for ARDS, and comorbidity. There was 
no difference in the long-term mortality rate for ARDS patients and that of matched 
controls (hazard ratio for ARDS: 1.00; 95% confidence interval: 0.47 to 2.09) after 
controlling for age, risk factor for ARDS, comorbidity, and severity of illness. 
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Study Patients Follow-up Survival Factors associated with survival 

Age 

Boumendil et al. 
(2004)152 

Prospective study of 233 pts aged >=80 
years admitted to a 18-bed surgical ICU 

3 years 3-year 29%. For pts 
discharged from ICU 3-year 
survival 35% 

Five independent poor long-term prognosis factors from time of admission to MICU: 
presence of underlying fatal, initial altered consciousness, need for MV; older age 
and diagnosis of shock. Two prognostic factors of death after discharge: presence of 
an underlying fatal disease and severe functional limitation 

Grenrot et al. 
(1986)159 

 

Retrospective study 143 pts aged >=70 
years, 21% ICU stays >= 48 hours in a 
20-bed general (mainly medical) ICU 

18 month 18 month 44% Mortality increased with age (4 times higher in 70-89 vs 0-39 year groups), 
cardiovascular and cancer disease. No tests of association. 

Chronic Pulmonary Obstructive Disease (COPD) 

Berkius et al. 
(2008) 171 

From Swedish Intensive Care 
Registry1,009 pts (1,199 admissions) 
due to COPD, 2002-2006 

Up to 64 
months 

ICU mortality 7%, 30-day 
mortality 26%, 3-year 
survival after the index 
admission 31% 

Independent factors associated with 90-day mortality: male, sex, age, APACHE II 
probability and weekend discharge. Long-term survival among men was significantly 
reduced in comparison with women 

Rivera-Fernandez 
et al. (2006) 172 

Prospective study of 742 adult pts with 
COPD admitted to 86 Spanish ICUs, 
1992-1993. Pre and post ICU QOL 

6 years Survival: ICU 77%, hospital 
68%. Survival after hospital 
discharge 68% 

Age, APACHE III, and preadmission QOL greatest influence, not MV. Post–hospital 
discharge mortality for hospital survivors, age most closely related variable, followed 
by QOL. APACHE III score, TISS score, IPPV requirement, and length of ICU stay 
not entered in the model. When the post-ICU discharge survival compared between 
non-survivors and survivors, ICU LOS, age, and QOL important 

Quinnell et al. 
(2006) 183 

67 pts with COPD admitted to specialist 
weaning centre, 1992 to 2003  

5 years Overall survival 50%. One-
year, 2-year, 5-year survival 
68%, 54%, and 25%, 
respectively 

Long-term survival inversely associated with age and LOS in the ICU and the RSSC. 
The provision of maintenance NIV after weaning was associated with longer long-
term survival, independent of age and LOS 

Ai-Ping et al. 
(2002)173 

57 pts with COPD admitted to the ICU, 
1999-2000 

5 years Hospital survivors 30%, 5-
year 24%. Two pts lost to 
follow-up 

Hospital mortality: age, history MV, long-term use oral corticosteroids, ICU admission 
albumin level, APACHE II score, and duration of hospitalization. No factors predictive 
of mortality at 5 years were identified. 

Kaelin et al. 
(1987)177 

39 acute exacerbations of chronic 
obstructive pulmonary disease in 35 pts 
requiring MV, 1982-1985 

Median 503 
(range 310-
1,108) days 

36% died within 6 months Temperature>38C, FEV1/FVC, age, leucocytosis, PaCO2 for stable pts, number of 
previous intubations, low-flow oxygen treatment and plasma protein distinguished 
between pts who died before or after 6 months in discriminant multivariate analysis. 

Breen et al. 
(2002)174 

74 COPD pts admitted, 1989-1994. Minimum 3 
years 

Hospital survival 80%, 2-
year 42%, 3-year 36.5%  

Admission PaCO2 and APACHE II score were independent predictors of hospital 
mortality but no independent predictor factors for long-term survival. 
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Study Patients Follow-up Survival Factors associated with survival 

Haematological malignancy 

Yau et al. (1991) 197 92 pts admitted with haematological 
malignancy, 1980-1989 

Up to 8 years Hospital 23%. Hospital 
survivors: 1-year 62%, 3-
year 43% 

Long term survival not related to aetiology or APACHE II, independent predictors: 
nature and progress of the underlying malignancy. 

Cherif et al. 
(2007)192 

85 pts admitted to ICU in university 
hospital with haematological conditions 
(88% haematological cancer), 1996-
2002 

Median 7.4 
years 

ICU survival 70%, 6-month 
38%, 5-year survival 20% 

Respiratory failure needing MV and APACHE II independent predictors of in-ICU 
mortality. Non-malignant haematological diseases better survival. Type of 
haematological malignancy (acute leukaemia compare to other malignancy), 
neutropenia, thrombocytopaenia, bacteraemia, prior administration of chemotherapy, 
age, or sex not significantly associated with 6-month or 5-year survival (no OR) 

Jackson et al. 
(1998)195 

A retrospective study of 116 adult BMT 
recipients admitted to ICU, 1988-1993 

Median 4.2 
years 

23% survived to hospital 
discharge and 59% 
survived to end of follow-up 

Year of ICU admission, haemodynamic support and serum bilirubin significant. 
Independent predictors of survival. Pts requiring both haemodynamic support and 
mechanical ventilation, and those with APACHE II score >45 poor prognosis 

Cornet et al. 
(2005)194 

Retrospective/prospective study of 58 
haemato-oncological pts in ICU 

Up to 2 years ICU survival 38%. 
Survivors: 1-year 12%, 
follow-up 9% 

The SAPS II and particularly the SOFA scores were of high predictive for ICU and 
long-term survival. KM but no regression analysis 

Human Immunodeficiency virus (HIV) / Acquired Immunity Deficiency Syndrome (AIDS) 

Forrest et al. 
(1999)180 

Chart review of 39 adults (41 
admissions) with PCP-related acute 
respiratory failure, 1991-1996 

Up to 6 years Hospital mortality 56.4% In-hospital mortality: APACHE II, acute lung Injury, modified Multisystem Organ 
Failure scores, duration previous maximal therapy (<5 vs. > =5 days). Combining 
physiologic scores and duration of previous maximal therapy better predictor in-
hospital mortality. No difference long-term survival in pts with PCP with/without acute 
resp failure. Baseline characteristics not predictive long-term survival (Cox). 

Nickas & Wachter 
(2000) 179 

Chart review of 394 adults with HIV 
admitted 3 ICUs at San Francisco 
General Hospital, 1992–1995 

4 years Hospital survival 63%. 
Hospital survivors 27%, 
18%, 13%, 11% at 1, 2, 3, 4 
years 

Independent predictors of hospital mortality: low serum albumin level, APS, MV, 
Pneumocystis carinii pneumonia during admission to ICU. Low CD4+ cell count, low 
serum albumin level, and MV predicted poor long-term survival among hospital 
survivors 

Casalino et al. 
(2004) 178 

Prospective study of 426 pts admitted 
to French ICU, 1995-1998 with HIV 
related condition 

3 years ICU mortality 23%. Long-
term survival for pts who 
survived ICU: 1-year 85% 
and 2-year 71%. 

ICU survival: antiretroviral therapy, no AIDS prior to ICU, OMEGA, SAPS need for 
MV. OMEGA, SAPS and MV independently associated with short-term survival. 
Independent predictors of long-term survival: functional status, weight loss, CD4 
count, HIV disease stage, duration of AIDS, admission group, SAPS I at admission 
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Study Patients Follow-up Survival Factors associated with survival 

Human Immunodeficiency virus (HIV) / Acquired Immunity Deficiency Syndrome (AIDS) 

Lazard et 
al.(1996)446 

120 pts admitted to a French medical 
ICU with AIDS, 1990 to 1992 

Up to 30 
months 

After MICU discharge, 
survival 86% at 1 week, 
82% at 1 month, 53% at 6 
months, & 39% at 1 year.86 
pts discharged 

Multivariate analysis: 3 factors predicted poor MICU outcome: SAPS I > 10, time 
between AIDS diagnosis and MICU admission > 1 year, serum albumin level < 30 
g/L. The CD4 cell count, beta2-microglobulinemia, and previous opportunistic 
infections not significant. The Karnofsky scale score and number of previous 
opportunistic infections associated with post-MICU outcome. Predictive factors for 
MICU survival did not influence post-MICU survival 

Long-term acute care/ weaning facilities 

Nasraway et al. 
(2000) 187 

97 adult survivors with an ICU stay of 
>=7 days transferred directly from ICU 
to extended care facilities, 1990-1996 

1-6 years after 
discharge 

One-year survival 50%, 2-
year survival 33% 

Survival time after leaving the ICU was related to age of the pt and to severity of the 
condition at the time of discharge from the ICU, but not to sex, LOS in ICU, or year 
of discharge 

Pilcher et al. 
(2005)202 

153 pts, prolonged ventilation (evident 
or expected failure to wean from MV) 
referred to weaning centre 

3 years 58% were alive at 1 year 
and 47% at 3 years. 

13 pts lost to follow up 

Three main diagnostic groups survived hospital: surgical and neuromuscular/ chest 
wall pts had similar long term survival. Poorest survival COPD group. After 
adjustment for age and MV time in referring ICU, no differences in survival. 

Cook et al. 
(1999)188 

Prospective cohort study of 160 pts 
discharged to ECF,  38-bed surgical 
ICU 

2 years Follow-up survival 55% Pts > age 65 had significantly lower 1 and 2-year survival than younger pt as did pts 
admitted to the SICU after otolaryngologic procedures. Admission APACHE II scores 
or SICU LOS did not influence survival.  

Prolonged stay/ mechanical ventilation (MV) 

Venker et al. 
(2005)203 

78 pts ICU LOS > 60 days in a 19-26 
bed mixed ICU of a Dutch university 
hospital 1995-2001 

5 years (mean 
1.7 years) 

ICU 62%, 1-year 44%, 5-
year 33%. Long-term 
survival for the 40 hospital 
survivors 65% 

Univariate analysis: age, prior pulmonary disease, long duration of renal 
replacement therapy, a low oxygenation ratio and platelet count and high SAPS II 
and SOFA scores on day 60 (KM and log rank tests). No regression analysis. 

Delle Karth et al. 
(2006) 199 

Retrospective study, prospective QOL. 
325 pts, ICU LOS >=30 days compared 
to 1,215 pts with shorter stay, 8-bed 
Austrian mixed cardiologic unit, 1998-
2003 

Median follow-
up 694 days 
(12-48 
months) 

ICU 79.3% / 75.7%, hospital 
survival, 65.9% / 70.4%. 
After 12/48 months, 
cumulative survival in 
hospital survivors in short/ 
long-term group 86% / 74%, 
69% / 39% 

Receiving RRT only independent predictor of in-hospital and one-year survival for 
hospital survivors of prolonged stay, not age, SAPS II, chronic renal failure or 
interventions. No multivariate analysis of long-term outcomes. 
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Study Patients Follow-up Survival Factors associated with survival 

Prolonged stay/ mechanical ventilation (MV) 

Gracey et al. 
(1997)189 

206 pts new ventilator dependent pts 
admitted to a Ventilator-Dependent 
Rehabilitation Unit, 1990-1994 

4 years 1-year 69%, 2-year 60%, 3-
year 56%, 4-year 53%  

Long-term survival was significantly associated with age and duration of mechanical 
ventilation before the Ventilator-Dependent Rehabilitation Unit admission 

Combes et al. 
(2003) 295 

197/347 ICU survivors, received MV for 
>=14 days in 17-bed French ICU 1995-
1999 

Survivors 
median follow-
up 3 years (8-
62 months) 

6 months 80%, 12 months 
75%, 36 months 67% 

20% ICU survivors lost to 
follow-up 

Age >=65 years, a preadmission immuno-compromised status, and duration of MV 
for > 35 days independent predictors of death after ICU discharge 

Schonhofer et al. 
(2002), Euteneuer 
et al. (2006) 185, 186 

403 pts with prolonged MV admitted to 
respiratory ICU. MV > 2 weeks and pts 
failed more than 2 weaning trials in the 
referring ICUs. No multi organ failure 

3 years In-hospital 76%. Follow-up 
293 pts: post-discharge 
survival 68% 3 months, 
49%t 1 year, 38% 3 years 

Survivors younger, longer LOS in ICU, lower admission APACHE II, fewer cardiac 
illnesses and higher rate of weaning success. Multivariate analysis: survival 
significantly dependent on age, weaning success and main diagnosis (i.e., prognosis 
in COPD worse compared to thoracic restriction, neuromuscular disease and others)  

Gracey et al. 
(1992)206 

104 pts > 16 years of age, MV > 29 
days 1986-1988 

3 years Overall 3 year survival 67% 

3 year survival for pts 
discharged from hospital 
56% 

Mortality was highest in multiple organ system failure and lowest among the trauma 
pts. Trauma independently associated with better survival. 

Fakhry et al. 
(1996)205 

83 pts SICU LOS > 14 days, 1991-1993 18 months Hospital 62.6%. Hospital 
survivor’s 18-month survival 
77%. 

13 pts lost to follow-up 

Strong positive correlation between increasing age and survival. No multivariate 
analysis. 

Elpern (1989) 207 Retrospective study, 31pts, aged 60-90 
years, MV>= 3 days, surgical ICU, 
survived hospital, 1983-1984 

3 years 2-year 14%, 3-year 9%. 

One pt lost to follow-up 

Neurologic pts had lowest survival. Length of hospitalisation and ventilation did not 
predict long-term survival. No multivariate analysis. 

Engoren et al. 
(2004) 260 

429 pts with tracheostomy for 
respiratory failure admitted to ICUs in 
the United States 1998-2000 

2 years Hospital 81%. Survivors 2 
years after discharge 58% 

Independent predictors: hospital mortality- new renal dysfunction, age, lower 
haemoglobin, type of admission, no surgically inserted feeding tube; post discharge 
MV status, coronary artery disease, admission creatinine, closed head injury, marital 
status 

Spicher & White 
(1987) 17 

250 pts with MV >=10 days  2 years Discharge 39.2%, 1-year 
28.6%, 2-year 22.5%  

Age and functional status prior to respiratory failure independent predictors of 
survival. Pts with respiratory failure due to postoperative or neurological disease had 
highest survival. Worst prognosis: pts with cardiac/ pulmonary disease. Age, 
diagnostic group, FiO2, pre-admission functional level independent factors of survival 
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Study Patients Follow-up Survival Factors associated with survival 

Renal failure/dysfunction 

Liano et al. (2007) 
211 

187 pts, 43% admitted to ICU,  with 
acute tubular necrosis without previous 
nephropathies, and discharged from 
hospital 1977-1992 

Median 7.2 
(range 6 
months–22) 
years 

Survival at 10/15 years 
85%/ 61% for ICU pts 
and60%/ 43% for non-ICU 
pts. Ten pts lost to follow-up 

Survival curves were significantly better among the youngest, those surviving a 
polytrauma, those without comorbidity and those treated ICU. Independent 
predictors of lower long-term survival were age, presence of comorbidities, surgical 
admission and males 

Sepsis 

Ylipalosaari 
(2007)218 

272 pts with and without ICU acquired 
infection, ICU stay >=48 hours 

Median 22 
months 

Follow-up survival 69%.  Long-term survival: comorbidity, surgical reason for admission, APACHE II, hospital 
acquired infection (not ICU acquired infection). In the Cox regression model ICU-
acquired infection was not associated with long-term survival (HR 0.83, 95% CI 0.47, 
1.46) 

Korosec et al. 
(2007) 220 

 

164 pts divided into two groups: group 
1 included 66 patients with sepsis; and 
group 2 included patients with trauma 

2 years Survival Sepsis / trauma: 
Surgical ICU: 60% / 74%;  
in-hospital 42% / 62%;   
post-hospital 78% / 92%; 
cumulative 2-year survival: 
33% / 57 

After controlling for age, admission diagnosis had a significant effect on in-hospital 
survival (HR 1.73; P = 0.02) 

Unadjusted post-hospital mortality of patients with sepsis was higher than that of 
patients with trauma (22% versus 8%; P = 0.049) 

Ranes et al. 
(2006)219 

448 pts received MV>48 hours, 
developed ventilator acquired 
pneumonia, and who had complete 
data admitted to 9 ICUs 1994-2000.  

Up to 10 
years 

Hospital survival 58%. 1, 3, 
and 5 years survival 74%, 
66% and 55% 

Unadjusted hospital mortality: admission diagnosis, vasopressors in ICU, no 
tracheostomy, no fever, concomitant blood-stream infection & same isolate blood 
and respiratory secretions, renal failure, dialysis. Transfer from outside hospital, pts 
with normal serum bicarbonate, bilirubin level and platelets count lower mortality. 
Adjusted hospital mortality: Same factors except bilirubin level, serum bicarbonate, 
transfer from outside hospital, and platelet count. Factors associated with long-term 
survival (247 hospital survivors) both univariate and multivariate analysis: admission 
diagnosis, renal failure at discharge, age ≥ 70 years, bilirubin ≥ 2 Mg/dL 

McLauglan et al. 
(1995) 142 

125 pts with abdominal sepsis admitted 
to Finnish ICU, 1990-1993. 

15 months 
after 
discharge 

Hospital survival 37% 

15-month survival  

Univariate factors associated with mortality included age, APACHE II score, 
occurrence of septic shock, chronic ill health, female sex, sepsis of upper 
gastrointestinal origin and failure to clear the source of sepsis. 

 

 

 



 104 

Study Patients Follow-up Survival Factors associated with survival 

Trauma 

Ulvick et al. (2007, 
2006) 230, 231 

322 adult ICU trauma pts admitted to a 
university hospital during 1998 to 2003. 
47% had multiple organ failure (MOF), 
and 28% had single organ failure 

2-7 years, 
median 47 
months 

ICU/ hospital survival 
86.2%/ 82.2%. Follow-up 
survival for hospital pts= 
91.8%. 

Independent predictors of 30-day mortality: severe head injury, SAPS II and age > 
50 years, not sex, maximum SOFA score or ISS. Predictors of long-term survival for 
ICU survivors: presence of multi organ failure compared to pts with no organ failure. 
Using SOFA and ISS rather than organ failure (no, single or multi), admission and 
maximum SOFA score significantly related to long-term survival, while ISS and the 
delta SOFA score were not. 

Pajonk et al. 
(2005)235 

65 pts with multi trauma after suicide 
attempt 

Mean 6 years 
(16 months-13 
years) 

Hospital mortality 68%, 
follow-up survival 58% 

Age and ISS independent predictors of mortality, not sex or LOS in ICU. Analysis not 
adjusted for comorbidity and diagnosis. 

Combes et al. 
(1996) 237 

198 comatose pts with severe head 
injury admitted to a French 
neurosurgical ICU, 1989, 1992 

61 months 63 deaths, 32 pts 
moderately disabled, 24 pts 
severely disabled, 6 pts 
persistent vegetative state 

Age, motor score < 3, mydriasis, and hypoxia associated with lower long-term 
survival. 

Gubler et al. 
(1997)447 

9,424 elderly pts hospitalised for injury 
in 1987 compared to uninjured 
comparison group (n = 37,787)  

5 years Injured pts significantly 
lower 5-year survival, 
persisted for survivors >= 3 
years after injury 

Coexisting disease, age, and ISS were strong predictors of survival. 

Frutiger et al. 
(1991) 90 

Prospective study of 233 pts who 
survived severe injury: ISS >= 18 
initially and admitted to single surgical 
ICU, 1980-1983 

Prospective 
study 

Hospital mortality 18% 

Follow-up mortality 6% 

Almost all the early deaths and two thirds of the late deaths related to severe head 
injury 

Davidson et al. 
(1999)64 

207 hospital survivors with ARDS 
related to trauma or sepsis admitted to 
ICU 1994-1996 

Median follow-
up 753 days 

Hospital 80%. Late survival 
for hospital survivors 90% 

Older pts, pts with sepsis, and pts with comorbidities, regardless of the presence of 
ARDS, had a higher risk of death after hospital discharge. 

Kaukinen et al. 
(1984) 242 

228 trauma pts, 1976-1980 2 years ICU 77%, 1 and 2 years 
after discharge from ICU 
63% 

Survival associated with increasing age, brain injury, deteriorating level of 
consciousness in ICU, increasing serum osmolality and creatinine. 
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Other studies 

Gopalswamy et al. 
(2004) 259 

66 pts admitted to two medical ICUs 
with primary diagnosis of GI bleeding 

7 years Hospital mortality 11%, 
cumulative follow-up 
survival 48%  

Charlson Comorbidity Index independent risk factor, APACHE III and bleeding 
scores not associated with long-term survival 

Nilsson et al. 
(2005) 448 

92 pts admitted to general ICU, platelet, 
INR, and APTT levels tested within 6 
hours of admission to ICU, 1997-98. 
Excluded pts < 16 years, ICU LOS <6 
hours, heparin within 8 hours pre-ICU, 
per-oral vitamin K-antagonist within 7 
days, history haematological 
/coagulation, thrombolytic treatment, 
acute treatment after transplantation 
rejection, pre-operative treatment, or 
isolated treatment for pain, direct 
admissions from an ICU at another 
hospital 

5 years ICU survival 74%, hospital 
survival 64% 

INR and APTT separately predicted levels of protein C and antithrombin in univariate 
analysis. Neither platelet count nor any combinations of global haemostatic tests 
predictive. Cox regression, decreased protein C, but not antithrombin, predicted 
lower survival.  

Gildea et al. 
(2004)257 

420 pts with liver failure, chronic liver 
disease, cirrhosis, variceal bleeding, 
hepatic encephalopathy, or hepatorenal 
syndrome in medical ICU, 1993-1998. 
Liver transplantation, orthotopic liver 
transplantation candidates excluded 

5 years One-year survival 31%, 5-
year survival 23%. Median 
survival time 1 month 

Independent predictors of mortality among pts in the model building group who 
retained significance in validation group: APACHE III score of >= 90), the use of 
vasopressors, and jaundice. Pts with APACHE III score >= 90, use of vasopressors, 
and jaundice had a 92% 1-month mortality rate compared to 11.2% for pts with no 
risk factors 

Adnet et al. 
(2001)262 

Retrospective, 55, and prospective, 24, 
pts >75 years, severe heart failure 
needing endotracheal intubation and 
MV (usually in pre-hospital setting) in 
12 French ICUs + one emergency pre-
hospital medical department, 1994-99. 

Mean follow-
up time 58 
survivors 23 
months 
(range, 2-56 
months). 

In-hospital mortality 26.6%. 
Among hospital survivors, 
one-year survival 69% 

Killip IV heart failure, SAPS, systolic BP, acute myocardial infarction, vasopressors, 
two or more organ failures associated with hospital mortality, not age, initial severity 
of hypoxemia and hypercapnea. In multiple logistic analysis, the presence of 
multiorgan failure, vasopressor use, length of ICU stay, duration of MV independent 
predictors of mortality. No multivariate analysis of long-term survival. 

Landesberg et al. 
(2003) 244 

447 pts who underwent major vascular 
procedures, 2001 

Median follow-
up 55.3 
(range 18 to 
138 months). 

Pooled 30-day / 5-year 
survival groups I, II, IV 
97.2% / 74.4%, compared 
to 96.8%/ 53.2% group III. 

Age, type of surgery, diabetes mellitus, previous myocardial infarction, and 
moderate-severe reversible ischemia predicted worse survival (Cox models). 
Preoperative coronary revascularization, however, independently predicted improved 
long-term survival. 
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Other studies 

Roch et al. 
(2003)228 

120 pts receiving MV after intra 
cerebral haemorrhage 

Mean follow-
up 27 months 
(range, 12–
56). 

Hospital survival 52%. For 
hospital survivors, 1-year 
survival 64.6% and 3-year 
survival 57%  

Survival after discharge: age at admission >65 years and if Glasgow Coma Scale 
score at discharge < 15. 

Song et al. 
(2007)254 

Retrospective review, 94 pts admitted 
to an ICU after initial recovery from 
thoracic-oncology surgery, 2001-2005 

3 years Three-year survival 51%. Multivariate analysis showed that the initial APACHE III score at readmission to ICU, 
duration of MV, and RRT risk factors for in-hospital mortality. Cox analysis showed 
that survivors who underwent tracheostomy had a poor prognosis 

Marquette et al. 
(1992) 89 

147 pts with asthma requiring MV for 
the first time for an asthma 
exacerbation in 4 French ICUs, 1983 to 
1988 

Mean 33.4 
months (1-75 
months). 

ICU survival 84%. Post-
hospitalisation survival: 1-
year 90%, 3-year 86%, 6-
year 77% .2 pts lost to 
follow-up 

Smoking was associated with higher in-hospital mortality, as well as with higher post 
hospitalisation mortality. Age was also independently associated with higher post-
hospitalisation mortality.  

Di Bari et al. 
(2000)167 

245 pts after cardiac arrest in an Italian 
geriatric department ICU, 1988-1998 

Median follow-
up 31.5 
months 

Immediate survivors 53.1%, 
hospital discharge 32.7%, 
long-term 17.1% 

Short-term survival independently associated with acute MI, hypotension before 
arrest, initial rhythm at arrest, need for MV after CPR, but not with age. Long-term 
survival independent of age, whereas it was negatively associated with heart failure. 

Berger & Kelley 
(1994) 170 

Prospective study of 132 pts who had 
in-hospital cardiac arrest in non critical 
care areas of the hospital, 1985-1989 

Mean 22 
months 

ICU survival 22% in-hospital 
survival 11%, follow-up 4% 

Age, admitting diagnosis, and main comorbidity did not predict long-term survival. 

Landesberg et al. 
(2005) 255 

101 pts with high cardiac risk 2 years 46% died: 61% within first 
month, 76% within 6 
months of ICU admission 

Multivariate analysis (Cox), APACHE II, renal failure, haemodialysis, adrenaline, and 
amioderone independently predicted improved long-term survival. 

Pene et al. 
(2005)449 

112 pts with thrombotic 
microangiopathy admitted in 14 ICUs , 
1998-2001 

2 years Survival 65% Factors significantly correlated with mortality: SAPS II neurological dysfunction 
(Glasgow coma scale) and serum bilirubin level. Vasoactive support requirement 
was associated with higher mortality, use of plasma exchange associated with 
survival. Neurological dysfunction remained an independent factor associated with 
mortality and plasma exchange remained associated with survival. Combined with 
the SAPS II value, plasma exchange remained independently associated with lower 
mortality regardless of disease severity. 
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Other studies 

Schielke et al. 
(2005) 224 

Retrospective chart review, prospective 
QOL of 101 pts with acute ischaemic 
stroke who required MV for > 24 hours. 
admitted to neurological ICU, 1996-
1999 

2 years ICU survival 61.4%, 60-day 
survival 56% 

1-year survival 40%, 2-year 
survival 33% 

Age > 60 years, GCS score on admission < 10, complete middle cerebral artery 
territory infarction, prior myocardial infarction and history of coronary artery disease 
significantly influenced probability of death at 2 months. Independent predictors of 
mortality at 2 months and 2 years: age > 60 years and GCS score < 10 History of 
myocardial infarction independently predictive of death at 2 years. 

Estrera et al. 
(2006)243 

 

Retrospective study, 129 pts with 
confirmed diagnosis of acute type B 
aortic dissection admitted to US 
cardiovascular ICU, 2001-2005 

Median 18.5 
months (0-
54.7 months) 

Hospital mortality 10.1%, 1 
year survival 81.6%, 4-year 
survival 72.3% 

Independent risk factor for hospital mortality was rupture. Independent factors: 
history of COPD and low glomerular filtration rate. 

Garland et al. 
(2004) 256 

1,722 pts with acute respiratory failure 
due to pneumonia or ARDS enrolled in 
the SUPPORT study 

Median 662 
(IQR 327-
1,049; range 
2-2,014) days 

Hospital mortality 38%. For 
pts who survived hospital, 
follow-up survival 63% 

Independent predictors associated with long-term survival were older age, male sex, 
admission APACHE III APS, comorbidity worse prehospital functional capacity, 
having a DNR order during hospitalisation, and being unable to go home after 
hospital discharge. 

Cardiac surgery, mean or median follow-up 5 years or longer 

Weintraub et al. 
(2003) 450 

3,939 pts who had CABG surgery, 1973 
– 1979 

20 years Overall survival at 1, 5, 10, 
15, and 20 years was 98%, 
92%, 78%, 56% 36% 

Independent factors for late mortality: age, females, hypertension, angina class, prior 
CABG, ejection fraction, number of vessels diseased, and weight. 

Bradshaw et al. 
(2002) 451 

Follow-up study using data linkage on 
8,910 pts undergoing isolated first 
CABG, 1980-1993 

Up to 20 
years 

3,072 deaths to mid 1999. 
30 day and long-term 
survival significantly higher 
in pts treated in the first 5 
years than during the 
following decade 

Urgent procedure, older age and females associated with increased risk for 30 day 
mortality. Age and recent myocardial infarction influenced long term survival. 

Rahimtoola, 
1993452 

CABG surgery performed for chronic 
stable and unstable angina in 1979 
women and 6927 men 

15-18 years Operative mortality 2.7% for 
women and 1.9% for men. 
Five-, 10-, 15-, and 18-year 
survival for women 86%, 
70%, 50%, and 37%, and 
for men, 88%, 73%, 54%, 
and 42% 

Independent risk factors for lower survival were older age, previous CABG surgery, 
previous myocardial infarction and diabetes. Sex was not an independent risk factor 
for poorer survival. 
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Cardiac surgery, mean or median follow-up 5 years or longer continued 

Blumenthal et al. 
(2003) 453 

817 pts undergoing CABG, 1989-2001.  Up to 12 
years (median 
follow-up of 5 
years) 

Follow-up survival 85% 

Loss of follow-up 280 pts 

Survival analyses, controlling for age, sex, number of grafts, diabetes, smoking, left 
ventricular ejection fraction, and previous myocardial infarction, depression is 
important independent predictor of mortality  

Guru et al. (2006)91, 
104 

A population-based cohort study 
(n=68,774 pts, 15,043 women), isolated 
CABG surgery, in Canadian ICUs 1991-
2002 

Up to 11 
years 

Cumulative survival 1-year 
98%, 5-year 92%, 10-year 
87% 

Women older, more likely to present with urgent or emergent status and less likely to 
receive arterial grafts, had higher rate of cardiac readmission in the first year after 
surgery. Propensity-matched women had similar rates of and repeat 
revascularization. 

Herlitz et al. (2004, 
2005) 454 

2,000 pts who underwent CABG 
without simultaneous valve surgery and 
no previous CABG.  

10 years after 
surgery 

10-year 62%. Late (>30 
days after CABG) 10-year 
70% compared with 74% in 
the control population. Loss 
to follow-up 11 pts. 

Independent predictors of mortality: preoperative factors-age, history of congestive 
heart failure, cerebrovascular disease, intermittent claudication, current smoking, 
degree of left ventricular impairment, valvular disease, duration of angina pectoris; 
peroperative factors-ventilator time, neurological complications; postoperative 
factors-arrhythmia, need for digitalis or antidiabetics. Interaction between age and 
cerebrovascular disease with stronger impact on outcome in younger pts.  

Dunning et al. 
(2008) 455 

1,180 pts undergoing coronary artery 
bypass grafting, 1994-1996 

10 years post-
surgery 

Thirty-day mortality was 
3%. Ten-year survival was 
66% across all pts 

Factors independently associated with decreased survival: age at operation, chronic 
obstructive pulmonary disease or asthma, redo operation, intubation >48 hours, 
cardiogenic shock. Factors associated with increased survival: =< three grafts  

Thourani et al. 
(2003) 456 

625 mitral valve repair pts compared 
with 625 mitral valve replacement pts  

10 years after 
surgery 

Five-year survival mitral 
valve repair 82%/ valve 
replacement 72% 

Independent predictors of long-term mortality included increasing age, 
urgent/emergent status, females, diabetes mellitus, increasing weight, heart failure, 
decreasing ejection fraction, concomitant CABG, and mitral valve replacement. 

Kolh et al. (2006)457 Chart review of 311 consecutive pts 
having concurrent carotid 
endarcterectomy and CABG, 1989 – 
2002  

10 years Hospital survival 94%. 

For hospital survivors, 10-
year actuarial survival 50% 

Significant multivariable predictors of hospital death: aortic calcifications, coexisting 
vasculopathy, emergent procedure. Significant multivariable predictors of late 
deaths: coexisting vasculopathy, age, renal insufficiency, previous cardiac surgery, 
tobacco abuse, calcified or atheromatous aorta, length of ICU stay. 

Gao et al. (2003, 
2006) 458, 459 

56,543 veterans who underwent CABG 
surgery at one of 43 Veteran’s Affairs 
cardiac surgical centres, 1991-2001.  

Minimum 3.5 
months, 
maximum 9.5 
years 

Survival 96% at 30 days, 
95% at 6 months, 92% at 1 
year, 87% at 3 years, 81% 
at 5 years, and 66% at 9.5 
years after surgery 

Significant time varying effects on mortality after surgery: previous heart surgery/ 
preoperative intra-aortic balloon pump 5/3 times risk of dying on first day after 
surgery, not significant during long-term follow-up. Diabetes had little additional risk 
immediately after surgery, but risk increased, and doubled at 9.5 years after surgery. 
Age, COPD, and urgent or emergent status had risk changing by 50% to 60% over 
the next decade. Most of the other 16 risk variables were significantly associated 
with mortality, but risk did not vary substantially over time. 
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Cardiac surgery, mean or median follow-up 5 years or longer continued 

Toumpoulis et al. 
(2008) 460 

Prospective study of 102 developed 
early stroke and 36 delayed stroke 
among 4,140 pts who underwent 
isolated CABG, 1992-2003 

30,441 
person-years 
(mean 7.4 +/- 
4.3 years) 

One-year and 7-year 
survival after CABG surgery 
without stroke/ early stroke / 
delayed stroke: 94% and 
75% / 68% and 46% / 69% 
and 53%  

Early stroke but not delayed stroke independent predictor for lower in-hospital and 
long-term survival. Several pre-operative, peri-operative and post-operative factors 
associated with long-term survival 

Hsiung et al, 
(2006)461 

Retrospective study of 1,877 pts after 
primary, isolated CABG surgery 
admitted 1997-2003 in a teaching 
hospital in Taiwan.  

Up to 7 years Overall survival 86%  Long-term survival independently associated with female sex, older age at surgery, 
pulmonary oedema, longer ischaemic time, longer cardiopulmonary bypass time, 
and poorer postoperative left ventricular ejection fraction. Associated prognostic 
factors varied by sex. For men, smoking, respiratory failure and cardiogenic shock 
were significantly related to all-cause mortality, but not for women. Sepsis and ICU 
stay were significantly related to all-cause mortality among females 

Renzulli et al. 
(2000) 462 

232 pts operated on for infective 
endocarditis  

Mean 83 
months (4 to 
239 months) 

10-year survival: pts with 
preoperative positive blood 
cultures 63%, positive valve 
cultures 44%,  pts with 
negative valve cultures and 
63%  

Positive blood and tissue cultures not predictive for hospital mortality and late 
treatment failure in pts with infective endocarditis but did not test for independent 
predictors 

Trouillet et al. 
(1996) 463 

116 pts who had cardiac surgery & 
transferred because of severe 
postoperative complications.  

Mean 81 
months (range 
70 to 93 
months) 

ICU 77%, hospital 69%, 
follow-up 52%. ICU 
survivors, follow-up 69%. 
Three pts lost to follow-up 

SAPS on admission, preoperative NYHA functional class and post-operative, pre-
admission bacteraemia independently associated with ICU mortality. Preoperative 
NYHA functional class long-term independent predictor. 

Youn et al.(2007)464 Among 153 pts with poor left ventricular 
ejection fraction lower than 35%, 
OPCAB (n=100) vs on-pump CABG 
(n=53) compared, 50 pts in each group 
were matched, 2000-2005 

Mean follow-
up time was 
35.5+/-17.3 
months 

Postoperative /6-year 
actuarial survival similar 
between groups OPCAB 
97% / 88% and on-pump 
CABG group 96% /72% 

Independent factors for in-hospital mortality: ejection fraction less than 20%, body 
surface area less than 1.6m2 and emergency operation. Independent variables for 
mid-term deaths were: age, > 65 years, PVD and NYHA functional class of 3 or more 

Abramov et al. 
(2000) 465 

4,823 pts undergoing isolated CABG 
operations, 1989-1998, 19.3% females. 

5 years Actuarial survival 5 years: 
women 93%, men 90% 

Female sex protective for late survival  
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Cardiac surgery, mean or median follow-up 5 years or longer continued 

Akins et al. 
(1997)466 

600 pts >=80 years: 292 pts had 
CABG, 105 AVR, 111 AVR + CABG, 42 
mitral valve repairs/MVR +/- CABG, 
and 50 other operations, 1985-1995 

5 years, mean 
follow-up 3.2 
years 

Hospital survival 92%. 
Actuarial 5-year survival: 
CABG 66%; AVR 67%; 
AVR+CABG 59%; MVR+/-
CABG 57%; other 48%; all 
63%. Loss to follow-up 1%  

Multivariate predictors of hospital mortality: chronic lung disease, postoperative 
stroke, preoperative intraaortic balloon, congestive heart failure. Predictors of stroke: 
CABG, carotid disease. Predictors of prolonged stay: postoperative stroke, New York 
Heart Association class. Multivariate predictors of late death: renal insufficiency, 
postoperative stroke, chronic lung disease, congestive heart failure 

Murthy et al. 
(2007)467 

12,777 pts, cardiovascular surgery, 
survived >= 72 hours. MV >72 hours in 
704 (5.5%) pts; 185 (26%) underwent 
tracheostomy, 1998 -2001 

Mean follow-
up 5.0 +/-1.9 
years 

Survival at 30 days, 1 year, 
and 5+ years 76%, 49%, 
and 33% 

Risk factors for death principally related to myocardial dysfunction and hemodynamic 
instability 

Kolh et al. (2001)468 182 consecutive octogenarians who 
had had cardiac operations (CABG 
surgery / aortic valve replacement 
+CABG / mitral valve repair/ 
replacement), 1992-1998 

5 years Actuarial 5-year survival: 
CABG 66%; AVR 64%; 
AVR + CABG surgery 62%; 
mitral valve repair/ 
replacement 57%; total 63% 

Multivariate predictors of late death were pre-operative myocardial infarction and 
urgent procedure 

Goyal et al. 
(2005)432 

Prospective study, 100 pts aged >=80 
years who had cardiac surgery in a 
single ICU compared with 100 pts aged 
70-79 years, 1997-2002 

Up to 5 years Short-term 91%. Follow-up 
(6 to 60 months) 80% / 86% 
5 pts lost to follow-up 

Renal impairment before and failure after operation predictors of operative mortality. 
Factors associated with long-term survival not assessed because quality of life and 
not longevity considered ultimate goal of the surgeon 

Shigemitsu et al. 
(2001) 469 

Retrospective study of 31 pts > 80 
years of age undergoing cardiovascular 
surgery with cardiopulmonary bypass in 
a Japanese cohort, 1988-1999 

5 years Early mortality (within 30 
days of operation) 16.1%. 
Survival estimates 74% 
after 1 year, 74% after 3 
year, and 64% after 5 years 

Predictors of early mortality: preoperative left ventricular ejection fraction. Predictors 
of hospital death (within 3 months after surgery): preoperative renal dysfunction, 
intraaortic balloon pumping, and age. Predictors of late mortality: chronic lung 
disease and age 

Engoren et al. 
(2000) 470 

124 pts after cardiac surgery, MV >= 7 
days, 1998-1999 

5 years Hospital 85%, 5-year 59% Creatinine on admission, aortic valve surgery, number of ventilator days, and 
discharge on tube feedings remained significant predictors of death after discharge 
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Cardiac surgery, mean or median follow-up 5 years or longer continued 

Filsoufi et al. (2008) 
471  

Retrospective/prospective study of 163 
pts who developed stroke among 2,808 
pts who underwent valve surgery with 
or without concomitant CABG, 1998-
2006 

5 years Hospital mortality in pts with 
stroke 24% vs 4.6% without 
stroke. One-, 3-, and 5-year 
actuarial survival 78%, 
68%, and 54% for pts with 
stroke vs 94%, 88%, and 
82% for those without 

Independent predictors of long-term survival in pts with stroke were age >70 years, 
ejection fraction <30%, COPD and diabetes 

Filsoufi et al. (2008) 
472 

Retrospective/prospective study of 135 
non-dialysis-dependent renal failure pts 
among 6,940 pts undergoing cardiac 
surgery. Excluded cardiac 
transplantation and ventricular assist 
device implantation (ns246) and 
dialysis dependent pts (ns245), 1998-
2006 

5 years One- and 5-year survival in 
non-dialysis-dependent 
renal failure pts 82% and 
63%, vs. 94.2% and 83% in 
control group 

Non-dialysis-dependent renal failure independent factor for hospital mortality. Also 
haemodynamic instability, acute myocardial infarction, PVD, reoperation, 
endocarditis, ejection fraction <30%, age>70 years, female sex, congestive heart 
failure, diabetes, and aortic procedures independent predictors of hospital mortality. 
In non-dialysis-dependent renal failure pts, active endocarditis and haemodynamic 
instability were independent predictors of hospital mortality. Non-dialysis-dependent 
renal failure independent predictor of late mortality. For pts with non-dialysis-
dependent renal failure, age>70 years, PVD, hypertension, COPD and diabetes 
independent predictors of late survival 

Cardiac surgery, mean or median follow-up less than 5 years 

Kolh et al. (2008) Record review of 220 pts aged >=80 
years who had AVR, 1992-2004. There 
were 20% urgent procedures and 
additional CABG was performed in 26% 

Mean follow-
up was 58.2 
months 

Operative mortality 13% 
(9% for AVR, 24% for 
AVR+CABG). Actuarial 5-
year survival 73%. 1% lost 
to follow-up 

Multivariate predictors of hospital death: urgent procedure, associated CABG, NYHA 
class IV, and percutaneous aortic valvuloplasty. Age, preoperative myocardial 
infarction, urgent procedure, and duration of ICU stay independent predictors of late 
death. Among 130 pts alive at follow-up, 91% were angina free and 81% in class I-II. 

Filsoufi et al. (2008) 
473 

Retrospective /prospective study of 
5,798 pts undergoing cardiac surgery: 
529 pts with respiratory failure (MV > 
72 hours) compared to 5,269 pts no 
respiratory failure, 1998-2005 

Mean follow-
up 4.2 +/- 2.5 
years 

Hospital mortality 15.5% for 
respiratory failure vs 2.4% 
no respiratory failure. Five-
year 48% vs 85% 

Independent predictors hospital mortality for pts with respiratory failure: preoperative 
renal failure, re-exploration for bleeding, and postoperative renal failure requiring 
dialysis. Independent predictors of decreased long-term survival were age > 70 
years, PVD, and renal failure requiring dialysis 
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Cardiac surgery, mean or median follow-up less than 5 years continued 

Rahmanian et al. 
(2008) 474 

Retrospective /prospective study of 
6,694 pts, including 245 pts with ESRD 
requiring dialysis and who underwent 
cardiac surgery, 1998-2006. Excluded 
pts cardiac transplantation and 
ventricular assist device implantation (n 
= 990)  

Mean 3.9 
years (up to 5 
years). Loss 
to follow-up 
2% 

Overall hospital mortality 
3.9%. For pts with ESRD 
requiring dialysis, hospital 
mortality 13% vs 4% in 
control group. One-year / 5-
year survival: 72% and 39% 
vs 94% and 83% 

Independent predictor of hospital mortality: ESRD requiring dialysis, haemodynamic 
instability, acute myocardial, PVD, reoperation, endocarditis, ejection fraction of 
=<30%, age > 70 years, female sex, congestive heart failure and an operation 
involving thoracic aorta. Independent predictor of hospital mortality in pts with ESRD 
requiring dialysis was PVD. Independent risk factors of late mortality in the pts with 
ESRD requiring dialysis: PVD and previous stroke 

Rahmanian et al. 
(2007) 475 

Retrospective /prospective study of 
5,590 pts undergoing cardiac surgery, 
1998-2006. Excluded pts undergoing 
cardiac transplantation, and ventricular 
assist device implantation (n=246). 
There were 328 pts (6%) underweight 
(BMI <20 kg/m2) 

Mean follow-
up 4 years 
(range 7 
months to 9 
years) 

Overall hospital mortality 
3%. One- and 5-year 
survival in underweight pts 
vs non-underweight pts was 

86% and 67% vs 94% and 
82% 

Independent predictors of hospital mortality: female sex, age >70 years, heart failure, 
ejection fraction =<30%, active endocarditis (OR 2.3), peripheral vascular disease, 
preoperative renal failure (OR 4.2), hemodynamic instability, previous cardiac 
surgery, and emergent procedures, not body mass index. Independent negative 
predictors of long-term survival in underweight compared to non-under weight pts: 
COPD, age >70 yrs, congestive heart failure, previous cerebrovascular accident, 
diabetes, peripheral vascular disease, isolated CABG 

Schachner et al. 
(2005) 476 

500 pts having CABGs who underwent 
intraoperative epiaortic ultrasound for 
assessment of ascending aortic wall 
thickness, 1998-2004 

Median follow-
up time 55 (1-
78) months. 

Survival (including hospital 
deaths) 95%, 90% and 84% 
at 1, 3, 5 years 

Long-term survival: age >=70 years, COPD, high preoperative creatinine, 
preoperative LVEF <40%, ascending aortic wall thickness >= 4mm, carotid artery 
disease, peripheral vascular disease, emergency surgery. Independent risk factors 
carotid artery disease, LVEF <40%, PVD and older age 

Schachner et al. 
(2005) 477 

74 pts, aged 52 years (15-73) who 
underwent modified ''button'' Bentall 
operation 

Mean follow 
up 49 +/- 46 
(maximum 
198) months 

Hospital mortality 12%. 
Survival including in-
hospital deaths 86%, 84%, 
75% and 75% after 1, 3, 5 
and 7 years respectively. 

Factors significantly associated with hospital mortality: aortic dissection, 
cardiopulmonary bypass time, aortic cross clamp time, deep hypothermic circulatory 
arrest, low cardiac output syndrome, revision due to bleeding, renal failure requiring 
haemofiltration, multisystem organ failure and sepsis. None of these factors 
significantly associated with long term survival 

Ghotkar et al. 
(2005) 478 

Retrospective analysis, 5,186 pts, 
isolated coronary surgery, 1997-2002. 
475 (9.16%) pts prolonged ICU stay (>3 
days).  

19,618 pt-
years (mean, 
3.8 years) 

Mortality 9% during study. 
Adjusted 5-year survival: 
78% prolonged ICU stay/ 
91% no delay 

Midterm mortality was significantly higher in pts with a prolonged LOS in ICU after 
coronary bypass surgery. 
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Study Patients Follow-up Survival Factors associated with survival 

Cardiac surgery, mean or median follow-up less than 5 years continued 

Hein et al. (2006)400 Retrospective review, 2,683 cardiac pts 
aged >=18 years, ICU stay >3 days, 
2001-2003. Excluded readmissions, 
ESRD, acute liver failure conditions 
ventricular assist device predisposition 

3 years Follow-up survival 86%. 
Loss to follow-up 4.5% 

Mortality dependent on renal, respiratory, and heart failure, as well as age, elevated 
APACHE II scores, and re-exploration. Long-term survival: significantly lower 
survival in pts with ICU stay>3 days compared to <=3 days (KM, log rank test, no 
multivariate analysis). 

Chocron et al. 
(1996, 2000)479, 480 

209/215 consecutive pts, elective 
cardiac surgery, 1994 (6 months) 

3 years after 
surgery 

Hospital mortality 4%. 22 
pts died during the follow-up 

Two independent risk factors to influence 3-year survival: dyspnoea class and the 
energy section of the Nottingham Health Profile but not age, ejection fraction, angina 
class, NYHA functional class, comorbid disease, postoperative events 

Gersbach et al. 
(2006)481  

194 cardiac surgery pts requiring 
prolonged (> or = 5 days) ICU 
treatment  

3 years Hospital, 1 and 3-year 
cumulative survival 91%, 
86%, and 75% 

Of 19 potential predictors of poor outcome, dialysis only independent predictor. 

Peterson et al. 
(1995) 482 

24,461 pts aged >= 80 years who 
underwent CABG surgery, compared to 
pts aged 65-70 years, Medicare data, 
1987-1990 

3 years Pts aged >= 80 years/ 65-
70 years: Survival : hospital 
88%/ 96%, 1-year 81%/ 
92%, 3-year 71%/ 87%  

Survival after bypass surgery significantly lower among pts aged >=80 years 

Banach et al. 
(2008) 483 

3,000 pts who had primary isolated 
coronary artery bypass grafting, 5.8 % 
electrocardiographically documented 
preoperative atrial fibrillation, 2000 to 
2004 

3 years Pts with pre-op AF vs no 
AF: 30-day 94% vs. 97%, 6-
month 86% vs. 93%, 12-
month 75% vs 91% 3-year 
71% vs 91% 

Atrial fibrillation was an independent risk factor for in-hospital mortality after 
adjustment for age, pre-operative and other known risk factors. Independent 
associations of factors on long-term survival not examined  

Flameng et al. 
(1994) 484 

Study of 420 pts who had combined 
valve and CABG surgery, 1984-1990 

Median 32.2 
months. 

5% lost to 
follow-up 

Hospital mortality 10%. 
Survival of hospital 
survivors 91% at 5 years 

Risk of hospital death increased 5 times when the preoperative NYHA class was > or 
= IV, 3 times when left ventricular (LV) function significantly impaired and double 
when mitral regurgitation is present. Independent predictors of late mortality: 
advanced preoperative NYHA class ( > or = IV), presence of mitral regurgitation 

Hirose et al. 
(2000)485 

190 pts >= 75 years old compared with 
1,308 pts < 75 years old, 1991-1998 

Mean follow-
up 2.7 years 
(maximum 6.9 
years). 

Actuarial 5-year survival for 
hospital survivors: age >=75 
years, 84%, age < 75 years 
92.5%. No significant 
difference in cardiac events 

Female sex, emergent CABG, preoperative balloon pumping use, cardiogenic shock, 
hypertension, and preoperative cerebral vascular accident significantly more 
frequent in pts>=75 years. Postoperative course required longer intubation, ICU 
stay, postoperative hospital stay in pts>=75 years, and more frequently associated 
with major complication and in-hospital death.  
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Study Patients Follow-up Survival Factors associated with survival 

Cardiac surgery, mean or median follow-up less than 5 years continued 

Hirose et al. 
(2001)486 

59 pts with preoperative renal 
dysfunction and 1666 pts without renal 
dysfunction who had undergone 
isolated CABG, 1991–2000 

Mean follow-
up 2.4 years 

Actuarial 1, 2, 3 and 4-year 
survival 88, 81, 75, and 
72% with preoperative renal 
dysfunction and 99, 99, 97, 
and 94% no preoperative 
renal dysfunction 

Independent predictors of late death including: renal dysfunction, acute myocardial 
infarction, poor left ventricular function, congestive cardiac failure, and calcified 
ascending aorta 

Heimrath et al. 
(2007) 387 

3139 pts who underwent CABG 
surgery, 598 required an ICU stay of 
more than 48 hours (19%), 1998-2002 

Median follow-
up hospital 
survivors 31 
(range 6-55) 
months 

Prolonged vs shorter LOS: 
In-hospital mortality 10% / 
1%. For hospital survivors: 
3-year survival 90% / 96%  

Prolonged ICU stay was an independent predictor of composite outcome (death and 
readmission. Pre-operative renal failure, previous CABG or percutaneous coronary 
angiography, emergencies, pts in hospital waiting, sex, diabetes, cerebrovascular 
disease and low ejection fraction were also predictive of lower survival 

Bashour et al. 
(2000) 394 

142 pts with LOS in 55-bed 
cardiovascular ICU >=10 days after 
cardiac surgery 

Median follow-
up 30.6 
(range 16-47) 
months 

In-hospital mortality 33%. 
Hospital survivors, 1-year 
survival 66%, 2-year 
survival 57% 

One pt lost to follow-up 

Independent risk factors for decreased 6-month survival after-surgery: previous 
myocardial infarction and history of congestive heart failure. Independent risk factors 
for decreased long-term survival after-surgery: previous myocardial infarction, 
preoperative hypoalbuminaemia and history of congestive heart failure.  

Boucher et al. 
(1997) 311 

Retrospective observational study 329 
pts who had undergone cardiac surgery 
and aged >= 70 years. University-
affiliated tertiary care hospital, 1990-
1993 

Mean 2.6 +/- 
1.1 (range 1.1 
to 5) years 

Postoperative mortality was 
9%. Five-year KM survival 
in postoperative survivors 
86% 

Survival comparable with the survival of the general sex- and age-matched Quebec 
population. Preoperative variables affecting long-term survival were atrial fibrillation, 
smoking status on admission, peripheral vascular disease and low creatinine 
clearance. 

Hillis et al. (2006)487  2,067 consecutive pts undergoing 
CABG 

Median 2.3 
(IQR, 1.4 to 
3.4) years 
after surgery. 

30-day mortality 3.1%. 94 
(4.5%) late (after 30 days) 
deaths. 1/ 3-year survival 
95% / 91% 

Independent predictors long-term survival: additional major cardiac surgery, 
myocardial infarction in past week, LVEF< 50%, eGFR. Excluding age (component 
of eGFR) and sex did not change result. eGFR and EuroSCORE significant 
predictors of long-term outcome. 

Williams et al. 
(2002) 402 

Retrospective study, 49 adult cardiac 
surgical pts admitted to cardiothoracic 
unit with ICU stays > 14 days, 1998 

2 years (mean 
duration 445 
days) 

28.5% hospital mortality, 22 
of the 35 discharged pts 
were alive at 2 years 

Multiorgan dysfunction syndrome associated with 2 year outcomes 

Fruitman et al. 
(1999) 312 

Retrospective review of 127 pts > 80 
years at operation, 1995-1997. 

2 years 30-day mortality 7.9%, 
actuarial 1-year survival 
83%, 2-years 80%. 

Risk factors for early death: preoperative renal failure, urgent or emergent operation. 
Risk factors for late death: cerebrovascular disease, prolonged ventilation. 



 115 

Study Patients Follow-up Survival Factors associated with survival 

Cardiac surgery, mean or median follow-up less than 5 years continued 

Engoren et al. 
(2002) 304 

103 pts aged 70-79 and 103 pts aged 
80, 1989-1995 

At least 2 
years 

Hospital 92.7%, follow-up 
survivors 89.5% 

Admitting creatinine, aortic valve surgery, number of ventilator days, and being 
discharged on tube feedings significant independent predictors of mortality among 
hospital survivors. 

Soderlind et al. 
(1997) 488 

100 pts who needed the most 
expensive treatment identified from 
1,522 pts undergoing cardiac 
operations, Swedish ICU, 1991-1992 

2 years All pts/ study group: hospital 
survival 98%/88%, 1-year 
survival 98%/ 75%. In 
second year survival 99%/ 
96%, In third year survival 
97%/ 96% 

Complications more common in high-risk group. No multivariate analysis conducted 
of survival. QOL and costs examined. 

Kazaz et al. 
(2006)489 

136 pts who underwent  off-pump 
bypass surgery, 2000-2002 

2 years Hospital mortality 0.7% (1 
pt). Two more pts died  
within 2 months, no other 
deaths during follow-up 

Off-pump coronary artery bypass graft is associated with lower mortality, morbidity, 
ICU stay, hospital stay. There is good wound healing, early socialisation, and lower 
costs.  

Mazzoni et al. 
(2006) 490 

115 consecutive cardiac surgical pts in 
whom multiorgan dysfunction syndrome 
developed postoperatively 

Long-term 
follow-up, 
1,998 person-
months (mean 
17 months) 

In-hospital 30-day survival 
90%. Follow-up survival 
88% of 103 pts discharged 
alive 

Maximum SOFA and maximum cardiovascular score independently predicted all-
cause mortality. EuroSCORE, maximum cardiovascular score, and maximum liver 
score were independently associated with the combined end point. 

De Maria et al. 
(2005) 491 

1,230 adults who underwent cardiac 
surgery, 2000-2002 

Median 20 
(IQR 12-29) 
months 

In-hospital/ 30-day survival 
97%, follow-up survival of 
hospital survivors 96% 

Cox multivariate analysis, EuroSCORE single best independent predictor of long 
term all cause mortality 

Wahl et al. 
(1996)492 

42/43 survivors who stayed in ICU > 7 
days after CABG surgery 

22 +/- 9 
months after 
surgery. 

ICU 64%. Follow-up 81% of 
ICU survivors 

Pts with very severe cardiac or neurological dysfunction one week after surgery had 
an extremely poor outcome. When MV was required for causes other than primary 
failure of the respiratory system, long-term function and hospital survival 

Pappalardo et al. 
(2004) 493 

148 pts with prolonged ventilation (>=7 
days) after cardiac surgery 

At least a year Overall survival study group 
55% vs 98% in control 
population 

Predictors of mortality: age and diabetes. 
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KEY:  

AVR=aortic valve replacement   CABG=Coronary artery bypass grafting  COPD=chronic obstructive pulmonary disease   eGFR=estimated glomerular filtration rate  

ESRD=End stage renal disease   KM=Kaplan-Meier    ICU=intensive care unit     IQR Interquartile range    

ISS=Injury Severity Score   LOS=length of stay    LVEF Left ventricular ejection fraction   MI=Myocardial infarction 

MICU=Medical intensive care unit   MV=Mechanical ventilation   MVR=mitral valve replacement    NYHA=New York Heart Association   

OMEGA=workload assessment system  OPCAB=off-pump coronary artery bypass grafting  PVD=peripheral vascular disease    pts=patients    

QOL=Quality of Life    RRT=renal replacement therapy   SAPS=Simplified Acute Physiology Score   SOFA=Sequential Organ Failure Assessment  

vs=versus 
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in the study by Dragsted 71 whilst there was a three-fold increase for older patients 

compared to those younger than 35 years in the study conducted by Wright and 

colleagues. 69 Age is highly correlated with comorbidity, and it may be difficult to 

separate the independent effects of age if comorbidity is not accounted for in the 

analysis. However, two of these studies did not adjust for comorbidity. 69, 71 In the study 

by Keenan and colleagues 73 among 68,411 ICU and non-ICU hospital patients, after 

adjustment for having an ICU admission and other explanatory factors, each ten-year 

age-group increase was associated with shorter long-term survival (HR 1.43, 95% CI 

1.40, 1.46). It is reasonable to conclude that age is strongly associated with long-term 

survival, even after adjustment for comorbidity. 

 

2.13.2 The effect of sex on long-term survival 

 

Studies of ICU outcomes for male and female patients provide conflicting evidence on 

the effect of sex on long-term outcomes. Among the studies of long-term survival in 

‘general studies’ 69-71 male patients had a 16% decreased risk for long-term survival. 70 

In contrast, sex was not independently associated with five-year survival in two smaller 

‘general’ studies. 69, 71 Reports of long-term studies of patients admitted after cardiac 

surgery are mixed, 91, 451, 465, as shown in Table 2.2. Women had better long-term 

survival than men, after adjustment for other risk factors. 465 In other large studies, no 

sex differences in long-term survival were found among patients undergoing coronary 

artery bypass graft surgery. 91, 451, 452 

 

Sex was not an independent predictor of long-term survival in small studies of vascular 

patients receiving intensive care 152, 244 or among 233 patients aged 80 years or older. 152 

The studies were not likely to be sufficiently powered to demonstrate any differences if 

in fact they do exist. 

 

Considering the paucity of studies examining long-term outcomes, the lack of 

adjustment for important confounders, the inclusion of in-hospital deaths in survival 

models and the conflicting results between studies, it is not established that sex is 

associated with long-term survival. 
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2.13.3 The effect of comorbidity on long-term survival 

 

Four studies of long-term survival 70, 71, 116, 124 estimated the independent effect of 

comorbidity, as shown in Table 2.2. Niskanen and colleagues 70 found comorbidity was 

independently associated with a 7% increase risk of death for each point increase in 

Chronic Health Evaluation. 70 This study found severity of illness (admission APS) was 

the strongest predictor of five-year survival although it included in-hospital deaths. In 

three smaller studies of hospital survivors 71, 116, 124 the association of comorbidity with 

survival was examined using a variety of methods. In the study conducted by Garcia 

Lizana and colleagues 116 a wide range of comorbidities were examined among 145 

survivors. In comparison, only the effect of cancer and COPD were examined among 

926 survivors in the study by Dragsted. 71 Comorbidity was not associated with long-

term survival in either study. Sage and colleagues 124 found among 319 patients (254 

survivors) that comorbidity, using the Chronic Health Evaluation points from the 

APACHE II score, was associated with long-term survival when all patients were 

included but not for survivors alone. It is reasonable that the independent association of 

higher comorbidity with lower long-term survival after intensive care that was reported 

by Niskanen and colleagues 70 is more likely than the negative findings in the smaller 

studies. Furthermore, this result is supported by a larger and more recent study 

conducted by Keenan and co-workers 73 that included both ICU and non-ICU patients. 

Regression models in this study were adjusted for the ICU admission and other potential 

confounders, and higher comorbidity was found to be associated with an 18% reduction 

in long-term survival. However there was no adjustment for severity of illness, a factor 

known to influence survival. 

 

2.13.4 The effect of severity of illness 

 

Severity of illness is known to be strongly associated with short-term mortality, but 

reports describing the effect of severity of illness on long-term survival are not 

consistent. The APACHE and SAPS systems, whilst widely used in ICUs are not 

always reported by researchers nor examined in studies of long-term outcomes. Studies 

that have examined severity of illness have found it was associated with hospital 

mortality, 124, 179 but was not predictive of long-term survival after discharge from the 

ICU, 74, 124, 173, 179, 197, 199, 259 as shown in Table 2.2. However, these studies were 

conducted with relatively small sample sizes (57 to 337 patients) in ‘general’ and 
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subgroup cohorts. In other studies, often with large sample sizes, severity of illness has 

been shown to have a significant, independent effect on long-term outcomes. 69, 70, 86, 116, 

188, 218 The relative importance of severity of illness using the admission APS from the 

APACHE II scoring system compared to other explanatory factors was considered to 

have the strongest independent association with five-year survival in all diagnostic 

subgroups in the 25 ICUs studied in Finland 70 after controlling for age, sex, type of 

admission, Chronic Health Evaluation points and diagnostic groups. The investigators, 

whilst presenting the relative risk (for each point increase in APS, there was a 7% 

increased risk for lower survival), did not provide a scale against which the strength of 

the association for the continuous variables could be compared. Furthermore, 12,180 

patients were included in the study, but the number of patients within the diagnostic 

categories presented in ‘Table 1’ was incomplete (10,051 patients). Valid interpretation 

of these results is also difficult with the inclusion of patients who did not survive to 

hospital discharge because the effect of severity of illness observed on long-term 

survival may be largely attributed to the in-hospital deaths. 327 It does appear from the 

reports describing factors associated with long-term survival that the weight of evidence 

from studies with the larger sample sizes supports the assumption that increasing 

severity of illness is associated with decreased long-term survival. 

 

2.13.5 The effect of organ failure on long-term survival 

 

Several studies described the presence and severity of organ failure for a cohort and 

may also report the association with hospital or intermediate-term mortality, but only 

three studies, as shown in Table 2.2, examined the effect of organ failure on long-term 

survival. 203, 230, 490 Mazzoni and colleagues 490 found higher maximum SOFA and 

cardiovascular scores among 115 cardiac surgical patients who stayed in ICU longer 

than 96 hours were associated with an increased risk for death but this small study 

included in-hospital deaths. Increasing organ dysfunction (using SOFA scores that are a 

composite score of the number and severity of organ failure) was associated with 

decreased five-year survival among 78 patients who stayed in ICU for more than 60 

days. 203 This association, whilst not adjusted for other determinants of long-term 

survival, was also found among the 26 hospital survivors (Spearman r = 0.36, p=0.001) 

and patients with a SOFA score greater than ‘8’ died during the follow-up. Among 325 

patients admitted to a general ICU with trauma, decreased long-term survival (up to 

seven years), after adjustment for age, sex, severe head injury and organ failure, was 
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independently associated with the presence of increasing organ failure (grouped firstly 

as no organ failure, single organ failure or multi organ failure and secondly as 

admission and maximum SOFA scores). 230 The delta SOFA score (the difference 

between maximum score and SOFA score at ICU admission) and the Injury Severity 

Score were not associated with long-term survival. The paucity of information available 

on the effect of organ failure on long-term survival is surprising because without this 

information, it is unknown whether the effects of organ failure and/or the treatments 

received in the treatment of critical illness have adverse long-term effects. 

 

2.13.6 The effect of diagnosis on long-term survival 

 

Diagnosis was associated with long-term survival and changes in health status in several 

studies. 69-71, 120, 123, 126, 131, 135, 152, 295 The independent effects of diagnostic groups were 

measured either by comparing the diagnostic category with a reference group, 69, 71 by 

using dichotomous coding for the diagnostic group 70 or by examining outcomes for 

patients in a specific diagnostic group. Comparisons using a reference group or 

dichotomous coding enable the relative effects of diagnosis on long-term survival to be 

made. 

 

The estimate of effect size depends on the method of categorising the diagnostic 

category, the casemix and method of analysis. Diagnosis is frequently categorised into 

‘APACHE’ system-based or researcher-designed diagnostic groups and the effect on 

outcome may depend on how these categories are defined. Studies that included a high 

proportion of patients with cancer found cancer was strongly associated with an 

increased risk of death. 70, 71, 79, 123 Patients with cancer had a three-fold increase in the 

risk of death in study by Niskanen and colleagues 70 and the survival of patients with 

cancer diverged steadily from the expected values of the general population over the 

five years of the study. Diagnostic category was not independently associated with long-

term survival among patients without cancer in a Danish study of 1,308 patients. 71 

 

Long-term survival from trauma is high, with two studies reporting no deaths in patients 

discharged from hospital after trauma. 86, 206 Niskanen and colleagues 70 found patients 

with trauma had increased survival but the independent association with long-term 

survival was not significant. Patients admitted to ICU often have head injuries, with or 

without other injuries, ranging from 53% to 79%, 238, 239 and these trauma patients have 



 121 

the lowest survival. 90, 231, 242, 494-497 Among the studies of long-term survival of patients 

admitted to ICU with trauma, most deaths occur within the first month 79, 231 and 

infections are the leading cause of ‘late’ mortality. 498 The survival of patients with 

trauma did not decrease compared to the general population after the first three months 

in the study conducted by Niskanen and colleagues 70 although in a smaller study of 325 

Norwegian patients, the survival of trauma patients did not match the general population 

until 3.5 years. 231 

 

Patients admitted with cardiovascular disease had the weakest association for decreased 

long-term survival (HR 1.22, 95% CI 1.12, 1.34). 70 No distinction was made between 

cardiothoracic surgery and medical cardiovascular admissions although admissions after 

‘elective surgery’ were significantly associated with higher survival (HR 0.56, 95% CI 

0.52, 0.61). This result highlights the difficulty in interpreting the effect of diagnostic 

categories on long-term survival when the diagnostic category includes diagnoses with 

mixed effects (increased and decreased) survival within the same category. The effect of 

the diagnostic category on long-term outcomes may depend on the proportion of 

patients within the category with increased or decreased risk of death, or if the 

proportions are similar, then the association of diagnostic category with long-term 

survival may be non-significant. Dragsted 71 found no independent association of 

cardiac disease with long-term survival. Survival after cardiac surgery is generally high 

when compared to other diagnostic categories but it does depend on the type of cardiac 

surgery. 70 

 

Cardiac surgery accounts for many admissions to ICU, particularly in Australia. Many 

studies of long-term outcomes, 91, 304, 311, 312, 387, 394, 402, 432, 450-453, 455-457, 459-482, 484, 486-493, 

499-501 as shown in Table 2.2, have focused specifically on patients having cardiac 

surgery. Long-term follow-up of these patients is common, ranging from 18 months and 

up to 20 years. Subgroups, for example sex and specific age-groups or different types of 

cardiac surgery, for patients having cardiac surgery have also been examined. Survival 

among patients having coronary artery bygraft surgery ranged from 81-92% at five 

years, 91, 450, 459 66-87% at ten years, 91, 450, 455, 459, 502 and 56% at 15 years. 91, 450 For 

women, five-, ten- and 15-year survival was 86-93%, 70-73% and 50-51%, and for men 

88-90%, 73% and 51-56% respectively. 451, 465, 503 Changes in patient age, severity of 

illness and comorbidity, operative techniques and post-operative management that have 

occurred over time (studies were conducted from 1979 to present day) may account for 
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some of the variation in survival. Similar pre-operative, operative and post-operative 

factors in several studies 450, 453, 455-457, 459, 461, 502 have been independently associated 

with long-term outcomes. 

 

Sepsis is a clinical syndrome that occurs in approximately 10% to 15% of patients 

admitted to ICU. There are few reports that describe long-term outcomes for patients 

with sepsis in ICU. 64, 66, 218, 219, 221, 422 In a follow-up study of two randomised controlled 

trials studying adjunctive monoclonal antibody antiendotoxin immunotherapy among 

patients with gram-negative sepsis, 504, 505 100 patients were followed up for two to six 

years. 422 Severity of underlying illness, estimated by the McCabe and Jackson severity 

of illness scoring system, 279 but not the APACHE II score, comorbidity, use of 

vasopressors at the time of sepsis and development of adult respiratory distress 

syndrome predicted patients most likely to die. Although not ICU-specific, 92 % of 

patients were admitted to ICU but this was a small study and did not compare survival 

of the septic cohort with a non-septic group. A larger study of 1,505 patients with 

sepsis, identified from the screening log of the Veterans Affairs Cooperative Study of 

Systemic Sepsis (VACSSS), a controlled trial of corticosteroids as a therapy for sepsis 

conducted between 1984 and 1985, 506 were compared to 91,830 non-psychiatric, non-

infected patients discharged from the participating medical centres. During the eight-

year follow-up, sepsis not only caused deaths acutely, but also increased the risk of 

death for up to five years after the septic episode, even after comorbidities were 

accounted for. 66 Among 1,690 patients with severe sepsis enrolled in PROWESS, 1,127 

patients were followed up to a maximum of 3.6 years. 507 Estimated one-year survival 

for the entire cohort, alive at day-28, was 58%, and at 2.5 years was 51%. 

 

Two studies 218, 219 investigated outcomes from ICU-acquired infections, as shown in 

Table 2.2. Ylipalosaari and colleagues 218 found long-term survival was similar to those 

who did not develop an ICU-acquired infection. In contrast, among patients with 

ventilator-acquired pneumonia, estimated five-year survival was 55.3% 219 but survival 

was not compared to other patients admitted to the ICU and so the contribution of sepsis 

to long-term survival is unknown. A case control study, shown in Table 2.2, compared 

127 hospital survivors with ARDS associated with trauma or sepsis to 127 controls 

matched for risk factor (trauma or sepsis, and severity of illness). 64 Shorter long-term 

survival was associated with older patients, those with sepsis, and comorbidity, 

regardless of the presence of ARDS. Korosec Jagodic and colleagues 220 found two-year 
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survival was shorter among patients for patients admitted with sepsis compared to 

patients with trauma but adjustment for potential confounders was limited to age and 

diagnosis for in-hospital mortality. The APACHE II scores were similar but 

comorbidity was not considered, and was likely to be higher for the older sepsis 

population 66. It does appear from all these studies that patients with sepsis have lower 

survival but the small sample sizes, different populations, and the lack of adjustment for 

important confounders make valid interpretation of the results difficult. 

 

Studies describing outcomes for patients admitted with drug overdose report different 

survival outcomes. Survival from ICU was high 75, 235 but there were conflicting results 

for long-term survival. In a Scandinavian study, 98.1% (expected 100%) of patients 

survived one month but at two years survival was 91.1% (expected 99.0%). 79 Niskanen 

and colleagues 70 found an excess of deaths compared to the general population 

throughout the five-year follow-up. However, intoxication (yes or no) was 

independently associated with increased five-year survival (HR 0.75, 95% CI 0.62, 

0.89) when compared within the ICU cohort. This result was reported by two smaller 

studies that found increased long-term survival within the study cohorts. 120, 235 Loss to 

follow-up can be problematic in this population. 235 

 

In summary, patients admitted with cardiac surgery/disorders, trauma and drug 

overdose were reported to have relatively high long-term survival compared to other 

diagnostic categories. As expected, patients with cancer have poor survival. However, it 

is difficult to ascertain the relative importance of particular diagnostic groups because 

there is no consistent method used to categorise diagnosis. Furthermore, studies have 

not distinguished hospital survivors from all patients admitted to ICU or accounted for 

important confounders when examining these outcomes. Whilst the effects of specific 

diagnostic groups are incompletely defined it is clear that different diagnostic groups 

have different consequences on long-term outcomes. 

 

2.13.7 The effect of ‘type of admission’ on long-term survival 

 

Medical patients, as shown in Table 2.2, have lower long-term survival than surgical 

patients 71, 113, 130 but no difference was observed in long-term survival among 2,166 

patients discharged from hospital when stratified by APACHE II score. 113 While type 

of admission (medical versus surgical) was independently associated with long-term 
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survival together with increasing age among 1,308 patients in a Danish general ICU, 71 

other studies have not found type of admission (elective versus non-elective surgical 

and medical) to be an independent predictor. 70, 124 A large study conducted by Niskanen 

and colleagues 70 found type of admission was not predictive of long-term survival, 

after adjustment for severity of illness (admission APS), diagnostic group and chronic 

health points. Certainly patients admitted after elective surgery may have better short-

term outcomes due to optimisation of pre-existing illness prior to surgery and the 

surgery performed alleviates the principal condition. 308 Restricting diagnostic grouping 

to medical and surgical patients may be an inappropriate stratification obscuring 

patients with diagnoses who may have better outcomes from others who do not. 71 It is 

more likely that the type of admission is of limited predictive value for long-term 

outcomes among the critically ill once adequate adjustment for diagnosis has been 

performed. 

 

2.13.8 The effect of length of stay in ICU on long-term survival 

 

Length of stay in ICU is typically short for patients with rapidly resolving illness. 

Conversely, severely ill patients who rapidly succumb to their critical illness also have a 

short LOS. Therefore a short length of stay can represent opposite ends of the spectrum 

of severity of critical illness. As a consequence, an examination of its association with 

long-term outcomes should be restricted to patients discharged from hospital. However, 

it has been included in models of post-discharge survival that included in-hospital 

deaths. 79 

 

Considering patients having a ‘prolonged stay’ in ICU comprise only a small proportion 

of ICU admissions but consume a large proportion of intensive care resources, it is of 

particular interest to examine the effect of ‘prolonged’ stays on long-term survival. 

Studies of patients who had prolonged’ stays 193, 199, 200, 203-205, 208, 303, 387, 388, 394, 400, 481, 490, 

492, 508 often include patient who received ‘prolonged’ mechanical ventilation. While 

some studies focus only on outcomes after ‘prolonged’ mechanical ventilation, 17, 184, 185, 

202, 206, 207, 295, 470, 509 outcome for all of these patient will be reported together in this 

Section. 

 

Among studies that have compared long-term outcomes within a specific ‘prolonged’ 

stay group, predominantly after cardiac surgery, to those of patients having shorter 
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stays, 193, 199, 303, 400, 490, 508, 509 long-term survival was decreased for the ‘prolonged’ stay 

in comparison with the shorter-stay group. 199, 387, 400, 490, 509 An exception was long-term 

survival among 92 hospital survivors admitted to ICU after transoesophageal resection, 
193 an homogenous subgroup of patients who were critically ill, where no difference was 

found. Whilst long-term survival was compared between prolonged stay and short stay 

groups, no adjustment was made for potential predictors in the majority of these studies. 
193, 199, 303, 400, 490 Delle Karth and colleagues 199 found RRT was an independent 

predictor for decreased in-hospital and one-year survival, as shown in Table 2.2, but 

they did not examine longer-term survival. Three studies of cardiac surgical patients 

examined the independent effects of potential predictors on long-term survival. 387, 490, 

509 One study found higher maximum SOFA and cardiovascular scores were associated 

with an increased risk for death (including in-hospital deaths). 490 The others found that 

after adjustment for multiple risk factors, long-term survival was decreased among 

hospital survivors. 387, 509 

 

Some studies 193, 199, 303, 387, 400, 490, 508, 509 compared long-term outcomes for ‘prolonged’ 

and short stays, but the majority concentrated solely on the prolonged stay group and 

did not compare long-term outcomes with another group. 17, 184, 185, 200, 203-205, 207, 208, 260, 

295, 402, 463, 470, 481, 492 Bashour and colleagues 394 compared short-term mortality for the 

prolonged stay group (ten or more days) admitted after cardiac surgery to the shorter 

stay group but only examined long-term survival among patients who had ‘prolonged’ 

stays. They found preoperative hypoalbuminaemia, previous myocardial infarction and 

history of congestive heart failure were associated with decreased long-term survival in 

the prolonged stay group. In-hospital deaths were included in the survival analysis. 

 

Four studies that examined long-term outcomes for patients in a prolonged stay group 

found age was an independent predictor for decreased survival, 17, 184, 185, 295 as shown in 

Table 2.2. For patients who survived ICU after a prolonged stay in ICU of 14 or more 

days, older ager (65 years or older), a preadmission immunocompromised status, and 

duration of mechanical ventilation greater than 35 days were independent predictors of 

death. 295 Age, pre-admission functional status, oxygen requirement and the diagnostic 

group were independent predictors of survival for patients with LOS in ICU of ten or 

more days. 17 Among 293 patients discharged from a specialised weaning centre, age, 

admitting diagnosis and weaning success were independently associated with long-term 

survival.185 Patients with chronic obstructive pulmonary disease had the lowest 
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unadjusted three-year survival compared to patients with neuromuscular/chest wall 

disorders transferred to a mechanical ventilation weaning centre, but, after adjustment 

for age and duration of ventilation in ICU, this shorter survival was not significant. 202 

Two studies did not find age an independent predictor for patients who had prolonged 

stays after cardiac surgery. 463, 470 Among 104 patients who survived to hospital 

discharge after staying in hospital at least seven days after cardiac surgery (mean age 65 

years) admitting creatinine, aortic valve surgery, number of ventilator days, and 

discharged on tube feedings were significant independent predictors of mortality. 470 For 

86 survivors who had a prolonged stay in ICU after cardiac surgery, preoperative New 

York Heart Association functional class was the only long-term independent predictor. 
463  

Gracey and colleagues 206 compared outcomes of 104 patients who received mechanical 

ventilation for longer than 29 days to an age and sex-matched general population and 

found that long-term survival was worse for patients having prolonged stays, as shown 

in Figure 2.5. 

 

Figure 2.5 Patients receiving mechanical ventilation longer than 29 days and discharge 

from hospital compared to age and sex matched Minnesota (US) population. 206 

 

 
 

 

 

The association between ‘prolonged’ stay and adjusted long-term survival is not well 

described, which is hardly surprising considering the variation in casemix, and 

differences in the definition of ‘prolonged’ stay/mechanical ventilation. Studies of 

patients having ‘prolonged’ stays after cardiac surgery often used three to five days to 

define the ‘prolonged’ stay 400, 401, 481 compared to general cohorts that used a longer 

Duration of follow-up (years) 

Probability 

of survival 
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length of stay. 111, 510 Furthermore the studies were often retrospective, 17 had small 

sample sizes, 79, 202, 203, 207, 386, 388, 402, 463 were often conducted in specific subgroups, 17, 

303, 386, 388, 394, 400, 402, 463, 481, 492 or did not examine the factors independently associated 

with long-term survival for patients who did or did not have ‘prolonged’ stays. 303, 385, 

388, 402, 492 Without adequate control for potential confounders such as age, sex, 

comorbidity, severity of illness and diagnosis, the contribution of the ‘prolonged stay’ 

on long-term outcomes is unknown. This information is essential to know whether 

patients who survived to hospital discharge but who take longer to recover from their 

critical illness have worse long-term outcomes. An understanding of the relative effects 

of ‘prolonged stays’ on long-term survival is needed to show whether the benefit in 

survival is commensurate with the intensity of resources expended. 

 

2.13.9 The effect of premorbid health status 

 

No study has attempted to discriminate the independent effects of comorbidity, 

disability, frailty and functional status. Comorbidity, disability, frailty and functional 

status commonly co-exist but all are different, can exist independent of one another and 

it remains uncertain how they interact. For example, patients may have comorbidity but 

it may not impinge on their ability to perform normal physical and social activities. 

Baseline health status has been estimated by examining health and living conditions and 

functional status in the critically ill. These measures reflect how chronic disease affects 

the individual. Measurement criteria of health and functional status vary. Activities of 

daily living, number of hospital admissions, use of medications before and after the 

critical illness and minor and major physical complaints after critical illness have been 

used. 87, 122, 152, 155 Baseline health status of ICU patients has been associated with long-

term outcomes 122, 152, 155, 421 but the long-term independent effects were not examined 

for long-term outcomes in two of these studies. 122, 421 Dardaine and colleagues 155 found 

among 110 patients aged 70 years and older that shock, previous impaired health status 

and marital status, but not age, severity of illness (SAPS), number of previous 

hospitalisations, were associated with six, 12 and 18-month survival. No adjustment 

was made for diagnosis. A study of 233 patients aged 80 years or older discharged from 

a medical ICU found functional outcome and the presence of an underlying fatal disease 

were predictive of two-year outcomes. 152 Similar to many long-term outcome studies, 

duration of follow-up was short (two years), studies were restricted to select groups, and 

important factors such as comorbidity and diagnosis were not adjusted for in the 



 128 

examination of outcome. There is insufficient information to judge the importance of 

this factor on long-term survival. 

 

2.13.10 The effect of socio-economic status 

 

The information of the effect of socio-economic factors on outcomes among the 

critically ill is limited. Three studies examined the effects of socio-economic status on 

long-term survival after critical illness. 73, 155, 260 Keenan and colleagues 73 found median 

income (Canadian dollars), per CAN$10,000, had an independent but weak association 

with reduced risk for death (HR 0.99, 95% CI 0.98, 0.99). This large population-based 

study included 64% of patients who had not been admitted to ICU and did not adjust for 

the effects of severity of illness. Two small studies of select groups examined the 

association of marital status, a surrogate measure for socio-economic status, with long-

term survival and found conflicting results. 155, 260 It was independently associated with 

a three-fold risk of death during the 18-month follow-up among patients aged 70 years 

or older 155 but no adjustment for diagnosis was made. In contrast, marital status was 

independently associated with a 50% increase in two-year survival among 334 hospital 

survivors who required tracheostomy for respiratory failure. 260 In this study, no 

adjustment was made for severity of illness. No valid conclusion can be drawn from the 

paucity of evidence regarding the association of socio-economic status with long-term 

survival. 

 

2.13.11 The effect of accessibility 

 

More than a third of Australians live outside major cities, with 3% living in remote or 

very remote areas. 511 While the health disadvantage of rural and remote Australians has 

been reported and includes decreased survival after cancer 512, 513 or cardiovascular 

disease 514-516 only a Canadian study has examined the independent association of 

accessibility on long-term outcomes among patients admitted to ICU. 73 However, this 

study included the hospital controls in the evaluation. 73 Among the patients who 

survived to hospital discharge (23,225 patients admitted to ICU and 40,626 patients not 

admitted to ICU) during the 45-month follow-up, residence in urban versus rural area 

(63% had an urban residence) was weakly associated with an increased risk of death 

(HR 1.06, 95% CI 1.01, 1.11). 73 There was significantly less urban patients among the 

ICU patients (63%) compared to the non-ICU patients (68%, p<0.001) and therefore the 
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results cannot be extrapolated to ICU patients. Furthermore, the investigators 

questioned the clinical significance of these results because of the reliance on census 

tract data to provide estimates of accessibility. Considering that no study has examined 

the independent effects of accessibility on long term survival specifically among 

patients admitted to ICU, no conclusion on the effect of accessibility on long-term 

outcomes can be made. 

 

2.13.12 Readmissions to ICU during the index hospital admission 

 

Readmissions to ICU have been found to vary from 2.3% to 16.0%. 116, 152, 250, 517-534 The 

rate varies with the type of cohort studied, for example, lower rates were found amongst 

cohorts of patients who were initially admitted to the ICU after cardiac surgery. 519, 521, 

523 Many (70% to 73%) of the readmitted patients had been discharged from the ICU for 

a period longer than 48 hours.527, 528, 531 Among patients readmitted to a medical ICU, 

17% patients were readmitted within 24 hours, and almost half (47%) were readmitted 

within 72 hours. 526 

 

Readmissions to ICU may be considered ‘early’, within 48 535 to 72 526, 536 hours, or 

‘late’, but there is no standard definition. ‘Early’ readmissions are likely to be related to 

the discharge decisions, while later readmission to the ICU may not be related to ICU 

discharge decisions but rather related to the patient’s primary disease process, late 

consequences of a surgical procedure or unrelated to recent clinical events. The decision 

to discharge a patient from ICU can be based on clinical and non-clinical factors. 

‘Early’ discharge may be precipitated by non-clinical factors that include the need for 

beds in the ICU for pending admissions, shortage of health care professionals and 

unavailability of intermediate care facilities. The high number of deaths that occur after 

ICU discharge 529, 537-542 that include a substantial proportion of patients expected to 

survive, support the premise of premature discharge. Premature discharges may have 

negative consequences. 529, 530, 532, 533, 543 Using an observational dataset of 13,924 

patients admitted to 20 ICUs in the UK, Daly and colleagues 544 recruited patients who 

were above the risk threshold at some stage during a minimum of a three-day stay in 

ICU and compared the high risk discharged patients with those discharged while at 

lower risk. The investigators suggested that discharge mortality of ‘at risk’ patients may 

be reduced by 39% if the patient stays in ICU for another 48 hours. There is no way of 

knowing whether the additional time in the ICU would achieve this goal. Randomised 
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controlled trials are needed to answer this question. The results also indicate the need 

for prospective studies that include the circumstances surrounding death in the wards 

after discharge from ICUs. 545 

 

Reasons for readmission  

Readmissions to ICU may be caused by an exacerbation of the acute illness, 

complications or conditions unrelated to the original admitting diagnosis. 526, 534, 546 

Rosenberg and colleagues 526 found 40% of readmissions were from a recurrence of the 

initial problem and were more common among patients readmitted within 72 hours. 526 

Common reasons for readmission include respiratory problems, 481, 518, 521, 523, 527, 530, 532, 

547-549 and cardiovascular problems 481, 521, 524, 532, 548. Others 250, 526 have found, in 

addition to respiratory problems, that upper gastro-intestinal bleeding, neurologic 

impairments, and sepsis were reasons for readmission The aetiologies of ICU 

readmissions are unpredictable as they may not be related to the original admitting 

diagnosis. 526, 534, 546 

 

Factors associated with readmissions 

Factors associated with readmissions were age, sex and organ dysfunction. 518, 524, 526 

Patients readmitted to ICU had higher severity of illness scores (SAPS and APACHE II 

scores) on their index admission compared with patients who did not require 

readmission. 518, 524, 526, 531 On the day of their first ICU discharge, readmitted patients 

were in greater need of organ support, with more patients still requiring ventilatory, 

cardiovascular and renal support than non-readmitted patients. 524 A meta-analysis of 

eight primary studies of ICU readmission and eight multi-centre ICU outcome studies 

that reported ICU readmission rates concluded that the most reliable predictor of 

readmission to ICU was unstable vital signs at the time of ICU discharge. 547 Severity of 

illness, obesity, operative urgency, re-sternotomy and respiratory indices at time of 

intended ICU discharge were strongly associated with readmission to ICU among 

patients who had cardiac surgery. 548 For 86 patients readmitted to the ICU after 

coronary artery bypass surgery, preoperative renal failure and mechanical ventilation for 

more than 24 hours were the only independent predictors for readmission to ICU. 523 

Comorbidity was also important. 517, 520 Among 74 patients who had been readmitted to 

an Australian ICU and a comparison group of patients who were not re-admitted to 

intensive care, comorbidities of cardiac and/or respiratory disease and depression were 

significant predictors for readmission. 520 
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Effect of readmissions to ICU on outcomes 

Readmissions to ICU are important because they have been associated with higher 

mortality, morbidity and hospital costs. 519, 523, 526, 547, 548 Patients readmitted to ICU had 

decreased short-term survival. 116, 397, 518, 519, 523, 524, 526-528, 530, 531, 534, 547 From a 

systematic review of eight primary studies of ICU readmission and eight multi-centre 

ICU outcome studies that reported ICU readmission rates, mortality was found to be 

two to ten-fold higher among patients readmitted to ICU than mortality for patients who 

were not readmitted. 547 The results from a multicentre study of 103,984 ICU patients 

who were transferred to the ward revealed an in-hospital mortality rate of 24.7% among 

patients who were readmitted to ICU compared with 4.0% in other patients and this risk 

persisted after adjustment for predicted risk of death (OR 7.5, 95% CI, 6.8-8.3). 528 

Almost a third of patients readmitted to ICU after cardiac surgery died compared with 

no mortality among a control group. 548 Patients discharged with a TISS of ‘20 or 

greater’, increasing age, severity of illness, source of admission, and male sex were 

significantly associated with death after discharge from ICU, 518, 526, 542, 550 although 

some studies found no association. 527 Patients who were readmitted to one of seven 

ICUs at six hospitals (4.6% of the cohort) had a higher hospital mortality rate (31.4%) 

compared with those who were not readmitted to ICU (4.3%), even after adjustment for 

APACHE III score (OR 5.93, 95% CI 4.10-8.57). Among 4,684 to a medical ICU, 9.6% 

patients were readmitted and the in-hospital mortality was five times higher (43% vs. 8). 

When adjusted for severity of illness, age, comorbidities and admission source, there 

was an eleven-fold increase in the risk for in-hospital death (OR 11.0; 95% CI 8.1, 

15.1). 526 However, these results were not supported in a large multicentre study of 

103,984 patients amongst whom readmissions were not correlated with hospital 

mortality, ICU LOS, or hospital LOS after adjustment for severity of illness. 528 

 

Several reports describe the ICU or hospital mortality for patients who have a 

readmission to ICU 116, 397, 518, 524, 526, 527, 530, 531, 534 but only two reports describe the 

long-term survival of patients who have had a readmission to a general ICU in the same 

hospital admission. 116, 250 Among 145 patients who survived hospital after admission to 

a general ICU, except patients admitted for uncomplicated, elective, postoperative 

observation 116 having a readmission to ICU was independently associated with a three-

fold increase in the risk for death during the three-year follow-up (OR 2.91, CI 95% 

1.15, 7.36). The risk of death was increased among 73 patients readmitted to ICU. 250 

Older age, high APACHE II score, three organ failures and readmission within the first 
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24 hours after discharge were independent risk factors for shorter survival. However, 

follow-up survival included short-term as well as the follow-up deaths. For 194 patients 

who stayed in ICU at least five days and survived hospital after cardiac surgery, 

survival at one, two, and three years was 85.6%, 80.9%, and 75.1%, respectively but 

there was no control group or adjustment for potential confounders. 481 

 

The proportion of readmissions to ICU is used as an indicator of ICU performance 536 

but the validity to use it for this purpose has been questioned. 528, 551 It has been shown 

that patients who are readmitted to ICU have lower short-term mortality and longer 

LOS in hospital, but often outcomes are not adjusted for potential confounders. 

Certainly studies reveal that patients who were readmitted to ICU were older, sicker and 

had more comorbidity. 526, 528 It is less clear if the outcomes were caused by a problem 

present prior to the original ICU discharge; and whether they would been prevented if 

the patient had stayed longer in the ICU. 535, 547, 551 The optimal ICU readmission rate is 

unknown, and a low rate might actually indicate that, patients may be inappropriately 

remaining in the ICU longer than necessary, increasing the costs of care and their 

exposure to virulent pathogens. 551 

 

Whilst it is clear that age, organ failure and diagnosis are associated with readmissions 

to ICU and short-term outcomes are worse for patients readmitted to ICU, the effect on 

long-term outcomes is less certain. Considering that there is only one small study that 

has reported long-term outcomes from a general ICU, and the duration of follow-up was 

only three years, it is evident that more studies are required. 

 

2.13.13 Other factors associated with long-term survival 

 

After adjustment for known confounders there remains considerable variation in short-

term 365, 541, 552 and long-term outcomes of critical illness. 70, 71, 74 Differences in clinical 

practices, for example, individual clinician choices, the amount of time available for 

each patient or the choices of therapy 6 other organisation factors or unknown factors 

may contribute to this variation. 
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2.13.14 Summary of factors associated with long-term survival 

 

It is difficult to make valid conclusions regarding the relative importance of factors that 

are associated with long-term survival. The limitations of the studies have been 

described in detail. Nevertheless, the following factors are consistently associated with 

long-term outcomes, age, comorbidity, severity of illness, and diagnosis. Less well 

established is the contribution of organ failure, socio-economic status, health status 

before the critical illness, and other factors to long-term outcomes. Whilst studies with 

large sample size, for example, more than 1,000 patients, and duration of follow-up 

greater than three years have found age, severity of illness, comorbidity and diagnosis to 

be independently associated with long-term survival, no study has adequately accounted 

for all of these factors simultaneously. 

 

2.14. Short- and intermediate-term survival 

 

Although the focus of this thesis is long-term outcomes, to provide a comprehensive 

account of survival after critical illness, it is necessary to describe short- and 

intermediate-term survival. 

 

2.14.1 Short-term survival 

 

Wide variation in mortality rates from ICU and/or hospital is reported in ‘general’ 

studies and subgroups. Mortality from ICU ranges from 5% to 60% 119, 201, 445, 553-563 and 

hospital mortality (including ICU mortality) ranges from 14% to 58%. 86, 119, 201, 327, 392, 

397, 541, 553-555, 557, 562, 564-573 

 

Factors that have been consistently associated with short-term mortality are age, 

severity of illness, organ failure, comorbidity or chronic health status and diagnosis. 277, 

327, 330, 353, 357, 365, 371, 541, 574-576 

 

2.14.2 Intermediate-term survival 

 

A summary of the intermediate-term study cohorts, and their short- and intermediate-

term survival, are shown in Table 2.3. Studies that describe quality of life/cost 

effectiveness and contain limited information on factors associated with intermediate-
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term survival are not included in the Table. 15, 72, 119, 315, 377, 559, 569, 577-594, 595 , 596-602 One-

year survival has varied from 25% to 95% 14, 87, 155, 351, 392, 445, 559, 561, 567, 570, 603 and one-

year survival after hospital discharge ranged from 82% to 92%. 86, 119, 308, 446 Most 

studies that have examined one-year outcomes have evaluated quality of life and 

reported one-year survival but have not examined the independent predictors of one-

year survival. 14, 119, 392, 559, 561, 567 

 

The factors associated with intermediate survival, as shown in Table 2.3, are similar to 

those reported for short-term and long-term survival and were age, severity of illness, 

comorbidity and diagnosis. 87, 308, 445, 604 The limitations for these studies are similar to 

those described for long-term outcomes, such as small sample size and inadequate 

adjustment for confounding factors. 570, 605 Severity of illness was reported as the most 

important factor associated with intermediate survival, more so than underlying chronic 

disease or the degree of disability 66, 351, 606 but including in-hospital deaths in models of 

intermediate-term survival is likely to over-estimate the importance of the acute 

physiology. 
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Table 2.3. Studies reporting factors associated with intermediate-term survival (up to and including one year) for patients admitted to ICU (excluding 28/30-day 

outcomes) for general and selected sub-groups including cardiac surgery presented by duration of follow-up 

 

Study Population Follow-up Outcome 

‘General’ studies 

Carden et al. 
(2008) 607 

Population based retrospective cohort study of 207 pts  
with LOS>7 days in the ICU or >14 days in either the ICU 
or HDU) in a 10-bed general ICU and 4-bed surgical 
HDU, 400-bed hospital, 2000-2003 

1 year Hospital survival 72% and 1-year survival 60%. Univariate analysis: increasing age, APACHE II score, 
admission post cardiac arrest, in-pt cardiac arrest, sepsis and requirement for RRT risk factors for increased 
mortality. However, when adjusted for age, sex and APACHE II score the only risk factor strongly associated 
with death was having a cardiac arrest in the ICU 

Freebairn et 
al. (2008) 608 

586 acute care pts aged >=15 and non-elective 
admissions admitted to 11-bed multidisciplinary co-
located ICU and HDU, a JFICM level 2 unit, non-tertiary 
hospital, 2001 

1 year 
after 
admission 

Loss to 
follow-up 
6% 

ICU survival of 86%, hospital survival of 83%, 1-year post admission 73% Increased age associated with 
decreased survival. No regression analysis of 1-year survival. After ICU admission, 1-year survival was 
lower than that of the general population 

Suarez et al. 
(2004) 604 

Retrospective analysis of prospectively collected 
database among 2,381 adult pts in a neurosciences 
critical care unit of a large academic tertiary care 
hospital, 1997-2000 

1 year 
after 
admission 

Independent predictors of in-hospital mortality: APACHE III score, admission from another ICU. Presence of 
neurocritical care team independent predictor of decreased mortality. Factors independently associated with 
intermediate-term survival: females, admission from another ICU, APACHE III score, moderately disabled 
before admission 

Quartin et al. 
(2000) 351 

1,200 pts admitted to a Veteran Administration medical 
ICU, 1990-1994 

1 year Hospital survival 77%, 1-year survival 55%. The major determinant of both short- and long-term survival was 
the degree and potential reversibility of physiologic derangement at presentation, not the need for frequent 
hospitalisation in the year before MICU admission 

Chelluri et al. 
(2004) 87 

Milbrandt et 
al. (2004) 609 

817 pts who received MV support for 48 hours or longer 
and aged > 18 years, 1997-1999 

1 year Two-month mortality 43%, 6-month mortality 52%, 1-year mortality 56%. Severity of illness on admission to 
ICU and pre-hospitalisation functional status significant association with short-term mortality, age and 
comorbidities related to intermediate mortality. Crude mortality higher among pts with medical diagnoses 

Trivedi & 
Ridley 
(2001)610 

186 medical pts admitted to United Kingdom combined 
ICU/high dependency unit, 1999-2000 

1 year ICU survival 71%, in-hospital survival 63%, 1-year survival 59%. Number of deaths after ICU not significantly 
different from an age- and sex- matched population. APACHE II score and admission from the general ward 
adversely affected outcome at 100 days 
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Study Population Follow-up Outcome 

 ‘General’ studies continued 

Short et al. 
(1999) 567 

2,268 pts admitted to a 14-bed multidisciplinary ICU in a 
1,400-bed tertiary care university hospital 

1 year 

Loss to 
follow-up 
6% 

Hospital survival 65%, 1-year survival 44%. Survivors to 1 year were younger than nonsurvivors and had 
lower APACHE II scores. In-hospital mortality – cardiac/respiratory arrest, cancer, /liver/ gallbladder disease 
No regression analysis of 1-year survival 

Papadakis et 
al. (1993) 611 

612 pts who received MV, admitted to 6 Veteran 
Administration medical ICUs, 1986-1987 

1 year Hospital survival 36%. Within the next year, additional 38% of hospital survivors died, total 1-year survival 
23%. Predictors of in-hospital mortality: albumin per 10g/L decrease, APACHE II score without age and age 
per 10-year increase. One-year survival for pts who survived to hospital discharge: albumin per 10g/L 
decrease, APACHE II score without age and age per 10 year increase  

Rockwood et 
al, (1993) 612 

Prospective study, 884 pts admitted to 2 Canadian ICUs, 
excluded pts admitted with drug overdoses. 14% pts lost 
to follow-up 

1 year ICU survival 84% (> 65 years) and 87% (< 65 years). One-year survival 65%.For each diagnostic category, 
severity of illness (APACHE II) had strongest association with ICU mortality. Severity of illness, LOS, prior 
ICU admission and respiratory failure, not age influenced ICU mortality (discriminant analysis). No analysis 
of factors associated with 1-year survival. 

Stauffer et al. 
(1993) 613 

Prospective study, 383 pts with acute respiratory failure, 
receiving MV for more than 1 hour, who were admitted to 
general Veteran Administration ICU 1982-1986. No 
female pts, readmissions or major trauma, 1982-1986 

1 year 
after 
hospital 
discharge 

ICU survival 61%, hospital survival 50%, 1-year survival after hospital discharge 30% of pts weaned from 
MV. Age, diagnostic category and duration MV examined in logistic models. Age per 5-year increase only 
predictor of 1-year survival for hospital survivors (OR 1.12, 95%CI 1.02-1.43).  

Yinnon et al. 
(1989) 598 

Prospective study, 126 pts admitted to community 
hospital, general ICU, 1986. Excluded deaths within 24 
hours, age <13 years, coronary care overflows, 
admissions for peritoneal dialysis or <24 hours because 
of temporary closure of PACU, pts who did not have 
APACHE data collected. 

1 year ICU mortality 36%, hospital mortality 46%, 6-months mortality 56%, 1-year mortality 60%. Highest mortality 
in respiratory failure associated with sepsis, out of hospital cardiac arrest, cirrhosis, cardiogenic shock. 1-
year survival related to pre-ICU QOL and post ICU QOL generally returns to pre-ICU levels. 3 pts lost to 
follow-up 

Witek et al. 
(1985) 614 

Prospective study in a community hospital of 100 pts who 
received MV in 1980 (8 months). 

1 year ICU survival 60%, hospital survival 50%, follow-up survival 33% of entire cohort. Pts < 50 years higher 1-
year survival than pts >=50 years. Diagnostic category associated with 1-year survival:  pts admitted after 
drug overdoses good, cardiac arrest poor. No multivariate analysis. 

Le Gall et al. 
(1982) 80 

228 pts admitted to general ICU, 1978-1979 1 year ICU survival 66%, 6-month survival 50%, 1-year survival 49%. Age, previous health status (4 stages of 
increasing disability 3 months before ICU admission) and number of organ failures (up to 7) examined by 
Chi-square. Age < 50 years, good previous health status, and less than 2 organ failures associated with 
increased 1-year survival 

 

 



 137 

Study Population Follow-up Outcome 

‘General’ studies continued 

Parviainen et 
al. (2004) 615 

Retrospective study, 11,323 admissions, including 6,877 
(61%) postoperative cardiac surgical and neurosurgical 
admissions to ICU and 4,446 (39%) other ICU 
admissions, 1996-2000. 

6-months  ICU mortality 8.3% in 1996 to 6.9% in 2000, hospital mortality 17.0% in 1996 to 14.2% in 2000, 6-month 
mortality 26.2% in 1996 to 21.4% in 2000. ICU mortality post-operative 0.9% in 1996 to 0.3% in 2000, 
hospital mortality 2.1% in 1996 to 1.5% in 2000, 6-month mortality l 5. %1 in 1996 to 4.4% in 2000. 

Gardner & 
Sibthorpe 
(2002) 616 

Prospective study, 93 adults aged >=16 years admitted 
to Australian ICU. No cardiac surgery or transplantation 

6 months ICU mortality 14%, hospital mortality 19%, 6-month mortality 25%. Admission APACHE II score was 
associated with survival to end of ICU stay (p ≤ 0.001) and at 6 months (p ≤ 0.001) with risk of death 
increasing as APACHE II score increased. Higher age was inversely associated with survival to 6 months (p 
= 0.04) but survival was not associated with length of stay in ICU, use of artificial ventilation or continuous 
positive airways pressure. No regression analysis 

Granja et al 
(2002) 589 

275/355 pts aged >= 18 years, no readmissions, 
prisoners, or from distant locations 

6 months 
after 
discharge 

ICU mortality 19%, hospital mortality 26%, follow up mortality 32%. Mortality significantly associated with 
APACHE II 

Wehler et al. 
(2001) 336 

325 adult pts who spent at least 24 hours in a 12-bed 
non-coronary medical ICU of a German university 
hospital, 1997-1998, 1 pt lost to follow-up 

6 months Cumulative mortality: ICU 24 %, hospital 34 %, 6 months 43%. Cox model 6 month survival, includes in-
hospital deaths, no HR reported: Age, APACHE II score, Charlson Comorbidity Index groups (0, 1-2, 3+), 
QOL before ICU, TISS, MV significant association; sex and length of stay in ICU non-significant.  

Campbell et 
al. (1994) 617 

691 pts admitted to general ICU, 1990-1991. 6 months ICU 19.7%, hospital 29.1%, 3 months 34.3%, Survival 6 months 65.7%. APACHE II scores associated with 
survival 

Chassin et al. 
(1992) 618 

489 pts admitted to medical ICU, January to July 1977 6 months ICU mortality 14%, 6 month mortality 28%. Age, initial SBP, preadmission functional status and diagnosis 
were all significantly and independently associated with survival.  

Shiell et al. 
(1990) 619 

Retrospective study in 2 hospitals’ general ICU/CCU in 
the UK in 1988. Each unit recruited 100 pts, included 
paediatrics. 

6 months ICU mortality 15 & 25%, 6-month mortality 38 & 31%. Mortality associated with severity of illness and age 

Acute Respiratory Distress Syndrome (ARDS) / Acute Lung Injury (ALI) 

Herridge et al. 
(2003) 620 

198/228 ARDS survivors in four Canadian tertiary 
general ICUs, 1998-2002. 

1 year ICU mortality 34%. Cumulative 3 month mortality 36%, 6 month mortality 38%, 12 mortality 39%. Most 
deaths related to pre-existing illness. 

Angus et al. 
(2001) 65 

200 pts with ARDS enrolled in a Phase II clinical trial of 
inhaled nitric oxide therapy from 35 centres. Excluded 
sepsis & acute non-pulmonary organ dysfunction at 
presentation. 

1 year 
from 
enrolment 

Survival: 69.5% at 1 month, 55.7% at 6 and 12 months. The 12-month- survivors were younger, had a 
higher mean premorbid functional status and lower mean APACHE II scores at enrolment than nonsurvivors. 
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Study Population Follow-up Outcome 

Acute Respiratory Distress Syndrome (ARDS) / Acute Lung Injury (ALI) continued 

Yilmaz et al. 
(2007) 621 

Prospective cohort study in 3 ICUs of 2 tertiary care hospitals. 
142 pts with acute lung injury, October 2005 to May 2006. 
Excluded those with no research authorisation or do-not-
resuscitate order 

6 months 
post onset 
of acute 
lung injury 

ICU mortality17% hospital mortality 27 follow-up mortality 39%. Significant predictors of hospital and 6-
month mortality. underlying Charlson comorbidity score, transfer admission ward/ another hospital, day 
3 cardiovascular failure, day 3 PaO2/FiO2 

Granja et al. 
(2003) 622 

88 pts with ARDS compared to a control group of non-ARDS 
for previous health state, 1997 to 2000. 

6 months 
after 
discharge 

ICU mortality 30%, in-hospital mortality 38%. Three pts died after hospital discharge but before 6-
months. Significant differences in APACHE II and the lung injury score between survivors and non-
survivors. 

Luhr et al. 
(2000) 623 

Prospective multicentre clinical study among 520 non-ARDS 
and 95 ARDS pts in 78 ICUs in Sweden and Iceland. 

90 days Age, sex, APS, presence of a chronic disease and a pulmonary/non-pulmonary reason for the 
respiratory failure were associated with mortality in non-ARDS, while only age and APS showed a 
similar association in ARDS 

Lu et al. 
(2004)624 

Prospective study of 108 pts with ARDS aged >=15 and 
admitted to ICU >= 24 hours. Forty-one pts had ARDS of 
pulmonary origin and 67 with extra-pulmonary origin, 15 ICUs 
in 12 Chinese university hospitals. 2001-2002 

90 days In-hospital and 90-day mortality 68 and 70%, respectively, and accounted for 13.5% of the overall ICU 
mortality. For pts with ARDS, multiple organ dysfunction syndrome major risk factor associated with 
death (60%) 

Luhr et al. 
(1999) 625 

13,346 pts, aged >=15 years, admitted to 132 Scandinavian 
ICUs with acute respiratory failure, ALI and ARDS, 1997 

90 days Ninety-day mortality 41% acute respiratory failure, including ALI and ARDS, 42% ALI not fulfilling ARDS 
criteria, and 41% ARDS. Independent predictors for acute respiratory failure: age, APS points > 15, 
nonpulmonary origin respiratory failure, > 2 quadrants with infiltrates, immunosuppression. For ARDS: 
age, presence of chronic liver disease, and P/F ratio < 100  

Brun-Buisson 
et al (2004) 
626 

Pts admitted for > 4 hours with ALI, February to March 1999 2 months ICU, hospital mortality: 3%, 33% for mild ALI & 49%, 58% for ARDS. Age, immuno-incompetence, 
admission SAPS II score, LOD score, pH =<7.30 at inclusion, air leak within first 2 days of meeting ALI 
criteria important factors 

McNichol et 
al., (2004) 627 

88 ICU survivors age >= 65 years 1 year 
after ICU 
stay 

One-year mortality 38%. After controlling for age, dementia, Charlson comorbidity index, APACHE II 
scores, delirium significantly associated with increased mortality and new nursing home placement 

Age 

Chelluri et al. 
(1993) 444 

97 pts aged  65 years or older (3-month recruitment) 1 year Hospital mortality 40%, follow up mortality 58 (65-74 years) / 63% (>=75 years). Severity of illness, as 
assessed by Acute Physiology and Chronic Health was a better predictor of survival than age. 

Kass et al. 
(1992) 445 

105 pts aged >=85 years, 1984-1986 1 year ICU, 30-day post-hospital discharge and 1-year survival 70%, 57%, and 36%, respectively. The number 
of organ system failures associated with increased ICU and 1 year survival, age and pre-admission 
functional status were not 
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Study Population Follow-up Outcome 

Age continued 

Mahul et al. 
(1991) 628 

295 pts aged > 70-years, admitted to ICU in 1985 1 year ICU mortality was 27%; SAPS associated with short-term mortality. One-year cumulative mortality was 
49% from ICU discharge, majority of deaths occurring over the first month.  Age, previous health status 
and SAPS were associated with 1-year mortality for ICU survivors. (t tests and ANOVA) 

Djaiani & 
Ridley 
(1997)427 

474 pts > 70 years admitted to United Kingdom general ICU, 
1993-1995 

1 year ICU mortality 19%, follow-up mortality 47%. Survival of ICU pts significantly lower than age- and sex-
matched population. Unplanned admission, emergency or no surgery, diagnostic code, increasing APS 
and CHE associated with outcome. Age > 85 years, diagnostic code, APS significant independent 
predictors of decreased 1-year survival. 

Mayer-Oakes 
et al. (1991) 
629 

400 pts aged >= 50 years admitted to three community 
hospital ICUs, 1981-1982 and 1984-1985 

6 months Best predictor of long-term outcome of elderly pts was previous health status 

Cardiac surgery 

Bapat et al. 
(2005) 401 

89/804 pts requiring ICU stay of 5 days or longer after cardiac 
procedures utilising cardiopulmonary bypass 

1 year 
after 
surgery  

One-year survival was 66%. The independent predictors of mortality were: preoperative cardiac 
support, lower ejection fraction, higher Parsonnet score, higher Euroscore, pulmonary complications, 
renal failure necessitating haemofiltration, CNS complications, and failure of 3+ organ systems 

Olsson et al. 
(1996) 630 

32 pts aged >=80 years, valve replacement due to aortic 
stenosis, compared to 30 pts, 65-77 years 

1 year Early mortality (before 30 days or before leaving hospital) was 9% in octonagenarians, 0% in 
comparison group. 1-year survival (including early deaths 78% in older group compared to nil in 
younger group. Octonagenarians sicker pre-operatively. 

Ho et al. 
(2005) 631 

Shroyer et al. 
(1995) 632 

Prospective cohort study of 648 pts undergoing valve surgery 
at 14 Veteran Administration hospitals. 

6 months 29% (189/648) of the pts depressed at baseline. Unadjusted 6-month mortality 13% for depressed pts 
compared with 8% for non-depressed pts. In multivariable analyses, depression remained significantly 
associated with mortality. Other significant predictor variables for mortality included history of COPD, 
history of hypertension, older age, and higher serum creatinine. 

Ho et al. 
(2004) 633 

939 pts undergoing CABG-only surgery at 14 Veterans 
Administration medical centres, 1992-1996.  

6 months Postoperative complication(s) associated with cognitive decline while cardiopulmonary bypass time was 
inversely related to cognitive decline. 

Rumsfeld et 
al. (2001) 634 

1,744 pts cardiac surgery, enrolled in a multicentre Veterans 
Affairs prospective cohort study 

6 months Preoperative health status major determinant of change in QOL following surgery, independent of 
anginal burden and other clinical characteristics 

Somme et al. 
(2003) 635 

Cohort study, 410 pts >=75 years, 3 groups: 75–79 years 
(n=184), 80–84 (n=137), 

3 months 
after ICU 
discharge 

ICU survival < 75, 75–79, 80–84 and > 85 years were 80, 68, 75 and 69%, respectively; 3-month 
survival 54, 56 and 51%, respectively. APACHE II score associated with ICU mortality, and age and 
limitation of activity before admission associated with long-term mortality.  
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>=
85 (n=91). 10-bed medical ICU in a university hospital, 1991-
1996. 

 

 

Study Population Follow-up Outcome 

Cardiopulmonary resuscitation 

Yi et al. 
(2006)166 

Retrospective study of 214 adult pts in a neurosurgical 
ICU who experienced a cardiac arrest in ICU and 
received CPR. 

1 year Hospital survival 9%. For hospital survivors 1-year survival 58%. Multivariate analysis: increased mortality 
with infection, asystole, or resuscitation time > 30 minutes. Additional factors associated with high in-hospital 
mortality included lack of spontaneous respiration, no caloric-vestibular reflex, and unconsciousness after 
resuscitation. In addition, neurological recovery was poor in pts with infection, asystole, no caloric-vestibular 
reflex, conscious recovery, or resuscitation lasting > 30 minutes 

Granja et al. 
(2002) 636 

97 adult pts admitted to 8-bed medical/surgical ICU after 
cardiac arrest, tertiary care hospital, 1997-2000. Match-
control group: for each survivor of cardiac arrest 2 
controls, age range (+/-5 years), Apache II (+/-3 Apache 

6 months 
after ICU 
discharge 

ICU mortality 52%, hospital mortality 63%. Six-month survival for pts discharged from hospital 67%. 
Survivors presented a significantly higher GCS at discharge from hospital than pts who died within the 6-
month follow-up. 
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II units), randomly selected other ICU pts for comparison 
of QOL.  

Cystic Fibrosis 

Texereau et 
al. (2006)637 

Retrospective multicentre study of 60 ICU 
hospitalisations for 42 adult pts with cystic fibrosis, 2000-
2003 

1 year ICU mortality rate 14%. One-year after ICU discharge, 10 of the 28 survivors had been lung transplanted. 
Among recognised markers of cystic fibrosis disease severity, only the annual FEV1 loss associated with 
poor outcome. SAPSII and endotracheal intubation identified as strong independent predictors of mortality. 

Ellaffi et al. 
(2005) 638 

Retrospective study of adult pts with cystic fibrosis 1997- 
2001 treated in the Pulmonary Department (n = 46) or in 
the ICU (n = 23) 

1 year One-year survival was 52% (12 of 23) and 91% (42 of 46) in the ICU and the Pulmonary Department 
groups, respectively 

Vedam et al. 
(2004) 639 

A retrospective audit was conducted of 20 pts with cystic 
fibrosis admitted to ICU, 1988-2003. 

1-year  45% survived to hospital discharge and were alive after 1 year. Five survivors underwent successful lung 
transplantation. BMI < 18 and FEV1 < 24% were associated with a significantly higher relative risk of death. 

Neoplastic disease, haemopoietic stem cell transplants 

Scales et al. 
(2008) 640 

Population-based cohort analysis of 504 adult bone 
marrow transplant recipients who received subsequent 
ICU care, 1992-2002 

1 year One-year survival 33%. Pts receiving any major procedure in ICU lower 1-year survival. Lowest survival: 
those receiving mechanical ventilation, pulmonary artery catheterization or haemodialysis (94%). In 
combination, the strongest independent predictors of death at 1 year were mechanical and haemodialysis 

Kew et al. 
(2006) 641 

38 pts who received stem cell transplantation and 
required admission to ICU, 1992-2001. 

1 year Survival at 12 months was 21.6%. The only statistically significant variable associated with decreased 12-
month survival was vasopressor use. 

Pene et al. 
(2006) 605 

Retrospective multicentre study of 209 allergenic 
haemopoietic stem cell transplant recipients admitted to 
the ICU, 1997-2003.  

1 year In-ICU, in-hospital, 6-month, and 1-year survival 48.3%, 32.5%, 27.2%, and 21%, respectively. Mechanical 
ventilation, elevated bilirubin level, and corticosteroid treatment for the indication of active graft-vs. host 
disease independent predictors of mortality. In the subgroup of pts requiring MV, associated organ failures, 
such as shock and liver dysfunction, independent predictors of death. 

Study Population Follow-up Outcome 

Neoplastic disease, haemopoietic stem cell transplants continued 

Rabbat et al. 
(2005) 642 

Retrospective study of 83 pts with acute myeloid 
leukaemia (AML) admitted ICU over 9 years 

1 year In-ICU mortality was 34%. Among pts discharged alive from ICU, 49% died within a year after discharge. 
Factors significantly associated with in-ICU death in multivariate analysis were SAPS II and need for 
invasive MV. Age, performance status, AML3 subtype and complete remission were significantly associated 
with 1-year survival. 

Silfvast et al. 
(2003) 643 

30/31 pts with haematological malignancy admitted to 
ICU in a tertiary teaching hospital, 1994-1998 

1 year ICU, 3-month and 1-year survival 57%, 23% and 20%, respectively. If maximal SOFA score during the ICU 
stay included in multivariate model with treatment status and effect, admission day SOFA and APACHE II 
scores, MV, RRT and neutropenia, maximal SOFA score only independent variable. All pts with admission 
SOFA score>11 died in hospital. Leave-one-out method:  admission SOFA scores and status of 
haematological disease (untreated or not) classified 83% (25 of 30) of pts to survivors or non-survivors. 
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Kroschinsky et 
al. (2002) 603 

Retrospective cohort study, 104 pts conventional 
chemotherapy or autologous haematopoietic stem cell 
transplantation admitted to a medical ICU, 1995-2000 

1 year 
after ICU 
admission 

ICU mortality 44%, significantly higher mortality in ventilated pts (74% vs. 12% in nonventilated pts). Six-
month survival 33%, 1-year 29%, respectively. Mechanical ventilation and SAPS II independent prognostic 
factors of both ICU mortality and long-term survival, while C-reactive protein predicted only ICU mortality. 

Sculier et al. 
(2000) 644 

Prospective cohort study conducted in a medical ICU of 
a European cancer hospital. Pts admitted with cancer to 
ICU for an acute medical complication 

1 year ICU, hospital, 1-year mortality 23%, 33%, 77%. Median survival time 94 days. Scoring systems significant 
for hospital and ICU mortality. Characteristics related to the cancer (extent, phase) predict survival after 
discharge. 

Staudinger et 
al. (2000) 645 

Retrospective cohort study, 414 cancer pts admitted to 
ICU at a university cancer referral centre over 66 months 

1 year ICU survival 53%, 1-year survival 23%. Multivariate analysis: respiratory insufficiency, MV, septic shock in 
ICU. Admission after CPR high ICU mortality but relatively good long-term prognosis. Age, neutropenia, 
underlying disease did not influence outcome. Admission APACHE III significantly higher in nonsurvivors, 
not independent predictor.  

Brunet et al. 
(1990) 646 

260 adults with haematological malignancies, medical 
ICU 

1 year ICU mortality 43%, hospital mortality 57%. Among survivors, 1-year survival 44%. No individual predictor of 
mortality, but SAPS, intractable sepsis and failure of more than one organ system were significantly different 
in non-survivors 

Benoit et al. 
(2006) 553 

Retrospective analysis, prospectively collected data 
among 37 critically ill pts with haematological 
malignancies who received intravenous chemotherapy in 
the ICU, 1997-2005 

6 months ICU, hospital, and 6-month mortality in nonventilated vs. ventilated pts: 7% and 48%, 14% and 61%, and 
54% and 74%, respectively. MV associated with in-hospital mortality. 

Benoit et al. 
(2005) 

Retrospective review of pts who received RRT for acute 
renal failure at the medical ICU of a University Hospital, 
1997-2002. Compared d 22.5%  pts with haematological 
malignancies received RRT for acute renal failure with 
5.8% pts without haematological malignancies 

6 months Among pts who received RRT, those with haematological malignancies had higher crude ICU (80% vs. 
56%) and in-hospital (84% vs 66%) mortality, and a higher mortality at 6 months (86% versus 72%) by 
Kaplan-Meier estimates compared with those without haematological malignancies. After adjustment for the 
severity of illness and duration of hospitalisation before ICU admission, haematological malignancy by itself 
was no longer associated with a higher risk of death. 

Study Population Follow-up Outcome 

Neoplastic disease, haemopoietic stem cell transplants 

Soares 
(2006) 647 

Prospective cohort study among 862 pts with cancer, 
excluding bone marrow transplant pts in a 10-bed 
Brazilian oncological medical-surgical ICU, 2000-2004 

6 months ICU, hospital, and 6-month mortality rates were 34%, 47%, and 58%, respectively. Age, cancer before ICU 
admission, poor performance status, cancer status, neutropenia, need of MV, severe comorbidity and 
number of acute organ failures 

Soubani et al. 
(2004) 648 

Retrospective chart review of 85 pts admitted to the 
medical ICU in a tertiary care, university-affiliated 
medical centre with haematopoietic stem cell 
transplantation, 1998-2001 

6 months MICU survival 61%, 41% discharged alive from hospital. Long-term survival 28%. Independent predictors of 
poor outcome during MICU stay: elevated serum lactate level on admission to the MICU, need for MV, and > 
2 organ failures 

Faber-
Langendoen 

Retrospective study of 191 adults receiving bone marrow 
transplant and MV. 

6 months 84% died on the ventilator or within hours of extubation; 10% survived 1 week after extubation and 3% 
survived 6 months. Factors associated with survival: age and the timing of intubation Survival was not 
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et al. (1993) 
649 

predicted by type of graft, use of total body irradiation or reason for intubation. 

Scott et al. 
(2002) 650 

Retrospective audit of 50 haematopoietic stem cell 
transplant recipients requiring mechanical ventilation, 
1988-1998 

6 months ICU survival 28%, hospital survival 18% and six-month survival 12% post-ventilation. Survival at ICU 
discharge significantly associated with APACHE II score>23, presence of hepatic or renal insufficiency, 
need for vasopressors or dialysis. At 6months, need for vasopressors no longer significant. Ventilated pts 
with matched sibling donor had poorer early survival than those less well matched 

Prolonged ventilation and extended weaning centre 

Cox et al. 
(2007) 651 

267/817 pts ventilated for >= 96 hours and received a 
tracheostomy compared to 114 pts ventilated for >= 21 
days 

1 year 
after 
intubation 

Pts ventilated >= 21 days higher 1-year mortality (58% vs. 48%) than pts with tracheostomies ventilated for 
>= 96 hours. Majority of deaths (58%) occurred after hospital discharge. 67% of pts aged >= 65 and 
prolonged ventilation died by 1 year. Adjusting for preadmission IADLs, Charlson score, day-1APS, 
admitting service, age, education status, pts status risk ranged from 1.95 (1.05 to 3.63) to 2.14 (1.14 to 3.99) 
60 - 100 days after intubation, then no significant differences. 

Rimachi et al. 
(2007) 399 

189 pts with stays in 31-bed general ICU > 10 days 1 year Mortality increased with length of stay from 1 to 10 days (1 day 5%, 5 days 15%, 9 days 24%, 10 days 33%) 
but remained stable at about 35% for longer ICU stays. Long-stay pts: 65% ICU survival, 55% hospital 
survival and 37% 1-year survival. 

Lipsett et al. 
(2000) 308 

127 pts admitted to a surgical ICU, 1996-1997 with 
prolonged stay of >=7 days 

1 year One-year survival rate 45%. APACHE II score independent and significant risk factor for lower survival after 
adjustment for age, sex, SICU LOS, hospital LOS, APACHE II score, and diagnosis group. 

Becker et al. 
(1984) 14 

50 pts with prolonged stay > 2 weeks in SICU. 1 year ICU mortality 46%, one-year mortality 74%. Complications, age, diagnosis affected survival. Patients with 
cancer have poor 1-year survival. 

Carson et al. 
(1999) 652 

133 pts receiving MV and discharged to long-term acute 
facility 

1 year 50% died before discharge, follow-up mortality 77%. Age, lack of independence before acute illness, 
diabetes, renal failure significant predictors of 1-year mortality. 

Study Population Follow-up Outcome 

Prolonged ventilation and extended weaning centre continued 

Scheinhorn et 
al.(1997) 653 

1,123 ventilator-dependent pts transferred to a US 
regional weaning centre for attempted weaning, 1988-
1996. 

1 year One-year survival 38% (29% in 1988-1991 improving to 45% 1992-1996). Survival in weaned pts discharged 
to home improved from 45% to 59% during the respective time periods 

Renal Failure/Renal Insufficiency 

Bagshaw et 
al. (2006) 654 

Population-based study of 240 pts admitted to 
multidisciplinary and cardiovascular surgical ICUs with 
severe acute renal failure, 1999 – 2002 

1 year Annual mortality rate 7.3 per 100,000 population. 28-day, 90-day, and 1-year case-fatality rates 51%, 60%, 
and 64%, respectively. Highest rate in males and those aged >=65 years. Factors independently associated 
with 1-year mortality: Increased Charlson comorbidity index, presence of liver disease, higher APACHE II 
score, septic shock, and need for continuous RRT. 

Ahlstrom et Pts receiving RRT for acute renal failure in a Finnish 1 year One-year mortality was 57% for ICU pts and 47% for ward pts. Using forward stepwise logistic regression 
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al. (2005) 439 hospital, 1998-2002. 553 pts admitted to ICU and 150 to 
the general hospital ward, 1998-2002 

including APACHE II and SOFA scores, age, sex, mode of RRT, treatment unit, and treatment year as 
covariates, SOFA score, age, and continuous RRT were independent predictors of 1-year mortality. 

Lok et al. 
(2004) 655 

Prospective study, 26,506 pts after cardiac surgery, 9 
Canadian revascularization hospitals, 1996-1999. 1857 
pts (7.1%) mild renal insufficiency, 220 (0.8%) moderate-
severe renal insufficiency. 239 dialysis pts excluded 

1 year In-hospital, 30-day, and 1-year mortality were 1.90%, 2.0%, and 4.5%, respectively. Pts with renal 
insufficiency had greater overall comorbidity. Renal insufficiency was independently associated with greater 
risk of 30-day and 1-year mortality. Age, comorbidity, urgency for surgery, left ventricular function and 
previous CABG surgery associated for 1-year survival. 

Chertow et al. 
(1998) 656 

256 pts with acute renal failure enrolled in the placebo 
arm of a randomised controlled trial. 

60 days Mortality 36%. Predictors of mortality: male sex, oliguria, MV, acute myocardial infarction, stroke or seizure, 
chronic immunosuppression, hyperbilirubinaemia, metabolic acidosis.  

Bell et al. 
(2005) 657 

207 pts treated with CRRT (excluding 16 treated for non-
renal indications) among 8,152 admissions to the ICU of 
a Swedish university hospital, 1995-2001.  

6 months ICU mortality 34.8%, in-hospital mortality 50.2%. Mortality varied depending on RIFLE category. Pts with 
pre-existing renal disease surpassed that of the RIFLE-F group at 6 months of follow-up. 

Jones et al. 
(1998) 658 

Retrospective review, 408 pts admitted with ARF and 
treated with continuous RRT, multidisciplinary ICU of 
large teaching hospital. All pts received MV, 75% 
required inotropes. 

6 months ICU, in-hospital, 6-month survival 48%, 38%, and 36%, respectively. Independent and significant 
determinants of survival: age, admission APACHE II score, requirement for inotropes other than dopamine, 
presence of liver disease but not whether a surgical procedure had been performed 

Sepsis 

Hynninen et 
al. (2008) 
2008 659 

163 pts with secondary peritonitis, 58 pts treated in ICU, 
2001-2003. Excluded those with postoperative or 
traumatic peritonitis 

1 year Hospital mortality was 19% all pts and 40% ICU sub-group. One-year mortality 23% all pts. APACHE II, 
previous functional status, and sepsis category were predictive of death in all pts. For pts treated in the ICU, 
older age and admission SOFA score were independent predictors of death. The SOFA score showed the 
best discriminative ability for poor outcome 

 

Study Population Follow-up Outcome 

Sepsis continued 

Laupland et 
al. (2005) 59 

4,845 pts aged >=18 years with sepsis, 251 (5%) pts had 
blood stream infection-associated sepsis at presentation 
to ICU, and 159 also had septic shock 

1-year 
(median 
683 days) 

Survival: ICU 87%, hospital 81%, 28-day 82%, 90-day 79%, and 1-year 76%. Surgical diagnosis, blood 
stream infection -associated sepsis, and increasing age independently associated with 28-day to 1-year 
mortality. Higher APACHE II and TISS scores associated with reduced odds in logistic regression analysis. 

Sasse et al. 
(1995) 570 

Prospective, cohort study, general ICU, multi-disciplinary 
community hospital. 153 with clinical evidence of the 
systemic inflammatory response syndrome and positive 
blood cultures for a bacterium or fungus, 1987-1991. 

1 year 
after 
hospital 
discharge 

Hospital mortality 51% and survival at 1 month, 6 months, and 1 year after admission 60%, 35%, and 28%, 
respectively. 1-year survival for hospital survivors 57%. 33 pts survived beyond the period of observation. 
Admission APS predicted outcome within the first month Beyond this period, prognostic utility decreased 
significantly 

Stroke 

Handusch et 90 pts admitted to neuro-critical care units at 2 German 1 year Mortality after 10 days was 32.2%, after 3 months 58.9% and after 1 year 67.8%.SAPS I SAPS II and GCS 
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al. (2005)  660 University hospitals for cerebral ischaemia or 
intracerebral haemorrhage and intubated 

were independent predictors of outcomes. 

Rabinstein & 
Wijdicks 
(2004) 661 

97 pts surviving prolonged MV and tracheostomy after 
stroke 

1 year Hospital survival 87%, 6-12 month survival 70%. Loss to follow-up 26%. Age and previous history of brain 
damage associated with outcome, but not history of arterial hypertension 

Navarrete-
Navarro et al. 
(2003) 662 

Multi-centre, prospective study in 28 Spanish hospitals of 
132 pts admitted for acute stroke, 1999 (6 months). 

1 year Hospital and 1-year mortality 33% and 53.8%, respectively. Age, APACHE III, and diagnosis defined 
hospital mortality. Glasgow Coma Score defined 1-year mortality. 

Szczudlik et 
al. (2003) 663 

60 pts admitted within 24 hours after onset of first 
ischaemic stroke. 

1 year Mortality significantly higher in pts with Day 2 micro-albuminuria and hyperthermia. Albuminuria, Day 1 
hyperthermia and neurological deficit on admission independently predicted 1-year mortality 

Steiner et al. 
(1997) 664 

124 consecutive stroke pts who required MV in 
neurological ICU over a 2-year period 

1 year 
after 
admission 

1-year survival 33.1%. 52% died in ICU. Age > 65 years, atrial fibrillation, bilateral absence of pupillary light 
reflex, bilateral absence of corneal reflex, bilateral Babinski's sign, infratentorial stroke, and GCS score < 10 
significant in univariate analysis. Independent predictors of death at 2 months were age > 65 years, GCS 
score < 10, and intubation for coma or acute respiratory failure  

Santoli et al. 
(2001) 665 

Prospective study, pts with acute ischaemic stroke 
requiring MV early in medical ICU with cerebrovascular 
emergency unit in a university-affiliated hospital 

1 year Mortality was 72.4% at 1 year. Presence of stupor or coma, bilateral absence of corneal reflex before 
intubation and presence of ischemic cardiopathy were independent predictors of mortality. 

Foerch et al. 
(2004) 226 

65 pts aged>= 65 years (mean age 76 years with 
ischaemic or haemorrhagic stroke who underwent MV. 

6 months Six-month survival 40%. Elective intubation independent positive predictor for survival, age >78 years and 
white blood count >10/nl at admission) independent negative predictors for survival at 6 months. 

 

 

Study Population Follow-up Outcome 

Stroke continued 

Fanshawe et 
al. (2002) 666 

61 pts admitted to ICU with haemorrhagic or ischaemic 
stroke, 1994-1999. ICH excluded 

3 months ICU, hospital and 3-month mortality 36%, 47% and 52% respectively. No significant differences in 
prevalence of premorbid risk factors between survivors and non-survivors. Haemorrhagic stroke, fixed 
dilated pupil(s) and GCS <10 during assessment associated with increased hospital mortality. 

Berrouschot 
et al. 
(2000)667 

Prospective case series, neurocritical care unit in 
University hospital. 52 pts aged 18-85 years, acute 
hemispheric ischaemic infarction  

3 months 3 month-survival 19%. Most common cause of death fatal midbrain herniation caused by complete middle 
cerebral artery infarction. Complete MCA infarction was the only independent predictor of death in multiple 
logistic regression analysis.  

Other Studies - Respiratory Disease   

Dupont et al. 48 pts admitted to ICU with bronchiectasis 1 year Nine pts (19%) died in ICU. 1-year mortality 40%. Age > 65 years, SAPS II score > 32, use of long-term 
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(2004) 668 oxygen therapy, and intubation associated with reduced survival in univariate analysis by Cox regression. 
Age > 65 years and use of long-term oxygen therapy independently associated with reduced survival. 

Fernandez-
Perez et al. 
(2008) 669 

Retrospective study of 94 pts with interstitial lung disease 
admitted to one of 5 ICUs in single hospital in the United 
States, 2002-2006 

1 year Hospital survival 47%, 1-year survival 41%. Risk factors for hospital mortality: lower Pao2/FiO2, higher 
PEEP during the first 24 hours MV, older age, higher APACHE III on the day of ICU admission (by logistic 
regression). Independent determinants of 1-year survival (Cox model): high : lower Pao2/FiO2 and older age 

Groenewegen 
et al. 
(2003)670 

Prospective study of 17 pts admitted to ICU with an acute 
exacerbation COPD, 1999.  

1 year Mortality during hospital stay 6%, 1-year mortality rate was 35%. The maintenance use of oral 
glucocorticosteroids, PaCO2, and age were independently related to mortality 

Seneff et al. 
(1995) 671 

Prospective multicentre study of 362 admissions for 
COPD exacerbation in 42 ICUs at 40 US hospitals 
APACHE III database of 17,440 ICU admissions. 

1 year Hospital mortality 24%. For 167 pts aged>= 65 years, hospital mortality was 30%, 41% at 90 days, 47% at 
180 days, 59% at 1 year. Hospital and longer-term mortality associated with nonrespiratory organ 
dysfunction. Severity of underlying respiratory function influences mortality after hospital discharge. Need for 
MV at ICU admission did not influence short- or long-term outcomes 

Angus et al. 
(2002) 672 

170 pts with community acquired pneumonia admitted to 
ICU compared to 1,169 who did not receive ICU care in 
the Pneumonia Patient Outcomes Research Team 
(PORT) study. 

90 days ICU pts’ hospital mortality 18% (vs 5% non-ICU pts). Mortality between discharge and 90 days was 7% vs. 
8% for ICU vs. non-ICU pts, respectively. ICU pts sicker and had more comorbidities.  

Other Studies 

Kahn et al. 
(2007) 

38 pts with small-vessel vasculitis admitted consecutively 
to the ICU, 1997-2004. 

1 year 28-day and 1-year survival 89% and 71%, respectively. Significant differences in Day 1 APS, APACHE III 
score, predicted mortality rate, and SOFA score, but not BVAS score between survivors and nonsurvivors. 
The median BVAS score of the 1-year survivors was 4.0 compared to 8.0 for the nonsurvivors but the 
difference was not statistically significant 

 

Study Population Follow-up Outcome 

Other Studies continued 

Kaukenin et 
al. (1982) 561 

286 pts with abdominal surgery, in Finnish ICU at least 
24 hours 1976 to 1979 with a TISS of 3 or 4 

1 year ICU mortality rate 25.6%, follow-up mortality 46.6%. Most pts who died in the first year died within the first 
month post ICU. Only 30% of pts with malignancies lived for longer than 1 year 

Fletcher et al. 
(2000) 673 

114 pts with Guillian Barre syndrome (60 mechanically 
ventilated, 54 not ventilated). 

1 year Mortality was 20% among pts ventilated for Guillian Barre syndrome and accounted for more than half of 
those with a poor outcome 

Bedos et al. 
(1995) 674 

Case series of 84 consecutive pts with HIV admitted to 
an infectious disease ICU in a university hospital for 
neurological failure 

3 months 
after ICU 
admission  

3-month survival 32%. Predictors of death within 3 months: GCS < 7, signs of brain stem involvement, need 
for MV in the 48 hours after admission. Cox model: GCS <7, clinical signs of brain stem involvement 
predictive of death within 3 months. 
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KEY: 

AIDS=Acquired Immunodeficiency Syndrome ALI=Acute lung injury    APACHE=Acute and Chronic Health Evaluation APS=Acute Physiology Score   

ARDS=acute respiratory distress syndrome   BMI=Body Mass Index   CCU=coronary care unit    COPD=Chronic Obstructive Pulmonary Disease 

CPR=Cardiopulmonary resuscitation  FEV1=Forced Expiratory Volume (1 second) GCS=Glasgow Coma Scale   HIV=human immunodeficiency virus   

ICH=intracranial haemorrhage   ISS=Injury Severity Score   LOD=Logistic organ Dysfunction   MCA=middle cerebral artery    

MV=Mechanical Ventilation   pts=patients    QOL=Quality of Life    RRT=Renal replacement therapy   

SAPS=Simplified Acute Physiology Score   TBI=Traumatic brain Injury   TISS=Therapeutic Intervention Severity Score vs.=versus 
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2.15. Differences in factors associated with short, intermediate and 

long-term survival 

 

Factors responsible for short-term and/or intermediate survival may differ from those 

associated with long-term survival, as shown in Table 2.2 and 2.3. The most valid 

method to examine these differences is to compare the effect of factors on short and 

long-term survival within the same study. 

 

Four studies 71, 124, 219, 231 conducted in general ICUs examined independent factors 

associated with short-term and long-term survival: two were conducted among general 

ICU patients; 71, 124 one among patients who developed ventilator acquired pneumonia; 
219 and one for patients admitted after trauma. 231 These studies found that there were 

fewer factors predictive of long-term survival compared to short-term survival, as 

shown in Table 2.3. 

 

The highest independent risk factors for ICU mortality among 1,308 patients admitted 

to a general ICU were age (four- to six-fold increase in the risk of death among older 

patients compared to patients aged less than 40 years), diagnosis (cardiovascular 

conditions had a three-fold increase in the risk of death compared to respiratory 

conditions), sepsis, acute respiratory distress syndrome and acute renal failure each had 

a three-fold increase in the risk of death and type of admission (medical patients had 

twice the risk of death). 71 In addition to these factors, cancer was associated with 

hospital mortality. In a subset of 708 patients in whom LOS in ICU was greater than 48 

hours, adjustment was made for respiratory, hepatic and renal organ failure, using pre-

defined criteria. 107 Patients with chronic renal function did not have their renal function 

evaluated and patients receiving anticoagulants other than heparin were not evaluated. 

The strongest predictors of ICU mortality in this sub-group were age, sex, sepsis and 

organ failure. Sex and diagnosis were less important but also significant. Independent 

factors associated with long-term survival for hospital survivors, with and without 

cancer, were increasing age and type of admission (medical patients had twice the risk 

of lower survival). 71 In a small study of 337 patients admitted to a general ICU (no 

cardiac surgery), APS was an independent predictor of hospital mortality. For patients 

discharged from hospital (n = 299), age was the only independent predictor of long-term 

survival, up to 20 months. 124 Neither of these two studies performed adequate 

adjustment for potential confounders. In the larger study, Dragsted 71 had limited 
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comorbidity (cancer and COPD) and severity of illness was examined by failure in three 

organ systems in a sub-group of patients for short-term survival only. 

 

Among 448 patients who developed ventilator acquired pneumonia and who had 

complete data available, independent predictors of hospital mortality were diagnosis on 

admission, requirement for vasopressors, tracheostomy, fever, concomitant bloodstream 

infection with same pathogen isolated from blood and respiratory secretions, and renal 

failure or the need for dialysis. 219 Factors independently associated with long-term 

survival among 247 patients who survived to hospital discharge were diagnosis on 

admission, renal failure at the time of discharge, age 70 years and older, and elevated 

bilirubin levels. 

 

Ulvick and colleagues 230, 231 examined outcomes for 322 patients admitted to ICU after 

trauma. Independent predictors of 30-day mortality were severe head injury, SAPS II 

and age greater 50 years, but not sex, maximum SOFA score or ISS. Predictors of long-

term survival for ICU survivors were presence of multiple organ failure compared to 

those with no organ failure. Using SOFA and ISS rather than organ failure (none, single 

or multiple), admission and maximum SOFA score were significantly related to long-

term survival. 

 

Short- and longer-term term outcomes differed among 11,815 patients undergoing 

coronary artery bypass grafting. 675 The majority of determinants of short-term survival 

were cardiac-related factors while the majority of determinants of five-year survival 

were non-cardiac-related factors. 468, 481 Similar to ‘general’ studies, factors important 

for small subgroups of patients undergoing cardiac surgery may be different to those for 

less specific groups. 

 

The effect of explanatory factors on long-term survival may change over time, that is, 

the proportional hazards assumption is violated. Investigators often do not report test 

results of the proportional hazards assumption of Cox models. In a study of 817 adult 

patients who received mechanical ventilation for 48 hours or longer in medical, 

neurological, trauma, and general surgical ICUs and followed-up for one year 87 the 

relative effects of factors that were independently associated with survival, age, 

comorbidity, APS and baseline functional status, changed over the one-year follow-up. 

The relative risk for age was not significant for the first six days then increased 
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progressively to one year, comorbidity (Charlson Comorbidity Index) became 

significant from day four, but the effect did not increase from day 21 and the relative 

risk for severity of illness (APS) was highest in the first day and decreased over time. 

Patients who had at least one baseline ‘instrumental activities of daily living’ deficit had 

a 50% increase in the risk of death compared with those with no deficit after day four. 87 

This trend did not change over time. Diagnostic group, medical (respiratory, 

neurological, cardiovascular, other), surgical and trauma, was not examined in these 

models and this study included in-hospital deaths in the analysis. Therefore the true 

effects of critical illness on intermediate survival after the initial acute phase may be 

misrepresented. 

 

In summary, there are very few studies that compare short-term and long-term survival. 

In these studies there were differences found in the factors associated with short-term 

and long-term survival. Factors that had an association with both short and long-term 

survival, differed in the strength of the association. There is not enough evidence to 

make the assumption that short-term survival can be used as a surrogate for longer term 

survival. Furthermore, considering patients are often not followed for sufficient 

duration, survival not assessed at successive time-points and there is inadequate 

adjustment for potential confounders, it is unknown if the effects of factors on survival 

after critical illness change over time. 

 

2.16. Temporal changes in survival after critical illness 

 

2.16.1 Changes in patient characteristics and utilisation of ICUs over time 

 

Changes have occurred in the types of patients admitted to ICUs, the treatments 

received and the outcomes of critical illness. 29, 31, 32, 34, 337, 615, 676-687 Several studies have 

examined changes in patient characteristics and short-term outcomes over time. 

However, there is only one study of long-term outcomes that has examined changes 

over time and this study, conducted in a German surgical ICU, restricted their 

recruitment to patients whose LOS in ICU was greater than 28 days. 198 

 

Studies 29, 31, 32, 34, 615, 676, 677 reveal there has been an increase in the numbers of patients 

treated in ICUs over time, as shown in Figure 2.6. For example, the number of patients 

increased from 446 patients in 1989 to 1,109 in 1996 among 6,571 patients admitted to 
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an ICU in the United States. 34 The findings are inconsistent. In a large multicentre 

study in the United States of 42 ICUs at 40 hospitals during 1988 to 1990 and 285 ICUs 

at 161 hospitals during 1993 to 1996, the average number of admissions studied at each 

ICU was 415 (range 299 to 449) during 1988 to 1990 and 152 (range 51 to 597) during 

1993 to 1996.688 Selection criteria were the same for each period in the study. However, 

the majority (71%) of the ICUs selected for the study between 1988 and 1990 were 

mixed medical-surgical ICUs enrolled in a validation study of the APACHE III system 
317, 365 compared to the non-randomised recruitment of ICUs in the 1993 to 1996 study 

in which 67% of ICUs were specialty ICUs. The differences in casemix are a likely 

explanation of the change in hospital admissions. 

 

Figure 2.6 Temporal trends in number of admissions to ICUs in North American and 

European countries 
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Patients admitted to ICUs have become sicker over time with the severity of illness 

scores becoming higher over time. 615, 676 31 For example, the APACHE II score 

increased from 14 in 1996 to 18 in 2000 in the Finnish study 615 and SAPS II increased 

from 34.7 to 42.7 in the Norwegian study. 31 However Rosenberg and colleagues 688 

found a reduction in the APACHE III scores over time. Among 1,931 patients admitted 
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to a trauma ICU, who stayed in ICU longer than 24 hours and were admitted with acute 

traumatic injuries, there was no change in severity of illness between 2000 and 2004. 689 

 

The proportion of older patients in ICUs is increasing. 29, 31, 32, 676, 690, 691 For example, 

there were an increasing proportion of patients aged older than 70 years with a 

concomitant decrease in the number of patients aged less than 60 years in the Swiss 

study. 32 In two Canadian ICUs in separate hospitals; mean patient age increased from 

56 years in both hospitals in 1988 to 61 and 59 years in 1993 respectively 676 while in 

the UK, mean age increased from 55 years in 1992 to 61 years in 1996. 29 The increase 

in age is likely to result in more patients with limited physiological reserve and disease 

processes that are less able to be susceptible to curative treatment. 9, 31, 32, 133, 692, 693 

 

2.16.2 Changes in survival 

 

Changes in short-term mortality (ICU, hospital or 30-day mortality) over time have 

been examined in general ICUs and among specific subgroups, but no study has 

investigated changes in long-term survival in patients admitted to a general ICU. 

Among the studies of short-term mortality, results are conflicting. A large retrospective 

study, using linked administrative databases, examined mortality in 150,755 adults who 

received mechanical ventilation (no cardiac surgery) between 1992 and 2000. The 

Canadian study found 30-day patient mortality increased from 27% to 32% 

(p<0.001).337 After adjustment for year, age, sex, Charlson Comorbidity Index and 

diagnosis (most responsible diagnosis from the hospital separation data), there was a 3% 

increase in the risk of death each year after 1992. Meaningful interpretation of the 

results is difficult because this model did not adjust for severity of illness that is an 

important determinant of short-term mortality. 327, 357, 365 

 

In a large Australian study and three smaller studies, decreases in short-term mortality 

have been shown over time in general ICUs. Retrospective analysis of prospectively 

collected data in the Australian and New Zealand Intensive Care Society adult patient 

database found risk-adjusted mortality decreased between 1993 and 2003, from 0.19 

(95% CI 0.17, 0.21) to 0.15 (95% CI 0.13, 0.16). A similar result was reported for 

patients receiving mechanical ventilation, from 0.26 (95% CI 0.24, 0.29) to 0.23 (95% 

CI 0.21, 0.25). 430 In a Norwegian ten-bed ICU, while there was an increase in 

unadjusted ICU mortality from 14.6% in 1987 to 20.7% in 1997 and in-hospital 
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mortality from 25.1% to 29.6% for the corresponding period 31 but, after adjustment for 

severity of illness (SAPS II), the standardised mortality ratio (SMR) was 1.00 (95% CI 

0.75, 1.30) in 1987 and 0.85 (95% CI 0.69, 1.03) in 1997, indicating that short-term 

mortality had decreased over time. The individual contributions of age, diagnosis or 

comorbidity were not assessed. Short-term mortality from ICU of 35,327 admissions to 

a Swiss general ICU decreased from 9% in 1980 to 7% in 1995 32 but there was no 

adjustment made for potential confounders. In a prospective independent validation of 

APACHE III models in an Australian tertiary adult ICU found mortality, estimated from 

the SMR that was adjusted for hospital characteristics, among 5,681 admissions 

between 1995 and 1999 decreased. 680 The SMR decreased from 1.19 (95% CI 1.02, 

1.36) in 1995 to 0.85 (95% CI 0.80, 1.00) in 1999. The results of studies that adjusted 

for severity of illness, an important factor associated with short-term mortality, are 

likely to be more valid than studies that did not. They indicate that short-term mortality 

has improved over time. 

 

Temporal trends in diagnostic subgroups have been reported and these include patients 

with trauma, acute respiratory distress syndrome and sepsis. Results reported are mixed, 

and often no adjustment was made for potential confounders. Among 1,361 patients 

admitted to ICU after blunt multi-trauma between 1975 and 1999, overall short-term 

mortality decreased (28.7% in 1975-1980 to 13.9% in 1998-1999, p< 0.001) and also 

mortality due to organ failure (18.0% in 1975-1980 to 4.1% in 1998-1999, p<0.001), 

but mortality due to severe head injuries remained unchanged (8.2% in 1975-1980 to 

9.0% in 1998-1999, p=0.85). 690 

 

Among patients with acute respiratory distress syndrome short-term mortality over time 

was unchanged or decreased over time. A review of 101 studies (3,264 patients) 

conducted between 1967 and 1994 found no change in the mortality from acute 

respiratory distress syndrome. 694 However a prospective observational cohort study of 

41 patients enrolled between 1990 and 1993, and 78 patients enrolled from 1993 to 

1997 found a reduction in mortality between the groups (66% to 34%). 695 Sepsis on 

admission predicted death in the earlier group while age, APACHE score and 

PaO2/FiO2 predicted survival in the later group. A review of 72 studies of patients with 

acute lung injury or acute respiratory distress syndrome (studies with less than 30 

patients or limited to specific subgroups of patients such as sepsis, trauma, burns, or 

transfusion-related acute respiratory distress syndrome were excluded), mortality 
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decreased between 1994 and 2006. 678 The investigators acknowledged that the 

heterogeneity of the patient cohorts, assessment of mortality at different time periods 

(ICU or hospital discharge, 28 or 30-day mortality) and no adjustment for severity of 

illness make valid interpretation of the results difficult. Among 70 patients with acute 

respiratory distress syndrome of pulmonary origin (33 patients admitted between 1978 

and 1981 and 37 patients admitted between 1993 and 1996), mortality declined over 

time. 681 Changes in ventilation strategies are likely to be a major contributor to the 

improvements in mortality. 681, 695, 696 In a comparison of outcomes among 292 patients 

with acute lung injury/acute respiratory distress syndrome, patients (n=200) managed by 

the ARDS Network low tidal volume protocol between the years 2000 and 2003 had 

lower hospital mortality than the historical control group of 92 patients managed by 

routine practice from 1998 to 1999. 679 

 

In a trauma ICU, after adjustment for age and injury severity, there was no significant 

difference in short-term mortality among 1,931 trauma admissions to ICU, 274 of 

whom had acute respiratory distress syndrome, with or without acute respiratory 

distress syndrome (p=0.57). 689 Similarly, among a cohort of patients with trauma who 

developed acute respiratory distress syndrome, although crude mortality increased over 

time, after adjustment for severity of illness there was no difference in short-term 

mortality from 1990 to 2003. 697 Four studies found a decrease in mortality. 682-685 

Among 918 patients admitted to a single hospital between 1983 and 1990 and who had 

acute respiratory distress syndrome in ICU, mortality decreased, even after adjustment 

for age, acute respiratory distress syndrome risk and sex. 682 A significant decrease in 

mortality from the period 1990 to 1994 to the period 1995 to 1998 was found among 

111 adult patients with acute respiratory distress syndrome admitted to a 

surgical/trauma ICU. 683 Decreases in mortality were more often found among trauma-

related acute respiratory distress syndrome. 683-685 Mortality among trauma patients with 

acute respiratory distress syndrome admitted during 1985 to 1987 (486 patients, 8.5% of 

admissions) and 1993 to 1995 (552 patients, 4.3% of admissions) decreased over time 

and was associated with less organ failure. 684 Among 462 patients, ICU mortality 

decreased over time and the increased survival was accounted for by patients who were 

admitted with trauma and other risk factors for their ARDS, and not sepsis. 685 

 

Considering sepsis, a review of publications on septic shock between 1958 and 1995 698 

examined 131 studies (99 prospective and 32 retrospective) that involved 10,694 
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patients. The study found that short-term survival improved with time. However, both 

the authors and an accompanying editorial identify numerous important limitations of 

this review, for example, heterogeneity of the papers (different groups of patients, entry 

criteria, and aims of the studies) and absence of a severity score for most of the 

studies.698, 699 A review of the periods 1998 to 2001 and 2002 to 2005 found short-term 

survival increased over time among 238 cancer patients who had septic shock and who 

were admitted to ICU. 700 While changes in the care and management may have 

contributed to this improvement, better selection of patients for admission to ICU may 

have also been important. In comparison, a retrospective study (1984-1988 period 

compared with 1994-1997) of 372 critically ill patients with sepsis and positive blood 

culture admitted to a surgical ICU found the mortality of bacteraemic sepsis was 

unchanged. 686 Similarly, among 125 patients with acute respiratory distress syndrome 

with sepsis admitted to a general ICU in 1982, 1990, 1994 and 1998, there was no 

change in mortality over time. 685, 701 

 

There are few population-based, prospective observational studies that enable accurate 

assessment of the risk factors for the development of sepsis, its course, and its outcome. 

Within these limitations, studies 702-704 reveal that the incidence of sepsis is increasing in 

hospitals although the inconsistency in definitions for sepsis make accurate estimates of 

incidence and mortality difficult. The number of patients, who are admitted to ICUs 

who have, or develop sepsis, is increasing. 686 Gram-positive organisms and fungal 

infections have become more common over time 686, 698, 703, 705 and the site of infection 

has changed. For example, chest infections are more common. 698 Choices and the uses 

of antibiotics are likely to improve outcomes but a disadvantage is that antibiotic 

resistance is increasing. However, for 79 patients admitted to ICU who became infected 

with antimicrobial resistant microorganisms there was no increase in the risk for death 

compared to those (n = 106) with non-resistant microorganisms. 706 The advancements 

in understanding the pathophysiology of sepsis, ICU technology and management that 

have occurred over time have not been matched with a concomitant decrease in 

mortality from sepsis. 

 

In the study that examined temporal trends of long-term survival among 390 surgical 

patients in a German ICU, there was no difference in survival between 1993-1999 and 

1999-2005. 198 Independent determinants for decreased two-year survival among ICU 

survivors were advanced age, surgery for thoracic disease and palliative surgery for 
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malignant disease. Survival was not adjusted for comorbidity except for the use of the 

APACHE II score that includes points for end stage disease in the Chronic Health 

Evaluation and for pre-existing malignancy. This small study restricted its examination 

to patients with stays in ICU that exceeded 28 days and therefore the results cannot be 

generalised to the general ICU population. 

 

For patients admitted to Australian and New Zealand ICUs with asthma between 1996 

and 2003, data from the Australian and New Zealand Intensive Care Society Adult 

Patient Database showed both the incidence and mortality declined over time. 707 

Patients admitted with asthma comprise only a small proportion of ICU admissions and 

the diagnosis may be confused with COPD or patients may present to ICU after cardiac 

arrest and not be categorised as asthma. 

 

In summary, there is a paucity of studies that have examined temporal trends in ICUs. 

Most studies of temporal trends are based on information that is more than ten years old 

and the outcomes described are short-term rather than longer term. Comparing 

outcomes over time is difficult because of advances in technology and changes in 

management in the ICU. For example, there have been profound changes in ventilation 

and fluid resuscitation practices over time. The contribution of these changes is often 

unknown. Furthermore, meaningful interpretation of temporal changes requires 

adjustment for confounding by age, comorbidity, casemix, and severity of illness. The 

majority of the studies did not control for these factors. The lack of adjustment for 

potential confounders may explain the differences in results over time and between 

studies. For example, the contribution of acute respiratory distress syndrome/acute lung 

injury to mortality was significant in earlier studies 708 compared to more recent studies 

in which it was not a significant factor after adjustment for age and severity of illness.709 

While the review conducted by Friedman and colleagues 698 provides useful insights 

into the changing epidemiology of sepsis, the failure to adjust for severity of illness 

limits the ability to compare the results from the studies included in the review. What is 

apparent from these studies is that ICUs are treating older and sicker patients and that 

short-term mortality has decreased over time. What is unknown is whether these trends 

are also seen in the longer term in the general ICU population. 
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2.17. Subsequent hospitalisation 

 

The number of hospital admissions after the index admission and the number of 

readmission days are proxies for morbidity and quality of life after critical illness. 320 

Studies report subsequent readmissions of between 12% and 41%. 124, 187, 481, 710-712 Part 

of the variation in rates is likely to be due to the different time points after the index 

admission used to estimate the subsequent hospitalisation rate, ranging from 30 days to 

45 months. 

 

2.17.1 Factors associated with subsequent hospitalisations 

 

Factors associated with hospital readmissions are age, comorbidity and previous 

hospital admissions. 320, 713 In a large Canadian study, 23,859 patients who survived 

hospital after admission to general/medical/surgical ICUs were compared to 40,052 

patients admitted to hospital but not to ICU and followed-up for up to 45 months after 

hospital discharge. 320 Survivors and non-survivors were studied separately. Survivors 

who had been admitted to ICU had slightly fewer hospital readmissions and 

readmission days (0.66 readmissions per year and 5.29 readmission days per year 

compared with 0.73 readmissions per year and 5.48 readmission days per year for 

hospital patients not admitted to ICU). 320 Using Poisson regression, and adjusting for 

age, sex, comorbidity, major diagnostic category and socio-economic factors, but not 

severity of illness, patients who survived to the end of follow-up after being admitted to 

ICU had 20% fewer readmissions (95% CI 0.77, 0.82) compared to patients not 

admitted to ICU. For non-survivors, the risk for hospital readmissions was 15% lower 

among patients who had been in ICU compared to patients who had not (95% CI 0.82, 

0.89). Survivors and non-survivors admitted to ICU had fewer readmission days (rate 

ratio for survivors 0.91; 95% CI 0.87, 0.95 and for non-survivors 0.87; 95% CI 0.81, 

0.92) compared to survivors and non-survivors who did not have an admission to 

hospital, respectively. 73 The risk associated with hospital readmissions for patients who 

had been admitted to ICU was accounted for in the analysis by including the variable 

‘ICU admission or not’. However, the ICU survivors differed to the non-ICU 

admissions: ICU patients were older and had more than twice the comorbidity 

compared to patients who were not admitted to ICU. Severity of illness, an important 

factor associated with outcomes was not controlled for in the analysis. Failure to adjust 

for this may limit the interpretation of the results. Older age was associated with the 
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need for continuing care, re-hospitalisations, total days hospitalised, surgical procedures 

and doctor visits among 140 hospital survivors admitted to ICU in 1982. 714 Among 90 

patients admitted to ICU 1982-1984, drug use and hospital admissions increased 

significantly in the two years after the index admission. 122 Neither of these two small 

studies compared the hospital utilisation of the study patients with a sample of patients 

not admitted to ICU or considered possible confounders such as comorbidity. Of 1,094 

patients having coronary artery bypass surgery, 24% were readmitted within 100 days 

of discharge. 711 The two most important factors among 14 factors independently 

associated with having a hospital admission were history of cancer and previous 

hospitalisations within the preceding two years. 

 

Patients receiving prolonged ventilation have an increased risk for subsequent 

hospitalisations. 207, 712 Factors associated with readmission within six months of 

discharge among 199 patients who received mechanical ventilation for more than four 

days in the United States were length of the index hospital stay; length of the index 

mechanical ventilation; and the need for oxygen at hospital discharge. 712 Older age was 

independently associated with a greater risk for these patients if the readmission 

occurred within the first 30 days of the index hospital discharge. 712 Independent risk 

factors for readmission during the 30-days after discharge for the patients who had off-

pump coronary artery bypass surgery in the fast track recovery program were age and 

hypertension. 710  

 

Subsequent hospitalisations are a function of the patient's disease burden. Many serious 

diseases require multiple hospitalisations over several years of management. What is 

not known is whether critical illness and/or the treatments received in ICU increase the 

risk of subsequent hospitalisations. 

 

2.17.2 Subsequent hospitalisations that include an ICU admission 

 

There are few studies that have examined outcomes of patients who have repeated 

admissions to ICU. A retrospective, population-based cohort study of 1,108,060 

patients, aged at least 68 years, and newly diagnosed with serious illnesses (that is, one 

of nine: malignancies, stroke, congestive heart failure, hip fracture, or myocardial 

infarction) in 1993 was conducted to describe patterns of critical care use. 715 Medicare 

inpatient hospital claims from diagnosis until death (65.1%) or fixed-right censoring 



 159 

(more than four years) were reviewed using the ‘Care after the Onset of Serious Illness’ 

(COSI) data set, a data set built on the basis of Medicare claims in the United States. 

Medicare data capture 96% of the population in the United States who are aged older 

than 65 years. 716 Of the cohort, 54.9% used critical care (that includes patients treated 

in coronary care units) at some time after diagnosis but 2.8% of the cohort (31,348 

patients) were repeated users of critical care, defined as having five or more 

hospitalisations in which critical care services were used between diagnosis and death or 

censoring after no more than five years. Overall, 13.6% of critical care hospitalisations 

ended in the death of the patient. Age, male sex, race, baseline Charlson Comorbidity 

Index, cardiac patients and patients suffering from leukaemia, lymphoma, colon cancer, 

and head and neck cancer, Medicaid status and ZIP code median income were 

independent factors associated for repeat users. The follow-up mortality was 54.4% for 

repeat users and 65.1% for other patients. This study found that critical care use is 

uneven, with a minority of patients who repeatedly use critical care accounting for 

disproportionate costs. 

 

2.18. Conclusion 

 

This review of the literature found a large number of studies that examined short-term 

outcomes of intensive care but a relative paucity of studies on long-term outcomes. 

Information about long-term outcomes is important to understand the benefit of ICUs in 

the treatment of patients who are critically ill. 

 

Valid analysis of outcome data is hampered by the research methods used: lack of 

standardised definitions, small sample sizes, loss to follow-up, failure to control for 

confounders, inadequate statistical methods and insufficient duration of follow-up. 

Whilst observational studies are crucial to understanding long-term outcomes from 

intensive care, there needs to be greater rigour to optimise the ability to gain answers to 

the questions being asked. 

 

From the studies that have been conducted, it is apparent that there is considerable 

variation in the long-term survival from critical illness. Casemix plays a major role in 

the observed differences although quality of care is also likely to be important. Factors 

associated with long-term survival are age, comorbidity, severity of illness and reason 

for admission to ICU and it is important to account for these when examining long-term 
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outcomes. The strength of association of these factors on long-term outcomes is difficult 

to assess because most studies have not controlled adequately for potential confounders, 

for example, comorbidity. In addition, many studies have included in-hospital deaths 

when considering long-term outcomes. Examining outcomes among patients who 

survived to hospital discharge is important to separate the factors that are associated 

with death from the direct consequences of critical illness with those associated with 

subsequent survival. Furthermore, it is uncertain whether differences exist between 

factors associated with short-term outcomes compared to long-term outcomes because 

there are few studies that have examined both short and long-term outcomes in the same 

cohort of patients. It is important to make these comparisons to inform clinical and 

policy decision-making and suggest optimal care. 

 

Another important measure of outcome is to compare the survival of patients who were 

admitted to intensive care with an age, sex and era-matched general population over 

time. This enables excess mortality among patients treated in ICUs to be ascertained. 

Studies that have made these comparisons often had short duration of follow-up and 

included in-hospital deaths and therefore it is not surprising that these studies failed to 

show differences in the survival after the initial period of higher mortality found among 

patients admitted to ICU. The two studies that followed patients for four years or longer 

and excluded in-hospital deaths demonstrated an increased risk of death among 

survivors of critical illness.  

 

There are few studies that have examined whether survival has changed over time. The 

studies that have been conducted have not taken into account the changing patient 

characteristics that may influence survival. Patients admitted to ICUs are older and 

sicker, with concomitant chronic disease. At the same time, there have been constant 

improvements made in clinical practice, therapeutics and technology. How these 

changes interact to influence survival can be assessed by examining temporal trends but 

there have been no studies conducted that assess changes over time in long-term 

survival. 

 

It is also important to understand outcomes other than survival. It has become evident 

from research that patients can experience considerable morbidity and lower health 

status as a consequence of their critical illness. Examination of subsequent 

hospitalisations provides a surrogate measure to understand this burden of illness but 
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there is lack of information for the burden of subsequent hospitalisation (as a surrogate 

for burden of disease and quality of life) on patients who survive admission to ICU. 

 

This review has shown that there are many reports that describe the risk factors for 

death in the short-term among patients admitted to ICU but there is a paucity of studies 

that have examined the factors associated with long-term outcomes. Clearly there are 

difficulties in measuring long-term outcomes. However, without this knowledge it is 

impossible to determine if patients who survive to hospital discharge after an admission 

to ICU have reasonable long-term outcomes. It is incorrect to assume that short-term 

outcomes can be used as proxies for longer-term outcomes. Studies are needed to find 

out what are the long-term outcomes for patients who have an admission to ICU, are 

they the best possible results, and to inform clinical practice improvements. 

Furthermore, studies on long-term outcomes should explicitly consider methodological 

issues, for example, adequate sample size, duration of follow-up and control for 

confounding, to enable valid interpretation of the results. 
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Chapter3  Methods 

 

3.1. Introduction 

 

The purpose of this chapter is to describe the methods used to examine short, 

intermediate and long-term outcomes for patients admitted to the intensive care unit 

(ICU). The chapter begins with a description of the research design, setting, and 

patients. An outline of the datasets and study methods are provided. This is followed 

by a description of the outcome measures examined and the strategy used for 

selection and inclusion of explanatory factors and potential confounders in the 

statistical models. An overview of the statistical methods used and the rationale for a 

particular evaluation strategy concludes this Chapter. 

 

3.2. Study Design 

 

The demographic and clinical data from a prospectively assembled cohort of all 

patients admitted to one Perth teaching hospital’s ICU over a 17 year time period was 

linked to state-level hospital morbidity and death data to form the Royal Perth 

Hospital ICU-linked database. A retrospective evaluation of the prospectively 

collected data was conducted. The cohort study design facilitated examination of 

associations between multiple factors and various outcomes for patients following 

critical illness. 

 

3.3. Setting 

 

This research was conducted in an adult, general ICU at Royal Perth Hospital, a 

tertiary teaching hospital in Perth, Western Australia. The Royal Perth Hospital ICU 

provides about 40% of all intensive care services in Western Australia. The hospital 

has approximately 855 beds located over two campuses, a metropolitan acute care 

campus and a suburban acute care and rehabilitation facility. The city campus of the 

hospital has an emergency department providing emergency services for both 

metropolitan and rural patients. The ICU, located in the city campus, services much of 

rural Western Australia as well as the metropolitan area and was the first to provide 
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intensive care services in the state. Western Australia did not have any ventilation 

‘weaning’ centres or regional level 1 trauma centres during the study period. 

 

Western Australia comprises approximately a third of Australia: 2,529,875 square 

kilometres with 12,899 kilometres of mainland coastline and spanning 2,400 km from 

north to south. 717 A comparison of its size to that of Europe is shown in Figure 3.1. 

The south-western corner of the state has most of the population with the remainder 

being sparsely populated. Of the 1.9 million residents in 2002, approximately three 

quarters of these resided in the capital city of Perth. 718 

 

Figure 3.1 Western Australia in relationship to the rest of Australia and Europe.  

Reproduced (with permission) from www.bartelpc.com.au, Accessed 17th October 2008. 

 

 

 

 

The ICU is staffed and operated as a closed, accredited level three ICU. 84, 719 An 

intensivist screens patients for admission to the ICU and is solely responsible for the 

patient’s care in ICU. 23 It is a separate and self-contained facility, with the 22 beds 

divided into two areas located on the same floor and geographically adjacent to each 

other – a general intensive care area (twelve beds) and a surgical intensive care area 

(ten beds) for cardiothoracic surgery, neurosurgery, and overflow from the general 

intensive care area. The ICU is recognised for intensive care training by the Joint 

Faculty of Intensive Care Medicine and previously by the Faculty of Intensive Care 
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Australian and New Zealand College of Anaesthetists and the Royal Australasian 

College of Physicians. 84 A hospital-based post-graduate critical care nursing course is 

conducted annually in conjunction with a local University. 

 

3.4. Study Patients 

 

All patients admitted to the Royal Perth Hospital ICU from the inception of the 

database, 1st January 1987 to 31st December 2002 were enrolled in the study. Patient 

admissions included patients requiring mechanical ventilation or advanced 

haemodynamic monitoring, for example, patients with sepsis, shock, severe metabolic 

and acid-base disturbances, serious envenomation, multiple trauma and accidental or 

self-poisoning. Surgical admissions included cardiothoracic surgery (including 

cardiac but not lung transplants), major vascular surgery and major neurosurgery 

(including interventional neuro-radiology). Liver transplantation is not performed at 

the hospital. Elective surgery was performed Monday to Friday, with only emergency 

surgery being performed on the weekend and these emergencies rarely include 

cardiothoracic surgery. 

 

3.5. Data Linkage WA 

 

Data Linkage WA, 1 formerly the Western Australian Data Linkage Unit and 

established in 1995, is a collaboration between the Department of Health Western 

Australia, the Centre for Health Services Research at the University of Western 

Australia, the Centre for Health Informatics at Curtin University of Technology, and 

the Telethon Institute for Child Health Research. It enables a system of linkages 

connecting data about health events for all persons living in Western Australia using 

rigorous, internationally-accepted protocols. 1, 720 The research infrastructure 

produced by Data Linkage WA consists of various master files and linkage keys that 

enable links between different health records for the same individual to be identified, 

stored and retrieved. The quality of hospital morbidity data linkage has been assessed, 

with the proportions of invalid (false positives) and missed links (false negatives) 

estimated to both be 0.11%. 721 There are seven core population datasets, as described 

below, and a number of ad hoc linkages with other clinical / health service data bases. 
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3.5.1 Core population health datasets 

 

In 1995 the ‘Western Australian Linked Data Project’ brought together fifteen years 

(1980-1994) of population-based hospital morbidity data, mental health service data, 

mortality records, cancer registrations and midwives’ notifications (over six million 

records) in Western Australia. 1, 720 These data continue to be updated on a regular 

basis. In addition, links to other state data systems have been added. For example, 

Western Australian electoral roll records were incorporated in April 2000. This 

collection, spanning thirty-five years, is augmented through links to an extensive 

collection of external research and clinical datasets. 1 Two administrative databases 

from Data Linkage WA were used in this thesis namely (1) the HMDS and (2) the 

death register and the Royal Perth Hospital ICU clinical database was linked to both. 

 

3.5.2 Hospital Morbidity Data System 

 

The Western Australian HMDS collection includes all inpatient episodes for patients 

admitted to public, private and freestanding day hospitals in Western Australia, since 

1980. The HMDS consists of numerous demographic, clinical and care process 

variables, with diagnosis and procedures coded according to the International 

Classification of Diseases Version 9 Clinical Modification or Version 10 Australian 

Modification (ICD-9-CM or 10-AM). 722 Diagnosis is recorded as a principal 

diagnosis, that is, the condition found to be chiefly responsible for occasioning the 

patient’s admission to the hospital for care (as the mandatory field) 723 and up to 20 

additional diagnostic codes, relating to co-existing/ comorbid conditions and/or 

complications. When two or more conditions coexist at the time of admission and are 

treated equally, the most resource intensive condition is selected as the principal 

diagnosis. Additional diagnoses are recorded for any condition that affects patient 

care in terms of requiring clinical evaluation, therapeutic treatment, diagnostic 

procedure, extended length of stay (LOS) in hospital and increased nursing care 

and/or monitoring. 723 Complications are defined as conditions that arise during the 

hospital stay, and are distinct from comorbid conditions. In addition, there are eleven 

procedural codes, that is, all significant diagnostic and therapeutic procedures 

undertaken from the time of admission to the time of discharge. The principal 
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procedure is the most significant procedure that was performed for treatment of the 

principal diagnosis. Data from the HMDS linked to the ICU clinical database included 

demographic information including date of birth and sex, admission and discharge 

(separation) dates, principal and associated diagnoses and procedures, and 

information on discharge destination. 

 

The data elements used in the HMDS have been carefully defined within the HMDS 

reference manual 723 in an attempt to facilitate data consistency across Australia. Data 

integrity is ensured by regular checks of coded data, 21 different quality checks, and 

periodic audits. 723 

 

3.5.3 Mortality data 

 

The Mortality database contains all deaths registered in Western Australia by the 

Registrar of Births, Deaths and Marriages since 1969. The data is extracted from the 

death certificate completed by the attending physician and includes date of death, 

cause of death (text and ICD-coded by the Australian Bureau of Statistics (ABS)) and 

place of death (for example, hospital or residential address). Western Australia is a 

geographically isolated state with minimal emigration (less than 3% per year over the 

study 724) so it is reasonable to assume that patients are alive if there is no death 

record. 321 This is especially so for older patients and those with illness (for example, 

after a mean of twelve years of follow-up among 5,745 patients who had cardiac 

surgery in Western Australia at least 0.8%, but not more than 1.8% of deaths occurred 

in other Australian states). 321 The Royal Perth Hospital ICU clinical database was 

linked to the Western Australian hospital morbidity and death database. 

 

3.5.4 ICU Clinical Database 

 

The Royal Perth Hospital ICU data were collected prospectively. 299 Data was 

collected on a pre-printed data collection form (shown in Appendix A) by the medical 

staff of the unit and entered into a ‘dBase’ database by a designated clerical officer. 

Data from the Royal Perth Hospital ICU clinical database included: 

• Demographic details (age, sex, race, admission and discharge dates from ICU and 

hospital); 
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• Survival from ICU and hospital; 

• Acute Physiology and Chronic Health Evaluation (APACHE) II score and its 

components, physiological values at admission and worst in first 24 hours values 

(refer to Section 3.7.3); 

• Up to four ICU admission diagnosis that are entered as text on the data collection 

form and then transcribed into ICD-9CM codes by the ICU clerk; 

• Daily assessment of organ failure (described in Section 3.7.4); 

• A daily record of common ICU treatments that includes mechanical ventilation, 

use of continuous positive airway pressure, vasoactive drugs (include vasopressors 

and inotropes, but not dopamine or dobutamine if the dose of either of these drugs 

is less than 5 mcg/kg/minute), Swan-Ganz (pulmonary artery) catheters, renal 

replacement therapy, intracranial monitoring, plasmaphoresis and tracheostomy. 

 

The reliability of prospective data collection was facilitated by the limited number of 

intensivists (twelve in total listed in Appendix B since 1987) and use of specially 

trained clerical staff (four in total). Although no formal validation studies of the 

database have been conducted, the data was checked daily by intensivists and the data 

custodian (Dr KY Lee) checked data accuracy on a regular basis. Queries were 

generated for any doubtful entries and checked with source data. The same data 

custodian maintained the database and trained staff throughout the study. The data in 

the ‘dBase’ database was converted to a SPSS file for this project. 

 

3.5.5 Data linkage 

 

Data linkage brings together records derived from different sources, but relating to the 

same individual, into a single cumulative record. 725, 726 The ICU database was linked 

to the hospital morbidity data and the death data using probabilistic matching by Data 

Linkage WA 1 using Automatch 4.1 (Matchware Technologies, Inc, Silver Spring, 

MD). This software is based on probabilistic matching techniques so that the 

computerised records from disparate data sources are linked without explicit database 

keys to relate the sources. 727 Three basic steps are used: blocking of records that have 

a potential relationship; matching to determine if records within a block are likely to 

be related; and linking matched records. The program uses an iterative approach to 
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mathematically link databases by comparing data fields in two files 725 with unit 

medical record number (unique to the Western Australian teaching hospitals), 

surname, first given name, initial, data of birth, sex and address as the principal 

matching fields. Clerical checking of additional information is undertaken for possible 

matches of uncertain links, those that fall within a ‘grey area’ between definite 

matches and definite non-matches. There is a degree of uncertainty in probabilistic 

data linkage, therefore the challenge is to minimise the number of bad links (false 

positives) without increasing the number of missed true links (false negatives). In 

Western Australia, data linkage is undertaken by Data Linkage WA at the Western 

Australian Department of Health. 1 A file consisting of 26,019 ICU records (for 

22,980 patients) was provided to Data Linkage WA for linkage to the Western 

Australia HMDS and Western Australia death data. The ICU data was linked until the 

end of the calendar year of 2003. From this data linkage, a ‘linked ICU’ dataset 

consisting of all prior and subsequent Western Australian hospital admissions (public 

and private hospitals), Western Australia death records for all patients admitted to the 

Royal Perth Hospital ICU between 1st January 1987 and 31st December 2002 was 

formed. The ‘linked ICU’ dataset has demographic, clinical and short and long-term 

outcome data, as shown in Figure 3.2. 

 

Figure 3.2 Sources of data for the ‘linked ICU’ dataset. 
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The ‘linked ICU’ dataset was carefully reviewed for files that had missing or invalid 

data, for example, cases where the day of discharge occurred before the day of 

admission or the patient survived hospital yet did not survive ICU. The initial 

admission to ICU recorded in the ICU clinical database was designated as the index 

admission for a particular patient. Admissions to ICU before commencement of the 

study on the 1st January were not recorded. It was not possible to ascertain prior 

admissions to ICU from data in the HMDS because indicators of admission to the 

ICU were not reliably coded. Also patients had readmissions to the ICU during the 

same hospital episode. 

 

Patients were excluded from analysis of their survival outcomes if their ICU record 

did not link to an event in the Western Australian Hospital Morbidity Data System 

(HMDS), because this would have indicated an error of linkage. Two patients had the 

wrong unit medical record numbers and data were linked to that number, not their 

own. Forty three patients were excluded because there was no event in the HMDS that 

contained the index admission to ICU, although they were linked to their other 

hospitalisation records. Patients were also excluded from these analyses if they were 

not residents of Western Australia because hospitalisation data before (and after) 

admission to ICU, needed to estimate the Charlson Comorbidity Index 728 was 

unavailable. Analysis of long-term survival outcomes was restricted to patients aged 

16 years or older and patients who survived hospital. 

 

3.5.6 Ethical considerations 

 

Approval for this research was granted by the Ethics Committee Royal Perth Hospital 

(2003/108, 27th August 2003), by the Confidentiality of Health Information Centre at 

the Western Australian Department of Health for access to the data linkage system 

data (#200231, 17th November 2003) and reciprocal approval by the Human Research 

Committee of The University of Western Australia. (Appendix C). The requirement 

for consent for access to data was waived, in accordance with the National Health and 

Medical Research Council guidelines for the conduct of ethical research involving 



 169 

humans. 729 The Royal Perth Hospital ICU medical consultants and ICU Head of 

Department were strongly supportive of the linkage project. Privacy of individuals 

was achieved by separation of personal identifiers from the health data (after the 

initial linking stage). Patient names were not included on any electronic / paper files. 

The ICU ‘linked database’ is kept on a secure, password protected computer. Only 

persons directly involved with this project and nominated as part of the Royal Perth 

Hospital ICU Linked Data Project Steering Committee (and who have signed the 

covenant of confidentiality) have access to the data. 

 

Funding for the project was provided by the BUPA Foundation and a National Health 

and Medical Research Council Public Health Post Graduate Scholarship. 
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3.6. Primary and secondary outcomes 

 

3.6.1 Primary outcomes 

 

The primary outcome was long-term survival, that is, survival that exceeds one year 

after discharge from hospital. However short-term survival (death in ICU and death in 

hospital) as well as intermediate survival (survival up to one year after hospital 

discharge) were also analysed. Only the index (first) ICU admission was used to 

examine survival for patients with more than one ICU admission. Patients discharged 

from the Wellington Street (city) campus of the Royal Perth Hospital to the Shenton 

Park rehabilitation campus were considered discharged from hospital. 723 Survival 

time was calculated from the day of admission to ICU when survival for all index 

admissions was examined and from the day of discharge from the hospital when 

survival was examined for survivors of hospital. The patients, who did not have a 

death record in the State’s Death Registry before study end, that is, 31st December 

2003, were assumed to be alive. A minimum follow-up time of twelve months was 

possible for the study cohort (22,298 index admissions) and up to seventeen years 

follow-up for patients admitted to the ICU in 1987 (n=1,604 patients). The possible 

number of patients at selected time points of follow-up (for index admissions and for 

patients who survived hospital) is shown in Table 3.1. Long-term survival of the ICU 

cohort was also compared to the Australian general population matched for age, sex 

and calendar-year of admission (described in Section 3.10). 

 

Table 3.1 Possible number of patients (all patients and patients who survived hospital) at 

selected follow-up times. 

 

1.1.  1.2. All index patient 
admissions 

1.3. Hospital survivors  

1.4. 1 year 1.5. 22,298 1.6. 19,921 

1.7. 3 years 1.8. 19,918 1.9. 17,864 

1.10. 5 years 1.11. 17,538 1.12. 15,806 

1.13. 10 years 1.14. 10,969 1.15. 9,958 

1.16. 15 years 1.17. 2,987 1.18. 2,693 
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3.6.2 Secondary outcomes 

 

The secondary outcomes for this study were: 

� Cause of death as documented on the death record; 

� Subsequent hospitalisations to any hospital in Western Australia after discharge 

from Royal Perth Hospital that included the index ICU admission. 

 

3.7. Explanatory variables 

 

Selection of possible explanatory factors (independent variables) and potential 

confounders were selected a priori from those identified as having been associated 

with outcomes in key studies. 69, 70, 73, 317, 327, 357 They included age, sex, severity of 

illness, organ failure, comorbidity, major ICU admission diagnostic groups, type of 

admission, LOS in ICU, and era of admission, elective and non-elective admissions to 

hospital, socio-economic status, accessibility/ remoteness and readmission to ICU 

during the index admission. Further consideration of the definition and coding of each 

of these variables follows. 

 

3.7.1 Age and sex 

 

Age (whole years) was calculated on the day of admission to ICU. Age was examined 

as a continuous variable and also categorised into five age groups (’16-44’, ‘45-54’, 

‘55-64’, ‘65-74’, ‘75+’ years or larger groups for subgroup analysis). The 

classification of age into these groups was based on those commonly used in 

epidemiological studies.704, 730, 731 Sex was entered into models as a dichotomous 

variable (coded ‘0’ for females and ‘1’ for males). Age and sex were included in all 

multivariable models regardless of statistical significance of the individual terms. 

 

3.7.2 Comorbidity 

 

The Chronic Health Evaluation points from the APACHE II scoring system, 327 

discussed in Section (3.7.3), allocates points for end stage chronic disease in five 

organ systems: cardiovascular (New York Heart Association 732 Class IV), respiratory 
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(chronic restrictive, obstructive or vascular disease resulting in severe exercise 

limitation), renal (chronic haemo or peritoneal dialysis), liver (biopsy proven 

cirrhosis, portal hypertension, hepatic failure/encephalopathy/coma) and 

immunological (patient is immuno-compromised) with additional points allocated to 

non-elective surgical admissions. This component of the APACHE II score was 

compared with the Charlson Comorbidity Index to estimate the association of 

comorbidity with long-term survival. 

 

The Charlson Comorbidity Index 728 is a widely used summative measure that takes 

into account the number and severity of pre-existing diseases to produce a 

comorbidity score for each patient. 331 The index is the sum of total assigned weights 

representing the burden of comorbidity. 332 The Charlson Comorbidity Index has been 

shown to perform effectively as a measure of comorbidity in a variety of clinical 

settings. 331, 332, 339, 340, 342-344, 346-349, 728, 733 A high Charlson Comorbidity Index is 

associated with greater comorbidity and higher mortality, even after adjustment for 

severity of illness. 338 It has been used to adjust for the effect of chronic disease on 

outcomes after critical illness. 65, 73, 734 The Charlson Comorbidity Index has been 

found to discriminate between patients who live and those who die for patients who 

are critically ill (ROC curve area = 0.67, SE = 0.05).329 The Charlson Comorbidity 

Index used in this analysis was based on the Dartmouth-Manitoba algorithm for 

administrative data and includes ICD-9-AM and CM, ICD-10 versions ‘1’ and ‘2’. 735 

Administrative databases when compared to chart reviews for obtaining Charlson 

Comorbidity Index data have been shown to have substantial agreement. 334 

Seventeen yes/no Charlson comorbidity variables were generated on the index record 

from all records prior to the index ICU admission. The variables and their 

corresponding ICD coding are shown in Appendix D. The variables and weights used 

to calculate the Charlson Comorbidity Index are shown in Table 3.2. 

 

Table 3.2 Variables and weights used to calculate the Charlson Comorbidity Index 

 

Charlson Comorbidity Index = 

1*proportion of myocardial infarction + 1*congestive heart failure + 1*peripheral vascular 

disease + 1*cerebrovascular disease + 1*dementia + 1*chronic pulmonary disease + 
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1*rheumatologic disease + 1*peptic ulcer disease + 1*diabetes + 1*mild liver disease + 

2*hemiplegia / paraplegia + 2*renal disease + 2*diabetes with chronic complication + 

2*malignancy + 3*moderate or severe liver disease + 6*metastatic solid tumour + 6*AIDS. 
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Constructing the Charlson Comorbidity Index 

The Charlson Comorbidity Index was constructed from data abstracted from the 

hospitalisation records in the HMDS occurring before the index Royal Perth Hospital 

ICU admission. Typically, to calculate the Charlson Comorbidity Index data are 

abstracted from all hospitalisations for the year preceding the index admission. 

However, it may be better to include a longer period to collect data before the index 

hospitalisation, especially with current trends to reduce in patient hospitalisations in 

preference to management of patients in the community. In a population-based cohort 

study conducted in the United States to describe longitudinal patterns of critical care 

use among 1,108,060 Medicare beneficiaries who were at least 68 years of age and 

newly diagnosed with serious illnesses, the Charlson Comorbidity Index was 

calculated from data abstracted from hospitalisation records for the three years 

preceding the index admission. 715 Given that five years of pre-admission data was 

available to construct the index, the opportunity to compare this ‘five-year’ Charlson 

Comorbidity Index with data collected one, two, three and four years before the index 

admission was used to determine which had the best predictive capacity (Appendix 

D). The ‘five-year’ Charlson Comorbidity Index was used for all analyses for the 

association of the Charlson Comorbidity Index with outcomes in this thesis. Patients 

with no prior hospital admissions were coded as having no comorbidity (Charlson 

Comorbidity Index = 0), which may underestimate comorbidity if patients have 

moved from interstate or overseas and have had comorbidity recorded on a hospital 

admission outside of Western Australia. 

 

The Charlson Comorbidity Index was used as a continuous variable or as a categorical 

variable. Previous studies categorising the Charlson Comorbidity Index have used a 

three-level scale, corresponding to no chronic illness for a score below ‘1’, minor 

comorbidity for a score of ‘1’ and severe comorbidity for a score of ‘2 or greater’. 736 

In this thesis, the Charlson Comorbidity Index was grouped ‘0’, ‘1-2’, ‘3-4’ and ‘5 or 

more’, or combined into fewer groups, for example, ‘0’, ‘1-2’, ‘3+’ for subgroup 

analysis. Cut-points for these groups were determined empirically by consideration of 

having adequate numbers in each group and an evaluation of the relationship between 

hazard ratio and the continuous variable, as shown in Appendix E, Table E1. 

Continuous variables were also used to describe patient characteristics (Table 4.1 and 

4.3) and these were reported as means (and standard deviation) to facilitate 
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comparison between groups, but associations were tested with non-parametric 

methods. Individual comorbidities that are used in the calculation of the Charlson 

Comorbidity Index were also examined. 

 

3.7.3 Severity of illness 

 

The APACHE II scoring system 327 was used to estimate severity of illness. The 

APACHE II score is a ‘severity of illness’ measure that is not disease specific, 

developed specifically for patients who are critically ill and is used in many ICUs 

worldwide to perform risk adjustment on ICU mortality for comparison of outcomes 

across ICUs. It enables a standardised approach to reporting of data used to monitor 

ICU performance. 

 

Crude mortality cannot be used to compare performance of ICUs because mortality 

may be a function of differences in patient casemix and severity of illness. To account 

for these differences, the APACHE II scoring system was developed by using binary 

logistic regression modelling applied to prospectively collected data sets from 5,815 

ICU admissions in the United States between 1979 and 1982. 327 Initially described in 

1985, APACHE II scoring system uses basic physiological measurements, age and 

previous health status to estimate ICU patients’ risk of death. 327 Previous health 

status is assessed by assigning chronic health points for end-stage cardiac, respiratory, 

renal and liver disease and if the patient is immunocompromised. Two points are 

assigned for a severe chronic condition and five points if the patient is a non-elective 

surgical admission. An increasing APACHE II score (range 0 to 71) has been shown 

to be highly predictive of risk of death (during the remainder of the index-

hospitalisation) across a range of specific disease categories. Estimated rates of death 

can be calculated by using the diagnostic category weight assigned for each patient’s 

APACHE II admission diagnosis in the equation derived by Knaus and colleagues, 327 

summing the risks for each patient, and then dividing this by the total number of 

patients. The estimated risk of death can be compared to the actual mortality as a 

measure of ICU performance. 

 

Discrimination, or the ability of a model to distinguish between a patient who will live 

and one who will die, measured by the area under the measured receiver operator 
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characteristic curve (ROC) curve in the initial validation study was 86%, 327 

indicating that the APACHE II score was a good prognostic measure. High 

discrimination and good calibration, that is, the comparison of observed mortality 

with that predicted by the model within severity strata, has been demonstrated for the 

patients on whom the model was developed and validated in the United States, a 

healthcare system that differs from many other health care systems in utilisation of 

critical care, funding provision, and attitudes of both physicians and patients toward 

illness and death. It has been validated in outcome prediction and quality assurance in 

a wide variety of critical care settings, 121, 541, 552, 737-745 but for new patients in 

different hospitals at a later time period, whilst discrimination is good calibration has 

been found to be poor. 529, 541, 746-751 The discrimination of APACHE II scoring system 

is a function of casemix, that is, age, acute severity, comorbidity, surgical status and 

type of disease, and varies widely because of the heterogeneity of ICUs. For a scoring 

system to allow comparisons of ICUs with varying mortality rates, its performance 

must remain stable across a range of casemix. The performance of the APACHE II 

scoring system was not independent of casemix in a simulation exercise among 6,806 

adult surgical patients, excluding cardiac surgical patients and burn patients. 752 The 

APACHE II scoring system may not perform well if the risk distribution of an ICU 

differs significantly from that of the developmental data set and when APACHE II is 

used to adjust for severity of illness to compare the performance between ICUs, the 

effect of widely divergent casemix should be considered. 752 In the study cohort, the 

same method of recording the APACHE II score has been used with relatively few 

intensivists, only 12 during the 16-year recruitment period, overseeing the data 

collection. Whilst the scores obtained are useful to monitor internal trends, 

comparison with other ICUs is limited. There has been only one study that has 

validated the APACHE II scoring system in an Australian ICU, This was a single-

centre study and although discrimination was high, calibration was not reported. 737 

 

The admission APACHE II score (physiological data for the calculation of the 

APACHE II score recorded at the time of admission to ICU) was collected for all ICU 

patients (1987-2002) and, in addition, the worst in first 24- hour score (the worst 

values for the physiological parameters that occurred within the first 24 hours of the 

patient’s admission to ICU) was collected for patients admitted after March 1989. The 

worst values in the first 24 hours are generally reported, as specified by the 
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investigators who developed and validated the APACHE II score. These values are 

not comparable to the admission APACHE II scores. However, admission values 

were used in this study because these values were available for all patients. A recent 

study found that substitution of the worst 24-hour physiological variables with the 

admission physiological variables to calculate the admission APACHE II score did 

not decrease the overall discrimination ability of the traditional APACHE II model. 
363 Other reports that describe long-term outcomes have also used the APACHE II 

score recorded on admission to ICU. 70 

 

Whilst the APACHE II score is used in the description of baseline characteristics, to 

assess the effects of severity of illness independent of age and chronic illness, the 

acute physiological score was disaggregated from the age and comorbidity 

components because these factors were already included in analyses separate to 

APACHE II. The Acute Physiology Score (APS) component of the APACHE II 

score, allocates points for twelve physiological variables, and incorporates no other 

type of measure into the score except for creatinine that depends on whether the 

patient has renal failure. The APS recorded from admission physiological values was 

entered into models as a continuous variable, or categorised into groups, ‘0-4’, ‘5-9’, 

‘10-14’ and ‘15+’ or collapsed into fewer categories for subgroup analysis. Cut-points 

for these groups were determined empirically by consideration of having adequate 

numbers in each group and an evaluation of the relationship between hazard ratio and 

the continuous variable, as shown in Appendix E, Table E2. While other studies 70, 87 

have used the APS as a measure for the severity of illness in risk-adjusted models that 

allows the independent effects of age and comorbidity to be examined, it has not been 

validated. 

 

3.7.4 Organ failure assessment 

 

Information on the presence of certain ‘types’ of organ failures were collected daily 

by intensivists for all patients admitted to the ICU and recorded as a dichotomous 

variable, present/absent. The nine ‘organ failures’, defined by the Royal Perth 

Hospital intensivists at the inception of the database, are shown in Table 3.3 and have 

not changed throughout the study, providing consistency and minimising 

measurement bias. 
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Table 3.3 Definitions of the nine organ failures on which data were collected daily by 

intensivists onto a daily data collection sheet and then later entered into the ICU clinical 

database by the ICU clerical staff. 

 

Organ Failure Criteria 

Neurological Glasgow Coma Score less than or equal to 6 in the absence of sedatives 

Cardiovascular 
(at least one of) 

Vasopressor / inotrope dependant more than 30 minutes  

Dopamine 5mcg/kg/minute 

Dobutamine greater than 5mcg/kg/minute 

Noradrenaline, adrenaline unless for respiratory complication or anaphylaxis  

Cardiac index less than 2L/min/m2  

Intra Aortic Balloon Pump required for circulatory failure 

Respiratory 

(at least one of) 

Positive End Expiratory Pressure (PEEP) greater than 7.5 cm H2O 

PaCO2 greater than 50mm Hg 

A-a DO2 greater than 350 mm Hg 

FiO2 equal to or greater than 0.6 to maintain PaO2 equal to or greater than 60 mm Hg 

Mechanical ventilation greater than 72 hours 

Renal 

 

Creatinine equal to or greater than 200 umol/L or preadmission creatinine value plus 100 
umol/L 

or Creatinine clearance less than 0.5 mls/sec 

Liver  

(2 out of 4) 

Bilirubin equal to or greater than 30 umol/L 

AST x2 normal 

Gamma GT x2 

Prothrombin time greater than 1.5 in absence of coagulopathy 

Haematological 

(at least one of) 

White cell count less than 1000 

Platelets less than 20,000 

Increased PT, APTT, TCT (less than 1.5 x normal) in the absence of liver failure and 
therapeutic anticoagulation 

Gastro-
intestinal 

(at least one of) 

Acute bleeding requiring transfusion 

Diarrhoea greater than 4 liquid bowel actions per 24 hours 

Ileus greater than 3 days (distended, silent abdomen) 

Pseudo-obstruction 

Heart 

(at least one of) 

Ventricular tachycardia greater than 150 / ventricular fibrillation 

Pacemaker dependent 

Asystolic arrest with external cardiac compression 

Metabolic  

(at least one of) 

Insulin in the absence of diabetes, or blood sugar level greater than 20 mmols/L if diabetes 

Sodium less than 125 or greater than 150 mmol/L 
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Base excess less than -10 

Lactate equal to or greater than 4mmol/L 
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The Sequential Organ Failure assessment (SOFA) scores, discussed in Section 2.6.4, 

were not introduced into routine practice in the ICU at Royal Perth Hospital until 

2002, and considering that some variables were not available that were required to 

calculate the SOFA or Multi Organ Dysfunction Scores (MODS), the two most 

commonly used organ failure scoring systems, these organ failure scores were not 

used in this research. A recent study comparing the ICU organ failures to SOFA 

scores found them to have similar performance. 753 

 

Several alternative operational definitions of ‘organ failure’ were tested as predictors 

of long-term survival. These included the presence of organ failure, number of organ 

failures, maximum number of organ failures on any single ICU day (peak organ 

failure) and are discussed in Appendix F. These were examined for their performance 

in univariate analysis (using Cox regression models) for patients who survived one 

year after discharge from hospital (18,484 patients) and from this examination peak 

number of organ failures on any single ICU day was selected for inclusion in the 

models. It was used as a continuous variable or grouped ‘0’, ‘1-2’, ‘3-4’, ‘5+’. For 

subgroup analyses, categories were consolidated, for example into ‘0’, ‘1-2’, ‘3+’ 

groups. Continuous variables were reported as means (and standard deviation) to 

facilitate comparison between groups (Table 4.1 and 4.3), but associations were tested 

with non-parametric methods. Cut-points for these groups were determined 

empirically by consideration of having adequate numbers in each group and an 

evaluation of the relationship between hazard ratio and the continuous variable, as 

shown in Appendix E, Table E3. 

 

3.7.5 ICU admission diagnosis 

 

Between 1987 and 2002, up to four ICU admission diagnoses were recorded on the 

APACHE II data collection sheet (Appendix A, Figure A.1) in free text by medical 

staff when the patient was admitted to ICU and updated as necessary during the 

admission. These text descriptions were later coded in the database by the ICU data-

entry clerks using ICD-9-CM codes. The surgery performed for patients admitted 

from the operating room (including the recovery room or x-ray theatre) was recorded 

as the first diagnosis on the data collection sheet and the condition leading to the 

operation was recorded as the second diagnosis. Organ failures were collected on a 
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different data collection sheet, and therefore not recorded as part of the ICU 

admission diagnosis. 

 

Admission diagnosis was grouped for analysis into one of nine mutually exclusive 

categories by a consensus of expert ICU clinicians (TW, GD, SW): cardiac surgery, 

trauma, sepsis, cardiac arrest, non-traumatic brain condition (both surgical and non-

surgical), vascular conditions (both surgical and non-surgical), drug 

overdose/poisoning (predominantly self-drug overdoses), other (non-vascular, non-

neurosurgical, non-cardiac) surgery, and other medical conditions. The categories are 

hierarchical, for example, if trauma is included in any of the four major diagnoses, the 

patient’s diagnosis is coded as trauma, except if the patient was admitted after a 

cardiac arrest. The rules used to classify diagnosis are shown in Table 3.4. 

 

Table 3.4 Rules used to re-group ICU admission diagnosis. 

 

a) If trauma is included in any of the four major diagnoses, the patient’s diagnosis is coded as trauma;  

b) Except for cardiac surgery and trauma patients, if sepsis is included in any of the four ICU major diagnosis 

codes, the patient’s diagnosis is coded as sepsis;  

c) Cardiac arrest diagnosis (medical and surgical) takes precedence over other diagnoses, but does not include 

respiratory arrest (which has a separate code) or cardiac surgery patients; 

d) Non-traumatic acute brain pathology includes both medical and surgical brain haemorrhage or cerebral 

occlusion or craniotomy for neoplasm;  

f) Non-complex coronary artery disease consists of non-intubated, non-surgical patients admitted with ICD 9 codes 

410 to 414.9, or rhythm disturbance related to these codes, and with no other medical codes except hypertension 

(ICD 9 codes 401, 401.9), lipidaemia or alcohol/smoking history;  

g) Surgical patients’ diagnoses (not including sepsis or trauma) are taken from the ICD9 procedure codes. 

 

 

The cardiac surgery category comprised major surgery including coronary artery 

bypass graft surgery, the most frequently performed surgical procedure, and heart 

valve replacement/repair surgery. In the conduct of some analyses, cardiac surgical 

patients were analysed separately. Cardiac surgical patients are a relatively large, 

homogeneous group that is not representative of other mechanically ventilated 

patients in ICU. 420, 754, 755 Patients who had an intracranial, subarachnoid or subdural 

haemorrhage related to trauma were classified as trauma, and in the absence of trauma 
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it was coded as non-traumatic brain conditions. 756 In addition, ‘new cancer’, defined 

as a malignant condition that was diagnosed during the hospitalisation that contained 

the index ICU admission, was also examined for its effect on long-term survival. 

These patients were identified from data abstracted from the HMDS, and excluded 

patients with cancer comorbidities included in their Charlson Comorbidity Index. 

 

There are no mutually exclusive definitions for the APACHE II diagnostic categories 

and so it is possible that intensivists can classify the same patient into different 

diagnostic categories. When there is a choice of diagnostic categories for the same 

patient, the one with the highest APACHE II prediction coefficient used. The original 

coding for the admission diagnostic category in the clinical database was not modified 

when the data was analysed. The exceptions were for patients who had suffered 

cardiac or respiratory arrest who were coded as an ‘arrest’ irrespective of other 

diagnoses and trauma. Because coding for cardiac arrest is ambiguous with several 

codes describing cardiovascular failure, the ICU admission books were checked for 

all patients with possible cardiac or respiratory arrest and health records recalled to 

clarify doubtful coding. 

 

3.7.6 Type of admission 

 

Patient admissions were also classified as elective surgical or non-elective surgical 

(patient admitted to ICU from the operating room or recovery room) or medical, 

based on APACHE II definitions. This grouping corresponds to the first tier of the 

Intensive Care National Audit and Research Centre classification of conditions 

leading to admission to ICU, 375 an empirical method that defines five tiers: surgical 

status, body system, anatomical site, physiological or pathological process and 

medical condition. 

 

3.7.7 Length of stay 

 

Time of admission and discharge were not available for all patients in the dataset 

therefore LOS in ICU was calculated from the day of admission to ICU to the day of 

discharge from ICU (days). For example, the day of admission to ICU was day one no 

matter what time the patient was admitted to the ICU. Likewise, the second day was 
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defined as day two, no matter what time the patient was discharged from ICU (if, that 

is, discharge occurred) and LOS was therefore two days. Similarly, hospital discharge 

was calculated from the day of admission to Royal Perth Hospital to the day of 

discharge from the hospital (days). Length of stay was categorised into three groups: 

‘1-2’, 3-4’ and ‘5+’ days. Cut-points for these groups were determined empirically by 

consideration of having adequate numbers in each group, being clinically relevant, 

and an evaluation of the relationship between hazard ratio and the continuous 

variable, as shown in Appendix E, Figure E4. Delays in transfer from ICU were not 

considered. 

 

3.7.8 Treatments received in ICU  

 

Throughout the patient’s stay in ICU the administration of certain therapeutic 

interventions were recorded on a daily basis. These included vasoactive therapy (also 

coded as cardiovascular failure), mechanical ventilation requiring intubation, non-

invasive ventilation (bilevel positive airway pressure or BiPAP), tracheostomy, renal 

replacement therapy (haemodialysis, haemofiltration, peritoneal dialysis), Swan-Ganz 

catheter (pulmonary artery catheter), and total parenteral nutrition (TPN). 

Tracheostomy was defined for the study as ‘tracheostomy after day one’ to capture 

patients who had a tracheostomy as part of the management of their critical illness. 

This excluded patients admitted with a tracheostomy already in situ.  

 

Patients may have the same number of organ failures, yet receive different intensity of 

treatment. ‘Triple failure’ was examined as a surrogate measure for multiple organ 

failure. It was defined as the receipt of mechanical ventilation for three or more 

consecutive days (thereby eliminating those patients requiring minimal/routine 

ventilatory support), vasoactive therapy for three or more consecutive days and renal 

support (haemodialysis or haemofiltration). 

 

3.7.9 Elective and non-elective admissions to hospital 

 

Elective admissions to ICU were not recorded as such in the ICU or HMDS 

databases. It could be assumed that patients who had elective cardiac surgery were 

planned admissions to ICU because all these patients were routinely admitted to ICU 
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postoperatively, but this assumption could not be made for other types of surgery. 

Patients scheduled for elective surgery may have been admitted to ICU as a 

consequence of complications occurring immediately before, during or after surgery 

or the ICU admission may have been planned. Furthermore, patients may have been 

admitted electively but developed complications necessitating an ICU admission. It is 

conceivable that patients whose admission to hospital was planned would have any 

pre-existing condition identified and be undergoing appropriate treatment compared 

to non-elective admissions where the urgent nature of their condition requires 

immediate admission to hospital. To examine the effect of having an elective hospital 

admission on long-term survival, this variable was included in selected survival 

models. 

 

3.7.10 Socio-economic factors  

 

Various surrogate measures of socio-economic status have been suggested in the 

research literature, including family income, ethnicity, education level and 

occupation. In Australia, the Australian Bureau of Statistics (ABS) constructs 

aggregate measures of socioeconomic status from various items within the census. 416 

These ‘Socio-Economic Indices for Areas’ provide some opportunity for adjustment 

of risk according to socio-economic status and are readily incorporated into linked 

data analysis if the residential address of the patient (at least at postcode level) can 

been identified. The Socio-Economic Index for Areas (SEIFA) consists of summary 

measures, or indices, derived from the Australian Census to measure different aspects 

of socio-economic conditions of the Australian population by geographic areas. The 

indices - Index of Relative Socio-Economic Disadvantage, Index of Relative Socio-

Economic Advantage/Disadvantage, Index of Economic Resources and Index of 

Education and Occupation - are constructed so that relatively advantaged areas have 

high index values. 

 

The SEIFA Index of Relative Socio-Economic Disadvantage was chosen to represent 

socio-economic status as this is the most general index and the 2001 index is most 

similar to its 1996 counterpart. 416 It uses the same method and the same variables as 

the 1996 Index of Disadvantage but scores from the 2001 census should not be 

compared directly to the indexes based on the 1996 census. Weights used in SEIFA 



 186 

depend on the values of the variables used in the particular census being conducted, 

and therefore will be different for each census. Consequently, examination of the 

effect of socio-economic status on long-term survival was conducted on groups 

around each SEIFA period. Patients were allocated values for the residential postcode 

from the SEIFA 1996 if admitted from 1994 to 1998 and values from SEIFA 2001 if 

admitted from 1999 to 2002. The patients who did not have a value allocated to their 

postcode, because they had no fixed address or there was no SEIFA code assigned to 

their postcode, were excluded from this specific analysis. The scores for this sub-

cohort were grouped into four categories based on the quartile values for the Western 

Australian population abstracted from the ABS census data for the two relevant 

census periods. After applying the quartile SEIFA value from the most relevant 

SEIFA period, patients were assigned one of four socio-economic status values, 

ranging from low to high. This enabled the socio-economic status of patients admitted 

to ICU to be comparable to values for low and high socio-economic status of the 

general population. 

 

3.7.11 Remoteness and accessibility 

 

Remoteness/accessibility was estimated using the Accessibility/Remoteness Index of 

Australia (ARIA). 757 Using the road distance to service centres of various population 

sizes to estimate accessibility and remoteness in Australia, identified in the ‘1996’ 

census from some 1,338 inhabited localities, ARIA was developed to measure and 

classify the accessibility of populated localities in Australia, and has been found to 

influence health outcomes. 758-760 Most of Western Australia’s population is 

concentrated in the coastal south western area. There is a disparity between services 

and outcomes between metropolitan and rural areas. In 1999, the Commonwealth 

government replaced the Rural, Remote and Metropolitan areas classification 

(RRMA) with ARIA that uses Geographic Information System (GIS) technology to 

provide a measure of remoteness (from service centres) for all places and points in 

Australia. Five categories of remoteness based on road distance to service centres are 

defined, and is available for a variety of geographical units including localities, 

Census Collection districts, Statistical Local Areas and postcodes. In this study 

postcodes were used as they were available for all patients except for international 

patients (n=174) and some Western Australian patients with no fixed address and 
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allocated postcode 6999 (n=20). Patients with postcodes with no corresponding ARIA 

coding were excluded from these analyses. 

 

The five ARIA categories 757 are: 

1. Highly Accessible (ARIA score 0 to 1.84) - relatively unrestricted accessibility to a 

wide range of goods and services and opportunities for social interaction; 

2. Accessible (ARIA score greater than 1.84 to 3.51) - some restrictions to 

accessibility of some goods, services and opportunities for social interaction; 

3. Moderately Accessible (ARIA score greater than 3.51 to 5.80) - significantly 

restricted accessibility of goods, services and opportunities for social interaction; 

4. Remote (ARIA score greater than 5.80 to 9.08) - very restricted accessibility of 

goods, services and opportunities for social interaction; 

5. Very Remote (ARIA score greater than 9.08-12) - very little accessibility of goods, 

services and opportunities for social interaction. 

 

3.7.12 Readmissions to ICU in the index admission 

 

The effect of readmissions to ICU in the index admission on longer-term survival was 

also examined. The number of days to readmission to ICU was calculated in whole 

days, similar to that of LOS (described in Section 3.7.7). 

 

3.8. Statistical Analysis 

 

This section describes the statistical methods used to describe the baseline 

characteristics of the study cohort, the use of logistic regression modelling for the 

analysis of short-term mortality (in ICU and/or in hospital), and the survival analysis 

methods used for analysing time-to-death in the intermediate term (out to one year) 

and long-term (out to 17 years). More detail on the survival analysis methods are 

provided in Appendix G. All statistical analyses of the ‘linked’ data was performed 

utilising the Statistical Package for the Social Sciences (SPSS) version 15.0 software 

(Chicago, Illinois, 1999) and STATA version 9.0 (Stata, College Station, Tex., USA). 

 

3.8.1 Analyses of baseline characteristics 
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Descriptive statistics were used to describe baseline patient characteristics, ICU and 

hospital mortality, and one, five, ten and fifteen-year survival. Frequency data were 

expressed as raw numbers and percentages. Patient characteristics were compared 

using Pearson Chi2 for categorical variables, Students ‘t’ tests for normally distributed 

data and Wilcoxon/Mann-Whitney ‘U’ non-parametric tests to test the difference for 

non-normally distributed data. Continuous data were generally reported either as 

means and standard deviations (SD) or as medians with interquartile range (IQR) for 

non-normally distributed data. All significant results were reported as two-tailed, 

within 95% confidence limits and statistical significance set at p<0.05. 
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3.8.2 Logistic regression 

 

Logistic regression models were used to examine the effect of factors on short-term 

mortality (coded ‘0’ for alive and ‘1’ for died). Three binary outcomes were analysed; 

death in ICU, death in hospital for all ICU admissions, and death in hospital for 

patients who were discharged alive from ICU. Coefficients derived from logistic 

regression are used to estimate odds ratios (OR) for each of the variables in the model. 
761 Univariate odds ratios are obtained when each variable is entered on its own into 

the logistic model. Age and sex adjusted odds ratios are obtained when age and sex 

are included in the model in addition to the variable of interest. Multivariate adjusted 

odds ratios are obtained when all variables are included simultaneously in the logistic 

model. Results from logistic regression are reported as estimated odds ratios with 

95% confidence intervals and associated p-values. 

 

3.8.3 Survival analysis methods: Kaplan Meier survival curves and Cox regression 

 

Survival analysis methods were used to examine ‘time to death’ outcomes. The 

advantage of survival analysis techniques over other techniques such as one-year 

survival (yes or no) is that it considers not just if death occurred during the period but 

also when it occurred. Patients were assumed to be alive at 31st December 2003 if 

there was no record in the State’s death register. The primary outcome was survival 

time (time to death), measured from the day of discharge from hospital after the index 

ICU admission. Some analyses restricted follow-up to a certain period of time and in 

these situations patients still alive at the end of this follow-up period are considered 

censored at that time. For example, for intermediate survival only the first year of 

follow-up is considered and all patients still alive at one year have their follow-up 

time censored at one year. 

 

The survival experience of a group of patients was summarised using the Kaplan-

Meier curve (a non-parametric estimate of a survival curve) with the log rank test 

used to test for significant differences between estimated Kaplan-Meier survival 

curves 762 for patient groups, defined by categorical variables. The overall log-rank 

test is good at detecting differences between survival curves when the curves do not 

cross. When survival curves cross, it indicates that one group has better survival 
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within a time interval compared to another time interval. In this situation, it is not 

possible to provide a categorical rank ordering of values for the log rank test. 762 

Although the overall test statistic may be non-significant in these circumstances, when 

evaluating different time intervals, the difference between groups over some specific 

time intervals may still be significant. 

 

Cox proportional hazards regression analysis is a regression method for time-to-event 

outcomes that accounts for some times-to-event being censored. As with logistic 

regression modelling, a strength of Cox regression modelling is the ability to 

simultaneously include several covariates thus identifying the significant and 

independent covariates and the ability to adjust for possible confounding and effect-

modifying variables. 762 Cox regression models provide a hazard ratio (a measure of 

relative risk) to describe the effect of a covariate on the survival outcome. If the 

hazard ratio is one, the factor does not effect survival. If the hazard ratio is less than 

one the covariate is associated with decreased risk of death (i.e. increased survival) 

and if the hazard ratio is greater than one the covariate is associated with increased 

risk of death (i.e. decreased survival). Cox models were used to examine the factors 

associated with intermediate and long-term survival for patients who survived to 

hospital discharge. 

 

Candidate variables for Cox regression survival analysis were selected a priori after 

review of the literature. The effect on outcomes of statistically and/or clinically 

significant covariates (p<0.25) from univariate analysis was examined in multivariate 

analyses. Similar steps for variable inclusion were used for all regression model 

building. Covariates examined in all models were age, sex, comorbidity (usually 

measured by the Charlson Comorbidity Index), severity of illness (measured by 

admission APS), diagnostic group, type of admission (elective surgical, or non-

elective surgical/medical patients) and era of admission. The Charlson Comorbidity 

Index was excluded from some models in preference to individual comorbidities or 

chronic health evaluation. Models examining survival in patients discharged from 

hospital also had organ failure and LOS in ICU included in the models. 

 

Continuous variables were tested as continuous variables to get the trend p-value and 

to get hazard ratios for specific covariates of interest after adjustment for explanatory 
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variables, for example, reporting the risk of death associated with prolonged survival. 

Grouping of variables in Cox models was used so as to get hazard ratios that 

compared risk across groups. Whilst continuous variables avoid potential problems 

with using arbitrary cut-points the hazard ratios for continuous variables are less 

easily interpreted especially if there is curvature (which was accommodated using the 

square of the variable). Cut-points for groups were determined empirically based on 

achieving adequate numbers in each group, assessing the relationship between hazard 

ratio and the continuous variable (shown in Appendix E) and were consistent with 

those used in other reports. 763, 764 Categorical covariates used in the regression were 

coded 0/1 if there were only two groups (for example, sex, individual comorbidities) 

or if more than two categories (elective surgical/non-elective surgical/medical, 

diagnostic group) then a reference category was chosen and all other categories were 

compared to it. The resulting hazard ratios compare the hazard (risk) of each group to 

that reference group. The reference group used for diagnostic groups was cardiac 

surgery because this was the largest group, is reported to have high survival 70 and is 

relatively homogeneous compared to other ICU admissions. 337 However, to examine 

the effect of diagnostic group on longer-term survival for patients who survived to 

hospital discharge and who were admitted with conditions other than cardiac surgery, 

trauma was used as the reference group in some Cox models because this patient 

group had the lowest risk for death in the longer-term. 

 

The effect of a covariate on the survival time may be changed or modified by another 

covariate in the model. To investigate possible effect modification, biologically/ 

clinically plausible interactions were considered. Interaction terms (representing 

effect modifications) were tested for statistical significance by adding the interaction 

to the ‘main effects’ model adhering to the hierarchy principal (that is, the component 

main effects of the interaction terms were also in the model). 765 The Wald statistic ‘p’ 

value was used to guide selection of interaction terms with significance checked by 

the likelihood ratio test. Interactions were retained in models if their p-value was less 

than 0.01, that is, less than the usual 0.05, to reduce the chance of false positive 

interactions (ie adjustment for multiple testing). In some cases, groups for categorical 

variables were reduced to fewer categories for interaction analysis and only 

statistically significant interaction terms were retained in the model. 762 
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The ‘proportional hazards’ assumption in Cox regression implies that for two 

different patients in the population at risk, the ratio of their hazard rates will be 

constant throughout time, that is, the effect of the covariate on the hazard rate does 

not change over time. For example, if females in the cohort have a hazard ratio of two 

at any time during follow-up, the per-unit time rate of death amongst females is twice 

that of males. This is the proportional hazards assumption. 766 

 

Three methods were used to test that the proportional hazards assumption of the Cox 

regression were met: (i) plot of the scaled Schoenfeld residuals over time to visually 

assess if each of the coefficients are equal to zero. 767 Whether this assumption is true 

for a categorical variable can be seen in the ‘log minus-log’ survival plot. The 

‘curves’ were examined for the extent to which they were not parallel over time; (ii) 

examining Kaplan Meier survival curves. If the survival curves for different 

categories of a covariate cross this indicates that the proportional hazards assumption 

was not met for this covariate. This technique is only available for nominal or 

grouped continuous covariates; and (iii) performing formal tests of proportionality 

based on scaled Schoenfeld residuals. 762, 767 

 

When the effect of a covariate is not constant over time, that is, the proportional 

hazards assumption does not hold for this covariate, then the changing effect of the 

covariate on survival over time can be examined by dividing the follow-up period into 

intervals and estimating its effect (that is hazard ratio) separately for each period. For 

analysis of intermediate-term survival (that is survival up to one year), this was done 

by dividing the year into three-month intervals. For long-term survival this was done 

by dividing into periods 1-4 years, 4-7 years, 7-10 years; and longer than ten years. 

 

The Cox regression analytic strategy included: 

(1) Fitting models with single covariates to obtain univariate (unadjusted) effects;  

(2) Fitting models with age and sex as well as a single covariate to obtain age-and-

sex-adjusted effects;  

(3) Fitting models with all covariates to identify covariates with significant and 

independent effects. 
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Fitted Cox models are described by presenting hazard ratios, 95% confidence 

intervals and p-values for covariates in the model. In some situations, the estimated 

survival curves derived from the fitted model are presented for patients with specific 

covariate values in order to demonstrate the effects of key covariates on absolute 

survival. In these situations the other covariates in the model are usually set to the 

median value for the cohort. 

3.9. Sample size considerations 

 

There were a total of 26,019 admissions to ICU between 1987 and 2002 (2 patients 

from the ICU clinical database sent to the Data Linkage Unit were incorrectly labelled 

and not linked) with survival to hospital discharge of 89.2%. The accuracy/power of 

the survival analyses of cohort studies depends on the number of outcome events e.g 

deaths. Power calculations for survival analysis show that a total of 200 events 

(deaths) provides 88% power to detect relative risk (RR) = 1.25 per SD for a 

continuous risk factor (for example, APACHE II scores), a total of 200 events 

provides around 95% power to detect RR=2.0 for a binary risk factor with prevalence 

10%, and a total of 250 events provides 86% power to detect RR=1.5 for a binary risk 

factor with prevalence 25 to 50%. Thus there should be adequate power for overall 

analyses as well as many of the proposed subgroups. 

 

3.10. Comparison of survival of the ICU cohort with the general 

population 

 

Survival of patients admitted to ICU was compared to the Australian general 

population using Australian Bureau of Statistic’s Life Tables data. 724 The Australian 

population was chosen as the reference group in preference to the Western Australian 

population because there was more detailed data (probability of dying for each single 

year of age for males and females for most years 1987-2002) and these results could 

be generalised to other Australian ICUs. The life table probabilities are published in 

groups with three years of data combined into a single probability of dying for each 

single year of age for males and females. There is a gap in the data for the years 

‘1988’ and ‘1989’ so values for the year-period closest to the missing calendar year 

were chosen. In addition, several time-periods overlapped in the Australian Life 



 194 

Tables. When time-periods overlapped, the middle year-period was chosen, for 

example, the ‘1996-1998’ period was selected for the estimation of probability of 

survival for ‘1997’ from the ‘1995-1997’, ‘1996-1998’ and ‘1997-1999’ eras in the 

Australian Life Tables. 

 

The general population equivalent ‘probability of dying’ was obtained for each patient 

admitted to ICU using values for the corresponding age, sex and calendar year from 

Australian general population life tables. Ageing of the patient was taken into 

account. For example, the general population probability of death over the next year 

for a 60-year old male patient admitted in ‘1987’ was obtained as the life table value 

for a 61-year old male in the ‘1988’ calendar year. When the age exceeded 100 years, 

patients were assigned the probability for 100 years of age of the relevant year-period 

because life tables did not provide data for ages exceeding 100 years (five patients). 

 

Patients were followed for up to fifteen years. Observed and expected survival was 

estimated for (1) all index patients aged 16 years or older, (2) patients aged 16 years 

or older, who were discharged from hospital and (3) patients aged 14 to 44 years who 

were admitted to ICU with a trauma related condition and (4) patients who survived 

hospital and had no comorbidity. Survival time was measured from the day of 

admission to the ICU for index admissions and day of discharge from hospital for 

hospital survivors. Survival time was censored after 31st December 2003 if patients 

survived to this time. 

 

In the calculation of expected survival, patients were included in successive follow-up 

periods exceeding one year only if they had sufficient follow-up. For example, 

patients admitted in ‘1999’ were not included in the five-year survival calculation 

because these patients did not have at least five years of follow-up (to 31st December 

2003). The mid-interval was chosen as the time point to select patients for the relevant 

follow-up period. Using the midpoint assumed even distribution of survival 

throughout the time interval. For example, five-year survival was calculated for 

patients who had at least 4.5 years of follow-up. However, there was little difference 

to the outcomes whether estimation of survival was calculated at the mid interval or 

end of interval as the denominator. 
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Three types of comparisons with the general population were performed, the 

cumulative survival, conditional relative risk and relative survival: 

 

(1) The observed cumulative survival for (a) all index patients and (b) patients who 

survived hospital was estimated using the Kaplan Meier curve technique. The 

expected cumulative survival for these cohorts is the expected proportion still 

alive at each follow-up time calculated using the Australian general population 

life tables matched for age, sex and calendar year. 

 

(2) The conditional relative risk of death is a (follow-up) time-specific standardised 

mortality rate (SMR). For any follow-up year it is the ratio of the observed 

number of deaths in that year for ICU patients who were still alive at the 

beginning of that year to the expected number of deaths in that year for the same 

patients but based on age/sex/calendar year matched Australian death risks. It is 

referred to as ‘conditional’ because it is based on the ICU people still alive at the 

beginning of each year. 

 

(3) Relative survival is a measure of impaired survival in patients admitted to the ICU 

and is based on the assumption of independent competing causes of death. 768 It is 

the ratio of the survival proportion of the ICU cohort to the expected survival 

proportion from Australian life tables. The survival of patients who were 

discharged from hospital was compared to the survival of an age, sex and calendar 

year of admission matched general population. Patients at risk in this analysis 

were those who survived the previous time-interval and had sufficient follow-up. 

 

3.11. Comparison of hospital admissions before and after the 

index ICU admission 

 

A number of measures were used to quantify the burden of illness for patients before 

and after their index ICU admission. The measures included the number of hospital 

admissions, admissions per patient-year, total hospital days, hospital days per patient-

year and, for patients who had a hospital admission, LOS in hospital per admission. 
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These measures were calculated for each patient for an equivalent period before and 

after their index ICU admission in order to ascertain the possible increased burden of 

care arising from an episode of critical illness. The index admission was the hospital 

admission that contained the first ICU admission in the study period. The number of 

hospital admissions before the index admission was calculated for a period equivalent 

to the survival or follow-up time after the index admission, up to a maximum of seven 

years. For example, if a patient survived for two months after discharge from the 

index admission, the number of pre admission hospital admissions was calculated for 

the two months preceding the index admission (i.e. admissions recruitment period = 

two months before and two months after the index admission for that individual). 

Similarly, if the patient survived nine years after their index hospitalisation, the seven 

years before and after the index admission were examined for hospital admissions 

(that is, admissions recruitment period = seven years before and seven years after the 

index admission for that individual). A third example is for those patients who survive 

to study end but follow-up is less than seven years. For example, if the patient was 

admitted in ‘2000’ and alive at study end, up to four years before and after the index 

admission was examined for hospital admissions (i.e. admissions recruitment period = 

four years before and four years after the index admission for that individual). Same 

day admissions, that is, patients who were admitted and discharged on the same day, 

were excluded. 

 

It could be expected that more admissions occurred after the index admission because 

of the ageing of the cohort. To account for this effect, the association of ageing on 

admissions per patient-year before and after the index hospital admission was 

examined. The hospital admissions one year before and one year after the index 

admission were excluded. Age before the index admission was calculated at the 

midpoint of the equivalent before interval for each patient (up to six years). Age after 

the index admission was calculated at the midpoint of the follow-up interval after the 

index admission (up to six years). Linear regression was used to examine the effect of 

age on admissions per patient-year before the index admission. This estimated linear 

relationship was then used to predict admissions per patient-year after the index 

hospital admission. Comparison of the observed and predicted admissions per patient-

year after the index ICU admission shows whether there are more/less admissions 

after the index admission after accounting for the effect of ageing. 
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3.12. Summary 

 

This Chapter has described the methods used in this thesis. The study cohort consisted 

of patients admitted to the ICU at Royal Perth Hospital between the 1st January 1987 

and the 31st December 2002 who were aged 16 years or older, had a residential 

address in the state of Western Australia and had complete data linkage. The 22-bed 

adult general ICU is staffed and run as a ‘closed’ ICU and is the only ICU in the 

hospital, which is a large metropolitan teaching hospital in WA.  

 

The ICU clinical database was linked by Data Linkage WA 1 to two administrative 

databases, namely the Western Australian HMDS and the Western Australian Death 

Register, using probabilistic data linkage to provide a single dataset with clinical and 

outcome data. 

 

Explanatory factors that were examined include age, sex, severity of illness (APS 

from the APACHE II, the physiological data being recorded at the time of admission), 

peak number of organ failures on any single day, comorbidity (Charlson Comorbidity 

Index, chronic health evaluation, subsequent hospitalisations), ‘new cancer’, ICU 

admission diagnostic categories, type of admission (elective surgical, non-elective 

surgical or medical), LOS in ICU (calendar days) and era of admission (grouped into 

four-year periods: ‘1987-1990’, 1991-1994’, ‘1995-1998’, ‘1999 to 2002’). Each 

patient’s primary ICU admission diagnosis was classified according to the ICD-9-CM 

and grouped for analysis into one of nine categories: cardiac surgery, trauma, sepsis, 

cardiac arrest, non-traumatic brain condition (surgical and non-surgical), vascular 

conditions (surgical and non-surgical), poisoning/drug overdose, other surgery (non-

vascular, non-neurological, non-cardiac), and other medical conditions. ‘New cancer’ 

was defined as malignant conditions that were diagnosed during the hospitalisation in 

which the index ICU admission occurred, and excluded patients with cancer 

comorbidities included in their Charlson Comorbidity Index.  

 

Logistic regression was used to examine hospital mortality. Survival analysis methods 

(Kaplan Meier survival curves and Cox models) were used to explore intermediate 
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and long-term survival. All variables were entered into multivariate models 

simultaneously. Patients were assumed to be alive at 31st December 2003 if there was 

no record in the State’s death register. The primary outcome was survival time, 

measured from the day of discharge from hospital after the index ICU admission. The 

observed survival curve was compared to the expected survival curve, that is, the 

proportion of the ICU cohort who would be expected to be alive at each follow-up 

time point if they had the same death rates (matched for age, sex and calendar year) as 

the Australian general population for the period up to 31st December 2003. Life-tables 

of the Australian population were obtained from the Australian Bureau of Statistics. 
724 Continuous variables were categorised if there was evidence of a non-linear 

relationship between the variable and survival in univariate regression models. Cut-

points for groups were determined empirically based on achieving adequate numbers 

in each group and assessing the relationship between hazard ratio and the continuous 

variable. Two-sided comparisons with 95% confidence intervals (CIs) were used and 

‘p’ values less than 0.05 were considered statistically significant. The secondary 

outcomes for this study were cause of death as documented on the death record and 

subsequent hospitalisations to any hospital in Western Australia after discharge from 

Royal Perth Hospital. Hospital admissions and cumulative LOS before and after the 

index admission were compared. The follow-up after the index hospitalisation for 

each patient, up to a maximum of seven years, was used to estimate the pre-index 

admission time of follow-up. Subsequent admissions that included admission to ICU 

were also outlined. 

 

In summary, a description of the methods used to examine long-term survival has 

been presented in this Chapter. The results of the examination of long-term outcomes 

for patients admitted to the ICU at Royal Perth Hospital between 1987 and 2002 will 

be presented in the next chapter, Chapter 4. 
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Chapter 4  Results 

 

4.1. Introduction 

 

The survival and re-hospitalisation of patients admitted to the Royal Perth Hospital 

intensive care unit (ICU) from 1987 to 2002 are presented in this Chapter. All ICU 

patients were followed from their index ICU admission for up to seventeen years thus 

permitting analyses of short-term mortality (that is, death in ICU or hospital), analyses 

of intermediate-term survival (i.e. survival out to one year after hospital discharge), and 

analyses of long-term survival. As the aim of the thesis is to examine long-term 

outcomes the most comprehensive analysis and the bulk of this chapter pertain to long 

term outcomes in patients who survived to hospital discharge. However, before 

presenting the results of analyses of long term outcomes, the characteristics of the ICU 

cohort and how they have changed over time is presented and also some results on 

short- and intermediate-term survival as these enable comparison with results on long 

term outcomes and also more meaningful interpretation of the results on longer-term 

outcomes. The final sections include a description of the causes of death for patients 

who survived to hospital discharge, a comparison of hospital admissions before and 

after the index ICU admission, and an analysis of readmissions to ICU within the same 

hospitalisation and its impact on survival. 

 

4.2. Results of the data linkage 

 

From a total of 26,021 ICU records during the period 1987 to 2002, 26,019 linked to 

one or more records in the Western Australian Hospital Morbidity Data System 

(HMDS). These 26,019 ICU events involved 22,980 individual patients. Figure 4.1 

describes how the ICU cohort was selected from these 22,980 patients. There were 

22,510 patients (25,520 admissions) with linked records that were available for analysis, 

of which 22,298 were aged 16 years or older. There were 8,534 deaths in this cohort to 

end of the study, 31st December 2003 with patients having from one to seventeen years 

of follow-up. 
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Figure 4.1 Selection criteria for patients admitted to ICU from 1987 to 2002. 

 

 

The proportion of patients excluded from the study was small (n = 470, 2%) and is 

unlikely to influence outcomes. The main reason for exclusion was patients who were 

not resident in Western Australia (n = 425, 1.8%). Excluded patients were younger 

(median age 56 years compared to 61 years for the study cohort), more likely to be 

female (39% compared to 33% for the study cohort) and more often admitted after 

trauma (19% compared to 10% for the study cohort), non-traumatic brain conditions 

(18% compared to 5% for the study cohort), other medical conditions (17% compared 

to 11% for the study cohort) and sepsis (10% compared to 7% for the study cohort) and 

less often after cardiac surgery (21% compared to 43% for the study cohort). 

 

Index admissions = 22,980 patients 

(26,019 admissions) 

Patients with complete 

linkage = 22,935 

ICU admission not linked to 

specific HMDS event = 45 

Patients resident in 

Western Australia = 

22,510 

(25,520 admissions) 

Patient not resident in Western 

Australia = 425 

Patients aged 

less than 16 

years = 212 

Patients aged 

16 years and 

older = 22,298 
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4.3. Characteristics of the study cohort and treatments 

administered 

 

4.3.1 Characteristics of the full cohort and hospital survivors, overall and by cardiac 

surgery status. 

 

In this Section, the characteristics of study cohort (n=22,298) are described, including: 

age, sex, comorbidity, severity of illness, organ failure, diagnosis (ICU admission 

diagnosis, presence of ‘new cancer’ and type of admission), length of stay (LOS) in 

ICU, hospital and cumulative LOS after discharge from ICU, and era of admission. A 

description of these variables was presented in Chapter 3. Treatments administered in 

ICU and described in this Section are: mechanical ventilation requiring intubation, 

vasoactive therapy (inotropes and vasopressors), renal replacement therapy (RRT) and 

tracheostomy (after day ‘1’). 

 

Table 4.1 presents the characteristics and treatments administered for all index 

admissions (n = 22,298). In addition, characteristics are presented for all patients 

admitted (a) with conditions other than cardiac surgery and (b) after cardiac surgery. 

Considering that many general ICUs do not admit patients who have had cardiac 

surgery, it is important to describe the characteristics of the cohort for patients admitted 

with conditions other than cardiac surgery. Patients admitted after cardiac surgery are a 

relatively homogenous group and are not representative of patients admitted to general 

ICUs. 337, 754, 755 A description of the characteristics of all patients admitted after cardiac 

surgery is also provided, especially important considering that these patients comprise a 

substantial proportion of the Royal Perth Hospital cohort. 

 

The characteristics and treatments received among patients who survived to hospital 

discharge (and those who did not survive to hospital discharge) are also shown in Table 

4.1 as the cohort of hospital survivors is used for the study of intermediate and long-

term survival. Table 4.1 shows the differences in characteristics between patients who 

survive to hospital discharge and who were admitted (a) with conditions other than 

cardiac surgery and (b) after cardiac surgery. In recognition that general ICUs admit 

patients with a wide range of conditions, a brief description of the characteristics and 



 198 

treatments received for patients who survive to hospital discharge is presented for 

patients in each of the nine diagnostic categories. 

 

Section 4.3.1 concludes with a description of the characteristics for three factors: type of 

hospital admission, socio-economic status and accessibility/ remoteness. These factors 

are later examined in separate Cox models. 

 

Age and sex 

The median age of the cohort was 61 (interquartile range (IQR) 46-70) years, with 

10.8% of patients aged 75 years or older. Patients admitted with conditions other than 

cardiac surgery were younger than those admitted after cardiac surgery (z = -34.6, 

p<0.001), as shown in Table 4.1. Male patients made up two thirds of the cohort and 

were younger (median age 61 years) compared to females (median 62 years, z = -3.0, 

p=0.003). Patients admitted with conditions other than cardiac surgery compared to 

cardiac surgical admissions were younger (z = -34.6, p<0.001) and there was a smaller 

proportion of male patients (chi2 (1) 197.3, p<0.001). Among patients who survived to 

hospital discharge there was no difference in age between male and female patients 

(median age 55 and 53 years, respectively, z = -1.5, p=0.141) for all survivors or for 

those admitted with conditions other than cardiac surgery (z = -1.0, p=0.327). But for 

patients admitted after cardiac surgery, there was a significant difference in age between 

male and female patients (median age 63 and 66 years, respectively, z = -11.1, 

p<0.001). Admission APS for females was significantly worse than for males (7.6 

versus 6.9, t=-9.8, p<0.001), and this was the case for Charlson Comorbidity Index 

(0.98 versus 0.93, t=-2.2, p=0.025) and peak number of organ failures (0.93 versus 0.86, 

t=-4.2, p<0.001). 

 

Comorbidity  

Comorbidity using the APACHE II positive chronic disease history was present in 14% 

of patients (9% of patients had ‘2’ Chronic Health Evaluation points and 5% of patients 

had ‘5’ points). In comparison, using the Charlson Comorbidity Index, 46% of patients 

had a score of ‘1’ or more. There were significant differences in comorbidity between 

patients admitted with conditions other than cardiac surgery compared to admissions 

after cardiac surgery (z = -14.4, p<0.001), as shown in Table 4.1. A larger proportion of 

patients who were admitted for conditions other than cardiac surgery had a Charlson  
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Table 4.1 Comparison of patient characteristics for (a) all patients in the study cohort, (b) all patients admitted with conditions other than cardiac surgery, (c) all 

patients admitted after cardiac surgery, (d) patients who did not survive to hospital discharge, (e) patients who survived to hospital discharge, (f) patients who 

survived to hospital discharge admitted with conditions other than cardiac surgery and (g) patients who survived to hospital discharge admitted after cardiac surgery. 

 
Patient Characteristics (a) All patients 

(n=22,298) 
(b) Conditions 
other than 

cardiac surgery 
(n=12,537) 

(c) Admitted 
after cardiac 

surgery 
(n=9,761) 

(d) Did not 
survive to 
hospital 
discharge 
(n=2,377) 

(e) All hospital 
survivors 
(n=19,921) 

(f) Hospital 
survivors with 
conditions other 
than cardiac 

surgery 
(n=10,432) 

(g) Hospital 
survivors after 
cardiac surgery 

(n=9,489) 

Median age (IQR) 61 (46-70) 56 (37-69) 64 (56-71) 64 (48-73) 61 (46-69) 55 (35-68) 64 (55-70) 

Males (%) 67 63 72 61 68 64 73 

Mean Charlson Comorbidity score (SD) 0.99 (1.6) 0.98 (1.7) 1.01 (1.4) 1.42 (2.0) 0.94 (1.5) 0.90 (1.6) 0.99 (1.3) 

Mean admission APACHE II (SD) 11.6 (6.2) 12.4 (7.3) 10.5 (4.1) 19.6 (7.5) 10.6 (5.2) 10.8 (6.2) 10.4 (3.9) 

Mean admission acute physiology score (SD) 8.0 (5.8) 9.4 (6.9) 6.3 (3.2) 15.5 (7.6) 7.1 (4.8) 8 (5.9) 6.1 (3.0) 

Mean APACHE II estimate of risk of hospital 
death 

10.4 14.7 4.9 33.4  7.7 10.4 4.7 

Mean peak organ failure (SD) 1.13 (1.4) 1.25 (1.6) 0.97 (1.1) 3.19 (1.9) 0.88 (1.1) 0.87 (1.2) 0.89 (1.0) 

Diagnostic group        

Cardiac surgery (%) 43.8  100.0 11.4 47.6  100 

Vascular condition (%) 10.5 18.6  7.3 10.9 20.7  

Non-traumatic brain condition/surgery (%) 5.2 9.3  11.6 4.5 8.6  

Sepsis (%) 7.3 13.0  20.4 5.7 11.0  

Trauma (%) 9.6 17.1  13.6 9.2 17.5  

Cardiac arrest (%) 2.7 4.8  13.5 1.4 2.7  

Drug overdose/poisoning (%) 5.2 9.3  1.4 5.7 10.9  

Other medical condition (%) 11.2 19.9  14.4 10.8 20.6  

Other surgery (%) 4.5 7.9  6.4 4.2 8.1  
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Patient Characteristics (a) All patients 
(n=22,298) 

(b) Conditions 
other than 

cardiac surgery 
(n=12,537) 

(c) Admitted 
after cardiac 

surgery 
(n=9,761) 

(d) Did not 
survive to 
hospital 
discharge 
(n=2,377) 

(e) All hospital 
survivors 
(n=19,921) 

(f) Hospital 
survivors with 
conditions other 
than cardiac 

surgery 
(n=10,432) 

(g) Hospital 
survivors after 
cardiac surgery 

(n=9,489) 

‘New cancer’ (%) 1.8 2.8 0.6  1.5 2.5 0.5 

Type of admission        

Elective surgery (%) 52.0 23.0 89.2 14.6 56.4 26.2 89.6 

Non-elective surgery (%) 17.3 22.4 10.8 28.3 16.0 21.2 10.4 

Medical (%) 30.7 54.6  57.1 27.6 52.6  

Length of stay (LOS)        

Median LOS in ICU, days (IQR) 3 (2-4) 3 (2-5) 2 (2-4) 3 (2-8) 3 (2-4) 3 (2-5) 2 (2-4) 

Median LOS in hospital, days (IQR) 12 (9-19) 12 (6-23) 12 (10-17) 7 (3-16) 12 (9-19) 12 (7-24) 12 (10-16) 

Median hospital days after discharge from ICU 
(IQR) 

7 (5-11) 7 (2-14) 8 (6-10) 1 (1-2) 8 (6-12) 11 (6-21) 9 (8-12) 

Era of admission        

1987-1990 27.0 23.9 31.0 23.6 27.4 24.0 31.2 

1991-1994 28.3 22.9 35.2 24.6 28.7 22.8 35.2 

1995-1998 23.4 24.3 22.1 24.7 23.2 24.2 22.1 

1999-2002 21.3 28.9 11.6 27.1 20.7 28.9 11.5 

Important  treatments received        

Mechanical ventilation with intubation (%) 79.1 62.8 100.0 89.7 77.8 57.6 100.0 

Vasoactive drugs (%) 39.2 32.8 47.5 75.7 34.9 24.4 46.4 

Renal replacement therapy (%) 3.9 6.0 1.3 16.6 2.4 3.9 0.8 

Tracheostomy after day ‘1’ (%) 5.4 9.1 0.7 11.3 4.7 8.5 0.5 

MV, vasoactive therapy & RRT on single day (%) 2.7 4.1 1.0 14.3 1.3 2.1 0.5 

KEY: SD = standard deviation       Length of stay (LOS) =day of admission, recorded as day 1, to day of discharge IQR=interquartile range       MV=mechanical ventilation       N/A=not applicable  RRT=renal replacement therapy 

 vs.=versus 
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Comorbidity Index of ‘0’ (59.8% versus 46% of patients admitted after cardiac surgery) 

and a greater proportion with a Charlson Comorbidity Index of ‘5+’ (4.9% compared to 

2.6% respectively). Similar results were found for hospital survivors (z = -16.6, 

p<0.001). 

 

Severity of illness 

The mean admission Acute Physiology and Chronic Health Evaluation (APACHE) II 

score 327 (calculated using physiological values recorded at the time of admission to 

ICU) was 11.6. The mean ‘worst in first 24-hour’ APACHE II score for 18,997 patients 

(admitted after March 1989) was 14.1. Excluding cardiac surgical patients (n=9,761), 

the mean admission APACHE II score was higher than for cardiac surgical admissions 

(t = 22.3, p<0.001 for all patients and t = 6.6, p<0.001 for hospital survivors). Similar 

results were found for admission APS, as shown in Table 4.1 (t = 40.7, p<0.001 for all 

patients and t = 28.0, p<0.001 for hospital survivors). The mean predicted risk of death 

calculated from the APACHE II score was 10.4 for the study cohort. Patients admitted 

with conditions other than cardiac surgery had a greater risk for death than those 

admitted after cardiac surgery, as shown in Table 4.1 (t = 50.6, p<0.001). 

 

Organ failure 

The mean peak number of organ failures was 1.13 for all patients, but it was higher 

when cardiac surgical admissions were excluded. Fifty-five percent of the cohort had at 

least one organ failure, the most common of which were cardiovascular failure (39%) 

and metabolic failure (24%). The definitions for organ failure were presented in Table 

3.2. While respiratory organ failure accounted for only 22% of patients, 79% of all 

patients were intubated and mechanically ventilated at some time during their ICU 

admission. Renal failure (using the definition presented in Table 3.2) was found in 10% 

of patients and 3% of patients required a combination of mechanical ventilation, 

vasoactive drugs and renal replacement therapy (RRT) on any single ICU day. Patients 

admitted with conditions other than cardiac surgery had higher peak number of organ 

failures compared to cardiac surgical admissions (z = -9.2, p<0.001). 

 

Diagnosis 

Diagnosis was categorised into nine mutually exclusive groups. Great variation was 

found in the characteristics among patients in the nine diagnostic groups. Key 

characteristics for each diagnostic group are presented to illustrate this variation. 
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Cardiac surgery comprised the largest diagnostic subgroup (n = 9,761, 44% of all index 

admissions). The majority of patients admitted after cardiac surgery had undergone 

coronary artery bypass graft surgery with or without other cardiac procedures (78%). 

Heart valvular surgery comprised 22% of the cardiac surgical admissions. Patients who 

survived to hospital discharge after cardiac surgery (n = 9,489, 48% of hospital 

survivors) were predominantly male (73%) and had a median age of 64 (IQR 55-70) 

years. The mean Charlson Comorbidity Index was 0.99 (SD 1.3), slightly higher than 

the mean score for the Royal Perth Hospital cohort, as shown in Table 4.1. The mean 

admission APACHE II score (10.4 (SD 3.8)) and APS (6.1 (SD 3.0)) were lower than 

the mean values for the study cohort and 23% of patients had two or more organ 

failures. The majority of patients who were admitted after cardiac surgery were elective 

surgical admissions (90%). These patients were older (median age 64 years versus 62 

years for non-elective surgery, p=0.002) and had lower Charlson Comorbidity scores 

but this was not significant (0.98 versus 1.06 for non-elective surgery, p=0.074). They 

had lower APACHE II scores (mean 10.3 (SD 3.9) versus 12.5 (SD5.2) for non-elective 

surgery, p<0.001), APS (mean 6.2 (SD 3.1) versus 7.2 (SD 4.0) for non-elective 

surgery, p<0.001) and organ failure (22% of patients with two or more peak organ 

failures versus 33% for non-elective surgical admissions, p<0.001). 

 

Vascular surgery/conditions accounted for 10.5% (n=2,337) of admissions in the Royal 

Perth Hospital cohort. Of these, 54% were admitted after abdominal aortic aneurysm 

surgery and 29% after carotid endarcterectomies. Patients who survived to hospital 

discharge (10.9% of patients) were generally older, median age 69 (IQR 62-75) years, 

and three quarters of the patients were male. Patients had higher comorbidity (mean 

Charlson Comorbidity Index 1.36 (1.6) compared to all other diagnostic subgroups with 

the exception of cardiac arrest and sepsis). However, their severity of illness was lower 

than most other diagnostic subgroups: mean APACHE II score was 9.6 (SD 4.2) and 

mean admission APS was 5.0 (SD 3.6). The proportion of patients with two or more 

peak organ failures was 10%. Three quarters of the hospital survivors admitted for 

vascular condition/surgery were elective surgical admissions and a further 20% were 

non-elective surgical admissions with only 3% being medical admissions. 

 

Five percent (n=1,167) of index admissions were due to non-traumatic brain 

surgery/condition. The majority of patients were admitted for subarachnoid and 
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intracerebral haemorrhage. Nearly a third of patients (n = 323) admitted with non-

traumatic brain surgery/condition had cerebral neoplasms. Patients who survived 

hospital after an admission to ICU with non-traumatic brain surgery/condition (4.5% of 

patients) were younger, median age 52 (IQR 41-63) years, and was one of two 

diagnostic groups in the Royal Perth Hospital cohort that had fewer males (49%) 

compared to females, the other group being that of drug overdose/poisoning (49.9%). 

Hospital survivors had low comorbidity (Charlson Comorbidity Index of 0.86 (SD 1.6)), 

and the lowest severity of illness compared to other diagnostic groups (mean admission 

APACHE II score of 8.9 (SD 5.6) and mean APS of 6.5 (4.9)). Twelve percent of 

patients had two or more peak organ failures. Surgical admissions accounted for 87% of 

the admissions for non-traumatic brain surgery/condition (elective surgery 50% and 

non-elective surgery 37%) while 13% were medical admissions. 

 

Admissions for sepsis comprised 7.3% (n=1,629) of the Royal Perth Hospital cohort. 

Compared to the hospital survivors overall, patients admitted with sepsis and survived 

to hospital discharge (5.7% of patients) were younger and sicker. The median age of 

patients was 56 (IQR 37-67) years and the Charlson Comorbidity Index was 1.32 (SD 

2.0). The mean admission APACHE II score was 14.2 (SD 7.0), mean APS 11.2 (SD 

6.5), second only to cardiac arrest, and the proportion of patients admitted with sepsis 

with two or more peak organ failures was 58%, the highest for any diagnostic subgroup. 

The majority of patients were male (58%). Elective surgical patients accounted for 5.4% 

of admissions, non-elective surgical for 22.7% and medical patients for 71.8% of 

admissions for sepsis. 

 

Trauma admissions accounted for 9.6% (n=2143) of patients in the Royal Perth Hospital 

cohort, as shown in Table 4.1, with 5% of these having a burns injury. Forty-one 

percent of patients admitted with trauma had a head injury and of those, 62% had an 

admission Glasgow Coma Score (GCS) of eight or less, considered to be severe head 

injury 733 Twenty-six percent of patients with a head injury had no other trauma. 

Patients admitted with trauma and survived to hospital discharge (9.1%) were younger 

(median age 31, IQR 22-46, years) and, as expected, predominantly male (78%). They 

had substantially less comorbidity, the mean Charlson Comorbidity Index was 0.18 (SD 

0.8). The mean admission APACHE`II score was 10.3 (SD 5.5), slightly lower than the 

cohort’s mean value, but the APS was higher (9.4 (SD 5.2). Thirty-two percent of 

patients had two or more peak organ failures. 
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Patients admitted after cardiac arrest comprised 2.7% (n=603) of index admissions. 

Hospital survivors (1.4%) had a median age of 62 (50-71) years and were mostly male 

(63%). They had the highest comorbidity (mean Charlson Comorbidity Index score of 

1.41, SD 2.0) among the diagnostic subgroups. They also had the highest severity of 

illness (the admission APACHE II score was 18.1, SD 7.8, and mean APS was 14.1, SD 

7.6). Forty-seven percent of the patients admitted after cardiac arrest had two or more 

peak organ failures. 

 

Admissions for drug overdose/poisoning comprised 5.2% (n=1,170) of the study cohort. 

Patients who survived hospital after being admitted to ICU with drug 

overdose/poisoning (5.7% of hospital survivors) were young, median age 32 (IQR 24-

42) years, and half of the patients were male. As expected in this younger age group, 

comorbidity was low (Charlson Comorbidity Index 0.21, SD 0.8). Nearly half of 

patients admitted with drug overdose/poisoning had a history of mental disease (45.3%), 

defined using ICD-9-CM codes ‘290.0-319.9’ and ICD-10-AM codes ‘F00-F99’, 

compared to 26.7% of patients admitted in other diagnostic subgroups. The admission 

APACHE II score 11.1 (SD 6.3) and was slightly higher than the mean for hospital 

survivors overall (10.4, as shown in Table 4.1) but the APS was substantially higher 

(APS 10.4, SD 6.1) compared to the mean for hospital survivors overall (APS 7.1, SD 

4.8). The proportion of patients with two or more peak organ failures was 8%, the 

lowest for any diagnostic subgroup. Patients’ principal reason for admission to ICU may 

have been due to another cause, for example cardiac arrest, trauma or 

aspiration/poisoning, but drug overdose/poisoning may have contributed to the 

admission. Only the principal reason for admission to ICU was used to categorise 

diagnostic group in this thesis. 

 

‘Other medical’ condition comprised 11.2% (n=2,493) of all admissions and 10.8% of 

patients who survived to hospital discharge. For hospital survivors, the most common 

diagnoses after categorising patients by the ICD-9-CM coding groups were cardio- and 

pulmonary-vascular conditions (ischaemic heart disease 35.7%, arrhythmias and 

conduction defects 8.7%, heart failure 5.4% and other 1.9%), respiratory conditions 

(asthma 7.4%, COPD 3.4%, other 8.4%), symptoms, signs, ill-defined conditions 

(9.3%), nervous system/sense organs (epilepsy/convulsions 5.2%, other 2.3%) and 

endocrine /nutritional/metabolic/immunity (4.7%). The median age was 58 (IQR 43-57) 
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years and the majority of patients were male (62%). The mean Charlson Comorbidity 

Index was 0.89 (SD 1.6), the mean admission APACHE II score was 10.9 (SD 6.8) and 

mean APS was 7.5 (SD 6.3). Twenty-four percent of hospital survivors had two or more 

peak organ failures. 

 

‘Other surgery’ accounted for 4.5% (n=995) of admissions for the cohort. Patients who 

survived hospital after admission to ICU with ‘other surgery’ (4.2%) had a median age 

of 61 years, similar to that of the median value for hospital survivors. There were 

slightly more males (58%) than female patients and these comprised a smaller 

proportion than for all hospital survivors. The mean Charlson Comorbidity Index of 

1.54 was the highest for any diagnostic subgroup while the mean APACHE II score of 

9.8 was the lowest for any diagnostic subgroup with the exception of patients admitted 

with non-traumatic brain surgery/condition. The proportion of patients with two or more 

peak organ failures was 20%. Abdominal surgery (bowel surgery 21.8%, gastric surgery 

8.0%, liver and gallbladder surgery 5.3%, oesophageal surgery 3.9%, and other 4.0%) 

was the most common type of surgery in this group of hospital survivors. Patients 

admitted after lung surgery comprised 10.3% of hospital survivors admitted after ‘other 

surgery’, and 5.9% of patients were admitted after urinary tract surgery. The majority of 

patients (57%) were admitted after elective surgery. 

 

In addition to the nine diagnostic groups, a small proportion of the cohort (n=409, 1.8%) 

had ‘new cancer’, that is, the patient had an ICD code for cancer in the HMDS record 

associated with the index ICU admission in patients with no prior hospitalisation for 

cancer in the previous five years. Patients who survived to hospital discharge (1.5%) 

were admitted most often for non-traumatic brain surgery/condition (28.6%) or after 

‘other’ surgery (26.3%). The median age for these patients was 65 (IQR 51-73) years 

and 28% of patients had some comorbidity (Charlson Comorbidity Index > ‘0’). The 

mean admission APACHE II score was 10.4 (SD 5.6), APS was 6.5 (SD 4.7), and 9% 

had two or more peak number of organ failures. 

 

Patients were classified by the type of admission, that is, elective surgical, non-elective 

surgical and medical admissions, because some of the ICU admitting diagnosis included 

both surgical and medical conditions (vascular conditions, non-traumatic brain 

conditions, sepsis, trauma, cardiac arrest). Surgical admissions accounted for 69% of all 

admissions and of these, cardiac surgery and vascular surgery were the most common 
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(63% and 15%, respectively), as shown in Table 4.1. A little over half of patients were 

admitted after elective surgery (52%). Excluding cardiac surgical admissions, this 

proportion halved and there was a concomitant increase in the proportion of medical 

admissions (55% of the admissions), as shown in Table 4.1. 

 

Length of stay 

For patients who survived to hospital discharge the majority of patients stayed in ICU 

for only a few days: 78% of patients had stays in ICU of four days or less and 90% of 

patients stayed in ICU for seven days or less. The median LOS in the ICU was three 

days, except for cardiac surgical admissions that had a median LOS of two days (z = -

17.8, p<0.001). Whilst the median length of stay in hospital was 12 days for hospital 

survivors, hospital LOS for patients admitted with conditions other than cardiac surgery 

was longer overall (z = -5.2, p<0.001). Similarly, LOS in hospital after discharge from 

ICU was also longer for patients admitted with conditions other than cardiac surgery (z 

= -6.0, p<0.001). 

 

For a small group of patients, the stay in ICU was more prolonged. Prolonged LOS in 

ICU was categorised into three sub-categories ‘>14-21’, ‘>21-28’ and ‘>28’ days and 

compared to the shorter LOS group, ‘=<14’ days. Patients who survived to hospital 

discharge after a stay in ICU of ‘>14-21’ days comprised 1.9% of the cohort, ‘>21-28’ 

days 0.8% and >28 days 1.1%. In comparison, 96.1% of patients stayed in ICU for 14 

days or less. 

 

Patients in the ‘>14-21’ and ‘>21-28’ groups were younger (median age 47 and 48 

years, respectively), compared to 61 years for the shortest LOS group ‘=<14 days’ and 

55 years for the longest LOS group ‘>28’ days. Severity of illness was higher for 

patients who had prolonged stays in ICU. The median APS was 6 for the LOS group 

‘=<14’ days compared to a two-fold increase for longer stay patients (12 for LOS ‘>14-

21’ days, 11 for LOS ‘>21-28’ days and 12 for ‘>28’ days). Similarly, organ failure was 

at least three-fold higher among patients who had a prolonged stay in ICU. The mean 

peak number of organ failures was 0.80 for the shortest LOS group (‘=<14’ days) 

compared to 2.57 for LOS ‘>14-21’ days, 3.02 for LOS ‘>21-28’ days and 3.68 ‘> 28’ 

days. 
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Trauma and sepsis were the predominant admitting diagnostic categories for patients 

who had a prolonged stay in ICU. The highest proportion of patients with trauma 

(44.8%) was in the ‘>21-28’ day LOS group compared to 7.9% for LOS ‘=<14’ days, 

42.9% for LOS ‘>14-21’ day and 30.3% for LOS ‘>28’ days. The longest stay group 

(‘>28’ days) had the highest proportion of patients admitted with sepsis, 36.4% 

compared to 4.8% for LOS ‘=<14’ days, 22.6% for LOS ‘>14-21’ days and 27.3% for 

LOS ‘>21-28’ days. A concomitant decrease in the proportion of patients admitted after 

cardiac surgery and vascular surgery/conditions in the prolonged stay groups was found. 

 

Era of admission 

The proportion of patients in each era of admission varied with the highest proportion of 

patients being admitted between ‘1991-1994’ and the least in the ‘1999-2002’ era for all 

patients, for patients who survived to hospital discharge and those admitted after cardiac 

surgery, as shown in Table 4.1. However, among patients admitted with conditions 

other than cardiac surgery, most admissions occurred in the ‘1999-2002’ era. 

 

Treatments patients received in ICU 

Mechanical ventilation for patients who were intubated was the most common therapy 

received by patients in ICU, as shown in Table 4.1. The proportion of patients who 

received mechanical ventilation and vasoactive drugs was higher among patients 

admitted after cardiac surgery. In contrast, RRT and tracheostomy after day ‘1’ were 

more frequent among patients admitted with conditions other than cardiac surgery. 

 

4.3.2 Comparison of characteristics of hospital survivors and non-survivors 

 

The characteristics for patients who survived to hospital discharge (n = 19,921) and 

those that did not survive to hospital discharge (n = 2,377) are shown in Table 4.1. 

Hospital survivors were younger (median age 61 years compared to 64 years for non-

survivors, z = -9.2, p<0.001) and more often male (68% compared to 61% of patients 

who did not survive to hospital discharge, chi 2 (1) 53.8, p<0.001). As expected, they 

had lower comorbidity (mean Charlson Comorbidity Index 0.94 compared to 1.42, z = -

9.2, p<0.001). Also they were less sick (mean APACHE II score 10.6 versus 19.6 for 

non-survivors, t = 75.9, p<0.001, and APS 7.1 compared to 15.1 for non-survivors, t = 

74.7, p<0.001) and had less organ failure (mean peak number of organ failures 0.88 

compared to 3.19, z = -59.2, p<0.001). For patients who had triple failure, that is, those 
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who were intubated and receiving mechanical ventilation, vasoactive drugs and RRT on 

any single day (2.7% of all index admissions), the majority (56%) did not survive to 

hospital discharge. The majority of hospital survivors were admitted after cardiac 

surgery (47.6%) or vascular surgery/conditions (10.9%) and ‘other medical’ (10.8%) 

conditions. In contrast, patients who did not survive to hospital discharge were most 

often admitted with sepsis (20.4%), ‘other medical’ conditions (14.4%), trauma (13.6%) 

or after cardiac arrest (13.5%). Among patients admitted with trauma and who had a 

head injury (n = 886), 56% did not survive to hospital discharge. 

 

4.3.3 Comparison of characteristics of elective and non-elective hospital admissions  

 

Elective admissions to the hospital accounted for 47% of patients who survived to 

hospital discharge (n = 9,394) and of those, the vast majority (72%) were admitted to 

ICU after cardiac surgery. Consequently, elective admissions were:  

• Older (median 64 years versus 55 years); 

• Predominantly male (72% versus 65% for non-elective admissions); 

• Had lower severity of illness (median APS was 5 compared to 7 for non-elective 

admissions); 

• Fewer organ failures (mean peak number of organ failures 0.71 compared to 1.03 

for non-elective admissions); and  

• Higher comorbidity (mean Charlson Comorbidity Index 1.07 versus 0.83 for non-

elective admissions).  

 

For non-elective admissions to hospital, 26% of patients were admitted after cardiac 

surgery. Another important group was medical conditions (19%), of which 55% were 

related to cardiovascular disease and 11% due to asthma or COPD. Trauma (17%) was 

also important. 

 

4.3.4 Socio-economic status and accessibility/remoteness index for hospital survivors 

 

The Socio-Economic Indexes for Areas (SEIFA) ‘Index of Relative Socioeconomic 

Disadvantage’ was used to represent socio-economic (SES) status in the analysis of 

intermediate and long-term survival of patients who were discharged hospital. Quartile 

values from the ‘1996’ index were categorised into four groups, ranked from low to 

high scores, for 5,740 patients admitted to ICU between ‘1994’ and ‘1998’. The values 
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for the four groups were ‘<964’ for group 1 (first quartile), the lowest socio-economic 

status group, ‘964-<999’ for group 2 (second quartile), ‘999-<1035’ for group 3 (third 

quartile), and ‘=>1035’ for group 4 (fourth quartile), the highest socio-economic status 

group. Considering the quartile values from SEIFA 2001 for patients (n = 4,092) who 

survived to hospital discharge from after the index admission to ICU between ‘1999’ 

and ‘2002’, values were ‘<960’ for group 1 (first quartile), the lowest socio-economic 

status group, ‘960-<990’ for group 2 (second quartile), ‘990-<1023’ for group 3 (third 

quartile), and ‘=>1023’ for group 4 (fourth quartile), the highest socio-economic status 

group. Combining these groups, over a third of patients were in the lowest socio-

economic status group, as shown in Table 4.2. 

 

Table 4.2 Proportion (%) of patients who survived to hospital discharge by the Socio-

Economic Indexes for Areas (SEIFA) ‘Index of Relative Socioeconomic Disadvantage’ group 

(n=9,832). 

 

SEIFA group ‘1994’ - ‘1998’ (n=5,740) ‘1999’ - ‘2002’ (n=4,092) All (n=9,832) 

1 (low) 37.4 30.4 34.5 

2 22.6 23.0 22.8 

3 18.7 21.5 19.9 

4 (high) 21.4 25.1 22.9 

 

 

Patients in the highest socio-economic status group were older (the median age was 62 

years compared to 59 years for the lowest group, p<0.001) and comorbidity decreased 

as socio-economic status increased (Charlson Comorbidity Index 1.03 compared to 1.16 

for the lowest group, p<0.001). There was no difference in the severity of illness or 

organ failure between groups (median admission APS p=0.069 and mean peak number 

of organ failures, p<0.950). 

 

The measure of accessibility/remoteness used in survival analyses was based on five 

Accessibility/Remoteness Index of Australia (ARIA) groups that were ranked from 

highly accessible to very remote, based on residential postcode. Patients discharged 

from hospital and who had no ARIA were excluded from the evaluation. Excluded 

patients (n=332) were younger (median age 58 years versus 61 years, z = -1.9, p=0.055) 

and had less comorbidity (mean Charlson Comorbidity Index score 0.81 versus 0.95, t = 

-1.6, p=0.103). They had higher severity of illness (mean APACHE II score 11.0 versus 



 210 

10.6, t = 1.5, p=0.127 and mean peak number of organ failures 1.09 versus 0.88, t = 3.4, 

p=0.001). Only peak number of organ failures was statistically significant and 

considering the small number of patients, it is unlikely that excluding these patients 

would result in selection bias. 

 

A comparison of characteristics for patients by ARIA group (n = 19,589) are shown in 

Table 4.3. Patients in the very remote group (n = 806) were younger and had higher 

severity of illness. They also had higher organ failure, (mean peak number of organ 

failures 1.18 compared to 0.84 to 1.05 for the other groups). Patients were admitted less 

often after cardiac surgery (33%) than other patients admitted to ICU and there were 

more admissions with trauma (22%) and sepsis (16%). 

 

Table 4.3 Characteristics of patients who survived to hospital discharge by Accessibility/ 

Remoteness Index of Australia (ARIA) group (n=19,589). 

 

ARIA Group Very 
Accessible 
(n=16,203) 

Accessible 
(n=1,194) 

Accessible 
(n=1,074) 

Remote 
(n=312) 

Very Remote 
(n=806) 

Median age (IQR) 61 (48-70) 62 (46-70) 58 (42-68) 56 (38-63) 45 (33-56) 

Males (%) 68.0 70.3 67.6 69.9 69.7 

Mean APACHE II score (SD) 10.6 (5.1) 10.4 (4.9) 11.1 (5.8) 10.3 (5.5) 10.3 (6.1) 

Mean APS (SD) 7.0 (4.7) 6.8 (4.4) 7.9 (5.4) 7.6 (5.3) 8.5 (5.8) 

Mean peak number of organ 
failures (SD) 

0.85 (1.1) 0.84 (1.1) 1.05 (1.2) 0.99 (1.2) 1.18 (1.4) 

Mean Charlson Comorbidity 
Score (SD) 

0.93 (1.5) 1.02 (1.6) 1.06 (1.6) 0.95 (1.6) 1.00 (1.7) 

Diagnostic group      

Cardiac surgery (%) 48.9 48.7 41.9 42.3 33.9 

Vascular condition (%) 11.1 15.0 9.2 7.4 3.6 

Non-traumatic brain condition 
(%) 

4.5 4.3 5.4 5.1 3.0 

Sepsis (%) 4.8 5.9 9.4 10.6 16.3 

Trauma (%) 7.9 11.9 13.5 16.0 21.7 

Cardiac arrest (%) 1.4 1.0 2.1 2.2 1.4 

Drug overdose/ poisoning 
(%) 

6.0 3.4 3.7 4.2 5.2 

Other medical condition (%) 11.4 6.0 8.6 8.7 10.0 

Other surgery (%) 4.0 3.9 6.1 3.5 5.0 

Type of admission      

Elective surgical (%) 57.5 62.4 51.8 46.8 39.2 

Non-elective surgical (%) 15.9 15.6 15.5 20.5 17.6 

Medical (%) 26.7 22.0 32.8 32.7 43.2 
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4.3.5 Characteristics of patients with and without ICU readmissions  

 

Among the 22,298 index admissions, there were 779 patients (3.5%) having at least one 

readmission to ICU during their index hospitalisation. For the patients who had 

readmissions in their index hospitalisation, 54 patients had two readmissions, six 

patients had three readmissions and one patient had four readmissions. The proportion 

of patients readmitted to ICU after cardiac surgery was 2.9%, and for patients admitted 

with conditions other cardiac surgery, 4.0%. The majority of patients readmitted to ICU 

(62%) occurred more than three days after discharge. For hospital survivors, there were 

636 patients (3.2%) who had at least one readmission to ICU, 2.6% for patients 

admitted after cardiac surgery and 3.8% among patients admitted for conditions other 

than cardiac surgery. 

 

Characteristics of patients who survived their index admission to ICU and who did and 

did not have a readmission during the index hospitalisation are shown in Table 4.4. 

Patients in the ‘16-44’ and ’65-74’ year age groups had less readmissions (p=0.002 and 

0.043 respectively) whilst for the other age groups there was no difference (p ranged 

from 0.265 to 0.546). Comorbidity, APS and peak number of organ failures was higher 

among patients who had readmissions (p=<0.001). Patients with non-traumatic brain 

conditions/surgery, trauma, sepsis or ‘other medical’ condition were the most frequent 

diagnostic groups for readmission in the index ICU admission and patients admitted 

after drug overdose/poisoning the least likely to be readmitted. Length of stay in ICU 

and hospital length of stay for patients were significantly different between groups 

(p<0.001 for ICU and hospital length of stay). In particular, patients who had a 

readmission during their index admission had a median length of stay in hospital more 

than twice that of patients who did not have a readmission (28 versus 12 days). For 

patients who survived to hospital discharge, those aged ‘16-44’ years had less 

readmissions (p=0.002) whilst for the other age groups there was no difference (p 

ranged from 0.109 to 0.887). Similar to those for ICU survivors, comorbidity, severity 

of illness, length of stay in ICU and hospital were higher for patients who had a 

readmission. Elective surgical admissions were less likely to have a readmission to ICU. 
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Table 4.4 The proportion (%) of patients who did and did not have a readmission during the 

index hospital admission by age group, sex, comorbidity group, APS group, peak number of 

organ failure group, ‘new cancer’, diagnostic group, type of admission, length of stay group and 

era of admission for patients who survived their index ICU admission and for hospital survivors. 

 

 Patients who survived index ICU 
admission (n=20,593) 

Patients discharge from hospital 
(n=19,921) 

 No readmission 
(n=19,814) 

Readmission 
(n=779) 

No readmission 
(n=19,285) 

Readmission 
(n=636) 

Age group (years) 

16-44  22.9 18.7 23.3 20.1 

45-54  13.7 16.0 13.8 17.0 

55-64 23.2 22.1 23.3 23.1 

65-74 27.7 30.8 27.6 30.2 

75+ 12.5 12.3 11.9 9.6 

Sex 

Male patients  68.2 64.8 68.3 65.9 

Charlson Comorbidity Index score (CCI) 

CCI=0 54.0 46.6 54.5 50.3 

CCI=1-2 34.3 34.8 34.4 34.1 

CCI=3-4 8.1 11.4 7.8 9.3 

CCI=5+ 3.5 7.2 3.3 6.3 

Acute Physiology Score group (APS) 

APS score=0-4 33.0 29.4 33.7 33.7 

APS score=5-9 41.9 40.6 42.4 42.4 

APS score=10-14 15.9 18.4 15.6 15.6 

APS score=15+ 9.1 11.7 8.3 8.3 

Peak number of organ failures (Peak OF) 

Peak OF =0 48.6 40.9 49.6 44.2 

Peak OF =1 27.1 25.3 27.2 24.5 

Peak OF =2 14.3 16.7 14.1 16.2 

Peak OF =3 6.2 10.0 5.8 9.1 

Peak OF =4+ 3.8 7.1 3.3 6.0 

‘New cancer’ 

No ‘new cancer’ 98.4 97.7 98.5 98.0 

‘New cancer’ 1.6 2.3 1.5 2.0 

Diagnostic group 

Cardiac surgery 46.9 35.2 47.9 38.1 

Vascular disorder/surgery 10.9 9.1 10.9 8.6 

Non-traumatic brain condition/ 
surgery 4.5 9.6 4.3 10.5 

Sepsis 5.9 10.7 5.6 8.8 

Trauma 9.1 11.0 9.1 11.3 

Cardiac arrest 1.8 1.9 1.4 1.4 

Drug overdose/poisoning 5.8 0.1 5.9 0.2 

Other medical condition 10.8 13.2 10.7 14.5 

Other surgery 4.3 9.1 4.1 6.6 
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 Patients who survived index ICU 
admission (n=20,593) 

Patients discharge from hospital 

(n=19,921) 

 No readmission 
(n=19,814) 

Readmission 
(n=779) 

No readmission 
(n=19,285) 

Readmission 
(n=636) 

Type of admission 

Elective surgical 55.6 46.0 56.7 47.3 

Non-elective surgical 16.2 26.4 15.7 25.3 

Medical 28.2 27.6 27.6 27.4 

Length of stay (LOS) in ICU (days) 

ICU LOS=1-2 47.2 41.7 48.0 43.4 

ICU LOS=3-4 30.2 26.7 30.4 27.5 

ICU LOS=5+ 22.6 31.6 21.7 29.1 

Era of admission 

1987-1990 25.0 25.0 27.5 25.6 

1991-1994 24.8 24.8 28.8 26.3 

1995-1998 20.7 20.7 23.3 18.4 

1999-2002 29.5 29.5 20.4 29.7 

 

 

4.3.6 Survival to one-year after hospital discharge 

 

Long-term survival in this thesis is defined as survival exceeding one year after 

discharge from hospital. The sub-cohort characteristics were compared between those 

patients who did and those who did not survive past one year after surviving to hospital 

discharge. In addition, Table 4.5 shows the characteristics and the treatments patients 

received in ICU for patients admitted with conditions other than cardiac surgery and 

admissions after cardiac surgery for one-year survivors and non-survivors. Patients who 

survived longer than one year were significantly younger (z = -14.2, p<0.001), had 

lower APS (z = -10.2, p<0.001), lower peak number of organ failures (z = -10.7, 

p<0.001) and less than half the Charlson Comorbidity Index (z = -20.3, p<0.001) than 

those who did not survive one year. Non-survivors were two to three times more often 

admitted with sepsis, non-traumatic brain surgery/conditions, cardiac arrest, ‘other 

medical’ conditions and ‘other surgery’. Surgical admissions were most often non-

elective among patients who did not survive one year after hospital discharge, not 

surprising considering that the admission was unplanned. 
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Table 4.5 Characteristics of patients who survived to hospital discharge and (a) who survived up to one year, (b) survived to one year admitted with conditions 

other than cardiac surgery, (c) survived to one year admitted after cardiac surgery, (d) all patients who survived beyond one year, (e) patients who survived beyond one 

year and admitted after cardiac surgery and (f) patients who survived beyond one year and admitted with conditions other than cardiac surgery. 

 
 Patients who did not survive longer than one year Patients who survived longer than one year 

 (a) All 

 (n=1,073) 

(b) Other than 
cardiac surgery 

(n=835) 

(c) Cardiac surgery 
(n=238) 

(d) All  

 (n=18,848) 

(e) Conditions other 
than cardiac 

surgery (n=9,597) 

(f) Cardiac surgery 
(n=9,251) 

Males (%) 65.3% 64.1 69.7 68.4 64.1 72.8 

Median age (IQR) 67 (56-74) 66 (55-73) 69 (62-74) 60 (46-69) 53 (34-67) 64 (55-70) 

Mean Charlson Comorbidity  score (SD) 2.12 (2.4) 2.21 (2.6) 1.82 (1.9) 0.88 (1.4) 0.79 (1.5) 0.97 (1.3) 

Mean admission APACHE II (SD) 13.3 (6.3) 13.8 (6.8) 12.3 (4.0) 10.4 (5.1) 10.6 (6.0 10.3 (3.8) 

Mean admission acute physiology score (SD) 8.9 (6.0) 9.4 (6.5) 7.2 (3.3) 7.0 (4.7) 7.9 (5.8) 6.1 (3.0) 

Mean estimate of risk of hospital death (SD) 15.2 (16.9) 17.8 (18.3) 6.1 (4.0) 7.2 (10.0) 9.8 (13.1) 4.6 (3.5) 

Mean peak organ failure (SD) 1.29 (0.3) 1.22 (1.4) 1.50 (1.3) 0.86 (1.1) 0.84 (1.2) 0.88 (1.0) 

Diagnostic group       

Cardiac surgery (%) 22.2  100.0 49.1  100.0 

Vascular surgery/condition (%) 11.7 15.1  10.8 21.2  

Non-traumatic brain condition/surgery (%) 11.6 14.9  4.1 8.0  

Sepsis (%) 10.9 14.0  5.4 10.7  

Trauma (%) 5.2 6.7  9.4 18.4  

Cardiac arrest (%) 3.5 4.6  1.3 2.5  

Drug overdose/poisoning (%) 4.1 5.3  5.8 11.4  

Other medical condition (%) 19.5 25.0  10.3 20.2  

Other surgery (%) 11.3 14.5  3.8 7.5  

New cancer (%) Yes 9.1 11.4 1.3 1.1 1.7 0.5 
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 Patients who did not survive longer than one year Patients who survived longer than one year 

 (a) All 

 (n=1,073) 

(b) Other than 
cardiac surgery 

(n=835) 

(c) Cardiac surgery 
(n=238) 

(d) All  

 (n=18,848) 

(e) Conditions other 
than cardiac 

surgery (n=9,597) 

(f) Cardiac surgery 
(n=9,251) 

Type of admission       

Elective surgery (%) 40.3 26.3 89.1 57.3 26.2 89.6 

Non-elective surgery (%) 21.2 24.1 10.9 15.7 20.9 10.4 

Medical (%) 38.6 49.6  26.9 52.9  

Length of stay (LOS)       

Median LOS in ICU, days (IQR) 3 (2-6) 3 (2-6) 4 (2-6) 3 (2-4) 3 (2-5) 2 (2-3) 

Median LOS in hospital, days (IQR) 18 (11-33) 18 (10-35) 18 (12-28) 12 (9-19) 12 (6-23) 12 (10-16) 

Median hospital days after ICU admission (IQR) 15 (9-27) 15 (9-30) 13 (9-20) 10 (8-15) 10 (5-20) 9 (8-12) 

Era of admission       

1987-1990 24.4 23.1 29.0 27.6 24.1 31.2 

1991-1994 24.1 20.8 35.7 29.0 23.0 35.2 

1995-1998 22.9 22.9 23.1 23.2 24.3 22.1 

1999-2002 28.5 33.2 12.2 20.2 28.6 11.5 

Important  treatments received       

Mechanical ventilation with intubation 71.4 63.2 100.0 78.2 57.1 100.0 

Vasoactive drugs (%) 42.4 35.2 67.6 34.4 23.4 45.8 

Renal replacement therapy (%) 7.2 8.0 4.2 2.1 3.5 0.7 

Tracheostomy after day ‘1’ (%) 8.8 10.4 2.9 4.5 8.4 0.4 

MV, vasoactive therapy & RRT on single day (%) 3.4 3.6 2.9 1.2 2.0 0.4 

KEY: SD = standard deviation       Length of stay (LOS) =day of admission, recorded as day 1, to day of discharge IQR=interquartile range       MV=mechanical ventilation       N/A=not applicable  RRT=renal replacement therapy 
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4.4. Changes in characteristics and treatments administered over 

time 

 

Considering the long duration of the study, it was anticipated that there would be 

significant changes over time in the characteristics of the (index) ICU patients and the 

treatments administered to them. Similar to the preceding Section, the results are 

presented for all index admissions and for patients who survived to hospital discharge. 

In addition, characteristics for patients who survived to hospital discharge and were 

admitted (a) with conditions other than cardiac surgery and (b) after cardiac surgery are 

also described. 

 

4.4.1 Changes in the number of admissions to ICU  

 

The number of admissions per annum to ICU decreased over time from 1,604 

admissions in ‘1987’ to 1,241 admissions in ‘2002’ (p<0.001) for the entire cohort. A 

similar trend was observed for patients who survived to hospital discharge (1,455 

admissions in ‘1987’ to 1,062 admissions in ‘2002’, p<0.001), as shown in Figure 4.2. 

The decrease in number of patients overall is primarily due to decrease in cardiac 

surgical admissions, from 716 hospital survivors in ‘1987’ to 272 in ‘2002’. 
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Figure 4.2 Number of admissions to ICU between 1987 and 2002 for the study cohort and 

the two subgroups, patients admitted with conditions other than cardiac surgery and those 

admitted after cardiac surgery for (a) all index admissions and (b) patients who survived to 

hospital discharge. 
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(b) Patients who survived to hospital discharge (n=19,921) 
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4.4.2 Changes in age and sex  

 

The median age in ‘1987’ was 60 (IQR 47-67) years, rose to a peak of 63 (IQR 50-70) 

years between 1992 and 1996 and then decreased to 55 years in ‘2002’ (IQR 38-69; z = 

-4.6, p<0.001 for trend), as shown in Figure 4.3. A similar trend was observed for 

patients who survived to hospital discharge (z = -5.7, p<0.001 for trend). 

 

Figure 4.3 Changes over time in median age for all patients admitted to ICU (n = 22,298) 

and for patients who survived to hospital discharge (n = 19,921). 
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The change in age was also examined by comparing the proportions in each of five age 

groups (‘16-44’, ‘45-54’, ‘55-64’, ‘65-74’ and ‘75+’ years) over time (Figure 4.4). The 

proportion of patients ‘75+’ years increased over the study period and there was also an 

increase in the proportion ‘16-44’ years. Consequently, there was a decrease in the 

proportion of patients in the ‘55-64’ and ‘65-74’ age groups. 
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Figure 4.4 Changes in the proportion of admissions per year by age (categorised ‘16-44’, 

‘45-54’, ‘55-64’, ‘65-74’ and ‘75+’ years) during the study period for patients who survived to 

hospital discharge (n = 19,921). 
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Among patients who survived to hospital discharge, the median age for cardiac surgical 

admissions was older, 64 (IQR 55-70) years compared to admissions for conditions 

other than cardiac surgery, 55 (IQR 35-68) years. The trends in age group proportions 

are shown in Figure 4.5. For hospital survivors who were admitted to ICU with 

conditions other than cardiac surgery, the median age decreased from 57 (IQR 37-67) 

years in ‘1987’ to 50 (IQR 33-65) years in ‘2002’ (z = -2.72, p=0.007 for trend). In 

contrast, the median age for hospital survivors admitted after cardiac surgery increased 

from 61 (IQR 53-67) years in ‘1987’ to 63 (IQR 53-74) years in ‘2002’ (z = 9.84, 

p<0.001). Whilst the proportion of patients aged ‘75+’ increased from 8.5% in ‘1987’ to 

11.1% in ‘2002’ for those admitted to ICU with conditions other than cardiac surgery, 

there was a four-fold increase in the proportion of older patients admitted after cardiac 

surgery, 5.4% in ‘1987’ to 24.3% in ‘2002’. 
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Figure 4.5 The proportion of patients who survived to hospital discharge each year who 

were admitted (a) with conditions other than cardiac surgery and (b) after cardiac surgery by age 

group (categorised ‘16 44’, ‘45-54’, ‘55-64’, ‘65-74’ and ‘75+’ years). 
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(b) Cardiac surgery (n=9,489) 
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The proportion of male patients decreased in the study cohort, from 69.5% to 63% in 

‘2002’ (z = 7.7, p<0.001 for trend). A similar trend (z = 7.2, p<0.001 for trend) was 

observed for patients who survived to hospital discharge (Figure 4.6). Among hospital 

survivors, the proportion of male patients admitted for a condition other than cardiac 

surgery decreased from 64% in ‘1987’ to 61% in ‘2002’ (z = -5.35, p<0.001 for trend) 

whereas the proportion of male patients admitted after cardiac surgery was relatively 

constant during the study period (z = -0.24, p=0.811 for trend). 

 

Figure 4.6 Changes in the proportion of male patients admitted to ICU during the study 

period for all patients (n = 22,298); patients who survived to hospital discharge (n = 19,921); 

hospital survivors admitted with conditions other than cardiac surgery (n = 10,432) and hospital 

survivors admitted after cardiac surgery (n = 9,489). 
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4.4.3 Changes in comorbidity estimated by the Charlson Comorbidity Index 

 

The number of patients with chronic disease has increased over time (mean Charlson 

Comorbidity Index was 0.75, SD 1.2, in ‘1987’, increasing to 1.34, SD 2.1, in ‘2002’; z 

= 11.3, p<0.001 for trend). There was less comorbidity among patients who survived to 

hospital discharge compared to all patients (mean Charlson Comorbidity Index was 

0.72, SD 1.1, in ‘1987’, increasing to 1.23, SD 2.0, in ‘2002’), but similar trends for 

increasing comorbidity were found (z = 9.0, p<0.001 for trend), as shown in Figure 4.7. 

Likewise, similar trends were found for patients who survived to hospital discharge and 

were admitted to ICU with conditions other than cardiac surgery (z = 8.8, p<0.001 for 

trend) or after cardiac surgery (z = 9.2, p<0.001 for trend), as shown in Figure 4.7. 

 

Figure 4.7 Changes in mean Charlson Comorbidity Index (CCI) for patients admitted 

between 1987 and 2002 for all patients (n = 22,298); patients who survived to hospital discharge 

(n = 19,921); hospital survivors admitted with conditions other than cardiac surgery (n = 10,432) 

and hospital survivors admitted after cardiac surgery (n = 9,489). 

 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Year of admission

Mean 
Charlson score

All patients Hospital survivors Not cardiac surgery Cardiac surgery  

 



 223 

Considering that comorbidity and age are strongly associated, changes in the Charlson 

Comorbidity Index for the five age groups by era of admission (‘1987-1990’, ‘1991-

1994’, ‘1995-1998’, ‘1999-2002’) are shown in Figure 4.8 for (a) all patients and (b) 

patients who survived to hospital discharge. It is clear that within each age group 

comorbidity has increased over time. 

 

Figure 4.8 Changes in mean Charlson Comorbidity Index (CCI) in each age group (‘16-44’, 

‘45-54’, ‘55-64’, ‘65-74’ and ‘75+’ years) by era of admission (‘1987-1990’, ‘1991-1994’, ‘1995-

1998’, ‘1999-2002’) for (a) all patients and (b) patients who survived hospital. 
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4.4.4 Changes in severity of illness and organ dysfunction 

 

Patients became sicker over time, as shown in the trend in admission APS (mean APS 

7.8, SD 5.5, in ‘1987’ and 8.0, SD 5.8, in ‘2002’; z = 5.1, p<0.001 for trend). These 

changes in APS over the study period are depicted in Figure 4.9. There was a similar 

trend for the APACHE II score (z = 3.4, p=0.001 for trend) that includes points for age 

and end-stage chronic health. When comparing patients who survived to hospital 

discharge with all patients, values for the APS were lower, and there was an increase in 

APS over time (z = 3.2, p=0.001 for trend). However, there was no difference in the 

APACHE II score during the study period (z = 1.2, p=0.240 for trend). For patients who 

survived to hospital discharge and were admitted with conditions other than cardiac 

surgery, admission APS increased over the study period. (z = 6.1, p<0.001 for trend), 

but APS decreased over time for patients admitted after cardiac surgery (z = -10.3, 

p<0.001 for trend). Trends for the APACHE II scores were similar to the APS. 

 

Figure 4.9 Changes in mean admission APS between 1987 and 2002 for all patients 

(n=22,298); patients who survived to hospital discharge (n = 19,921); hospital survivors admitted 

with conditions other than cardiac surgery (n = 10,432) and hospital survivors admitted after 

cardiac surgery (n = 9,489). 
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The trends for peak number of organ failures mirrored those of APS, as shown in Figure 

4.10. The mean peak number of organ failures increased over time (mean score 0.83, 

SD 1.3, in 1987 increasing to 1.39, SD 1.5, in 2002; z = 22.3, p<0.001 for trend). 

Patients who survived to hospital discharge had lower organ failure scores compared to 

all patients, but there was an increase in organ failure over time (z = 22.2, p<0.001 for 

trend). Figure 4.10 shows similar trends for patients admitted to ICU with conditions 

other than cardiac surgery (z = 12.7, p<0.001 for trend) and cardiac surgery (z = 22.7, 

p<0.001 for trend). 

 

Figure 4.10 Changes in mean peak number of organ failures during the study period for all 

patients (n = 22,298); patients who survived to hospital discharge (n = 19,921); hospital survivors 

admitted with conditions other than cardiac surgery (n = 10,432); and hospital survivors admitted 

after cardiac surgery (n = 9,489). 
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4.4.5 Changes in admitting diagnosis 

 

There were significant changes over time in the distribution of patients across 

diagnostic categories, as shown in Figure 4.11. ‘Cardiac surgery’ as a proportion of all 

patients admitted to ICU halved during the study period (from 45.6 % in ‘1987’ to 

22.9% in ‘2002’, z = -50.2, p<0.001 for trend). Patient admissions due to trauma 

increased from 7.5% in ‘1987’ to 14.8% in ‘2002’ (p<0.001). Admissions for ‘other 

surgery’ increased two-fold (3.7% to 8.5%, p<0.001), and for patients admitted with 

sepsis there was a three-fold increase (4.3% to 13.6%, p<0.001). However, the biggest 

change was for admissions from non-traumatic brain surgery/condition that had 

increased from 1.4% in ‘1987’ to 15.1% in ‘2002’ (p<0.001). A similar trend pattern 

was observed among patients who survived to hospital discharge, as shown in Figure 

4.11 and also for patients who survived to hospital discharge after an admission for a 

condition other than cardiac surgery (Figure 4.12). 
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Figure 4.11 Percentage of patients (%) in each admission diagnostic group for each year of 

admission for (a) all patients and (b) patients who survived to hospital discharge. 
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(b) Patients who survived to hospital discharge (n = 19,921) 
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Figure 4.12 Percentage of patients (%) in each admission diagnostic group for each year of 

admission for patients who survived to hospital discharge and were admitted to ICU for conditions 

other than cardiac surgery (n = 10,432). 
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4.4.6 Changes in ‘new cancer’ 

 

The proportion of patients who had ‘new cancer’ increased four-fold over the study 

period from 1.1% of patients in ‘1987’ to 4.8% in ‘2002’ (z = 9.1, p<0.001 for trend). A 

similar increase was found for patients who survived to hospital discharge, from 0.8% 

of hospital survivors in ‘1987’ to 4.3% in ‘2002’ (z = 9.6, p<0.001 for trend). Most of 

the change occurred among patients admitted to ICU with conditions other than cardiac 

surgery. ‘New cancer’ increased over the study period from 1.4% of hospital survivors 

in ‘1987’ to 5.8% in ‘2002’ (z = 6.5, p<0.001 for trend). The occurrence among patients 

admitted after cardiac surgery varied. There were no patients who had ‘new cancer’ in 

this subgroup in ‘1988’, ‘1994’ or ‘2002’. In ‘1999’ the proportion of patients with new 

cancer was 2.5%, but in other years when it did occur, it ranged from 0.1% to 1.4% 

among patients who survived to hospital discharge. 
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4.4.7 Changes in type of admission 

 

Changes also occurred in type of admission, with a decrease in the proportion of 

elective surgical admissions (50.1% in the ‘1987’ to 35.9% in ‘2002’; z = 15.0, p<0.001 

for trend) and a concomitant increase in non-elective surgical and medical admissions, 

as shown in Figure 4.13. A similar trend was observed among patients who survived to 

hospital discharge (z = 13.5, p<0.001 for trend). In contrast, the proportion of surgical 

admissions increased for patients who survived to hospital discharge and who were 

admitted to ICU with conditions other than cardiac surgery. Elective surgical 

admissions rose from 18% in ‘1987’ to 27% in ‘2002’ and non-elective admissions from 

16% in ‘1987’ to 27% in ‘2002’. Medical admissions for these patients decreased from 

67% in ‘1987’ to 47% in ‘2002’ (z = -10.3, p<0.001 for trend). Considering cardiac 

surgical admissions, there was a decrease among patients admitted for elective surgery, 

from 90% in ‘1987’to 80% in ‘2002’ (z = -4.5, p<0.001 for trend). 
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Figure 4.13 Comparison of change in type of admission by year of admission (1987 to 2002) 

for (a) hospital survivors admitted to ICU for conditions other than cardiac surgery and (b) hospital 

survivors admitted to ICU after cardiac surgery. 

 

(a) Hospital survivors admitted to ICU for conditions other than cardiac surgery (n=10,432) 
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(b) Hospital survivors admitted to ICU after cardiac surgery (n=9,489). 
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4.4.8 Changes in length of stay in ICU 

 

The LOS in ICU for patients who survived to hospital discharge was relatively constant 

over time (z =-1.45, p=0.146). The median LOS in ICU was 3 (IQR 2-4) days in ‘1987’ 

and ‘2002’ and the mean LOS in ICU was 3.9 (SD 4.5) days in ‘1987’ that increased to 

4.5 (SD 5.6) days in ‘2002’. However, excluding the ‘1987-1990’ era, there was an 

increasing trend in LOS in ICU (z = 3.82, p<0.001), as shown in Figure 4.14. The 

median LOS in hospital was 12 (IQR 9-17, mean 18.6) days in ‘1987’ and 13 (IQR 8-

22, mean 19.2) days in ‘2002’ (z = -2.37, p=0.018 for trend). Similar to the results for 

LOS in ICU, excluding patients admitted between ‘1987’ and ‘1990’, LOS in hospital 

increased over time (z=2.17, p=0.030 for trend). Length of stay in hospital after leaving 

ICU among patients who survived to hospital discharge also decreased overall (z = -

7.21, p=0.030 for trend) but, unlike LOS in ICU or hospital, after excluding the ‘1987-

1990’era, LOS was similar over time (z = 1.62, p=0.104 for trend). These trends in LOS 

over the study period are shown in Figure 4.14. 

 

Figure 4.14 Changes in length of stay (LOS) in ICU, hospital and hospital after discharge 

during the study period for patients who survived to hospital discharge (n = 19,921), hospital 

survivors admitted with conditions other than cardiac surgery (n = 10,432) and hospital survivors 

admitted after cardiac surgery (n = 9,489). 
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There was an increase in the proportion of patients having a ‘prolonged stay’ during the 

study period (z = 9.9, p<0.001 for trend). For patients who survived to hospital 

discharge and had a ‘prolonged’ stay the proportion of patients doubled during the study 

period (z = 9.94, p<0.001 for trend). For LOS ‘>14-21’ days, it increased from 1.2% in 

‘1987’ to 3.0% in ‘2002’, and for LOS ‘>28’ days from 1.2% to 2.0% (z = 9.9, p<0.001 

for trend). Similar trends over time were found for patients admitted with conditions 

other than cardiac surgery (z = 4.2, p<0.001 for trend) and for patients admitted after 

cardiac surgery (z = 3.4, p=0.001 for trend).  

 

4.4.9 Changes in treatments received 

 

Intubations with mechanical ventilation, vasoactive drugs, RRT and tracheostomy after 

day ‘1’ are important treatments received by patients in ICU. Surprisingly, there was a 

decrease in the proportion of patients who were intubated and received mechanical 

ventilation between ‘1998’ and ‘2002’ (z = 0.75, p=0.455 for trend ‘1999-2002’) after a 

steady increase in its use in the preceding years, 73.1% of patients were intubated and 

received mechanical ventilation in ‘1987’ compared to 80.1% in ‘1997’ (z = 6.2, 

p<0.001 for trend ‘1987-1997’, z = -1.1, p=0.290 for overall trend). This trend was more 

pronounced among patients who survived to hospital discharge (z = -2.6, p=0.010 for 

overall trend). In contrast, there has been a sustained increase in the use of vasoactive 

drugs (28.2% of patients in ‘1987’ to 48.6% in ‘2002’, z = 22.6, p=<0.001 for trend), 

RRT (2.1% of patients in ‘1987’ to 5.6% in ‘2002’, z = 8.1, p=<0.001 for trend) and the 

use of tracheostomy after day ‘1’ (4% of patients in ‘1987’ to 9.5% in ‘2002’, z = 10.8, 

p=<0.001 for trend). The greater proportion of patients receiving these treatments 

coincided with the highest proportion of patients admitted after cardiac surgery. Trends 

in treatments received by patients in ICU among hospital survivors admitted with 

conditions other than cardiac surgery and for those admitted after cardiac surgery are 

shown in Figure 4.15. 

 

The proportion of patients admitted with conditions other than cardiac surgery and who 

were intubated and received mechanical ventilation increased during the study period (z 

= 13.2, p<0.001 for trend). However, there was no change from ‘1994’ (z = -0.8, 

p=0.409 for trend). Similar to hospital survivors overall, the proportion of patients 

receiving vasoactive drugs, RRT and tracheostomy on day ‘1’ increased during the 

study period (z = 13.8, p<0.001; z = 2.8, p=0.005, z = 3.9, p<0.001 for trend, 
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respectively) but from ‘1994’ this trend was not significant for patients receiving RRT 

(z = -1.3, p=0.192 for trend) and there was a decrease in the proportion of patients 

receiving tracheostomy after day ‘1’ (z = -2.4, p=0.017 for trend), as shown in Figure 

4.15. 

 

Among patients admitted after cardiac surgery, the proportion receiving vasoactive 

drugs increased more than two-fold over the study period, from 32.5% in ‘1987’ to 

77.9% in ‘2002’ (z = 27.8, p<0.001 for trend). There was also an increase in the use of 

RRT, from 0.4% in ‘1987’ to 1.1% in ‘2002’ (z = 2.7, p=0.007 for trend), and 

tracheostomy after day ‘1’, from 0.1% in ‘1987’ to 2.5% in ‘2001’ (z = 4.4, p=0.007 for 

trend), although this decreased in ‘2002’ to 0.4%. 

 

Figure 4.15 Changes in treatments received: mechanical ventilation in intubated patients 

(MV), vasoactive drugs, renal replacement therapy (RRT) and tracheostomy after day ‘1’ (trache) 

for patients who survived to hospital discharge admitted with conditions other than cardiac 

surgery (n = 10,432). 
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4.4.10 Changes in readmissions to ICU within the same hospital admission 

The proportion of readmissions was 3.2% in ‘1987’, but, particularly in recent years, 

has increased, and was almost two-fold higher (5.6%) in ‘2002’. 
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4.4.11 Summary 

 

The most noticeable features of the baseline characteristics of the study cohort were the 

ageing of the population over time, the predominance of males and changes to the types 

of patients admitted to ICU. Cardiac surgery comprised more than half of the 

admissions in the first half of the study period, but in the last four years of the study 

were only a quarter of the cohort. Patients had more organ failure and received more 

therapeutic interventions over time suggesting that successive annual groups of ICU 

admissions were sicker than previous years. The proportion of readmissions to ICU has 

also increased during the study period. 

 

4.5. Short-term mortality 

 

This section presents results from univariate, age- and sex-adjusted, and multivariate 

logistic models for short-term mortality, defined as ICU or hospital mortality. In 

addition to presenting results for mortality at ICU discharge and hospital discharge, they 

are also presented for mortality at hospital discharge for patients who survive to ICU 

discharge to exclude in-ICU deaths.  

 

4.5.1 Unadjusted (crude) short-term mortality 

 

Unadjusted (crude) mortality for the cohort was 7.6% at ICU discharge and 10.7% at 

hospital discharge. For patients who survived to discharge from ICU, hospital mortality 

was 3.1%. The short-term mortality by explanatory factors is shown in Table 4.6. 

 

Patients with the lowest short-term mortality were those aged ‘55 to 64’ years. Patients 

in the oldest age group had the highest short-term mortality as expected, but patients in 

the youngest group ‘16-44’ years also had higher short-term mortality. Intensive care 

unit mortality was not associated with age examined as a continuous variable (z = 1.7; 

p=0.086) but when grouped into five groups there was a significant association (chi 2 (4) 

60.2, p<0.001). Hospital mortality was associated with age group (chi2 (4) 180.3, 

p<0.001) for all patients and among patients who survived to ICU discharge (chi2 (4) 

246.5, p<0.001). 
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Table 4.6 Mortality at ICU, in-hospital and in-hospital for patients who survived to ICU 

discharge by explanatory factor groups 

 Number of 
patients 

admitted to ICU 

ICU mortality 

7.6% (n=22,298) 

Hospital 
mortality 

10.7% 
(n=22,298) 

Hospital 
mortality for ICU 

survivors 

3.1 % (n=20,593) 

Age group (years) 

 ‘16-44’ (%) 5,127 8.5 10.0 1.6 

‘45-54’ (%) 3,060 7.3 9.2 2.1 

‘55-64’ (%) 5,072 6.0 8.4 2.6 

‘65-74’ (%) 6,177 7.2 10.6 3.7 

‘75+’ (%) 2,862 10.4 17.6 8.0 

Sex 

Male 7,266 6.8 9.6 3.0 

Female 15,032 9.4 12.8 3.8 

Charlson comorbidity index (CCI) 

CCI=0 6,838 7.6 9.7 2.2 

CCI =1-2 8,843 6.3 9.3 3.1 

CCI =3-4 3,691 10.4 16.8 7.2 

CCI =5+ 2,926 13.2 22.7 10.9 

Admission Acute Physiology Score(APS) 

APS =4 or less  11,988 0.9 2.1 1.2 

APS =5-9 7,551 2.5 4.7 2.2 

APS =10-14 1,890 10.7 15.6 5.5 

APS =15+ 869 35.2 42.7 11.5 

New cancer 

No 21,889 7.5 10.4 3.1 

Yes 409 15.9 24.7 10.5 

Diagnostic group 

Cardiac surgery (%) 9,761 2.0 2.8 0.8 

Vascular condition/surgery (%) 2,337 4.4 7.4 3.1 

Non-traumatic brain 
condition/surgery (%) 1,167 17.2 23.6 7.7 

Sepsis (%) 1,629 22.7 29.8 9.3 

Trauma (%) 2,143 12.1 15.0 3.3 

Cardiac arrest (%) 603 39.5 53.2 22.7 

Drug overdose/ poisoning (%) 1,170 2.2 2.9 0.7 

Other medical condition (%) 2,493 9.9 13.7 4.3 

Other surgery (%) 995 6.5 15.4 9.5 

Type of admission 

Elective surgical 11,589 1.8 3.0 1.2 

Non-elective surgical 3,864 11.7 17.4 6.4 

Medical 6,845 15.3 19.8 5.4 

Era for admission 

‘1987-1990’ (%) 6,025 6.9 9.3 2.5 

‘1991-1994’ (%) 6,306 7.0 9.3 2.4 

‘1995-1999’ (%) 5,208 8.0 11.3 3.6 

‘1999-2002’ (%) 4,759 9.0 13.6 5.0 
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Unadjusted ICU mortality was significantly lower for male patients (chi2 (1) 48.4, 

p<0.001). A similar result was found for hospital mortality for all patients (chi2 (1) 53.8, 

p<0.001) and for ICU survivors (chi2 (1) 7.8, p=0.005), as shown in Table 4.6. 

 

Higher comorbidity, estimated with the Charlson Comorbidity Index, was associated 

significantly with ICU mortality (chi2 (3) 77.2, p<0.001), hospital mortality for all 

patients (chi2 (3) 234.2, p<0.001) and ICU survivors (chi2 (3) 260.0, p<0.001). Mortality 

was higher in patients with Charlson scores of three or higher. 

 

As expected, severity of illness scores (APS group) were significantly lower among 

survivors and as APS increased the proportion of deaths increased (chi2 (3) 3978.2, 

p<0.001 for ICU mortality, chi2 (3) 4102.1, p<0.001 for hospital mortality, and chi2 (3) 

575.4, p<0.001 for hospital mortality among patients who survived to ICU discharge). 

 

Table 4.6 also shows patients with ‘new cancer’ had high short-term mortality (chi2 (1) 

40.1, p<0.001 for ICU mortality; chi2 (1) 86.2, p<0.001 for hospital mortality and chi2 

(1) 57.5, p<0.001 for hospital mortality among hospital survivors). 

 

Short-term mortality varied by diagnostic group, as shown in Table 4.6, and these 

differences were significant (chi2 (1) 40.1, p<0.001 for ICU mortality; chi2 (1) 86.2, 

p<0.001 for hospital mortality and chi2 (1) 57.5, p<0.001 for hospital mortality among 

ICU survivors). Patients admitted with cardiac arrest, sepsis and non-traumatic brain 

surgery/ condition had the highest unadjusted ICU and hospital mortality whilst patients 

admitted after cardiac surgery and drug overdose/poisoning had the lowest. For patients 

admitted with trauma, the majority of deaths were in the ICU (12.1%), while another 

3% of patients with trauma who survived ICU died in hospital. A greater proportion of 

patients (20%) who did not survive to hospital discharge had a head injury, compared to 

11% without any head injury. For patients who had a head injury (n = 886), a third of 

patients who had an admission GCS ‘<8’ (severe head injury) died before hospital 

discharge compared to 6% for patients whose admission GCS was ‘8+’. 

 

Admissions to ICU after elective surgery had lower short-term mortality than non-

elective and medical admissions (chi2 (2) 1221.2, p<0.001 for ICU mortality; chi2 (2) 

1501.0, p<0.001 for hospital mortality and chi2 (2) 335.2, p<0.001 for hospital mortality 

among patients who survived to ICU discharge). 
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Short-term mortality increased by era of admission, as shown in Table 4.6 and the 

difference was significant (chi2 (3) 22.0, p<0.001 for ICU mortality; chi2 (1) 68.8, 

p<0.001 for hospital mortality and chi2 (1) 63.6, p<0.001 for hospital mortality among 

patients who survived to ICU discharge). 

 

Hospital mortality was higher for patients who had a readmission to ICU in the index 

admission, 18.4% compared to 10.4% for patients with no readmissions (p=0.003). 

 

4.5.2 Univariate logistic models of short-term mortality 

 

Univariate logistic models of ICU and hospital mortality, as shown in Table 4.7, found 

the strongest predictor of deaths in the short-term was the APS. As APS increased so 

did the risk of death. But the risk for death in hospital for APS ’10-14’ reduced two-fold 

compared to deaths in ICU and, excluding patients who died in ICU, the risk for death 

in hospital reduced five-fold. The risk of death in ICU or hospital was also higher with 

increases in age and Charlson Comorbidity Index. For example, there was a two-fold 

increase in the odds of dying in hospital for the oldest age group, ‘75+’ years compared 

to the youngest age group ’16-44’ years and an almost three-fold increase in the risk of 

dying in hospital for patients with Charlson Comorbidity score of ‘5+’ compared to 

scores of ‘0’. Similarly, patients who had ‘new cancer’ had a more than two-fold 

increase in the risk of death in ICU. Medical admissions had a ten-fold increase in the 

risk of death in ICU compared to non-elective and elective surgical admissions 

(p<0.001). Male patients had a lower risk of death than female patients. In comparison, 

excluding deaths in ICU, the association of age, Charlson Comorbidity Index and ‘new 

cancer’ was higher for mortality in hospital than in ICU, but lower for non-elective 

surgical and medical admissions. The diagnostic group was also strongly associated 

with short-term mortality, but the strength of the association was inconsistent. For 

example, patients who survived ICU after ‘other surgery’ had a three-fold increase in 

the risk of death in hospital compared to patients admitted with trauma who had a 

higher risk for in-ICU deaths, as shown in Table 4.7. 



 238 

Table 4.7 Results of univariate analysis from logistic models for mortality at ICU discharge, hospital discharge and hospital discharge for patients who survived to 

ICU discharge 

 

 

ICU mortality 

7.6% (n=22,298) 

Hospital mortality 

10.7% (n=22,298) 

Hospital mortality for ICU survivors 

3.1 % (n=20,593) 

 OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value 

Age group (years) 

‘16-44’  1.00    1.00    1.00    

‘45-54’  0.84 0.71 0.99 0.038 0.91 0.78 1.06 0.232 1.35 0.95 1.90 0.090 

‘55-64’  0.68 0.58 0.79 <0.001 0.82 0.72 0.94 0.004 1.64 1.22 2.19 0.001 

‘65-74’  0.82 0.72 0.94 0.005 1.06 0.94 1.20 0.342 2.38 1.82 3.11 <0.001 

‘75 +’ 1.24 1.06 1.45 0.007 1.91 1.68 2.18 <0.001 5.42 4.13 7.10 <0.001 

Sex 

Females 1.00    1.00    1.00    

Males 0.70 0.63 0.77 <0.001 0.72 0.66 0.79 <0.001 0.80 0.68 0.93 0.005 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    1.00    

CCI =1-2 0.81 0.73 0.91 <0.001 0.95 0.86 1.05 0.303 1.43 1.19 1.71 <0.001 

CCI =3-4 1.40 1.19 1.64 <0.001 1.88 1.65 2.15 <0.001 3.42 2.73 4.27 <0.001 

CCI =5+ 1.84 1.49 2.26 <0.001 2.73 2.30 3.23 <0.001 5.37 4.13 6.98 <0.001 

Admission Acute Physiology Score(APS) 

APS =4 or less 1.00    1.00    1.00    

APS =5-9 2.78 2.09 3.69 <0.001 2.33 1.92 2.82 <0.001 1.93 1.48 2.50 <0.001 

APS =10-14 13.06 9.96 17.13 <0.001 8.76 7.26 10.59 <0.001 4.86 3.72 6.35 <0.001 

APS =15+ 59.46 45.79 77.22 <0.001 35.33 29.44 42.38 <0.001 10.83 8.33 14.07 <0.001 
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ICU mortality 

7.6% (n=22,298) 
Hospital mortality 
10.7% (n=22,298) 

Hospital mortality for ICU survivors 
3.1 % (n=20,593) 

 OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value 

‘New cancer’ 

No 1.00    1.00    1.00    

Yes 2.33 1.78 3.05 <0.001 2.83 2.25 3.55 <0.001 3.60 2.53 5.14 <0.001 

Diagnostic group 

Cardiac surgery 1.00    1.00    1.00    

Vascular condition / 
surgery 2.23 1.75 2.84 <0.001 2.79 2.29 3.39 <0.001 4.15 2.98 5.77 <0.001 

Non-traumatic brain 
condition/surgery 10.05 8.17 12.36 <0.001 10.76 8.97 12.89 <0.001 10.64 7.65 14.79 <0.001 

Sepsis 14.14 11.79 16.97 <0.001 14.83 12.63 17.42 <0.001 13.13 9.75 17.67 <0.001 

Trauma 6.67 5.51 8.08 <0.001 6.15 5.19 7.28 <0.001 4.36 3.10 6.14 <0.001 

Cardiac arrest 31.49 25.39 39.07 <0.001 39.71 32.50 48.52 <0.001 37.74 27.00 52.76 <0.001 

Drug overdose/poisoning 1.10 0.73 1.66 0.659 1.04 0.73 1.50 0.815 0.90 0.43 1.88 0.785 

Other medical condition  5.29 4.36 6.41 <0.001 5.55 4.70 6.55 <0.001 5.72 4.21 7.78 <0.001 

Other surgery 3.38 2.53 4.50 <0.001 6.34 5.14 7.82 <0.001 13.40 9.76 18.40 <0.001 

Type of admission 

Elective surgical 1.00    1.00    1.00    

Non-elective surgical 7.30 6.17 8.65 <0.001 6.80 5.94 7.79 <0.001 5.43 4.38 6.73 <0.001 

Medical 9.92 8.52 11.55 <0.001 7.99 7.07 9.02 <0.001 4.49 3.67 5.49 <0.001 

Era of admission 

‘1987-1990’ 1.00    1.00    1.00    

‘1991-1994’ 1.01 0.88 1.16 0.848 1.00 0.88 1.12 0.949 0.95 0.75 1.20 0.659 

‘1995-1999’ 1.17 1.01 1.34 0.032 1.24 1.10 1.40 0.001 1.42 1.14 1.78 0.002 

‘1999-2002’ 1.34 1.16 1.54 <0.001 1.53 1.36 1.73 <0.001 2.00 1.61 2.48 <0.001 

OR=odds ratio, CI=confidence intervals
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4.5.3 Age and sex adjusted effects of explanatory factors on short term mortality 

 

The association of explanatory factors with short-term mortality after adjustment for the 

effects of age and sex in logistic models are shown in Table 4.8. The strength of the 

association of factors with short-term mortality was not substantially different to those 

found in univariate models that were shown in Table 4.7. 
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Table 4.8 Results of logistic models adjusted for age and sex for mortality at ICU discharge, hospital discharge and hospital discharge for patients who survived 

to ICU discharge 

 

 
ICU mortality 

7.6% (n=22,298) 
Hospital mortality 
10.7% (n=22,298) 

Hospital mortality for ICU survivors 
3.1 % (n=20,593) 

 OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    1.00    

CCI =1-2 0.84 0.74 0.94 0.004 0.92 0.83 1.02 0.120 1.19 0.98 1.44 0.073 

CCI =3-4 1.39 1.17 1.64 <0.001 1.72 1.50 1.98 <0.001 2.55 2.03 3.21 <0.001 

CCI =5+ 1.85 1.50 2.28 <0.001 2.57 2.16 3.05 <0.001 4.18 3.19 5.47 <0.001 

Admission Acute Physiology Score(APS) 

APS =4 or less 1.00    1.00    1.00    

APS =5-9 2.68 2.02 3.56 <0.001 2.20 1.81 2.67 <0.001 1.77 1.36 2.30 <0.001 

APS =10-14 13.33 10.16 17.49 <0.001 9.12 7.54 11.04 <0.001 5.12 3.91 6.70 <0.001 

APS =15+ 65.15 50.05 84.79 <0.001 42.40 35.19 51.09 <0.001 13.93 10.66 18.22 <0.001 

‘New cancer’ 

No 1.00    1.00    1.00    

Yes 2.28 1.73 2.99 <0.001 2.65 2.11 3.35 <0.001 3.10 2.16 4.45 <0.001 
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ICU mortality 

7.6% (n=22,298) 
Hospital mortality 
10.7% (n=22,298) 

Hospital mortality for ICU survivors 
3.1 % (n=20,593) 

 OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value OR 
Lower 95% 

CI 
Upper 95% 

CI ‘p’ value 

Diagnostic group 

Cardiac surgery 1.00    1.00    1.00    

Vascular condition/ 
surgery 2.01 1.57 2.56 <0.001 2.35 1.93 2.86 <0.001 3.22 2.30 4.49 <0.001 

Non-traumatic brain 
condition/surgery 11.00 8.90 13.61 <0.001 13.41 11.12 16.18 <0.001 15.37 10.96 21.57 <0.001 

Sepsis 14.98 12.44 18.04 <0.001 17.27 14.64 20.37 <0.001 16.99 12.55 23.01 <0.001 

Trauma 8.52 6.91 10.50 <0.001 9.60 7.97 11.56 <0.001 9.70 6.73 13.96 <0.001 

Cardiac arrest 32.00 25.74 39.78 <0.001 43.64 35.56 53.56 <0.001 41.25 29.28 58.11 <0.001 

Drug overdose/poisoning 1.40 0.92 2.15 0.118 1.72 1.19 2.50 0.004 2.50 1.18 5.29 0.017 

Other medical condition  5.63 4.64 6.85 <0.001 6.38 5.39 7.55 <0.001 7.31 5.36 9.96 <0.001 

Other surgery 3.37 2.52 4.50 <0.001 6.58 5.31 8.14 <0.001 14.88 10.78 20.53 <0.001 

Type of admission 

Elective surgical 1.00    1.00    1.00    

Non-elective surgical 7.83 6.61 9.29 <0.001 7.64 6.66 8.77 <0.001 6.40 5.15 7.96 <0.001 

Medical 11.96 10.22 14.01 <0.001 10.82 9.52 12.30 <0.001 7.32 5.94 9.02 <0.001 

Era of admission 

‘1987-1990’ 1.00    1.00    1.00    

‘1991-1994’ 1.00 0.87 1.15 0.961 0.97 0.86 1.09 0.597 0.88 0.70 1.12 0.298 

‘1995-1999’ 1.11 0.96 1.28 0.159 1.16 1.03 1.32 0.016 1.30 1.04 1.63 0.024 

‘1999-2002’ 1.24 1.07 1.43 0.003 1.43 1.26 1.61 <0.001 1.92 1.55 2.39 <0.001 

OR=odds ratio, CI=confidence intervals 
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4.5.4 Multivariate logistic models for short -term mortality 

 

Independent and significant factors associated with short-term mortality when all 

explanatory variables were entered in logistic models simultaneously were age 

(p<0.001), APS (p<0.001), ‘new cancer’ (p<0.001), diagnostic group (p<0.001), type of 

admission (p<0.001) and era of admission (p=0.022), as shown in Table 4.9. While sex 

was associated with short-term mortality in univariate and age-and sex-adjusted models, 

after adjustment for explanatory factors, it was no longer significant. 

 

For ICU mortality, the factor with the strongest independent association with mortality 

was APS. The effect of APS on ICU mortality was reduced by almost half to that found 

in the univariate model after adjustment for explanatory factors. 

 

Increasing APS was associated with hospital mortality but the effect was 40% lower 

than that for ICU mortality, as shown in Table 4.9. Charlson Comorbidity Index was not 

associated with ICU mortality (p=0.285), but was associated with an increased odds of 

dying in hospital and the association increased with higher scores (Odds Ratio (OR) 

1.81, 95% Confidence Interval (CI) 1.46, 2.25, p<0.001 for scores ‘5+’ compared to the 

lowest Charlson Comorbidity Index group ‘0’). This effect on hospital mortality was 

less strong than that of age group, diagnostic group and type of admission. Similar to 

ICU mortality, the diagnostic group with the highest odds for death in hospital was non-

traumatic brain condition/surgery (OR 4.83, 95% CI 3.79, 6.16; p=<0.001 compared to 

cardiac surgery) whilst cardiac arrest also had a more than four-fold increase in the odds 

of death in hospital. Unlike ICU mortality, era of admission was not significantly and 

independently associated with hospital mortality (p=0.317). 
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Table 4.9 Multivariate logistic models for ICU mortality, hospital mortality, and hospital mortality for patients who survived to ICU discharge. The Table shows the 

estimated effects when all explanatory factors are in the model simultaneously. 

 

 ICU Hospital Hospital mortality for ICU survivors 

 OR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value OR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value OR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group (years) 

‘16-44’  1.00    1.00    1.00    

‘45-54’  1.14 0.94 1.39 0.185 1.23 1.02 1.47 0.030 1.61 1.12 2.32 0.010 

‘55-64’  1.26 1.05 1.52 0.014 1.56 1.32 1.85 <0.001 2.43 1.77 3.35 <0.001 

‘65-74’  1.78 1.49 2.13 <0.001 2.45 2.08 2.87 <0.001 3.94 2.91 5.33 <0.001 

‘75 +’ 2.09 1.72 2.55 <0.001 3.62 3.03 4.31 <0.001 6.96 5.12 9.46 <0.001 

Sex 

Females 1.00    1.00    1.00    

Males 0.89 0.79 1.00 0.057 0.95 0.86 1.06 0.377 1.08 0.91 1.29 0.367 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    1.00    

CCI =1-2 1.06 0.92 1.21 0.448 1.22 1.08 1.38 0.002 1.53 1.25 1.88 <0.001 

CCI =3-4 1.20 0.98 1.46 0.073 1.68 1.42 2.00 <0.001 2.41 1.88 3.10 <0.001 

CCI =5+ 1.15 0.89 1.47 0.283 1.81 1.46 2.25 <0.001 2.79 2.07 3.76 <0.001 

Admission Acute Physiology Score(APS) 

APS =4 or less 1.00    1.00    1.00    

APS =5-9 2.66 1.99 3.54 <0.001 2.22 1.82 2.72 <0.001 1.86 1.42 2.44 <0.001 

APS =10-14 9.71 7.35 12.82 <0.001 6.61 5.42 8.06 <0.001 3.68 2.77 4.89 <0.001 

APS =15+ 33.39 25.35 43.98 <0.001 20.83 17.06 25.43 <0.001 5.91 4.39 7.95 <0.001 

New cancer 

No 1.00    1.00    1.00    

Yes 2.03 1.46 2.83 <0.001 2.19 1.65 2.91 <0.001 2.06 1.39 3.07 <0.001 
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 ICU Hospital Hospital mortality for ICU survivors 

 OR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value OR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value OR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Diagnostic group 

Cardiac surgery 1.00    1.00    1.00    

Vascular condition / surgery 1.60 1.22 2.10 0.001 2.02 1.63 2.51 <0.001 2.97 2.11 4.19 <0.001 

Non-traumatic brain 
condition/surgery 2.96 2.22 3.93 <0.001 4.83 3.79 6.16 <0.001 8.08 5.47 11.92 <0.001 

Sepsis 1.79 1.34 2.38 <0.001 2.75 2.15 3.51 <0.001 5.00 3.33 7.51 <0.001 

Trauma 1.39 1.05 1.86 0.023 2.16 1.69 2.77 <0.001 4.04 2.61 6.23 <0.001 

Cardiac arrest 2.23 1.62 3.08 <0.001 4.40 3.30 5.86 <0.001 10.34 6.51 16.41 <0.001 

Drug overdose/poisoning 0.17 0.10 0.27 <0.001 0.29 0.19 0.44 <0.001 0.93 0.41 2.11 0.863 

Other medical condition  0.96 0.71 1.31 0.813 1.46 1.12 1.90 0.006 3.21 2.05 5.03 <0.001 

Other surgery 1.43 1.02 2.00 0.052 3.38 2.63 4.35 <0.001 7.90 5.50 11.34 <0.001 

Type of admission 

Elective surgical 1.00    1.00    1.00    

Non-elective surgical 2.75 2.20 3.44 <0.001 2.64 2.21 3.14 <0.001 2.31 1.77 3.01 <0.001 

Medical 3.34 2.55 4.39 <0.001 2.91 2.32 3.65 <0.001 1.99 1.39 2.84 <0.001 

Era of admission 

1987-1990 1.00    1.00    1.00    

1991-1994 1.07 0.91 1.25 0.439 1.03 0.89 1.19 0.699 0.98 0.76 1.25 0.847 

1995-1998 0.88 0.74 1.04 0.123 0.92 0.79 1.07 0.267 1.07 0.84 1.36 0.601 

1999-2002 0.85 0.72 1.00 0.052 0.92 0.79 1.06 0.260 1.09 0.86 1.38 0.489 

OR=odds ratio, CI=confidence intervals 
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For patients who survived to ICU discharge the odds for in-hospital mortality increased 

with higher APS (a six-fold increase in the odds for APS ‘15+’ compared to the lowest 

APS group ‘0-4’), but the effect was considerably lower than that found for ICU 

mortality and hospital mortality, as shown in Table 4.9. The odds of death in hospital 

for ICU survivors was also lower for APS compared to the odds of death associated 

with age group and diagnostic group. The strength of the independent association of age 

group, Charlson Comorbidity Index and diagnostic group with hospital mortality was 

higher for ICU survivors compared to that for ICU mortality or hospital mortality, as 

shown in Table 4.9. For ICU survivors, non-elective surgical and medical admissions 

were associated with higher hospital mortality but the odds were lower than that for 

ICU mortality. 

 

For patients who survived their index ICU admission, the odds of death in hospital for 

patients who had a readmission to ICU (n = 779), was almost eight-fold (OR 7.59, 95% 

CI 6.03, 9.55, p<0.001). Patients who were readmitted to ICU within three days (n = 

468) had a 12-fold increased odds for death in hospital, after adjustment for explanatory 

factors (OR 12.33, 95% CI 8.72, 17.44, p<0.001), compared to a five-fold increased 

odds of death for patients readmitted to ICU after three days (OR 5.37, 95% CI 3.92, 

7.36, p<0.001). 

 

When cardiac surgical admissions were excluded for patients who survived their index 

ICU admission (n = 11,030), readmissions within three days (n = 268) were 

independently associated with a nine-fold increase odds of death in hospital compared 

to no readmissions (OR 8.93, 95% CI 6.06, 13.15, p<0.001) and for patients readmitted 

to ICU after three days (n = 237), there was a four-fold increase in the odds for death in 

hospital, after adjustment for explanatory factors, compared to patients who had no 

readmissions (OR 4.16, 95% CI 2.93, 5.90, p<0.001). 

 

In summary, mortality was highest in ICU and for patients who survived their stay in 

ICU, mortality at hospital discharge decreased by more than 50%. The APS was the 

strongest independent predictor of the odds of death in ICU and while still an important 

predictor for hospital mortality after ICU, age and diagnostic group were the strongest 

independent predictors of the odds of death in hospital amongst patients who survived 

to ICU discharge. 
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4.6. Long-term survival in patients who survived to hospital 

discharge 

 

4.6.1 Introduction 

 

In the previous section, information on short-term mortality for patients admitted to ICU 

was presented to enable more meaningful interpretation of longer-term survival. In this 

Section, the results from the examination of longer-term survival for patients admitted 

to ICU and who survived to hospital discharge are presented. First, Kaplan Meier 

survival curves are used to describe unadjusted (crude) survival for all patients who 

survived to hospital discharge and for two subgroups: (a) patients admitted to ICU for 

conditions other than cardiac surgery and (b) patients admitted with cardiac surgery. 

The estimated proportion of patients still alive and survival at selected time points are 

shown with the Kaplan Meier survival curves. Second, an understanding of long-term 

survival is incomplete without an understanding of intermediate-term (one-year) 

survival and therefore one-year survival for hospital survivors and for the two 

subgroups is also presented. Third, long-term survival is examined for all patients who 

survived to one year after hospital discharge and for patients admitted to ICU for 

conditions other than cardiac surgery and for patients admitted after cardiac surgery. 

This Section concludes with an assessment of the association of type of hospital 

admission (for all hospital survivors and for patients admitted with conditions other than 

cardiac surgery), socio-economic status (for a sub-cohort of hospital survivors) and 

accessibility/remoteness (for all hospital survivors) on longer-term survival. 

 

4.6.2 Unadjusted (crude) survival 

 

Most patients who survived to hospital discharge were discharged home (83.2% of 

hospital survivors), but 9.2% were discharged to another acute healthcare facility, 6.2% 

were discharged to a rehabilitation facility and the remaining patients were discharged 

to aged care/nursing homes (0.7%), mental health facilities (0.5%) or other healthcare 

accommodation (0.2%). Cumulative unadjusted survival (Kaplan Meier survival curve 

method) for patients who survived to hospital discharge was lowest in the first year after 

discharge, as shown in Figure 4.16. There was a steady decline after the higher initial 

mortality for all hospital survivors and those who were admitted with conditions other 

than cardiac surgery. Most of the deaths (n = 226, 1.1%) occurred in the first month 
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after discharge from hospital except for patients admitted after cardiac surgery in whom 

the deaths in the year after discharge from hospital occurred most often between three 

and six months. Patients admitted after cardiac surgery had higher survival than patients 

admitted to ICU for conditions other than cardiac surgery for several years and then 

survival decreased, as shown in Figure 4.16. The difference in survival for patients who 

were admitted with conditions other than cardiac surgery compared to those admitted 

after cardiac surgery was significant (log rank test chi2 (1) 130.8, p<0.001).  

 

The median follow-up time for patients who were discharged from hospital was 7.5 

(IQR 3.7 to 11.5) years. For the 6,135 patients who were discharged from hospital and 

who died before the end of the study, it was 4.8 (IQR 1.8 to 8.5) years. The median 

follow-up time for patients who were admitted with conditions other than cardiac 

surgery was 5.7 (IQR 2.7 to 10.4) years and for patients admitted after cardiac surgery 

9.0 (IQR 5.7 to 12.0) years. 
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Figure 4.16 Kaplan Meier survival curve of the estimated proportion of patients who survived 

to hospital discharge (all patients, patients admitted after cardiac surgery and patients admitted 

with conditions other than cardiac surgery) still alive at selected time points (survival estimated 

from the day of discharge from hospital). 
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 All survivors (n=19,921) Conditions other than cardiac 
surgery (n=10,432) 

Cardiac surgery (n=9,489) 

Follow-up Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

3 months 19,465 97.7 10,063 96.5 9,402 99.1 

6 months 19,221 96.5 9,880 94.7 9,341 98.4 

1 year 18,811 94.6 9,563 92.0 9,248 97.5 

3 years 15,882 88.7 7,488 84.1 8,394 93.6 

5 years 13,207 83.0 5,776 77.8 7,441 88.4 

10 years 6,820 67.7 2,814 64.0 4,006 71.8 

15 years 1,445 53.4 702 54.1 743 53.4 
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Survival was different between age groups as estimated by Kaplan Meier survival 

curves (log rank test for comparisons, chi2 (4) 2792.0, p<0.001), and shown in Figure 

4.17. Unadjusted survival was highest for patients aged ‘16-44’ years and lowest for 

those aged ‘75+’ years. As age increased survival decreased throughout the follow-up 

period. Younger patients (‘16-44’ years) who were discharged from hospital comprised 

7% of deaths during the study period but, although their overall survival was highest, 

they had the shortest median survival times. 

 

Figure 4.17 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge (n = 19,921) by age group. 
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patients 
surviving 
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patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

3 months 4,558 98.8 2,731 98.3 4,553 98.0 5,367 97.2 2,256 95.6 

6 months 4,535 98.3 2,705 97.4 4,495 96.7 5,295 95.9 2,191 92.9 

1-year 4,477 97.4 2,654 95.9 4,411 95.0 5,153 93.4 2,116 89.8 

3-year 3,729 94.7 2,264 92.1 3,840 89.7 4,444 86.1 1,605 77.0 

5-year 3,068 93.1 1,948 88.8 3,329 85.0 3,720 78.4 1,142 63.6 

10-year 1,760 89.4 1,160 81.0 1,913 70.8 1,677 56.8 310 32.9 

15-year 509 86.9 299 71.5 412 53.4 210 34.6 15 10.7 
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For patients admitted with conditions other than cardiac surgery, as shown in Figure 

4.18, survival decreased as age increased (log rank test chi2 (4) 2100.2, p<0.001), 

similar to the results for the entire cohort, although the survival curve for patients aged 

‘75+’ flattens after seven years compared to younger  patients (45-74 years). Survival 

also decreased as age increased for patients admitted after cardiac surgery with the 

exception of  the ‘16-44’ and ‘45-54’ year groups until latter years (log rank test chi2 (4) 

1150.3, p<0.001), as shown in Figure 4.19. 

 

Figure 4.18 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU with conditions other than cardiac surgery (n = 10,432) by age group. 
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Age 
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‘16-44’ years 
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(n=1,371) 

‘55-64’ years 
(n=1,883) 

‘65-74’ years 
(n=2,162) 

‘75+’ years 
(n=1,181) 

Follow-
up 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

3 months 3,788 98.8 1,332 97.2 1,805 95.9 2,044 94.5 1,094 92.6 

6 months 3,766 98.2 1,307 95.3 1,755 93.2 2,000 92.5 1,052 89.1 

1-year 3,716 97.3 1,264 92.9 1,691 90.0 1,895 87.9 997 84.6 

3-year 3,042 94.5 978 86.8 1,331 80.9 1,464 76.7 673 66.3 

5-year 2,437 92.9 752 81.8 1,043 74.8 1,103 66.6 431 51.0 

10-year 1,336 89.6 398 71.7 552 59.0 431 43.3 97 23.8 

15-year 390 87.6 105 60.9 128 43.9 71 27.2 8 8.4 
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Figure 4.19 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU after cardiac surgery by age group (n = 9,489). 
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Age group ‘16-44’ years 
(n=778) 

‘45-54’ years 
(n=1,407) 

‘55-64’ years 
(n=2,764) 

‘65-74’ years 
(n=3,362) 

‘75+’ years 
(n=1,178) 

Follow-up Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentag
e surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

3 months 770 99.0 1,399 99.4 2,748 99.4 3,323 98.8 1,162 98.6 

6 months 769 98.8 1,398 99.4 2,740 99.1 3,295 98.0 1,139 96.7 

1-year 761 97.9 1,390 98.9 2,720 98.4 3,258 97.0 1,119 95.0 

3-year 687 95.5 1,286 97.1 2,509 95.6 2,980 92.0 932 87.5 

5-year 631 94.4 1,196 95.2 2,286 91.7 2,617 85.7 711 75.8 

10-year 424 89.2 762 88.7 1,361 78.1 1,246 64.5 213 41.5 

15-year 119 85.0 194 80.1 284 59.1 139 38.8 7 13.6 
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Among patients who survived to hospital discharge, there was clearly no sex difference 

in unadjusted survival (log rank test chi2 (1) 0.364, p=0.546), as shown in Figure 4.20. 

 

Figure 4.20 Kaplan Meier survival curve comparing unadjusted survival of male and female 

patients for those who survived to hospital discharge (n = 19,921). 

 

Survival time from hospital discharge (years)
17161514131211109876543210

C
u

m
u

la
ti

ve
 S

u
rv

iv
al

1.0

0.8

0.6

0.4

0.2

0.0

 

 

 

 

 

 Males  

(n=13,588) 

Females  

(n=6,333) 
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surviving 

Percent 
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patients 
surviving 

Percent 
surviving 

3 months 13,307 97.9 6,158 97.2 

6 months 13,140 96.7 6,081 96.0 

1-year 12,863 94.8 5,948 94.1 

3-year 10,948 88.8 4,934 88.3 

5-year 9,154 82.8 4,053 83.4 

10-year 4,779 67.9 2,041 67.5 

15-year 995 53.7 450 52.7 

 

Females 

LEGEND 

Males 



 254 

However, after excluding patients admitted after cardiac surgery, there was a significant 

difference in survival between male and female patients. Female patients had higher 

survival as shown in Figure 4.21 (log rank test chi2 (1) 9.9, p=0.002). In contrast, 

initially survival was similar for male and female patients after cardiac surgery but 

males had higher survival in latter years (log rank test chi2 (1) 9.0, p=0.003). 

 

Figure 4.21 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU (a) with conditions other than cardiac surgery (n = 10,432), and (b) 

after cardiac surgery (n = 9,489) by sex. 

 

 

(a) Conditions other than cardiac surgery (b) Cardiac surgery  

Survival time from hospital discharge (years)
17161514131211109876543210

C
u

m
u

la
ti

ve
 S

u
rv

iv
al

1.0

0.8

0.6

0.4

0.2

0.0

 

 

 Survival time from hospital discharge (years)
17161514131211109876543210

C
u

m
u

la
ti

ve
 S

u
rv

iv
al

1.0

0.8

0.6

0.4

0.2

0.0

 

  

 

 

 Conditions other than cardiac surgery  Cardiac surgery  

 Male (n=6,684) Female (n=3,748) Male (n=6904) Female (n=2585) 

 Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

3 months 6,461 96.7 3,602 96.1 6,846 99.2 2,556 98.9 

6 months 6,334 94.8 3,546 94.6 6,806 98.6 2,535 98.1 

1-year 6,127 92.0 3,436 92.0 6,736 97.6 2,512 97.3 

3-year 4,824 83.7 2,664 84.9 6,124 93.8 2,270 93.1 

5-year 3,744 76.7 2,022 79.8 5,410 88.4 2,031 88.4 

10-year 1,834 62.9 980 66.1 2,945 72.5 1,061 70.0 

15-year 434 52.8 268 56.7 561 55.0 182 49.3 
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Increases in the Charlson Comorbidity Index were associated with shorter unadjusted 

survival (log rank test chi2 (3) 2165.6, p<0.001) although for the Charlson Comorbidity 

Index group ‘5+’ (672 patients) there was a flattening of the Kaplan Meier survival 

curve after five years, as shown in Figure 4.22. 

 

Figure 4.22 Kaplan Meier survival curves for survival by Charlson Comorbidity Index group 

(CCI) for patients who survived to hospital discharge (n = 19,921). 
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(n=10,825) 
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(n=1,572) 
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Follow-up Number 
of 

patients 
surviving 
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surviving 

Percent 
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of 

patients 
surviving 

Percent 
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Number 
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patients 
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Percent 
surviving 

3 months 10,668 98.5 6,685 97.6 1,497 95.2 615 91.5 

6 months 10,596 97.9 6,599 96.3 1,444 91.9 582 86.6 

1-year 10,462 96.8 6,448 94.3 1,379 87.8 522 78.3 

3-year 9,013 93.0 5,531 87.7 1,031 75.9 307 58.1 

5-year 7,667 89.0 4,628 81.3 739 63.9 173 42.9 

10-year 4,282 77.4 2,281 62.8 218 37.0 39 22.9 

15-year 977 65.4 432 43.9 27 20.8 9 17.7 
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Patients admitted with conditions other than cardiac surgery also had decreased survival 

with higher Charlson Comorbidity scores (log rank test chi2 (3) 1511.2, p<0.001), as 

shown in Figure 4.23. For patients admitted after cardiac surgery, survival was higher 

compared to the other subgroup but it also decreased as Charlson Comorbidity scores 

increased (log rank test chi2 (3) 729.0, p<0.001), as shown in Figure 4.24. 

 

Figure 4.23 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU with conditions other than cardiac surgery (n = 10,432) by Charlson 

Comorbidity Index group (CCI). 
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CCI = ‘1-2’  

(n=2,756) 

CCI = ‘3-4’  
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Percent 
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3 months 6,299 97.9 2,634 95.6 744 92.3 386 87.9 

6 months 6,244 97.1 2,570 93.3 707 87.7 359 81.8 

1-year 6,127 95.6 2,468 89.9 660 81.9 308 70.8 

3-year 4,982 90.8 1,898 79.3 453 66.5 155 48.1 

5-year 3,986 86.3 1,405 71.3 296 54.2 79 34.1 

10-year 2,129 75.5 596 52.3 74 30.6 15 18.1 

15-year 568 67.0 119 36.7 10 19.6 5 14.5 
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Figure 4.24 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU after cardiac surgery (n = 9,489) by Charlson Comorbidity Index group 

(CCI). 
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3 months 4,369 99.4 4,051 98.9 753 98.3 229 98.3 

6 months 4,352 99.0 4,029 98.4 737 96.2 223 95.7 

1-year 4,335 98.7 3,980 97.2 719 94.1 214 92.3 

3-year 4,031 96.1 3,633 93.2 578 85.7 152 76.4 

5-year 3,681 92.8 3,223 87.7 443 73.8 94 58.6 

10-year 2,153 80.2 1,685 69.1 144 43.5 24 31.0 

15-year 409 63.8 313 48.2 17 22.7 4 24.5 
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Higher APS was associated with lower survival (log rank test chi2 (3) 253.0, p<0.001). 

The exception was for the highest APS score group ‘15+’ (1,678 patients) where there 

appears to be a flattening of the survival curve after two years in comparison with the 

other APS groups, as shown in Figure 4.25. 

 

Figure 4.25 Kaplan Meier survival curves for survival by Acute Physiology Score groups 

(APS) for patients who survived to hospital discharge (n = 19,921). 
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3 months 6,600 98.6 8,255 97.9 3,017 96.8 1,593 94.9 

6 months 6,528 97.5 8,174 97.0 2,957 94.9 1,562 93.1 

1-year 6,427 96.1 8,004 95.1 2,887 92.8 1,499 89.7 

3-year 5,528 91.6 6,859 89.5 2,357 85.3 1,138 78.8 

5-year 4,643 87.0 5,836 83.7 1,875 78.1 853 71.8 

10-year 2,545 73.8 3,010 67.1 883 61.5 382 58.3 

15-year 516 60.8 619 47.0 218 20.8 92 46.2 
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Unadjusted survival for patients admitted to ICU with conditions other than cardiac 

surgery, similar to the cohort overall, was influenced by the APS group (log rank test 

chi2 (3) 74.0, p<0.001). As the APS group increased, survival decreased, as shown in 

Figure 4.26. 

 

Figure 4.26 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU with conditions other than cardiac surgery (n = 10,432) by Acute 

Physiology Score group (APS). 
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3 months 3,468 97.8 3,204 96.2 1,909 95.7 1,482 94.8 

6 months 3,410 96.2 3,147 94.5 1,871 93.8 1,452 92.9 

1-year 3,326 94.2 3,031 91.4 1,816 91.3 1,390 89.3 

3-year 2,721 88.1 2,317 83.0 1,402 83.3 1048 78.5 

5-year 2,168 83.0 1,768 75.6 1,051 76.8 779 71.9 

10-year 1,183 69.1 820 60.4 470 64.5 341 59.4 

15-year 288 58.9 217 51.0 116 54.5 81 48.8 
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Figure 4.27 shows the association of APS group with survival for patients who survived 

to hospital discharge after cardiac surgery (log rank test chi2 (3) 205.9, p<0.001). It had 

a stronger effect on survival than the effect on survival for patients in the other 

subgroup. 

 

Figure 4.27 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge after cardiac surgery (n = 9,489) by Acute Physiology Score group (APS). 
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surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

3 months 3,132 99.4 5,051 99.0 1,108 98.8 111 96.5 

6 months 3,118 98.9 5,027 98.6 1,086 96.8 110 95.7 

1-year 3,095 98.2 4,973 97.5 1,071 95.5 109 94.8 

3-year 2,807 95.5 4,542 93.7 955 88.8 90 82.4 

5-year 2,475 91.5 4,068 88.6 824 80.5 74 72.1 

10-year 1,362 78.7 2,190 71.2 413 58.9 41 49.7 

15-year 228 62.5 402 52.2 102 39.9 11 28.7 
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The synergistic effect of multiple organ failure is important and therefore the effect of 

the peak number of organ failures on survival for patients who were discharged from 

hospital was examined. The Kaplan Meier survival curves in Figure 4.28 show that with 

increasing number of organ failures on a single day, unadjusted survival decreased (log 

rank test chi2 (4) 522.3, p<0.001) although the effect on survival of peak number of 

organ failure groups ‘3’ and ‘4+’ were similar initially. 

 

Figure 4.28 Kaplan Meier survival curves for survival by peak number of organ failure groups 

(Peak OF) in any single ICU day for patients who survived to hospital discharge (n = 19,921) 
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 Peak OF = ‘0’  

(n=9,848) 

Peak OF = ‘1’  

(n=5,405) 

Peak OF = ‘2’ 

(n=2,817) 

Peak OF = ‘3’ 

(n=1,177) 

Peak OF = ‘4+’ 

(n=674) 

Follow-up Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

3 months 9,697 98.5 5,284 97.8 2,737 97.2 1,099 94.4 636 94.4 

6 months 9,604 97.5 5,220 96.6 2,694 95.6 1,083 92.0 620 92.0 

1-year 9,439 95.9 5,114 94.8 2,624 93.5 1,041 89.0 593 88.4 

3-year 8,279 91.4 4,207 88.2 2,162 86.1 784 78.8 450 78.7 

5-year 7,171 86.8 3,431 82.6 1,679 78.3 583 69.0 343 70.9 

10-year 4,169 72.9 1,659 67.5 659 59.2 194 47.3 139 52.4 

15-year 969 59.6 324 51.3 101 43.0 29 29.4 22 37.9 
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Patients with no organ failure had the longest survival but there was less variation in 

survival for peak number of organ failure groups ‘1’ to ‘3’when admissions for cardiac 

surgery were excluded, as shown in Figure 4.29. Patients with a peak number of four or 

more organ failures had the lowest survival. The association of peak number of organ 

failures on survival was significant for both subgroups (log rank test chi2 (4) 190.0, 

p<0.001 for patients admitted with conditions other than cardiac surgery and chi2 (4) 

398.4, p<0.001 for cardiac surgical admissions). 

 

Figure 4.29 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU with conditions other than cardiac surgery (n = 10,432) by peak 

number of organ failures group (Peak OF). 
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 Peak OF = ‘0’  

(n=5,684) 

Peak OF = ‘1’  

(n=2,280) 

Peak OF = ‘2’ 

(n=1,315) 

Peak OF = ‘3’ 

(n=685) 

Peak OF = ‘4+’ 

(n=468) 

Follow-up Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

3 months 5,553 97.7 2,185 95.8 1,252 95.2 636 92.8 437 93.4 

6 months 5,472 96.3 2,140 93.9 ,223 93.0 619 90.4 426 91.0 

1-year 5,336 94.0 2,065 91.0 1,169 89.6 586 86.3 407 87.4 

3-year 4,359 87.9 1,553 80.8 874 80.0 410 76.1 295 76.6 

5-year 3,483 82.3 1,174 74.0 621 73.3 271 65.5 217 69.8 

10-year 1,860 68.7 540 60.9 244 58.2 83 48.2 87 55.4 

15-year 494 59.2 133 51.7 40 46.3 16 31.0 19 43.1 
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There was no difference in survival for peak organ failure groups ‘3’ or ‘4+’ (p=0.904) 

for patients admitted after cardiac surgery, as shown in Figure 4.30. 

 

Figure 4.30 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU after cardiac surgery (n = 9,489) by peak number of organ failures 

group (Peak OF). 
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 Peak OF = ‘0’  

(n=4,164) 

Peak OF = ‘1’  

(n=3,125) 

Peak OF = ‘2’ 

(n=1,502) 

Peak OF = ‘3’ 

(n=492) 

Peak OF = ‘4+’ 

(n=206) 

Follow-
up 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

3 
months 4,144 99.5 3,099 99.2 1,485 98.9 475 96.5 199 96.6 

6 
months 4,132 99.2 3,080 98.6 1,471 97.9 464 94.3 194 94.2 

1-year 4,103 98.5 3,049 97.6 1,455 96.9 455 92.7 186 90.8 

3-year 3,920 96.1 2,654 93.6 1,288 91.3 377 82.5 155 83.6 

5-year 3,688 92.6 2,257 88.7 1,058 82.6 312 73.5 126 73.8 

10-year 2,309 78.3 1,119 72.3 415 60.7 111 48.0 52 47.9 

15-year 475 60.8 191 51.4 61 41.6 13 29.5 3 30.8 
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Patients who survived to hospital discharge and had ‘new cancer’ had lower unadjusted 

survival compared to those without ‘new cancer’ (log rank test chi2 (1) 588.7, p<0.001), 

particularly in the first three years after discharge, after which the curves become 

parallel, as shown in Figure 4.31. 

 

Figure 4.31 Kaplan Meier survival curves for survival for patients who did and did not have 

‘new cancer’ (n = 19,921) 
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‘New cancer’ 

 

 No ‘new cancer’ 

(n=19,613) 

‘New cancer’ 

(n=308) 

Follow-up Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 19,193 97.9 272 88.3 

6 months 18,976 96.8 245 79.5 

1-year 18,601 95.0 210 68.2 

3-year 9,508 90.9 118 48.0 

5-year 13,132 83.6 75 40.0 

10-year 6,793 68.4 28 24.7 

15-year 1,441 53.9 4 17.4 
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Patients admitted to ICU with conditions other than cardiac surgery who had ‘new 

cancer’ also had lower survival (log rank test chi2 (1) 540.9, p<0.001), particularly in 

the first three years, but for patients admitted after cardiac surgery, although survival 

was lower (log rank test chi2 (1) 8.5, p=0.004) the decrease in survival among patients 

with ‘new cancer’ was more consistent over time, as shown in Figure 4.32. 

 

Figure 4.32 Kaplan Meier survival curve for survival of patients who did and did not have 

‘new cancer’ and discharged from hospital after an admission to ICU (a) with conditions other 

than cardiac surgery (n = 10,432) and (b) after cardiac surgery (n = 9,489). 

 

(a) Conditions other than cardiac surgery (a) Conditions other than cardiac surgery  
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‘New cancer’ 

 

 Conditions other than cardiac surgery Cardiac surgery 

 No new cancer 

 (n=10,175) 

New cancer 

(n=257) 

No new cancer 

 (n=9,438) 

New cancer 

(n=51) 

Follow-
up 

Number 
of 

patients 
surviving 

Percentage 
surviving 

Number 
of 

patients 
surviving 

Percentage 
surviving 

Number 
of 

patients 
surviving 

Percentage 
surviving 

Number 
of 

patients 
surviving 

Percentage 
surviving 

3 
months 9,842 96.7 221 86.0 9,351 99.1 50 98.0 

6 
months 9,685 95.2 195 75.9 9,291 98.4 50 98.0 

1-year 9,401 92.7 162 63.0 9,200 97.5 48 94.1 

3-year 7,411 85.2 77 40.2 8,352 93.6 41 84.2 

5-year 5,723 78.9 43 31.4 7,409 88.4 32 77.8 

10-year 2,802 65.1 12 16.4 3,991 71.9 15 56.9 

15-year 699 55.1 3 12.2 741 53.5 1 35.4 
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The risk for death in the long-term varied according to the diagnostic category, as 

shown in the Kaplan Meier survival curves in Figure 4.33. Patients admitted after 

cardiac arrest and ‘other surgery’ had the lowest unadjusted survival, for the first five 

years, but patients with vascular conditions/surgery had the lowest survival overall. 

There was no difference in survival for patients admitted after a cardiac arrest compared 

to those admitted after ‘other surgery’ (log rank test chi2 (1) 0.345, p=0.540). Similarly, 

there was no difference in survival for patients admitted with non-traumatic brain 

conditions compared to ‘other medical’ conditions (log rank test chi2 (1) 2.1, p=0.150). 

In contrast, patients admitted after drug overdose/poisoning and trauma had the lowest 

risks for death. For these two diagnostic subgroups, there was no difference in survival 

(log rank test chi2 (1) 1.9, p=0.171). For patients admitted after cardiac surgery, whilst 

unadjusted survival was similar to patients admitted with drug overdose/poisoning and 

trauma for the first four years (log rank test chi2 (2) 5.8, p =0.056), this similarity was 

not sustained in the latter years of the study, and survival for patients admitted after 

cardiac surgery decreased markedly. 

 

Figure 4.33 Kaplan Meier survival curves for unadjusted survival by diagnostic group for 

patients who survived to hospital discharge (n = 19,921). 
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Vascular 
surgery/condition 

(n=2,164) 

Non-traumatic brain 
surgery/condition               

(n=892) 

Sepsis                
(n=1,143) 

Trauma              
(n=1,822) 

 Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

3 months 2,119 97.9 833 93.4 1,087 95.1 1,789 98.2 

6 months 2,092 96.7 808 90.6 1,059 92.7 1,779 97.6 

1-year 2,036 94.2 764 86.1 1,022 89.8 1,751 96.9 

3-year 1,677 84.2 477 78.0 702 78.6 1,419 94.2 

5-year 1,276 74.0 283 73.7 497 71.8 1,164 91.6 

10-year 474 50.0 68 66.0 199 56.7 597 87.9 

15-year 55 31.0 12 54.4 38 42.7 151 83.5 
 

 

 Cardiac arrest       
(n=282) 

Drug 
overdose/poisoning 

(n=1,136) 

Other medical condition 
(n=2,151) 

Other surgery       
(n=842) 

 Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

3 months 263 93.3 1,116 98.2 2,066 96.0 790 93.8 

6 months 255 90.4 1,108 97.5 2,018 93.8 761 90.4 

1-year 243 86.5 1,091 96.1 1,940 90.3 716 85.6 

3-year 183 70.8 918 93.4 1,639 82.7 473 71.7 

5-year 133 60.0 731 90.7 1,375 76.6 307 63.1 

10-year 63 46.4 405 84.5 880 62.5 128 46.0 

15-year 10 31.7 159 80.9 242 52.6 35 39.1 

 

 

Considering patients who survived to hospital discharge but who died during the 

follow-up by diagnostic group, the median survival time after discharge for patients 

admitted with/after: 

 

• Cardiac surgery (n = 2,889/9,489) was 6.6 (IQR 3.6-9.7) years. 

• Vascular condition/surgery (n = 951/2,164) was 4.6 (IQR 2.0-7.4) years. 

• Non-traumatic brain condition/surgery (n = 234/892) was 0.90 (IQR 0.2-2.5) years. 

• Sepsis (n = 389/1,143) was 2.3 (IQR 0.7-5.6) years. 

• Trauma (n = 199/1,822) was 2.8 (IQR 0.75-6.0) years. 

• Cardiac arrest (n = 145/282) was 2.5 (IQR 0.8-5.2) years. 

• Drug overdose/poisoning (n = 150/1,136) was 3.1 (IQR 0.7-6.7) years. 

• ‘Other medical’ condition (n = 817/2,151) was 3.7 (IQR 1.0-7.5) years. 

• ‘Other surgery’ (n = 361/842) was 1.9 (IQR 0.6-4.3) years. 
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Unadjusted survival by type of admission (elective surgical, non-elective surgical and 

medical) for patients who survived to hospital discharge is shown in Figure 4.34. The 

association with survival varied during the study period. In the first half of the follow-

up after hospital discharge, medical patients and those admitted after non-elective 

surgery had similar unadjusted survival (log rank test chi2 (1) 3.0, p=0.086) and this was 

lower than patients admitted after elective surgery. However, this trend was not 

sustained in the latter years of the study. 

 

Figure 4.34 Kaplan Meier survival curves of survival by type of admission for patients who 

survived to hospital discharge (n = 19,921) 
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 Elective surgical 

(n=11,241) 

Non-elective surgical 

(n=3,192) 

Medical 

(n=5,488) 

Follow-up Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 11,083 98.6 3082 96.6 5,300 96.6 

6 months 10,976 97.6 3031 95.0 5,214 95.0 

1-year 10,803 96.2 2,950 92.9 5,058 92.5 

3-year 9,508 90.9 2,304 85.6 4,070 85.8 

5-year 8,120 84.9 1,864 79.7 3,223 80.7 

10-year 4,163 68.0 898 65.4 1,759 69.2 

15-year 755 50.7 182 51.4 508 60.6 
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The large proportion of patients admitted after cardiac surgery, many of whom were 

elective surgical admissions, is likely to influence the results. The Kaplan Meier 

survival curves for patients admitted with conditions other than cardiac surgery show in 

Figure 4.35 that unadjusted survival for medical admissions had longer survival (log 

rank test, chi2 (2) 145.6, p<0.001). Survival for elective surgical patients was similar to 

that of non-elective surgical patients for the first five years and then patients admitted 

for elective surgery had shorter survival. For patients admitted after cardiac surgery 

(shown in Figure 4.36), survival for elective and non-elective admissions was similar 

for many years but after ten years the survival curves show non-elective surgical 

admissions had lower survival (log rank test, chi2 (1) 8.4, p=0.004). 

 

Figure 4.35 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU with conditions other than cardiac surgery (n = 10,432) by type of 

admission 
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 Elective surgical 

(n=2,737) 

Non-elective surgical 

(n=2,207) 

Medical 

(n=5,488) 

Follow-up Number of patients 
surviving 

Percentage 
surviving 

Number of patients 
surviving 

Percentage 
surviving 

Number of patients 
surviving 

Percentage 
surviving 

3 months 2,656 97.0 2,107 95.5 5,300 96.6 

6 months 2,604 95.1 2,062 93.4 5,214 95.0 

1-year 2,514 92.0 1,991 90.9 5,058 92.5 

3-year 1,948 82.4 1,470 82.0 4,070 85.8 

5-year 1,411 73.7 1,132 75.4 3,223 80.7 

10-year 506 53.2 549 63.0 1,759 69.2 

15-year 80 37.1 114 54.6 508 60.6 
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Figure 4.36 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU after cardiac surgery by type of admission (n = 9,489). 
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 Cardiac surgery (n=9,489) 

 Elective surgical 

(n=985) 

Non-elective surgical 

(n=8,504) 

Follow-up Number of 
patients 
surviving 

Percentage 
surviving 

Number of 
patients 
surviving 

Percentage 
surviving 

3 months 8,427 99.1 975 99.0 

6 months 8,372 98.4 969 98.4 

1-year 8,289 97.5 959 97.4 

3-year 7,560 93.6 834 93.6 

5-year 6,709 88.3 732 88.9 

10-year 3,657 71.9 349 70.9 

15-year 675 54.1 68 47.4 
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Length of stay in ICU, categorised into three groups, ‘1-2’ days, ‘3-4’ days and ‘5+’ 

days, was associated with unadjusted survival, shown in the Kaplan Meier survival 

curves in Figure 4.37. Survival was shorter for LOS ‘3-4’ days and ‘5+’ days compared 

to LOS ‘1-2’ days (log rank test chi2 (2) 371.5, p<0.001). 

 

Figure 4.37 Comparison of non-adjusted survival for patients who survived to hospital 

discharge (n = 19,921) stratified by length of stay (LOS) in ICU group 
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 ICU LOS = ‘1-2’ 

(n=9,524) 

ICU LOS = ‘3-4’ 

 (n=6,036) 

ICU LOS = ‘5+’ 

 (n=4,361) 

Follow-up Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 9,378 98.5 5,908 97.9 4,179 95.8 

6 months 9,290 97.5 5,834 96.7 4,097 93.9 

1-year 9,131 96.0 5,714 94.8 3,966 91.4 

3-year 7,862 91.4 4,852 88.5 3,168 82.8 

5-year 6,673 86.8 4,057 82.7 2,477 74.8 

10-year 3,417 73.6 2,199 65.9 1,204 57.4 

15-year 732 60.4 478 50.3 235 42.9 
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The differences in the association of LOS group with survival among patients admitted 

with conditions other than cardiac surgery did not show as much variation, as shown in 

Figure 4.38, although the differences were significant (log rank test chi2 (2) 26.1, 

p<0.001). For patients admitted after cardiac surgery, the differences in survival 

between the groups was much larger and patients whose LOS was ‘5+’ days had the 

shortest survival (chi2 (2) 500.0, p<0.001), as shown in Figure 4.39. 

 

Figure 4.38 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU with conditions other than cardiac surgery (n = 10,432) by length of 

stay in ICU group (LOS ICU). 
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 ICU LOS = ‘1-2’  

(n=4,542) 

ICU LOS = ‘3-4’  

(n=2,905) 

ICU LOS = ‘5+’ 

(n=2,985) 

Follow-up Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 4,423 97.4 2,800 96.4 2,840 95.1 

6 months 4,348 95.7 2,746 94.5 2,786 93.3 

1-year 4,224 93.2 2,662 91.9 2,677 90.3 

3-year 3,329 86.0 2,107 83.9 2,053 81.4 

5-year 2,567 80.0 1,651 77.6 1,548 74.6 

10-year 1,192 66.1 872 63.5 750 61.4 

15-year 307 57.1 228 52.6 167 51.4 
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Figure 4.39 Kaplan Meier survival curve for survival of patients who survived to hospital 

discharge admitted to ICU after cardiac surgery (n = 9,489) by length of stay in ICU group (LOS 

ICU). 
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 ICU LOS = ‘1-2’  

(n=4,982) 

ICU LOS = ‘3-4’  

(n=3,131) 

ICU LOS = ‘5+’ 

(n=1,376) 

Follow-up Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 4,955 99.5 3,108 99.3 1,339 97.3 

6 months 4,942 99.2 3,088 98.6 1,311 95.3 

1-year 4,907 98.5 3,052 97.5 1,289 93.7 

3-year 4,534 96.2 2,745 92.7 1,115 85.7 

5-year 4,106 92.7 2,406 87.2 929 75.6 

10-year 2,225 79.7 1,327 68.4 454 51.7 

15-year 425 63.2 250 49.1 68 30.7 

 

 

Patients who had a ‘prolonged stay’ in ICU comprised only a small proportion of 

patients overall, but they used a large proportion of ICU days. For example, fewer than 

4% of hospital survivors stayed in ICU longer than 14 days but used nearly a quarter of 

ICU days. It is therefore important to understand the longer-term outcomes for this 

group. To identify differences in survival between ‘prolonged’ and shorter stay patients, 

survival was estimated from Kaplan Meier survival curves for three commonly used 

definitions used for ‘prolonged stay’: LOS in ICU ‘>14 days’ compared to ‘=<14 days’, 

‘>21 days compared to ‘=<21 days’ and ‘>28 days compared to ‘=<28 days’. The 

results, as shown in Figure 4.40, found unadjusted survival was significantly lower for 
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patients who had ‘prolonged stays’ (p<0.001 for all comparisons). No difference was 

found in survival between the three ‘prolonged stay’ groups. (p=0.156 to p=0.977 for all 

comparisons). 

 

Figure 4.40 Survival among patients who survived to hospital discharge and whose LOS 

was: (a) >14 versus =<14 days, (b) > 21 versus =<21 days, and (c) > 28 versus =<28 days  

 

(a) ICU length of stay =<14 versus > 14 days (n = 19,143 and 778 patients respectively) 
 

 

 

LOS=<14 

 

LOS>14 

 

Unadjusted survival (%) 

 

Survival time from hospital discharge (years)
17161514131211109876543210

C
u

m
u

la
tiv

e 
S

u
rv

iv
al

1.0

0.8

0.6

0.4

0.2

0.0

 

 

 

 

  

 

(b) ICU length of stay =<21 versus > 21 days (n = 19,528 and 393 patients respectively) 
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(c) ICU length of stay =<28 versus > 28 days (n = 19,693 and 228 patients respectively) 
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The effect of ‘prolonged stay’ on survival was also examined for three mutually 

exclusive ‘prolonged stay’ groups (‘>14-21’ days, ‘>21-28’ days, ‘>28’ days and 

‘=<14’ days) and compared to a shorter stay of 14 days or less. Patients whose LOS was 

14 days or less had longer survival, as shown in Figure 4.41. The Kaplan Meier curves 

also show that patients who stayed in ICU ‘>21-28’ days had lower survival in the first 

year after hospital discharge compared to the other ‘prolonged stay’ groups. The 

apparent flattening of the curves in later years is likely to be due to the small number of 

patients surviving rather than a true effect. 

 

Figure 4.41 Kaplan Meier survival curves of survival comparing hospital survivors who had 

prolonged stays in ICU, ‘>14-21’ days, ‘>21-28’ days, ‘>28’ days, compared to a shorter stay, 

‘=<14’ days 
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ICU LOS=<14 

ICU LOS>14 21 

ICU LOS>21 - 28 

ICU LOS>28 

 

 

 ICU LOS  ‘=<14’ days 

(n=19,143) 

ICU LOS ‘>14-21’days 

(n=385) 

ICU LOS ‘>21-28’days 

(n=165) 

ICU LOS ‘>28’ days 

(n=228) 

Follow-up Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 18,724 97.8% 369 95.8% 153 92.7% 219 96.1% 

6 months 18,496 96.6% 363 94.3% 147 89.1% 215 94.3% 

1-year 18,118 94.8 350 91.4 137 83.0 206 92.1 

3-year 15,340 89.0 270 82.4 116 79.8 156 81.1 

5-year 12,809 83.3 194 75.6 85 72.1 119 69.9 

10-year 6,669 68.0 76 61.0 30 63.5 45 58.6 

15-year 1,420 53.6% 11 45.0% 8 63.5% 6 49.4% 
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Era of admission was associated with survival. Unadjusted survival increased from 

‘1987-1990’ to ‘1991-1994’ but then decreased in successive eras (log rank test chi2 (3) 

59.9, p<0.001 for overall trend), as shown in Figure 4.42. Survival for the ‘1987-1990’ 

and ‘1995-1998’ eras was similar (log rank test chi2 (1) 0.027, p=0.870) and lowest in 

the ‘1999-2002’ era. 

 

Figure 4.42 Kaplan Meier long-term survival curves stratified by four eras of admission for 

patients discharged from hospital (n = 19,921). 
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1987-1990 

1991-1994 

1995-1998 

1999-2002 

 

 

 Era = ‘1987-1990’  

(n=5,465) 

Era = ‘1991-1994’  

 (n=5,722) 

Era = ‘1995-1998’  

 (n=4,620) 

Era = ‘1999-2002’  

 (n=4,114) 

Follow-up Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

3 months 5360 98.1 5616 98.1 4513 97.7 3976 96.6 

6 months 5293 96.9 5558 97.1 4458 96.5 3912 95.1 

1-year 5,203 95.2 5,464 95.5 4,374 94.7 3,770 92.6 

3-year 4,872 89.1 5,185 90.6 4,079 88.3 1,746 85.5 

5-year 4,553 83.4 4,867 85.1 3,781 82.4   

10-year 3,672 67.4 3,138 69.9     

15-year 1,445 53.3       
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Among patients admitted after cardiac surgery, there was no association for era of 

admission with survival for patients who survived hospital (log rank test chi2 (3) 5.0, 

p=0.172), as shown in Figure 4.43. 

 

Figure 4.43 Kaplan Meier long-term survival curves stratified by four eras of admission for 

patients discharged from hospital with conditions other than cardiac surgery (n = 10,432). 
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1987-1990 

1991-1994 

1995-1998 

1999-2002 

 
 

 Era = ‘1987-1990’ 

(n=2,508) 

Era = ‘1991-1994’ 

(n=2,381) 

Era = ‘1995-1998’ 

(n=2,524) 

Era = ‘1999-2002’ 

(n=3,019) 

Follow-up Number 
of 

patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 2,422 96.6 2,311 97.1 2,435 96.5 2,895 95.9 

6 months 2,375 94.7 2,276 95.6 2,393 94.8 2,836 93.9 

1-year 2,315 92.3 2,207 92.7 2,333 92.4 2,708 90.8 

3-year 2,107 84.0 2,033 85.4 2,121 84.0 1,227 83.5 

5-year 1,953 77.9 1,887 79.3 1,926 77.3   

10-year 1,591 63.4 1,223 65.5     

15-year 702 53.7       
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In contrast, there was no association found between the first three eras, ‘1987-1990’, 

‘1991-1994’ and ‘1995-1998’, and survival for patients admitted to ICU after cardiac 

surgery (log rank test chi2 (2) 1.9, p=0.377), but survival decreased in ‘1999-2002’ 

(p<0.001), as shown in Figure 4.44. 

 

Figure 4.44 Kaplan Meier long-term survival curves stratified by the four eras of admission 

for patients who survived hospital after cardiac surgery (n = 9,489). 
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1987-1990 

1991-1994 

1995-1998 

1999-2002 

 Era = ‘1987-1990’  

(n=2,957) 

Era = ‘1991-1994’  

 (n=3,341) 

Era = ‘1995-1998’  

 (n=2,096) 

Era = ‘1999-2002’  

 (n=1,095) 

Follow-up Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

3 months 2,938 99.4 3,305 98.9 2,078 99.1 1,081 98.7 

6 months 2,918 98.7 3,282 98.2 2,065 98.5 1,076 98.3 

1-year 2,888 97.7 3,257 97.5 2,041 97.4 1,062 97.4 

3-year 2,765 93.5 3,152 94.3 1,958 93.4 519 91.1 

5-year 2,606 88.1 2,980 89.2 1,855 88.6   

10-year 2,091 70.7 1,915 73.0     

15-year 743 52.9       
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The association of elective versus non-elective hospital admissions with survival is 

shown in the Kaplan Meier survival curves in Figure 4.45: Survival is lower for non-

elective admissions in the first ten years (log rank test chi2 (1) 25.2, p<0.001) but for 

patients who survive 12 years after hospital discharge (14,246 patients), survival 

becomes lower for elective admissions (log rank test chi2 (1) 38.4, p<0.001) 

 

Figure 4.45 Survival for patients who survived to hospital discharge by type of hospital 

admission: elective (n=9,394) and non-elective (n = 10,527). 
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Elective hospital admission 

Non-elective hospital 

admission 

 

 

 

 Elective hospital admissions 

(n=10,527) 

Non-elective hospital admissions 

 (n=9.394) 

Follow-up Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 9,290 98.9 10,175 96.7 

6 months 9,194 97.9 10,027 95.3 

1-year 9,042 96.3 9,769 93.1 

3-year 8,043 91.0 7,839 86.5 

5-year 6,952 85.2 6,255 80.9 

10-year 3,616 68.7 3,204 67.1 

15-year 674 51.4 771 55.6 
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Considering that cardiac surgical patients are predominantly elective surgical 

admissions, Kaplan Meier survival curves were used to estimate survival for patients 

admitted to ICU with conditions other than cardiac surgery. For the patients who did not 

have cardiac surgery a different result was found compared to hospital survivors overall. 

Although there is little difference in survival for the first three years, patients who had 

elective admissions to hospital had lower survival (log rank test chi2 (1) 108.5, 

p<0.001), as shown in Figure 4.46. The survival difference was more than 20% at 15 

years. 

 

Figure 4.46 Survival for patients who survived to hospital discharge and who were admitted 

for conditions other than cardiac surgery by type of hospital admission: elective (n = 2,620) and 

non-elective (n = 7,812). 
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Elective hospital admission 

Non-elective hospital 

admission 

 

 

 Elective hospital admissions 

(n=2,620) 

Non-elective hospital admissions 

 (n=7,812) 

Follow-up Number of 
patients 
surviving 

Percent 
surviving 

Number of 
patients 
surviving 

Percent 
surviving 

3 months 2,564 97.9 7,499 96.0 

6 months 2,510 95.8 7,370 94.3 

1-year 2,420 92.5 7,143 91.8 

3-year 1,906 82.6 5,582 84.6 

5-year 1,407 73.9 4,359 79.1 

10-year 470 53.0 2,344 67.4 

15-year 65 37.0 637 58.5 
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Socio-economic status was examined for a sub-cohort using the quartile values of the 

Australian population from the nearest census year of the 1996 or 2001 SEIFA. The 

four groups ranged from low (first quartile) to high (fourth quartile) socio-economic 

status. Patients admitted between ‘1994’ and ‘1998’, had their values taken from SEIFA 

1996 and for admissions to ICU between ‘1999’ and ‘2002’, the SEIFA 2001 values 

were used to categorise socio-economic status. Patients with socio-economic status 

values in the first quartile (the lowest socio-economic status group) had the lowest 

unadjusted survival (log rank test chi2 (3) 10.3, p=0.016), as shown in Figure 4.47. 

There was no difference in unadjusted survival between the other socio-economic status 

groups (log rank test chi2 (2) 0 15, p=0.0.927). 

 

Figure 4.47 Kaplan Meier survival curves showing the association of socio-economic status 

(SES), grouped 1 (low SES) to 4 (high SES), on unadjusted survival for patients admitted to ICU 

‘1994’ to ‘2002’ (n = 9,832) 
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1 (Low SES) 

2 

3 

4 (High SES) 

 

 1 (Low) 

(n=3,388) 

2 

 (n=2,238) 

3 

 (n=1,952) 

4 (High) 

 (n=2,254) 

Follow-up Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

Number 
of 

patients 
surviving 

Percent 
surviving 

3 months 3,284 96.9 2,192 97.9 1,897 97.2 2,195 97.4 

6 months 3,231 95.4 2,158 96.4 1,874 96.0 2,173 96.4 

1-year 3,132 93.1 2,105 94.1 1,829 93.9 2,119 94.4 

3-year 2,366 86.1 1,570 87.7 1,315 87.7 1,568 88.6 

5-year 1,733 79.9 1,062 82.0 892 82.9 1,043 82.7 
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Patients in accessible areas (highly accessible, moderately accessible and accessible) 

had similar unadjusted survival (log rank test chi2 (2) 4.56, p=0.102). To compare the 

effect of accessibility/remoteness on survival, ARIA was regrouped into two categories: 

accessible (ARIA groups ‘1’, ‘2’ and ‘3’, n=18,741) and remote (ARIA groups ‘4’ and 

‘5’, n=1,118) areas. Using this modified classification, patients in remote areas had 

similar unadjusted survival to accessible areas for the first few years then long-term 

survival was longer for patients in remote areas, as shown in Figure 4.48 (log rank test 

chi2 (1) 11.7, p=0.001). 

 

Figure 4.48 Kaplan Meier survival curves showing the association of accessibility/ 

remoteness on survival (n = 19,589) 
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Remote 

 

Accessible 

 

 

 

 

 Accessible 

(n=18,741) 

Remote 

 (n=1,118) 

Follow-up Number of patients 
surviving 

Percent surviving Number of patients 
surviving 

Percent surviving 

3 months 18,056 97.8 1,085 97.0 

6 months 17,825 96.5 1,074 96.1 

1-year 17,449 94.7 1,051 94.2 

3-year 14795 88.6 840 89.8 

5-year 12,355 82.7 674 85.7 

10-year 6,440 67.5 316 72.6 

15-year 1,365 53.0 64 62.3 
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Unadjusted long-term survival was lower for patients who survived to hospital 

discharge and had a readmission during their index admission, as shown in Figure 4.49. 

The difference in survival was significant (log rank test chi2 (1) 27.2, p<0.001). 

 

Figure 4.49 Survival time for patients having readmissions (n = 636) and no readmissions 

(n=19,285) during their index admission among patients who survived to hospital discharge 
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4.6.3 Factors associated with one-year (intermediate-term) survival 

 

Univariate analysis 

One-year survival for hospital survivors was 94.6%. The factors associated with 

unadjusted one-year survival, as shown in Table 4.10, were age, sex, Charlson 

Comorbidity Index, APS, peak number of organ failures, presence of ‘new cancer’, 

diagnostic group, type of admission, length of stay in ICU and era of admission (all 

p<0.001). 

 

Adjustment for age and sex 

The strength of the association on one-year survival for most of the factors was weaker 

after adjustment for age group and sex. The exceptions were APS, diagnostic group and 

type of admission in which the effect on one-year survival was stronger after this 

adjustment, as shown in Table 4.10. 

 

Multivariate analysis 

Explanatory factors were included in Cox models simultaneously and the results are 

shown in Table 4.10. Age, Charlson Comorbidity Index, diagnostic group and ‘new 

cancer’ had the strongest associations with one-year survival. With increases in age the 

risk for death increased. For example, patients aged ‘75+’ had a four-fold increase in the 

risk of death in the year after discharge from hospital compared to the youngest group, 

’16-44’ years. 

 

There was a significant increase in risk of death in ICU for patients with increasing 

comorbidity. The highest Charlson Comorbidity Index group ‘5+’ had five times that of 

the lowest Charlson Comorbidity Index group '0', as shown in Table 4.10. 

 

Diagnostic group had the strongest independent association with one-year survival 

although this effect varied according to diagnostic subgroup, as shown in Table 4.10. 

Compared to patients admitted after cardiac surgery, the hazard ratio (HR) for patients 

with non-traumatic brain surgery/condition was more than eight-fold and patients 

admitted with drug overdose/poisoning had a five-fold risk for lower one-year survival. 
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Table 4.10 Results of Cox analysis of one-year survival for patients who survived to hospital 

discharge comprising the following analyses: univariate, age- and sex-adjusted, and multivariate 

model (n = 19,921 patients). 

 

 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Age group (years) 

16- 44  1.00    1.00    

45-54  1.58 <0.001   1.63 1.25 2.13 <0.001 

55-64  1.93 <0.001   2.28 1.79 2.90 <0.001 

65-74  2.57 <0.001   3.12 2.47 3.93 <0.001 

75 + 4.06 <0.001   4.06 3.17 5.20 <0.001 

Sex 

Females 1.00    1.00    

Males 0.87 0.034   1.11 0.98 1.27 0.098 

Charlson comorbidity index (CCI) 

CCI=0 1.00  1.00  1.00    

CCI =1-2 1.85 <0.001 1.60 <0.001 2.04 1.75 2.37 <0.001 

CCI =3-4 4.03 <0.001 3.27 <0.001 3.58 2.96 4.33 <0.001 

CCI =5+ 7.55 <0.001 6.19 <0.001 5.24 4.26 6.45 <0.001 

Admission Acute Physiology Score(APS) 

APS =<4 1.00  1.00  1.00    

APS =5-9 1.26 0.004 1.19 0.027 1.27 1.08 1.49 0.004 

APS=10-14 1.86 <0.001 2.00 <0.001 1.38 1.13 1.69 0.001 

APS =15+ 2.73 <0.001 3.49 <0.001 1.55 1.23 1.96 <0.001 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00  1.00  1.00    

Peak OF =1 1.28 0.001 1.20 0.022 1.22 1.03 1.45 0.020 

Peak OF =2 1.63 <0.001 1.49 <0.001 1.30 1.06 1.61 0.013 

Peak OF =3 2.84 <0.001 2.55 <0.001 1.72 1.34 2.20 <0.001 

Peak OF =4+ 2.97 <0.001 2.85 <0.001 1.50 1.10 2.04 0.009 

‘New cancer’ 

No 1.00  1.00  1.00    

Yes 7.36 <0.001 6.66 <0.001 4.61 3.68 5.78 <0.001 
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 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Diagnostic group 

Cardiac surgery 1.00  1.00  1.00    

Vascular conditions 2.36 <0.001 1.96 <0.001 2.18 1.74 2.74 <0.001 

Non-traumatic brain 
condition 5.92 <0.001 8.83 <0.001 8.68 6.66 11.33 <0.001 

Sepsis 4.27 <0.001 5.70 <0.001 3.54 2.58 4.85 <0.001 

Trauma 1.23 0.158 2.81 <0.001 3.02 2.09 4.36 <0.001 

Cardiac arrest 5.78 <0.001 6.26 <0.001 3.69 2.42 5.65 <0.001 

Drug overdose 
/poisoning 1.56 0.007 4.17 <0.001 5.31 3.39 8.33 <0.001 

Other medical 
condition 4.02 <0.001 5.13 <0.001 4.81 3.44 6.73 <0.001 

Other surgery 6.11 <0.001 7.01 <0.001 4.96 3.89 6.33 <0.001 

Type of admission 

Elective surgical 1.00  1.00  1.00    

Non-elective surgical 1.89 <0.001 2.28 <0.001 1.07 0.88 1.30 0.482 

Medical 2.01 <0.001 3.14 <0.001 1.00 0.75 1.34 0.991 

Length of stay in ICU (ICU LOS) 

ICU LOS=1-2  1.00  1.00  1.00    

ICU LOS=3-4 1.30 0.001 1.26 0.003 1.05 0.89 1.23 0.573 

ICU LOS = 5+ 2.21 <0.001 2.25 <0.001 1.27 1.05 1.53 0.012 

Era of admission 

1987-1990 1.00  1.00  1.00    

1991-1994 0.94 0.500 0.89 0.189 0.95 0.80 1.13 0.561 

1995-1998 1.11 0.223 1.06 0.487 0.82 0.68 0.98 0.029 

1999-2002 1.57 <0.001 1.61 <0.001 0.80 0.67 0.96 0.014 

 

 

‘New cancer’ was also an independent predictor for lower survival. There was a greater 

than four-fold risk for death. The risk, after adjustment for potential confounders, was 

much lower than the estimate for unadjusted survival. 

 

The effects of APS and peak organ failure on one-year survival were weaker than for 

short-term mortality. For APS, the risk increased with increasing APS but was less than 

two fold for the highest APS group ‘15+’ compared to the APS group ‘0-4’, as shown in 

Table 4.10. 

 

The peak number of organ failures on a single ICU day was independently associated 

with decreased one-year survival for patients surviving hospital. For patients with peak 

number of organ failures of ‘3’ the HR was nearly twice that of no organ failure (HR 
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1.88 95% CI 1.50, 2.37). Whilst the risk for one-year survival decreased as the peak 

number of organ failures increased, the risk was lower for ‘4+’ peak number of organ 

failures compared to ‘3’. The association of single organ failures with one-year survival 

(all organ failures entered into Cox models simultaneously), after adjustment for 

explanatory factors was also examined and the results are shown in Table 4.11. The 

definitions for organ failure were presented in Table 3.2. Heart failure had the lowest 

one-year survival for patients who survived to hospital discharge (HR 1.33, 95% CI 

1.05, 1.69; p=0.016 compared to patients with no heart failure). 

 

Table 4.11 The effect of individual organ failures on one-year survival after adjustment for 

age, sex, APS, Charlson Comorbidity Index, ‘new’ cancer, diagnostic group, type of admission, 

length of stay in ICU and era of admission. 

 

 HR Lower 95% CI Upper 95% CI ‘p’ value 

Cardiovascular failure (n=6,943)) 1.10 0.94 1.29 0.227 

Metabolic failure (n=3,770) 1.06 0.89 1.25 0.528 

Respiratory failure (n=3,574) 1.14 0.96 1.35 0.148 

Renal  failure (n=1,275) 1.07 0.87 1.31 0.511 

Heart failure (n=1,212) 1.33 1.05 1.68 0.017 

Neurological failure (n=805) 1.13 0.88 1.45 0.339 

Haematological failure (n=644) 1.04 0.78 1.40 0.772 

GIT failure (n=457) 0.86 0.61 1.21 0.396 

Liver failure (n=433) 1.04 0.76 1.43 0.802 

Organ failure ever (n=19,921) 1.28 1.10 1.49 0.002 

 

 

The association of length of stay in ICU on one-year survival (p=0.028) was lower than 

for estimates from univariate analysis or for other explanatory variables in the 

multivariate model. There was no difference found for ICU LOS ‘3-4’ days compared to 

ICU LOS ‘1-2’ days (p=0.573) but the risk of death was 27% greater for ICU LOS of 

‘5+’ days compared to the shortest ICU LOS group ‘1-2’ days, as shown in Table 4.10. 

 

The independent effects of having a ‘prolonged stay’, that is, ‘>14-21’, ‘>21-28’ and 

‘>28’ days compared to shorter stays in ICU of ‘=<14 days’ on survival were also 

examined in Cox models. The group ‘>21-28’ days had a two-fold increase in the risk 

of death in the first year for patients who survived to hospital discharge but there was no 

association with one-year survival for the other ‘prolonged stay’ groups, as shown as 

Table 4.12. 
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Table 4.12 The association of ‘prolonged stay’ in ICU, that is, length of stay (LOS) group, 

‘=<14 days’, ‘>14-21’, ‘>21-28’ and ‘>28’ days, with one-year survival for hospital. 

 

LOS period Number of 
patients 

HR Lower 95% CI Upper 95% CI ‘p’ value 

=<14 days 19,143 1.00    

>14 - 21 days 385 1.00 0.70 1.44 0.999 

>21-28 days 165 2.26 1.51 3.37 <0.001 

>28 days 228 0.90 0.55 1.49 0.690 

 

 

Whilst estimates of unadjusted survival appeared to worsen for the ‘1995-1998’ and 

‘1999-2002’ eras of admission, one-year survival improved over the study period in the 

multivariate model (p=0.042). The increased survival occurred despite increasing 

patient comorbidity, APS and peak number of organ failures over the study period, as 

described in Section 4.4. 

 

The risk of death for sex and type of admission were significant in univariate models, 

but after fitting Cox models with explanatory factors, no independent associations were 

found between sex (p=0.098) or type of admission (p=0.723) with one-year survival for 

patients who survived to hospital discharge. 

 

Conditions other than cardiac surgery 

For patients admitted with conditions other than cardiac surgery (52.4% of the study 

cohort), age, Charlson Comorbidity Index and the presence of ‘new cancer’ had the 

greatest associations with the risk of death in the year after hospital discharge, as shown 

in Table 4.13. Increases in age had an increase in risk for death in the first year. Patients 

aged 75+ had more than a four-fold increase in risk compared to the youngest age group 

‘16-44’ years. The Charlson Comorbidity score ‘5+’ was associated with a five-fold 

increase for scores of ‘5+’ compared to scores of ‘0’. Increases in APS (p<0.001), and 

peak number of organ failures (p=0.048) were also associated with lower survival, but 

the risk of death among patients with peak number of organ failures of ‘4+’ was lower 

than that for ‘3’ organ failures. With the exception of admissions for vascular 

surgery/condition, patients had higher risks of death compared to those admitted with 

trauma. Similar to hospital survivors overall, sex (p=0.065), type of admission 

(p=0.441), and LOS in ICU (p=0.617) were not associated with one- year survival. In 

addition, era of admission was not associated with one-year survival (p=0.108). 
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Table 4.13 Results of Cox analysis of the factors associated with one-year survival for 

patients admitted with conditions other than cardiac surgery (n = 10,432 patients). 

 

 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Age group (years) 

16- 44  1.00    1.00    

45-54  2.67 <0.001   1.91 1.44 2.55 <0.001 

55-64  3.79 <0.001   2.80 2.16 3.63 <0.001 

65-74  4.64 <0.001   3.54 2.74 4.57 <0.001 

75+ 6.06 <0.001   4.51 3.44 5.91 <0.001 

Sex 

Females 1.00    1.00    

Males 1.00 0.969   1.15 0.99 1.32 0.065 

Comorbidity Index (CCI)   

CCI=0 1.00  1.00  1.00    

CCI =1-2 2.36 <0.001 1.70 <0.001 2.05 1.72 2.44 <0.001 

CCI =3-4 4.43 <0.001 2.98 <0.001 3.56 2.87 4.41 <0.001 

CCI =5+ 7.54 <0.001 5.14 <0.001 5.30 4.23 6.65 <0.001 

Admission Acute Physiology Score(APS) 

APS =<4 1.00  1.00  1.00    

APS =5-9 1.50 <0.001 1.55 <0.001 1.35 1.12 1.63 0.002 

APS =10-14 1.52 <0.001 1.96 <0.001 1.43 1.14 1.80 0.002 

APS =15+ 1.88 <0.001 2.53 <0.001 1.71 1.34 2.20 <0.001 

Peak number of organ failures (Peak OF) 

Peak OF=0 1.00  1.00  1.00    

Peak OF =1 1.53 <0.001 1.60 <0.001 1.24 1.02 1.50 0.033 

Peak OF =2 1.79 <0.001 1.85 <0.001 1.31 1.03 1.67 0.026 

Peak OF =3 2.41 <0.001 2.30 <0.001 1.52 1.14 2.03 0.004 

Peak OF =4+ 2.20 <0.001 2.19 <0.001 1.26 0.89 1.79 0.189 

‘New’ cancer 

No 1.00  1.00  1.00    

Yes 5.94 <0.001 4.85 <0.001 4.74 3.76 5.99 <0.001 

Diagnostic group 

Trauma 1.00  1.00  1.00    

Vascular conditions 1.91 <0.001 0.67 <0.001 0.67 0.46 0.98 0.041 

Non-traumatic brain 
conditions 4.79 <0.001 3.02 0.018 2.61 1.83 3.70 <0.001 

Sepsis 3.46 <0.001 1.96 <0.001 1.15 0.81 1.62 0.433 

Cardiac arrest 4.68 <0.001 2.13 <0.001 1.13 0.72 1.76 0.605 

Drug overdose/ 
poisoning 1.26 0.248 1.51 <0.001 1.61 1.05 2.47 0.029 

Other medical disorder  3.26 <0.001 1.75 0.041 1.47 1.05 2.07 0.027 

Other surgery  4.95 <0.001 2.40 <0.001 1.51 1.04 2.18 0.030 
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 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Type of admission 
Elective surgical 1.00  1.00  1.00    

Non-elective surgical 1.15 0.154 1.54 <0.001 1.15 0.92 1.43 0.208 

Medical 0.94 0.459 1.50 <0.001 1.08 0.80 1.46 0.612 

Length of stay in ICU in days (ICU LOS) 
ICU LOS =1-2  1.00  1.00  1.00    

ICU LOS=3-4  1.20 0.038 1.26 0.007 0.97 0.81 1.16 0.721 

ICU LOS= 5+ 1.45 <0.001 1.62 <0.001 1.07 0.86 1.31 0.550 

Era of admission to ICU 

1987-1990 1.00  1.00  1.00    

1991-1994 0.94 0.588 0.90 0.321 0.92 0.75 1.13 0.409 

1995-1998 0.98 0.868 0.98 0.861 0.80 0.65 0.99 0.039 

1999-2002 1.20 0.052 1.27 0.012 0.80 0.66 0.98 0.031 

 

 

Cardiac surgery 

The factors that were associated with lower one-year survival for patients admitted after 

cardiac surgery were Charlson Comorbidity Index (p<0.001), peak number of organ 

failures (p=0.007) and LOS in ICU (p<0.001), as shown in Table 4.14. As each of these 

factors increased, so did the risk for lower one-year survival. For example, patients had 

a four-fold increase in risk of death with Charlson Comorbidity scores of ‘5+’ compared 

to scores of ‘0’. Similarly, an increase in peak number of organ failures was associated 

with lower survival. There was a three-fold increase in risk of death for peak organ 

failures ‘4+’ compared to no organ failure. The LOS in the ICU group of ‘5+’ days was 

associated with twice the risk of death compared to stays in ICU of ‘1-2’ days.  

 

Age was associated with one-year survival (p<0.001) but the effects were mixed, as 

shown in Table 4.14. For the younger age group ‘45-54’ years there was a 52% 

reduction in the risk of death compared to patients aged ‘16-44’ years. Among patients 

aged ‘55-64’, the 38% decrease in risk was not statistically significant. The association 

of older age ’65-74’ years and ‘75+’ years with lower one-year survival was also not 

significant. 
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Table 4.14 Results of Cox analysis of the factors associated with one-year survival for 

patients admitted after cardiac surgery (n = 9,489 patients). 

 

 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Age group (years) 

16- 44  1.00    1.00    

45-54  0.55 0.091   0.48 0.24 0.96 0.039 

55-64  0.77 0.375   0.62 0.35 1.10 0.100 

65-74  1.50 0.133   1.06 0.62 1.80 0.839 

75+ 2.47 0.001   1.36 0.77 2.39 0.292 

Sex 

Females 1.00    1.00    

Males 0.86 0.286   1.05 0.80 1.39 0.721 

Comorbidity Index (CCI) 

CCI=0 1.00  1.00  1.00    

CCI =1-2 2.12 <0.001 2.04 <0.001 1.93 1.41 2.65 <0.001 

CCI =3-4 4.48 <0.001 3.89 <0.001 3.33 2.23 4.97 <0.001 

CCI =5+ 5.90 <0.001 5.04 <0.001 4.18 2.43 7.22 <0.001 

Admission Acute Physiology Score(APS) 

APS =<4 1.00  1.00  1.00    

APS =5-9 1.40 0.038 1.31 0.090 1.09 0.79 1.50 0.601 

APS =10-14 2.54 <0.001 2.26 <0.001 1.15 0.75 1.75 0.516 

APS =15+ 3.02 0.010 2.81 0.016 0.97 0.40 2.35 0.947 

Peak number of organ failures (Peak OF) 

Peak OF=0 1.00  1.00  1.00    

Peak OF =1 1.65 0.004 1.52 0.017 1.26 0.88 1.81 0.211 

Peak OF =2 2.16 <0.001 1.88 0.001 1.25 0.80 1.95 0.320 

Peak OF =3 5.19 <0.001 4.31 <0.001 2.20 1.31 3.70 0.003 

Peak OF =4+ 6.59 <0.001 5.63 <0.001 2.72 1.45 5.13 0.002 

‘New’ cancer 

No 1.00  1.00  1.00    

Yes 2.39 0.134 1.88 0.277 2.99 0.95 9.44 0.062 

Type of admission 
Elective surgical 1.00  1.00  1.00    

Non-elective surgical 1.06 0.776 1.10 0.652 1.09 0.72 1.65 0.680 

Length of stay in ICU in days (ICU LOS) 
ICU LOS =1-2  1.00  1.00  1.00    

ICU LOS=3-4  1.71 0.001 1.58 0.005 1.32 0.93 1.86 0.117 

ICU LOS= 5+ 4.45 <0.001 3.82 <0.001 2.23 1.48 3.37 <0.001 

Era of admission to ICU 

1987-1990 1.00  1.00  1.00    

1991-1994 1.09 0.580 1.01 0.932 1.08 0.78 1.49 0.642 

1995-1998 1.13 0.511 0.98 0.912 0.92 0.63 1.33 0.643 

1999-2002 1.14 0.554 0.95 0.827 0.81 0.51 1.28 0.368 
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Elective versus non-elective hospital admissions  

Non-elective hospital admissions were independently and significantly associated with 

decreased one-year survival for patients who survived to hospital discharge (HR 1.35, 

95%CI 1.15, 1.59, p<0.001 compared to elective hospital admissions). A similar result 

was found after the exclusion of cardiac surgical admissions (HR 1.39, 95%CI 1.13, 

1.71, p=0.002 compared to elective hospital admissions). 

 

Socio-economic status 

There was no significant and independent association of socio-economic status with 

one-year survival (second quartile socio-economic status group HR 0.84, 95% CI 0.68, 

1.04, p=0.116; third quartile socio-economic status group HR 0.88, 95% CI 0.70, 1.10, 

p=0.252; fourth quartile (highest) socio-economic status group HR 0.82, 95% CI 0.66, 

1.02, p=0.070 compared to the first quartile, that is, the lowest socio-economic status 

group). 

 

Accessibility/Remoteness 

In Cox models that examined the effects of accessibility/remoteness, the ARIA groups 

accessible and remote were not associated with one-year survival for patients who 

survived to hospital discharge (HR 1.20, 95% CI 0.93, 1.56, p=0.166). Furthermore, no 

association was found with one-year survival if accessibility/remoteness was 

categorised into the five ARIA groups (p=0.610). 

 

Readmissions to ICU in the index admission 

The independent association of having a readmission to ICU in the same hospitalisation 

with long-term survival for hospital survivors is shown in Table 4.15. Having a 

readmission was not associated with one-year survival for patients who were discharged 

from hospital (HR 1.13, 95% CI 0.84, 1.50, p=0.418). Similarly, there was no difference 

when cardiac surgical patients were excluded (p=0.929). 
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Table 4.15 The association of having a readmission with one-year survival for patients who 

were discharged from hospital (n = 19,921). 

 

 Univariate Age and sex adjusted Multivariate model 

Readmission 
to ICU during 
index 
admission 

HR Lower 
95% 
CI 

Upper 
95% 
CI 

‘p’ 
value 

HR Lower 
95% 
CI 

Upper 
95% 
CI 

‘p’ 
value 

HR Lower 
95% 
CI 

Upper 
95% 
CI 

‘p’ 
value 

No 
(n=19,285) 

1.0    1.00    1.00    

Yes   
(n=636) 

1.47 1.10 1.96 0.008 1.45 1.09 1.94 0.010 1.13 0.84 1.50 0.418 

 

 

4.6.4 Checking the proportional hazards assumption in one-year survival analysis 

 

Cox models assume that the hazard ratios remain constant throughout the follow-up 

period, that is, the hazards for different levels of the covariate are proportional over 

time762 However, in the study cohort the association of factors with survival changed 

during the one year follow-up, violating the proportional hazards assumption (chi2 (31) 

64.0, p<0.001) and indicating that the effect changed over time. In order to understand 

how survival changed over the first year after hospital discharge, it was examined in 

Cox models at three time-points: one-month survival for patients who were discharged 

from hospital, six-month survival for patients who survived one-month and one-year 

survival for patients who survived six months (Table 4.16). 

 

The effect of ‘new cancer’ on shorter one-year survival doubled over the year 

(p=0.004). Similarly, the effect of Charlson Comorbidity Index increased over time 

(p<0.001) and the effect for lower survival strengthened as comorbidity increased. In 

contrast, the effect of peak organ failure (p=0.002) and diagnostic group on shorter one-

year survival decreased over the year. The diagnostic groups that had significant 

changes over time were trauma (p=0.024) and cardiac arrest (p=0.008). The strength of 

association of cardiac arrest on shorter survival over the year decreased by two thirds 

and the risk of deaths from trauma decreased by more than two-fold, as shown in Table 

4.16. 
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Table 4.16 Cox models of hazard ratios (HR) for one-month survival for patients discharged from hospital, six-month survival for patients who survived one month 

and one-year survival for patients who survived six months after discharge from hospital, all explanatory variables entered into models, CI=Confidence Intervals. 

 

 One-month survival (n=19,921) 
Six-month survival for patients who survived one 

month after discharge (n=19,695) 
One-year survival for patients who survived six 
months after discharge from hospital (n=19,227) 

 HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value 

Age group (years) 

16-44 1.00    1.00    1.00    

45-54  2.38 1.36 4.18 0.002 1.41 0.93 2.15 0.108 1.50 0.96 2.35 0.072 

55-64  2.59 1.51 4.42 0.001 2.40 1.67 3.45 <0.001 1.98 1.32 2.96 0.001 

65-74  3.70 2.21 6.19 <0.001 3.02 2.12 4.31 <0.001 2.89 1.96 4.24 <0.001 

75+ 5.41 3.17 9.22 <0.001 4.35 3.00 6.32 <0.001 3.11 2.04 4.74 <0.001 

Sex 

Females 1.00    1.00    1.00    

Males 0.96 0.73 1.26 0.758 1.13 0.93 1.37 0.225 1.21 0.97 1.50 0.094 

Charlson comorbidity index(CCI) 

CCI=0 1.00    1.00    1.00    

CCI =1-2 2.05 1.48 2.83 <0.001 1.91 1.51 2.42 <0.001 2.16 1.67 2.80 <0.001 

CCI =3-4 2.75 1.81 4.19 <0.001 3.91 2.96 5.18 <0.001 3.67 2.65 5.09 <0.001 

CCI =5+ 3.01 1.83 4.93 <0.001 5.44 3.99 7.43 <0.001 6.83 4.86 9.60 <0.001 

Admission Acute Physiology Score(APS) 

APS =4+ 1.00    1.00    1.00    

APS =5-9 1.40 0.96 2.05 0.085 1.07 0.84 1.36 0.567 1.49 1.14 1.94 0.003 

APS =10-14 1.58 1.01 2.46 0.044 1.32 0.99 1.77 0.061 1.36 0.96 1.92 0.085 

APS =15 + 1.58 0.96 2.60 0.072 1.39 0.98 1.98 0.068 1.79 1.20 2.67 0.004 
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 One-month survival  
Six-month survival for patients who survived one 

month after discharge  
One-year survival for patients who survived six 

months after discharge from hospital 

 HR ‘p’ value HR ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    1.00    

Peak OF =1 1.13 0.75 1.69 0.557 1.34 1.04 1.73 0.023 1.13 0.85 1.49 0.401 

Peak OF =2 1.79 1.14 2.81 0.011 1.21 0.87 1.67 0.254 1.15 0.81 1.64 0.419 

Peak OF =3 2.19 1.29 3.70 0.004 1.76 1.21 2.56 0.003 1.40 0.90 2.17 0.135 

Peak OF =4+ 2.53 1.38 4.63 0.003 1.21 0.74 1.97 0.441 1.32 0.77 2.25 0.313 

New Cancer 

No 1.00    1.00    1.00    

Yes 2.84 1.63 4.94 <0.001 4.86 3.49 6.77 <0.001 5.75 3.94 8.38 <0.001 

Diagnostic group 

Cardiac surgery 1.00    1.00    1.00    

Vascular surgery/ 
condition 2.82 1.64 4.85 <0.001 1.77 1.24 2.52 0.002 2.41 1.69 3.44 <0.001 

Non-traumatic brain 
surgery/ condition 12.78 7.10 23.00 <0.001 8.10 5.41 12.12 <0.001 7.49 4.76 11.78 <0.001 

Sepsis 3.92 1.99 7.71 <0.001 4.29 2.70 6.80 <0.001 2.60 1.47 4.60 0.001 

Trauma 4.86 2.35 10.04 <0.001 3.30 1.91 5.69 <0.001 1.81 0.89 3.66 0.101 

Cardiac arrest 7.88 3.59 17.32 <0.001 2.83 1.40 5.71 0.004 2.53 1.16 5.51 0.019 

Drug overdose 
/poisoning 5.46 2.02 14.76 0.001 6.35 3.23 12.49 <0.001 4.20 1.94 9.10 <0.001 

Other medical disorder  5.48 2.70 11.11 <0.001 4.92 2.94 8.21 <0.001 4.43 2.46 7.99 <0.001 

Other surgery 5.25 2.87 9.60 <0.001 5.08 3.56 7.23 <0.001 4.60 3.06 6.91 <0.001 
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 One-month survival  
Six-month survival for patients who survived one 

month after discharge  
One-year survival for patients who survived six 

months after discharge from hospital 

 HR ‘p’ value HR ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value 

Length of stay in ICU (ICU LOS) 

ICU LOS=1-2 1.00    1.00    1.00    

ICU LOS=3-4 1.01 0.70 1.47 0.942 1.07 0.84 1.36 0.608 1.05 0.81 1.36 0.733 

ICU LOS=5+ 1.27 0.85 1.92 0.246 1.35 1.02 1.79 0.036 1.17 0.85 1.60 0.334 

Type of admission 

Elective surgery 1.00    1.00    1.00    

Non-elective surgery 1.45 0.95 2.23 0.088 0.99 0.74 1.32 0.941 1.00 0.72 1.38 0.978 

Medical 1.31 0.73 2.37 0.364 0.82 0.53 1.27 0.365 1.12 0.67 1.88 0.665 

Era of admission 

1987-1990 1.00    1.00    1.00    

1991-1994 1.03 0.69 1.52 0.890 0.88 0.68 1.14 0.324 1.01 0.76 1.35 0.942 

1995-1998 1.06 0.72 1.57 0.751 0.72 0.54 0.94 0.018 0.82 0.60 1.11 0.195 

1999-2002 0.79 0.53 1.19 0.257 0.76 0.58 1.00 0.046 0.86 0.64 1.17 0.341 
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Table 4.16 also shows that APS was not associated with decreased survival at one 

month or six months but there was a significant increase in risk of death at one year, 

particularly for patients with the highest APS scores (HR 1.79, 95% CI 1.20, 2.67 for 

APS ‘15+’ compared to APS group ‘0-4’). In contrast, the effect of peak number of 

organ failures was greatest early after hospital discharge. It was associated with 

decreased one-month (p=0.007) and six-month survival (p=0.029) but was not 

associated with one-year survival (p=0.656). For organ failure of ‘3’ compared to ‘0’, 

the HR at one month was 2.19 (95% CI 1.29, 3.70) and at six months was 1.76 (95% CI 

1.21, 2.56). 

 

Conditions other than cardiac surgery 

The association of explanatory factors for patients admitted with conditions other than 

cardiac surgery also changed over the year (chi2 (30) 59.9, p<0.001). ‘New cancer’ was 

associated with lower survival and this effect increased over time, as shown in Table 

4.17 but the effects of other explanatory factors, age, Charlson Comorbidity index, APS 

and diagnostic group, were mixed. 

 

Cardiac surgery 

Similarly, for patients admitted after cardiac surgery, the association of covariates 

changed over time (chi2 (22) 64.0, p=0.004) but the strengths of the associations were 

mixed, as shown in Table 4.18. The exceptions were for the Charlson Comorbidity 

Index and ‘new cancer’ in which the risk for death doubled over the year. 
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Table 4.17 Cox models of hazard ratios (HR) for one-month survival for patients discharged from hospital, six-month survival for patients who survived one month 

and one-year survival for patients who survived six months after discharge from hospital after an admission for a condition other than cardiac surgery (n=10,432), all 

explanatory variables entered into models simultaneously, CI=Confidence Intervals. 

 One-month survival  
Six-month survival for patients who survived one 

month after discharge  
One-year survival for patients who survived six 

months after discharge from hospital 

 HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value 

Age group (years) 

16-44 1.00    1.00        

45-54  2.77 1.53 5.03 0.001 1.62 1.03 2.54 0.036 1.80 1.11 2.93 0.018 

55-64  3.02 1.70 5.35 <0.001 2.98 2.02 4.40 <0.001 2.44 1.56 3.81 <0.001 

65-74  4.17 2.40 7.26 <0.001 3.16 2.14 4.66 <0.001 3.62 2.37 5.55 <0.001 

75+ 6.40 3.63 11.30 <0.001 4.51 3.00 6.79 <0.001 3.53 2.20 5.67 <0.001 

Sex 

Females 1.00    1.00    1.00    

Males 0.93 0.69 1.25 0.634 1.25 1.00 1.56 0.052 1.19 0.93 1.53 0.165 

Charlson comorbidity index(CCI) 

CCI=0 1.00    1.00    1.00    

CCI =1-2 2.19 1.53 3.12 <0.001 2.03 1.55 2.67 <0.001 1.94 1.44 2.62 <0.001 

CCI =3-4 2.65 1.66 4.24 <0.001 4.23 3.07 5.83 <0.001 3.39 2.34 4.91 <0.001 

CCI =5+ 3.45 2.07 5.74 <0.001 5.62 3.98 7.94 <0.001 6.54 4.50 9.48 <0.001 

Admission Acute Physiology Score(APS) 

APS =4+ 1.00    1.00    1.00    

APS =5-9 1.66 1.07 2.56 0.023 1.07 0.81 1.42 0.626 1.63 1.20 2.23 0.002 

APS =10-14 1.96 1.20 3.21 0.007 1.22 0.87 1.71 0.255 1.47 0.99 2.20 0.059 

APS =15 + 1.86 1.09 3.19 0.023 1.47 1.01 2.14 0.044 2.11 1.37 3.23 0.001 
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 One-month survival  
Six-month survival for patients who survived one 

month after discharge  
One-year survival for patients who survived six 

months after discharge from hospital  

 HR ‘p’ value HR ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    1.00    

Peak OF =1 1.10 0.71 1.69 0.680 1.43 1.07 1.91 0.017 1.10 0.79 1.53 0.574 

Peak OF =2 1.61 0.99 2.63 0.057 1.25 0.86 1.82 0.234 1.15 0.76 1.73 0.499 

Peak OF =3 1.74 0.98 3.11 0.060 1.55 0.99 2.43 0.053 1.32 0.80 2.19 0.276 

Peak OF =4+ 2.04 1.05 3.95 0.035 1.10 0.63 1.92 0.740 0.98 0.52 1.84 0.956 

New Cancer 

No     1.00        

Yes 2.93 1.68 5.12 <0.001 5.18 3.69 7.27 <0.001 5.67 3.82 8.41 <0.001 

Diagnostic group 

Trauma 1.00    1.00    1.00    

Vascular surgery/ 
condition 0.52 0.25 1.10 0.089 0.49 0.27 0.89 0.019 1.26 0.61 2.62 0.535 

Non-traumatic brain 
surgery/ condition 2.34 1.23 4.47 0.010 2.18 1.28 3.72 0.004 3.87 1.96 7.68 <0.001 

Sepsis 0.79 0.42 1.50 0.474 1.27 0.76 2.11 0.364 1.42 0.72 2.80 0.315 

Cardiac arrest 1.48 0.69 3.16 0.314 0.78 0.37 1.64 0.511 1.33 0.56 3.16 0.518 

Drug overdose/ 
poisoning 0.99 0.41 2.43 0.989 1.71 0.90 3.25 0.102 2.24 1.02 4.91 0.044 

Other medical disorder  1.03 0.54 1.94 0.937 1.35 0.80 2.28 0.266 2.37 1.22 4.58 0.010 

Other surgery 0.96 0.46 2.01 0.923 1.38 0.80 2.40 0.247 2.41 1.17 4.98 0.017 
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 One-month survival  
Six-month survival for patients who survived one 

month after discharge  
One-year survival for patients who survived six 

months after discharge from hospital 

 HR ‘p’ value HR ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value 

Length of stay in ICU (ICU LOS) 

ICU LOS=1-2 1.00    1.00    1.00    

ICU LOS=3-4 1.47 0.90 2.39 0.120 1.14 0.82 1.58 0.440 1.01 0.69 1.48 0.944 

ICU LOS=5+ 1.37 0.74 2.54 0.316 0.93 0.59 1.47 0.758 1.15 0.67 1.97 0.613 

Type of admission 

Elective surgery 1.00    1.00    1.00    

Non-elective surgery 1.08 0.73 1.61 0.692 0.95 0.72 1.25 0.708 0.92 0.68 1.25 0.602 

Medical 1.15 0.74 1.79 0.533 1.03 0.75 1.42 0.859 1.08 0.75 1.54 0.688 

Era of admission 

1987-1990 1.00    1.00    1.00    

1991-1994 0.88 0.56 1.37 0.564 0.78 0.57 1.07 0.123 1.16 0.82 1.64 0.413 

1995-1998 1.03 0.68 1.57 0.876 0.69 0.50 0.95 0.023 0.81 0.56 1.17 0.255 

1999-2002 0.73 0.47 1.12 0.146 0.75 0.56 1.01 0.055 0.96 0.68 1.35 0.798 
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Table 4.18 Cox models of hazard ratios (HR) for one-month survival for patients discharged from hospital, six-month survival for patients who survived one month 

and one-year survival for patients who survived six months after discharge from hospital after cardiac surgery (n = 9,489), all explanatory variables entered into models 

simultaneously. 

 One-month survival 
Six-month survival for patients who survived one 

month after discharge  
One-year survival for patients who survived six 

months after discharge from hospital  

 HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value 

Age group (years) 

16-44 1.00    1.00    1.00    

45-54  0.45 0.09 2.25 0.332 0.51 0.16 1.57 0.240 0.47 0.16 1.34 0.158 

55-64  0.53 0.14 2.08 0.363 0.64 0.25 1.64 0.356 0.63 0.26 1.49 0.288 

65-74  0.85 0.24 3.00 0.803 1.34 0.57 3.17 0.499 0.90 0.40 2.04 0.798 

75+ 0.74 0.18 3.00 0.677 1.81 0.74 4.42 0.192 1.23 0.51 2.97 0.639 

Sex 

Females 1.00    1.00    1.00    

Males 1.24 0.59 2.61 0.563 0.85 0.57 1.27 0.429 1.31 0.81 2.11 0.266 

Charlson comorbidity index(CCI) 

CCI=0 1.00    1.00    1.00    

CCI =1-2 1.42 0.66 3.04 0.373 1.53 0.97 2.42 0.068 2.93 1.70 5.04 <0.001 

CCI =3-4 2.88 1.12 7.40 0.028 2.71 1.53 4.82 0.001 4.72 2.36 9.43 <0.001 

CCI =5+ 0.00 0.00 1.78E+282 0.972 3.99 1.90 8.38 <0.001 7.98 3.37 18.92 <0.001 

Admission Acute Physiology Score(APS) 

APS =4+ 1.00    1.00    1.00    

APS =5-9 0.71 0.32 1.59 0.406 1.15 0.70 1.89 0.573 1.19 0.72 1.96 0.489 

APS =10-14 0.48 0.16 1.47 0.201 1.61 0.88 2.95 0.122 1.02 0.50 2.09 0.954 

APS =15 + 1.50 0.35 6.43 0.582 0.85 0.19 3.81 0.837 0.48 0.06 3.74 0.480 
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 One-month survival  
Six-month survival for patients who survived one 

month after discharge  
One-year survival for patients who survived six 
months after discharge from hospital (n=19,227) 

 HR ‘p’ value HR ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value HR Lower 95% CI Upper 95% CI ‘p’ value 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    1.00    

Peak OF =1 1.51 0.48 4.74 0.484 1.27 0.74 2.19 0.386 1.19 0.70 2.05 0.521 

Peak OF =2 4.02 1.22 13.30 0.023 1.03 0.53 2.01 0.925 1.06 0.53 2.13 0.866 

Peak OF =3 7.05 1.78 27.93 0.005 2.02 0.96 4.24 0.062 1.50 0.59 3.77 0.394 

Peak OF =4+ 8.20 1.73 38.95 0.008 1.59 0.59 4.27 0.354 3.69 1.33 10.26 0.012 

‘New Cancer’ 

No     1.00    1.00    

Yes 0.00 0.00 . 0.989 2.23 0.31 16.20 0.429 5.23 1.26 21.71 0.023 

Length of stay in ICU (ICU LOS) 

ICU LOS=1-2 1.00    1.00    1.00    

ICU LOS=3-4 0.55 0.19 1.61 0.278 1.48 0.87 2.50 0.148 1.45 0.87 2.42 0.150 

ICU LOS=5+ 2.10 0.74 5.93 0.162 3.02 1.65 5.51 <0.001 1.41 0.70 2.84 0.341 

Type of admission 

Elective surgery 1.00    1.00    1.00    

Non-elective surgery 1.44 0.59 3.54 0.425 0.74 0.38 1.43 0.371 0.93 0.48 1.82 0.841 

Era of admission 

1987-1990 1.00    1.00    1.00    

1991-1994 2.09 0.85 5.13 0.110 1.18 0.74 1.89 0.480 0.76 0.45 1.29 0.312 

1995-1998 1.31 0.46 3.78 0.613 0.87 0.49 1.52 0.619 0.89 0.51 1.56 0.678 

1999-2002 1.49 0.45 4.91 0.517 0.92 0.47 1.79 0.809 0.57 0.27 1.21 0.143 
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4.6.5 Factors associated with long-term survival for one-year survivors 

 

The factors associated with long-term survival for patients who survived more than one 

year after hospital discharge are shown in Table 4.19. Similar to the reporting of one 

year survival, results are described for the univariate, age- and sex-adjusted and 

multivariate Cox models. In addition, long-term survival for patients admitted with 

conditions other than cardiac surgery and those admitted after cardiac surgery are 

reported. 

 

Univariate model 

Factors associated with long-term survival in univariate models were age, Charlson 

Comorbidity Index, APS, peak number of organ failures, presence of ‘new cancer’, 

diagnostic group, type of admission and LOS in ICU group. The results are shown in 

Table 4.19. In contrast to one-year survival, sex was not associated with long-term 

survival in the univariate model (p=0.749). 

 

Age and sex adjusted model 

The most notable differences in risk of death after adjustment for age and sex compared 

to univariate models were a decrease in risk for Charlson Comorbidity score and the 

presence of ‘new cancer’, and an increase in risk for APS and type of admission. 

Results were mixed for diagnostic group, as shown in Table 4.19. 

 

Multivariate model 

Table 4.19 shows the independent association of explanatory factors with long-term 

survival among patients who survived one year after hospital discharge. Factors 

associated with long-term were age, sex, Charlson Comorbidity Index, APS, peak 

number of organ failures, presence of ‘new cancer’, diagnostic group, LOS group and 

era of admission (all p<0.001). Although significant in univariate and age- and sex-

adjusted long-term survival, type of admission was not independently associated with 

long-term survival (p=0.327). 

 

Age was the strongest predictor for lower survival. As age increased, long-term survival 

decreased (HR 10.86, 95% CI 9.40, 12.55 for age ‘75+’ years compared to the youngest 

group) as shown in Table 4.19. This is in contrast to the results for one-year survival in 

which diagnostic group and comorbidity had the strongest associations with survival. 
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While sex was not associated with one-year survival, there was a 17% increased risk of 

death for males in the long-term (95%CI 1.10, 1.24, p<0.001 compared to female 

patients), as shown in Table 4.19. 

 

The Charlson Comorbidity Index had a strong association with long-term survival as 

shown in Table 4.19 although the risk was lower than that for one-year survival. Higher 

Charlson Comorbidity scores were associated with lower long-term survival (four-fold 

risk for shorter long-term survival for the Charlson Comorbidity Index group ‘5+’ 

compared to the lowest group ‘0’). 

 

The strength of the association of APS with long-term survival after adjustment for 

explanatory factors was considerably less compared to its effect on short-term survival, 

but the risks for lower survival were sustained (HR 1.91, 95% CI 1.68, 2.16 for APS 

group ‘15+’ compared to the lowest APS group ‘0-4’) and slightly higher than those 

found for one-year survival, as shown in Table 4.19. 
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Table 4.19 Results of Cox analysis of long-term survival for patients who survived one year 

after hospital discharge comprising the following analyses: univariate, age and sex-adjusted and 

multivariate models (n = 18,848 patients). 

 

 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Age group (years) 

16- 44  1.00    1.00    

45-54  2.14 <0.001   2.17 1.85 2.54 <0.001 

55-64  3.88 <0.001   3.88 3.37 4.46 <0.001 

65-74  6. 43 <0.001   6.25 5.45 7.17 <0.001 

75+ 12.77 <0.001   10.88 9.41 12.57 <0.001 

Sex 

Females 1.00    1.00    

Males 1.01 0.749   1.17 1.10 1.24 <0.001 

Comorbidity Index (CCI)   

CCI=0 1.00  1.00  1.00    

CCI =1-2 1.85 <0.001 1.42 <0.001 1.48 1.39 1.57 <0.001 

CCI =3-4 3.77 <0.001 2.53 <0.001 2.42 2.20 2.65 <0.001 

CCI =5+ 5.95 <0.001 4.01 <0.001 3.61 3.16 4.13 <0.001 

Admission Acute Physiology Score(APS) 

APS =<4 1.00  1.00  1.00    

APS =5-9 1.30 <0.001 1.21 <0.001 1.24 1.16 1.33 <0.001 

APS =10-14 1.54 <0.001 1.72 <0.001 1.47 1.34 1.61 <0.001 

APS =15+ 1.69 <0.001 2. 76 <0.001 1.91 1.68 2.16 <0.001 

Peak number of organ failures (Peak OF) 

Peak OF=0 1.00  1.00  1.00    

Peak OF =1 1.29 <0.001 1.17 <0.001 1.11 1.03 1.20 0.005 

Peak OF =2 1.67 <0.001 1.45 <0.001 1.21 1.10 1.33 <0.001 

Peak OF =3 2.30 <0.001 1.92 <0.001 1.26 1.11 1.44 <0.001 

Peak OF =4+ 1.95 <0.001 1.85 <0.001 1.01 0.85 1.20 0.871 

‘New’ cancer 

No 1.00  1.00  1.00    

Yes 3.69 <0.001 2.75 <0.001 2.69 2.20 3.30 <0.001 

Diagnostic group 

Cardiac surgery 1.00  1.00  1.00    

Vascular condition 2.02 <0.001 1.61 <0.001 1.77 1.63 1.93 <0.001 

Non-traumatic brain 
conditions 1.15 0.151 2.07 <0.001 1.93 1.57 2.37 <0.001 

Sepsis 1.56 <0.001 2.32 <0.001 1.50 1.25 1.80 <0.001 

Trauma 0.33 <0.001 1.04 0.654 0.89 0.72 1.09 0.258 

Cardiac arrest 2.20 <0.001 2.68 <0.001 1.64 1.27 2.12 <0.001 

Drug overdose 
/poisoning 0.37 <0.001 1.31 0.010 1.24 0.94 1.63 0.127 

Other medical disorder 1.10 0.033 1.51 <0.001 1.42 1.16 1.73 0.001 

Other surgery  2.06 <0.001 2.69 <0.001 2.28 1.98 2.63 <0.001 
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Type of admission 
Elective surgical 1.00  1.00  1.00    

Non-elective surgical 1.02 0.652 1.40 <0.001 1.06 0.97 1.16 0.194 

Medical 0.81 <0.001 1.52 <0.001 1.12 0.93 1.34 0.240 

Length of stay in ICU in days (ICU LOS) 
ICU LOS =1-2  1.00  1.00  1.00    

ICU LOS=3-4  1.37 <0.001 1.31 <0.001 1.21 1.13 1.30 <0.001 

ICU LOS= 5+ 1.74 <0.001 1.84 <0.001 1.41 1.29 1.54 <0.001 

Era of admission to ICU 

1987-1990 1.00  1.00  1.00    

1991-1994 0.93 0.027 0.83 <0.001 0.86 0.80 0.92 <0.001 

1995-1998 1.00 0.976 0.89 0.009 0.82 0.75 0.89 <0.001 

1999-2002 1.24 0.002 1.24 0.002 0.93 0.81 1.07 0.318 

 

The HR for peak number of organ failure groups were smaller than the APS groups for 

long-term survival, a similar result to that found for one-year survival. The reduced risk 

of death for patients who had ‘4+’ peak number of organ failures (n=596; HR 0.99, 95% 

CI 0.83, 1.17 compared to no organ failure) was not statistically significant but suggests 

a ‘fit-survivor’ effect. Considering individual organ failures, respiratory failure (HR 

1.15, 95% CI 1.05, 1.25; p=0.002), heart failure (HR 1.13, 95% CI 1.02, 1.25; p=0.015) 

and cardiovascular failure (HR 1.11, 95% CI 1.04, 1.19; p=0.003) had the highest risk 

for death, as shown in Table 4.20. Gastrointestinal failure (HR 0.76, 95% CI 0.63, 0.93; 

p=0.008) was associated with increased long-term survival. These results were similar 

to those for one-year survival except that gastro-intestinal failure was not associated 

with survival (p=0.396). 

 

Table 4.20 The effect of individual organ failures on long-term survival for patients who 

survived one year after adjustment for age, sex, APS, Charlson Comorbidity Index, ‘new’ cancer, 

diagnostic group, type of admission, length of stay in ICU and era of admission. 

 

 HR Lower 95% CI Upper 95% CI ‘p’ value 

Cardiovascular failure (n=6,943)) 1.11 1.04 1.19 0.003 

Metabolic failure (n=3,770) 1.01 0.93 1.09 0.860 

Respiratory failure (n=3,574) 1.15 1.05 1.25 0.002 

Renal  failure (n=1,275) 1.01 0.91 1.14 0.804 

Heart failure (n=1,212) 1.13 1.02 1.25 0.015 

Neurological failure (n=805) 1.08 0.90 1.29 0.410 

Haematological failure (n=644) 0.94 0.78 1.12 0.456 

GIT failure (n=457) 0.76 0.63 0.93 0.008 

Liver failure (n=433) 1.09 0.88 1.37 0.421 

Organ failure ever (n=19,921) 1.22 1.15 1.31 <0.001 
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Table 4.19 shows that the relative effects of diagnostic group on long-term survival 

varied between the diagnostic categories. The strength of the association of the different 

diagnostic groups on long-term survival was different to those observed for one-year 

survival. For example, patients admitted with non-traumatic brain surgery/condition had 

more than an eight-fold risk for death, the highest risk for death amongst the diagnostic 

categories, in the first year, but for those patients who survived one year, the risk was 

two-fold compared to the reference group, cardiac surgery. Patients admitted after 

‘other surgery’ had a five-fold risk for lower one-year survival, lower than patients 

admitted with non-traumatic brain surgery/condition or drug overdose/poisoning but, 

for one-year survivors, it was associated with the highest risk among the diagnostic 

groups for lower survival (HR 2.28, 95% CI 1.98, 2.63, p<0.001 compared to cardiac 

surgery). Considering patients admitted with trauma, the risk death was higher in the 

first year (HR 3.02, 95% CI 2.09, 4.36 compared to cardiac surgery), but this risk was 

lower than other diagnostic groups with the exception of vascular surgery/condition. 

However, patients admitted with trauma had an 11% lower risk for death in the long-

term (HR 0.89, 95% CI 0.72, 1.09 compared to patients admitted after cardiac surgery) 

although this was not statistically significant. 

 

The association between the presence of ‘new cancer’ and shorter long-term survival 

was weaker compared to its effect on one-year survival (HR 2.66, 96% CI 2.18, 3.25 for 

long-term survival compared to HR 4.61, 95% CI 3.68, 5.76, for one-year survival). 

 

Length of stay was associated with long-term survival (p<0.001). The risk of death in 

the long-term was higher for the LOS in ICU groups ‘3-4’ days and ‘5+’ days compared 

to a shorter stay in ICU. For patients whose LOS in ICU was ‘3-4’ days, there was a 

21% increased risk for death and for LOS of ‘5+’ days a 41% greater risk for death 

compared to the shortest ICU LOS group ‘1-2’ days. 

 

Considering patients who had a ‘prolonged stay’ in ICU and who survived one year 

after discharge, patients who were in the ‘prolonged stay’ group ‘>14-21’ days had the 

highest and independent risk for decreased long-term survival (HR 1.43, 95% CI 1.15, 

1.79; p=0.001 compared to LOS ‘=<14’ days) as shown in Table 4.21. The ‘>28 day’ 

group also had decreased survival but this was not statistically significant. In contrast, 

the ‘prolonged stay’ group ‘>21-28’ days had increased survival but it was not 

statistically significant. 



 308 

Table 4.21 The association of ‘prolonged stay’ in ICU, that is, length of stay (LOS) group, 

‘=<14 days’, ‘>14-21’, ‘>21-28’ and ‘>28’ days, with long-term survival for patients who survived 

one-year after discharge. 

 

LOS period n HR Lower 95% CI Upper 95% CI ‘p’ value 

=<14 days 18,149 1.00    

>14 - 21 days 352 1.43 1.15 1.79 0.001 

>21-28 days 137 0.92 0.60 1.41 0.698 

>28 days 210 1.30 0.98 1.71 0.065 

 

 

Long-term survival increased significantly over the study period in multivariate models 

(p<0.001). The risk of death by era of admission was reduced by 7% to 14%. There was 

no difference found in survival between the ‘1999-2002’ era and ‘1987-1990’ era 

(p=0.318), as shown in Table 4.19. 

 

Conditions other than cardiac surgery  

Similar to the results for hospital survivors overall, all the explanatory factors included 

simultaneously in Cox models were significantly and independently associated with 

long-term survival with the exception of type of admission (p=0.196), as shown in 

Table 4.22. Age was the strongest predictor for lower survival. The Charlson 

Comorbidity index, presence of ‘new cancer’ and the diagnostic group were also strong 

independent predictors of lower long-term survival. 

 

Trauma had the lowest risk of death in the long-term, as shown in Table 4.22. Patients 

admitted after ‘other surgery’ had a two and a half times increase in risk for death 

compared to trauma admissions, the highest among the diagnostic categories. These 

results were similar to the survival of one-year survivors overall, as shown in Table 

4.19. 

 

Long-term survival increased by 19% over the study period after adjustment for factors 

that independently influence survival, as shown in Table 4.22. 
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Table 4.22 Results of Cox analysis of factors associated with long-term survival for patients 

admitted with a condition other than cardiac surgery (n = 9,597 patients). 

 

 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Age group (years) 

16- 44  1.00    1.00    

45-54  3.42 <0.001   2.90 2.41 3.49 <0.001 

55-64  5.51 <0.001   4.42 3.74 5.23 <0.001 

65-74  8.59 <0.001   6.53 5.54 7.70 <0.001 

75+ 15.21 <0.001   11.08 9.30 13.21 <0.001 

Sex 

Females 1.00    1.00    

Males 1.17 <0.001   1.28 1.17 1.39 <0.001 

Comorbidity Index (CCI)   

CCI=0 1.00  1.00  1.00    

CCI =1-2 2.36 <0.001 1.44 <0.001 1.47 1.33 1.61 <0.001 

CCI =3-4 4.04 <0.001 2.15 <0.001 2.11 1.84 2.42 <0.001 

CCI =5+ 6.22 <0.001 3.44 <0.001 3.24 2.71 3.88 <0.001 

Admission Acute Physiology Score(APS) 

APS =<4 1.00  1.00  1.00    

APS =5-9 1.31 <0.001 1.44 <0.001 1.32 1.19 1.46 <0.001 

APS =10-14 1.16 0.015 1.80 <0.001 1.56 1.36 1.79 <0.001 

APS =15+ 1.39 <0.001 2.34 <0.001 1.99 1.71 2.31 <0.001 

Peak number of organ failures (Peak OF) 

Peak OF=0 1.00  1.00  1.00    

Peak OF =1 1.35 <0.001 1.64 <0.001 1.31 1.17 1.46 <0.001 

Peak OF =2 1.43 <0.001 1.62 <0.001 1.20 1.03 1.40 0.017 

Peak OF =3 1.92 <0.001 1.82 <0.001 1.20 0.99 1.45 0.065 

Peak OF =4+ 1.56 <0.001 1.58 <0.001 0.93 0.74 1.17 0.522 

‘New’ cancer 

No 1.00  1.00  1.00    

Yes 4.34 <0.001 2.90 <0.001 2.99 2.38 3.75 <0.001 

Diagnostic group 

Trauma 1.00  1.00  1.00    

Vascular conditions 5.78 <0.001 1.53 <0.001 1.98 1.57 2.48 <0.001 

Non-traumatic brain 
conditions 3.14 <0.001 1.81 <0.001 1.98 1.52 2.59 <0.001 

Sepsis 4.46 <0.001 2.20 <0.001 1.74 1.40 2.17 <0.001 

Cardiac arrest 6.44 <0.001 2.56 <0.001 1.86 1.41 2.46 <0.001 

Drug overdose 
/poisoning 1.11 0.409 1.32 <0.001 1.38 1.05 1.82 0.021 

Other medical disorders  3.37 <0.001 1.50 0.031 1.65 1.33 2.05 <0.001 

Other surgery  5.91 <0.001 2.54 <0.001 2.48 1.95 3.16 <0.001 
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 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Type of admission 
Elective surgical 1.00  1.00  1.00    

Non-elective surgical 0.68 <0.001 1.17 0.006 1.11 0.97 1.27 0.119 

Medical 0.54 <0.001 1.06 0.266 1.17 0.96 1.43 0.114 

Length of stay in ICU in days (ICU LOS) 
ICU LOS =1-2  1.00  1.00  1.00    

ICU LOS=3-4  1.10 0.060 1.22 <0.001 1.09 0.98 1.21 0.107 

ICU LOS= 5+ 1.17 0.002 1.47 <0.001 1.19 1.05 1.36 0.008 

Era of admission to ICU 

1987-1990 1.00  1.00  1.00    

1991-1994 0.93 0.177 0.83 <0.001 0.84 0.76 0.93 0.001 

1995-1998 1.00 0.961 0.94 0.310 0.85 0.75 0.96 0.009 

1999-2002 0.94 0.453 0.98 0.773 0.81 0.69 0.96 0.013 

 

 

Cardiac surgery  

The factors with the strongest associations with long-term survival among patients 

admitted to ICU after cardiac surgery were age and the Charlson Comorbidity Index, as 

shown in Table 4.23. As patients grew older, the risk for shorter survival increased. 

There was an eight-fold increase in risk of death for patients aged ‘75+’ (n=1,119) 

compared to those aged ‘16-44’ years (n=762) but the effect of age on long-term 

survival was weaker than for hospital survivors overall or when excluding patients 

admitted after cardiac surgery. The effect of Charlson Comorbidity Index was slightly 

higher among admissions after cardiac surgery compared to one-year survivors overall 

or patients admitted with conditions other than cardiac surgery. 

 

The higher risks for lower one-year survival for ‘new cancer’ (p=0.015), APS (p<0.001) 

and peak number of organ failures (p<0.001) were sustained in the long-term, as shown 

in Table 4.23. Length of stay in ICU had a stronger association with lower survival 

among cardiac surgical admissions (HR 1.55, 95% CI 1.37, 1.76: p<0.001) than for 

admissions for conditions other than cardiac surgery (HR 1.19, 95% CI 1.05, 1.36: 

p=0.008). Long-term survival for patients admitted after cardiac surgery increased 

during the study period. The 8% increase in the ‘1999-2002’ era did not reach statistical 

significance (HR 1.08, 95% CI 0.84, 1.40: p=0.544). No difference was found between 

patients who had elective surgery compared to those who were non-elective surgical 

admissions (p=0.392). 
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Table 4.23 Results of Cox analysis of factors associated with long-term survival for patients 

admitted after cardiac surgery (n=9,251 patients). 

 

 Univariate 
Age and sex 
adjusted Multivariate 

 HR ‘p’ value HR ‘p’ value HR 
95% CI 
Lower 

95% CI 
Upper ‘p’ value 

Age group (years) 

16- 44  1.00    1.00    

45-54  1.30 0.072   1.17 0.88 1.55 <0.001 

55-64  3.03 <0.001   2.57 2.00 3.29 <0.001 

65-74  5.36 <0.001   4.47 3.50 5.70 <0.001 

75+ 10.90 <0.001   7.84 6.07 10.12 <0.001 

Sex 

Females 1.00    1.00    

Males 0.89 0.005   1.11 1.02 1.20 0.019 

Comorbidity Index (CCI)   

CCI=0 1.00  1.00  1.00    

CCI =1-2 1.63 <0.001 1.53 <0.001 1.48 1.36 1.61 <0.001 

CCI =3-4 3.61 <0.001 2.94 <0.001 2.73 2.40 3.11 <0.001 

CCI =5+ 5.50 <0.001 4.27 <0.001 3.96 3.23 4.87 <0.001 

Admission Acute Physiology Score(APS) 

APS =<4 1.00  1.00  1.00    

APS =5-9 1.37 <0.001 1.26 <0.001 1.16 1.06 1.27 0.002 

APS =10-14 2.06 <0.001 1.76 <0.001 1.33 1.17 1.51 <0.001 

APS =15+ 2.92 <0.001 2.76 <0.001 1.77 1.34 2.34 <0.001 

Peak number of organ failures (Peak OF) 

Peak OF=0 1.00  1.00  1.00    

Peak OF =1 1.33 <0.001 1.15 0.003 1.00 0.90 1.10 0.936 

Peak OF =2 1.99 <0.001 1.60 0.001 1.22 1.08 1.38 0.001 

Peak OF =3 2.76 <0.001 2.17 <0.001 1.38 1.15 1.65 0.001 

Peak OF =4+ 2.65 <0.001 2.12 <0.001 1.25 0.97 1.62 0.087 

‘New’ cancer 

No 1.00  1.00  1.00    

Yes 1.81 0.012 1.39 0.169 1.78 1.12 2.84 0.015 

Type of admission 
Elective surgical 1.00  1.00  1.00    

Non-elective surgical 1.12 0.074 1.19 0.005 1.06 0.93 1.20 0.392 

Length of stay in ICU in days (ICU LOS) 
ICU LOS =1-2  1.00  1.00  1.00    

ICU LOS=3-4  1.65 <0.001 1.44 <0.001 1.28 1.17 1.41 <0.001 

ICU LOS= 5+ 2.71 <0.001 2.10 <0.001 1.55 1.37 1.76 <0.001 

Era of admission to ICU 

1987-1990 1.00  1.00  1.00    

1991-1994 0.93 0.135 0.84 <0.001 0.88 0.81 0.97 0.007 

1995-1998 0.92 0.223 0.76 <0.001 0.74 0.64 0.85 <0.001 

1999-2002 1.55 0.001 1.20 0.153 1.08 0.84 1.40 0.544 
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4.6.6 Interactions (effect modification) among factors associated with long term 

survival for one-year survivors 

 

Effect modification was examined for potentially clinically relevant two-way 

interactions for long-term survival among patients who survived to one year. Important 

interactions were found between age group and Charlson Comorbidity group, age group 

and diagnostic group, age group and era of admission, diagnostic group by sex, 

diagnostic group by peak organ failure group and diagnostic group by era of admission 

(‘p’ values for all interactions <0.001). 

 

The interaction between age group and the Charlson Comorbidity Index is shown in 

Figure 4.50. The association with Charlson Comorbidity scores on survival increased 

with age, particularly for the younger age groups, as shown by the increase in slope of 

the lines as age decreased. 

 

Figure 4.50 The effect modification between age group and Charlson Comorbidity Index 

group (CCI) 
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 Hazard ratios (HR) 

 
16-44 
years 

45-54 
years 

55-64 
years 

65-74 
years 75+ years 

CCI=0 1.00 1.00 1.00 1.00 1.00 

CCI =1-2 2.53 1.98 1.56 1.31 1.29 

CCI =3-4 5.17 3.92 3.17 2.30 1.56 

CCI =5+ 8.10 7.91 4.79 3.41 2.12  

Age group (years) 
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As shown in Figure 4.51, the risk of death by diagnostic group was inconsistent for 

different age groups. It was higher among patients admitted with non-traumatic brain 

surgery/condition, trauma, cardiac arrest and ‘other surgery’ in the ‘75+’ and ‘45-54’ 

year groups while for other diagnostic groups (for example, vascular surgery/condition 

and admission with sepsis) groups the highest risk for death was associated with the 

’45-54’ year old group and the risk decreased with age. 

 

Figure 4.51 The effect modification between age group and diagnostic group 
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 Hazard ratios (HR) 

 16-44 years 45-54 years 55-64 years 65-74 years 75+ years 

Cardiac surgery 1.00 1.00 1.00 1.00 1.00 

Vascular surgery/ condition 0.77 2.60 1.85 1.75 1.68 

Non-traumatic brain 
surgery/ condition 1.40 1.95 1.66 1.61 3.22 

Sepsis 1.01 1.85 1.52 1.48 1.37 

Trauma 0.55 1.63 0.79 1.05 2.13 

Cardiac arrest 1.07 2.72 1.55 1.36 2.87 

Drug overdose/ poisoning 1.28 1.30 0.97 1.35 1.21 

Other medical condition 0.85 1.70 1.40 1.46 1.67 

Other surgery 1.57 2.60 2.11 1.93 3.08  
 

Age group (years) 
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The risk of dying was inconsistent for era of admission by age group. Long-term 

survival increased or was similar over the study period by age group until the ‘1999-

2002’ era. In this era, patients aged ‘45-54’ years had a disproportionately higher risk 

for death than other age groups, as shown in Figure 4.52. 

 

Figure 4.52 The effect modification of era of admission by age group on long-term survival 
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16-44 
years 

45-54 
years 

55-64 
years 

65-74 
years 75+ years 

'1987-1990' 1.00 1.00 1.00 1.00 1.00 

'1991-1994' 0.83 0.83 0.85 0.82 0.91 

'1995-1998' 0.72 0.72 0.74 0.77 0.94 

'1999-2002' 1.29 1.29 0.65 0.84 1.09  
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The risk of dying within certain diagnostic categories, for example, ‘non-traumatic brain 

surgery/condition’ and ‘other surgery’ was higher for male patients when compared to 

female patients. In other groups, for example, drug overdose/poisoning and ‘other 

medical’ condition, the risk was lower for males compared to female patients, as shown 

in Figure 4.53. 

 

Figure 4.53 The effect modification between diagnostic group and sex for long-term survival 
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 Females Males 

Cardiac surgery 1.00 1.00 

Vascular surgery/ condition 1.60 1.82 

Non-traumatic brain surgery/ condition 1.21 2.56 

Sepsis 1.35 1.54 

Trauma 0.84 0.89 

Cardiac arrest 1.45 1.76 

Drug overdose/ poisoning 1.43 1.09 

Other medical condition 1.60 1.31 

Other surgery 2.02 2.42  
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Over the study period, the association of diagnostic group on long-term survival was 

inconsistent, as shown in Figure 4.54. For example, the risk of death increased over the 

study period for patients admitted with non-traumatic brain surgery/condition and 

trauma but the strength of the association was considerably higher for the ‘1999-

2002’era. For patients admitted with ‘other medical’ conditions, the risk for death was 

disproportionately higher for the ‘1995-1998’ and ‘1999-2002’ eras. In comparison, the 

risk for death was lower in the ‘1999-2002’ compared to ‘1995-1998’. 

 

Figure 4.54 The effect modification between diagnostic group and era of admission on long-

term survival 
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 Hazard ratios (HR) 

 '1987-1990' '1991-1994' '1995-1998' '1999-2002' 

Cardiac surgery 1.00 1.00 1.00 1.00 

Vascular surgery/ condition 1.65 1.82 2.12 1.74 

Non-traumatic brain surgery/ 
condition 1.42 1.61 2.12 3.04 

Sepsis 0.99 1.63 2.03 3.04 

Trauma 0.87 0.85 0.96 1.14 

Cardiac arrest 1.18 1.77 2.43 2.35 

Drug overdose/ poisoning 0.73 1.65 2.14 1.96 

Other medical condition 1.05 1.22 2.45 2.76 

Other surgery 1.78 2.45 3.63 2.81  
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Patients with one peak organ failure had the highest risk of dying, after adjustment for 

explanatory factors. However, the risk associated with peak number of organ failures 

varied with diagnostic group, as shown in Figure 4.55. For example, patients with sepsis 

or trauma had a higher risk of dying with peak number of organ failures of ‘2+’ 

compared to those with no organ failure. In contrast, patients who were admitted with a 

non-traumatic brain surgery/condition and who had no organ failure had a higher risk of 

dying than patients who had two or more peak number of organ failures. 

 

Figure 4.55 The effect modification between diagnostic group and peak number of organ 

failures (peak OF) on long-term survival 

 

0

1

2

3

Cardiac surgery Vascular
surgery/
condition

Non-traumatic
brain surgery/

condition

Sepsis Trauma Cardiac arrest Drug overdose/
poisoning

Other medical Other surgery

Diagnosic group

HR

Peak OF=0 Peak OF=1 Peak OF=2+
 

 

 

 Hazard ratios (HR) 

 Peak OF=0 Peak OF=1 Peak OF=2+ 

Cardiac surgery 1.00 1.00 1.00 

Vascular surgery/ condition 1.65 2.29 1.55 

Non-traumatic brain surgery/ 
condition 2.11 2.18 1.09 

Sepsis 1.07 2.24 1.30 

Trauma 0.60 1.25 0.87 

Cardiac arrest 1.36 2.61 1.40 

Drug overdose/ poisoning 1.06 1.80 0.98 

Other medical 1.17 2.27 1.17 

Other surgery 2.07 2.95 1.96  
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4.6.7 Checking the proportional hazards assumption in long-term survival analysis 

 

In the study cohort the Cox models did not always meet the proportional hazards 

assumption, that is, the effect of some explanatory factors on long-term survival 

changed with survival time (chi2 (31)  504.2, p<0.001). To show this ‘time-varying’ 

effect, the association of explanatory factors on long-term survival for patients who 

survived one year after hospital discharge was examined in three-year periods. The 

exception was for patients who survived to ten years for whom long-term survival was 

examined to the end of the study. The time periods examined were: 

(1) Four-year survival for patients who survived one year; 

(2) Seven-year survival for patients who survived four years; 

(3) Ten-year survival for patients who survived seven years; 

(4) Longer-term survival for patients who survived ten years after admission to ICU. 

 

The results of Cox models with all covariates (continuous covariates were grouped) for 

patients who survived to hospital discharge are shown in Table 4.24. Interactions were 

not included in the models. 

 

Key points from Table 4.24: 

 

� Increasing age was associated with decreased long-term survival and the effect of 

age increased with follow-up time; 

� The effect of sex decreased over time and there was no difference by sex for ten-

year survival for seven-year survivors and long-term survival for ten-year survivors. 

Overall, there was no difference; 

� Increasing comorbidity (Charlson Comorbidity Index) was associated with lower 

long-term survival. The effect diminished with follow-up time; 

� The effect of APS decreased with follow-up time; 

� The changes with follow-up time in peak number of organ failures was inconsistent; 

� The effect of ‘new cancer’ was strong for four-year survival among patients who 

survived one year after discharge and then remained similar over time; 

� The effect of diagnostic groups varied depending on the group and duration of 

follow-up. While diagnostic group was significantly associated with four-year 

survival for one-year survivors in all diagnostic groups compared to patients 
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admitted with cardiac surgery, for patients who survived to four years, diagnostic 

group was not associated with lower survival; 

� Type of admission was not associated with long-term survival over time; 

� The effect of length of stay in ICU increased for the four-year and seven-year time-

points and then decreased with follow-up time; 

� The effect of era was similar during the study period. 

 

The models for conditions other than cardiac surgery (chi2 (30)  200.2, p<0.001) and 

after cardiac surgery (chi2 (22)  106.4, p<0.001) also did not meet the proportional 

hazard assumption as shown in Tables 4.25 and Table 4.26, respectively. 

 

For patients admitted to ICU with conditions other than cardiac surgery the association 

of factors with survival that changed significantly over time, after adjustment for 

explanatory factors were age, Charlson Comorbidity Index, peak number of organ 

failures, ‘new cancer’ and diagnostic group, as shown in Table 4.25. Age was associated 

with decreased survival and the effect was more pronounced with increasing age and 

over time. The effect of Charlson Comorbidity Index and ‘new cancer’ decreased over 

time. There was a four-fold increase in risk for death for patients who had ‘new cancer’ 

in the first four years compared to a two-fold risk in later years. The effects of peak 

number of organ failures and diagnostic group were mixed. A similar result was found 

for patients admitted after cardiac surgery, as shown in Table 4.26. 
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Table 4.24 Cox models with all covariates (grouped) entered of adjusted long-term survival for patients discharged from hospital, in four time intervals, one to four 

years, four to seven years, seven to ten years and long-term survival for patients who survive ten years. 

 

 4 year survival for 1-year survivors 7 year survival for 4-year survivors 
10 year survival for 7-year 

survivors 
Long-term survival for 10-year 

survivors 

 HR 
Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value 

Age group (years) 

16-44  1.00    1.00    1.00    1.00    

45-54  1.76 1.38 2.24 <0.001 2.18 1.58 3.00 <0.001 2.05 1.42 2.97 <0.001 3.50 2.35 5.21 <0.001 

55-64  2.57 2.07 3.19 <0.001 3.92 2.95 5.21 <0.001 3.77 2.71 5.22 <0.001 7.88 5.46 11.36 <0.001 

65-74 3.79 3.07 4.67 <0.001 6.17 4.67 8.14 <0.001 6.92 5.03 9.52 <0.001 13.13 9.10 18.95 <0.001 

75+ 6.01 4.83 7.48 <0.001 11.95 8.97 15.94 <0.001 12.49 8.92 17.51 <0.001 27.51 18.45 41.00 <0.001 

Sex 

Females 1.00    1.00    1.00    1.00    

Males 1.32 1.18 1.47 <0.001 1.31 1.16 1.47 <0.001 1.02 0.90 1.16 0.779 1.00 0.87 1.15 0.964 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    1.00    1.00    

CCI =1-2 1.53 1.36 1.72 <0.001 1.59 1.40 1.80 <0.001 1.34 1.17 1.52 <0.001 1.45 1.27 1.66 <0.001 

CCI =3-4 2.44 2.09 2.85 <0.001 2.83 2.39 3.36 <0.001 2.31 1.88 2.84 <0.001 2.04 1.55 2.67 <0.001 

CCI =5+  4.32 3.59 5.19 <0.001 3.90 2.99 5.09 <0.001 2.58 1.72 3.88 <0.001 1.33 0.66 2.69 0.423 

Acute Physiology Score (APS) 

APS =4 or less 1.00    1.00    1.00    1.00    

APS =5-9 1.25 1.10 1.42 0.001 1.24 1.08 1.41 0.002 1.27 1.10 1.46 0.001 1.13 0.97 1.31 0.108 

APS =10-14 1.58 1.34 1.85 <0.001 1.38 1.15 1.65 0.001 1.41 1.16 1.73 0.001 1.33 1.08 1.64 0.008 

APS =15+ 2.03 1.66 2.47 <0.001 1.78 1.38 2.28 <0.001 1.62 1.19 2.22 0.002 1.83 1.30 2.56 0.001 
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 4 year survival for 1-year survivors 7 year survival for 4-year survivors 
10 year survival for 7-year 

survivors 
Long-term survival for 10-year 

survivors 

 HR 
Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    1.00    1.00    

Peak OF =1 1.24 1.09 1.42 0.001 1.02 0.88 1.18 0.826 1.05 0.90 1.23 0.515 1.15 0.98 1.35 0.097 

Peak OF =2 1.28 1.08 1.51 0.004 1.11 0.92 1.33 0.272 1.33 1.09 1.62 0.005 1.15 0.92 1.45 0.221 

Peak OF =3 1.39 1.12 1.72 0.003 1.06 0.82 1.36 0.656 1.43 1.07 1.91 0.015 1.21 0.84 1.74 0.301 

Peak OF =4+ 1.01 0.76 1.33 0.965 0.92 0.66 1.28 0.604 1.16 0.78 1.72 0.458 1.19 0.76 1.87 0.440 

New cancer 

No 1.00        1.00    1.00    

Yes 3.59 2.78 4.63 <0.001 1.89 1.18 3.04 0.009 1.81 0.98 3.32 0.057 1.81 0.85 3.87 0.123 

ICU admission diagnosis 

Cardiac surgery 1.00    1.00    1.00    1.00    

Vascular disorders/ surgery 2.28 1.96 2.65 <0.001 1.86 1.59 2.18 <0.001 1.60 1.33 1.91 <0.001 1.45 1.17 1.79 0.001 

Non-traumatic brain 
conditions/surgery 3.50 2.67 4.61 <0.001 1.50 0.94 2.40 0.090 0.81 0.38 1.75 0.596 0.95 0.47 1.91 0.888 

Sepsis 2.59 1.97 3.39 <0.001 1.33 0.91 1.94 0.140 1.17 0.73 1.86 0.524 0.73 0.42 1.26 0.264 

Trauma 1.40 1.01 1.93 0.036 1.01 0.68 1.52 0.949 0.39 0.21 0.73 0.003 0.76 0.45 1.27 0.290 

Cardiac arrest 3.07 2.15 4.40 <0.001 1.48 0.85 2.55 0.163 1.23 0.61 2.50 0.566 0.74 0.36 1.53 0.416 

Drug overdose/poisoning 2.02 1.31 3.10 0.001 1.57 0.93 2.66 0.093 1.16 0.58 2.29 0.680 0.50 0.24 1.06 0.069 

Other medical disorders  2.58 1.91 3.48 <0.001 1.43 0.96 2.12 0.078 1.35 0.79 2.29 0.272 0.57 0.33 0.99 0.048 

Other surgery 4.03 3.30 4.92 <0.001 2.25 1.66 3.04 <0.001 1.52 1.03 2.26 0.036 0.79 0.48 1.30 0.360 

Type of admission 

Elective surgery 1.00    1.00    1.00    1.00    

Non-elective surgery  1.02 0.87 1.19 0.845 1.10 0.92 1.31 0.299 1.00 0.82 1.23 0.963 1.25 1.01 1.54 0.039 

Medical 0.93 0.71 1.21 0.577 1.25 0.87 1.80 0.221 0.98 0.59 1.60 0.921 1.67 0.99 2.81 0.056 
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 4 year survival for 1-year survivors 7 year survival for 4-year survivors 
10 year survival for 7-year 

survivors 
Long-term survival for 10-year 

survivors 

 HR 
Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2 days 1.00    1.00    1.00    1.00    

ICU LOS =3-4 days 1.21 1.07 1.38 0.003 1.31 1.14 1.50 <0.001 1.17 1.02 1.36 0.030 1.15 0.99 1.34 0.068 

ICU LOS = 5+ days 1.40 1.20 1.63 <0.001 1.65 1.38 1.96 <0.001 1.32 1.09 1.61 0.005 1.22 0.98 1.52 0.070 

Era of admission 

1987-1990 1.00    1.00    1.00    1.00    

1991-1994 0.80 0.71 0.91 0.001 0.87 0.77 0.99 0.037 0.82 0.73 0.93 0.002 0.99 0.84 1.18 0.949 

1995-1998 0.81 0.71 0.93 0.003 0.78 0.68 0.91 0.001 0.75 0.58 0.96 0.025 N/A N/A N/A N/A 

1999-2002 0.78 0.67 0.92 0.003 1.05 0.65 1.70 0.848 N/A N/A N/A N/A N/A N/A N/A N/A 
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Table 4.25 Cox models with all covariates (grouped) entered of adjusted long-term survival for patients admitted to ICU with conditions other than cardiac surgery 

and discharged from hospital, in four time intervals, one to four years, four to seven years, seven to ten years and long-term survival for patients who survive ten years. 

 

 4 year survival for 1-year survivors 7 year survival for 4-year survivors 
10 year survival for 7-year 

survivors 
Long-term survival for 10-year 

survivors 

 HR 
Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value 

Age group (years) 

16-44  1.00    1.00    1.00    1.00    

45-54  2.12 1.62 2.78 <0.001 2.94 1.99 4.34 <0.001 3.16 1.95 5.12 <0.001 5.84 3.56 9.58 <0.001 

55-64  2.86 2.24 3.65 <0.001 5.27 3.75 7.41 <0.001 4.76 3.08 7.34 <0.001 9.50 5.95 15.15 <0.001 

65-74 3.94 3.11 5.00 <0.001 7.71 5.53 10.76 <0.001 8.89 5.86 13.49 <0.001 13.31 8.26 21.44 <0.001 

75+ 6.85 5.36 8.76 <0.001 14.21 10.03 20.15 <0.001 13.98 8.86 22.05 <0.001 25.72 14.74 44.86 <0.001 

Sex 

Females 1.00    1.00    1.00    1.00    

Males 1.35 1.18 1.55 <0.001 1.41 1.18 1.67 <0.001 1.05 0.85 1.29 0.670 1.20 0.95 1.52 0.133 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    1.00    1.00    

CCI =1-2 1.59 1.37 1.84 <0.001 1.48 1.23 1.77 <0.001 1.23 0.99 1.54 0.065 1.49 1.16 1.92 0.002 

CCI =3-4 2.35 1.93 2.86 <0.001 2.26 1.76 2.91 <0.001 1.84 1.29 2.61 0.001 1.48 0.88 2.51 0.143 

CCI =5+  3.96 3.16 4.96 <0.001 3.14 2.15 4.58 <0.001 1.93 0.98 3.80 0.058 0.99 0.31 3.17 0.993 

Acute Physiology Score (APS) 

APS =4 or less 1.00    1.00    1.00    1.00    

APS =5-9 1.36 1.16 1.60 <0.001 1.47 1.20 1.79 <0.001 1.25 0.98 1.60 0.070 1.06 0.80 1.41 0.666 

APS =10-14 1.57 1.28 1.93 <0.001 1.65 1.27 2.15 <0.001 1.37 0.97 1.93 0.078 1.57 1.07 2.32 0.022 

APS =15+ 2.13 1.70 2.67 <0.001 2.20 1.63 2.96 <0.001 1.67 1.12 2.48 0.012 1.66 1.05 2.63 0.029 
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 4 year survival for 1-year survivors 7 year survival for 4-year survivors 
10 year survival for 7-year 

survivors 
Long-term survival for 10-year 

survivors 

 HR 
Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    1.00    1.00    

Peak OF =1 1.32 1.12 1.57 0.001 1.25 1.01 1.56 0.043 1.24 0.92 1.68 0.150 1.45 1.04 2.03 0.030 

Peak OF =2 1.22 0.98 1.53 0.076 0.92 0.68 1.26 0.609 1.32 0.90 1.93 0.159 1.53 0.97 2.41 0.069 

Peak OF =3 1.19 0.90 1.57 0.214 1.12 0.78 1.60 0.544 1.03 0.60 1.76 0.922 1.28 0.70 2.36 0.426 

Peak OF =4+ 0.97 0.70 1.36 0.881 0.61 0.38 1.00 0.049 0.99 0.55 1.78 0.961 1.39 0.70 2.75 0.342 

New cancer 

No 1.00    1.00    1.00    1.00 1.00   

Yes 3.80 2.89 5.01 <0.001 1.87 1.06 3.30 0.030 2.28 1.08 4.78 0.030 2.16 3.80 2.89 5.01 

ICU admission diagnosis 

Trauma 1.00    1.00   0.115 1.00    1.00    

Vascular disorders/ surgery 1.60 1.14 2.25 0.007 1.85 1.20 2.86 0.005 4.57 2.34 8.94 <0.001 1.77 0.97 3.23 0.062 

Non-traumatic brain 
conditions/surgery 2.41 1.68 3.46 <0.001 1.36 0.78 2.39 0.283 1.98 0.77 5.11 0.156 1.31 0.58 2.94 0.516 

Sepsis 1.87 1.36 2.58 <0.001 1.42 0.93 2.17 0.105 3.16 1.62 6.14 0.001 1.03 0.57 1.86 0.922 

Cardiac arrest 2.09 1.41 3.11 <0.001 1.45 0.82 2.54 0.201 3.18 1.39 7.26 0.006 1.13 0.54 2.34 0.750 

Drug overdose/poisoning 1.33 0.87 2.03 0.192 1.47 0.88 2.44 0.141 2.90 1.35 6.26 0.007 0.66 0.32 1.36 0.259 

Other medical disorders  1.75 1.26 2.43 0.001 1.46 0.97 2.20 0.073 3.27 1.67 6.41 0.001 0.78 0.44 1.37 0.383 

Other surgery 2.80 1.98 3.96 <0.001 2.20 1.36 3.57 0.001 4.10 1.97 8.53 <0.001 0.97 0.48 2.00 0.941 

Type of admission 

Elective surgery 1.00    1.00    1.00    1.00    

Non-elective surgery  1.18 0.97 1.43 0.100 1.14 0.88 1.48 0.312 1.16 0.84 1.62 0.361 0.83 0.55 1.25 0.369 

Medical 1.09 0.82 1.44 0.569 1.33 0.90 1.96 0.158 1.16 0.67 1.98 0.597 1.28 0.72 2.27 0.400 
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 4 year survival for 1-year survivors 7 year survival for 4-year survivors 
10 year survival for 7-year 

survivors 
Long-term survival for 10-year 

survivors 

 HR 
Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2 days 1.00    1.00    1.00    1.00    

ICU LOS =3-4 days 1.08 0.92 1.27 0.373 1.12 0.91 1.38 0.284 1.10 0.85 1.42 0.452 1.10 0.84 1.46 0.487 

ICU LOS = 5+ days 1.15 0.95 1.40 0.162 1.36 1.06 1.75 0.017 1.26 0.91 1.74 0.167 1.04 0.71 1.52 0.853 

Era of admission 

1987-1990 1.00    1.00    1.00    1.00    

1991-1994 0.80 0.67 0.95 0.010 0.84 0.69 1.01 0.063 0.86 0.70 1.05 0.144 0.87 0.65 1.18 0.374 

1995-1998 0.84 0.71 0.99 0.043 0.88 0.72 1.08 0.226 0.66 0.42 1.04 0.074     

1999-2002 0.71 0.59 0.86 <0.001 1.33 0.76 2.33 0.319         
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Table 4.26 Cox models with all covariates (grouped) entered of adjusted long-term survival for patients admitted to ICU with cardiac surgery and discharged from 

hospital, in four time intervals, one to four years, four to seven years, seven to ten years and long-term survival for patients who survive ten years. 

 

 4 year survival for 1-year survivors 7 year survival for 4-year survivors 
10 year survival for 7-year 

survivors 
Long-term survival for 10-year 

survivors 

 HR 
Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value 

Age group (years) 

16-44  1.00    1.00    1.00    1.00    

45-54  0.83 0.48 1.45 0.517 1.07 0.62 1.87 0.801 1.16 0.67 2.02 0.595 1.83 0.99 3.42 0.056 

55-64  1.50 0.94 2.40 0.093 2.00 1.23 3.26 0.006 2.51 1.55 4.09 <0.001 5.43 3.10 9.51 <0.001 

65-74 2.38 1.51 3.76 <0.001 3.37 2.09 5.44 <0.001 4.59 2.85 7.40 <0.001 9.55 5.46 16.70 <0.001 

75+ 3.03 1.88 4.88 <0.001 6.62 4.05 10.83 <0.001 8.81 5.36 14.48 <0.001 21.69 12.03 39.12 <0.001 

Sex 

Females 1.00    1.00    1.00    1.00    

Males 1.28 1.06 1.54 0.009 1.26 1.07 1.49 0.006 1.02 0.87 1.19 0.836 0.94 0.80 1.12 0.494 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    1.00    1.00    

CCI =1-2 1.45 1.20 1.76 <0.001 1.68 1.41 2.00 <0.001 1.40 1.20 1.64 <0.001 1.43 1.22 1.68 <0.001 

CCI =3-4 2.54 1.97 3.28 <0.001 3.45 2.72 4.37 <0.001 2.63 2.03 3.40 <0.001 2.34 1.70 3.21 <0.001 

CCI =5+  4.85 3.53 6.67 <0.001 4.61 3.16 6.73 <0.001 3.11 1.87 5.17 <0.001 1.62 0.67 3.93 0.287 

Acute Physiology Score (APS) 

APS =4 or less 1.00    1.00    1.00    1.00    

APS =5-9 1.12 0.91 1.37 0.292 1.05 0.88 1.26 0.590 1.30 1.08 1.56 0.005 1.17 0.98 1.40 0.086 

APS =10-14 1.52 1.17 1.98 0.002 1.10 0.85 1.41 0.474 1.44 1.12 1.86 0.004 1.24 0.95 1.60 0.113 

APS =15+ 2.02 1.21 3.37 0.007 1.28 0.72 2.29 0.398 1.57 0.86 2.86 0.138 2.48 1.40 4.37 0.002 
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 4 year survival for 1-year survivors 7 year survival for 4-year survivors 
10 year survival for 7-year 

survivors 
Long-term survival for 10-year 

survivors 

 HR 
Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value HR 

Upper 
95% CI 

Lower 
95% CI ‘p’ value 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    1.00    1.00    

Peak OF =1 1.12 0.90 1.39 0.321 0.87 0.71 1.05 0.152 1.01 0.83 1.21 0.951 1.08 0.90 1.30 0.425 

Peak OF =2 1.29 0.99 1.67 0.056 1.21 0.96 1.52 0.105 1.33 1.05 1.68 0.018 1.04 0.80 1.37 0.765 

Peak OF =3 1.63 1.16 2.29 0.005 0.98 0.69 1.40 0.922 1.70 1.21 2.40 0.003 1.28 0.80 2.03 0.301 

Peak OF =4+ 1.08 0.65 1.81 0.761 1.48 0.95 2.32 0.083 1.37 0.79 2.36 0.262 1.08 0.57 2.04 0.807 

New cancer 

No 1.00    1.00    1.00    1.00    

Yes 2.66 1.25 5.64 0.011 1.85 0.76 4.48 0.174 1.18 0.38 3.70 0.771 1.59 0.51 4.96 0.426 

Type of admission 

Elective surgery 1.00    1.00    1.00    1.00    

Non-elective surgery  0.83 0.63 1.10 0.198 1.07 0.84 1.36 0.570 0.91 0.71 1.18 0.492 1.47 1.16 1.87 0.001 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2 days 1.00    1.00        1.00    

ICU LOS =3-4 days 1.40 1.14 1.72 0.001 1.44 1.19 1.73 <0.001 1.19 1.00 1.43 0.052 1.16 0.96 1.38 0.117 

ICU LOS = 5+ days 1.90 1.46 2.46 <0.001 1.85 1.45 2.37 <0.001 1.30 1.01 1.67 0.040 1.25 0.96 1.64 0.101 

Era of admission 

1987-1990 1.00    1.00        1.00    

1991-1994 0.84 0.68 1.02 0.078 0.92 0.77 1.09 0.324 0.80 0.69 0.94 0.005 1.06 0.87 1.30 0.560 

1995-1998 0.78 0.62 0.99 0.038 0.68 0.55 0.85 0.001 0.79 0.58 1.09 0.152     

1999-2002 1.15 0.85 1.54 0.363 0.67 0.24 1.82 0.429         
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4.6.8 Association of type of hospital admission, socio-economic status, accessibility/ 

remoteness and readmission to ICU in the index admission on long-term survival 

 

The associations of elective and non-elective hospital admission, socioeconomic status, 

accessibility/remoteness and readmissions to ICU in the index admission on long-term 

survival for one-year survivors were compared in separate Cox models. In addition to 

the covariate of interest, explanatory factors entered into models simultaneously were 

age, sex, Charlson Comorbidity Index, APS, peak number of organ failures, ICU 

admission diagnosis, type of ICU admission, LOS in ICU and era of admission. 

 

Non-elective hospital admissions had a 7% risk for lower long-term survival but it was 

not significant. (HR 1.07, 95% CI 1.00, 1.15; p=0.060 compared to elective hospital 

admissions), after adjustment for explanatory factors. For conditions other than cardiac 

surgery (n = 10,432), there was no association of type of hospital admission with long-

term survival (HR 1.07, 95% CI 0.94, 1.21; p=0.316 compared to elective hospital 

admissions). 

 

While socio-economic status was not associated with one-year survival, higher socio-

economic status was associated with longer long-term survival for patients who 

survived one-year after discharge (second quartile socio-economic status group HR 

0.85, 95% CI 0.75, 0.95, p=0.006; third socio-economic status quartile group HR 0.83, 

95% CI 0.74, 0.94, p=0.004; fourth socio-economic status quartile group HR 0.79, 95% 

CI 0.70, 0.89, p<0.001 compared to the lowest socio-economic status group). 

 

Accessibility/remoteness was not associated with long-term survival for patients who 

survived one year after discharge (n = 18,535; HR 1.11, 95% CI 0.96, 1.29; p=0.157). 

 

Table 4.27 shows that for patients who survived one year, having a readmission to ICU 

during the index admission (n=581) was associated with decreased long-term survival 

(HR 1.30, 95% CI 1.12, 1.50, p<0.001). Although the risk for death in the long-term 

was higher among patients who survived one year and who had readmissions to ICU 

within three days of discharge compared to those who did not (HR 1.45, 95% CI 1.17, 

1.80, p<0.001), the risk was lower but not significant for patients who were readmitted 

to ICU longer than three days after discharge (HR 1.17, 95% CI 0.96, 1.42, p=0.120). A 

similar result was found after exclusion of patients admitted after cardiac surgery (HR 
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1.56, 95% CI 1.11, 2.20, p=0.010 for patients readmitted within three days and HR 0.95, 

95% CI 0.72, 1.24, p=0.689 for patients readmitted after three days, compared to no 

readmissions). 

 

Table 4.27 The association of having a readmission during the index admission with long-

term survival for patients who survived one-year after hospital discharge. 

 

 Univariate Age and sex adjusted Multivariate model 

Readmission 
during index 
admission 

HR Lower 
95% 
CI 

Upper 
95% 
CI 

‘p’ 
value 

HR Lower 
95% 
CI 

Upper 
95% 
CI 

‘p’ 
value 

HR Lower 
95% 
CI 

Upper 
95% 
CI 

‘p’ 
value 

No (n=238) 1.00    1.00    1.00    

Yes (343) 1.42 1.23 1.64 <0.001 1.38 1.20 1.60 <0.001 1.30 1.12 1.50 <0.001 

 

 

4.7. Comparison of survival of patients admitted to ICU to the 

Australian general population 

 

Most deaths among patients admitted to ICU occurred early, either before discharge or 

in the first few months of discharge, and as expected, mortality far exceeded that of the 

general population. The expected proportion of the ICU cohort still alive each year out 

to 15 years, assuming they had the same mortality risks as a general population cohort 

matched for age and sex in the calendar year of admission, is compared to the estimated 

observed proportion in Figure 4.56. Patients admitted to ICU have decreased survival at 

all time points, particularly evident in patients who survived hospital after intensive 

care. 

 

A comparison of survival with the general population for survivors of cardiac surgery 

and conditions other than cardiac surgery is shown in Figure 4.57. For the first seven 

years survival for cardiac surgical patients matched that of the general population before 

showing decreased survival. For patients with conditions other than cardiac surgery, 

there is a higher than expected risk in the first year and this reduced survival is apparent 

out the 15 years 
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Figure 4.56 Survival, adjusted for age, sex and year of admission for the general population 

of Australia and (a) all index admissions to ICU; and (2) patients who survived to hospital 

discharge. 
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(b) Patients who survived to hospital discharge (n = 19,921) 
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Figure 4.57  Survival, adjusted for age, sex and year of admission for the general population 

of Australia and hospital survivors admitted (a) after cardiac surgery and (b) with conditions other 

than cardiac surgery. 

 

(a) Admitted after cardiac surgery (n=9,489) 
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(b) Admitted with condition other than cardiac surgery (n = 10,432) 
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To explore the patterns of excess deaths in the ICU cohort, the (conditional) relative risk 

(observed/expected mortality ratio) was estimated for each period of follow-up. 

Measuring survival time from the day of admission to ICU gave estimated relative risks 

of 25.4, 2.6 and 2.3 for the first three, six, and nine months after admission to ICU. 

Measuring survival from day of discharge from hospital in patients who survived 

hospital, the relative risk at one year was 2.9, this decreased to 1.7 at two years, 

continued to decrease until the sixth year when it was 1.4 and then increased to 2.1 at 

fifteen years (Figure 4.58). The mean relative risk between two and fifteen years after 

discharge from hospital (or from admission to ICU) was 1.6 (SD 1.6), that is, patients 

surviving their critical illness for at least one year have a 60% increased mortality risk 

each year compared with the Australian general population. 

 

Figure 4.58 The ratio of observed deaths in ICU patients to expected deaths (based on 

general population risks) in ICU patients matched for age, sex and calendar year of admission for 

patients discharged from hospital (SMR or relative risk) with upper and lower 95% confidence 

intervals (CI) represented by lines above and below the SMR respectively. 
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Comparing cardiac surgical patients to patients admitted to ICU with conditions other 

than cardiac surgery (Figure 4.59), patients having cardiac surgery had similar risk to 

the general population for the first five years after hospital discharge (i.e. relative risk 

about one) but after that there was an increasing risk for patients treated in ICU 

compared to the general population. Among patients admitted to ICU with conditions 

Lower 95% CI 

Upper 95% CI 
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other than cardiac surgery, the relative risk was initially high (five in the first year), 

gradually fell to 2.2 at four years, but remained about twice that of the general 

population out to twelve years after hospital discharge. It then decreased slightly (1.8), 

although it remained higher than that of the general population throughout the follow-up 

period. 

 

Figure 4.59 Ratio of observed deaths to expected deaths (based on general population risks) 

in ICU patients matched for age, sex and calendar-year of admission in cardiac surgical patients 

and patients admitted to ICU with conditions other than cardiac surgery who survived to hospital 

discharge. 
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Relative survival, that is, observed survival expressed as a percentage of the expected 

survival assuming general population mortality risks, is shown in Figure 4.60 for index 

admissions and patients discharged from hospital. The increasing difference between 

the survival from ICU patients and the relative survival implies worsening survival in 

relation to the general population. The change in relative survival in relation to the 

general population decreases from -1.41 at six years to -3.08 at 15 years. 
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Figure 4.60 Relative survival (ICU survival/general population survival) compared to survival 

from ICU for (a) all patients and (b) patients discharged from hospital. 
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4.7.1 Age 

 

To investigate the effect of age at ICU admission on excess deaths age was examined in 

four categories, based on quartiles from the ICU cohort. For patients discharged from 

hospital, higher observed deaths/expected deaths ratios and changes in relative survival 

were observed in younger age groups, shown in Figure 4.61 and Table 4.28. The 

‘observed’ to ‘expected’ deaths for the younger age groups stabilised at about four 

years. 

 

Figure 4.61 Ratio of observed (ICU) deaths and expected (general population) deaths 

matched for age, sex and calendar-year of admission by age group (‘16-44’ years, ‘46-60 years’, 

‘61-69 years’, and ’70+’ years) for patients surviving to hospital discharge. 
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Table 4.28 Observed/expected deaths and changes in relative survival for patients 

discharged from hospital for patients by age grouped by median: ‘16-44’ years, ‘46-60’ years, ‘61-

69’ years and ‘‘70+’ years 

 

 Observed Deaths/Expected Deaths Changes in relative survival 

Duration 
of follow-
up (years) 16-44 46 to 60 61 to 69 70 + 16-44 46 to 60 61 to 69 70 + 

1 20.88 7.33 2.87 1.73 0 0 0 0 

2 12.49 4.06 1.70 1.12 -1.39 -1.93 -1.28 -1.28 

3 10.18 2.76 1.67 1.05 -1.16 -1.18 -1.31 -0.03 

4 5.07 2.41 1.70 1.20 -0.52 -0.99 -1.45 -0.14 

5 6.70 2.60 1.33 1.15 -0.77 -1.23 -0.68 0.77 

6 4.26 2.29 1.58 1.15 -0.45 -1.03 -1.36 -0.68 

7 6.48 2.44 1.49 1.17 -0.80 -1.20 -1.17 0.19 

8 5.15 2.17 1.65 1.29 -0.65 -1.04 -1.62 -0.46 

9 3.75 2.12 1.68 1.28 -0.45 -1.03 -1.81 -0.18 

10 4.51 2.41 1.74 1.16 -0.60 -1.42 -2.16 -0.35 

11 6.30 2.06 1.84 1.18 -0.95 -1.01 -2.49 -0.33 

12 2.60 2.47 1.81 1.52 -0.29 -1.53 -1.88 0.62 

13 0.79 2.04 1.88 1.69 0.02 -1.04 -2.52 -0.65 

14 2.43 2.74 1.39 1.28 -0.28 -2.08 -1.08 1.44 

15 1.95 2.64 1.69 2.02 -0.08 -2.00 -1.73 -0.65 

 

 

4.7.2 Diagnostic groups 

 

The ratios of observed deaths/expected deaths for important diagnostic groups are 

shown in Figure 4.62. The mortality ratio for patients undergoing cardiac surgery was 

around one for about four years, and then deaths in the ICU cohort increased compared 

to the general population. An increasing trend in deaths was observed in patients with 

vascular conditions but there was a decreasing trend in the mortality ratio for other 

diagnostic groups although the proportion of deaths in patients admitted to ICU 

remained higher than the general population. 
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Figure 4.62 Observed deaths/expected deaths shown for important diagnostic groups. 
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Considering patients admitted with trauma aged ‘16 to 44’ years and discharged from 

hospital (n = 1,420), most were male (79%) and 39% had an associated head injury. 

Nearly all patients (95.5%) had a Charlson Comorbidity Index score of zero as expected 

in this young cohort. Excluding patients with a Charlson Comorbidity Index score 

greater than zero (n = 64), younger patients with trauma were compared to the general 

population and were found to have worse survival, as shown in Figure 4.64. Small 

numbers of observed events (0-2) make interpretation after five years difficult. The 

relative risk at one year was 7.4, 3.9 at two years, 3.5 at three years, 4.5 at four years 

and 4.7 at five years. 

 

Figure 4.63 Comparison of survival among patients aged 16 to 44 years admitted with 

trauma, and who had a Charlson Comorbidity Index score of zero, to survival of the Australian 

general population. 
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In summary, survival of the general ICU cohort did not match survival of the age, sex 

and year of admission-matched Australian general population during the fifteen year 

follow-up period. Examination of relative survival revealed an increasing difference in 

the impairment of survival in patients admitted to ICU in relation to the general 

population. The differences in survival were more apparent when comparing patients 

who survived hospital. There was an excess of deaths at each follow-up time-point. 
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4.8. Cause of deaths 

 

The main causes of death for patients discharged from hospital, using cause of death 

codes derived from ICD9-CM/ICD10-AM coding in the Western Australian mortality 

database, were diseases of the circulatory system (49%) and cancer (23%). 

 

4.8.1 Causes of death according to age and sex 

 

As expected, the distribution of causes of death varied with patient age and sex. There 

were 6,135 patients who survived hospital and died during follow-up and the 

distributions of their causes of death by sex and age group are shown in Figure 4.64. 

Table 4.29 shows the common ICU admission diagnoses and causes of death by sex and 

age group. 

 

• The most common reason for admission to ICU for male patients aged 16 years to 

24 years was trauma (35%) and for female patients, drug overdose/poisoning (40%). 

Causes of death in these patients were mainly due to injury and poisoning and 

circulatory diseases (54% and 12% for males and 40% and 24% for females, 

respectively); 

 

• For patients aged 25 to 44 years, drug overdose/poisoning and cardiac surgery were 

the most common admission diagnostic categories. In addition, ‘other medical’ 

conditions were common in male patients. Injury and poisoning, circulatory diseases 

and to a lesser extent, neoplastic conditions, were the most common causes of death 

in this age group; 

 

• Considering patients aged ’45-54’ years, cardiac surgery and ‘other medical’ 

conditions were the most reasons for admission to ICU. Sepsis on admission to ICU 

was also a common reason for ICU admission in female patients. Circulatory and 

neoplastic diseases were the most common causes of death; 

 

• Among patients aged ’55-64’ years, ‘65-74’ years and ‘75+’ years, cardiac surgery 

and vascular conditions/surgery were the most common ICU admitting diagnoses 

with circulatory disease and neoplasms accounted for more than 70% of the deaths 

in each age group for both males and females. 
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Figure 4.64 The most common cause of death for male and female patients in each age 

group who died during follow-up. 
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Table 4.29 The most common ICU admission diagnosis and cause of death for male and 

female patients in each age group who died during follow-up. 

 

Age group 
(years) 

Sex Common ICU admission diagnosis Common cause of death 

16-24 Males (n=52) Trauma 35% Injury and poisoning 54% 

  Drug overdose/poisoning 25% Circulatory system 12% 

 Females (n=25) Drug overdose/poisoning 40% Injury and poisoning 40% 

   Circulatory system 24% 

25-44 Males (n=233) Cardiac surgery 21% Injury and poisoning 25% 

  Other medical condition 17% Circulatory diseases 25% 

  Drug overdose/poisoning 16% Neoplasms 16% 

 Females (n=117) Drug overdose/poisoning 29% Injury and poisoning 33% 

  Cardiac surgery 22% Circulatory diseases 21% 

   Neoplasms 18% 

45-54 Males (n=361) Cardiac surgery 36% Circulatory diseases 47% 

  Other medical disorders 18% Neoplasms 23% 

 Females (n=163) Cardiac surgery 25.2% Circulatory diseases 37% 

  Other medical disorders 22% Neoplasms 23% 

  Sepsis 17%  

55-64 Males (n=1043) Cardiac surgery 53% Circulatory diseases 48% 

  Other medical conditions 15% Neoplasms 29% 

 Females (n=420) Cardiac surgery 43% Circulatory diseases 48% 

  Other medical disorders 21% Neoplasms 24% 

65-74 Males (n=1643) Cardiac surgery 55% Circulatory diseases 50% 

  Vascular conditions/surgery 19% Neoplasms 28% 

 Females(n=738) Cardiac surgery 53% Circulatory diseases 56% 

  Other medical disorders 15% Neoplasms 18% 

  Vascular conditions/surgery 12%  

75+ years  Males (n=891) Cardiac surgery 46% Circulatory diseases 53% 

  Vascular conditions/surgery 29% Neoplasms 21% 

 Females (n=443) Cardiac surgery 43% Circulatory diseases 58% 

  Vascular conditions/surgery 18% Neoplasms 14% 

 

 

Cause of death for the five age groups (‘16-44’, ‘45-54’, ‘55-64’, ‘65-74’ and ‘75 +’ 

years) for male and female patients at one year, one to three years and five to ten years 

are shown in Table 4.30. Injury and poisoning was important for the ‘16-44’ group at all 

time points for both male and female patients. 
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Table 4.30 Cause of death in five age groups by sex up to one year, more than one year 

and up to five years and  more than 5 years and up to ten years 

 

Age 
group  

Sex 
(number) 

1 year >1 to 5 years >5 to 10 years 

Males 
(n=285) 

Injury and poisoning 41.9% 

Neoplasms 20.3% 

Circulatory diseases 14.9% 

Injury and poisoning 33.6% 

Circulatory diseases 22.2% 

Neoplasms 12.9% 

Circulatory diseases 32.1% 

Injury and poisoning 24.5% 

Neoplasms 11.3% 

16-44 
years 

Females 
(n=142) 

Injury and poisoning 48.9% 

Neoplasms 25.5% 

Circulatory diseases 21.3% 

Injury and poisoning 27.8% 

Circulatory diseases 17.2% 

Neoplasms 13.0% 

Injury and poisoning 36.0% 

Circulatory diseases 24.0% 

Nervous system 16.0% 

Males 
(n=361) 

Circulatory diseases 36.5% 

Neoplasms 32.4% 

Injury and poisoning 12.2% 

Circulatory diseases 38.5% 

Neoplasms 24.8% 

Injury and poisoning 8.5% 

Circulatory diseases 58.7% 

Neoplasms 20.0% 

Respiratory diseases 6.7% 

45-54 
years 

Females 
(n=163) 

Neoplasms 35.0% 

Circulatory diseases 32.5% 

Endocrine/ nutritional/ 
metabolic /immunity 12.5% 

Circulatory diseases 33.9% 

Neoplasms 20.3% 

Endocrine/ nutritional/ 
metabolic /immunity  or 13.6% 

Circulatory diseases 50.0% 

Neoplasms 20.6% 

Endocrine/ nutritional/ 
metabolic /immunity 14.7% 

Males 
(n=1043) 

Circulatory diseases 40.5% 

Neoplasms 37.3% 

Endocrine/ nutritional/ 
metabolic /immunity 5.7% 

Circulatory diseases 44.6% 

Neoplasms 31.8% 

Digestive system 7.6% 

Circulatory diseases 53.1% 

Neoplasms 23.3% 

Endocrine/ nutritional/ 
metabolic /immunity 8.7% 

55-64 
years 

Females 
(n=420) 

Circulatory diseases 37.8% 

Neoplasms 35.1% 

Respiratory or genitourinary 
8.1% 

Circulatory diseases 47.9% 

Neoplasms 25.6% 

Respiratory system 7.7% 

Circulatory diseases 58.9% 

Neoplasms 13.4% 

Respiratory diseases 10.7% 

Males 
(n=1643) 

Circulatory diseases 52.2% 

Neoplasms 30.3% 

Respiratory diseases 6.1% 

Circulatory diseases 46.1% 

Neoplasms 33.9% 

Respiratory diseases 7.9% 

Circulatory diseases 56.0% 

Neoplasms 23.0% 

Respiratory diseases 7.0% 

65-74 
years 

Females 
(n=738) 

Circulatory diseases 47.4% 

Neoplasms 26.3% 

Respiratory diseases 8.0% 

Circulatory diseases 52.8% 

Neoplasms 20.6% 

Respiratory disease both 6.5% 

Circulatory diseases 58.7% 

Neoplasms 15.6% 

Respiratory diseases 7.8% 

Males 
(n=891) 

Circulatory diseases 52.7% 

Neoplasms 21.6% 

Respiratory  diseases 12.0% 

Circulatory diseases 51.5% 

Neoplasms 24.7% 

Respiratory diseases 10.8% 

Circulatory diseases 58.5% 

Neoplasms 16.4% 

Respiratory diseases 6.2% 

75+ 
years  

Females 
(n=443) 

Circulatory diseases 56.8% 

Neoplasms 18.9% 

Respiratory diseases 6.8% 

Circulatory diseases 56.3% 

Neoplasms 16.7% 

Respiratory diseases 5.2% 

Circulatory diseases 58.9% 

Neoplasms 11.6% 

Respiratory diseases 9.5% 
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The cause of death varied also with the diagnostic category. The most common causes 

of death for each diagnostic group are shown in Figure 4.65. Patients admitted after 

trauma or drug overdose/poisoning died most often from injury and poisoning, 37% of 

trauma patients and 57% of drug overdose/poisoning compared with 5% of the cohort 

overall, reflecting the younger age of these patients. 

 

 

Figure 4.65 Causes of death for each ICU admission diagnostic group for patients who were 

discharged from hospital and died during the study period. 
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Excluding cardiac surgical patients, diseases of the circulatory system continued to be 

the main cause of deaths in patients discharged from hospital after intensive care (41%). 

Respiratory diseases were the third most common cause of death (7%) with the 

proportion of patients dying from respiratory disease increasing with age (4% in the 

youngest age group increasing to 9% in the oldest age group). Conversely, death from 

endocrine/metabolic/nutritional/immunity causes generally declined with increasing age 

from 7% in the ‘16-44’ year group to 2% in patients aged ‘75+’ years. 

 

The most common causes of death were also examined in specific time intervals: (1) in 

the first year, (2) after one year and up to five years and (3) after five years and up to ten 

years after hospital discharge, by diagnostic category and are shown in Table 4.31. As 

expected, circulatory and neoplastic diseases were common for patients admitted after 

cardiac surgery and cardiac arrest, or with vascular conditions and non-traumatic brain 

conditions. Neoplastic diseases were overwhelmingly the most frequent cause of death 

for non-traumatic brain conditions in the first five years and also for ‘other surgery’. 

Injury and poisoning was the most common cause of death in the first five years for 

patients admitted with trauma and drug overdose/poisoning. This was particularly 

evident for patients aged ’16-44’ years in the first year (82% and 92% respectively). It 

continued to be the most common cause of death for patients admitted with drug 

overdose/poisoning and was the second most common cause of death among patients 

with trauma between five and ten years.  
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Table 4.31 The most common causes of death in the first year, one to five years and five to 

ten years for patients discharged from hospital by diagnostic group. 

 

Diagnostic Group Cause of death group 
Discharge to 

1 year 
>1 year to 5 

years 
>5 years to 
10 years 

Cardiac surgery Circulatory system (%) 72.3 53.7 54.4 

 Neoplasms (%) 14.3 26.8 21.0 

Vascular disorder/surgery Circulatory system (%) 57.1 48.6 52.7 

 Neoplasms (%) 19.8 26.4 21.0 

Non-traumatic brain condition Neoplasms (%) 66.1 50.6 16.7 

 Circulatory system (%) 27.4 20.5 50.0 

Sepsis Neoplasms (%) 33.3 31.7 13.2 

 Circulatory system (%) 22.2 26.3 43.4 

 Respiratory system (%) N/A N/A 14.5 

Trauma Injury and poisoning (%) 60.7 32.1 22.2 

 Circulatory system 19.6 25.9 30.6 

Cardiac arrest Circulatory system (%) 63.2 63.2 58.3 

Drug overdose/poisoning Injury and poisoning (%) 81.8 59.6 41.0 

 Circulatory system (%) N/A 17.3 17.9 

Other medical disorders Circulatory system (%) 47.4 51.3 56.8 

 Neoplasms (%) 23.0 17.2 19.4 

Other surgery Neoplasms (%) 56.2 40.8 19.7 

 Circulatory system (%) 23.1 29.3 42.4 

 

 

4.9. Hospitalisations before and after the index ICU admission 

 

Among the 19,921 patients who were discharged from hospital, the mean duration of 

follow-up after the index admission, up to seven years after hospital discharge, was 5.4 

years. Hospital admissions before the index admission were estimated using an 

equivalent period of time to the duration of follow-up after the index admission. One 

patient was not included because he had a hospital stay greater than 2000 days. Most 

patients had at least one episode of hospitalisation prior to the ICU index admission 

(78.8%). Excluding patients discharged on the same day of admission (same day 

admissions), the number of hospital admissions before the index admission for 14,460 

patients who had at least one pre-index admission was 48,549 (median 2 admissions, 

IQR 1-4) totalling 341,309 hospital days (cumulative length of stay). A larger 

proportion of patients had at least one admission to hospital after the index admission 

(85.4%) compared to visits before the index admission. For the 15,696 patients who had 

an admission after the index admission, but not a same-day admission, there were 

74,480 admissions (median 2 admissions, IQR 1-5) totalling 752,599 hospital days. 
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Comparing admissions to hospital before and after the index admission for hospital 

survivors (n = 19,920), there were more than 1.5 times more admissions per patient after 

the index admission as well as longer admissions, leading to 2.2 times more hospital 

days per patient, as shown in Table 4.32. 

 

Table 4.32 Comparison of admissions to hospital before and after the index admission, 

excluding same-day admissions (i.e. admission and discharge on the same day) among patients 

who survived to hospital discharge (n = 19,920). 

 

 Before After After/Before 
Ratio 

Number of patients with at least one admission 
(%) 

14,460 
(72.6%) 

15,696 
(78.8%) 

1.1 

Total number of admissions  48,549 74,480 1.5 

Total number of hospital days  341,309 752,599 2.2 

Admissions per patient/ admissions per patient 
with at least one admission 

2.4 / 3.4 3.7 / 4.7 1.5 / 1.4 

Admissions per patient- year per patient/ 
admissions per patient- year per patient with at 
least one admission 

0.45 / 0.6 0.7 / 0.9 1. 6 / 1.5 

Hospital days per patient (n=19,920) 17.1 37.8 2.2 

Hospital days per patient-year 3.2 7.1 2.2 

Hospital days per admission 7.0 10.4 1.5 

 

 

The number of admissions per patient-year is shown in Figure 4.66. Considering the 

large proportion of admissions were after cardiac surgery, a comparison is also made of 

the number of admissions per patient-year for patients admitted (a) after cardiac surgery 

and (b) for conditions other than cardiac surgery. The admissions were very high in the 

year immediately before and after the index admission. Excluding these admissions 

because they may be related to the critical illness, the admissions after the critical illness 

decrease but remain at a consistently higher level than before the critical illness. For 

patients admitted for reasons other than cardiac surgery the number of admissions per 

patient-year decreased over time after two years post-index admission but for patients 

who were admitted to ICU after cardiac surgery, there was an increasing trend in the 

number of hospitalisations per patient-year in the latter years of the follow-up. The 

number of admissions per patient-year before and after the index admission was higher 
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in the older age groups, as shown in Figure 4.67. This trend was particularly evident 

after the index admission among patients aged ‘65-74’ years and ‘75+’ years. The 

admissions per patient-year decreased over time for the younger age groups but were 

stable for patients 65 years and older. 

 

Figure 4.66 Comparison of the number of admissions per person-year for all patients; 

patients admitted after cardiac surgery; and those admitted for reasons other than cardiac 

surgery. 
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Figure 4.67 Comparison of the number of admissions before and after the index hospital 

admission by age group: ‘16-44’, ‘45-54’, ‘55 to 64’, ‘65-74’ and ‘75+’ years. 
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Critical illness appears to take in a period of up to one year before and one year after the 

index admission, and therefore the comparisons made of the factors associated with 

hospital admissions were restricted to admissions occurring more than one year before 

and more than one year after the index admission. The proportion of hospital 

admissions per patient-year, hospital days per patient-year and hospital days per 

admission, for patients grouped by age, sex, APS, peak number of organ failures, type 

of admission, ICU admission diagnostic group, LOS in ICU and era of admission, are 

presented in Table 4.33. The relative increase in admissions and hospital days per 

patient-year after the index admission, generally two to three-fold for admissions per 

patient-year, was found for all groups. Patients admitted with non-traumatic brain 

condition and sepsis had the greatest increase in admissions per patient-year while 

increases in hospital days per patient-year were highest for patients who were admitted 

to ICU with non-traumatic brain condition, drug overdose/poisoning and ‘other 

surgery’. 
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Table 4.33 Hospital admissions per patient-year, hospital days before and after the index 

admission and days in hospital per admission, excluding admissions in the year preceding and 

year following the ICU admission, by age group, sex, APS and peak number of organ failures, 

diagnostic group, type of admission and length of stay in ICU group for one year survivors 

(n=18,848).  

 

 

Hospital admissions per 
patient-year (n=18,848) 

Hospital days per patient-
year (n=18,848) 

Days in hospital per 
admission for patients who 

had an admission 

(before n=9,344)  

(after n=12,341) 

 

Before After 

After / 
Before Before After 

After / 
Before 

Before 

 After 

After / 
Before 

Patients who survived one year after the index hospital discharge 

All 0.36 0.84 2.35 2.64 20.78 7.88 6.87 11.30 1.65 

Age group (years) 

16-44 0.39 0.68 1.72 2.64 26.61 10.09 6.30 12.64 2.00 

45-54 0.36 0.69 1.92 2.49 3.70 1.48 6.28 10.20 1.62 

55-64 0.31 0.73 2.34 2.23 21.91 9.80 6.82 10.03 1.47 

65-74 0.33 0.99 3.03 2.49 15.54 6.25 7.18 10.50 1.46 

75+ 0.47 1.28 2.70 4.03 40.29 9.99 7.86 14.44 1.84 

Sex 

Male 0.32 0.80 2.52 2.27 18.40 8.11 6.67 10.98 1.64 

Female 0.45 0.95 2.09 3.44 25.91 7.54 7.24 11.97 1.65 

Admission Acute Physiology Score group (APS) 

APS=0-4 0.30 0.67 2.25 2.13 16.95 7.97 6.63 9.67 1.46 

APS=5-9 0.34 0.83 2.40 2.55 19.01 7.45 6.87 10.76 1.57 

APS=10-14 0.42 1.05 2.49 3.05 20.15 6.61 7.05 13.13 1.86 

APS=15+ 0.58 1.27 2.20 4.48 47.72 10.66 7.55 17.36 2.30 

Peak number of organ failure group (Peak OF) 

Peak OF 0 0.32 0.71 2.23 2.28 15.31 6.71 6.74 9.91 1.47 

Peak OF 1 0.39 0.92 2.38 3.06 22.34 7.30 7.06 11.53 1.63 

Peak OF 2 0.40 0.95 2.38 2.76 24.73 8.98 6.89 13.49 1.96 

Peak OF 3 0.41 1.09 2.65 2.97 62.93 21.18 6.86 13.90 2.03 

Peak OF 4+ 0.49 1.36 2.75 3.52 2.42 0.69 7.25 16.42 2.27 

Diagnostic group 

Cardiac surgery 0.30 0.71 2.33 2.04 13.70 6.73 6.61 8.99 1.36 

Vascular disorders/surgery 0.34 1.00 2.91 2.53 17.61 6.95 7.30 11.66 1.60 

Non-traumatic brain 
condition 0.27 0.81 2.97 2.00 41.56 20.76 8.12 19.45 2.40 

Sepsis 0.51 1.48 2.92 4.22 34.32 8.14 8.00 14.26 1.78 

Trauma 0.26 0.53 2.07 1.87 9.20 4.93 5.40 19.26 3.56 

Cardiac arrest 0.63 1.33 2.10 5.41 31.99 5.91 8.21 13.53 1.65 

Drug overdose/poisoning 0.56 0.81 1.44 4.34 54.71 12.62 6.85 12.29 1.79 

Other medical disorders 0.47 1.06 2.25 3.57 17.49 4.90 7.15 10.71 1.50 

Other surgery 0.55 1.32 2.39 4.94 61.17 12.37 8.20 14.85 1.81 
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 Hospital admissions per 

patient-year 
Hospital days per patient-

year 
Days in hospital per 

admission 

 
Before After 

After / 
Before Before After 

After / 
Before Before After 

After / 
Before 

Type of admission 

Elective surgery 0.31 0.77 2.48 2.19 17.15 7.81 6.85 9.46 1.38 

Non-elective surgery 0.35 0.82 2.33 2.61 24.64 9.44 6.87 16.09 2.34 

Medical 0.47 1.01 2.16 3.60 26.26 7.30 6.93 12.76 1.84 

Length of stay (LOS) in ICU group  

LOS in ICU 1-2 days 0.34 0.75 2.20 2.36 15.70 6.66 6.42 9.40 1.46 

LOS in ICU 3-4 days 0.37 0.87 2.34 2.80 19.88 7.09 7.16 11.06 1.54 

LOS in ICU = 5+ days 0.39 1.03 2.65 3.04 33.70 11.09 7.51 15.78 2.10 

Era of admission 

1987-1990 0.34 0.82 2.42 2.79 14.77 5.30 7.37 3.29 0.45 

1991-1994 0.31 0.77 2.51 2.26 12.36 5.46 6.70 2.78 0.41 

1995-1998 0.34 0.89 2.64 2.30 25.63 11.13 6.56 2.93 0.45 

1999-2002 0.48 0.91 1.89 3.35 35.48 10.58 6.69 5.35 0.80 

 

 

To investigate how much of the increase in hospitalisations after the index admission 

was due to ageing, linear regression was used to obtain the relationship between the 

number of admissions per patient-year in the before period and age at the midpoint of 

the before period (up to six years and not including the year immediately before the 

index admission) and this relationship used to predict the number of admissions per 

patient-year for the after period (when the patient was older). These predicted 

admissions were then compared with the actual admissions. The estimated relationship 

between admissions per patient-year in the before period and age is shown in Figure  

4.68. 

 

Figure 4.68 Estimated relationship between number of admissions per patient-year in the 

before period and age at the midpoint of the before period. 

 

Admissions per patient-year  

= 0.409990 + (-0.003836)(age) + (0.000049)(age squared) 

 

 

The predicted hospital admissions after the index hospitalisation, estimated from the 

coefficients of the linear regression (equation shown in Figure 4.68) and using the age 
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estimated from the midpoint of the follow-up period after the index admission, are 

compared with the observed admissions in Table 4.34. 

 

Table 4.34 Observed and expected hospital admissions (adjusted for age) per patient-year 

after the index hospitalisation, excluding admissions in the year preceding and year following the 

ICU admission (n=18,848).  

 

 

Observed hospital 
admissions 

Expected hospital 
admissions, adjusted 

for age 

Observed/Expected 
hospital admissions 

after the index 
admission 

16-44 0.84 0.37 2.28 

45-54 0.68 0.34 1.99 

55-64 0.69 0.35 1.99 

65-74 0.73 0.36 2.00 

75+ 0.99 0.39 2.54 

Male 1.28 0.42 3.02 

Female 0.80 0.37 2.16 

APS=0-4 0.95 0.37 2.55 

APS=5-9 0.67 0.37 1.82 

APS=10-14 0.83 0.37 2.22 

APS=15+ 1.05 0.37 2.86 

Peak OF 0 1.27 0.36 3.55 

Peak OF 1 0.71 0.37 1.94 

Peak OF 2 0.92 0.37 2.49 

Peak OF 3 0.95 0.37 2.54 

Peak OF 4+ 1.09 0.37 2.94 

Cardiac surgery 1.36 0.37 3.68 

Vascular disorders/surgery 0.71 0.38 1.88 

Non-traumatic brain condition 1.00 0.39 2.58 

Sepsis 0.81 0.36 2.28 

Trauma 1.48 0.36 4.10 

Cardiac arrest 0.53 0.35 1.52 

Drug overdose/poisoning 1.33 0.37 3.60 

Other medical disorders 0.81 0.34 2.35 

Other surgery 1.06 0.36 2.92 

Elective surgery 1.32 0.37 3.59 

Non-elective surgery 0.77 0.38 2.05 

Medical 0.82 0.37 2.23 

LOS in ICU 1-2 days 1.01 0.36 2.83 

LOS in ICU 3-4 days 0.75 0.37 2.02 

LOS in ICU = 5+ days 0.87 0.37 2.35 

1987-1990 1.03 0.37 2.79 

1991-1994 0.82 0.37 2.23 

1995-1998 0.77 0.37 2.08 

1999-2002 0.89 0.37 2.41 
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There is a two to four-fold increase in observed to expected hospital admissions per 

patient-year after the index hospitalisation. Clearly, after accounting for the ageing 

effect of the cohort, the number of admissions per patient-year after the index 

hospitalisation remains considerably higher compared to before the index 

hospitalisation. 

 

4.10. Summary 

 

This Chapter has outlined the results from the examination of short-term, intermediate 

and long-term survival for patients admitted to an adult general ICU. The large database 

with follow-up data (up to 17 years) was made possible by linking two administrative 

databases with an ICU clinical database. 

 

The Chapter described the characteristics of the cohort and the changes that have 

occurred to the cohort during the study period. Seventeen years is a long duration of 

follow-up and therefore it was not unexpected to find that significant changes had 

occurred during the study period. 

 

The results show that the vast majority of patients survived to hospital discharge (89%). 

Many factors influenced hospital mortality. While APS was the strongest independent 

predictor for ICU or hospital mortality, age and diagnostic group had strong and 

independent associations with short-term survival for patients who survived to ICU 

discharge. 

 

In the intermediate-term (up to one year), unadjusted one-year survival for patients who 

survived to hospital discharge was 95% and this decreased over time to 53% at fifteen 

years. Similar to hospital mortality, many factors were associated with intermediate-

term survival in the Royal Perth Hospital cohort, the strongest being comorbidity, age, 

‘new cancer’ and admission diagnosis.  

 

For long-term survival among patients who survived one year after hospital discharge, 

the importance of increasing age was evident from the magnitude of the hazard ratio 

(two to eleven times that of the youngest group). Increasing comorbidity, and to a lesser 

extent, diagnostic group, also were associated with decreased long-term survival. 
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Significant changes in patient characteristics occurred over the study period. The 

proportion of aged patients increased as did the youngest patients. Furthermore patients 

have become sicker and have more comorbidity. Significant changes have occurred in 

admission diagnostic group. For example, patients admitted after cardiac surgery has 

decreased markedly and the patients are older and sicker. 

 

For a sub-cohort, higher socio-economic status was associated with longer long-term 

survival but there was no association of socio-economic status with one-year survival. 

 

A comparison of long-term survival with an age-and sex-matched Australian population 

found survival was lower for the study cohort. For patients who survived to hospital 

discharge after admission with trauma or drug overdose/poisoning, the majority of 

deaths in the first year was due to injuring and poisoning. For other patients, 

cardiovascular and neoplastic diseases were the commonest causes of death across the 

study period, particularly in the older age groups. 

 

There were more hospital admissions per patient-year after the index admission when 

compared to admissions before the index admission. This effect persisted after 

adjustment for the natural ageing effect of the cohort. 

 

This summary has provided an overview of the results presented in this Chapter. The 

results will be placed within the context of the literature highlighting how this study 

supports, contradicts or adds to the existing evidence in the next Chapter. 
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Chapter 5  Discussion 

 

5.1. Introduction 

 

This study provides the longest follow-up of a large cohort of general ICU patients 

and makes a new contribution to the understanding of the longer-term outcomes for 

patients admitted to ICU. It shows, for the first time, that patients who survive a 

critical illness have lower long-term survival than an age-, sex- and calendar year-

adjusted general population and that this difference is sustained throughout 15 years 

of follow-up. The finding of lower survival is in contrast to previous studies with 

shorter follow-up and demonstrates the importance of a long duration of follow-up. 

 

A further strength of the study lies in the more comprehensive range of explanatory 

factors than reported in previous studies. Age, diagnosis, and comorbidity are the 

most important factors associated independently with long-term survival. Age and 

comorbidity are expressions of the patient's physiological reserve and most likely 

represent the patient's ability to withstand acute illness. 277 Furthermore, it is 

reasonable to assume that different acute pathological processes that were responsible 

for the patient’s admission to ICU have different natural histories and this is reflected 

in different long-term outcomes. Even among survivors, those discharged alive from 

hospital, severity of illness and organ failure were also associated with long-term 

survival. Although the mechanism by which this occurs is not understood, it is 

possible that an episode of critical illness does, of itself, shorten life expectancy. The 

study also demonstrates that the relative importance of explanatory factors varies with 

the duration of follow-up. These findings extend our knowledge of long-term survival 

from critical illness and were made possible by the length of follow-up in a large 

cohort and the comprehensive array of explanatory factors that were explored. 

 

While the focus of the study is long-term outcomes, any discussion of these would be 

incomplete without information on shorter-term outcomes. Short-term outcomes are 

often used as a surrogate for long-term survival though this is an assumption that has 

not been well validated. This very large study provided an opportunity to demonstrate 

whether the factors associated with short-term outcome were the same as in the long-
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term. The discussion addresses short, intermediate and long-term survival in turn and 

will describe them in the context of other studies that have focused on these. And 

while some of these studies have reported ‘long-term’ outcomes, most of these did not 

go beyond a year. This study extends that time-frame by more than a decade to 

provide a greater understanding of the outcomes of the critically ill in the long-term. 

 

Over the 16 years of this study, in which patients were admitted to ICU, the crude 

survival, up to 17 years, has worsened. This finding could be expected considering 

that, over the period of the study, the proportion of patients who were older and sicker 

increased. However, after adjustment for important explanatory factors survival has 

improved over time. Such adjusted improvement likely reflects improved clinical 

performance and the implementation of new therapies. 

 

Another key finding is that there is a burden of illness for ICU patients after hospital 

discharge manifest by the greater number of hospitalisations and cumulative length of 

stay compared to before. This suggests that an episode of critical illness has a 

continuing cost to the patient and the community. 

 

An important consideration, in this type of study, is the time-point at which follow-up 

is commenced. Many studies have considered ICU admission to be the starting time 

for evaluation of long-term outcome. 16, 69, 70, 79, 122, 124 This allows identification of 

patients who are critically ill, who are likely to benefit from intensive care and who, 

without treatment in the ICU, are at high risk of death. However, there are two 

potential unintended consequences of adopting this approach when the purpose of 

investigation is to understand long-term outcomes. Firstly, if long-term survival of 

critically ill patients is compared to another population, such as the general 

population, matching for age at time of admission will have lost its validity by the 

time of hospital discharge. This is because younger patients are more likely to survive 

critical illness than older patients. By the time of hospital discharge the matching 

between ICU survivors and the general population is no longer valid and subsequent 

comparison may not be valid. Secondly, if an investigation aims to characterise the 

factors that influence long-term survival, inclusion of patients at time of ICU 

admission will result in the inclusion of many patients who die in the ICU and who do 

not have the possibility of long-term survival. The inclusion of such patients, in an 
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analysis of factors that influence long-term survival, will represent an uncertain 

mixture of the factors associated with early death from the direct effect of critical 

illness as well as those factors that influence long-term survival among patients who 

have the possibility of long-term survival. Both of these problems can be minimised 

by defining the cohort for investigation of long-term survival as those critically ill 

patients who have a chance of long-term survival, that is, those who survive to 

hospital discharge. 

 

The most important dimension of this study is the emphasis on long-term survival. In 

the past, the description and investigation of ICU outcomes were mostly of short-term 

survival. However, the importance of what happens to patients after they survive their 

critical illness is increasingly acknowledged. 82, 83, 769, 770 

 

5.2. Is long-term survival for the critically ill who survive to 

hospital discharge the same as the general population? 

 

For many, though not all forms of critical illness, the immediate threat to life will 

have resolved by the time of hospital discharge. It is reasonable to hypothesise that 

subsequent mortality should be the same as that of the general population (or at least a 

population that is comparable with respect to prior comorbidity that has not suffered a 

critical illness). Comparison with the general population is important because it 

demonstrates whether excess mortality is associated with critical illness, its 

treatments, or the prior comorbidity that confers an increased risk of critical illness. 

Compared with the general Australian population, patients who were admitted to the 

Royal Perth Hospital ICU and survived to hospital discharge had markedly worse 

longer-term survival. The risk of death was highest in the first few months after 

hospital discharge and then remained higher than that of the general population with 

the curves diverging over at least the next 14 years. The excess risk for patients 

surviving hospital after an ICU admission was almost twice that of the general 

population. This result was not consistent with that reported by two earlier studies in 

the UK 69 and Finland. 70 These studies reported that the survival curve for ICU 

patients became parallel with the general population after two to five years of follow-

up. The inclusion of in-hospital deaths and, possibly, differences in case-mix are 
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likely to explain this discrepancy. Patients who have cardiac surgery are known to 

have relatively good survival for many years after surgery compared to other general 

ICU patients. For patients admitted to the ICU after cardiac surgery at Royal Perth 

Hospital, survival was similar to the Australian population for the first seven to eight 

years, and then the risk increased during the follow-up. These results are consistent 

with the natural history of chronic coronary artery disease. 771, 772 However, for 

patients admitted to ICU with conditions other than cardiac surgery, the lower 

survival than the general population was more marked. The observed to expected 

mortality ratio was always above ‘2’. Invalid matching, resulting from the inclusion of 

in-hospital deaths, is likely to misrepresent the survival pattern of ICU patients to that 

of the general population because the age and sex structure of a population admitted 

to ICU changes by the time of hospital discharge. The age of patients who die is 

usually higher than those who survive. As a consequence, the comparison population, 

from time of hospital discharge onwards, is likely to be older than the ICU survivors 

to which it is being compared. It is likely that this is the major, or sole, explanation for 

the differences between the results in this thesis and those reported by previous 

studies. It is noteworthy that the Royal Perth Hospital results are similar to those 

reported by Keenan and colleagues 73 who also compared the survival of patients 

discharged alive from hospital with the general population, although this study only 

provides comparison for the first three years after discharge. 

 

There is little evidence of the “fit survivor hypothesis” postulated by Wright and 

colleagues 69 which suggests that, if followed for sufficient time, those individuals 

who are fit enough to survive critical illness may have superior survival to the general 

population. The finding that long-term survival of patients who have been treated in 

ICU is worse than the general population is likely to be due to differences in 

comorbidity or the occurrence of a disease process that independently influences 

survival but also necessitates treatment in an ICU. It is also possible that an episode of 

critical illness or its treatment, even with apparent recovery, shortens life-expectancy. 

This was evident for the youngest group of patients who were admitted after trauma 

and had a Charlson Comorbidity Index of zero. These patients were at increased risk 

of death throughout the 17 years of follow-up. This hypothesis is also supported by 

the finding, discussed subsequently, that even after adjustment for age, comorbidity, 

and diagnosis, that severity of illness at time of admission to ICU and severity of 
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organ failure during admission to ICU are independently associated with long-term 

survival. This finding has not been demonstrated before among hospital survivors and 

is of substantial public health importance. 
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5.3. What is the survival experience for patients admitted to the 

ICU? 

 

This study extends our knowledge of the survival experience of patients treated in the 

ICU. For patients who survived to hospital discharge, more than 80% were discharged 

home from Royal Perth Hospital. Among hospital survivors 83% were alive at five 

years and 68% at ten years. Whilst the focus of this study is on long-term survival, 

and this will be discussed later in this Section, to truly understand the survival 

experience of the critically ill, an overview of short and intermediate-term survival is 

needed. This information enables more meaningful interpretation of the results on 

long-term outcomes. In this discussion short-term outcomes will be described in the 

context of other studies that have focused on these. And while some of these studies 

have reported ‘long-term’ outcomes, most of these did not go beyond a year. This 

study extends that time-frame by more than a decade to provide a greater 

understanding of the outcomes of the critically ill in the long-term. 

 

An overview of short-term mortality demonstrated that it was lower than that reported 

from the Australian and New Zealand intensive care adult patient database of ICUs in 

the tertiary-referral hospitals. 430 They reported a mean hospital mortality of 16% for 

1993-2003. Unadjusted mortality at Royal Perth Hospital from 1987 to 2002 was 8% 

at ICU discharge, and was 11% at hospital discharge. The lower mortality in the 

Royal Perth Hospital cohort may be attributed to the lower severity of illness (mean 

worst in first 24 hours APACHE II score 14.1 compared to 15.4 for the Australian and 

New Zealand database 430) but differences in casemix, particularly the high proportion 

of patients admitted after cardiac surgery, make this comparison difficult. Hospital 

mortality (that includes ICU deaths) at Royal Perth Hospital was also at the lower end 

of the scale when compared to general ICUs in developed countries that range from 

13% to 35%. 71, 86, 111, 116, 119, 430, 567 Excluding cardiac surgery, the hospital mortality 

was 17%, higher than the 15% found among 110,558 patients admitted to 104 ICUs in 

the United States during 2002 and 2003. 353 Direct comparisons are difficult, however, 

because of the heterogeneity of the casemix, admission criteria and organisational 

factors within ICUs, for example, private versus public and closed versus open units. 

The Royal Perth Hospital ICU is a closed unit, like most Australian and New Zealand 
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units, and is staffed by intensivists for 24 hours per day, seven days a week and such 

organisational factors have been shown to have better outcomes 773-775 and may partly 

explain the lower hospital mortality. The influence of the heterogeneity of the 

casemix on hospital mortality can be partly overcome by adjustment for explanatory 

factors in logistic regression models, though some residual confounding is likely to 

exist. 

 

The factors associated with short-term mortality in the cohort at Royal Perth Hospital 

(age, comorbidity, severity of illness and diagnosis) are the same as those identified in 

previously published key studies. 327, 353, 355, 357, 364 As reported in these studies, 

severity of illness had the most profound effect on short-term mortality. For example, 

patients whose APS was 15 or more had a thirty-fold increase in the risk of death in 

the ICU compared to the lowest APS group. However, unlike previous studies that 

have not excluded ICU deaths when comparing short-term outcomes, the effect of the 

APS on hospital mortality in the Royal Perth Hospital cohort was substantially lower, 

and age and comorbidity had a stronger association, when ICU deaths were excluded. 

These results suggest that if patients survive their most critical phase and survive to 

ICU discharge, underlying patient characteristics, such as age and comorbidity, and 

the patient’s diagnosis assume more importance on survival. 

 

Comparison of intermediate-term survival (survival up to one year) with other centres 

is more difficult because of differential definition of the denominator used in the 

calculation of this outcome measure. For example, some studies include all patients 

admitted to ICU (including in-hospital deaths) whilst others only include patients who 

survive to hospital discharge. Inclusion of in-hospital deaths does not separate the 

acute effects of critical illness from the longer-term effects. Intermediate-term 

survival of patients who survived to hospital discharge at Royal Perth Hospital was 

equal to or better than that reported from other centres. 14, 87, 155, 392, 445, 559, 561, 567, 570 

The one-year survival of 85% (including in-hospital deaths) and 92% (hospital 

survivors only) fall at the upper end of the range. Studies have found one-year 

survival ranges from 25% to 95%. 14, 87, 155, 392, 445, 559, 561, 567, 570 As described above for 

short-term outcome studies, comparisons are difficult to make due to the 

heterogeneity of casemix and the patient inclusion criteria. 
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Among the factors associated with intermediate-term survival severity of illness was 

less important than for short-term survival for patients who survived to hospital 

discharge. The decrease in the strength of association of severity of illness with one-

year survival follows the trend observed for the association of severity of illness with 

hospital mortality for ICU survivors when compared to ICU mortality. Admitting 

diagnosis, increased comorbidity, ‘new cancer’ and increasing age had the strongest 

and independent associations with intermediate-term survival. Reports from studies of 

intermediate-term survival have also found these factors associated with one-year 

survival. 87, 351, 604 The finding that comorbidity was more important for intermediate-

term survival than the severity of illness was contrary to some reports that assert that 

acute physiology derangement is the most important factor associated with 

intermediate-term survival. 66, 351, 606 However, these studies usually include in-

hospital deaths. The results from the Royal Perth Hospital data are supported by the 

study of one-year outcomes conducted by Chelluri and colleagues 87 among 817 

patients who received mechanical ventilation for 48 hours and longer. This study 

demonstrated an increasing importance of comorbidity and decreasing strength of the 

association of APS with survival over one year after adjustment for explanatory 

factors that included age, sex, APS, the Charlson Comorbidity Index, and admission 

diagnosis. 

 

Organ failure was also included in survival models for patients who survived to 

hospital discharge because patients often experience increasing organ failure during 

the course of their critical illness. While multiple organ failure is associated with 

increased short-term mortality in the critically ill, 371 its effects have rarely been 

studied in longer-term survival. 80, 439 Similar effects on the risk of death for organ 

failure compared to APS were found in the Royal Perth Hospital cohort. Both retained 

a significant association with one-year survival when they were included in the 

multivariate models. It is likely that both factors measure different aspects of severity 

of illness and that it appears to contribute to longer-term survival. The degree of 

recovery from organ failure is unknown, but it is likely to be context-specific, for 

example, patients with acute respiratory distress syndrome may have ongoing 

impairment of lung function. Similarly, patients’ renal function may take time to 

recover from acute kidney injury. This may be a major modifying factor after critical 
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illness that interacts with other variables to reduce survival but these data were not 

available. 

 

The long-term survival for all patients admitted to the ICU at Royal Perth Hospital 

was higher than that reported from other centres for at least five years. 69-71 For 

example, five-year survival for the study cohort was 74% for index admissions and 

83% for patients discharged from hospital compared to 60% from admission among 

12,180 patients in a multicentre study conducted in Finland by Niskanen and 

colleagues. 70 The Finnish study recruited patients in 1987 from 25 medical and 

surgical ICUs that had a different casemix to the Royal Perth Hospital cohort. More 

than 10% of the Finnish cases had cancer present on admission to ICU. In the Royal 

Perth Hospital cohort less than 2% of patients were admitted to ICU with ‘new 

cancer’ but this did not include patients with pre-existing cancer. Cancer has been 

shown to be associated with worse outcomes 70, 71 but it is unknown whether any 

differences in the occurrence of cancer contributed to the higher mortality in the 

Finnish cohort. Niskanen and colleagues 70 did not account for 2,000 cases in their 

study, making valid interpretation of their results difficult. Among 2,104 patients 

admitted to a general ICU in the United Kingdom, the five-year survival from 

admission was reported as 53%. 69 This study did not include patients admitted after 

cardiac surgery, whose survival has been found to be higher than the general ICU 

population. The third study that reports five-year survival from discharge was 

conducted in a Danish general ICU. Survival was 59% for all patients but this 

included a high proportion of patients with cancer. 71 

 

In a large Canadian multicentre study (27,103 patients admitted to ICU) 73 cumulative 

three-year survival for patients discharged from hospital was 80%, compared to 89% 

in the Royal Perth Hospital ICU cohort. No further comparison can be made because 

the investigators did not undertake multivariate analysis for the factors that influenced 

long-term survival for patients admitted to ICU. Rather, the ICU cohort was part of a 

larger study to determine the effect of the ICU admission on long-term survival for 

hospital survivors. 

 

The Royal Perth Hospital cohort had a high proportion of patients admitted after 

cardiac surgery, although this more than halved over the study period, and this must 
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be taken into account when comparing survival with other ICUs. Survival is likely to 

fall between that of those studies that report results of cardiac surgical patients only 

and others that exclude these patients. Long-term survival from studies of patients 

undergoing cardiac surgery describe survival ranging from 97% at one year, 88%-

90% at five-years, 66%-81% at ten years and 56% at fifteen years, 503, 776, 777 similar to 

findings found in this study for this subgroup. 

 

For patients admitted with conditions other than cardiac surgery at Royal Perth 

Hospital, five-year survival (78%) was higher than that reported in the single study 

that reports these data. Five-year survival was 53% among 2,104 patients admitted to 

a general ICU in the UK. 778 The lower survival is likely to be due to the inclusion of 

in-hospital deaths. 

 

The availability of ‘linked’ data enabled survival beyond five years to be examined. 

This examination is important to establish whether patterns of survival demonstrated 

within a few years of discharge persist with longer duration of follow-up. At Royal 

Perth Hospital, longer-term survival for patients discharged from hospital, was 68% at 

ten years and 53% at 15 years. After the higher mortality in the first year, there 

appears to be a steady decline in survival to the end of follow-up. The ‘fit survivor’ 

effect suggested by Wright and colleagues 69 was not seen in the Kaplan Meier 

survival curves in the Royal Perth Hospital cohort, neither for all patients nor for 

patients who survived to hospital discharge. There is no comparable study from a 

general ICU which has reported results beyond five years; the few that do report 

longer-term survival are generally from selected patient subgroups, for example, 

cardiac surgery 104, 450, 451, 453, 456, 502 or trauma. 241 

 

5.4. What factors are associated with long-term survival? 

 

Key factors independently associated with decreased long-term survival were age, 

sex, comorbidity, severity of illness, organ failure, ‘new cancer’, diagnostic group, 

and era of admission. Whilst the majority of studies of ‘long-term’ survival were of 

less than five years duration, and, most only partially adjusted for explanatory factors, 

nevertheless, age, sex, severity of illness, comorbidity, presence of cancer and 
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diagnostic group have been found important. What sets the Royal Perth Hospital data 

apart from existing reports is that all these explanatory factors have been studied 

simultaneously in the large cohort for a substantial duration of follow-up. The large 

sample size and long duration of follow-up have provided the opportunity to 

demonstrate changes in the strength of association with time. These comparisons have 

not been performed previously. 

 

Age had the strongest association with long-term survival among the Royal Perth 

Hospital cohort. The relationship between increasing age and shorter survival was not 

constant but became stronger with duration of follow-up. The most likely explanation 

of the age-related increasing hazard is the natural effect of ageing, but other effects, 

such as chronic health status, are likely to play a role. There was an increase in the 

proportion of the youngest patients that may be related to the greater proportion of 

patients with trauma who are admitted to ICU. Improvement in pre-hospital care (for 

example increased skill levels of ambulance offices) 30 and resuscitation are likely to 

contribute to more patients with trauma surviving to ICU admission. 733, 779 The 

increase in the proportion of patients in the oldest age group (‘75+’ years) is 

consistent with other studies 29, 690 and with the changes in the age structure of the 

Australian population. There has been much debate about the value of treating older 

patients in ICUs. 7, 444, 780, 781 This debate has become more pertinent with the 

increasing proportion of older patients admitted to ICUs, a trend that is likely to 

continue. From the Royal Perth Hospital data older patients do surprisingly well 

although selection bias may exist, so that only the fitter older patient is admitted. 

 

The additional risk for death of increasing age could be anticipated considering the 

length of follow-up. But, for patients aged less than 55 years, the effect of age on the 

risk of death more than doubled over the study period and compared to the general 

population these patients had a more than five-fold increase in risk for at least ten 

years. Among the three largest studies of long-term survival in general ICUs that did 

adjust for clinical variables, Dragsted 71 also found age an important predictor for 

long-term survival as did Wright and colleagues 69 in the UK. While these studies did 

not use the same explanatory variables, age remained the most important predictor of 

long-term survival in the multivariate models. 
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These findings were not consistent with those from the large multicentre study 

conducted in Finland. 70 In this study severity of illness (admission APS) was the 

most important predictor for long-term survival, although age remained significant. 

However, this study included in-hospital deaths which will have the effect of 

strengthening the association between severity of illness and all subsequent survival, 

both short-term and long-term. 

 

The association of severity of illness with long-term survival is consistent with two 

studies that have reported a strong relationship between APACHE II score 69 or APS 
70 and long-term survival. It is likely that the stronger effect of APS on long-term 

survival in the Finnish study 70 is due to the inclusion of in-hospital deaths. Including 

these deaths does not allow the examination of the direct effects of critical illness on 

long-term survival, as was the case in the study at Royal Perth Hospital. Furthermore, 

while the measure of severity of illness was associated with long-term survival in the 

Royal Perth Hospital data, this effect may have been modified by other explanatory 

variables that were included in the multivariate models, for example, comorbidity, 

which is known to interact with age. 782-784 

 

The contribution of organ failure to long-term survival has received little attention. 

Organ failure has been shown to be a significant predictor of ICU and hospital 

mortality, 10, 371, 785 and intermediate-term survival for patients with renal failure 

sufficient to require RRT. 439, 786 The dynamic assessment of organ failure occurs 

throughout the course of critical illness, unlike APACHE II that is recorded once 

during the first day of admission. The Royal Perth Hospital data not only confirms the 

importance of organ failure for short-term survival, but also shows that it is a 

predictor of long-term survival even when APS as well as other explanatory factors 

are included in the multivariate models. As such, it is reasonable to consider the 

hypothesis that ameliorating modifiable factors to minimise organ failure may lead to 

improvements in long-term outcomes. 

 

It is not possible to be certain that the association between severity of illness and 

organ failure and survival is a causal relationship. It is biologically plausible that 

physiological derangement associated with critical illness could have adverse effects 

on long-term survival that might be mediated by the activation of immune, 
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inflammatory, or haematological systems. However, severity of illness would be 

expected to be closely linked with intensity of treatment and it may be that aspects of 

treatment are responsible. It is also possible that residual confounding related to 

primary diagnosis and comorbidity, but captured via measurement of severity of 

illness, is responsible for this association. 

 

Comorbidity was strongly associated with long-term survival among patients who 

survived to hospital discharge. The use of the Charlson Comorbidity Index as the 

measure of comorbidity rather than the Chronic Health Evaluation may account for 

the strong association of comorbidity with long-term survival in the Royal Perth 

Hospital cohort. At Royal Perth Hospital comorbidity was estimated by the Charlson 

Comorbidity Index whereas Niskanen and colleagues 70 relied upon the Chronic 

Health Evaluation points from the APACHE system 69, 70 which has been shown to be 

a less accurate measure of comorbidity. 329 The Charlson Comorbidity Index provides 

a more complete measure as it includes 17 chronic diseases which are weighted to 

construct the Index. Comorbidity at Royal Perth Hospital was more strongly 

associated with long-term survival than severity of illness but the importance of 

comorbidity as a predictor of outcome diminished over time, while that of age 

increased. Niskanen and colleagues 70 also report an association of comorbidity with 

long-term survival, but this is not a consistent finding. 69, 71 The association of 

comorbidity with long-term survival in the Royal Perth Hospital cohort is also in 

concurrence with studies that adjust for comorbidity and show age and comorbidity to 

be important for long-term survival. 71, 73, 132, 152, 427 

 

Regardless of how diagnosis is categorised in this and other studies, the association of 

diagnostic category is a consistent finding. 70, 71 The diagnostic category had a strong 

influence in the earlier part of long-term survival for the Royal Perth Hospital cohort, 

but this diminished with time and, certainly by ten years, had little effect. An 

exception to this was among patients admitted with vascular surgery/condition. These 

patients were older and had higher Charlson Comorbidity scores than other diagnostic 

sub-groups but after adjustment for these factors, ten-year survival for seven-year 

survivors and long-term survival for ten-year survivors was associated with a 1.5-fold 

increase in the risk of death compared to cardiac surgical admissions. 
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Of concern, is the excess of deaths that occur in the early years after hospital 

discharge for patients admitted with drug overdose/poisoning. While these patients 

initially do well, survival, when adjusted for explanatory factors, is lower in the first 

few years after discharge, second only to those patients with non-traumatic brain 

conditions. Injury and poisoning was the most common cause of death in this group 

suggesting unresolved mental health problems. Niskanen and colleagues 70 also found 

excess five-year mortality among this group. A need for better mental health follow-

up is clearly identified. 

 

Among patients admitted with trauma (median age 31 years), the risk of death in 

hospital is four times that of cardiac surgical patients (median age 64 years) and this 

high risk persists until six months after hospital discharge but then reduces, and, after 

one year, the risk for death is low. These findings are consistent with those reported 

from another large long-term study 70 and a smaller study. 79 However, survival is 

worse for the Royal Perth Hospital cohort than the general population matched for 

age, sex and calendar year, consistent with reports that describe long-term outcomes 

of traumatic brain injury. 787, 788 Considering the substantial costs to society in medical 

care, premature death, disability and use of social services 789 in this predominantly 

younger sub-cohort, and that a substantial proportion of these patients die from injury 

and poisoning, strategies to reduce this risk-taking behaviour is important, not only 

for the short-term, but also for long-term outcomes. 

 

Sepsis was associated with one of the highest risks for death in the short-term and 

long-term unadjusted survival was lower for patients admitted to the Royal Perth 

Hospital ICU with sepsis compared to most other diagnostic groups, the exceptions 

being non-traumatic brain injury and ‘other surgery’, groups with substantial 

proportions of patients with cancer. Shorter one-year survival was found even after 

adjustment for explanatory factors (3.5-fold increase in risk of death in the year after 

discharge from hospital). For one-year survivors, after adjustment for a wide range of 

explanatory factors, patients admitted with sepsis had a 1.5-fold increase in the risk of 

death. This sub-group of patients was younger than other patients but they had the 

highest peak number of organ failures. The risk of death in the long-term was lower 

than that for patients admitted after ‘other surgery’, vascular surgery/condition, 

cardiac arrest and non-traumatic brain condition. The finding of poor long-term 
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survival following an episode of sepsis is consistent with other studies. 64, 66, 218, 219, 221, 

422, 507 

 

The strength of association of factors on long-term survival varied with follow-up 

time. Of note, the effect of diagnostic group on long-term survival changed depending 

on duration of follow up. For example, patients admitted with non-traumatic brain 

conditions fared poorly, particularly in the first year after hospital discharge when 

their risk for death was nearly nine times that of the older cardiac surgical group. The 

risk for death remains elevated for at least four years and then diminishes. A likely 

explanation is the natural history of non-traumatic brain injury, that is, there are more 

deaths in the first few years (for those who have severe disability) and for others (for 

those who can walk and talk) there is better long-term survival. In contrast, patients 

admitted after cardiac surgery had higher survival initially, with most patients 

surviving hospital, but this survival advantage decreased over time, likely reflecting 

the progression of their coronary artery disease. After adjustment for explanatory 

factors that included era of admission, a likely confounder in the Cox models that 

examined the proportional hazards assumption, the time-varying effect of diagnostic 

group (and age and comorbidity) was independently associated with survival. Time-

varying effects of factors associated with survival have been shown in studies of 

short- and intermediate-term outcomes. 87, 790 

 

Other factors associated with long-term survival were male sex, increasing length of 

stay in ICU, readmissions to ICU in the index admission and, for patients who had 

these data, lower socio-economic status. The worse survival for men compared to 

women was found in other studies of long-term survival to five years. 70, 73 In the 

Royal Perth Hospital cohort there was no independent effect of sex beyond seven 

years. The relationship with survival of length of stay in ICU was the least statistically 

important possibly because it is a surrogate measure of severity of illness and 

comorbidity.  

 

Readmissions to ICU are important because they represent a set-back in the patients’ 

journey to recovery and have been associated with poorer outcomes and higher costs. 

Readmissions in the index admission to the Royal Perth Hospital ICU (3.2% of 
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hospital survivors) are at the low end of the range compared with those reported in the 

literature. 152, 481, 518, 519, 521, 523-534 The readmission rate in the Royal Perth Hospital 

cohort may be overestimated because it was not possible to distinguish planned 

readmissions from the ‘linked data’. In addition, there was no data on the patients who 

were discharged to the ward and were not subsequently considered for readmission, 

whether by patient choice or for presumed medical futility. The optimal rate for 

unplanned readmissions to ICU has not been determined but it seems intuitive to keep 

them to the minimum. It is unknown whether unplanned readmissions to ICU 

represent suboptimal care or premature discharge from ICU or suboptimal care on the 

ward. 536 Alternatively, a higher readmission rate may indicate proactive management 

for patients before an unpreventable adverse event that has dire consequences occurs. 
528 Patients most likely to be readmitted to the Royal Perth Hospital ICU were those 

with higher comorbidity, severity of illness and admitted originally to ICU with non-

traumatic brain conditions/surgery, trauma, sepsis or ‘other medical’ condition. This 

finding is consistent with other studies that found severity of illness at the time of first 

ICU admission and at the time of discharge from ICU, unstable vital signs at the time 

of ICU discharge and having a medical condition were predictors of ICU readmission. 
518, 526, 547 It could not be determined from the Royal Perth Hospital data whether 

severity of illness on the day of discharge was associated with outcomes. While age 

has been found important for having a readmission in a recent study, 250 among 

hospital survivors in the Royal Perth Hospital cohort only the ‘16-44’ year age-group 

was associated with having a readmission to ICU. This finding is consistent with the 

diagnostic groups that were most often readmitted to ICU. It may be also that older 

patients opt not to be readmitted to ICU. There has been an increasing trend in 

readmissions to the ICU over the study period, most evident in recent years that 

concur with the increasing age, comorbidity, severity of illness and organ failure 

found in the Royal Perth Hospital cohort during that time. 

 

Reports describe poorer outcomes for patients who have had a readmission to ICU, 

but these generally examined short-term mortality. 517, 522, 526-528, 547 Among readmitted 

patients at Royal Perth Hospital, there was an increased risk of death in the 

intermediate and long-term, even after adjustment for explanatory factors. The 

exception was for long-term survival among one-year survivors who had been 

readmitted to ICU longer than three days after discharge. It is likely that the reason for 
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readmission after three days is more likely to be complications of the disease process 

rather than deficiencies in management. 536 Two reports 116, 250 describe the long-term 

outcomes for patients who had a readmission to a general ICU. Both had small sample 

sizes (202 and 73 patients) and short duration of follow-up. Similar to the Royal Perth 

Hospital cohort, Garcia Lizana and colleagues 116 found that having an ICU 

readmission was associated with decreased survival among ICU survivors who were 

followed-up for 18 months. In the second study, 250 long-term outcomes were 

described for 73 patients who were readmitted to ICU but this small study did not 

compare outcomes for patients who had readmissions to ICU with those who did not. 

It also included short-term deaths in their examination of factors independently 

associated with long-term survival. This examination is likely not to separate the 

factors associated with the acute episode with those that may be associated with long-

term survival. 

 

While patients who are readmitted to ICU represent only a small proportion of patient 

admissions to the ICU at Royal Perth Hospital, the decreased short and long-term 

survival, longer length of stay and likely increased costs mandates that we endeavour 

to discharge patients at the appropriate time and in a condition that will not lead to 

subsequent readmission to ICU. For patients who have readmissions to ICU, it is 

important to understand the long-term outcomes to inform discussions with patients, 

their family, at the time of ICU readmission about their long-term health and 

outcome. 

 

Socio-economic status was associated with long-term outcome among patients who 

survived one-year after hospital discharge. Patients with lower socio-economic status 

had decreased survival, a finding consistent with that of Keenan and colleagues. 73 

Caution must be used when interpreting these results however, because area-based 

socio-economic status measures may not provide reliable estimates of socio-economic 

status. 417 

 

5.5. Has survival changed over time? 
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Considerable resources are invested in the care of the critically ill. As demand for 

intensive care increases, and health care resources become scarcer, it is paramount to 

know the value of ICUs. Temporal trends provide some, albeit limited, information on 

whether advances in care have been translated into short and long-term benefits. 

However, the potential beneficial effects of changes in care may be confounded by 

other changes that occur over time. These include changes in diagnostic case-mix and 

changes in admission criteria that might result in the admission of older patients with 

more severe co-morbidities who might not have been treated in ICU in earlier periods 

of time. Over the seventeen years of the study, the unadjusted short-term and long-

term mortality increased. In crude terms the outcomes achieved from the resources 

devoted to provision of ICU services at RPH have worsened. 

 

These changes to services included: (1) the practice of admitting the ‘overflow’ 

patients from the coronary care unit (CCU) to ICU when no beds were available in the 

CCU - which was discontinued in 1993; (2) cardiac surgery services, originally 

performed solely at Royal Perth Hospital, expanded to other metropolitan hospitals 

from 1993, reducing the amount of cardiac surgery performed at Royal Perth Hospital 

by more than half in latter years of the study and (3) more recently, vascular surgical 

management changed, for example, uncomplicated abdominal aortic aneurysm 

resection surgery and carotid endarcterectomy surgery patients were no longer 

routinely admitted to the ICU. In contrast, new or expanded services such as the 

introduction of interventional neuroradiology procedures, (for example, GDC coiling 

for subarachnoid aneurysms) have increased. 

 

There have also been substantial changes to therapies received by patients. The use of 

continuous renal replacement therapy, introduced to the ICU in the late 1980s, has 

increased over time. The literature on workload in ICU has reported increasing 

therapeutic and interventional activities 31, 32 consistent with the trends observed in the 

ICU at Royal Perth Hospital. Reports also describe the incidence of mechanical 

ventilation is increasing, 337, 791 although the incidence decreased in the ‘1999-2002’ 

era at Royal Perth Hospital. This result is consistent with a review of databases of 

published studies conducted in Spanish ICUs in the 1990s 792 that also showed a 

decrease in mechanical ventilation in more recent years. The increase in tracheostomy 
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is consistent with trends reported in the literature 793 possibly due to the introduction 

of the percutaneous technique and also the increase in the chronically critical ill. 

 

The decrease in unadjusted short-term survival is real, and has implications for the 

value achieved per unit of resources. It cannot be used in isolation to make 

judgements about the effectiveness of ICU treatment. These can only be made after 

adjustment for other factors that might influence outcome, that have also changed 

over time. After adjustment for important explanatory factors, the lower hospital 

survival was not statistically significant. It may be that the sample size was 

insufficient to demonstrate a significant difference. In an Australian and New Zealand 

database, hospital mortality among 223,129 patients decreased 4% over 11 years. 430 

A similar trend occurred for mechanically ventilated patients. In contrast, in a large 

study of 150,755 patients receiving mechanical ventilation (cardiac surgery excluded), 

adjusted 30-day mortality increased over time. 337 Neither study included a 

comprehensive range of explanatory factors in their examination of outcomes. 

 

Reports describing temporal trends in short-term mortality after intensive care have 

been limited and there have been conflicting findings. Improved outcomes have been 

reported, 31, 430, 680, 682-685, 690 while other studies have shown no change or decreasing 

survival. 430, 685, 686, 688, 794 It is not surprising that differences in temporal trends are 

reported because the studies vary in their patient selection, casemix and period of 

study. For example, short-term mortality for patients who developed acute respiratory 

distress syndrome and had sepsis increased or did not change compared to no change 

or decreased for patients with trauma who developed acute respiratory distress 

syndrome. 685, 794 In addition, many reports that have described these outcomes had 

small samples 31, 685, 686, 794 or did not adequately adjust for confounding variables. 31, 

685 Some studies that reported temporal trends in general ICUs spanned less than ten 

years. 337, 680, 688 A large binational Australian and New Zealand study 430 that 

examined outcomes from the ‘1993-2003’ intensive care adult patient database found 

an improvement in short-term survival over the 11-year period. The diversity of 

settings and casemix, and the different method for adjustment for comorbidity may 

explain the differences in the results between the Royal Perth Hospital data and the 

national database. Nevertheless, considering the increasing amount of resources used 

in intensive care and the patients admitted to ICUs becoming older and sicker and 



 374 

therefore the potential for worse outcomes, the finding that short-term survival has not 

decreased over time is an important finding that can inform healthcare planning and 

decision-making. 

 

Cumulative long-term survival and one-year survival for patients who survived to 

hospital discharge have improved over time, even while unadjusted (crude) survival 

worsened. Such improvements in long-term survival may represent true 

improvements in outcome, that is, the difference between crude and adjusted 

outcomes has arisen because of better outcomes in the context of treating older 

patients with more co-morbidity. Alternatively, improvements in adjusted outcome 

may merely have arisen because of changes in the proportion of patients being 

admitted following cardiac surgery. For this reason, the analysis was stratified into 

two sub-groups (conditions other than cardiac surgery and cardiac surgical 

admissions) to examine temporal changes in the study cohort. In broad terms 

improvements in adjusted long-term survival occurred in both groups, supporting the 

proposition that, over time, there has been a real improvement in long-term outcomes. 

 

There have also been improvement in long-term survival for patients who survived 

one-year in the ‘1991-1994’ and ‘1995-1998’ eras when compared to ‘1987-1990’ 

after adjustment for important determinants of survival. This improvement was not 

sustained in the ‘1999-2002’ era but survival was similar to the ‘1987-1990’ era 

despite significant increases in age, comorbidity, severity of illness and organ failure 

that are associated with decreased survival. Long-term survival was higher than 

reported from the few studies of long-term outcomes but comparisons are difficult to 

draw because of the heterogeneity of casemix, and differences in study methods. 

 

In summary, this is the first large study that has examined trends in long-term survival 

for seventeen years. Unadjusted survival worsened over the course of this study, but, 

despite significant increases in age, comorbidity, severity of illness and organ failure, 

adjusted survival was significantly better in each era compared to ‘1987-1990’. 

Although there is a perception that the high cost of intensive care is associated with 

poor survival, 795 these data show that nearly 90% of patients survive hospital after 

intensive care and of those, 70% survive at least ten years. These good outcomes have 

been achieved in a population that has become older, sicker and has more chronic 
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illness. It is likely that improvements in intensive care are responsible for the better 

survival. 

 

5.6. Is there an increase in hospital admissions after critical 

illness? 

 

While the greater part of this thesis examines survival, and undoubtedly survival is the 

most important patient-centred outcome, other patient-centred outcomes are also 

important such as morbidity and health-related quality of life. The ‘linked’ Royal 

Perth Hospital data does not provide information pertaining to quality life per se but 

does contain data on subsequent admissions abstracted from the Hospital Morbidity 

Data System. Subsequent hospitalisations are a proxy for morbidity and quality of life 

after critical illness 320 and have been reported in eight studies. 124, 187, 207, 481, 710-712 320 

 

The number of hospital admissions and hospital days before and after the index 

admission among patients who were discharged from Royal Perth Hospital were 

examined. Follow-up was censored at seven years except for patients who were 

discharged from hospital after 1996 in which case their follow-up was shortened. The 

same period of time after the index admission (up to seven years) for each patient was 

used to estimate their hospital admissions and hospital days before the index 

admission. The Royal Perth Hospital data revealed that the year before and after the 

index admission had substantially higher proportion of admissions compared to 

subsequent years. It is likely that these admissions are related to the critical illness, 

particularly as they were higher after the index admission. The exception was for 

patients admitted after cardiac surgery who had fewer admissions in the year after 

compared to the year before the index admission. For the cardiac surgical patients, it 

is likely that the cardiovascular disease was treated by the surgery and reduced the 

need for hospitalisations in the early follow-up. When the admissions from the year 

before and after the index admission were excluded, patients continued to have more 

hospital admissions and hospital days after the index admission compared to before 

the index admission, particularly in the older patients. The number of admissions per 

patient year decreased over follow-up for patients admitted to ICU with conditions 

other than cardiac surgery but increased for patients who had cardiac surgery. This 
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result is not surprising considering that the older age and history of cardiovascular 

disease among patients who were admitted to ICU after cardiac surgery is likely to 

predispose them to circulatory disease that may require hospitalisation. The higher 

admissions per patient-year after the index admission were not likely to be the result 

of the natural ageing of the cohort because, after adjustment for age, observed 

admissions continued to be higher than those predicted. 

 

Few ‘general studies’ have examined the number of hospitalisations after critical 

illness 207, 320, 714 and these studies did not compare the number of visits before and 

after the index admission. Older age has been found associated with having a 

subsequent hospital admission 207, 714 and a similar result was found in the Royal Perth 

Hospital cohort. One large Canadian study 320 compared hospital readmissions of 

patients who had an admission to ICU with a control group of patients whose 

admission did not include ICU and found that admissions for the ICU survivors was 

less than the controls. However, without a comparison of admissions before the index 

admission it is unknown whether the subsequent hospitalisations increased after 

critical illness. Comparisons with other studies are difficult because of the paucity of 

studies and they include selected subgroups, for example, cardiac surgical cohorts. 481, 

710, 711 and long-term ventilation patients. 187, 712 

 

Subsequent hospitalisations are a function of the patient's disease burden. Many 

serious diseases require multiple hospitalisations over several years of management. 

What is not known is whether critical illness and/or the treatments received in ICU 

increase the risk of subsequent hospitalisations. Reports described the proportion of 

patients discharged to home have declined, discharges to nursing homes have grown 

and there is a higher burden of comorbidity. 791 Intensive care medicine endeavours to 

minimise morbidity and improve survival after critical illness but morbidity after 

intensive care is common and under recognised. 76 Many patients who survive ICU 

treatment are discharged to the care of the referring primary specialty team who 

undertake subsequent care, but in recent times, intensive care follow-up clinics have 

been established to assess the burden of illness on patients and family. The challenge 

for ICU follow-up clinics is to improve ‘patient-centred’ outcomes in these patients. 72 

In addition, identification of key risk factors at ICU discharge that indicate patient’s 
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risk for decreased outcomes may facilitate proactive management. Follow-up should 

continue for an appropriate length of time to ensure that recovery has in fact occurred. 

 

5.7. Strengths and limitations of this study 

 

The validity of the findings from this study is supported by its large sample size, long 

follow-up time (up to seventeen years), adjustment for multiple covariates and data 

quality. 796 It is likely that loss to follow-up was minimal. 

 

The use of administrative data has both strengths and weaknesses. It contains 

information on a large number of patients providing sufficient power to examine 

outcomes of large sub-cohorts for long periods of time after intensive care. These 

analyses are important to understand the long-term effects of critical illness. The cost 

of linking data from administrative databases is relatively low compared to 

prospective cohort studies that require prolonged follow-up of survivors. The cost of 

data linkage for the Royal Perth Hospital cohort was approximately AUD$10,000. 

 

A further strength of administrative data is that vital status is abstracted from the 

Western Australian Registry of Births, Deaths and Marriages and these data are likely 

to be more accurate than that from medical records, general practitioners or insurance 

records. Almost all studies of long-term outcomes assume that if the vital status is 

unknown the patient is assumed to be alive. The accuracy of this assumption has been 

tested in Western Australia and has been found to be valid. Death outside of Western 

Australia was less than 2% among patients in 13 years following cardiac surgery. 321 

The majority of the patients who had cardiac surgery in this study were admitted to 

Royal Perth Hospital. Furthermore, the geographical isolation of the State and the low 

emigration (less than 3%) 724 contribute to minimal loss to follow-up. Studies 

conducted in the Scandinavian countries 70, 71 and British Columbia 73, 320 often rely on 

their Death Registries for vital status and they often report low emigration. In other 

studies higher emigration is likely to contribute to inaccurate data on vital status. In 

Australia, future studies may consider checking the deaths that occur outside of the 

State using the National Death Index, a database developed and maintained by the 
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Australian Institute of Health and Welfare. Similar to the Western Australian 

mortality database, several identifiers are used to link the databases. 

 

Administrative data also enables the construction of the Charlson Comorbidity Index 

to examine the effect of comorbidity on long-term outcomes. The Charlson 

Comorbidity Index relies on the data of comorbidity being abstracted from hospital 

admissions for its construction. It may underestimate comorbidity because patients 

may have comorbidities that do not require hospitalisation. However, the Charlson 

Comorbidity Index is a measure of more severe comorbidity and has been shown in 

several studies to be associated with outcomes. Furthermore, evidence suggests that in 

patients who are critically ill, the presence of comorbidities is fully adjusted for by the 

APACHE score or its chronic health points alone. 329, 330 To maximise the capture of 

comorbidity, data for the Charlson Comorbidity Index was abstracted from 

hospitalisations for the five years prior to the index admission. The importance of 

comorbidity, estimated by the number of Charlson Comorbidities, on long-term 

outcomes demonstrates the importance of adjusting for this factor in any examination 

of long-term survival. 

 

A further strength of the study was to have cause of death, both ABS coded and free-

text description, that enabled an investigation into what happened to survivors of 

critical illness who died after leaving hospital. Withdrawal of support in the short-

term and limitations of care in the long-term (‘do not resuscitate’ orders and no 

readmission to ICU) were not examined in this study but these issues have been 

examined in the Royal Perth Hospital cohort. 797 

 

Its weakness is the lack of clinical information, particularly the lack of information on 

severity of illness. Other large studies of the outcomes of ICU have been hampered by 

this. 73 This limitation of health administrative data was overcome by linking it to the 

prospectively-collected ICU clinical database. The capacity to link clinical and 

administrative data provides a powerful tool for examining long-term outcomes. Data 

Linkage WA has an impressive track record in linking databases for health services 

research in Western Australia. 721 The very small number of incomplete linked 

records is testament to the high quality of data linkage. 
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Despite the advantage conferred by linking the databases, there were some 

limitations. It was not always possible to determine the order of events, for example, 

whether sepsis occurred prior to, during or after the ICU admission was difficult to 

ascertain. Coding of complications may be inaccurate and may not be easily 

distinguished from secondary diagnoses. 798-800 There also may be uncertainties in 

capturing all medical encounters from a defined population. 801  

 

Consistency of the clinical data was enhanced by the prospective collection by a 

comparatively small number of intensivists (Appendix B), and having only one data 

manager and four trained data-entry clerks in the ICU. However, the lack of 

laboratory, radiological and other clinical information restricted the capacity to 

distinguish important differences in clinical conditions, such as anuric renal failure, or 

to calculate standard measures, for example, SOFA and injury severity score. For 

patients admitted to the Royal Perth Hospital ICU after cardiac surgery, information 

on pre-operative and intra-operative factors, shown to be important for short and long-

term outcomes, was limited. Several reports 91, 450, 451, 453, 454, 456, 458, 459, 499 that describe 

long-term outcomes have been conducted for this sub-group of patients including 

those undergoing coronary artery bypass grafts in Western Australia. 451 Although 

these data were unavailable in the Royal Perth Hospital ICU database, this study was 

able to compare the outcomes of patients admitted after cardiac surgery with those 

admitted to ICU with other conditions. In summary, the lack of data limited the 

precision of the investigation, but it was not a serious impediment to achieving the 

aims of the study. 

 

A further strength was the study design. Observational studies play a crucial role in 

understanding outcomes after an admission to ICU but have problems with inherent 

bias and confounding that may not be accounted for in the analysis. Important 

explanatory factors compiled from an extensive literature search were included in 

regression analysis to control for confounding. Although these statistical techniques 

are robust, they cannot capture indirect influences that affect outcome. It is possible 

that functional status at the time of admission to ICU, family support, or quality of 

rehabilitation may be determinants of long-term survival 152 but these variables could 

not be considered as the data were not collected. Although no quality of life data is 

routinely kept, subsequent hospitalisations can be used as a surrogate measure of 
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health status. However, although the lack of these data limited the scope of the study, 

the important outcomes, long-term survival and subsequent hospitalisation, were 

addressed. Other factors such as delay of transfer from the ICU and withdrawal of 

therapy were not considered in the analysis.  

 

The findings from single centre studies may not be generalisable to other centres. 

Intensive care units have different casemix and management protocols. While 

adjustment was made in Cox models for important explanatory factors, there may 

have been some residual confounding from unknown factors peculiar to the Royal 

Perth Hospital ICU. However, the ICU at Royal Perth Hospital is the largest in 

Western Australia, admits patients from both urban and rural localities and treats all 

medical and surgical specialities excepting liver and lung transplantation. Patient 

characteristics are similar to other Australian ICUs. 802 The more comprehensive 

inclusion of factors in multivariate models is likely to improve the generalisibility of 

the results. 

 

5.8. Conclusions 

 

This study has provided unique insights into the long-term survival of patients after 

admission to ICU. A key finding of this study is that compared to the Australian 

population, among those discharged from hospital after intensive care, there remains 

an excess risk of death for at least 15 years. This is contrary to other studies that 

suggest that survival from ICU matches the general population at three to four years. 

The most encouraging finding from this study is that, despite increasing acuity, 

survival for patients admitted to ICU at Royal Perth Hospital improved. Patient-

related factors were the most important for long-term survival, notably the age of the 

patient, primary diagnosis and reason for admission to ICU, the severity of illness, 

and pre-existing diseases. 

 

There remains the question of what should be the duration of follow-up for patients 

who survive an admission to ICU. Certainly it may be context-bound, that is, some 

conditions may require a longer period of follow-up than others. Studies of patients 

with severe traumatic brain injury (not necessarily admitted to ICU) have been 
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followed-up for 20 years. 241 Similarly patients have been followed up for 20 years 

after cardiac surgery. 450 While it may be considered adequate follow-up if survival 

curves match those of the general population, the Royal Perth Hospital cohort did not 

parallel an age-, sex- and era-matched Australian general population after 15 years. 

These results suggest that follow-up should continue for as long as possible, at least 

for 15-20 years. While this duration of follow-up may seem excessive, without an 

adequate period of follow-up it is unknown if patients admitted to ICU are at greater 

risk for poorer outcomes such as lower survival and higher risk for chronic disease, 

disability and frailty. Furthermore, an appropriate comparison group should be used to 

compare survival and other patient-centred outcomes for patients admitted to ICU. 

 

In summary, this study fills some gaps in the information available about outcomes 

after intensive care. It is difficult to compare outcomes between centres because of the 

heterogeneity that exists. However, the outcomes from the ICU at Royal Perth 

Hospital suggest that the services provided are of high quality. The study documents 

the change in characteristics of the patients receiving intensive care and the increase 

in acuity, which is a world-wide phenomenon, but that these changes have been 

accompanied by improving adjusted long-term survival. 

 

5.9. Recommendations for further study 

 

Having established a baseline for the ongoing evaluation of outcomes of patients 

admitted to intensive care at Royal Perth Hospital, a benchmark has been set against 

which future outcomes can be measured. Follow-up studies are required to monitor 

trends and identify whether long-term outcomes are improving or worsening. In 

addition, the effect of new treatments can be evaluated and quality of care examined. 

 

Clinical data are time-consuming to collect, validate and manage and therefore large 

studies with reasonable duration of follow-up are expensive to conduct. The ability to 

link electronic databases provides a great opportunity to conduct research on long-

term outcomes. It can be used to demonstrate the value of intensive care, to provide 

information to patients and their families to assist decision-making, and to inform 

health policy. Studies utilising data linkage are likely to become more popular with 

proven track records in health services research, and less expensive to conduct than 
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longitudinal studies. To enable effective clinical research at the population level, the 

Western Australian Health Information Linkage must be adequately funded and 

resourced.  

 

Expansion of data linkage to other administrative and clinical databases, for example, 

the Trauma Registry, databases containing data on patients who have had cardiac 

surgery, or who have chronic kidney disease, the Cancer Registry, Mental Health 

Information System, Pharmaceutical Benefits Scheme (PBS) and Medical Benefits 

Scheme (MBS) databases would enable more comprehensive information to be 

obtained on ICU outcomes. Furthermore, collection of a common dataset from all 

ICUs within the State would enable a population-based study to provide useful 

comparisons. 

 

The extent to which the lives of patients have been affected by critical illness could 

not be thoroughly evaluated in this study. There is no doubt that there is increased 

morbidity after critical illness, but the magnitude and extent of this could only be 

gauged by examination of subsequent hospitalisations and cumulative length of stay. 

Future studies should include measures of health status, quality of life and health 

service utilisation. 

 

The follow-up care of specific patient groups warrants special attention. Patients 

admitted to ICU with vascular conditions have lower adjusted survival after critical 

illness than patients in many other diagnostic groups within the ICU. Research is 

needed to ameliorate mortality and morbidity from vascular conditions, likely to 

increase with the ageing population. Patients admitted after drug overdoses may have 

fewer deaths in the ICU, but adjusted deaths are relatively high in the first year after 

discharge from hospital. In a young population, this excessive loss of life is 

unacceptable. No studies have explored in depth the outcomes of patients admitted to 

ICU after overdoses and considering that these patients are usually young and often 

die from injury and poisoning, there is an urgent need to perform further studies to 

determine whether additional services can improve outcomes for this patient 

population. 
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This study reports that the long-term survival of patients who have been treated in 

ICU is worse than the general population. This could be due to differences in 

comorbidity or the occurrence of a disease process that independently influences 

survival but also necessitates treatment in an ICU. It is also possible that an episode of 

critical illness or its treatment, even with apparent recovery, shortens life-expectancy. 

Elucidation of the factors that affect life expectancy after critical illness require a case 

control study. 
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APPENDIX A  APACHE II Data Collection Sheet 

 

Figure A1 Front page of the APACHE II data collection sheet used in the ICU at Royal 

Perth Hospital. 
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Figure A2 Back page of the APACHE II data collection sheet used in the ICU at Royal 

Perth Hospital 
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Appendix B   Intensivists in ICU at Royal Perth 

Hospital 1987 to 2002 

 

Geoff M Clarke 

John WN Weekes 

Karl D Donovan 

Geoffrey J Dobb 

KY Lee 

Steve A Edlin 

Simon CB Towler 

Bernice YY Ng 

Francis B Colreavy (commenced 2001) 

Cyrus Edibam (commenced 2001) 

Steven AR Webb (commenced 2001) 

Gregory B McGrath (commenced July 2002) 
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Appendix C   Ethics approvals 

 

Figure C1 Ethics approval from Royal Perth Hospital 
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Figure C2 Ethics approval from the Western Australian Confidentiality of Health Information 

Committee 
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Appendix D  Collection period for Charlson 

Comorbidity Index 

 

The Charlson Comorbidity Index has been adapted to be used with the International 

Classification of Disease 9th revision, Clinical Modification (ICD-9-CM) and 10th 

revision Australian Modification (ICD-10-AM) datasets by various groups although 

different investigators have assigned different sets of ICD codes to the same Charlson-

defined comorbidities. 331, 333, 340, 803, 804 The algorithm proposed by Deyo and colleagues 
333 uses selected diagnostic codes as indicators for defining seventeen comorbidities that 

can be used to predict mortality and other outcomes. The Dartmouth-Manitoba 

adaptation by Romano 331 strives for more conceptual mapping of the codes to the 

comorbid compared with the stricter interpretation of Charlson’s comorbidity 

definitions that characterises the ‘Deyo method’. The ICD-9-CM codes used for 

calculating the Charlson Comorbidity Index are shown in Table D.1. Both adaptations 

distinguish between diagnoses that are more likely to be related to comorbid conditions 

and those more likely to be acute complications associated with the index admission. 

Little difference exists between the methods. 334, 340, 805 
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Table D1 ICD-9 CM Codes used to construct the Charlson Comorbidity Index 

 

N
o. 

ICD-9-CM codes Description 

1 410 Acute myocardial infarction 

2 402, 425, 428, 429, 404 Hypertensive heart disease, cardiomyopathy, heart failure, ill-described heart 
disease 

3 440, 441, 442, 443, 785.4, 
447.1 

Atherosclerosis, aneurysms, peripheral vascular disease 

4 362.3, 430, 432, 434, 435, 
436, 437, 438, 997.0, 997.1, 
781  

Cerebrovascular disease, complications affecting cerebro- or cardio-vascular 
systems 

5 290, 331 Senile and presenile psychotic conditions, other cerebral degeneration 

6 415, 416, 492, 493, 494 Acute and chronic pulmonary heart disease, emphysema, asthma and 
bronchiectasis 

7 710, 714 Diffuse diseases of connective tissue, rheumatoid arthritis and other 
inflammatory polyarthropathies 

8 531, 532, 533, 534 Gastric ulcer, duodenal ulcer, peptic ulcer, site unspecified, gastrojejunal 
ulcer 

9 571 Chronic liver disease and cirrhosis 

10 250.00 to 250.39 Diabetes mellitus 

11 250.49 to 250.93 Diabetes mellitus with some end stage organ dysfunction 

12 342, 344 Hemiplegia, other paralytic syndromes 

13 585, 586 Chronic renal failure, renal failure unspecified 

14 141, 142, 143, 144, 145, 146, 
147, 148, 149, 150, 151, 152, 
153, 154, 155, 156, 157, 158, 
159, 160 thru 195.8, 200 thru 
208.9 

Neoplasm 

15 456 Varicose veins of other sites 

16 196, 197, 198 Secondary and unspecified malignant neoplasm of lymph nodes, secondary 
malignant neoplasm of respiratory and digestive systems, secondary 
malignant neoplasm of other specified sites 

17 42, 79.53 HIV 

 

 

The true relationship between duration of comorbidities and outcomes has not been 

established. Including comorbid conditions relating to hospitalisations that occurred 

more than twelve months prior to the event of interest could result in an over estimation 

of the comorbid effect, particularly for those conditions that may have subsequently 

resolved with treatment (for example, peptic ulcer disease). Research examining 
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outcomes after out-of-hospital cardiac arrests explored the effect of using various 

lengths of time prior to the cardiac arrest to abstract information on comorbidities from 

hospitalisations. 806 Using linked data from the St John Ambulance WA, Emergency 

Department and Hospital Morbidity Data System databases, one, two, five and ten-year 

hospitalisation data before the cardiac arrest event were tested with little difference 

found in the performance of the model of cardiac arrest survival irrespective of the 

number of years of hospital records used. 806 

 

Considering long-term survival after intensive care, the effect of different data 

collection periods on the utility of the Charlson comorbidity index was examined. The 

Charlson Comorbidity Index was constructed from diagnostic codes recorded in the 

Hospital Morbidity Data System data abstracted from one, two, three, four and five 

years of hospitalisation records before, and not including, the index admission. The 

Friedman statistic, a non-parametric equivalent of a one way repeated measures design, 

was used to test the null hypothesis that each of the five comorbidity indices generated 

had the same distribution. Paired sample t tests were used to show the difference in 

mean scores between Charlson Comorbidity Index constructed from one year’s pre-

index hospitalisation data compared to data from two, three, four and five-year pre-

index hospitalisations. A series of Cox regression models adjusted for age and sex were 

run for each Charlson indicator. Survival time was measured from the time of admission 

to ICU and patients who were alive at study end were censored after 31st December 

2003. 

 

Patients with a comorbidity score of zero decreased progressively as the number of 

years of previous hospitalisation data increased from one to five years (refer to Table 

D2). Likewise, the proportion of cases with any comorbidity increased as the number of 

years of hospital records that were included increased. 
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Table D2 Comparison of the proportion of patients with Charlson Comorbidity Index scores 

1 to 15, mean (standard deviation) and maximum score for one, two, three, four and five-year 

data abstraction to construct Charlson Comorbidity Index. 

 

Charlson Comorbidity 
Index Score (%) 1 year 2 years 3 years 4 years 5 years 

0 63.40 59.44 57.17 55.21 53.76 

1 19.56 20.94 21.45 22.12 22.54 

2 9.25 10.10 10.53 11.01 11.32 

3 3.80 4.40 4.88 5.17 5.43 

4 1.91 2.33 2.71 2.87 3.05 

5 0.79 0.98 1.13 1.26 1.37 

6 0.50 0.71 0.83 0.89 0.92 

7 0.22 0.30 0.37 0.40 0.46 

8 0.38 0.50 0.56 0.59 0.63 

9 0.10 0.16 0.19 0.25 0.28 

10 0.04 0.06 0.08 0.10 0.11 

11 0.02 0.05 0.06 0.07 0.08 

12 0.013 0.009 0.018 0.018 0.018 

13 0.004 0.018 0.022 0.022 0.022 

14 0.004 0.004 0.004 0.004 0.004 

15 0 0 0 0.004 0.004 

Mean (SD) 0.70 (1.28) 0.82 (1.41) 0.89 (1.49) 0.95 (1.54) 0.99 (1.58) 

Max score 14 14 14 15 15 

 

 

Testing the null hypothesis that each of the five comorbidity indices generated had the 

same distribution, the mean ranks for the different Charlson indices were 2.75, 2.91, 

3.03, 3.12 and 3.19 respectively (Chi2(4)=10059.4; p<0.001). The mean difference for 

the Charlson Comorbidity Index based on one-year of hospitalisation data compared 

with more than one-year of data was 0.12 between one-year and two-years, increasing 

with each time period to 0.29 between one-year and five-year data (as shown in Table 

D2). The change in mean difference between Charlson Comorbidity Index based on 

one-year of hospitalisation data compared to other time frames is shown in Table D3. 

The mean ranks for the difference in Charlson indices between one-year compared with 

more than one-year data were 2.38, 2.47, 2.55 and 2.61 respectively, and were 

statistically significant (Chi2 (3)=5,239.5; p<0.001). 

 



 435 

Table D3 Comparison of the difference in mean Charlson Comorbidity Index scores for 

one-year and more than one-year of pre-index admission hospital comorbidity data used to 

construct Charlson Comorbidity Index. 

 

Charlson Comorbidity Index 
Score 2 versus 1 year 3 versus 1 year 4 versus 1 year 5 versus 1 year 

No difference 92.9 88.6 85.3 82.8 

1-2 points difference 6.3 9.9 12.7 14.8 

More than 2 points difference 0.8 1.5 2.0 2.4 

 

 

In a series of Cox regression models adjusted for age, sex and the Charlson Comorbidity 

Index, -2 log likelihood ratio chi 2(3) increased from 2,941.51 for one-year to 3,185.83 

for five-year Charlson Comorbidity Index scores. Including both one-year and five-year 

Charlson Comorbidity Indices in age and sex adjusted Cox models, the -2 log likelihood 

ratio chi 2(4) was 3190.00, and in comparison to the model with the Charlson 

Comorbidity Index constructed from five-year data, the difference was 4.17 (p=0.041). 

The Charlson Comorbidity Index score constructed from five years of pre-index 

hospitalisation data was considered the best predictor for age and sex adjusted long-

term survival and used in this thesis, and comorbidity. 
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Appendix E   Determination of cutpoints to categorise 

continuous variables 

 

Figure E.1 Evaluation of cut-points for Charlson Comorbidity Index from the relationship 

between hazard ratio (HR) and the continuous covariate for long-term survival. 
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Figure E.2 Evaluation of cut-points for the admission Acute Physiology Score (APS) from 

the relationship between hazard ratio (HR) and the continuous covariate for long-term survival. 
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Figure E.3 Evaluation of cut-points for peak number of organ failures on any single day from 

the relationship between hazard ratio (HR) and the continuous covariate for long-term survival. 
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Figure E.4 Evaluation of cut-points for length of stay in ICU from the relationship between 

hazard ratio (HR) and the continuous covariate for long-term survival. 
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Appendix F   Organ failure measures 

 

Several exploratory models were constructed to assess the performance of organ failure 

measures. These included the presence of organ failure, number of organ failures, 

maximum number of organ failures on any single ICU day (peak organ failure). These 

were examined for their performance in univariate analysis (using Cox regression 

models) for patients who survived one year after discharge from hospital (18,848 

patients).  

 

(1) Organ failure present during the ICU stay (dichotomous variable yes/no) was 

evaluated for its utility as a measure of organ dysfunction in Cox models. 

Approximately half (49.9%) of patients had organ failure during their ICU admission 

and these patients had a 52% decreased risk of survival (HR=1.52, 95%CI 1.43-1.60, 

p=<0.001; -2 Log likelihood=93067.67); 

(2) While the presence of organ failure was associated with long-term survival, the 

effect of the number of organ failures (ranging from 0 to 9) on long-term survival was 

examined to determine if models performed better when this covariate was used. For the 

patients who survived one year, 50.1% had no organ failure, 25.8% had one organ 

failure and 13.1% had two organ failures. Using organ failure as a categorical variable, 

there was an increasing risk for decreased survival with increasing organ failure bur 

there was only a small number of patients in the higher categories. Examining organ 

failure as a continuous variable, for each additional organ failure the risk increased by 

20% (HR=1.20, 95%CI 1.17-1.22, p=<0.001; -2 Log likelihood=93004.88); 

(3) Similar results to the effect of the number of organ failures on long-term survival 

were found when examining the effect of peak number of organ failures on any single 

day in ICU on long-term survival (HR=1.23, 95%CI 1.20-1.26, p=<0.001; -2 Log 

likelihood=92990.77). Categorising peak number of organ failures into ‘0’, ‘1’, ‘2’, ‘3’, 

‘4+’, the risk for shorter survival increases (shown in Table D1; -2 Log 

likelihood=92953.54); 

(4) Examining the effect of the number of days of organ failure on long-term survival, 

categorised into ‘0’, ‘1’, ‘2’, ‘3 or more’ (HR=1.23, 95%CI 1.20-1.26, p=<0.001; -2 

Log likelihood=92990.77). Categorising days of organ failures into ‘0’, ‘1’, ‘2’, ‘3+’, 

the risk for poorer survival increases (shown in Table E1; -2 Log likelihood=92910.54); 
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(5) Including the duration of organ failure (days) in regression models in addition to the 

peak number of organ failures, organ dysfunction was associated with survival but 

models with both variables did not perform as well. Furthermore, when continuous 

variables were grouped, there was collinearity between duration of organ failure and 

peak number of organ failure groups; 

(6) Combining the product of peak number of organ failures by duration or organ failure 

(organ failure score), the effect of this variable on survival was not significant. This is 

not surprising because many patients with low peak number of organ failures and long 

duration of organ failure; 

(7) The duration of peak number of organs failing (+/- 1) was calculated to account for 

the severity of organ failure and was not associated with survival (p=0.14). 

(8) The sum of treatments (use of vasopressors/receiving mechanical ventilation/renal 

replacement therapy) was used as an alternative to peak number of organ failures. No 

significant association with survival was observed. 
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Table F1 Univariate analysis of the effect of organ failure on long-term survival for patients who survived on year after discharge from ICU. 

 

 HR Lower 
95% CI 

Upper 
95% CI 

‘p’ value HR Lower 
95% CI 

Upper 
95% CI 

‘p’ value HR Lower 
95% CI 

Upper 
95% CI 

‘p’ 

value 

 (1) Univariate analysis (2) Peak OF and organ failure days 
(4) Sum of peak OF each day and peak OF and 

organ failure days  

Peak OF = 0 1.00    1.00    1.00    

Peak OF = 1 1.29 1.20 1.38 <0.001 
1.721 1.557 1.902 

<0.001 1.56 1.31 1.87 

<0.0

01 

Peak OF = 2 1.67 1.55 1.82 

<0.001 
1.941 1.770 2.129 

<0.001 

1.88 1.68 2.10 

<0.0

01 

Peak OF = 3 2.30 2.06 2.57 

<0.001 
2.439 2.181 2.729 

<0.001 

2.40 2.14 2.70 

<0.0

01 

Peak OF = 4+ 1.95 1.69 2.26 

<0.001 
1.982 1.713 2.294 

<0.001 

1.95 1.69 2.26 

<0.0

01 

Days of organ failure=0 1.163 1.080 1.252 <0.001 1.00    1.00    

Days of organ failure=1 
1.644 1.504 1.797 

<0.001 
.656 .593 .726 <0.001 

0.58 0.43 0.77 

<0.0

01 

Days of organ failure=2 1.993 1.855 2.142 <0.001 .884 .796 .981 0.020 0.84 0.72 0.99 0.040 

Days of organ failure=3 or more 1.163 1.080 1.252 <0.001 Not included in model because of collinearity     

Sum of peak OF / day in ICU         1.00    

Sum of peak OF / day in ICU         1.26 0.83 1.92 0.273 

Sum of peak OF / day in ICU         1.13 0.85 1.52 0.393 

Sum of peak OF / day in ICU         1.10 0.94 1.28 0.243 

(5) Duration of peak organ failure (+/- 1             
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day) 

Peak OF=peak number of organ failures on any single day during ICU stay 

*Collinearity observed for days of organ failure 
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APPENDIX G   Survival analysis 

 

Many factors influence long-term outcomes from critical illness, and therefore it is 

important to examine the contribution of each of these on long-term outcomes. 

Considering events occur during a continuum of time, it is valuable to include all 

information, including data from patients who contribute to the study but do not 

experience the event during the study. An appropriate method for this assessment is 

survival analysis. Survival analysis can be traced back to the seventeenth century. 

Probability theory emerged with a publication in 1657 by the Dutch mathematician, 

Christian Huygens but it was a London draper, Gaunt, who first published the Weekly 

Bill of Mortality in 1604 to detect the beginning of a plague epidemic and show the 

regularities of the patterns of life and death in a group of people. The first lifetable, 

constructed for individual ages, not just age groups, published by Halley in 1693, 

provided a reasonably accurate picture of survival and became well known throughout 

Europe. This method gained popularity by researchers, both in the government and 

private sector. The reliability of military equipment became a critical issue during 

World War II leading to the study in the ‘lifetime’ of industrial devices. 807 After the 

war, techniques were further developed and applied to the study of survival of patients 

with cancer with the term ‘lifetime analysis’ used by engineers changed to ‘survival 

analysis’ by cancer researchers. 807 The growth of survival analysis in recent decades 

has made it a popular statistical method in disciplines ranging from epidemiology, 

medicine, and environmental health, to criminology, marketing, and astronomy. 807 

 

Survival analysis is used to examine ‘time to event’ data. A survival experience may be 

divided into a number of mutually-exclusive states at each point in time and patients 

move (or do not move) between these states over time. The terminal event is commonly 

death but may be some other event, for example, occurrence of a disease. Patients are 

considered at risk, and therefore included in the analysis, until they experience the event 

or are ‘censored’. The time until the event occurs is the survival time, measured from 

the day the patient enters the study. Patients can enter the study at different times. For 

example, patients in the ICU were included in this study when they were admitted to 

ICU, any time between 1st January 1987 and 31st December 2002. Survival models take 

into account the special features of the data, both the outcome (dependent) variable for 

analysis (survival time itself), and also the explanatory variables (covariates or 
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independent variables) used in the multivariate models. Key assumptions made in 

survival analysis include: 808, 809: 

� Outcomes stay the same throughout the study; 

� Patients lost to follow up have the same prognosis as those remaining in the study; 

� Model parameters describing the transition process are fixed, or can be 

parameterised using the covariates. 

 

Important concepts in survival analysis are censoring and truncation. 762, 808 A 

distinguishing feature of survival data is that the event will probably not have occurred 

for all patients at the end of the follow up period. The occurrence of the event, for 

example, death, is relative to some meaningful time origin, for example, admission to 

the ICU (that varies for each patient). Given entry at time ‘0’ and observation at time ‘t’, 

it is only known that the completed follow-up is of length ‘T > t’, that is, it is greater 

than the observation period. For example, when estimating long-term outcomes after 

intensive care, if the study ends on 31 December 2003 and there is no date of death 

within the study period, that is, the patient is alive at study end, the patient is ‘censored’. 

Only the actual duration of follow-up during the study is used. The outcome consists of 

two parts – survival time, a continuous variable, and occurrence/non-occurrence of the 

event, a binary variable. The likelihood equation used in survival analysis contains a 

probability factor that has an exponent of ‘1’ when the event occurred and ‘0’ when it 

was censored. This binary or censoring variable indicates those patients for whom 

censoring did and did not occur. Censoring should be non-informative (random), that is, 

the mechanism of censoring is independent of the event process. 808 Violation of this 

assumption invalidates survival analysis. Censoring may be left or right censoring. Left 

censoring occurs when the patient experiences the event in question before the 

beginning of the study observation period. Right censoring occurs when the patient does 

not experience the event during the study observation period or is lost to follow-up 

within the study period, for example, patients alive at study end are considered to be 

‘right censored’. 

 

‘Truncation’ occurs when there is complete ignorance about the event of interest, that is, 

there is a systematic exclusion of survival times from the study, and the study selection 

effect depends on survival time itself. Left truncation (delayed entry) occurs when only 

those patients who have survived more than some minimum amount of time are 

included in the observation sample, that is, small survival times below the threshold are 
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not observed). The start of the experience is assumed to be known, but the patient’s 

survival is only observed from some later date, that is, delayed entry. For example, 

when examining outcomes for patients admitted to ICU from the day of discharge from 

hospital, the patient’s ICU and hospital survival time is excluded. Right truncation 

occurs when persons who have experienced the event by some particular date are 

included in the sample, and so relatively long survival times are systematically 

excluded. When examining patients who survive hospital after admission to ICU, right 

censoring and left truncation occur. 

 

Different survival models are used depending on the research question and data 

collection method. 808 If survival time in a regression model is assumed to have a 

distribution applied to the error structure, it is ‘parametric’ survival analysis. Although 

these models can be more efficient they have more assumptions. 762 If survival time is 

modelled without making assumptions about the shapes of the relevant functions, it is 

‘non-parametric’ survival analysis. Life tables and Kaplan Meier (product limit 

estimator) survival analysis are non-parametric. Life tables, for example age and sex-

adjusted mortality probability tables for the Australian population 724 are used when 

event times are specified only to an interval 810 and Kaplan Meier survival analysis are 

used when event times are known. Both techniques may result in loss of information 

because data has to be categorised. 762, 808 The ‘semiparametric’ approach treats the 

baseline hazard function non-parametrically and a parametric form is assumed for the 

effect of covariates. It does make the assumption that the hazard functions between 

different covariates are proportional, that is, the hazard ratios are constant over time. 

 

Semiparametric models 

Unlike parametric models, the overall shape of the hazard function of semiparametric 

models does not have to be imposed in advance. Whether the hazard functions generally 

increase or decrease with survival time is left to be fitted from the data, rather than 

specified a priori. The Piecewise-Constant Exponential model 811 and Cox’s 

Proportional Hazard model (Cox model) 766 are continuous time semiparametric models 

that can incorporate time-varying and time-dependent covariates, and allow for some 

flexibility in the shape of the hazard function. In the Piecewise-Constant Exponential 

model, because the hazard is not constant over time, survival time is divided into a 

number of intervals using (researcher-chosen) cut-points, and for each time interval a 

different baseline hazard is estimated. 790 Although it is assumed that the hazard rate is 
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constant within each interval, in principle, it may differ. 790 The Cox model, proposed 

by Cox in 1972 766 assumes no particular shape for the baseline hazard but does assume 

a parametric form for the effect of the covariates on the hazard. Unlike the Piecewise-

Constant Exponential model that requires researcher input in its specification (the 

cutpoints); the Cox model estimates are derived for a totally arbitrary baseline hazard 

function. 

 

The fundamental building block in survival analysis is an estimate of the cumulative 

distribution function, 762 that is, the proportion of the cohort having survival times less 

than some stated value ‘t’ (shown in equation 1). The reverse of this cumulative 

distribution function of ‘T’ is the survival function, shown in equation 2, and describes 

how long a patient will live rather than focusing on how soon the patient will die. 762 

Considering the survivor function is a probability, it lies between ‘0’ and ‘1’, and is a 

decreasing function of time, that is, the survivor function is ‘1’ at the start of the 

observation period (t = 0) and is ‘0’ at infinity. The survival experience of a cohort may 

be summarised by estimation of a survival curve. 765 

 

Equation 1 762: 

F(t)=Pr(T<t) 

(where T=non-negative random variable denoting the time to a failure event). 

 

Equation 2 762: 

S(t)  =  1-F(t) 

        =  Pr(T≥t) 

(where S(t) is the proportion of participants with survival time exceeding t and Pr (T>t) is the probability 

of surviving beyond time t). 

 

Kaplan-Meier survival analysis 

The Kaplan-Meier analysis (product limit estimator) provides information regarding 

individual variables in survival analysis. Its advantage over other univariate techniques 

is that it uses all of the information available, censored and uncensored observations, by 

considering survival to any point in time as a series of steps at observed survival and 

censored times. The product of these conditional probabilities is used to estimate the 

survival function at each point in time. 810 An important assumption of the Kaplan-

Meier method is that the probability of a ‘censored’ patient is independent of the actual 

survival time, that is, the reason a patient is censored is unrelated to the cause of death, 



 446 

and in those patients whose survival times are censored, they are representative of the 

other patients in the ICU cohort. 807 At any time-point, the number of patients alive is 

termed the ‘number at risk of dying’ or the ‘number at risk’ (refer to equation 3). Each 

patient contributes survival time as long as they are known to be alive: 

� Patients who die contribute to the number at risk up until the time when they die at 

which time they also contribute one to the number of deaths. 

� Patients who are censored contribute to the number at risk until study end (or they 

are lost to follow up). 

 

Equation 3 808: 

If t1 < t2 < ::: < tj < ::: < tk < 1 represent the survival times that are observed in the data set, then the 

number of patients at risk of dying (or having the event) immediately prior to a specific time are: 

nj= (mj +  dj ) + (mj+1 + dj+1) +….+ (mk + dk ) 

where: 

dj: the number of patients observed to ‘fail’, that is, die or have the event of interest at tj 

mj: the number of patients whose observed duration is censored in the interval [tj ; tj+1), that is, still in 

state at time t but not in state by t + 1 

nj: the number of patients at risk of dying (or having the event) immediately prior to tj , which is made up 

of those who have a censored or survived of length tj or longer 

 

The proportion of patients entering the study who survive to the ‘first’ observed survival 

time ‘t1’, Ŝ (t1), is simply ‘1’ minus the proportion who leave the study by that time, 

where the latter can be estimated by the number of exits divided by the number who 

were at risk of transition ((n1-d1)/n1). Similarly the proportion of patients surviving to 

the second observed survival time ‘t2’ is Ŝ (t1) multiplied by ‘1’ minus the proportion 

who made a transition out of the study between ‘t1’ and ‘t2’. The Kaplan-Meier 

estimate of the survivor function is given by the product of ‘1’ minus the number of 

exits divided by the number of patients at risk of exit, that is, the product of ‘1’ minus 

the ‘exit rate’ at each of the survival times (equation 4). Standard errors can be derived 

for the estimates using Greenwood’s formula (equation 5). 

 

Equation 4 [Knuiman, 2002 #1171] 

 

Where Ŝ(t)=1 if t < t(1) 

 

Equation 5: 
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The estimated survivor function is conventionally drawn as a step function, with the 

first ‘step’ at t = 0, having a height of ‘1’ and width ‘t1’, with the next ‘step’ beginning 

at time ‘t1’ with height ‘Ŝ(t1)’ and width ‘t2 - t1’, and so on. An example of a Kaplan 

Meier survival curve is shown in Figure 6.1. The shape of the survival curve depends on 

the proportion and actual values of the observed survival times and the proportion and 

values of censored observations. Considering multiple failures, although it is unlikely 

that each patient died at exactly time ‘t’, ties are artificially randomly ordered. As the 

last observed time is censored, the survival function estimate does not go to ‘0’. 

Alternative estimators of the survival functions are available, for example, the Nelson-

Aalen estimator. The estimators are asymptotically equivalent (they provide the same 

estimates as the sample size becomes infinitely large), but have different sample 

properties with the Nelson-Aalen estimator having better small-sample properties. The 

difference between corresponding estimates, in practice, is often negligible 762 and 

therefore the Kaplan Meier survival curves were used in this research. 

 

Measures of central tendency 

The median is the better measure of central tendency in survival analysis. 762 

Computation of the mean assumes an even distribution of survival time for censored 

survival times that may not always be appropriate. In some analyses a different quantile, 

for example 75th quartile, may be more appropriate if all patients have survival times 

exceeding the median value. 

 

Comparing groups in Kaplan Meier survival analysis 

The similarity of survival functions for the groups being examined is commonly 

estimated using the log-rank test. This test assumes a weight of ‘1’, and therefore places 

more emphasis on differences between the functions at larger values of time, and is 

similar to the Mantel-Haenszel test that tests if the stratum-specific odds ratio is equal to 

‘1’. The test statistic (chi2) is the sum of (O - E)2/E for each group, where ‘O’ and ‘E’ 

are the totals of the observed and expected events. Other tests may be used to compare 

differences in survival curves based on different weighting systems, for example, the 

Wilcoxon test uses weights equal to the number of patients at risk, putting more relative 
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weight on differences between the survival function at smaller values of time and 

depends on censoring as well as the survival experience. Log rank tests were used in 

this research. When survival curves cross, it indicates that one group is having a better 

survival experience in a time interval compared to another time interval. In this 

situation, it is not possible to provide a categorical rank ordering of values of the test 

statistics. 762 Although the overall test statistic may be non-significant, when evaluating 

different time intervals, the difference between groups at specific time intervals may be 

significant. 

 

An advantage of Kaplan Meier univariate survival analysis is that it assumes censoring 

is independent of survival time and statistical testing assumes that the censoring is 

independent of the group. 762 However, there are important disadvantages. Firstly, only 

the influence of categorical variables can be estimated. Continuous variables have to be 

subdivided into manageable categories. This may result in loss of information because 

grouping is arbitrary and the number of patients per category decreases when the 

number of categories increases. 812, 813 Secondly, the importance of a specific variable 

cannot be tested whilst controlling for other variables simultaneously. The Kaplan-

Meier is a non-parametric analysis that can only test global differences in survival 

curves between patient groups. It is possible to estimate and test differences in survival 

probabilities at a certain time point, but it is not possible to estimate the magnitude of 

the global difference. Considering the importance in identifying independent 

associations between determinants of survival, a useful statistical technique is 

regression. 

 

Regression analysis of survival data 

Regression analysis enables the independent effect of covariates (both categorical and 

continuous) that potentially influence outcomes to be examined simultaneously. The 

strength of regression analysis is the ability to statistically adjust for possible 

confounding and effect modifying variables in the observed data. 762 Confounding is the 

effect of a covariate on the outcome that may be hidden or exaggerated because of its 

correlation with another covariate that is not included in the model. 299 Effect 

modification refers to the effect of a certain variable not being constant but modified by 

another variable. 
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Regression models describe the relationship between the outcome and determinants 

using the best fitting, most parsimonious yet biologically reasonable model. 761 Linear 

regression is a technique used when the outcome variable is continuous. Logistic 

regression is used when the outcome variable is dichotomous (binary) for example, ICU 

deaths, and is used to estimate the independent factors associated with ICU and hospital 

mortality in this research. Coefficients derived from logistic regression are used to 

estimate odds ratios for the each of the variables in the model. However, methods to 

model ‘time to event’ data need to directly account for the sequential nature of the data, 

be able to handle censoring and incorporate covariates affected by time. Ordinary Least 

Squares regression of survival times is unsuitable for survival analysis as these methods 

cannot handle censoring (and truncation), time-dependent covariates and structural 

modelling very well. 808 Logistic regression modelling does not overcome the problems 

experienced with Ordinary Least Squares regression as it takes no account of the 

differences in time in which each person is at risk of experiencing the event. 814 

Considering whether an event occurred within some pre-specified interval of time (for 

example, twelve months after discharge from hospital) will result in loss of information. 

Cross-tabulations of (banded) survival times against some categorical variable cannot be 

used for inference about the relationship between survival time and the variable, as 

problems occur with the outcome variable being mismeasured and censoring not 

accounted for. 808 In addition, time-dependent explanatory variables, that is, covariates 

modified by the effect of survival time, cannot be handled easily. 808 Survival analysis is 

a regression technique that accounts for the unique features of survival data. 766, 808, 815 

 

In survival analysis, the distribution of survival time can be described as the density 

function or the hazard function. Although these expressions are equal, the hazard 

function directly addresses the inherent ageing process that is present when patients are 

followed over time. 762 The word ‘hazard’ describes the concept of the risk of ‘failure’ 

(death or event under study) in an interval after time ‘t’, conditional on the patient 

having survived to time ‘t ’. The hazard is an event rate, that is, the number of events 

(for example, the number of deaths) per unit of population (the ICU cohort) and per unit 

of time (survival time from the day of admission to ICU or discharge from hospital), 

and is not a probability. The hazard at time ‘t’, that is h(t), only approximates the 

probability of a patient dying at time ‘t’, h(t) during a small one-unit time interval, given 

that the patient has survived up to time ‘t’. The cumulative hazard describes the ‘sum 

total’ of the hazard up to time ‘t’. Cumulative hazard is semi-bounded and can have 
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values from ‘0’. Logits, on the other hand, are probabilities and cannot have values 

greater than ‘1’ and therefore cannot be used. The cumulative hazard function h(t) (the 

sum of the hazards over time until time ‘t’) can be derived from the survival function 

S(t) and vice versa because the relation can be expressed as h(t)= -log(S(t)). Both are 

essentially identical ways of describing survival in a population. 762 In other words, the 

hazard rate, h(t), is the proportional rate of decline of the survival function per unit of 

time. Although the hazard is the number of ‘cases’ at a certain moment, the hazard 

curve shows the numbers of cases at all moments in time or how the rate evolves in 

time.  

 

Cox’s proportional hazards models 

The Cox regression model has been used in several studies of outcomes from intensive 

care. Comparing logistic, Cox models and extended Cox models (that is, Cox models 

with time-dependent covariates), Cox models, using quantitative time-dependent 

variables, met all statistical assumptions, obtained precise assessments of risk by 

exposure time, and estimated unbiased coefficients for assessing the risk factors 

associated with nosocomial infection in ICUs. 816 

 

The hazard function is a function of time and the covariates. An example of the hazard 

function when there is one covariate is shown in equation 6. 

 

Equation 6 

h(t,x,β) = h0(t)g(x,β) 

and h(t,x,β) >0 

 

The function ‘h0(t)’ represents how the hazard function changes as a function of time 

and the function g(x,β) represents how the hazard function changes as a function of the 

covariate/s. 762 The ratio of the hazard functions for two patients with covariate values x1 

and x0 is shown in equation 7. 

 

Equation 7: 

g(x1, β) 

  g(x0, β) 

 

The Cox’s proportional hazards model 766 estimates the relationship between the hazard 

rate and covariates without making any assumptions about the shape of the baseline 

HR (t, x1, x0) = 
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hazard function, using the method of partial likelihood. Because there is no complete 

picture of hazard, the model is developed in terms of cumulative hazard. After doing so, 

transformation is used to specify an equivalent model in terms of the hazard. Using the 

expression ‘g(x,β) = exp(x,β)’ proposed by Cox, 766 the hazard function shown in 

equation 6 can be parameterised: h(t,x,β) = h0(t)e
x,β and therefore the hazard ratio can be 

interpreted as a ‘relative risk’ like ratio. 762 Its elegant simplicity has led to the Cox’s 

proportional hazards model being the most commonly applied model in health survival 

analysis. The magnitude of the effect of the individual covariates can be estimated and 

how much the hazard rate is expected to change as a consequence of changing the 

individual covariates as a function of time (equation 8). 

 

Equation 8: 

h (t) = (h0 (t))e
(b1X1+ b2X2 + … bkXk )

 

 

It is not possible to directly estimate the level of the hazard itself in a parameterised way 

because the absolute rates are not known, that is, they are not represented by a 

parameter in the model. This means that only relative rates or rate ratios can be directly 

calculated, not the absolute rates. In other words, the hazard rate is not the probability of 

the terminal event, but the rate of failure at time (t). The greater the value of h(t), the 

greater the rate of the terminal event. Comparative statements can be made about the 

hazard, for example, the hazard for one group may be three times higher than that of 

another, but how high, or low, either function is cannot be stated. This is the 

compromise made with Cox models. 

 

The hazard ratio (HR) is a distinct effect measure for epidemiologic data that is different 

from the risk difference, relative risk, and odds ratio. The hazard ratio or relative hazard 

is obtained by dividing both sides of equation 8 by h0(t), shown in equation 9. If the 

hazard ratio = 1, the determinant does not effect survival. If the hazard ratio is less than 

1 the covariate is associated with increased survival and if the hazard ratio is greater 

than 1, the covariate is associated with decreased survival. 
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Equation 9: 

 

h(t)     =   e 
(b1X1+ b2X2 + … bkXk) 

h0(t) h0 (t) 

 

h(t)     =   e 
(b1X1+ b2X2 + … bkXk) 

h0(t) 

 

HR     =   e 
(b1X1+ b2X2 + … bkXk) 

 

An equivalent survivorship function for the hazard function is shown in equation 9. 

 

Equation 9 762: 

 

Three characteristics for all patients in the study are necessary to perform regression 

analysis using Cox models:  

(1) survival time, for example, survival time measured from day of admission to ICU to 

the event of interest (for example death) or study end (31st December 2003); 

(2) occurrence (or absence) of the event; 

(3) variables (explanatory or risk factors). The number of variables that can be included 

in the study is limited and depends on the number of events occurring in these patients, 

and not the number of patients in the study. Generally, the maximum number of 

variables that can be included in the analysis equals 10% or the square root of the 

number of events (which ever is lower). 817 It is important to include variables that are 

of interest or that are known to influence the outcome. 

 

Beta coefficients 

The regression ‘beta-coefficient’ for each covariate in the model is an estimate of how 

much the covariate contributes to the rate of the event investigated. 807 The difference 

between the baseline survivorship function and how much the beta-coefficients of the 

covariates increase the hazard above the baseline hazard is a function of the difference 

in the distribution of the covariates and the strength of association between covariates 

and survival time. The model (log hazard), derived from the beta coefficients, is the best 



 453 

function to assess the effect of a change in covariates. 762 Significance tests of 

coefficients may be evaluated using the Wald statistic shown in equation 12: 

 

Equation 12: 

 

 

 

When interpreting a Cox model, the coefficients for each explanatory variable were 

examined: 

� A positive regression coefficient for an explanatory variable means that the hazard is 

higher and thus the prognosis worse for higher values; 

� A negative regression coefficient implies a better prognosis for patients with higher 

values of that variable. 

 

It is easier to interpret models when expotentiated to form the hazard ratio. The hazard 

ratio is identical to the odds ratio in logistic regression but is a ratio of rates rather than 

odds. The hazard ratio is a comparative measure of event occurrence or survival 

experience, over the whole time period compared to the odds ratio that is a comparative 

measure of event occurrence or survival experience only at the study endpoint. 762 The 

exponent of the beta -coefficient is the factor by which the hazard rate has to be 

multiplied for a unit increase in the independent variable: 

� For categorical variables the hazard ratio is equal to the exponent of beta. The 

hazard ratio denotes the rate of an event in the presence of a variable compared with 

the rate in the absence of that variable; 

� For continuous variables, the exponent of beta represents a large number of rates. 

The coefficients of the covariates provide the change in a transformation of the outcome 

for a one unit change in a covariate and this unit change should be appropriate. 762 

Whether the change was clinically meaningful was considered. For example, when 

estimating the effect of age on long-term survival, a 10-year change in age was more 

appropriate than a one year change in age. For example, the hazard ratio (HR) for a 10- 

year change in age was calculated as: exp (10*age coefficients) and the 95% CI as exp 

(10*age coefficients +/- 1.96x standard error of the coefficients}. 

 

The influence of continuous variables on survival was further examined by determining 

the product of the coefficient by the standard deviation, thereby enabling a ranking of 

these variables without being confused by the scale of the variable. 

ˆ

ˆ( )
Wald statistic z

SE

β
β

=
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Likelihood ratio test 

Maximum likelihood theory is often used to fit parametric survival models. Considering 

the Cox model is nonparametric and the error component of the model is not explicitly 

specified, it is not possible to use the log likelihood function. However the partial 

likelihood function, proposed by Cox 766 uses maximum likelihood methods to obtain 

estimators of the coefficients and their standard errors. The partial likelihood 

concentrates on the parameter vector of interest. The partial likelihood ratio test is used 

to assess the significance of the fitted model compared to nested models. The full 

(larger) model is compared to a nested model (using the same set of covariates) and the 

same set (and number) of patients. If the ‘p’ value does not meet the prescribed 

significance level, then the reduced model has a better fit, that is, the added variables in 

the larger model do not contribute to the model. Although there is no actual deviance 

per se, the –log partial likelihood is a surrogate measure (equation 13). Higher values of 

the –log likelihood or the likelihood ratio chi2, denote a better fit of the model. 762 

 

Equation 13: 

 

 

 

 

 

and ‘G’ is the difference between the covariate model and the null model (constant 

only). 

 

Tied data 

Partial likelihood function methods assume that there are no ties, but in reality, there are 

likely to be some tied observations. Several approaches to handle tied data may be used 

including the Breslow approximation, 818 Efron method 819) or an exact expression 820 

An approximation using the Breslow method 818 is used in this research. 

 

Statistical significance 

The ‘p’ value indicates the statistical significance of the variable in explaining the rate 

of failure. The ‘p’ value of the estimated effect of a variable is the probability that the 

estimated (or even more pronounced) influence of a variable is observed while 

assuming that the variable has no true effect on the outcome (this assumption is called 

ˆ{ ( ) ( )}.

( ) ln( )

p p

m

p i
i

G L L
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β

=
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=∑
1
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the null hypothesis). The smaller the ‘p’ value, the more it is unlikely that at least the 

observed influence of a variable is compatible with the null hypothesis. It does not 

necessarily inform about the magnitude (strength) of the influence from a clinical point 

of view. The relative risk is indicative for the magnitude (strength or clinical relevance) 

of the influence. A difference in rates may be statistically significant, but the clinical 

relevance may be low, because the relative risk itself is negligible. 

 

Multiple comparisons 

As the number of comparisons increases, the risk of a type I error (falsely rejecting the 

null hypothesis) increases. Typically, the alpha value is set at 0.05. When making 

multiple comparisons the alpha value may be reduced to account for the number of 

comparisons being performed to avoid too many false positives. The Bonferroni 

adjusted significance level, ‘1(1 )1/n’, often approximated by ‘/n’ (‘n’ is the 

number of tests performed), is a statistical technique used to account for multiple 

comparisons. It is applied by adjusting the alpha level to each comparison, while the 

study-wide error rate remains at 0.05. There is much debate in the literature regarding 

the use of the Bonferroni correction for multiple comparisons. It has been argued that 

Bonferroni adjustments are concerned with the wrong hypothesis, imply that a given 

comparison will be interpreted differently according to how many other tests were 

performed, and increase type II errors (the probability of accepting the null hypothesis 

when the alternative is true, for example, accepting that age does not influence survival 

when in fact it does) and type II errors are no less false than type I errors 821 and is 

frequently not appropriate due to low power. 822 In contrast, Bonferroni’s correction 

may be too conservative. By controlling the group-wise error rate, each individual test is 

held to an unreasonably high standard 822 and this increases the probability of a Type II 

error, making it likely that legitimately significant results will fail to be detected. 

Depending on the type of study, methods to adjust for multiple testing are valuable tools 

to ensure valid statistical inference and several techniques have been developed as an 

alternative to Bonferroni’s correction. 822 Considering that the current research is an 

exploratory study, Bonferroni’s correction was not applied except in the testing of 

significant interaction terms when a more stringent ‘p’ value was used to retain 

important interactions in regression models. 
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Model development 

 

Survival analysis was used as the principal statistical technique to determine long-term 

outcomes after admission to ICU. To evaluate the independent effects of important 

factors on survival after critical illness, a multivariate Cox regression model was 

developed that included all variables with a statistically or clinically significant effect in 

the univariate analysis. Building the regression models involved several steps: 

• Selection of explanatory variables; 

• Applying backward elimination to remove redundant explanatory variables, with 

variables dropped from the model if the ‘p’ value >=0.05; 

• Linearity of variables including squared interaction terms of continuous variables; 

• Adding significant and biologically/clinically plausible interaction terms; 

• Determining covariates effected by survival time and adding them to the model as 

an interaction term multiplied by log survival time minus the mean survival time; 

• Finding the best fit and testing the model. 

 

Selection of explanatory variables: Candidate variables were selected a priori after 

review of the literature. The effect on outcomes of statistically and/or clinically 

significant covariates (at the 25% level) from univariate analysis was examined in 

multivariate analyses. Similar steps for variable inclusion were used for all regression 

models. Covariates generally entered into all models were age, sex, Charlson 

Comorbidity Index, severity of illness (measured by admission APS), diagnostic group, 

type of admission (elective surgical, non-elective surgical or medical patients), and 

organ failure. Charlson Comorbidity Index was excluded from some models in 

preference to individual comorbidities or chronic health evaluation. Models estimating 

survival in patients discharged from hospital also had length of stay in ICU included. 

When testing the independent effects of all covariates, age, APS, Charlson Comorbidity 

Index and peak (maximum) number of organ failures on any single day were used 

initially as continuous variables to avoid potential problems with using arbitrary 

cutpoints, particularly ‘optimal’ cut-points, for example, dependency of the results on 

the choice of cutpoint, loss of power due to categorisation, and the danger of over fitting 

if several cut points were considered in a search for optimality. Categorical covariates 

used in the regression were coded 0/1 (sex, comorbidities) or if more than two 

categories (elective surgical/non-elective surgical/medical, diagnosis) then reference 

cell coding of these design variables was used, that is, the first level of the variable was 
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used as the reference group and all other levels were compared to it. The resulting 

hazard ratios compared the hazard rate of each group to that reference group. Missing 

data were not replaced and results were reported for the reduced number of patients.  

 

Removing redundant explanatory variables: There are several methods for retaining and 

removing variables in the model. Covariates can be selected to be retained in models 

using stepwise selection methods. In backward elimination, all variables are entered into 

the model in a single step. Then the variables are examined for removal on the basis of 

their ‘p’ value. Variables are removed one by one, step by step. The variable to be 

removed at a certain step is the one with the highest ‘p’ value in the model fitted at that 

step. The algorithm stops when no more variables meet entry or removal criteria. 

Forward selection works the opposite way and adds to the model the covariate which is 

most statistically significant among those not in the model. Combinations of these two 

selection procedures were also performed. Stepwise selection has been criticised 762 as 

an inadequate method to fit models. Specifically: 

• ‘p’ values alone (basis for stepwise) are not an indicator of confounding 

• confounders can easily come in groups, and will be missed by stepwise 

• stepwise can miss important confounders 

• stepwise can lead to overfitted models (not generalisable to other sample of data) 

• current algorithms do not allow for selection of groups of covariates 

• effect modification is not easily handled 

• has been described as an “ useless” idea for developing an explanatory model and  

• does not answer the fundamental question of a prognostic model (such as 

discrimination or calibration). 

 

Despite these criticisms, stepwise selection is widely used and was chosen as the 

removing redundant covariates in models in this study. All variables were entered into 

the model at the same time and a backwards elimination procedure was used to remove 

redundant variables. 762 Retention of covariates in the model was made using the ‘p’ 

values from Wald tests of the individual coefficients. Variables were dropped from the 

model if the ‘p’ value was greater than 0.05. Age and sex were retained in all models 

and covariates of interest for specific models. For example, receiving RRT was forced 

into models when estimating the effect of acute renal failure sufficient to require RRT 

on long-term survival. On removal of each covariate, the coefficients of the variables 

remaining in the model were checked to determine if removal had resulted in an 
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important change, defined here as 20%. If variables measuring the same end point were 

statistically related (collinear), then only the most statistically significant variable in the 

model was included. Generally backward elimination was used but forward elimination 

was used to check results. On completion of these steps, the preliminary main effects 

model was fitted. Once the ‘preliminary model’ has been decided, the fit and adherence 

to key assumptions were assessed. 

 

Assumption of linearity: An assumption of regression models is that the continuous 

variables in the model are linear. In its simplest form, regression analysis involves 

finding the best straight line relationship to explain how the variation in an outcome 

variable, ‘Y’, depends on the variation in a covariate, ‘X’. For example, if a hazard 

function curve is ‘u’ shaped, a non-significant result may occur because the hazard 

function is ‘averaged’ and does not accommodate the shape of the hazard function. 

Higher order terms (for example, squared, quadratic, fractional polynomials) were used 

to account for linearity for continuous variables. If these terms were significant when 

testing for linearity (for example, testing ‘age’ and ‘age2’ versus ‘age’) the continuous 

variable and the higher order terms were both included in the model, or alternatively, 

the continuous variable was categorised. However categorising continuous variables 

requires arbitrary cutpoints that may result in loss of information. 812, 813 

 

Effect modification: The effect of a covariate on the outcome or event may not be 

constant for all values of the covariate but may be changed or modified by another 

covariate in the model. To control for effect modification, biologically/clinically 

plausible interactions were considered. The mathematical product of both variables, the 

interaction term, together with the two primary variables, were tested for statistical 

significance by adding each separate interaction to the ‘main effects’ model, adhering to 

the hierarchy principal. 765 The Wald statistic ‘p’ value was used to guide elimination of 

interaction terms from the model, with significance checked by the partial likelihood 

ratio test. Only statistically significant interaction terms from this procedure and their 

coefficients were retained in the ‘main effects’ model. 762 Including non-significant 

interactions in a model increases standard error estimates and widens confidence 

interval estimates of hazard ratios. 762 Non-significant interaction terms were removed 

from the model before removing ‘main effect’ variables. 
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Testing the proportional hazards assumption 

The term ‘proportional hazards’ implies the assumption that for two different patients in 

the population at risk, the ratio of their hazard rates will be constant throughout time, 

that is, the covariates are not time dependent. For example, if females in the cohort have 

a hazard ratio of 2, at any time during the study, the per-unit time rate of death amongst 

females is twice that of males. This is the proportional hazards assumption. The log 

hazard function has two parts, the log of the baseline hazard function, ln(h0(t)) and the 

linear predictor part x’β. The proportional hazards assumption characterises the Cox 

model as a function of time. 

 

Methods used to test that the assumptions for the Cox proportional hazard model were 

met, the proportional hazards assumption was checked in three ways: (1) plot of the 

scaled Schoenfeld residuals over time to visually assess if each of the coefficients are 

equal to zero. 767 Whether this assumption is true for a categorical variable can be seen 

in the ‘log minus-log’ survival plot. The ‘curves’ were examined for the extent to which 

they were not parallel over time; (2) examining Kaplan Meier survival curves. If the 

survival curves cross, indicating that survival was better in one period compared to 

another period, the proportional hazards assumption was not met. This technique is only 

available for nominal or grouped continuous covariates; and (3) performing formal tests 

of proportionality based on scaled Schoenfeld residuals. 762, 767 There are many 

applications where it is likely that the proportionality assumption does not hold, that is, 

the effect of a covariate on survival, for example, cardiac surgery, may change over the 

period of follow-up. 

 

Covariates modified by survival time 

Considering the relative risks for some of the baseline explanatory variables, for 

example, age, were not constant over time, their relative risks could not be adequately 

summarised by a single coefficient. 767 One method to handle covariates that have 

effects on survival changing over time, that is, time-dependent covariates, is to stratify 

the model. The hazards may be non-proportional because the baseline hazards differ 

between strata. 807 The analysis is stratified by the variable that is time-dependent to test 

the hypothesis whether the relationships between the explanatory variables and survival 

are identical in different groups. First, the respective regression models were fitted 

separately within each group. The sum of the log-likelihoods from these analyses 
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represents the log-likelihood of the model with different regression coefficients (and 

intercepts where appropriate) in different groups. The model is given by equation 14: 

 

Equation 14 807: 

 

 

The coefficients ‘b’ are assumed to be the same for each stratum ‘g’. The partial 

likelihood function is simply the product of the partial likelihood functions in each 

stratum. The regression model is then fitted in the usual manner (ignoring group 

membership), the log-likelihood for the overall fit is computed and the difference 

between the log-likelihoods tested for statistical significance. 807 A disadvantage of this 

approach is that the estimate of the effect of the stratifying variable can not be 

estimated. A second strategy to account for time-dependent covariates is to use 

extended Cox regression models that incorporate time-dependent covariates defined as 

functions of time, that is, the risk for survival is allowed to vary with time. When the 

interaction term (B*ln(survival time)-mean survival time) is included in the model it 

must be recomputed for the risk set at each observed survival time. In this model the 

conditional hazard at time ‘t’ is a function of (1) the baseline hazard h0, (2) the covariate 

‘z’, and (3) product of the covariate ‘z’ and the logarithm of time. The constant, mean 

survival time, is used for numerical stability. 762 The use of time-dependent variables 

provides a better understanding of the relationship between the risk factors and survival 
807 

 

Assessment of model adequacy 

A complete and thorough examination of a model’s fit and adherence to model 

assumptions is as important as model development. The fitted model must provide an 

adequate summary of the data. The aim of the modelling is to obtain a model which 

describes the middle of the data 762 and any model based inferential conclusions (for 

example, hazard ratios) depend completely on the fitted statistical model. Assessing the 

goodness of fit involves several steps: testing assumption of proportional hazards, 

specific diagnostics and overall summary of goodness-of-fit. 

 

Residuals: The residuals provide the information for evaluating a fitted proportional 

hazards model. They can be used to provide measures of leverage and influence and to 

assess the proportional hazards assumption. Two key assumptions of a residual are the 



 461 

value of the outcome is known and the fitted model provides an estimate of the ‘mean 

of the dependent variable’ or systemic component of the model. 761 The absence of an 

obvious residual has led to the development of several different, but useful residuals for 

survival models. The estimator for the Schoenfeld residual for the ‘ith’ subject on the 

‘kth’ covariate is obtained by substituting the partial likelihood estimator of the 

coefficient, ‘β’. The sum of the Schoenfeld residuals is zero. The value of the estimate 

of the Schoenfeld residual is set to missing for patients whose observed survival time is 

censored. Scaling the Schoenfeld residuals 767 by an estimator of its variance yields a 

residual with greater diagnostic power than unscaled residuals. The Martingale Residual 

arises from the counting process representation of the proportional hazards model, and 

uses a linear like model that counts whether the event occurs at time ‘t’. The Score 

residual uses nine deciles of risk design variables to test the observed and estimated 

expected number of events. 
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APPENDIX H Temporal changes – number of patients 

admitted each year. 

 

The change in age was also examined by comparing the number of patients in each of 

five age groups (‘16-44’, ‘45-54’, ‘55-64’, ‘65-74’ and ‘75+’ years) over time (Figure 

H.1). The number of patients ‘in the ‘55-64’ and ‘65-74’ age groups decreased 

substantially over time. The number of patients in the oldest and youngest age groups 

increased over time. The changes in the number of patients by age group for patients 

admitted with conditions other than cardiac surgery and after cardiac surgery are shown 

in Table H.2 and Table H.3. Changes in number of admissions for diagnostic group are 

shown in Figure H.4. 

 

Figure H.1 Changes in the number of admissions per year by age (categorised ‘16-44’, ‘45-

54’, ‘55-64’, ‘65-74’ and ‘75+’ years) during the study period for patients who survived to hospital 

discharge (n=19,921). 
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Figure H.2 Changes in the number of admissions per year by age (categorised ‘16-44’, ‘45-

54’, ‘55-64’, ‘65-74’ and ‘75+’ years) for patients who survived to hospital discharge and were 

admitted with conditions other than cardiac surgery (n=10,432).  
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Figure H.3 Changes in the number of admissions per year by age (categorised ‘16-44’, ‘45-

54’, ‘55-64’, ‘65-74’ and ‘75+’ years) for patients who survived to hospital discharge and were 

admitted after cardiac surgery (n = 9,489). 
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Figure H.4 Changes in the number of admissions per year by age by admission diagnostic 

group for patients who survived to hospital discharge. 
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APPENDIX I Association of specific diagnostic groups other 

than cardiac surgery with longer-term survival. 

 

Vascular condition/surgery 

 

By far the strongest association with one year and long-term survival for this group of 

patients was age. For long-term survival the HRs for age ranged from 4.32 to 16.64 but 

with wide confidence intervals, as shown in Table I1. Comorbidity was also important 

particularly in the first year (HR 3.64, 95% CI 2.26, 5.86, p<0.001 for Charlson 

Comorbidity Index ‘3+’ compared to scores of ‘0’). Era of admission was not associated 

with either one-year survival or long-term survival for patients who survived one year 

after discharge from hospital for patients with vascular condition/surgery. 
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Table I.1 Factors associated with one year survival for patients who survived to hospital 

discharge and long-term survival for patients who survived at least one year for patients admitted 

to ICU with a vascular condition/surgery 

 

 One-year survival (n=2,164) Long-term survival (n=2,038) 

 HR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value HR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group(years) 

Age 16-44 1.00    1.00    

Age 45-54  7.46 0.90 62.00 0.063 4.32 1.80 10.37 0.001 

Age 55-64  4.91 0.65 37.38 0.124 5.89 2.60 13.36 <0.001 

Age 65-74  8.87 1.20 65.45 0.032 9.51 4.23 21.39 <0.001 

Age 75+ 11.15 1.51 82.57 0.018 16.64 7.39 37.49 <0.001 

Age group(years) 

Female patients 1.00    1.00    

Male patients 1.44 0.92 2.26 0.108 1.29 1.10 1.53 0.002 

Charlson comorbidity index(CCI) 

CCI=0 1.00    1.00    

CCI =1-2 1.69 1.07 2.69 0.025 1.26 1.08 1.48 0.004 

CCI =3 + 3.64 2.26 5.86 <0.001 1.97 1.63 2.39 <0.001 

Admission Acute Physiology Score (APS) 

APS <=4 1.00    1.00    

APS=5-9 1.72 1.14 2.61 0.010 1.31 1.12 1.54 0.001 

APS=10+ 1.91 1.06 3.43 0.031 1.77 1.40 2.25 <0.001 

Peak number of organ failures 

Peak OF =0 1.00    1.00    

Peak OF =1-2 1.41 0.89 2.24 0.140 1.26 1.03 1.55 0.023 

Peak OF =3+ 0.70 0.27 1.82 0.465 1.06 0.72 1.58 0.764 

Type of admission 

Elective surgery 1.00    1.00    

Non-elective 
surgery 1.68 1.09 2.58 0.018 1.08 0.90 1.30 0.381 

Medical 5.92 3.08 11.38 <0.001 1.17 0.71 1.92 0.534 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2 1.00    1.00    

ICU LOS =3-4  1.14 0.71 1.85 0.580 1.14 0.94 1.39 0.176 

ICU LOS = 5+  1.33 0.74 2.39 0.344 1.23 0.93 1.62 0.143 

Era of ICU admission 

1987-1990 1.00    1.00    

1991-1994 1.05 0.65 1.70 0.854 0.92 0.78 1.10 0.379 

1995-1998 0.61 0.35 1.06 0.077 0.89 0.72 1.10 0.286 

1999-2002 1.05 0.62 1.76 0.861 0.93 0.67 1.30 0.686 
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Non-traumatic brain surgery/condition 

 

Unadjusted survival for patients admitted with non-traumatic brain condition/surgery 

was decreased in the first year and then the Kaplan Meier survival curves flattened out, 

as shown in Figure I1. Patients admitted after elective surgery had similar survival to 

non-elective surgery/medical admissions for at least the first seven years, after which 

time numbers were small, particularly in the non-elective group.  

 

Figure I.1 Kaplan Meier survival curves compare long-term survival for patients with non-

traumatic brain injury by elective surgical and non-elective surgical/medical admissions  
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Factors associated with survival for patients with non-traumatic brain condition/surgery 

(n=892), as shown in Table I2 were age and to a lesser extent, Charlson Comorbidity 

Index although the effect of comorbidity lessened for long-term survival. Era of 

admission was not associated with either one-year survival or long-term survival for 

patients who survived one year after discharge from hospital for patients with non-

traumatic brain condition/surgery. 
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Table I.2 Factors associated with one year survival for hospital survivors and long-term 

survival for patients who survived one year for patients admitted with a non-traumatic brain 

surgery/condition 

 

 One-year survival (n=892) Long-term survival (n=768) 

 HR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value HR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group(years) 

Age 16-44 1.00    1.00    

Age 45-54  1.59 0.83 3.04 0.163 1.47 0.79 2.72 0.223 

Age 55-64  2.20 1.17 4.13 0.015 1.87 1.03 3.41 0.040 

Age 65-74  3.89 2.12 7.12 <0.001 2.95 1.56 5.57 0.001 

Age 75+ 6.15 3.16 11.97 <0.001 9.39 4.66 18.92 <0.001 

Sex 

Female patients 1.00    1.00    

Male patients 1.02 0.71 1.47 0.904 2.29 1.52 3.44 <0.001 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    

CCI =1-2 1.02 0.66 1.59 0.923 1.48 0.97 2.26 0.069 

CCI =3 + 3.04 1.92 4.80 <0.001 2.28 1.19 4.38 0.013 

Admission Acute Physiology Score (APS) 

APS <=4 1.00   0.072 1.00    

APS=5-9 1.41 0.92 2.15 0.112 1.69 1.03 2.78 0.038 

APS=10 + 1.93 1.08 3.46 0.027 2.02 1.08 3.79 0.028 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    

Peak OF =1-2 0.85 0.50 1.45 0.555 0.97 0.56 1.69 0.917 

Peak OF =3+ 1.42 0.54 3.71 0.477 0.81 0.31 2.11 0.664 

Type of admission 

Elective surgery 1.00    1.00    

Non-elective 
surgery 0.96 0.62 1.50 0.864 0.64 0.37 1.10 0.108 

Medical 0.58 0.28 1.18 0.130 0.86 0.46 1.61 0.634 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2  1.00    1.00   0.097 

ICU LOS =3-4  0.44 0.26 0.74 0.002 0.62 0.38 1.03 0.066 

ICU LOS = 5+  0.60 0.33 1.09 0.095 1.08 0.60 1.95 0.791 

Era of ICU admission 

1987-1990 1.00    1.00    

1991-1994 0.65 0.24 1.79 0.403 0.56 0.28 1.15 0.116 

1995-1998 0.75 0.33 1.69 0.485 0.50 0.26 0.95 0.036 

1999-2002 0.76 0.36 1.63 0.488 0.56 0.29 1.10 0.093 

 

 



 469 

Admission with sepsis 

 

The most important factor associated with one-year survival for patients admitted with 

sepsis (n=1,143) was the Charlson Comorbidity Index (HR 6.93, 95% CI 4.01, 11.96 for 

scores ‘3+’ compared to the lowest group of ‘0’) with age less strongly associated with 

one-year survival (HR 4.55, 95% CI 2.10, 9.86 for age ‘75+’ compared to the youngest 

age group ‘16-44’ years), as shown in Table I3. The association of age was stronger 

with long-term survival (HR 5.90, 95% CI 3.71, 9.38 for age ‘75+’ compared to the 

youngest age group) whilst that of the Charlson Comorbidity Index lessened (HR 2.70, 

95% CI 1.96, 3.72 for scores ‘3+’ compared to the lowest group of ‘0’), as shown in 

Table I3.  

 

Increased one-year survival was found for patients admitted with sepsis in the ‘1995-

1998’ and ‘1999-2002’ eras (HR 0.81, 95% CI 0.45, 1.47 in ‘1991-1994’; HR 0.54, 

95% CI 0.30, 0.97 in ‘1995-1998’; HR 0.53, 95% CI 0.31, 0.92 in ‘1999-2002’ 

compared to ‘1987-1990’) but was not associated with long-term survival for patients 

who survived one year after discharge from ICU.  
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Table I.3 Factors associated with one year survival for hospital survivors and long-term 

survival for patients who survived one year for patients admitted with sepsis 

 

 One-year survival (n=1,143) Long-term survival (n=1,026) 

 HR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value HR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group (years) 

Age 16-44 1.00    1.00    

Age 45-54  3.34 1.56 7.13 0.002 2.81 1.77 4.48 <0.001 

Age 55-64  3.39 1.64 7.01 0.001 3.50 2.28 5.36 <0.001 

Age 65-74  2.83 1.36 5.91 0.005 4.71 3.16 7.02 <0.001 

Age 75+ 4.55 2.10 9.86 <0.001 5.90 3.71 9.38 <0.001 

Sex 

Female patients 1.00    1.00    

Male patients 0.92 0.64 1.34 0.679 1.38 1.08 1.78 0.011 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    

CCI =1-2 3.47 2.00 6.01 <0.001 1.50 1.12 2.00 0.006 

CCI =3 + 6.93 4.01 11.96 <0.001 2.70 1.96 3.72 <0.001 

Admission Acute Physiology Score (APS) 

APS <=4 1.00    1.00    

APS=5-9 1.46 0.69 3.09 0.319 1.03 0.65 1.64 0.902 

APS=10 + 1.10 0.51 2.38 0.810 1.37 0.87 2.16 0.171 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    

Peak OF =1-2 1.27 0.64 2.55 0.494 1.56 1.04 2.36 0.033 

Peak OF =3+ 2.50 1.13 5.50 0.023 1.44 0.88 2.34 0.145 

Type of admission 

Elective surgery 1.00    1.00    

Non-elective 
surgery 1.08 0.44 2.64 0.866 2.35 1.20 4.61 0.013 

Medical 1.09 0.46 2.56 0.844 1.81 0.94 3.48 0.074 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2  1.00    1.00    

ICU LOS =3-4  0.94 0.49 1.79 0.846 0.89 0.58 1.35 0.577 

ICU LOS = 5+  0.80 0.42 1.54 0.505 0.97 0.63 1.47 0.872 

Era of ICU admission 

1987-1990 1.00    1.00    

1991-1994 0.81 0.45 1.47 0.490 0.91 0.66 1.27 0.590 

1995-1998 0.54 0.30 0.97 0.040 0.93 0.65 1.34 0.702 

1999-2002 0.53 0.31 0.92 0.023 0.75 0.47 1.17 0.206 
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Trauma 

 

For patients admitted with trauma, unadjusted one-year survival was 96.9% (95%CI 

96.1, 97.7%), three-year 94.2% (95%CI 93.0, 95.4%), five-year 91.6% (95%CI 90.0, 

93.2%), ten-year 87.9% (95%CI 85.3, 90.5%) and fifteen-year survival was 83.5% 

(95%CI 77.6, 89.4%). Survival for patients with a head injury and a GCS less than ‘8’ 

(n=313) were compared to other trauma patients using Kaplan Meier survival curves, 

shown in Figure I2. The difference in survival between the Kaplan Meier curves was 

not statistically significant (p=0.062). 

 

Figure I.2 A comparison of survival of patients with trauma including head injury and 

Glasgow Coma Scale (GCS) less than 8 (n=313) with other trauma patients. 
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Examining the factors associated with survival for patients admitted with trauma 

(n=1,822), age was strongly associated with one-year survival for patients who survived 

to discharge from hospital (HR 15.37, 95% CI 7.22, 32.72 for age ‘75+’ years compared 

to the youngest group ‘16-44’) and Charlson Comorbidity Index was important but less 

strongly associated with survival (HR 4.73, 95% CI 1.95, 11.48 for scores ‘3+’ 

compared to scores of ‘0’), as shown in Table I4. Age had a stronger association with 

long-term survival for patients who survived at least one year after hospital discharge 
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than one-year survival, particularly in older age groups (HR 32.90, 95% CI 19.72, 54.97 

for age ‘75+’ compared to the youngest group ‘16-44’) while the association of the 

Charlson Comorbidity Index (HR 2.75, 95% CI 0.94, 8.05 for scores of ‘0’) lessened. 

 

Era of admission was not associated with one-year survival for patients admitted with 

trauma but long-term survival for patients who survived one year after discharge from 

hospital increased over the study period (HR 0.69, 95% CI 0.45, 1.06, p=0.090 in 

‘1991-1994’; HR 0.54, 95% CI=0.34, 0.87, p=0.011 in ‘1995-1998’; HR 0.42, 95% CI 

0.19, 0.92, p=0.030 in ‘1999-2002’ compared to ‘1987-1990’). 
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Table I.4 Factors associated with one year survival for hospital survivors and long-term 

survival for patients who survived one year for patients admitted with trauma. 

 

 One-year survival (n=1,822) Long-term survival (1,766) 

 HR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value HR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group (years) 

Age 16-44 1.00    1.00    

Age 45-54  3.05 1.34 6.93 0.008 4.81 2.97 7.79 <0.001 

Age 55-64  2.29 0.82 6.38 0.114 5.07 2.93 8.78 <0.001 

Age 65-74  5.83 2.39 14.20 <0.001 10.84 6.22 18.89 <0.001 

Age 75+ 15.37 7.22 32.72 <0.001 32.90 19.72 54.87 <0.001 

Sex 

Female patients 1.00    1.00    

Male patients 1.02 0.56 1.88 0.944 1.19 0.78 1.80 0.424 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    

CCI =1-2 2.29 1.15 4.57 0.018 1.94 1.23 3.07 0.005 

CCI =3 + 4.73 1.95 11.48 0.001 2.75 0.94 8.05 0.066 

Admission Acute Physiology Score (APS) 

APS <=4 1.00    1.00    

APS=5-9 0.41 0.18 0.93 0.032 1.09 0.59 2.01 0.779 

APS=10 + 0.98 0.50 1.95 0.964 2.15 1.21 3.79 0.009 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    

Peak OF =1-2 0.90 0.42 1.93 0.791 1.45 0.91 2.33 0.120 

Peak OF =3+ 0.99 0.38 2.64 0.991 1.52 0.82 2.85 0.185 

Type of admission 

Elective surgery 1.00    1.00    

Non-elective 
surgery 0.24 0.10 0.57 0.001 1.46 0.45 4.73 0.528 

Medical 0.17 0.07 0.42 <0.001 1.47 0.45 4.78 0.523 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2 1.00    1.00    

ICU LOS =3-4  0.83 0.35 1.99 0.684 1.23 0.65 2.35 0.524 

ICU LOS = 5+  1.52 0.63 3.71 0.354 1.43 0.76 2.69 0.271 

Era of ICU admission 

1987-1990 1.00    1.00    

1991-1994 1.07 0.42 2.70 0.890 0.69 0.45 1.06 0.090 

1995-1998 1.60 0.68 3.75 0.283 0.54 0.34 0.87 0.011 

1999-2002 1.05 0.43 2.54 0.919 0.42 0.19 0.92 0.030 
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Cardiac arrest 

 

For the cardiac arrest group (n=282), the Charlson Comorbidity Index score (p=0.047) 

and era of admission (p=0.036) were associated with one-year survival and age 

(p<0.001) and the Charlson Comorbidity Index score (p=0.001) with long-term survival, 

as shown in Table I5. Cardiac arrest was associated with increased one-year survival in 

the ‘1995-1998’ era (HR=0.58, 95%CI=0.24, 1.40 in ‘1991-1994’; HR=0.12, 95% 

CI=0.03, 0.58 in ‘1995-1998’; HR=0.91, 95% CI=0.38-2.18 in ‘1999-2002’ compared 

to ‘1987-1990’) but there was no significant association with long-term survival for 

patients who survived one year after discharge from ICU. 

 

Drug overdose/poisoning 

 

Whilst no factor was significantly associated with one-year survival, age (HR 5.75, 95% 

CI 3.27, 10.11, p<0.001 for age ‘65 years or older’ compared to the youngest group ‘16-

44’ years), Charlson Comorbidity Index score (HR 2.24, 95% CI 1.38, 3.64 for scores 

‘1+’ compared to ‘0’, p=0.001) and admission APS (HR 2.25, 95% CI 1.26, 4.04 for 

scores ‘10+’ compared to APS ‘0-4’, p=0.006) were associated with long-term survival 

for patients who survived one year after discharge from hospital, as shown in Table I6. 

 

Era of admission was not associated with either one-year survival or long-term survival 

for patients who survived one year after discharge from hospital for patients with drug 

overdose/ poisoning. 
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Table I.5 Factors associated with one year survival for hospital survivors and long-term 

survival for patients who survived one year for patients admitted with cardiac arrest 

 

 One-year survival (n=282) Long-term survival (n=244) 

 HR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value HR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group (years) 

Age 16-44 1.00    1.00    

Age 45-54  1.08 0.15 7.96 0.939 2.15 0.85 5.43 0.106 

Age 55-64  3.33 0.72 15.29 0.122 3.04 1.36 6.79 0.007 

Age 65-74  5.29 1.19 23.64 0.029 3.54 1.59 7.85 0.002 

Age 75+ 2.81 0.53 14.92 0.224 8.78 3.68 20.94 <0.001 

Sex 

Female patients 1.00    1.00    

Male patients 1.26 0.61 2.60 0.538 1.47 0.95 2.28 0.084 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    

CCI =1-2 1.19 0.50 2.82 0.693 1.74 1.09 2.77 0.021 

CCI =3 + 2.58 1.15 5.77 0.021 2.79 1.63 4.78 <0.001 

Admission Acute Physiology Score (APS) 

APS <=9 1.00    1.00    

APS=10 + 1.14 0.51 2.57 0.746 1.23 0.79 1.92 0.363 

Peak number of organ failures (Peak OF) 

Peak OF =0-1 1.00    1.00    

Peak OF =2+ 1.59 0.72 3.50 0.252 0.93 0.59 1.49 0.769 

Type of admission 

Elective surgery 1.00    1.00    

Non-elective 
surgery 0.46 0.08 2.63 0.380 0.81 0.25 2.69 0.736 

Medical 0.65 0.18 2.31 0.509 1.00 0.45 2.23 0.997 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2  1.00    1.00    

ICU LOS =3-4  0.64 0.25 1.65 0.355 1.71 0.91 3.20 0.096 

ICU LOS = 5+  0.86 0.34 2.17 0.752 1.96 1.02 3.79 0.045 

Era of ICU admission 

1987-1990 1.00    1.00    

1991-1994 0.55 0.23 1.33 0.185 0.81 0.48 1.36 0.426 

1995-1998 0.12 0.03 0.57 0.007 0.85 0.47 1.53 0.583 

1999-2002 0.91 0.38 2.18 0.832 0.54 0.22 1.33 0.179 
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Table I.6  Factors associated with one year survival for hospital survivors and long-term 

survival for patients who survived one year for patients admitted with drug overdose/poisoning. 

 

 One-year survival (n=1,136) Long-term survival (1,092) 

 HR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value HR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group (years) 

Age 16-44 1.00    1.00    

Age 45-54  0.62 0.19 2.05 0.433 1.65 0.88 3.09 0.118 

Age 55-64  0.77 0.18 3.32 0.730 2.80 1.51 5.20 0.001 

Age 65+ 2.57 1.02 6.52 0.046 5.75 3.27 10.11 <0.001 

Sex 

Female patients 1.00    1.00    

Male patients 1.24 0.68 2.26 0.476 1.05 0.71 1.54 0.804 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    

CCI =1+ 1.39 0.60 3.25 0.446 2.24 1.38 3.64 0.001 

Admission Acute Physiology Score (APS) 

APS <=4 1.00    1.00    

APS=5-9 0.54 0.18 1.62 0.272 1.42 0.72 2.81 0.310 

APS=10+ 1.07 0.48 2.36 0.873 2.25 1.26 4.04 0.006 

Peak number of organ failures(Peak OF) 

Peak OF =0 1.00    1.00    

Peak OF =1-2 1.06 0.52 2.16 0.874 1.16 0.74 1.83 0.519 

Peak OF =3+ 1.28 0.35 4.63 0.710 1.69 0.73 3.89 0.218 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2  1.00    1.00    

ICU LOS =3-4  1.28 0.65 2.52 0.475 0.86 0.55 1.35 0.516 

ICU LOS = 5+  2.30 0.80 6.59 0.122 0.84 0.39 1.84 0.671 

Era of ICU admission 

1987-1990 1.00    1.00    

1991-1994 1.57 0.64 3.82 0.325 1.26 0.76 2.09 0.360 

1995-1998 1.84 0.80 4.21 0.150 1.42 0.82 2.48 0.211 

1999-2002 0.76 0.29 2.01 0.583 1.11 0.47 2.59 0.812 
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‘Other medical’ conditions 

 

Consistent with other diagnostic groups, for example, sepsis and trauma, age and 

comorbidity were most strongly associated with one year and long term survival for 

patients admitted with ‘other medical’ conditions (n=2,151), as shown in Table I7.  

 

Era of admission was not associated with one-year survival for patients admitted with 

‘other medical’ conditions but long-term survival for patients who survived one year 

after discharge from hospital increased over the study period (HR 0.63, 95%CI 0.51, 

0.77 in ‘1991-1994’; HR 0.96, 95% CI 0.74, 1.26 in ‘1995-1998’; HR 0.67, 95% CI 

0.44, 1.02 in ‘1999-2002’ compared to ‘1987-1990’). 

 

‘Other surgery’ 

 

Age and Charlson Comorbidity Index were again the most important factors associated 

with one year survival for patients discharged from hospital and long-term survival for 

patients who survived one year after admission for ‘other surgery’ (n=842), as shown in 

Table I8. Era of admission was not associated with either one-year survival or long-term 

survival for patients who survived one year after discharge from hospital for patients 

admitted after ‘other surgery’. 
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Table I.7 Factors associated with one-year survival for hospital survivors and long-term 

survival for patients who survived one-year for patients admitted with ‘other medical’ condition 

 

 One year (n=2,151) Long-term (n=1,942) 

 HR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value HR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group (years) 

Age 16-44 1.00    1.00    

Age 45-54  2.02 1.09 3.71 0.024 3.14 2.15 4.59 <0.001 

Age 55-64  2.85 1.69 4.82 <0.001 5.72 4.08 8.01 <0.001 

Age 65-74  4.11 2.47 6.83 <0.001 8.18 5.85 11.44 <0.001 

Age 75+ 5.36 3.10 9.27 <0.001 12.00 8.22 17.51 <0.001 

Sex 

Female patients 1.00    1.00    

Male patients 1.33 1.00 1.77 0.052 1.13 0.96 1.34 0.141 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    

CCI =1-2 2.02 1.44 2.83 <0.001 1.42 1.18 1.70 <0.001 

CCI =3+ 3.89 2.70 5.61 <0.001 2.72 2.12 3.48 <0.001 

Admission Acute Physiology Score (APS) 

APS <=4 1.00    1.00    

APS=5-9 1.66 1.11 2.48 0.014 1.46 1.19 1.80 <0.001 

APS=10+ 2.13 1.40 3.24 0.001 1.74 1.35 2.24 <0.001 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    

Peak OF =1-2 1.73 1.18 2.54 0.005 1.33 1.06 1.67 0.013 

Peak OF =3+ 1.20 0.71 2.04 0.490 1.08 0.77 1.51 0.649 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2  1.00    1.00    

ICU LOS =3-4  1.16 0.81 1.66 0.419 1.10 0.91 1.34 0.333 

ICU LOS = 5+  1.20 0.82 1.76 0.346 1.09 0.87 1.38 0.447 

Era of ICU admission 

1987-1990 1.00    1.00    

1991-1994 0.86 0.59 1.24 0.412 0.63 0.51 0.77 <0.001 

1995-1998 0.90 0.60 1.34 0.601 0.96 0.74 1.26 0.786 

1999-2002 0.78 0.51 1.17 0.223 0.67 0.44 1.02 0.060 
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Table I.8 Factors associated with one-year survival for hospital survivors and long-term 

survival for patients who survived one-year for patients admitted with ‘other surgery’. 

 

 One-year survival (n=842) Long-term survival (n=721) 

 HR 
Lower 
95% CI 

Upper 
95% CI ‘p’ value HR 

Lower 
95% CI 

Upper 
95% CI ‘p’ value 

Age group (years) 

Age 16-44 1.00    1.00    

Age 45-54  2.03 0.74 5.53 0.167 2.75 1.53 4.96 0.001 

Age 55-64  4.67 1.95 11.18 0.001 3.43 1.98 5.93 <0.001 

Age 65-74  4.21 1.76 10.07 0.001 4.45 2.63 7.54 <0.001 

Age 75+ 3.98 1.59 10.00 0.003 10.36 5.97 17.97 <0.001 

Sex 

Female patients 1.00    1.00    

Male patients 1.47 1.00 2.16 0.050 1.42 1.08 1.88 0.013 

Charlson comorbidity index (CCI) 

CCI=0 1.00    1.00    

CCI =1-2 2.34 1.45 3.78 <0.001 1.39 1.02 1.88 0.035 

CCI =3+ 3.46 2.11 5.67 <0.001 2.12 1.50 3.00 <0.001 

Admission Acute Physiology Score (APS) 

APS <=4 1.00    1.00    

APS=5-9 1.23 0.80 1.90 0.347 1.22 0.89 1.66 0.218 

APS=10+ 1.05 0.60 1.84 0.862 1.32 0.90 1.93 0.154 

Peak number of organ failures (Peak OF) 

Peak OF =0 1.00    1.00    

Peak OF =1-2 0.83 0.54 1.28 0.396 1.16 0.86 1.56 0.335 

Peak OF =3+ 1.27 0.62 2.61 0.514 0.65 0.34 1.24 0.190 

Type of admission 

Not elective 
surgery 1.00    1.00    

Elective surgery 0.80 0.54 1.19 0.274 1.04 0.78 1.37 0.803 

Length of stay in ICU in days (ICU LOS) 

ICU LOS =1-2  1.00    1.00    

ICU LOS =3-4  1.24 0.80 1.93 0.329 1.25 0.92 1.70 0.158 

ICU LOS = 5+  1.47 0.84 2.60 0.180 1.40 0.93 2.09 0.104 

Era of admission 

1987-1990 1.00    1.00    

1991-1994 0.80 0.46 1.38 0.422 1.16 0.83 1.63 0.391 

1995-1998 0.87 0.51 1.47 0.591 0.96 0.66 1.39 0.811 

1999-2002 0.65 0.40 1.04 0.072 0.87 0.57 1.32 0.514 

 
 
 
 
 



 381 

REFERENCES 
 
1. Department of Health Western Australia. Data Linkage WA 2008. Available 

from http://www.datalinkage-wa.org.au/ Accessed 22 Aug 2008. 
2. Bion JF. Susceptibility to critical illness: reserve, response and therapy. 

Intensive Care Med 2000; 26(Suppl 1):S057-63. 
3. Hopf HW. Molecular diagnostics of injury and repair responses in critical 

illness: what is the future of "monitoring" in the intensive care unit? Crit Care 
Med 2003; 31(8 Suppl):S518-23. 

4. Lin LH, Hopf HW. Paradigm of the injury-repair continuum during critical 
illness. Crit Care Med 2003; 31(8 Suppl):S493-5. 

5. Bennett D, Bion J. ABC of intensive care: organisation of intensive care. BMJ 
1999; 318(7196):1468-70. 

6. Audit Commission for Local Authorities & NHS in England & Wales. Critical 
to Success. The place of efficient and effective critical care services within the 
acute hospital.1999. Available from www.audit-commission.gov.uk. Accessed 1 
Jun 2005. 

7. Chelluri L, Grenvik A, Silverman M. Intensive care for critically ill elderly: 
mortality, costs, and quality of life. Review of the literature. Arch Intern Med 
1995; 155(10):1013-22. 

8. Kelley MA. Critical care medicine - a new specialty? N Engl J Med 1988; 
318(24):1613-7. 

9. Bion JF, Bennett D. Epidemiology of intensive care medicine: supply versus 
demand. Brit Med Bull 1999; 55(1):2-11. 

10. Marshall JC, Cook DJ, Christou NV, et al. Multiple organ dysfunction score: a 
reliable descriptor of a complex clinical outcome. Crit Care Med 1995; 
23(10):1638-52. 

11. Ranieri VM, Suter PM, Tortorella C, et al. Effect of mechanical ventilation on 
inflammatory mediators in patients with acute respiratory distress syndrome: a 
randomized controlled trial. JAMA 1999; 282(1):54-61. 

12. Halpern NA, Pastores SM, Thaler HT, Greenstein RJ. Changes in critical care 
beds and occupancy in the United States 1985-2000: Differences attributable to 
hospital size. Crit Care Med 2006; 34(8):2105-12. 

13. Dasta JF, McLaughlin TP, Mody SH, Piech CT. Daily cost of an intensive care 
unit day: the contribution of mechanical ventilation. Crit Care Med 2005; 
33(6):1266-71. 

14. Becker GJ, Strauch GO, Saranchak HJ. Outcome and cost of prolonged stay in 
the surgical intensive care unit. Arch Surg 1984; 119(11):1338-42. 

15. Cullen DJ, Keene R, Waternaux C, et al. Results, charges, and benefits of 
intensive care for critically ill patients: update 1983. Crit Care Med 1984; 
12(2):102-6. 

16. Loes O, Smith-Erichsen N, Lind B. Intensive care: cost and benefit. Acta 
Anaesthesiol Scand 1987; Suppl 84:3-19. 

17. Spicher JE, White DP. Outcome and function following prolonged mechanical 
ventilation. Arch Intern Med 1987; 147(3):421-5. 

18. Halpern NA, Pastores SM, Greenstein RJ. Critical care medicine in the United 
States 1985-2000: An analysis of bed numbers, use, and costs. Crit Care Med 
2004; 32(6):1254-1259. 

19. Chalfin DB, Cohen IL, Lambrinos J. The economics and cost-effectiveness of 
critical care medicine. Intensive Care Med 1995; 21(11):952-61. 

20. Knaus WA. Improving intensive care performance: complex paths to simple 
truths. Mayo Clin Proc 2005; 80(2):164-5. 



 382 

21. Edbrooke D, Hibbert C, Ridley S, et al. The development of a method for 
comparative costing of individual intensive care units. The Intensive Care 
Working Group on Costing. Anaesthesia. 1999; 54(2):110-20. 

22. Higlett T, Anderson T, Hart G. Review of intensive care resources and activity 
2001/2002. Melbourne: ANZICS, 2004. 

23. Brilli RJ, Spevetz A, Branson RD, et al. Critical care delivery in the intensive 
care unit: defining clinical roles and the best practice model. Crit Care Med 
2001; 29(10):2007-19. 

24. Angus DC, Sirio CA, Clermont G, Bion J. International comparisons of critical 
care outcome and resource consumption. Crit Care Clin 1997; 13(2):389-407. 

25. Angus DC, Shorr AF, White A, et al. Critical care delivery in the United States: 
distribution of services and compliance with Leapfrog recommendations. Crit 
Care Med 2006; 34(4):1016-24. 

26. Hanson CW, 3rd, Deutschman CS, Anderson HL, 3rd, et al. Effects of an 
organized critical care service on outcomes and resource utilization: a cohort 
study. Crit Care Med 1999; 27(2):270-4. 

27. Angus DC, Kelley MA, Schmitz RJ, et al. Caring for the critically ill patient. 
Current and projected workforce requirements for care of the critically ill and 
patients with pulmonary disease: can we meet the requirements of an aging 
population? JAMA 2000; 284(21):2762-70. 

28. Burchardi H, Moerer O. Twenty-four hour presence of physicians in the ICU. 
Crit Care 2001; 5(3):131-7. 

29. Parker A, Wyatt R, Ridley S. Intensive care services; a crisis of increasing 
expressed demand. Anaesthesia 1998; 53(2):113-20. 

30. Acute Health Division DoHS. Review of intensive care in Victoria [Phase 1 
report]. Department of Human Services 1997. 

31. Kvale R, Flaatten H. Changes in intensive care from 1987 to 1997 - has outcome 
improved? A single centre study. Intensive Care Med 2002; 28(8):1110-6. 

32. Jakob SM, Rothen HU. Intensive care 1980-1995: change in patient 
characteristics, nursing workload and outcome. Intensive Care Med 1997; 
23(11):1165-70. 

33. Ridley SA, Burchett K, Burns A, Gunning K. A comparison of hospital and 
critical-care activity. Anaesthesia. 1999; 54(6):521-8. 

34. Weissman C. Factors influencing changes in surgical intensive care unit 
utilization. Crit Care Med 2000; 28(6):1766-71. 

35. American Thoracic Society. Fair allocation of intensive care unit resources. . 
Am J Respir Crit Care Med 1997; 156(4 Pt 1):1282-1301. 

36. Lyons RA, Wareham K, Hutchings HA, et al. Population requirement for adult 
critical-care beds: a prospective quantitative and qualitative study. Lancet 2000; 
355(9204):595-8. 

37. Sinuff T, Kahnamoui K, Cook DJ, et al. Rationing critical care beds: a 
systematic review. Crit Care Med 2004; 32(7):1588-97. 

38. Simchen E, Sprung CL, Galai N, et al. Survival of critically ill patients 
hospitalized in and out of intensive care units under paucity of intensive care 
unit beds. Crit Care Med 2004; 32(8):1654-61. 

39. Metcalfe MA, Sloggett A, McPherson K. Mortality among appropriately 
referred patients refused admission to intensive-care units. Lancet 1997; 
350(9070):7-11. 

40. Joynt GM, Gomersall CD, Tan P, et al. Prospective evaluation of patients 
refused admission to an intensive care unit: triage, futility and outcome. 
Intensive Care Med 2001; 27(9):1459-65. 



 383 

41. Sprung CL, Geber D, Eidelman LA, et al. Evaluation of triage decisions for 
intensive care admission. Crit Care Med 1999; 27(6):1073-9. 

42. Vincent JL. European attitudes towards ethical problems in intensive care 
medicine: results of an ethical questionnaire. Intensive Care Med 1990; 
16(4):256-64. 

43. Zimmerman JE, Rousseau DM, Duffy J, et al. Intensive care at two teaching 
hospitals: an organizational case study. Am J Crit Care 1994; 3(2):129-38. 

44. Douglas S, Daly BJ, Rudy EB, et al. Survival experience of chronically critically 
ill patients. Nurs Res 1996; 45(2):73-7. 

45. Garrouste-Orgeas M, Montuclard L, Timsit J-F, et al. Triaging patients to the 
ICU: a pilot study of factors influencing admission decisions and patient 
outcomes. Intensive Care Med 2003; 29(5):774-81. 

46. Williams G, Clarke T. A consensus driven method to measure the required 
number of intensive care nurses in Australia. Aust Crit Care 2001; 14(3):106-15. 

47. Aiken LH, Clarke SP, Sloane DM, et al. Nurses' reports on hospital care in five 
countries. Health Aff 2001; 20(3):43-53. 

48. Aiken LH, Clarke SP, Sloane DM. Hospital staffing, organization, and quality of 
care: Cross-national findings. Nurs Outlook 2002; 50(5):187-94. 

49. Amaravadi RK, Dimick JB, Pronovost PJ, Lipsett PA. ICU nurse-to-patient ratio 
is associated with complications and resource use after esophagectomy. 
Intensive Care Med 2000; 26(12):1857-62. 

50. Hillman K, Chen J, Brown D. A clinical model for Health Services Research-the 
Medical Emergency Team. J Crit Care 2003; 18(3):195-9. 

51. Ball C, Kirkby M, Williams S. Effect of the critical care outreach team on 
patient survival to discharge from hospital and readmission to critical care: non-
randomised population based study. BMJ 2003; 327(7422):1014. 

52. Pittard AJ. Out of our reach? Assessing the impact of introducing a critical care 
outreach service. Anaesthesia 2003; 58(9):882-5. 

53. Eachempati SR, Hydo LJ, Barie PS. The effect of an intermediate care unit on 
the demographics and outcomes of a surgical intensive care unit population. 
Arch Surg 2004; 139(3):315-9. 

54. Kilpatrick A, Ridley S, Plenderleith L. A changing role for intensive therapy: is 
there a case for high dependency care? Anaesthesia. 1994; 49(8):666-70. 

55. Fox AJ, Owen-Smith O, Spiers P. The immediate impact of opening an adult 
high dependency unit on intensive care unit occupancy. Anaesthesia 1999; 
54(3):280-3. 

56. Hillman K, Chen J, Cretikos M, et al. Introduction of the medical emergency 
team (MET) system: a cluster-randomised controlled trial. Lancet 2005; 
365(9477):2091-7. 

57. Bone RC, McElwee NE, Eubanks DH, Gluck EH. Analysis of indications for 
intensive care unit admission. Clinical efficacy assessment project: American 
College of Physicians. Chest 1993; 104(6):1806-11. 

58. Carey JS, Parker JP, Robertson JM, et al. Hospital discharge to other healthcare 
facilities: impact on in-hospital mortality. J Am Coll Surg 2003; 197(5):806-12. 

59. Laupland KB, Zygun DA, Doig CJ, et al. One-year mortality of bloodstream 
infection-associated sepsis and septic shock among patients presenting to a 
regional critical care system. Intensive Care Med 2005; 31(2):213-9. 

60. Glance LG, Szalados JE. Benchmarking in critical care: the road ahead. Chest 
2002; 121(2):326-8. 

61. Teres D, Lemeshow S. When to customize a severity model. Intensive Care Med 
1999; 25(2):140-2. 



 384 

62. Angus D. Understanding the incidence and long-term outcome of ARDS. In 
Gullo A, ed. Anaesthesia, pain, intensive care and emergency medicine: 
scientific report. Berlin: Springer, 1997. pp. 289–298. 

63. Carson SS. Outcomes of prolonged mechanical ventilation. Curr Opin Crit Care 
2006; 12(5):405-11. 

64. Davidson TA, Rubenfeld GD, Caldwell ES, et al. The effect of acute respiratory 
distress syndrome on long-term survival. Am J Respir Crit Care Med 1999; 
160(6):1838-42. 

65. Angus DC, Musthafa AA, Clermont G, et al. Quality-adjusted survival in the 
first year after the acute respiratory distress syndrome. Am J Respir Crit Care 
Med 2001; 163(6):1389-94. 

66. Quartin AA, Schein RM, Kett DH, Peduzzi PN. Magnitude and duration of the 
effect of sepsis on survival. Department of Veterans Affairs Systemic Sepsis 
Cooperative Studies Group. JAMA 1997; 277(13):1058-63. 

67. Echt DS, Liebson PR, Mitchell LB, et al. Mortality and morbidity in patients 
receiving encainide, flecainide, or placebo. The Cardiac Arrhythmia Suppression 
Trial. N Engl J Med 1991; 324(12):781-8. 

68. Hebert PC, Wells G, Blajchman MA, et al. A multicenter, randomized, 
controlled clinical trial of transfusion requirements in critical care. Transfusion 
Requirements in Critical Care Investigators, Canadian Critical Care Trials 
Group.(erratum appears in N Engl J Med 1999;340(13):1056). N Engl J Med 
1999; 340(6):409-17. 

69. Wright JC, Plenderleith L, Ridley SA. Long-term survival following intensive 
care: subgroup analysis and comparison with the general population. 
Anaesthesia 2003; 58(7):637-42. 

70. Niskanen M, Kari A, Halonen P. Five-year survival after intensive care--
comparison of 12,180 patients with the general population. Finnish ICU Study 
Group. Crit Care Med 1996; 24(12):1962-7. 

71. Dragsted L. Outcome from intensive care. A five year study of 1,308 patients. 
Dan Med Bull 1991; 38(4):365-74. 

72. Eddleston J, White P, Guthrie E. Survival, morbidity and quality of life after 
discharge from intensive care. Crit Care Med 2000; 28(7):2293-2299. 

73. Keenan SP, Dodek P, Chan K, et al. Intensive care unit admission has minimal 
impact on long-term mortality. Crit Care Med 2002; 30(3):501-7. 

74. Flaatten H, Kvale R. Survival and quality of life 12 years after ICU. A 
comparison with the general Norwegian population. Intensive Care Med 2001; 
27(6):1005-11. 

75. Kerridge RK, Glasziou PP, Hillman KM. The use of "quality-adjusted life years" 
(QALYs) to evaluate treatment in intensive care. Anaesth Intensive Care 1995; 
23(3):322-31. 

76. Cheung AM, Tansey CM, Tomlinson G, et al. Two-year outcomes, health care 
use, and costs of survivors of acute respiratory distress syndrome. Am J Resp 
Crit Care Med 2006; 174(5):538-44. 

77. Hopkins RO, Herridge MS. Quality of life, emotional abnormalities, and 
cognitive dysfunction in survivors of acute lung injury/acute respiratory distress 
syndrome. Clinics in Chest Medicine 2006; 27(4):679-89; abstract x. 

78. Jackson JC, Obremskey W, Bauer R, et al. Long-term cognitive, emotional, and 
functional outcomes in trauma intensive care unit survivors without intracranial 
hemorrhage. J Trauma 2007; 62(1):80-8. 

79. Zaren B, Bergstrom R. Survival compared to the general population and changes 
in health status among intensive care patients. Acta Anaesthesiol Scand 1989; 
33(1):6-12. 



 385 

80. Le Gall JR, Brun-Buisson C, Trunet P, et al. Influence of age, previous health 
status, and severity of acute illness on outcome from intensive care. Crit Care 
Med 1982; 10(9):575-7. 

81. Apolone G. The state of research on multipurpose severity of illness scoring 
systems: are we on target? Intensive Care Med 2000; 26(12):1727-9. 

82. Angus DC, Carlet J, Brussels Roundtable P. Surviving intensive care: a report 
from the 2002 Brussels Roundtable. Intensive Care Med 2003; 29(3):368-77. 

83. Rubenfeld GD, Angus DC, Pinsky MR, et al. Outcomes research in critical care: 
results of the American Thoracic Society Critical Care Assembly Workshop on 
Outcomes Research. The Members of the Outcomes Research Workshop. Am J 
Respir Crit Care Med 1999; 160(1):358-67. 

84. Australian and New Zealand College of Anaesthetists Joint Faculty of Intensive 
Care Medicine. Australian and New Zealand College of Anaesthetists Joint 
Faculty of Intensive Care Medicine. IC-1 Minimum Standards for Intensive Care 
Units2003. Available from 
http://www.jficm.anzca.edu.au/publications/policy/ic1_2003.htm Accessed 19 
Oct 2005. 

85. Ridley S, Plenderleith L. Survival after intensive care. Comparison with a 
matched normal population as an indicator of effectiveness. Anaesthesia 1994; 
49(11):933-5. 

86. Capuzzo M, Bianconi M, Contu P, et al. Survival and quality of life after 
intensive care. Intensive Care Med 1996; 22(9):947-53. 

87. Chelluri L, Im KA, Belle SH, et al. Long-term mortality and quality of life after 
prolonged mechanical ventilation. Crit Care Med 2004; 32(1):61-9. 

88. Mayr VD, Dunser MW, Greil V, et al. Causes of death and determinants of 
outcome in critically ill patients. Crit Care 2006; 10(6):R154. 

89. Marquette CH, Saulnier F, Leroy O, et al. Long-term prognosis of near-fatal 
asthma. A 6-year follow-up study of 145 asthmatic patients who underwent 
mechanical ventilation for a near-fatal attack of asthma. Am Rev Respir Dis 
1992; 146(1):76-81. 

90. Frutiger A, Ryf C, Bilat C, et al. Five years' follow-up of severely injured ICU 
patients. J Trauma 1991; 31(9):1216-25. 

91. Guru V, Fremes SE, Austin PC, et al. Gender differences in outcomes after 
hospital discharge from coronary artery bypass grafting. Circulation 2006; 
113(4):507-16. 

92. Ingels C, Debaveye Y, Milants I, et al. Strict blood glucose control with insulin 
during intensive care after cardiac surgery: impact on 4-years survival, 
dependency on medical care, and quality-of-life. Eur Heart J 2006; 27(22):2716-
24. 

93. Silvester W, Goldsmith D, Uchino S, et al. Percutaneous versus surgical 
tracheostomy: A randomized controlled study with long-term follow-up. Crit 
Care Med 2006; 34(8):2145-52. 

94. Monaco M, Di Tommaso L, Mottola M, et al. Clinical outcome for on-pump 
myocardial revascularization in patients with mild renal dysfunction. Thorac 
Cardiovasc Surg 2005; 53(1):46-51. 

95. Kurlansky PA, Williams DB, Traad EA, et al. Arterial grafting results in 
reduced operative mortality and enhanced long-term quality of life in 
octogenarians. Ann Thorac Surg 2003; 76(2):418-26. 

96. Lilly CM, Sonna LA, Haley KJ, Massaro AF. Intensive communication: four-
year follow-up from a clinical practice study. Crit Care Med 2003; 31(5 
Suppl):S394-9. 



 386 

97. Moore WS. The Guidant Ancure bifurcation endograft: five-year follow-up. 
Semin Vasc Surg 2003; 16(2):139-43. 

98. Orme J, Jr., Romney JS, Hopkins RO, et al. Pulmonary function and health-
related quality of life in survivors of acute respiratory distress syndrome. Am J 
Respir Crit Care Med 2003; 167(5):690-4. 

99. Demaria RG, Carrier M, Fortier S, et al. Reduced mortality and strokes with off-
pump coronary artery bypass grafting surgery in octogenarians. Circulation 
2002; 106(12 Suppl 1):I5-10. 

100. Kirali K, Rabus MB, Yakut N, et al. Early- and long-term comparison of the on- 
and off-pump bypass surgery in patients with left ventricular dysfunction. Heart 
Surg Forum 2002; 5(2):177-81. 

101. Cooper AB, Ferguson ND, Hanly PJ, et al. Long-term follow-up of survivors of 
acute lung injury: lack of effect of a ventilation strategy to prevent barotrauma. 
Crit Care Med 1999; 27(12):2616-21. 

102. Aggarwal A, Ong JP, Goormastic M, et al. Survival and resource utilization in 
liver transplant recipients: the impact of admission to the intensive care unit. 
Transplant Proc 2003; 35(8):2998-3002. 

103. Williams M, Casher J, Joshi N, et al. Insertion of a left ventricular assist device 
in patients without thorough transplant evaluations: a worthwhile risk? J Thorac 
Cardiovasc Surg 2003; 126(2):436-41. 

104. Guru V, Fremes SE, Tu JV. Time-related mortality for women after coronary 
artery bypass graft surgery: a population-based study. J Thorac Cardiovasc Surg 
2004; 127(4):1158-65. 

105. Ridley S, Jackson R, Findlay J, Wallace P. Long term survival after intensive 
care. BMJ. 1990; 301(6761):1127-30. 

106. Dragsted L, Qvist J. Outcome from intensive care. III. A 5-year study of 1308 
patients: activity levels. Eur J Anaesth 1989; 6(5):385-96. 

107. Dragsted L, Qvist J. Outcome from intensive care. I. A 5-year study of 1308 
patients: methodology and patient population. Eur J Anaesth 1989; 6(1):23-37. 

108. Dragsted L, Qvist J. Outcome from intensive care.V: A 5-year study of 1308 
patients. Causes of death. Eur J Anaesth 1990; 7:159-168. 

109. Dragsted L, Qvist J, Madsen M. Outcome from intensive care. II. A 5-year study 
of 1308 patients: short-term outcome. Eur J Anaesth 1989; 6(2):131-44. 

110. Dragsted L, Qvist J, Madsen M. Outcome from intensive care. IV. A 5-year 
study of 1308 patients. Long-term outcome. Eur J Anaesth 1990; 7:51-62. 

111. Laupland K, Kirkpatrick A, Kortbeek J, Zuege D. Long-term Mortality Outcome 
Associated With Prolonged Admission to the ICU. Chest 2006; 129(4):954. 

112. Flaatten H, Kvale R. Cost of intensive care in a Norwegian University hospital 
1997-1999. Crit Care 2003; 7(1):72-8. 

113. Lam S, Ridley S. Critically ill medical patients, their demographics and 
outcome. Anaesthesia. 1999; 54(9):845-52. 

114. Fildissis G, Zidianakis V, Tsigou E, et al. Quality of life outcome of critical care 
survivors eighteen months after discharge from intensive care. Croat Med J 
2007; 48(6):814-21. 

115. Graf J, Wagner J, Graf C, et al. Five-year survival, quality of life, and individual 
costs of 303 consecutive medical intensive care patients--a cost-utility analysis. 
Crit Care Med 2005; 33(3):547-55. 

116. Garcia Lizana F, Peres Bota D, De Cubber M, Vincent JL. Long-term outcome 
in ICU patients: what about quality of life? Intensive Care Med 2003; 
29(8):1286-93. 

117. Kaarlola A, Pettila V, Kekki P. Quality of life six years after intensive care. 
Intensive Care Med 2003; 29(8):1294-9. 



 387 

118. Pettila V, Kaarlola A, Makelainen A. Health-related quality of life of multiple 
organ dysfunction patients one year after intensive care. Intensive Care Med 
2000; 26(10):1473-9. 

119. Vazquez Mata G, Rivera Fernandez R, Gonzalez Carmona A, et al. Factors 
related to quality of life 12 months after discharge from an intensive care unit. 
Crit Care Med 1992; 20(9):1257-62. 

120. Havill JH, Walker L, Sceats JE. Three hundred admissions to the Waikato 
Hospital intensive therapy unit--survival, costs, and quality of life after two 
years. NZ Med J 1989; 102(866):179-81. 

121. Zimmerman JE, Knaus WA, Judson JA, et al. Patient selection for intensive 
care: a comparison of New Zealand and United States hospitals. Crit Care Med 
1988; 16(4):318-26. 

122. Jacobs CJ, van der Vliet JA, van Roozendaal MT, van der Linden CJ. Mortality 
and quality of life after intensive care for critical illness. Intensive Care Med 
1988; 14(3):217-20. 

123. Thoner J. Outcome and costs of intensive care. A follow-up study on patients 
requiring prolonged mechanical ventilation. Acta Anaesthesiol Scand 1987; 
31(8):693-8. 

124. Sage WM, Rosenthal MH, Silverman JF. Is intensive care worth it? An 
assessment of input and outcome for the critically ill. Crit Care Med 1986; 
14(9):777-82. 

125. Bams J, Miranda D. Outcome and costs of intensive care. A follow-up study on 
238 ICU-patients. Intensive Care Med 1985; 11(5):234-241. 

126. Potgieter PD, Rosenthal E, Benatar SR. Immediate and long-term survival in 
patients admitted to a respiratory ICU. Crit Care Med 1985; 13(10):798-802. 

127. Benzer H, Mutz N, Pauser G. Psychosocial sequelae of intensive care. Int 
Anesthesiol Clin 1983; 21(2):169-80. 

128. Pauser G, Benzer H, Bunzel B, et al. Intensive medicine--and what follows? 
Psychosocial follow-up study of former intensive care patients. Anaesthesist 
1984; 33(4):189-95. 

129. Parno JR, Teres D, Lemeshow S, Brown RB. Hospital charges and long-term 
survival of ICU versus non-ICU patients. Crit Care Med 1982; 10(9):569-74. 

130. Parno JR, Teres D, Lemeshow S, et al. Two-year outcome of adult intensive care 
patients. Med Care 1984; 22(2):167-76. 

131. Schmidt CD, Elliott CG, Carmelli D, et al. Prolonged mechanical ventilation for 
respiratory failure: a cost-benefit analysis. Crit Care Med 1983; 11(6):407-11. 

132. Fedullo AJ, Swinburne AJ. Relationship of patient age to cost and survival in a 
medical ICU. Crit Care Med 1983; 11(3):155-9. 

133. Jacobson S, Laws A, Rosenthal M. Quality of well being after intensive care 
unit hospitalization [Abstract]. Anesthesiology 1982; 57(3):A144. 

134. Davis H, 2nd, Lefrak SS, Miller D, Malt S. Prolonged mechanically assisted 
ventilation. An analysis of outcome and charges. JAMA 1980; 243(1):43-5. 

135. Nunn JF, Milledge JS, Singaraya J. Survival of patients ventilated in an 
intensive therapy unit. BMJ 1979; 1(6177):1525-7. 

136. Detsky AS, Stricker SC, Mulley AG, Thibault GE. Prognosis, survival, and the 
expenditure of hospital resources for patients in an intensive-care unit. N Engl J 
Med 1981; 305(12):667-72. 

137. Thibault GE, Mulley AG, Barnett GO, et al. Medical intensive care: indications, 
interventions, and outcomes. N Engl J Med 1980; 302(17):938-42. 

138. Haraldsen P, Andersson R. Quality of life, morbidity, and mortality after 
surgical intensive care: a follow-up study of patients treated for abdominal 
sepsis in the surgical intensive care unit. Eur J Surg 2002; 168:23-7. 



 388 

139. Soran A, Chelluri L, Lee KK, Tisherman SA. Outcome and quality of life of 
patients with acute pancreatitis requiring intensive care. J Surg Res 2000; 
91(1):89-94. 

140. Kriwanek S, Armbruster C, Dittrich K, et al. Long-term outcome after open 
treatment of severe intra-abdominal infection and pancreatic necrosis. Arch Surg 
1998; 133(2):140-4. 

141. Goris RJ, te Boekhorst TP, Nuytinck JK, Gimbrere JS. Multiple-organ failure. 
Generalized autodestructive inflammation? Arch Surg 1985; 120(10):1109-15. 

142. McLauchlan GJ, Anderson ID, Grant IS, Fearon KC. Outcome of patients with 
abdominal sepsis treated in an intensive care unit. Br J Surg 1995; 82(4):524-9. 

143. Deja M, Denke C, Weber-Carstens S, et al. Social support during intensive care 
unit stay might improve mental impairment and consequently health-related 
quality of life in survivors of severe acute respiratory distress syndrome. Crit 
Care 2006; 10(5):R147. 

144. Rothenhausler HB, Ehrentraut S, Stoll C, et al. The relationship between 
cognitive performance and employment and health status in long-term survivors 
of the acute respiratory distress syndrome: Results of an exploratory study. Gen 
Hosp Psychiatry 2001; 23(2):90-96. 

145. Valta P, Uusaro A, Nunes S, et al. Acute respiratory distress syndrome: 
frequency, clinical course, and costs of care. Crit Care Med 1999; 27(11):2367-
74. 

146. Schelling G, Stoll C, Haller M, et al. Health-related quality of life and 
posttraumatic stress disorder in survivors of the acute respiratory distress 
syndrome. Crit Care Med 1998; 26(4):651-9. 

147. Halevy A, Sirik Z, Adam Y, Lewinsohn G. Long-term evaluation of patients 
following the adult respiratory distress syndrome. Respir Care 1984; 29:132-7. 

148. Grace RF, Gosley M, Smith P. Mortality and outcomes of elderly patients 
admitted to the intensive care unit at Cairns Base Hospital, Australia. Crit Care 
Resusc 2007; 9(4):334-7. 

149. Merlani P, Chenaud C, Mariotti N, Ricou B. Long-term outcome of elderly 
patients requiring intensive care admission for abdominal pathologies: survival 
and quality of life. Acta Anaesthesiol Scand 2007; 51(5):530-7. 

150. de Rooij S, Govers A, Korevaar J, et al. Short-term and long-term mortality in 
very elderly patients admitted to an intensive care unit. Intensive Care Med 
2006; 32:1039-44. 

151. Kaarlola A, Tallgren M, Pettila V. Long-term survival, quality of life, and 
quality-adjusted life-years among critically ill elderly patients. Crit Care Med 
2006; 34(8):2120-6. 

152. Boumendil A, Maury E, Reinhard I, et al. Prognosis of patients aged 80 years 
and over admitted in medical intensive care unit. Intensive Care Med 2004; 
30(4):647-54. 

153. Montuclard L, Garrouste-Orgeas M, Timsit JF, et al. Outcome, functional 
autonomy, and quality of life of elderly patients with a long-term intensive care 
unit stay. Crit Care Med 2000; 28(10):3389-95. 

154. Benhamou D, Muir JF, Melen B. Mechanical ventilation in elderly patients. 
Monaldi Arch Chest Dis 1998; 53(5):547-51. 

155. Dardaine V, Constans T, Lasfargues G, et al. Outcome of elderly patients 
requiring ventilatory support in intensive care. Aging (Milano) 1995; 7(4):221-7. 

156. Cohen IL, Lambrinos J, Fein IA. Mechanical ventilation for the elderly patient 
in intensive care. Incremental changes and benefits. JAMA 1993; 269(8):1025-
9. 



 389 

157. Chelluri L, Pinsky MR, Grenvik AN. Outcome of intensive care of the "oldest-
old" critically ill patients. Crit Care Med 1992; 20(6):757-61. 

158. McLean RF, McIntosh JD, Kung GY, et al. Outcome of respiratory intensive 
care for the elderly. Crit Care Med 1985; 13(8):625-9. 

159. Grenrot C, Norberg KA, Hakansson S. Intensive care of the elderly - a 
retrospective study. Acta Anaesthesiol Scand 1986; 30(8):703-8. 

160. Vang J, Karlsson P, Hakansson S. Intensive care for the aged in a Swedish 
community hospital. A cost-effectiveness analysis. Int J Technol Assess Health 
Care 1985; 1(4):893-900. 

161. Campion EW, Mulley AG, Goldstein RL, et al. Medical intensive care for the 
elderly. A study of current use, costs, and outcomes. JAMA 1981; 
246(18):2052-6. 

162. Tan WC, Lim KP, Ng TP, et al. Long-term outcome and disease control in near-
fatal asthma. Ann Acad Med Singapore 1999; 28(3):384-8. 

163. Wasserfallen JB, Leuenberger P, Schaller MD, Perret C. Extreme hypercapnia is 
not a long-term prognostic factor after near-fatal asthma: a 12-year follow-up 
study. Schweiz Med Wochenschr 1998; 128(9):323-30. 

164. Juniper EF, Guyatt GH, Epstein RS, et al. Evaluation of impairment of health 
related quality of life in asthma: development of a questionnaire for use in 
clinical trials. Thorax 1992; 47(2):76-83. 

165. Graf J, Mühlhoff C, Doig G, et al. Health care costs, long-term survival, and 
quality of life following intensive care unit admission after cardiac arrest. Crit 
Care 2008; 12:R92. 

166. Yi H-J, Kim Y-S, Ko Y, et al. Factors associated with survival and neurological 
outcome after cardiopulmonary resuscitation of neurosurgical intensive care unit 
patients. Neurosurgery 2006; 59(4):838-45. 

167. Di Bari M, Chiarlone M, Fumagalli S, et al. Cardiopulmonary resuscitation of 
older, inhospital patients: immediate efficacy and long-term outcome. Crit Care 
Med 2000; 28(7):2320-5. 

168. Dhar A, Ostryzniuk T, Roberts DE, Bell DD. Intensive care unit admission 
following successful cardiopulmonary resuscitation: resource utilization, 
functional status and long-term survival. Resuscitation 1996; 31(3):235-42. 

169. Karetzky M, Zubair M, Parikh J. Cardiopulmonary resuscitation in intensive 
care unit and non-intensive care unit patients. Immediate and long-term survival. 
Arch Intern Med 1995; 155(12):1277-80. 

170. Berger R, Kelley M. Survival after in-hospital cardiopulmonary arrest of 
noncritically ill patients. A prospective study. Chest 1994; 106(3):872-9. 

171. Berkius J, Nolin T, Mardh C, et al. Characteristics and long-term outcome of 
acute exacerbations in chronic obstructive pulmonary disease: An analysis of 
cases in the Swedish Intensive Care Registry during 2002-2006. Acta 
Anaesthesiol Scand 2008; 52(6):759-65. 

172. Rivera-Fernandez R, Navarrete-Navarro P, Fernandez-Mondejar E, et al. Six-
year mortality and quality of life in critically ill patients with chronic obstructive 
pulmonary disease. Crit Care Med 2006; 34(9):2317-24. 

173. Ai-Ping C, Lee KH, Lim TK. In-hospital and 5-year mortality of patients treated 
in the ICU for acute exacerbation of COPD: a retrospective study. Chest 2005; 
128(2):518-24. 

174. Breen D, Churches T, Hawker F, Torzillo PJ. Acute respiratory failure 
secondary to chronic obstructive pulmonary disease treated in the intensive care 
unit: a long term follow up study. Thorax 2002; 57(1):29-33. 

175. Anon JM, Garcia de Lorenzo A, Zarazaga A, et al. Mechanical ventilation of 
patients on long-term oxygen therapy with acute exacerbations of chronic 



 390 

obstructive pulmonary disease: prognosis and cost-utility analysis. Intensive 
Care Med 1999; 25(5):452-7. 

176. Hill AT, Hopkinson RB, Stableforth DE. Ventilation in a Birmingham intensive 
care unit 1993-1995: outcome for patients with chronic obstructive pulmonary 
disease. Respir Med 1998; 92(2):156-61. 

177. Kaelin RM, Assimacopoulos A, Chevrolet JC. Failure to predict six-month 
survival of patients with COPD requiring mechanical ventilation by analysis of 
simple indices. A prospective study. Chest 1987; 92(6):971-8. 

178. Casalino E, Wolff M, Ravaud P, et al. Impact of HAART advent on admission 
patterns and survival in HIV-infected patients admitted to an intensive care unit. 
AIDS 2004; 18(10):1429-33. 

179. Nickas G, Wachter RM. Outcomes of intensive care for patients with human 
immunodeficiency virus infection. Arch Intern Med 2000; 160(4):541-7. 

180. Forrest DM, Zala C, Djurdjev O, et al. Determinants of short- and long-term 
outcome in patients with respiratory failure caused by AIDS-related 
Pneumocystis carinii pneumonia. Arch Intern Med 1999; 159(7):741-7. 

181. Casalino E, Mendoza-Sassi G, Wolff M, et al. Predictors of short- and long-term 
survival in HIV-infected patients admitted to the ICU. Chest 1998; 113(2):421-
9. 

182. Franklin C, Friedman Y, Wong T, Hu TC. Improving long-term prognosis for 
survivors of mechanical ventilation in patients with AIDS with PCP and acute 
respiratory failure. Five-year follow-up of intensive care unit discharges. Arch 
Intern Med 1995; 155(1):91-5. 

183. Quinnell TG, Pilsworth S, Shneerson JM, Smith IE. Prolonged invasive 
ventilation following acute ventilatory failure in COPD: weaning results, 
survival, and the role of noninvasive ventilation. Chest 2006; 129(1):133-9. 

184. Stoller JK, Xu M, Mascha E, Rice R. Long-term outcomes for patients 
discharged from a long-term hospital-based weaning unit. Chest 2003; 
124(5):1892-9. 

185. Schonhofer B, Euteneuer S, Nava S, et al. Survival of mechanically ventilated 
patients admitted to a specialised weaning centre. Intensive Care Med 2002; 
28(7):908-16. 

186. Euteneuer S, Windisch W, Suchi S, et al. Health-related quality of life in 
patients with chronic respiratory failure after long-term mechanical ventilation. 
Respir Med 2006; 100(3):477-86. 

187. Nasraway SA, Button GJ, Rand WM, et al. Survivors of catastrophic illness: 
outcome after direct transfer from intensive care to extended care facilities. Crit 
Care Med 2000; 28(1):19-25. 

188. Cook CH, Martin LC, Howard B, Flancbaum LJ. Survival of critically ill 
surgical patients discharged to extended care facilities. J Am Coll Surg 1999; 
189(5):437-41. 

189. Gracey DR, Hardy DC, Naessens JM, et al. The Mayo Ventilator-Dependent 
Rehabilitation Unit: a 5-year experience. Mayo Clinic Proc 1997; 72(1):13-9. 

190. Soares M, Salluh JIF, Torres VBL, et al. Short- and Long-term Outcomes of 
Critically Ill Patients With Cancer and Prolonged ICU Length of Stay. Chest 
2008; 134(3):520-526. 

191. Piccirillo J, Costa I, Claybour P, et al. The measurement of comorbidity by 
cancer registries. J Reg Manag 2003; 30:8-14. 

192. Cherif H, Martling C-R, Hansen J, et al. Predictors of short and long-term 
outcome in patients with hematological disorders admitted to the intensive care 
unit for a life-threatening complication. Support Care Cancer 2007; 
15(12):1393-8. 



 391 

193. Cense HA, Hulscher JBF, de Boer AGEM, et al. Effects of prolonged intensive 
care unit stay on quality of life and long-term survival after transthoracic 
esophageal resection. Crit Care Med 2006; 34(2):354-62. 

194. Cornet AD, Issa AI, van de Loosdrecht AA, et al. Sequential organ failure 
predicts mortality of patients with a haematological malignancy needing 
intensive care. Eur J Haematol 2005; 74(6):511-6. 

195. Jackson SR, Tweeddale MG, Barnett MJ, et al. Admission of bone marrow 
transplant recipients to the intensive care unit: outcome, survival and prognostic 
factors. Bone Marrow Transplant 1998; 21(7):697-704. 

196. Hollmig KA, Soehngen D, Leschke M, et al. Long-term survival of recipients of 
allogeneic bone-marrow transplantation after mechanical ventilation. Eur J Med 
Res 1997; 2(2):62-6. 

197. Yau E, Rohatiner AZ, Lister TA, Hinds CJ. Long term prognosis and quality of 
life following intensive care for life-threatening complications of haematological 
malignancy. Br J Cancer 1991; 64(5):938-42. 

198. Hartl WH, Wolf H, Schneider CP, et al. Acute and long-term survival in 
chronically critically ill surgical patients: a retrospective observational study. 
Crit Care 2007; 11(3):R55. 

199. Delle Karth G, Meyer B, Bauer S, et al. Outcome and functional capacity after 
prolonged intensive care unit stay. Wien Klin Wochenschr 2006; 118(13-
14):390-6. 

200. O'Brien BP, Butt W, Suhr H, et al. The functional outcome of patients requiring 
over 28 days of intensive care: a long-term follow-up study. Crit Care Resusc 
2006; 8(3):200-4. 

201. Richter JC, Waydhas C, Pajonk F-G. Incidence of posttraumatic stress disorder 
after prolonged surgical intensive care unit treatment. Psychosomatics 2006; 
47(3):223-30. 

202. Pilcher DV, Bailey MJ, Treacher DF, et al. Outcomes, cost and long term 
survival of patients referred to a regional weaning centre. Thorax 2005; 
60(3):187-92. 

203. Venker J, Miedema M, Strack van Schijndel RJ, et al. Long-term outcome after 
60 days of intensive care. Anaesthesia 2005; 60(6):541-6. 

204. Fletcher SN, Kennedy DD, Ghosh IR, et al. Persistent neuromuscular and 
neurophysiologic abnormalities in long-term survivors of prolonged critical 
illness. Crit Care Med 2003; 31(4):1012-6. 

205. Fakhry SM, Kercher KW, Rutledge R. Survival, quality of life, and charges in 
critically III surgical patients requiring prolonged ICU stays. J Trauma 1996; 
41(6):999-1007. 

206. Gracey DR, Naessens JM, Krishan I, Marsh HM. Hospital and posthospital 
survival in patients mechanically ventilated for more than 29 days. Chest 1992; 
101(1):211-4. 

207. Elpern EH, Larson R, Douglass P, et al. Long-term outcomes for elderly 
survivors of prolonged ventilator assistance. Chest 1989; 96(5):1120-4. 

208. Madoff RD, Sharpe SM, Fath JJ, et al. Prolonged surgical intensive care. A 
useful allocation of medical resources. Arch Surg 1985; 120(6):698-702. 

209. Knaus WA, Draper EA, Wagner DP, et al. Evaluating outcome from intensive 
care: a preliminary multihospital comparison. Crit Care Med 1982; 10(8):491-6. 

210. Bell MM, Granath FP, Schon SM, et al. End-stage renal disease patients on renal 
replacement therapy in the intensive care unit: Short- and long-term outcome. 
Crit Care Med 2008; 36(10):2773-8. 



 392 

211. Liano F, Felipe C, Tenorio MT, et al. Long-term outcome of acute tubular 
necrosis: A contribution to its natural history. Kidney International 2007; 
71(7):Apr 2007. 

212. Noble JSC, Simpson K, Allison MEM. Long-term quality of life and hospital 
mortality in patients treated with intermittent or continuous hemodialysis for 
acute renal and respiratory failure. Ren Fail 2006; 28(4):323-30. 

213. Morgera S, Kraft A, Siebert G, et al. Long-term outcomes in acute renal failure 
patients treated with continuous renal replacement therapies. Am J Kidney Dis 
2002; 40(2):275-9. 

214. Akposso K, Hertig A, Couprie R, et al. Acute renal failure in patients over 80 
years old: 25-years' experience. Intensive Care Med 2000; 26(4):400-6. 

215. Korkeila M, Ruokonen E, Takala J. Costs of care, long-term prognosis and 
quality of life in patients requiring renal replacement therapy during intensive 
care. Intensive Care Med 2000; 26(12):1824-31. 

216. Gopal I, Bhonagiri S, Ronco C, Bellomo R. Out of hospital outcome and quality 
of life in survivors of combined acute multiple organ and renal failure treated 
with continuous venovenous hemofiltration/hemodiafiltration. Intensive Care 
Med 1997; 23(7):766-72. 

217. Tran DD, Groeneveld AB, van der Meulen J, et al. Age, chronic disease, sepsis, 
organ system failure, and mortality in a medical intensive care unit. Crit Care 
Med 1990; 18(5):474-9. 

218. Ylipalosaari P, Ala-Kokko T, Laurila J, et al. Intensive care unit acquired 
infection has no impact on long-term survival or quality of life: A prospective 
cohort study. Crit Care 2007; 11:R35. 

219. Ranes JL, Gordon SM, Chen P, et al. Predictors of long-term mortality in 
patients with ventilator-associated pneumonia. Am J Med 2006; 
119(10):897.e13-9. 

220. Korosec Jagodic H, Jagodic K, Podbregar M. Long-term outcome and quality of 
life of patients treated in surgical intensive care: a comparison between sepsis 
and trauma. Crit Care 2006; 10(5):R134. 

221. Heyland DK, Hopman W, Coo H, et al. Long-term health-related quality of life 
in survivors of sepsis. Short Form 36: a valid and reliable measure of health-
related quality of life. Crit Care Med 2000; 28(11):3599-605. 

222. Ortqvist A. Prognosis in community-acquired pneumonia requiring treatment in 
hospital. Importance of predisposing and complicating factors, and of diagnostic 
procedures. Scand J Infec Dis Suppl 1990; 65:1-62. 

223. Broessner G, Helbok R, Lackner P, et al. Survival and long-term functional 
outcome in 1,155 consecutive neurocritical care patients. Crit Care Med 2007; 
35(9):2025-30. 

224. Schielke E, Busch MA, Hildenhagen T, et al. Functional, cognitive and 
emotional long-term outcome of patients with ischemic stroke requiring 
mechanical ventilation. J Neurol 2005; 252(6):648-54. 

225. Foerch C, Lang JM, Krause J, et al. Functional impairment, disability, and 
quality of life outcome after decompressive hemicraniectomy in malignant 
middle cerebral artery infarction. J Neurosurg 2004; 101(2):248-54. 

226. Foerch C, Kessler KR, Steckel DA, et al. Survival and quality of life outcome 
after mechanical ventilation in elderly stroke patients. J Neurol Neurosurg 
Psychiatry 2004; 75(7):988-93. 

227. Hilker R, Poetter C, Findeisen N, et al. Nosocomial pneumonia after acute 
stroke: implications for neurological intensive care medicine. Stroke 2003; 
34(4):975-81. 



 393 

228. Roch A, Michelet P, Jullien AC, et al. Long-term outcome in intensive care unit 
survivors after mechanical ventilation for intracerebral hemorrhage. Crit Care 
Med 2003; 31(11):2651-6. 

229. Ronkainen A, Niskanen M, Rinne J, et al. Evidence for excess long-term 
mortality after treated subarachnoid hemorrhage. Stroke 2001; 32(12):2850-3. 

230. Ulvik A, Kvale R, Wentzel-Larsen T, Flaatten H. Multiple organ failure after 
trauma affects even long-term survival and functional status. Crit Care 2007; 
11(5):R95. 

231. Ulvik A, Wentzel-Larsen T, Flaatten H. Trauma patients in the intensive care 
unit: short- and long-term survival and predictors of 30-day mortality. Acta 
Anaesthesiol Scand 2006; 51:171-7. 

232. Kazakos KJ, Verettas DJ, Tilkeridis K, et al. External fixation of femoral 
fractures in multiply injured intensive care unit patients. Acta Orthop Belg 2006; 
72(1):39-43. 

233. Sutton E, Bochicchio GV, Bochicchio K, et al. Long term impact of damage 
control surgery: a preliminary prospective study. J Trauma 2006; 61(4):831-4. 

234. Avidan V, Hersch M, Armon Y, et al. Blast lung injury: clinical manifestations, 
treatment, and outcome. Am J Surg 2005; 190(6):927-31. 

235. Pajonk FG, Ruchholtz S, Waydhas C, Schneider-Axmann T. Long-term follow-
up after severe suicide attempt by multiple blunt trauma. Eur Psychiatry 2005; 
20(2):115-20. 

236. Grotz M, Hohensee A, Remmers D, et al. Rehabilitation results of patients with 
multiple injuries and multiple organ failure and long-term intensive care. J 
Trauma 1997; 42(5):919-26. 

237. Combes P, Fauvage B, Colonna M, et al. Severe head injuries: an outcome 
prediction and survival analysis. Intensive Care Med 1996; 22(12):1391-5. 

238. Vazquez Mata G, Rivera Fernandez R, Perez Aragon A, et al. Analysis of 
quality of life in polytraumatized patients two years after discharge from an 
intensive care unit. J Trauma 1996; 41(2):326-32. 

239. Thiagarajan J, Taylor P, Hogbin E, Ridley S. Quality of life after multiple 
trauma requiring intensive care. Anaesthesia. 1994; 49(3):211-8. 

240. Fearnside MR, Cook RJ, McDougall P, Lewis WA. The Westmead Head Injury 
Project. Physical and social outcomes following severe head injury. Br J 
Neurosurg 1993; 7(6):643-50. 

241. Kivioja AH, Myllynen PJ, Rokkanen PU. Is the treatment of the most severe 
multiply injured patients worth the effort? A follow-up examination 5 to 20 
years after severe multiple injury. J Trauma 1990; 30(4):480-3. 

242. Kaukinen L, Pasanen M, Kaukinen S. Outcome and risk factors in severely 
traumatised patients. Ann Chir Gynaecol 1984; 73(5):261-7. 

243. Estrera AL, Miller CC, 3rd, Safi HJ, et al. Outcomes of medical management of 
acute type B aortic dissection. Circulation 2006; 114(1 Suppl):I384-9. 

244. Landesberg G, Mosseri M, Wolf YG, et al. Preoperative thallium scanning, 
selective coronary revascularization, and long-term survival after major vascular 
surgery. Circulation 2003; 108(2):177-83. 

245. Williamson WK, Nicoloff AD, Taylor LM, Jr., et al. Functional outcome after 
open repair of abdominal aortic aneurysm. J Vasc Surg 2001; 33(5):913-20. 

246. Milner QJ, Burchett KR. Long-term survival following emergency abdominal 
aortic aneurysm repair. Anaesthesia 2000; 55(5):432-5. 

247. Okita Y, Ando M, Minatoya K, et al. Early and long-term results of surgery for 
aneurysms of the thoracic aorta in septuagenarians and octogenarians. Eur J 
Cardio Thorac Surg 1999; 16(3):317-23. 



 394 

248. Hennessy A, Barry MC, McGee H, et al. Quality of life following repair of 
ruptured and elective abdominal aortic aneurysms. Eur J Surg 1998; 164(9):673-
7. 

249. Gefke K, Schroeder TV, Thisted B, et al. Abdominal aortic aneurysm surgery: 
survival and quality of life in patients requiring prolonged postoperative 
intensive therapy. Ann Vasc Surg 1994; 8(2):137-43. 

250. Conlon N, O'Brien B, Herbison GP, Marsh B. Long-term functional outcome 
and performance status after intensive care unit re-admission: a prospective 
survey. B J Anaesth 2008; 100(2):219-23. 

251. Dhar R, Stitt L, Hahn AF. The morbidity and outcome of patients with Guillain-
Barre syndrome admitted to the intensive care unit. Journal of the Neurological 
Sciences 2008; 264(1-2):121-8. 

252. Alzeer AH, Masood M, Basha SJ, Shaik SA. Survival of bronchiectatic patients 
with respiratory failure in ICU, BMC Pulm Med 2007. Available from 
http://www.biomedcentral.com/1471-2466/7/17 Accessed 5 Sep 2008. 

253. Goodman S, Shirov T, Weissman C. Supraventricular arrhythmias in intensive 
care unit patients: Short and long-term consequences. Anesth Analg 2007; 
104(4):880-886. 

254. Song S-W, Lee H-S, Kim J-H, et al. Readmission to Intensive Care Unit After 
Initial Recovery From Major Thoracic Oncology Surgery. Ann Thorac Surg 
2007; 84(6):1838-46. 

255. Landesberg G, Vesselov Y, Einav S, et al. Myocardial ischemia, cardiac 
troponin, and long-term survival of high-cardiac risk critically ill intensive care 
unit patients. Crit Care Med 2005; 33(6):1281-7. 

256. Garland A, Dawson NV, Altmann I, et al. Outcomes up to 5 years after severe, 
acute respiratory failure. Chest 2004; 126(6):1897-904. 

257. Gildea TR, Cook WC, Nelson DR, et al. Predictors of long-term mortality in 
patients with cirrhosis of the liver admitted to a medical ICU. Chest 2004; 
126(5):1598-603. 

258. Aggarwal A, Ong JP, Younossi ZM, et al. Predictors of mortality and resource 
utilization in cirrhotic patients admitted to the medical ICU. Chest 2001; 
119(5):1489-97. 

259. Gopalswamy N, Malhotra V, Reddy N, et al. Long-term mortality of patients 
admitted to the intensive care unit for gastrointestinal bleeding. Southern Med J 
2004; 97(10):955-8. 

260. Engoren M, Arslanian-Engoren C, Fenn-Buderer N. Hospital and long-term 
outcome after tracheostomy for respiratory failure. Chest 2004; 125(1):220-7. 

261. Cruz BA, Ramanoelina J, Mahr A, et al. Prognosis and outcome of 26 patients 
with systemic necrotizing vasculitis admitted to the intensive care unit. 
Rheumatology 2003; 42(10):1183-8. 

262. Adnet F, Le Toumelin P, Leberre A, et al. In-hospital and long-term prognosis 
of elderly patients requiring endotracheal intubation for life-threatening 
presentation of cardiogenic pulmonary edema. Crit Care Med 2001; 29(4):891-5. 

263. Fagon JY, Chastre J, Novara A, et al. Characterization of intensive care unit 
patients using a model based on the presence or absence of organ dysfunctions 
and/or infection: the ODIN model. Intensive Care Med 1993; 19(3):137-44. 

264. Montaner JS, Hawley PH, Ronco JJ, et al. Multisystem organ failure predicts 
mortality of ICU patients with acute respiratory failure secondary to AIDS-
related PCP. Chest 1992; 102(6):1823-8. 

265. Baker SP, O'Neill B, Haddon W, Jr., Long WB. The injury severity score: a 
method for describing patients with multiple injuries and evaluating emergency 
care. J Trauma 1974; 14(3):187-96. 



 395 

266. Cullen DJ, Civetta JM, Briggs BA, Ferrara LC. Therapeutic intervention scoring 
system: a method for quantitative comparison of patient care. Crit Care Med 
1974; 2(2):57-60. 

267. Hunt SM, McEwen J, McKenna SP. Perceived health: age and sex comparisons 
in a community. J Epidemiol Comm Health 1984; 38(2):156-60. 

268. Reis Miranda D, Moreno R, Iapichino G. Nine equivalents of nursing manpower 
use score (NEMS). Intensive Care Med 1997; 23(7):760-5. 

269. Anonymous. EuroQol--a new facility for the measurement of health-related 
quality of life. The EuroQol Group. Health Policy 1990; 16(3):199-208. 

270. Katz S, Ford A, Moskowitz R. Studies of illness in the aged. The index of ADL: 
A standardized measure of biological and psychosocial function. JAMA 1963; 
185:914-919. 

271. Rosser R, Watts V. The measurement of hospital output. Int J Epidemiol 1972; 
1:361-8. 

272. Bergner M, Bobbitt RA, Carter WB, Gilson BS. The Sickness Impact Profile: 
development and final revision of a health status measure. Med Care 1981; 
19(8):787-805. 

273. Kaplan RM, Atkins CJ, Timms R. Validity of a quality of well-being scale as an 
outcome measure in chronic obstructive pulmonary disease. J Chronic Dis 1984; 
37(2):85-95. 

274. Stoll C, Kapfhammer HP, Rothenhausler HB, et al. Sensitivity and specificity of 
a screening test to document traumatic experiences and to diagnose post-
traumatic stress disorder in ARDS patients after intensive care treatment. 
Intensive Care Med 1999; 25(7):697-704. 

275. Derogatis LR, Lipman RS, Covi L. SCL-90: an outpatient psychiatric rating 
scale--preliminary report. Psychopharmacol Bull 1973; 9(1):13-28. 

276. Overall JE, Schaltenbrand R. The SKT neuropsychological test battery. J Geriatr 
Psychiatry Neurol 1992; 5(4):220-7. 

277. Knaus WA, Zimmerman JE, Wagner DP, et al. APACHE-acute physiology and 
chronic health evaluation: a physiologically based classification system. Crit 
Care Med 1981; 9(8):591-7. 

278. Williams AW, Ware JJE, Donald CA. A model of mental health, life events, and 
social supports applicable to general populations. J Health Soc Behav. 1981; 
22(4):324-36. 

279. McCabe W, Jackson G. Gram-negative bacteremia, I. Etiology and ecology. 
Arch Intern Med 1962; 110:847–853. 

280. Lawton M, Brody E. Assessment of older people: Self-maintaining and 
instrumental activities of daily living. Gerontologist 1969; 9:179–186. 

281. Sznajder M, Leleu G, Buonamico G, et al. Estimation of direct cost and resource 
allocation in intensive care: correlation with Omega system. Intensive Care Med 
1998; 24(6):582-9. 

282. Patrick DL, Danis M, Southerland LI, Hong G. Quality of life following 
intensive care. J Gen Intern Med 1988; 3(3):218-23. 

283. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 
Psychiatr Scand 1983; 67(6):361-70. 

284. Mahoney FI, Barthel DW. Functional evaluation: The Barthel Index. Md State 
Med J. 1965; 14:61-5. 

285. Jennett B, Bond MR. Assessment of outcome after severe brain damage. Lancet 
1975; i:480-4. 

286. Jones PW, Quirk FH, Baveystock CM. The St George's Respiratory 
Questionnaire. Respir Med 1991; 85 Suppl B:25-31. 



 396 

287. van Swieten JC, Koudstaal PJ, Visser MC, et al. Interobserver agreement for the 
assessment of handicap in stroke patients. Stroke 1988; 19(5):604-7. 

288. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method 
for grading the cognitive state of patients for the clinician. J Psychiatr Res 1975; 
12(3):189-98. 

289. Hamilton B, Granger C, Sherwin F, et al. A uniform national data system for 
medical rehabilitation. In Fuhrer M, ed. Rehabilitation outcomes analysis and 
measurements. Baltimore: Brookes, 1987. pp. 137-50. 

290. Derogatis L, Lipman R, Rickels K, et al. The Hopkins Symptom Checklist 
(HSCL): a self-report. Behav Sci 1974; 19:1–15. 

291. Goldberg D. Manual of the General Health Questionnaire. Windsor: NFER-
Nelaon, 1978. 

292. Hlatky MA, Boineau RE, Higginbotham MB, et al. A brief self-administered 
questionnaire to determine functional capacity (the Duke Activity Status Index). 
Am J Cardiol 1989; 64(10):651-4. 

293. Karnofsky D, Abelmann W, Craver L, Burchenal J. The use of the nitrogen 
mustards in the palliative treatment of carcinoma. Cancer 1948; 1:634-56. 

294. Fernandez RR, Cruz JJ, Mata GV. Validation of a quality of life questionnaire 
for critically ill patients. Intensive Care Med 1996; 22(10):1034-42. 

295. Combes A, Costa MA, Trouillet JL, et al. Morbidity, mortality, and quality-of-
life outcomes of patients requiring >or=14 days of mechanical ventilation. Crit 
Care Med 2003; 31(5):1373-81. 

296. Metnitz P, Krenn C, Steltzer H, et al. Effect of acute renal failure requiring renal 
replacement therapy on outcome in critically ill patients. Crit Care Med 2002; 
30(9):2051-8. 

297. Needham D. Studying outcomes of intensive care unit survivors: measuring 
exposures and outcomes. Intensive Care Med 2005; 31(9):1153-60. 

298. Grimes DA, Schulz KF. Cohort studies: marching towards outcomes. Lancet 
2002; 359(9303):341-5. 

299. Rothman K, Greenland S. Modern epidemiology (2nd ed.). Philadelphia: 
Lippincott, Williams, and Wilkins, 1998. 

300. Slonim AD, Marcin JP, Pollack MM. Long-stay patients: are there any long-
term solutions? Crit Care Med 2003; 31(1):313-4. 

301. Miller MG, Miller LS, Fireman B, Black SB. Variation in practice for 
discretionary admissions. Impact on estimates of quality of hospital care. JAMA 
1994; 271(19):1493-8. 

302. National Health and Medical Research Council. How to use the evidence: 
assessment and application of scientific evidence. Canberra: AusInfo, 2000. 

303. Hellgren L, Stahle E. Quality of life after heart valve surgery with prolonged 
intensive care. Ann Thorac Surg 2005; 80(5):1693-8. 

304. Engoren M, Arslanian-Engoren C, Steckel D, et al. Cost, outcome, and 
functional status in octogenarians and septuagenarians after cardiac surgery. 
Chest 2002; 122(4):1309-15. 

305. Dowdy DW, Needham DM, Mendez-Tellez PA, et al. Studying outcomes of 
intensive care unit survivors: the role of the cohort study. Intensive Care Med 
2005; 31(7):914-21. 

306. Fetter RB, Shin Y, Freeman JL, et al. Case mix definition by diagnosis-related 
groups. Med Care 1980; 18(2 Suppl):1-53. 

307. Wunsch H, Brady AR, Rowan K. Impact of exclusion criteria on case mix, 
outcome, and length of stay for the severity of disease scoring methods in 
common use in critical care. J Crit Care 2004; 19(2):67-74. 



 397 

308. Lipsett PA, Swoboda SM, Dickerson J, et al. Survival and functional outcome 
after prolonged intensive care unit stay. Ann Surg 2000; 231(2):262-8. 

309. Brooks R, Kerridge R, Hillman K, et al. Quality of life outcomes after intensive 
care. Comparison with a community group. Intensive Care Med 1997; 
23(5):581-6. 

310. Kollef MH. The identification of ICU-specific outcome predictors: a comparison 
of medical, surgical, and cardiothoracic ICUs from a single institution. Heart 
Lung 1995; 24(1):60-6. 

311. Boucher JM, Dupras A, Jutras N, et al. Long-term survival and functional status 
in the elderly after cardiac surgery. Can J Cardiol 1997; 13(7):646-52. 

312. Fruitman DS, MacDougall CE, Ross DB. Cardiac surgery in octogenarians: can 
elderly patients benefit? Quality of life after cardiac surgery. Ann Thorac Surg 
1999; 68(6):2129-35. 

313. Curtis JR. The long-term outcomes of mechanical ventilation: what are they and 
how should they be used? Respir Care 2002; 47(4):496-505. 

314. Black NA, Jenkinson C, Hayes JA, et al. Review of outcome measures used in 
adult critical care. Crit Care Med 2001; 29(11):2119-24. 

315. Hurel D, Loirat P, Saulnier F, et al. Quality of life 6 months after intensive care: 
results of a prospective multicenter study using a generic health status scale and 
a satisfaction scale. Intensive Care Med 1997; 23(3):331-7. 

316. Schroeder SA, Showstack JA, Schwartz J. Survival of adult high-cost patients. 
Report of a follow-up study from nine acute-care hospitals. JAMA 1981; 
245(14):1446-9. 

317. Knaus WA, Wagner DP, Draper EA, et al. The APACHE III prognostic system. 
Risk prediction of hospital mortality for critically ill hospitalized adults. Chest 
1991; 100(6):1619-36. 

318. Lemeshow S, Teres D, Klar J, et al. Mortality Probability Models (MPM II) 
based on an international cohort of intensive care unit patients. JAMA 1993; 
270(20):2478-86. 

319. Laine C, Davidoff F. Patient-centered medicine. A professional evolution. 
JAMA 1996; 275(2):152-6. 

320. Keenan SP, Dodek P, Chan K, et al. Intensive care unit survivors have fewer 
hospital readmissions and readmission days than other hospitalized patients in 
British Columbia. Crit Care Med 2004; 32(2):391-8. 

321. Bradshaw PJ, Jamrozik K, Jelfs P, Le M. Mobile Australians: a moving target 
for epidemiologists. Med J Aust 2000; 172(11):566. 

322. Australian Bureau of Statistics. 3105.0.65.001 - Australian Historical Population 
Statistics, Table 45.2004. 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3105.0.65.0012004?
OpenDocument 1 May 2006. 

323. Ridley S, Purdie J. Cause of death after critical illness. Anaesthesia. 1992; 
47(2):116-9. 

324. Greenfield S, Aronow HU, Elashoff RM, Watanabe D. Flaws in mortality data. 
The hazards of ignoring comorbid disease. JAMA 1988; 260(15):2253-5. 

325. Alonso J, Ferrer M, Gandek B, et al. Health-related quality of life associated 
with chronic conditions in eight countries: results from the International Quality 
of Life Assessment (IQOLA) Project. Qual Life Res 2004; 13(2):283-98. 

326. Fried LP, Bandeen-Roche K, Kasper JD, Guralnik JM. Association of 
Comorbidity with Disability in Older Women: The Women's Health and Aging 
Study. J Clin Epidemiol 1999; 52(1):27-37. 

327. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of 
disease classification system. Crit Care Med 1985; 13(10):818-29. 



 398 

328. Jandziol AK, Ridley SA. Validation of outcome prediction in elderly patients. 
Anaesthesia. 2000; 55(2):107-12. 

329. Poses RM, McClish DK, Smith WR, et al. Prediction of survival of critically ill 
patients by admission comorbidity. J Clin Epidemiol 1996; 49(7):743-7. 

330. Johnston JA, Wagner DP, Timmons S, et al. Impact of different measures of 
comorbid disease on predicted mortality of intensive care unit patients. Med 
Care 2002; 40(10):929-40. 

331. Romano PS, Roos LL, Jollis JG. Adapting a clinical comorbidity index for use 
with ICD-9-CM administrative data: differing perspectives. J Clin Epidemiol 
1993; 46(10):1075-9. 

332. D'Hoore W, Sicotte C, Tilquin C. Risk adjustment in outcome assessment: the 
Charlson comorbidity index. Methods Inf Med 1993; 32(5):382-7. 

333. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use 
with ICD-9-CM administrative databases. J Clin Epidemiol 1992; 45(6):613-9. 

334. Needham DM, Scales DC, Laupacis A, Pronovost PJ. A systematic review of 
the Charlson comorbidity index using Canadian administrative databases: a 
perspective on risk adjustment in critical care research. J Crit Care 2005; 
20(1):12-9. 

335. Powell H, Lim LL, Heller RF. Accuracy of administrative data to assess 
comorbidity in patients with heart disease. an Australian perspective. J Clin 
Epidemiol 2001; 54(7):687-93. 

336. Wehler M, Martus P, Geise A, et al. Changes in quality of life after medical 
intensive care. Intensive Care Med 2001; 27(1):154-9. 

337. Needham DM, Bronskill SE, Sibbald WJ, et al. Mechanical ventilation in 
Ontario, 1992-2000: incidence, survival, and hospital bed utilization of 
noncardiac surgery adult patients. Crit Care Med 2004; 32(7):1504-9. 

338. Charlson ME, Sax FL, MacKenzie CR, et al. Morbidity during hospitalization: 
can we predict it? J Chronic Dis 1987; 40(7):705-12. 

339. Melfi C, Holleman E, Arthur D, Katz B. Selecting a patient characteristics index 
for the prediction of medical outcomes using administrative claims data. J Clin 
Epidemiol 1995; 48(7):917-26. 

340. Ghali WA, Hall RE, Rosen AK, et al. Searching for an improved clinical 
comorbidity index for use with ICD-9-CM administrative data. J Clin Epidemiol 
1996; 49(3):273-8. 

341. Almagro P, Calbo E, Ochoa de Echaguen A, et al. Mortality after hospitalization 
for COPD. Chest 2002; 121(5):1441-8. 

342. Berkman LF, Leo-Summers L, Horwitz RI. Emotional support and survival after 
myocardial infarction. A prospective, population-based study of the elderly. Ann 
Intern Med 1992; 117(12):1003-9. 

343. Antonelli Incalzi R, Fuso L, De Rosa M, et al. Co-morbidity contributes to 
predict mortality of patients with chronic obstructive pulmonary disease. Eur 
Respir J 1997; 10(12):2794-800. 

344. Singh B, Bhaya M, Stern J, et al. Validation of the Charlson comorbidity index 
in patients with head and neck cancer: a multi-institutional study. Laryngoscope 
1997; 107(11 Pt 1):1469-75. 

345. Extermann M. Measurement and impact of comorbidity in older cancer patients. 
Crit Rev Oncol Hematol 2000; 35(3):181-200. 

346. Zincke H, Bergstralh EJ, Blute ML, et al. Radical prostatectomy for clinically 
localized prostate cancer: long-term results of 1,143 patients from a single 
institution. J Clin Oncol 1994; 12(11):2254-63. 

347. Itano NB, Blute ML, Spotts B, Zincke H. Outcome of isolated renal cell 
carcinoma fossa recurrence after nephrectomy. J Urol 2000; 164(2):322-5. 



 399 

348. Gettman MT, Boelter CW, Cheville JC, et al. Charlson co-morbidity index as a 
predictor of outcome after surgery for renal cell carcinoma with renal vein, vena 
cava or right atrium extension. J Urol 2003; 169(4):1282-6. 

349. Goldstein LB, Samsa GP, Matchar DB, Horner RD. Charlson Index comorbidity 
adjustment for ischemic stroke outcome studies. Stroke 2004; 35(8):1941-5. 

350. Hemmelgarn BR, Manns BJ, Quan H, Ghali WA. Adapting the Charlson 
Comorbidity Index for use in patients with ESRD. Am J Kidney Dis 2003; 
42(1):125-32. 

351. Quartin AA, Schein RM, Kett DH, Peduzzi PN. Prior healthcare utilization as a 
predictor of survival for medical intensive care unit patients. Crit Care Med 
2000; 28(8):3053-9. 

352. Southern DA, Quan H, Ghali WA. Comparison of the Elixhauser and 
Charlson/Deyo methods of comorbidity measurement in administrative data. 
Med Care 2004; 42(4):355-60. 

353. Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute Physiology and 
Chronic Health Evaluation (APACHE) IV: hospital mortality assessment for 
today's critically ill patients. Crit Care Med 2006; 34(5):1297-310. 

354. Le Gall JR, Loirat P, Alperovitch A. Simplified acute physiological score for 
intensive care patients. Lancet 1983; 2(8352):24. 

355. Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute Physiology Score 
(SAPS II) based on a European/North American multicenter study. JAMA 1993; 
270(24):2957-63. 

356. Metnitz PGH, Moreno RP, Almeida E, et al. SAPS 3-From evaluation of the 
patient to evaluation of the intensive care unit. Part 1: Objectives, methods and 
cohort description. Intensive Care Med 2005; 31(10):1336-1344. 

357. Moreno RP, Metnitz PGH, Almeida E, et al. SAPS 3 - From evaluation of the 
patient to evaluation of the intensive care unit. Part 2: Development of a 
prognostic model for hospital mortality at ICU admission. Intensive Care Med 
2005; 31(10):1345-1355. 

358. Lemeshow S, Teres D, Pastides H, et al. A method for predicting survival and 
mortality of ICU patients using objectively derived weights. Crit Care Med 
1985; 13(7):519-25. 

359. Bernard GR, Vincent JL, Laterre PF, et al. Efficacy and safety of recombinant 
human activated protein C for severe sepsis. N Engl J Med 2001; 344(10):699-
709. 

360. Chertow GM, Christiansen CL, Cleary PD, et al. Prognostic stratification in 
critically ill patients with acute renal failure requiring dialysis. Arch Intern Med 
1995; 155(14):1505-11. 

361. Shann F. Mortality prediction model is preferable to APACHE. BMJ 2000; 
320(7236):714. 

362. Boyd O, Grounds R. Physiological scoring systems and audit. Lancet 1993; 
341(8860):1573-1574. 

363. Ho K, Dobb G, Knuiman M, et al. A comparison of admission and worst 24-
hour Acute Physiology and Chronic Health Evaluation II scores in predicting 
hospital mortality: a retrospective cohort study. Crit Care 2006; 10:R4. 

364. Le Gall JR, Loirat P, Alperovitch A, et al. A simplified acute physiology score 
for ICU patients. Crit Care Med 1984; 12(11):975-7. 

365. Knaus WA, Wagner DP, Zimmerman JE, Draper EA. Variations in mortality 
and length of stay in intensive care units. Ann Intern Med 1993; 118(10):753-61. 

366. Konarzewski W. Continuing to use APACHE II scores ensures consistency. 
BMJ 2000; 321(7257):383-4. 



 400 

367. Gunning K, Rowan K. ABC of intensive care: outcome data and scoring 
systems. BMJ 1999; 319(7204):241-4. 

368. Noble J, Gomez M, Fish JS. Quality of life and return to work following 
electrical burns. Burns 2006; 32(2):159-64. 

369. Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ Failure 
Assessment) score to describe organ dysfunction/failure. On behalf of the 
Working Group on Sepsis-Related Problems of the European Society of 
Intensive Care Medicine. Intensive Care Med 1996; 22(7):707-10. 

370. Le Gall JR, Klar J, Lemeshow S, et al. The Logistic Organ Dysfunction system. 
A new way to assess organ dysfunction in the intensive care unit. ICU Scoring 
Group. JAMA 1996; 276(10):802-10. 

371. Vincent JL, de Mendonca A, Cantraine F, et al. Use of the SOFA score to assess 
the incidence of organ dysfunction/failure in intensive care units: results of a 
multicenter, prospective study. Working group on "sepsis-related problems" of 
the European Society of Intensive Care Medicine. Crit Care Med 1998; 
26(11):1793-800. 

372. Moreno R, Vincent JL, Matos R, et al. The use of maximum SOFA score to 
quantify organ dysfunction/failure in intensive care. Results of a prospective, 
multicentre study. Working Group on Sepsis related Problems of the ESICM. 
Intensive Care Med 1999; 25(7):686-96. 

373. Zygun DA, Laupland KB, Fick GH, et al. Limited ability of SOFA and MOD 
scores to discriminate outcome: a prospective evaluation in 1,436 patients. Can J 
Anaesthes 2005; 52(3):302-8. 

374. Australia Institute of Health and Welfare. National Health Data Dictionary. 
Version 10. AIHW Catalogue no. HWI 30. Canberra: Australia Institute of 
Health and Welfare, 2001. 

375. Harrison DA, Brady AR, Rowan K. Case mix, outcome and length of stay for 
admissions to adult, general critical care units in England, Wales and Northern 
Ireland: the Intensive Care National Audit & Research Centre Case Mix 
Programme Database. Crit Care 2004; 8(2):R99-111. 

376. de Keizer NF, Bonsel GJ, Goldfad C, Rowan KM. The added value that 
increasing levels of diagnostic information provide in prognostic models to 
estimate hospital mortality for adult intensive care patients. Intensive Care Med 
2000; 26(5):577-84. 

377. Badia X, Diaz-Prieto A, Gorriz MT, et al. Using the EuroQol-5D to measure 
changes in quality of life 12 months after discharge from an intensive care unit. 
Intensive Care Med 2001; 27(12):1901-7. 

378. Marik PE, Hedman L. What's in a day? Determining intensive care unit length of 
stay. Crit Care Med 2000; 28(6):2090-3. 

379. Noseworthy TW, Konopad E, Shustack A, et al. Cost accounting of adult 
intensive care: methods and human and capital inputs. Crit Care Med 1996; 
24(7):1168-72. 

380. Arabi Y, Venkatesh S, Haddad S, et al. A prospective study of prolonged stay in 
the intensive care unit: predictors and impact on resource utilization. Int J Qual 
Health Care 2002; 14(5):403-10. 

381. Wong DT, Gomez M, McGuire GP, Kavanagh B. Utilization of intensive care 
unit days in a Canadian medical-surgical intensive care unit. Crit Care Med 
1999; 27(7):1319-24. 

382. Rapoport J, Lemeshow S, Le Gall J, Gehlbach S. A method for assessing the 
clinical performance and cost-effectiveness of intensive care units: a multicenter 
inception cohort study. Crit Care Med 1994; 22(9):1385-91. 



 401 

383. Eagle KA, Mulley AG, Skates SJ, et al. Length of stay in the intensive care unit. 
Effects of practice guidelines and feedback. JAMA 1990; 264(8):992-7. 

384. Afessa B. Benchmark for intensive care unit length of stay: One step forward, 
several more to go. Crit Care Med 2006; 34(10):2674-6. 

385. Niskanen M, Ruokonen E, Takala J, et al. Quality of life after prolonged 
intensive care. Crit Care Med 1999; 27(6):1132-9. 

386. Miller RS, Patton M, Graham RM, Hollins D. Outcomes of trauma patients who 
survive prolonged lengths of stay in the intensive care unit. J Trauma 2000; 
48(2):229-34. 

387. Heimrath O, Buth K, Legare J-F. Long-term outcomes in patients requiring stay 
of more than 48 hours in the intensive care unit following coronary bypass 
surgery. J Crit Care 2007; 22(2):153-8. 

388. Gaudino M, Girola F, Piscitelli M, et al. Long-term survival and quality of life 
of patients with prolonged postoperative intensive care unit stay: unmasking an 
apparent success. J Thorac Cardiovasc Surg 2007; 134(2):465-9. 

389. Hughes M, MacKirdy FN, Norrie J, Grant IS. Outcome of long-stay intensive 
care patients. Intensive Care Med 2001; 27(4):779-82. 

390. Martin CM, Hill AD, Burns K, Chen LM. Characteristics and outcomes for 
critically ill patients with prolonged intensive care unit stays. Crit Care Med 
2005; 33(9):1922-7. 

391. Higgins TL, McGee WT, Steingrub JS, et al. Early indicators of prolonged 
intensive care unit stay: impact of illness severity, physician staffing, and pre-
intensive care unit length of stay. Crit Care Med 2003; 31(1):45-51. 

392. Goins WA, Reynolds HN, Nyanjom D, Dunham CM. Outcome following 
prolonged intensive care unit stay in multiple trauma patients. Crit Care Med 
1991; 19(3):339-45. 

393. Stricker K, Rothen HU, Takala J. Resource use in the ICU: short- vs. long-term 
patients. Acta Anaesthesiol Scand 2003; 47(5):508-15. 

394. Bashour C, Yared J, Ryan T, et al. Long-term survival and functional capacity in 
cardiac surgery patients after prolonged intensive care. Crit Care Med 2000; 
28(12):3847-3853. 

395. Weissman C. Analyzing the impact of long-term patients on ICU bed utilization. 
Intensive Care Med 2000; 26(9):1319-25. 

396. Rapoport J, Teres D, Lemeshow S, et al. Explaining variability of cost using a 
severity-of-illness measure for ICU patients. Med Care 1990; 28(4):338-48. 

397. Oye RK, Bellamy PE. Patterns of resource consumption in medical intensive 
care. Chest 1991; 99(3):685-9. 

398. Teno JM, Fisher E, Hamel MB, et al. Decision-making and outcomes of 
prolonged ICU stays in seriously ill patients. J Am Geriatr Soc 2000; 48(5 
Suppl):S70-4. 

399. Rimachi R, Vincent JL, Brimioulle S. Survival and quality of life after 
prolonged intensive care unit stay. Anaesthes Intensive Care 2007; 35(1):62-7. 

400. Hein OV, Birnbaum J, Wernecke K, et al. Prolonged intensive care unit stay in 
cardiac surgery: risk factors and long-term-survival. Ann Thorac Surg 2006; 
81(3):880-5. 

401. Bapat V, Allen D, Young C, et al. Survival and quality of life after cardiac 
surgery complicated by prolonged intensive care. J Card Surg 2005; 20(3):212-
7. 

402. Williams MR, Wellner RB, Hartnett EA, et al. Long-term survival and quality of 
life in cardiac surgical patients with prolonged intensive care unit length of stay. 
Ann Thorac Surg 2002; 73(5):1472-8. 

403. Gracey DR. Chronic ventilator unit admission criteria. Chest 1998; 113(1):257. 



 402 

404. MacIntyre NR, Epstein SK, Carson S, et al. Management of patients requiring 
prolonged mechanical ventilation: report of a NAMDRC consensus conference. 
Chest 2005; 128(6):3937-54. 

405. World Health Organization (WHO). International classification of impairments, 
disabilities, and handicaps. A manual of classification relating to the 
consequences of disease. Geneva: World Health Organization, 1980. 

406. Hoofien D, Vakil E, Gilboa A, et al. Comparison of the predictive power of 
socio-economic variables, severity of injury and age on long-term outcome of 
traumatic brain injury: sample-specific variables versus factors as predictors. 
Brain Inj 2002; 16(1):9-27. 

407. Sorlie PD, Backlund E, Keller JB. US mortality by economic, demographic, and 
social characteristics: the National Longitudinal Mortality Study. Am J Public 
Health 1995; 85(7):949-56. 

408. Latour J, Lopez V, Rodriguez M, et al. Inequalities in health in intensive care 
patients. J Clin Epidemiol 1991; 44(9):889-94. 

409. Williams JF, Zimmerman JE, Wagner DP, et al. African-American and white 
patients admitted to the intensive care unit: is there a difference in therapy and 
outcome? Crit Care Med 1995; 23(4):626-36. 

410. Stern RS, Weissman JS, Epstein AM. The emergency department as a pathway 
to admission for poor and high-cost patients. JAMA 1991; 266(16):2238-43. 

411. Liberatos P, Link BG, Kelsey JL. The measurement of social class in 
epidemiology. Epidemiol Rev 1988; 10:87-121. 

412. Rathore SS, Berger AK, Weinfurt KP, et al. Race, sex, poverty, and the medical 
treatment of acute myocardial infarction in the elderly. Circulation 2000; 
102(6):642-8. 

413. Krieger N. Overcoming the absence of socioeconomic data in medical records: 
validation and application of a census-based methodology. Am J Public Health 
1992; 82(5):703-10. 

414. Krieger N, Chen JT, Waterman PD, et al. Painting a truer picture of US 
socioeconomic and racial/ethnic health inequalities: the Public Health 
Disparities Geocoding Project. Am J Public Health 2005; 95(2):312-23. 

415. Demissie K. Agreement in measuring socio-economic status: Area-based versus 
individual measures. Chronic Dis Can 2000; 21(1):1-7. 

416. Trewin D. Australian Bureau of Statistics, Information Paper Census of 
Population and Housing Socio-Economic Indexes for Areas Australia 2001. 
2003. Available from www.abs.gov.au Accessed Feb 2006. 

417. Geronimus AT, Bound J. Use of census-based aggregate variables to proxy for 
socioeconomic group: evidence from national samples. Am J Epidemiol 1998; 
148(5):475-86. 

418. Willett WC, Colditz GA. Approaches for conducting large cohort studies. 
Epidemiol Rev 1998; 20(1):91-9. 

419. Szalados J. Age and functional status as determinants of intensive care unit 
outcome: Sound basis for health policy or tip of the outcomes iceberg. Crit Care 
Med 2004; 32(1):291-3. 

420. Needham DM, Bronskill SE, Rothwell DM, et al. Hospital volume and mortality 
for mechanical ventilation of medical and surgical patients: a population-based 
analysis using administrative data. Crit Care Med 2006; 34(9):2349-54. 

421. Zaren B, Hedstrand U. Quality of life among long-term survivors of intensive 
care. Crit Care Med 1987; 15(8):743-7. 

422. Perl TM, Dvorak L, Hwang T, Wenzel RP. Long-term survival and function 
after suspected gram-negative sepsis. JAMA 1995; 274(4):338-45. 



 403 

423. Holbrook T, Anderson J, Sieber W, et al. Outcome after major trauma:12-month 
and 18-month follow-up results from the Trauma Recovery Project. J Trauma 
1999; 46(5):765-773. 

424. Gallagher SF, Williams B, Gomez C, et al. The role of cardiac morbidity in 
short- and long-term mortality in injured older patients who survive initial 
resuscitation. Am J Surg 2003; 185(2):131-4. 

425. Battistella FD, Din AM, Perez L. Trauma patients 75 years and older: long-term 
follow-up results justify aggressive management. J Trauma 1998; 44(4):618-23. 

426. MacKenzie EJP, McCarthy MLOTRS, Ditunno JFMD, et al. Using the SF-36 
for Characterizing Outcome after Multiple Trauma Involving Head Injury. J 
Trauma 2002; 52(3):527-534. 

427. Djaiani G, Ridley S. Outcome of intensive care in the elderly. Anaesthesia 1997; 
52(12):1130-6. 

428. Samet JM. Concepts of time in clinical research. Ann Intern Med 2000; 
132(1):37-44. 

429. Glance LG, Osler TM, Dick A. Rating the quality of intensive care units: is it a 
function of the intensive care unit scoring system? Crit Care Med 2002; 
30(9):1976-82. 

430. Moran J, Bristow PJ, Solomon P, et al. Mortality and length-of-stay outcomes, 
1993–2003, in the binational Australian and New Zealand intensive care adult 
patient database. Crit Care Med 2008; 36(1):46-61. 

431. Landesberg G, Shatz V, Akopnik I, et al. Association of cardiac troponin, CK-
MB, and postoperative myocardial ischemia with long-term survival after major 
vascular surgery. J Am Coll Cardiol 2003; 42(9):1547-54. 

432. Goyal S, Henry M, Mohajeri M. Outcome and quality of life after cardiac 
surgery in octogenarians. ANZ J Surg 2005; 75(6):429-35. 

433. Vitaz TW, Jenks J, Raque GH, Shields CB. Outcome following moderate 
traumatic brain injury. Surg Neurol 2003; 60(4):285-91. 

434. Frenisy M-C, Benony H, Chahraoui K, et al. Brain injured patients versus 
multiple trauma patients: some neurobehavioral and psychopathological aspects. 
J Trauma 2006; 60(5):1018-26. 

435. Myles PS, Viira D, Hunt JO. Quality of life at three years after cardiac surgery: 
relationship with preoperative status and quality of recovery. Anaesth Intensive 
Care 2006; 34(2):176-83. 

436. Caine N, Sharples LD, Wallwork J. Prospective study of health related quality of 
life before and after coronary artery bypass grafting: outcome at five years. 
Heart 1999; 81(4):347-51. 

437. Chocron S, Rude N, Dussaucy A, et al. Quality of life after open-heart surgery 
in patients over 75 years old. Age Ageing 1996; 25(1):8-11. 

438. Kumar P, Zehr KJ, Chang A, et al. Quality of life in octogenarians after open 
heart surgery. Chest 1995; 108(4):919-26. 

439. Ahlstrom A, Tallgren M, Peltonen S, et al. Survival and quality of life of 
patients requiring acute renal replacement therapy. Intensive Care Med 2005; 
31(9):1222-1228. 

440. Mathers CD, Loncar D. Projections of global mortality and burden of disease 
from 2002 to 2030. PLoS Med 2006; 3(11):e442 
doi:10.1371/journal.pmed.0030442. 

441. Hennessy D, Juzwishin K, Yergens D, et al. Outcomes of elderly survivors of 
intensive care: a review of the literature. Chest 2005; 127(5):1764-74. 

442. Vosylius S, Sipylaite J, Ivaskevicius J. Determinants of outcome in elderly 
patients admitted to the intensive care unit. Age Ageing 2005; 34(2):157-62. 



 404 

443. Dardaine V, Constans T. Outcome of elderly patients requiring ventilatory 
support. Age Ageing 1997; 26(3):238. 

444. Chelluri L, Pinsky MR, Donahoe MP, Grenvik A. Long-term outcome of 
critically ill elderly patients requiring intensive care. JAMA 1993; 
269(24):3119-23. 

445. Kass JE, Castriotta RJ, Malakoff F. Intensive care unit outcome in the very 
elderly. Crit Care Med 1992; 20(12):1666-71. 

446. Lazard T, Retel O, Guidet B, et al. AIDS in a medical intensive care unit: 
immediate prognosis and long-term survival. JAMA 1996; 276(15):1240-5. 

447. Gubler KD, Davis R, Koepsell T, et al. Long-term survival of elderly trauma 
patients. Arch Surg 1997; 132(9):1010-4. 

448. Nilsson G, Astermark J, Lethagen S, et al. Protein C levels can be forecasted by 
global haemostatic tests in critically ill patients and predict long-term survival. 
Thromb Res 2005; 116(1):15-24. 

449. Pene F, Vigneau C, Auburtin M, et al. Outcome of severe adult thrombotic 
microangiopathies in the intensive care unit. Intensive Care Med 2005; 31(1):71-
8. 

450. Weintraub WS, Clements SD, Jr., Crisco LV, et al. Twenty-year survival after 
coronary artery surgery: an institutional perspective from Emory University. 
Circulation 2003; 107(9):1271-7. 

451. Bradshaw PJ, Jamrozik K, Le M, et al. Mortality and recurrent cardiac events 
after coronary artery bypass graft: long term outcomes in a population study. 
Heart 2002; 88(5):488-94. 

452. Rahimtoola SH, Bennett AJ, Grunkemeier GL, et al. Survival at 15 to 18 years 
after coronary bypass surgery for angina in women. Circulation 1993; 88(5 Pt 
2):II71-8. 

453. Blumenthal JA, Lett HS, Babyak MA, et al. Depression as a risk factor for 
mortality after coronary artery bypass surgery. Lancet 2003; 362(9384):604-9. 

454. Herlitz J, Brandrup-Wognsen G, Caidahl K, et al. Determinants for an impaired 
quality of life 10 years after coronary artery bypass surgery. Int J Cardiol 2005; 
98(3):447-52. 

455. Dunning J, Waller JRL, Smith B, et al. Coronary Artery Bypass Grafting is 
Associated With Excellent Long-Term Survival and Quality of Life: A 
Prospective Cohort Study. Ann Thorac Surg 2008; 85(6):1988-93. 

456. Thourani VH, Weintraub WS, Guyton RA, et al. Outcomes and long-term 
survival for patients undergoing mitral valve repair versus replacement: effect of 
age and concomitant coronary artery bypass grafting. Circulation 2003; 
108(3):298-304. 

457. Kolh PH, Comte L, Tchana-Sato V, et al. Concurrent coronary and carotid artery 
surgery: factors influencing perioperative outcome and long-term results. Eur 
Heart J 2006; 27(1):49-56. 

458. Gao D, Grunwald GK, Rumsfeld JS, et al. Time-varying risk factors for long-
term mortality after coronary artery bypass graft surgery. Ann Thorac Surg 
2006; 81(3):793-9. 

459. Gao D, Grunwald GK, Rumsfeld JS, et al. Variation in mortality risk factors 
with time after coronary artery bypass graft operation. Ann Thorac Surg 2003; 
75(1):74-81. 

460. Toumpoulis IK, Anagnostopoulos CE, Chamogeorgakis TP, et al. Impact of 
Early and Delayed Stroke on In-Hospital and Long-Term Mortality After 
Isolated Coronary Artery Bypass Grafting. Am J Cardiol 2008; 102(4):411-7. 



 405 

461. Hsiung MC, Wei J, Chang C-Y, et al. Long-term survival and prognostic 
implications after coronary artery bypass grafting in Chinese patients with 
coronary artery disease. Acta Cardiologica 2006; 61(5):519-24. 

462. Renzulli A, Carozza A, Marra C, et al. Are blood and valve cultures predictive 
for long-term outcome following surgery for infective endocarditis? Eur J 
Cardiothorac Surg 2000; 17(3):228-33. 

463. Trouillet JL, Scheimberg A, Vuagnat A, et al. Long-term outcome and quality of 
life of patients requiring multidisciplinary intensive care unit admission after 
cardiac operations. J Thorac Cardiovasc Surg 1996; 112(4):926-34. 

464. Youn G-N, Chang B-C, Hong Y-S, et al. Early and mid-term impacts of 
cardiopulmonary bypass on coronary artery bypass grafting in patients with poor 
left ventricular dysfunction - A propensity score analysis. Circulation Journal 
2007; 71(9):1387-94. 

465. Abramov D, Tamariz MG, Sever JY, et al. The influence of gender on the 
outcome of coronary artery bypass surgery. Ann Thorac Surg 2000; 70(3):800-6. 

466. Akins CW, Daggett WM, Vlahakes GJ, et al. Cardiac operations in patients 80 
years old and older. Ann Thorac Surg 1997; 64(3):606-14. 

467. Murthy SC, Arroliga AC, Walts PA, et al. Ventilatory dependency after 
cardiovascular surgery. J Thorac Cardiovasc Surg 2007; 134(2):484-90. 

468. Kolh P, Kerzmann A, Lahaye L, et al. Cardiac surgery in octogenarians; peri-
operative outcome and long-term results. Eur Heart J 2001; 22(14):1235-43. 

469. Shigemitsu O, Hadama T, Miyamoto S, et al. Early and long-term results of 
cardiovascular surgery in octogenarians. Ann Thorac Cardiovasc Surg 2001; 
7(4):223-31. 

470. Engoren M, Buderer NF, Zacharias A. Long-term survival and health status after 
prolonged mechanical ventilation after cardiac surgery. Crit Care Med 2000; 
28(8):2742-9. 

471. Filsoufi F, Rahmanian PB, Castillo JG, et al. Incidence, Imaging Analysis, and 
Early and Late Outcomes of Stroke After Cardiac Valve Operation. Am J 
Cardiol 2008; 101(10):1472-8. 

472. Filsoufi F, Rahmanian PB, Castillo JG, et al. Institutional report - Cardiac 
general: Early and late outcomes of cardiac surgery in patients with moderate to 
severe preoperative renal dysfunction without dialysis. Interact Cardiovasc 
Thorac Surg 2008; 7(1):90-5. 

473. Filsoufi F, Rahmanian PB, Castillo JG, et al. Predictors and early and late 
outcomes of respiratory failure in contemporary cardiac surgery. Chest 2008; 
133(3):713-21. 

474. Rahmanian PB, Adams DH, Castillo JG, et al. Early and late outcome of cardiac 
surgery in dialysis-dependent patients: Single-center experience with 245 
consecutive patients. J Thorac Cardiovasc Surg 2008; 135(4):915-22. 

475. Rahmanian PB, Adams DH, Castillo JG, et al. Impact of Body Mass Index on 
Early Outcome and Late Survival in Patients Undergoing Coronary Artery 
Bypass Grafting or Valve Surgery or Both. Am J Cardiol 2007; 100(11):1702-8. 

476. Schachner T, Zimmer A, Nagele G, et al. The influence of ascending aortic 
atherosclerosis on the long-term survival after CABG. Eur J Cardiothorac Surg 
2005; 28(4):558-62. 

477. Schachner T, Vertacnik K, Nagiller J, et al. Factors associated with mortality 
and long time survival in patients undergoing modified Bentall operations. J 
Cardiovasc Surg 2005; 46(5):449-55. 

478. Ghotkar SV, Grayson AD, Dihmis WC. Effect of prolonged intensive care stay 
on survival following coronary surgery. Asian Cardiovasc Thorac Ann 2005; 
13(4):345-50. 



 406 

479. Chocron S, Etievent JP, Viel JF, et al. Prospective study of quality of life before 
and after open heart operations. Ann Thorac Surg 1996; 61(1):153-7. 

480. Chocron S, Etievent JP, Viel JF, et al. Preoperative quality of life as a predictive 
factor of 3-year survival after open heart operations. Ann Thorac Surg 2000; 
69(3):722-7. 

481. Gersbach P, Tevaearai H, Revelly J-P, et al. Are there accurate predictors of 
long-term vital and functional outcomes in cardiac surgical patients requiring 
prolonged intensive care? Eur J Cardiothorac Surg 2006; 29(4):466-72. 

482. Peterson ED, Cowper PA, Jollis JG, et al. Outcomes of coronary artery bypass 
graft surgery in 24,461 patients aged 80 years or older. Circulation 1995; 92(9 
Suppl):II85-91. 

483. Banach M, Goch A, Misztal M, et al. Relation between postoperative mortality 
and atrial fibrillation before surgical revascularization--3-year follow-up. Thorac 
Cardiovasc Surg 2008; 56(1):20-3. 

484. Flameng W, Szecsi J, Sergeant P, et al. Combined valve and coronary artery 
bypass surgery: early and late results. Eur J Cardiothorac Surg 1994; 8(8):410-9. 

485. Hirose H, Amano A, Yoshida S, et al. Coronary artery bypass grafting in the 
elderly. Chest 2000; 117(5):1262-70. 

486. Hirose H, Amano A, Takahashi A, Nagano N. Coronary artery bypass grafting 
for patients with non-dialysis-dependent renal dysfunction (serum creatinine > 
or =2.0 mg/dl). Eur J Cardiothorac Surg 2001; 20(3):565-72. 

487. Hillis GS, Croal BL, Buchan KG, et al. Renal function and outcome from 
coronary artery bypass grafting: impact on mortality after a 2.3-year follow-up. 
Circulation 2006; 113(8):1056-62. 

488. Soderlind K, Rutberg H, Olin C. Late outcome and quality of life after 
complicated heart operations. Ann Thorac Surg 1997; 63(1):124-8. 

489. Kazaz H, Ustunsoy H, Celkan MA, et al. Midterm results of off-pump coronary 
artery bypass surgery in 136 patients: an angiographic control study. J Card Surg 
2006; 21(1):6-10. 

490. Mazzoni M, De Maria R, Bortone F, et al. Long-term outcome of survivors of 
prolonged intensive care treatment after cardiac surgery. Ann Thorac Surg 2006; 
82(6):2080-7. 

491. De Maria R, Mazzoni M, Parolini M, et al. Predictive value of EuroSCORE on 
long term outcome in cardiac surgery patients: a single institution study. Heart 
2005; 91(6):779-84. 

492. Wahl GW, Swinburne AJ, Fedullo AJ, et al. Long-term outcome when major 
complications follow coronary artery bypass graft surgery. Recovery after 
complicated coronary artery bypass graft surgery. Chest 1996; 110(6):1394-8. 

493. Pappalardo F, Franco A, Landoni G, et al. Long-term outcome and quality of life 
of patients requiring prolonged mechanical ventilation after cardiac surgery. Eur 
J Cardiothorac Surg 2004; 25(4):548-552. 

494. Hyam J, Welch C, Harrison D, Menon D. Case mix, outcomes and comparison 
of risk prediction models for admissions to adult, general and specialist critical 
care units for head injury: a secondary analysis of the ICNARC Case Mix 
Programme Database. Crit Care 2006; 10:S2. 

495. Hadfield RJ, Parr MJ, Manara AR. Late deaths in multiple trauma patients 
receiving intensive care. Resuscitation 2001; 49(3):279-81. 

496. Langfitt TW, Gennarelli TA. Can the out come from head injury be improved? J 
Neurosurg 1982; 56(1):19-25. 

497. Jennett B, Teasdale G, Fry J, et al. Treatment for severe head injury. J Neurol 
Neurosurg Psychiatry 1980; 43(4):289-95. 



 407 

498. Pories SE, Gamelli RL, Mead PB, et al. The epidemiologic features of 
nosocomial infections in patients with trauma. Arch Surgery 1991; 126(1):97-9. 

499. Herlitz J, Brandrup-Wognsen G, Caidahl K, et al. Cause of death during 13 
years after coronary artery bypass grafting with emphasis on cardiac death. 
Scand Cardiovasc J 2004; 38(5):283-6. 

500. Hein OV, Birnbaum J, Wernecke KD, et al. Three-year survival after four major 
post-cardiac operative complications. Critical Care Medicine 2006; 
34(11):2729-37. 

501. Hirose H, Amano A, Takahashi A. Coronary artery bypass grafting for 
octogenarians: experience in a private hospital and review of the literature. 
Annals of Thoracic & Cardiovascular Surgery 2001; 7(5):282-91. 

502. Herlitz J, Brandrup-Wognsen G, Caidahl K, et al. Predictors of death during 10 
years after coronary artery bypass grafting with particular emphasis on age. 
Coronary Artery Disease 2004; 15(3):163-70. 

503. Rahimtoola SH, Fessler CL, Grunkemeier GL, Starr A. Survival 15 to 20 years 
after coronary bypass surgery for angina. J Am Coll Cardiol 1993; 21(1):151-7. 

504. Bone RC, Balk RA, Fein AM, et al. A second large controlled clinical study of 
E5, a monoclonal antibody to endotoxin: results of a prospective, multicenter, 
randomized, controlled trial. The E5 Sepsis Study Group.(erratum appears in 
Crit Care Med 1995 Sep;23:1616). Crit Care Med 1995; 23(6):994-1006. 

505. Greenman RL, Schein RM, Martin MA, et al. A controlled clinical trial of E5 
murine monoclonal IgM antibody to endotoxin in the treatment of gram-
negative sepsis. The XOMA Sepsis Study Group. JAMA 1991; 266(8):1097-
1102. 

506. Veterans Administration Systemic Sepsis Cooperative Study Group. Effect of 
high-dose glucocorticoid therapy on mortality in patients with clinical signs of 
systemic sepsis. N Engl J Med 1987; 317(11):659-65. 

507. Angus DC, Laterre PF, Helterbrand J, et al. The effect of drotrecogin alfa 
(activated) on long-term survival after severe sepsis. Crit Care Med 2004; 
32(11):2199-206. 

508. Isgro F, Skuras JA, Kiessling AH, et al. Survival and quality of life after a long-
term intensive care stay. Thorac Cardiovasc Surg 2002; 50(2):95-9. 

509. Rajakaruna C, Rogers CA, Angelini GD, Ascione R. Risk factors for and 
economic implications of prolonged ventilation after cardiac surgery. J Thorac 
Cardiovasc Surg 2005; 130(5):1270-7. 

510. Heyland DK, Konopad E, Noseworthy TW, et al. Is it 'worthwhile' to continue 
treating patients with a prolonged stay (>14 days) in the ICU? An economic 
evaluation. Chest 1998; 114(1):192-8. 

511. Australian Bureau of Statistics. Australian social trends. Catalogue No. 
4102.0.2003. Available from http://www.abs.gov.au/Ausstats/abs. Accessed 29 
Sep 2006. 

512. Hall SE, Holman CD, Wisniewski ZS, Semmens J. Prostate cancer: socio-
economic, geographical and private-health insurance effects on care and 
survival. BJU Int 2005; 95(1):51-8. 

513. Jong KE, Smith DP, Yu XQ, et al. Remoteness of residence and survival from 
cancer in New South Wales. Med J Aust 2004; 180(12):618-22. 

514. Moorin RE, Holman CDAJ. The effects of socioeconomic status, accessibility to 
services and patient type on hospital use in Western Australia: a retrospective 
cohort study of patients with homogenous health status. BMC Health Serv Res 
2006; 6:74. 



 408 

515. Sexton PT, Sexton TL. Excess coronary mortality among Australian men and 
women living outside the capital city statistical divisions. Med J Aust 2000; 
172(8):370-4. 

516. Gregory PM, Malka ES, Kostis JB, et al. Impact of geographic proximity to 
cardiac revascularization services on service utilization. Med Care 2000; 
38(1):45-57. 

517. Ho K, Dobb G, Lee K, et al. The effect of comorbidities on risk of intensive care 
readmission during the same hospitalization: A linked data cohort study. J Crit 
Care 2008. 

518. Alban RF, Nisim AA, Ho J, et al. Readmission to surgical intensive care 
increases severity-adjusted patient mortality. J Trauma 2006; 60(5):1027-31. 

519. Alex J, Shah R, Griffin SC, et al. Intensive care unit readmission after elective 
coronary artery bypass grafting. Asian Cardiovasc Thorac Ann 2005; 13(4):325-
9. 

520. Paratz J, Thomas P, Adsett J. Re-admission to intensive care: identification of 
risk factors. Physiother Res Int 2005; 10(3):154-63. 

521. Vohra HA, Goldsmith IRA, Rosin MD, et al. The predictors and outcome of 
recidivism in cardiac ICUs. Eur J Cardiothorac Surg 2005; 27(3):508-11. 

522. Duke GJ, Green JV, Briedis JH. Night-shift discharge from intensive care unit 
increases the mortality-risk of ICU survivors. Anaesth Intensive Care 2004; 
32(5):697-701. 

523. Bardell T, Legare JF, Buth KJ, et al. ICU readmission after cardiac surgery. Eur 
J Cardiothorac Surg 2003; 23(3):354-9. 

524. Metnitz PG, Fieux F, Jordan B, et al. Critically ill patients readmitted to 
intensive care units--lessons to learn? Intensive Care Med 2003; 29(2):241-8. 

525. Irone M, Parise N, Bolgan I, et al. Assessment of adequacy of ICU admission. 
Minerva Anestesiol 2002; 68(4):201-7. 

526. Rosenberg AL, Hofer TP, Hayward RA, et al. Who bounces back? Physiologic 
and other predictors of intensive care unit readmission. Crit Care Med 2001; 
29(3):511-8. 

527. Chen LM, Martin CM, Keenan SP, Sibbald WJ. Patients readmitted to the 
intensive care unit during the same hospitalization: clinical features and 
outcomes. Crit Care Med 1998; 26(11):1834-41. 

528. Cooper GS, Sirio CA, Rotondi AJ, et al. Are readmissions to the intensive care 
unit a useful measure of hospital performance? Med Care 1999; 37(4):399-408. 

529. Goldhill DR, Sumner A. Outcome of intensive care patients in a group of British 
intensive care units. Crit Care Med 1998; 26(8):1337-45. 

530. Durbin CG, Jr., Kopel RF. A case-control study of patients readmitted to the 
intensive care unit. Crit Care Med 1993; 21(10):1547-53. 

531. Rubins HB, Moskowitz MA. Discharge decision-making in a medical intensive 
care unit. Identifying patients at high risk of unexpected death or unit 
readmission. Am J Med 1988; 84(5):863-9. 

532. Baigelman W, Katz R, Geary G. Patient readmission to critical care units during 
the same hospitalization at a community teaching hospital. Intensive Care Med 
1983; 9(5):253-6. 

533. Snow N, Bergin KT, Horrigan TP. Readmission of patients to the surgical 
intensive care unit: patient profiles and possibilities for prevention. Crit Care 
Med 1985; 13(11):961-4. 

534. Franklin C, Jackson D. Discharge decision-making in a medical ICU: 
characteristics of unexpected readmissions. Crit Care Med 1983; 11(2):61-6. 

535. Angus DC. Grappling with intensive care unit quality--does the readmission rate 
tell us anything? Crit Care Med 1998; 26(11):1779-80. 



 409 

536. Australian Council of Healthcare Standards. Intensive Care Indicators Clinical 
Indicators Users' Manual Version 32007. Available from 
http://www.achs.org.au. Accessed 30 Sep 2007. 

537. Azoulay E, Adrie C, De Lassence A, et al. Determinants of postintensive care 
unit mortality: a prospective multicenter study. Crit Care Med 2003; 31(2):428-
32. 

538. Wallis CB, Davies HT, Shearer AJ. Why do patients die on general wards after 
discharge from intensive care units? Anaesthesia 1997; 52(1):9-14. 

539. Moreno R, Morais P. Outcome prediction in intensive care: results of a 
prospective, multicentre, Portuguese study. Intensive Care Med 1997; 
23(2):177-86. 

540. Bastos PG, Knaus WA, Zimmerman JE, et al. The importance of technology for 
achieving superior outcomes from intensive care. Brazil APACHE III Study 
Group. Intensive Care Med 1996; 22(7):664-9. 

541. Rowan KM, Kerr JH, Major E, et al. Intensive Care Society's APACHE II study 
in Britain and Ireland--II: Outcome comparisons of intensive care units after 
adjustment for case mix by the American APACHE II method. BMJ 1993; 
307(6910):977-81. 

542. Latour J, Lopez-Camps V, Rodriguez-Serra M, et al. Predictors of death 
following ICU discharge. Intensive Care Med 1990; 16(2):125-7. 

543. Bone RC, McElwee NE, Eubanks DH, Gluck EH. Analysis of indications for 
early discharge from the intensive care unit. Clinical efficacy assessment 
project: American College of Physicians. Chest 1993; 104(6):1812-7. 

544. Daly K, Beale R, Chang RW. Reduction in mortality after inappropriate early 
discharge from intensive care unit: logistic regression triage model. BMJ 2001; 
322(7297):1274-6. 

545. Bion J. Mortality after discharge from intensive care. Research in intensive care 
needs to find balance between scientific method and ethics. BMJ 2001; 
323(7313):15. 

546. Nishi GK, Suh RH, Wilson MT, et al. Analysis of causes and prevention of early 
readmission to surgical intensive care. Am Surg 2003; 69(10):913-7. 

547. Rosenberg AL, Watts C. Patients readmitted to ICUs : a systematic review of 
risk factors and outcomes. Chest 2000; 118(2):492-502. 

548. Chung DA, Sharples LD, Nashef SA. A case-control analysis of readmissions to 
the cardiac surgical intensive care unit. Eur J Cardiothorac Surg 2002; 
22(2):282-6. 

549. Cohn WE, Sellke FW, Sirois C, et al. Surgical ICU recidivism after cardiac 
operations. Chest 1999; 116(3):688-92. 

550. Smith L, Orts CM, O'Neil I, et al. TISS and mortality after discharge from 
intensive care. Intensive Care Med 1999; 25(10):1061-5. 

551. Garland A. Improving the ICU: part 1. Chest 2005; 127(6):2151-64. 
552. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. An evaluation of outcome 

from intensive care in major medical centers. Ann Intern Med 1986; 104(3):410-
8. 

553. Benoit DD, Depuydt PO, Vandewoude KH, et al. Outcome in severely ill 
patients with hematological malignancies who received intravenous 
chemotherapy in the intensive care unit. Intensive Care Med 2006; 32(1):93-9. 

554. Rellos K, Falagas ME, Vardakas KZ, et al. Outcome of critically ill oldest-old 
patients (aged 90 and older) admitted to the intensive care unit. J Am Geriatr 
Soc 2006; 54(1):110-4. 

555. Azoulay E, Thiery G, Chevret S, et al. The prognosis of acute respiratory failure 
in critically ill cancer patients. Medicine 2004; 83(6):360-70. 



 410 

556. Bernieh B, Al Hakim M, Boobes Y, et al. Outcome and predictive factors of 
acute renal failure in the intensive care unit. Transplant Proc 2004; 36(6):1784-
7. 

557. Beck DH, Smith GB, Pappachan JV, Millar B. External validation of the SAPS 
II, APACHE II and APACHE III prognostic models in South England: a 
multicentre study. Intensive Care Med 2003; 29(2):249-56. 

558. Rello J, Rue M, Jubert P, et al. Survival in patients with nosocomial pneumonia: 
impact of the severity of illness and the etiologic agent. Crit Care Med 1997; 
25(11):1862-7. 

559. Konopad E, Noseworthy TW, Johnston R, et al. Quality of life measures before 
and one year after admission to an intensive care unit. Crit Care Med 1995; 
23(10):1653-9. 

560. Ferraris VA, Propp ME. Outcome in critical care patients: a multivariate study. 
Crit Care Med 1992; 20(7):967-76. 

561. Kaukinen L. Results of intensive care in abdominal surgery patients. Ann Chir 
Gynaecol 1982; 71(3):168-71. 

562. Chang RW, Jacobs S, Lee B. Predicting outcome among intensive care unit 
patients using computerised trend analysis of daily Apache II scores corrected 
for organ system failure. Intensive Care Med 1988; 14(5):558-66. 

563. Civetta JM. The inverse relationship between cost and survival. J Surg Res 
1973; 14(3):265-9. 

564. Afessa B, Morales IJ, Scanlon PD, Peters SG. Prognostic factors, clinical course, 
and hospital outcome of patients with chronic obstructive pulmonary disease 
admitted to an intensive care unit for acute respiratory failure. Crit Care Med 
2002; 30(7):1610-5. 

565. Estenssoro E, Dubin A, Laffaire E, et al. Incidence, clinical course, and outcome 
in 217 patients with acute respiratory distress syndrome. Crit Care Med 2002; 
30(11):2450-6. 

566. Rello J, Ollendorf DA, Oster G, et al. Epidemiology and outcomes of ventilator-
associated pneumonia in a large US database. Chest 2002; 122(6):2115-21. 

567. Short TG, Buckley TA, Rowbottom MY, et al. Long-term outcome and 
functional health status following intensive care in Hong Kong. Crit Care Med 
1999; 27(1):51-7. 

568. Bagley PH, Cooney E. A community-based regional ventilator weaning unit: 
development and outcomes. Chest 1997; 111(4):1024-9. 

569. Mundt DJ, Gage RW, Lemeshow S, et al. Intensive care unit patient follow-up. 
Mortality, functional status, and return to work at six months. Arch Intern Med 
1989; 149(1):68-72. 

570. Sasse KC, Nauenberg E, Long A, et al. Long-term survival after intensive care 
unit admission with sepsis. Crit Care Med 1995; 23(6):1040-7. 

571. Civetta JM, Hudson-Civetta JA, Nelson LD. Evaluation of APACHE II for cost 
containment and quality assurance. Ann Surg 1990; 212(3):266-74. 

572. Dragsted L, Jorgensen J, Jensen NH, et al. Interhospital comparisons of patient 
outcome from intensive care: importance of lead-time bias. Crit Care Med 1989; 
17(5):418-22. 

573. Osmon S, Warren D, Seiler SM, et al. The influence of infection on hospital 
mortality for patients requiring > 48 h of intensive care. Chest 2003; 
124(3):1021-9. 

574. Render ML, Kim HM, Welsh DE, et al. Automated intensive care unit risk 
adjustment: results from a National Veterans Affairs study. Crit Care Med 2003; 
31(6):1638-46. 



 411 

575. Graham PL, Cook DA. Prediction of Risk of Death Using 30-Day Outcome: A 
Practical End Point for Quality Auditing in Intensive Care. Chest 2004; 
125(4):1458-1466. 

576. Bo M, Massaia M, Raspo S, et al. Predictive factors of in-hospital mortality in 
older patients admitted to a medical intensive care unit. J Am Geriatr Soc 2003; 
51(4):529-33. 

577. Lof L, Berggren L, Ahlstrom G. Severely ill ICU patients recall of factual events 
and unreal experiences of hospital admission and ICU stay - 3 and 12 months 
after discharge. Intensive Crit Care Nurs 2006; 22(3):154-66. 

578. Hepp U, Moergeli H, Buchi S, et al. Coping with serious accidental injury: a 
one-year follow-up study. Psychother Psychosom 2005; 74(6):379-86. 

579. Rattray JE, Johnston M, Wildsmith JA. Predictors of emotional outcomes of 
intensive care. Anaesthesia 2005; 60(11):1085-92. 

580. Cuthbertson BH, Scott J, Strachan M, et al. Quality of life before and after 
intensive care. Anaesthesia 2005; 60(4):332-9. 

581. Dimopoulou, Anthi A, Mastora Z, et al. Health-related quality of life and 
disability in survivors of multiple trauma one year after intensive care unit 
discharge. Am J Phys Med Rehab 2004; 83(3):171-6. 

582. Bute BPP, Mathew JMD, Blumenthal JAP, et al. Female Gender Is Associated 
With Impaired Quality of Life 1 Year After Coronary Artery Bypass Surgery. 
Psychosom Med 2003; 65(6):944-951. 

583. Graf J, Koch M, Dujardin R, et al. Health-related quality of life before, 1 month 
after, and 9 months after intensive care in medical cardiovascular and pulmonary 
patients. Crit Care Med 2003; 31(8):2163-9. 

584. Kvale R, Ulvik A, Flaatten H. Follow-up after intensive care: a single center 
study. Intensive Care Med 2003; 29(12):2149-56. 

585. Jackson JC, Hart RP, Gordon SM, et al. Six-month neuropsychological outcome 
of medical intensive care unit patients. Crit Care Med 2003; 31(4):1226-34. 

586. Kleinpell RM. Exploring outcomes after critical illness in the elderly. Outcomes 
Manag 2003; 7(4):159-69. 

587. Wehler M, Geise A, Hadzionerovic D, et al. Health-related quality of life of 
patients with multiple organ dysfunction: individual changes and comparison 
with normative population. Crit Care Med 2003; 31(4):1094-101. 

588. Douglas SL, Daly BJ, Gordon N, Brennan PF. Survival and quality of life: short-
term versus long-term ventilator patients. Crit Care Med 2002; 30(12):2655-62. 

589. Granja C, Teixeira-Pinto A, Costa-Pereira A. Quality of life after intensive care-
-evaluation with EQ-5D questionnaire. Intensive Care Med 2002; 28(7):898-
907. 

590. Sznajder M, Aegerter P, Launois R, et al. A cost-effectiveness analysis of stays 
in intensive care units. Intensive Care Med 2001; 27(1):146-53. 

591. King KM. Gender and short-term recovery from cardiac surgery. Nurs Res 
2000; 49(1):29-36. 

592. Nelson BJ, Weinert CR, Bury CL, et al. Intensive care unit drug use and 
subsequent quality of life in acute lung injury patients. Crit Care Med 2000; 
28(11):3626-30. 

593. Dixon JJ, Manara AR, Willats SM. Patient and relative satisfaction with 
intensive care. Importance of duration and quality of life. Clin Intensive Care 
1997; 8(2):63-68. 

594. Weinert CR, Gross CR, Kangas JR, et al. Health-related quality of life after 
acute lung injury. Am J Respir Crit Care Med 1997; 156(4 Pt 1):1120-8. 

595. Munn J, Willatts SM, Tooley MA. Health and activity after intensive care. 
Anaesthesia 1995; 50(12):1017-21. 



 412 

596. McHugh LG, Milberg JA, Whitcomb ME, et al. Recovery of function in 
survivors of the acute respiratory distress syndrome. Am J Respir Crit Care Med 
1994; 150(1):90-4. 

597. Rustom R, Daly K. Quality of life after intensive care. Br J Nurs 1993; 2(6):316-
20. 

598. Yinnon A, Zimran A, Hershko C. Quality of life and survival following 
intensive medical care. Q J Med 1989; 71(264):347-57. 

599. Goldstein RL, Campion EW, Thibault GE, et al. Functional outcomes following 
medical intensive care. Crit Care Med 1986; 14(9):783-8. 

600. Searle JF. The outcome of mechanical ventilation: report of a five year study. 
Ann R Coll Surg Engl 1985; 67(3):187-9. 

601. Byrick R, Mindorff C, McKee L, Mudge B. Cost-effectiveness of intensive care 
for respiratory failure patients. Crit Care Med 1980; 8(6):332-7. 

602. Cullen DJ, Ferrara LC, Briggs BA, et al. Survival, hospitalization charges and 
follow-up results in critically ill patients. N Engl J Med 1976; 294(18):982-7. 

603. Kroschinsky F, Weise M, Illmer T, et al. Outcome and prognostic features of 
intensive care unit treatment in patients with hematological malignancies. 
Intensive Care Med 2002; 28(9):1294-300. 

604. Suarez JI, Zaidat OO, Suri MFMD, et al. Length of stay and mortality in 
neurocritically ill patients: Impact of a specialized neurocritical care team. Crit 
Care Med 2004; 32(11):2311-2317. 

605. Pene F, Aubron C, Azoulay E, et al. Outcome of critically ill allogeneic 
hematopoietic stem-cell transplantation recipients: a reappraisal of indications 
for organ failure supports. J Clin Oncol 2006; 24(4):643-9. 

606. Knaus WA, Harrell FE, Jr., Lynn J, et al. The SUPPORT prognostic model. 
Objective estimates of survival for seriously ill hospitalized adults. Study to 
understand prognoses and preferences for outcomes and risks of treatments. Ann 
Intern Med 1995; 122(3):191-203. 

607. Carden GP, Graham JW, McLennan S, Celi LA. Long-term outcome of long 
stay ICU and HDU patients in a New Zealand hospital. Crit Care Shock 2008; 
11(1):26-34. 

608. Freebairn RC, Stuart A, McKenna C. Long-term outcome from intensive care. A 
one year follow-up of acute admissions at Hawke's Bay Hospital. Crit Care 
Shock 2008; 11(1):15-25. 

609. Milbrandt EB, Pinsky MR, Kong L, et al. Predicting long-term outcomes of 
prolonged mechanical ventilation (MV): 399. Crit Care Med 2004; 32(12 
Supplement):A110. 

610. Trivedi M, Ridley SA. Intermediate outcome of medical patients after intensive 
care. Anaesthesia. 2001; 56(9):841-6. 

611. Papadakis MA, Lee KK, Browner WS, et al. Prognosis of mechanically 
ventilated patients. West J Med 1993; 159(6):659-64. 

612. Rockwood K, Noseworthy TW, Gibney RT, et al. One-year outcome of elderly 
and young patients admitted to intensive care units. Crit Care Med 1993; 
21(5):687-91. 

613. Stauffer JL, Fayter NA, Graves B, et al. Survival following mechanical 
ventilation for acute respiratory failure in adult men. Chest 1993; 104(4):1222-9. 

614. Witek TJ, Jr., Schachter EN, Dean NL, Beck GJ. Mechanically assisted 
ventilation in a community hospital. Immediate outcome, hospital charges, and 
follow-up of patients. Arch Intern Med 1985; 145(2):235-9. 

615. Parviainen I, Herranen A, Holm A, et al. Results and costs of intensive care in a 
tertiary university hospital from 1996-2000. Acta Anaesthesiol Scand 2004; 
48(1):55-60. 



 413 

616. Gardner A, Sibthorpe B. Will he get back to normal? Survival and functional 
status after intensive care therapy. Intensive Crit Care Nurs 2002; 18(3):138-45. 

617. Campbell NN, Tooley MA, Willatts SM. APACHE II scoring system on a 
general intensive care unit: audit of daily APACHE II scores and 6-month 
survival of 691 patients admitted to a general intensive care unit between May 
1990 and December 1991. J R Soc Med 1994; 87(2):73-7. 

618. Chassin MR. Costs and outcomes of medical intensive care. Med Care 1982; 
20(2):165-79. 

619. Shiell AM, Griffiths RD, Short AI, Spiby J. An evaluation of the costs and 
outcome of adult intensive care in two units in the UK. Clin Intensive Care 
1990; 1(6):256-62. 

620. Herridge MS, Cheung AM, Tansey CM, et al. One-year outcomes in survivors 
of the acute respiratory distress syndrome. N Engl J Med 2003; 348(8):683-93. 

621. Yilmaz M, Iscimen R, Keegan MT, et al. Six-month survival of patients with 
acute lung injury: prospective cohort study. Crit Care Med 2007; 35(10):2303-7. 

622. Granja C, Morujao E, Costa-Pereira A. Quality of life in acute respiratory 
distress syndrome survivors may be no worst than in other ICU survivors. 
Intensive Care Med 2003; 29(10):1744-50. 

623. Luhr OR, Karlsson M, Thorsteinsson A, et al. The impact of respiratory 
variables on mortality in non-ARDS and ARDS patients requiring mechanical 
ventilation. Intensive Care Med 2000; 26(5):508-17. 

624. Lu Y, Song Z, Zhou X, et al. A 12-month clinical survey of incidence and 
outcome of acute respiratory distress syndrome in Shanghai intensive care units. 
Intensive Care Medicine 2004; 30(12):2197-2203. 

625. Luhr OR, Antonsen K, Karlsson M, et al. Incidence and mortality after acute 
respiratory failure and acute respiratory distress syndrome in Sweden, Denmark, 
and Iceland. The ARF Study Group. Am J Respir Crit Care Med 1999; 
159(6):1849-61. 

626. Brun-Buisson C, Meshaka P, Pinton P, et al. EPISEPSIS: a reappraisal of the 
epidemiology and outcome of severe sepsis in French intensive care units. 
Intensive Care Med 2004; 30(4):580-8. 

627. McNicoll L, Pisani MA, Inouye SK. One-year outcomes following delerium in 
older ICU patients. J Am Geriatr Soc 2004; 52(Suppl 1):S2. 

628. Mahul P, Perrot D, Tempelhoff G, et al. Short- and long-term prognosis, 
functional outcome following ICU for elderly. Intensive Care Med 1991; 
17(1):7-10. 

629. Mayer-Oakes SA, Oye RK, Leake B. Predictors of mortality in older patients 
following medical intensive care: the importance of functional status. J Am 
Geriatr Soc 1991; 39(9):862-8. 

630. Olsson M, Janfjall H, Orth-Gomer K, et al. Quality of life in octogenarians after 
valve replacement due to aortic stenosis. A prospective comparison with 
younger patients. Eur Heart J 1996; 17(4):583-9. 

631. Ho PM, Masoudi FA, Spertus JA, et al. Depression predicts mortality following 
cardiac valve surgery. Ann Thorac Surg 2005; 79(4):1255-9. 

632. Shroyer AL, London MJ, VillaNueva CB, et al. The Processes, Structures, and 
Outcomes of Care in Cardiac Surgery study protocol. Med Care 1995; 33(10 
Suppl):OS17-25. 

633. Ho PM, Arciniegas DB, Grigsby J, et al. Predictors of cognitive decline 
following coronary artery bypass graft surgery. Ann Thorac Surg 2004; 
77(2):597-603. 



 414 

634. Rumsfeld JS, Magid DJ, O'Brien M, et al. Changes in health-related quality of 
life following coronary artery bypass graft surgery. Ann Thorac Surg 2001; 
72(6):2026-32. 

635. Somme D, Maillet JM, Gisselbrecht M, et al. Critically ill old and the oldest-old 
patients in intensive care: short- and long-term outcomes. Intensive Care Med 
2003; 29(12):2137-43. 

636. Granja C, Cabral G, Pinto AT, Costa-Pereira A. Quality of life 6-months after 
cardiac arrest. Resuscitation 2002; 55(1):37-44. 

637. Texereau J, Jamal D, Choukroun G, et al. Determinants of mortality for adults 
with cystic fibrosis admitted in Intensive Care Unit: a multicenter study. Respir 
Res 2006; 7:14. 

638. Ellaffi M, Vinsonneau C, Coste J, et al. One-year outcome after severe 
pulmonary exacerbation in adults with cystic fibrosis. Am J Respir Crit Care 
Med 2005; 171(2):158-64. 

639. Vedam H, Moriarty C, Torzillo PJ, et al. Improved outcomes of patients with 
cystic fibrosis admitted to the intensive care unit. J Cyst Fibros 2004; 3(1):8-14. 

640. Scales DC, Thiruchelvam D, Kiss A, et al. Intensive care outcomes in bone 
marrow transplant recipients: a population-based cohort analysis. Crit Care 
2008; 12(3):R77. 

641. Kew AK, Couban S, Patrick W, et al. Outcome of hematopoietic stem cell 
transplant recipients admitted to the intensive care unit. Biol Blood Marrow 
Transplant 2006; 12(3):301-5. 

642. Rabbat A, Chaoui D, Montani D, et al. Prognosis of patients with acute myeloid 
leukaemia admitted to intensive care. Br J Haematol 2005; 129(3):350-7. 

643. Silfvast T, Pettila V, Ihalainen A, Elonen E. Multiple organ failure and outcome 
of critically ill patients with haematological malignancy. Acta Anaesthesiol 
Scand 2003; 47(3):301-6. 

644. Sculier JP, Paesmans M, Markiewicz E, Berghmans T. Scoring systems in 
cancer patients admitted for an acute complication in a medical intensive care 
unit. Crit Care Med 2000; 28(8):2786-92. 

645. Staudinger T, Stoiser B, Mullner M, et al. Outcome and prognostic factors in 
critically ill cancer patients admitted to the intensive care unit. Crit Care Med 
2000; 28(5):1322-8. 

646. Brunet F, Lanore JJ, Dhainaut JF, et al. Is intensive care justified for patients 
with haematological malignancies? Intensive Care Med 1990; 16(5):291-7. 

647. Soares M, Carvalho MS, Salluh JIF, et al. Effect of age on survival of critically 
ill patients with cancer. Crit Care Med 2006; 34(3):715-21. 

648. Soubani AO, Kseibi E, Bander JJ, et al. Outcome and prognostic factors of 
hematopoietic stem cell transplantation recipients admitted to a medical ICU. 
Chest 2004; 126(5):1604-11. 

649. Faber-Langendoen K, Caplan AL, McGlave PB. Survival of adult bone marrow 
transplant patients receiving mechanical ventilation: a case for restricted use. 
Bone Marrow Transplantation 1993; 12(5):501-7. 

650. Scott PH, Morgan TJ, Durrant S, Boots RJ. Survival following mechanical 
ventilation of recipients of bone marrow transplants and peripheral blood stem 
cell transplants. Anaesth Intensive Care 2002; 30(3):289-94. 

651. Cox CE, Carson SS, Lindquist JH, et al. Differences in one-year health 
outcomes and resource utilization by definition of prolonged mechanical 
ventilation: a prospective cohort study. Crit Care 2007; 11(1):R9. 

652. Carson SS, Bach PB, Brzozowski L, Leff A. Outcomes after long-term acute 
care. An analysis of 133 mechanically ventilated patients. Am J Respir Crit Care 
Med 1999; 159(5 Pt 1):1568-73. 



 415 

653. Scheinhorn DJ, Chao DC, Stearn-Hassenpflug M, et al. Post-ICU mechanical 
ventilation: treatment of 1,123 patients at a regional weaning center. Chest 1997; 
111(6):1654-9. 

654. Bagshaw SM, Laupland KB, Doig CJ, et al. Prognosis for long-term survival 
and renal recovery in critically ill patients with severe acute renal failure: a 
population-based study. Crit Care 2005; 9(6):R700-9. 

655. Lok CE, Austin PC, Wang H, Tu JV. Impact of renal insufficiency on short- and 
long-term outcomes after cardiac surgery. Am Heart J 2004; 148(3):430-8. 

656. Chertow GM, Lazarus JM, Paganini EP, et al. Predictors of mortality and the 
provision of dialysis in patients with acute tubular necrosis. The Auriculin 
Anaritide Acute Renal Failure Study Group. J Am Soc Nephrol 1998; 9(4):692-
8. 

657. Bell M, Liljestam E, Granath F, et al. Optimal follow-up time after continuous 
renal replacement therapy in actual renal failure patients stratified with the 
RIFLE criteria. Nephrol Dial Transplant 2005; 20(2):354-60. 

658. Jones CH, Richardson D, Goutcher E, et al. Continuous venovenous high-flux 
dialysis in multiorgan failure: a 5-year single-center experience. Am J Kidney 
Dis 1998; 31(2):227-33. 

659. Hynninen M, Wennervirta J, Leppaniemi A, Pettila V. Organ dysfunction and 
long term outcome in secondary peritonitis. Langenbecks Arch Surg 2008; 
393(1):81-6. 

660. Handschu R, Haslbeck M, Hartmann A, et al. Mortality prediction in critical 
care for acute stroke: Severity of illness-score or coma-scale? J Neurol 2005; 
252(10):1249-54. 

661. Rabinstein AA, Wijdicks EF. Outcome of survivors of acute stroke who require 
prolonged ventilatory assistance and tracheostomy. Cerebrovasc Dis 2004; 
18(4):325-31. 

662. Navarrete-Navarro P, Rivera-Fernandez R, Lopez-Mutuberria MT, et al. 
Outcome prediction in terms of functional disability and mortality at 1 year 
among ICU-admitted severe stroke patients: a prospective epidemiological study 
in the south of the European Union (Evascan Project, Andalusia, Spain). 
Intensive Care Med 2003; 29(8):1237-44. 

663. Szczudlik A, Turaj W, Slowik A, Strojny J. Microalbuminuria and hyperthermia 
independently predict long-term mortality in acute ischemic stroke patients. 
Acta Neurol Scand 2003; 107(2):96-101. 

664. Steiner T, Mendoza G, De Georgia M, et al. Prognosis of stroke patients 
requiring mechanical ventilation in a neurological critical care unit. Stroke 1997; 
28(4):711-5. 

665. Santoli F, De Jonghe B, Hayon J, et al. Mechanical ventilation in patients with 
acute ischemic stroke: survival and outcome at one year. Intensive Care Med 
2001; 27(7):1141-6. 

666. Fanshawe M, Venkatesh B, Boots RJ. Outcome of stroke patients admitted to 
intensive care: experience from an Australian teaching hospital. Anaesthes 
Intensive Care 2002; 30(5):628-32. 

667. Berrouschot J, Rossler A, Koster J, Schneider D. Mechanical ventilation in 
patients with hemispheric ischemic stroke. Crit Care Med 2000; 28(8):2956-61. 

668. Dupont M, Gacouin A, Lena H, et al. Survival of Patients With Bronchiectasis 
After the First ICU Stay for Respiratory Failure. Chest 2004; 125(5):1815-1820. 

669. Fernandez-Perez ER, Yilmaz M, Jenad H, et al. Ventilator settings and outcome 
of respiratory failure in chronic interstitial lung disease. Chest 2008; 
133(5):1113-9. 



 416 

670. Groenewegen KH, Schols AMWJ, Wouters EFM. Mortality and mortality-
related factors after hospitalization for acute exacerbation of COPD. Chest 2003; 
124(2):459-67. 

671. Seneff MG, Wagner DP, Wagner RP, et al. Hospital and 1-year survival of 
patients admitted to intensive care units with acute exacerbation of chronic 
obstructive pulmonary disease. JAMA 1995; 274(23):1852-7. 

672. Angus DC, Marrie TJ, Obrosky DS, et al. Severe community-acquired 
pneumonia: use of intensive care services and evaluation of American and 
British Thoracic Society Diagnostic criteria. Am J Respir Crit Care Med 2002; 
166(5):717-23. 

673. Fletcher DD, Lawn ND, Wolter TD, Wijdicks EF. Long-term outcome in 
patients with Guillain-Barre syndrome requiring mechanical ventilation. 
Neurology 2000; 54(12):2311-5. 

674. Bedos JP, Chastang C, Lucet JC, et al. Early predictors of outcome for HIV 
patients with neurological failure. JAMA 1995; 273(1):35-40. 

675. Gardner SC, Grunwald GK, Rumsfeld JS, et al. Risk factors for intermediate-
term survival after coronary artery bypass grafting. Ann Thorac Surg 2001; 
72(6):2033-7. 

676. McLean RF, Tarshis J, Mazer CD, Szalai JP. Death in two Canadian intensive 
care units: institutional difference and changes over time. Crit Care Med 2000; 
28(1):100-3. 

677. Walther SM, Jonasson U. A prospective cohort study of 6-month mortality in a 
community hospital experiencing a gradual reduction in critical care services. 
Intensive Care Med 2001; 27(4):700-5. 

678. Zambon M, Vincent J-L. Mortality rates for patients with acute lung 
injury/ARDS have decreased over time. Chest 2008; 133(5):1120-7. 

679. Kallet RH, Jasmer RM, Pittet J-F, et al. Clinical implementation of the ARDS 
network protocol is associated with reduced hospital mortality compared with 
historical controls. Crit Care Med 2005; 33(5):925-9. 

680. Cook DA, Joyce CJ, Barnett RJ, et al. Prospective independent validation of 
APACHE III models in an Australian tertiary adult intensive care unit. Anaesth 
Intensive Care 2002; 30(3):308-15. 

681. Jardin F, Fellahi JL, Beauchet A, et al. Improved prognosis of acute respiratory 
distress syndrome 15 years on. Intensive Care Med 1999; 25(9):936-41. 

682. Milberg JA, Davis DR, Steinberg KP, Hudson LD. Improved survival of patients 
with acute respiratory distress syndrome (ARDS): 1983-1993. JAMA 1995; 
273(4):306-9. 

683. Rocco Jr TR, Reinert SE, Cioffi W, et al. A 9-year, single-institution, 
retrospective review of death rate and prognostic factors in adult respiratory 
distress syndrome. Ann Surg 2001; 233(3):414-22. 

684. Navarrete-Navarro P, Rodriguez A, Reynolds N, et al. Acute respiratory distress 
syndrome among trauma patients: trends in ICU mortality, risk factors, 
complications and resource utilization. Intensive Care Med 2001; 27(7):1133-
40. 

685. Stapleton RD, Wang BM, Hudson LD, et al. Causes and timing of death in 
patients with ARDS. Chest 2005; 128(2):525-532. 

686. Hugonnet S, Harbarth S, Ferriere K, et al. Bacteremic sepsis in intensive care: 
temporal trends in incidence, organ dysfunction, and prognosis. Crit Care Med 
2003; 31(2):390-4. 

687. Plume SK, O'Connor GT, Olmstead EM. As originally published in 1994: 
Changes in patients undergoing coronary artery bypass grafting: 1987-1990. 



 417 

Updated in 2000. Northern New England Cardiovascular Disease Study Group. 
Ann Thorac Surg 2001; 72(1):314-5. 

688. Rosenberg AL, Zimmerman JE, Alzola C, et al. Intensive care unit length of 
stay: recent changes and future challenges. Crit Care Med 2000; 28(10):3465-
73. 

689. Martin M, Salim A, Murray J, et al. The decreasing incidence and mortality of 
acute respiratory distress syndrome after injury: a 5-year observational study. J 
Trauma 2005; 59(5):1107-13. 

690. Nast-Kolb D, Aufmkolk M, Rucholtz S, et al. Multiple organ failure still a major 
cause of morbidity but not mortality in blunt multiple trauma. J Trauma 2001; 
51(5):835-41. 

691. Druml W. Long term prognosis of patients with acute Renal Failure: Is intensive 
care worth it? Intensive Care Med 2005; 31(9):1145-1147. 

692. Singer DE, Carr PL, Mulley AG, Thibault GE. Rationing intensive care--
physician responses to a resource shortage. N Engl J Med 1983; 309(19):1155-
60. 

693. Strauss MJ, LoGerfo JP, Yeltatzie JA, et al. Rationing of intensive care unit 
services. An everyday occurrence. JAMA 1986; 255(9):1143-6. 

694. Krafft P, Fridrich P, Pernerstorfer T, et al. The acute respiratory distress 
syndrome: definitions, severity and clinical outcome. An analysis of 101 clinical 
investigations. Intensive Care Med 1996; 22(6):519-29. 

695. Abel SJ, Finney SJ, Brett SJ, et al. Reduced mortality in association with the 
acute respiratory distress syndrome (ARDS). Thorax 1998; 53(4):292-4. 

696. The Acute Respiratory Distress Syndrome Network. Ventilation with lower tidal 
volumes as compared with traditional tidal volumes for acute lung injury and the 
acute respiratory distress syndrome. . N Engl J Med 2000; 342(18):1301-8. 

697. Eachempati SR, Hydo LJ, Shou J, Barie PS. Outcomes of acute respiratory 
distress syndrome (ARDS) in elderly patients. J Trauma 2007; 63(2):344-50. 

698. Friedman G, Silva E, Vincent JL. Has the mortality of septic shock changed 
with time. Crit Care Med 1998; 26(12):2078-86. 

699. Cohen NH. Reduced mortality from septic shock--lessons for the future. Crit 
Care Med 1998; 26(12):1956-8. 

700. Pene F, Percheron S, Lemiale V, et al. Temporal changes in management and 
outcome of septic shock in patients with malignancies in the intensive care unit. 
Crit Care Med 2008; 36(3):690-6. 

701. Stapleton RD, Engelberg RA, Wenrich MD, et al. Clinician statements and 
family satisfaction with family conferences in the intensive care unit. Crit Care 
Med 2006; 34(6):1679-85. 

702. Dombrovskiy VY, Martin AA, Sunderram J, Paz HL. Rapid increase in 
hospitalization and mortality rates for severe sepsis in the United States: a trend 
analysis from 1993 to 2003. Crit Care Med 2007; 35(5):1244-50. 

703. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the 
United States from 1979 through 2000. N Engl J Med 2003; 348(16):1546-54. 

704. Angus DC, Linde-Zwirble WT, Lidicker J, et al. Epidemiology of severe sepsis 
in the United States: analysis of incidence, outcome, and associated costs of 
care. Crit Care Med 2001; 29(7):1303-10. 

705. Beck-Sague C, Jarvis WR. Secular trends in the epidemiology of nosocomial 
fungal infections in the United States, 1980-1990. National Nosocomial 
Infections Surveillance System. J Infect Dis 1993; 167(5):1247-51. 

706. Peres-Bota D, Rodriguez H, Dimopoulos G, et al. Are infections due to resistant 
pathogens associated with a worse outcome in critically ill patients? J Infect 
2003; 47(4):307-16. 



 418 

707. Stow PJ, Pilcher D, Wilson J, et al. Improved outcomes from acute severe 
asthma in Australian intensive care units (1996 2003). Thorax 2007; 62(10):842-
7. 

708. Hudson LD, Milberg JA, Anardi D, Maunder RJ. Clinical risks for development 
of the acute respiratory distress syndrome. Am J Respir Crit Care Med 1995; 
151(2 Pt 1):293-301. 

709. Treggiari MM, Hudson LD, Martin DP, et al. Effect of acute lung injury and 
acute respiratory distress syndrome on outcome in critically ill trauma patients. 
Crit Care Med 2004; 32(2):327-31. 

710. Celkan MA, Ustunsoy H, Daglar B, et al. Readmission and mortality in patients 
undergoing off-pump coronary artery bypass surgery with fast-track recovery 
protocol. Heart Vessels 2005; 20(6):251-5. 

711. Zitser-Gurevich Y, Simchen E, Galai N, Braun D. Prediction of readmissions 
after CABG using detailed follow-up data: the Israeli CABG Study (ISCAB). 
Med Care 1999; 37(7):625-36. 

712. Douglas SL, Daly BJ, Brennan PF, et al. Hospital readmission among long-term 
ventilator patients. Chest. 2001; 120(4):1278-86. 

713. Soeken KL, Prescott PA, Herron DG, Creasia J. Predictors of hospital 
readmission. A meta-analysis. Eval Health Prof 1991; 14(3):262-81. 

714. Sage WM, Hurst CR, Silverman JF, Bortz WM, 2nd. Intensive care for the 
elderly: outcome of elective and nonelective admissions. J Am Geriatr Soc 
1987; 35(4):312-8. 

715. Iwashyna TJ. Critical care use during the course of serious illness. Am. J. 
Respir. Crit. Care Med. 2004; 170(9):981-986. 

716. Hatten J. Medicare's common denominator: the covered population. Health Care 
Financ Rev 1980; 2(2):53-64. 

717. Commonwealth of Australia. Australian Government Geoscience Australia2008. 
Available from http://www.ga.gov.au/ Accessed 22 Aug 2008. 

718. Australian Bureau of Statistics. 3311.5.55.001 - Demography, Western 
Australia, 20032005. Available from http://www.abs.gov.au/Ausstats/abs 
Accessed 9 Feb 2006. 

719. Australian Council on Healthcare Standards. Guidelines for Intensive Care 
Units. Sydney: Australian Council on Healthcare Standards, 1997. 

720. The University of Western Australia School of Population Health. Data Linkage 
Unit2006. http://www.publichealth.uwa.edu.au/welcome/research/dlu/linkage 20 
May 2006. 

721. Holman CD, Bass AJ, Rouse IL, Hobbs MS. Population-based linkage of health 
records in Western Australia: development of a health services research linked 
database. Aust NZ J Public Health 1999; 23(5):453-9. 

722. The United States National Center for Health Statistics. The International 
Classification of Diseases 9th Revision Clinical Modification (ICD-9-CM). 
Annotated ed. Vol. 1-Diseases Tabular List. Ann Arbor: Commission on 
Professional and Hospital Activities, 1988. 

723. Health Information Centre (Health Data Collections Branch). Hospital 
Morbidity Data System Reference Manual2002. Available from 
http://www.health.wa.gov.au/publications/HMDS/HMDS_Ref_Manual_July_20
02.pdf. Accessed 19 Aug 2007. 

724. Australian Bureau of Statistics. 3105.0.65.001 - Australian Historical Population 
Statistics2004. Available from 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3105.0.65.0012004?
OpenDocument/. Accessed 1 May 2006. 



 419 

725. Jaro MA. Probabilistic linkage of large public health data files. Stat Med 1995; 
14(5-7):491-8. 

726. Hobbs MS, McCall MG. Health statistics and record linkage in Australia. J 
Chronic Dis 1970; 23(5):375-81. 

727. Dean JM, Vernon DD, Cook L, et al. Probabilistic linkage of computerized 
ambulance and inpatient hospital discharge records: a potential tool for 
evaluation of emergency medical services. Ann Emerg Med 2001; 37(6):616-26. 

728. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. J 
Chronic Dis 1987; 40(5):373-83. 

729. National Health and Medical Research Council. National Statement on Ethical 
Conduct in Research Involving Humans2007. Available from 
http://www7.health.gov.au/nhmrc/publications/_files/e35.pdf. Accessed 1 Aug 
2007. 

730. Hankey GJ, Jamrozik K, Broadhurst RJ, et al. Five-year survival after first-ever 
stroke and related prognostic factors in the Perth Community Stroke Study. 
Stroke 2000; 31(9):2080-6. 

731. Rubenfeld GD, Caldwell E, Peabody E, et al. Incidence and outcomes of acute 
lung injury. N Engl J Med 2005; 353(16):1685-93. 

732. Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative reproducibility 
and validity of systems for assessing cardiovascular functional class: advantages 
of a new specific activity scale. Circulation 1981; 64(6):1227-34. 

733. Zink BJ. Traumatic brain injury outcome: Concepts for emergency care. Ann 
Emerg Med 2001; 37(3):318-332. 

734. Yu DT, Black E, Sands KE, et al. Severe sepsis: variation in resource and 
therapeutic modality use among academic centers. Crit Care 2003; 7(3):R24-34. 

735. Centre for Health Services Research, School of, Population Health. The 
Charlson Comorbidity Index: ICD 9 and 10 adaptation for use with 
administrative data sets [computer software]. Version 2 (For use with SPSS). 
Perth: The University of Western Australia, 2004. 

736. Boumendil A, Aegerter P, Guidet B, Network CU-R. Treatment intensity and 
outcome of patients aged 80 and older in intensive care units: a multicenter 
matched-cohort study. J Am Geriatr Soc 2005; 53(1):88-93. 

737. Oziemski C, Ugoni A, Santamaria J. Evaluation of APACHE II on a large 
Australian ICU population. Anaesth Intensive Care 2001; 29(2):196. 

738. Capuzzo M, Valpondi V, Sgarbi A, et al. Validation of severity scoring systems 
SAPS II and APACHE II in a single-center population. Intensive Care Med 
2000; 26(12):1779-1785. 

739. Wong DT, Crofts SL, Gomez M, et al. Evaluation of predictive ability of 
APACHE II system and hospital outcome in Canadian intensive care unit 
patients. Crit Care Med 1995; 23(7):1177-83. 

740. Chen FG, Koh KF, Goh MH. Validation of APACHE II score in a surgical 
intensive care unit. Singapore Med J 1993; 34(4):322-4. 

741. Oh TE, Hutchinson R, Short S, et al. Verification of the Acute Physiology and 
Chronic Health Evaluation scoring system in a Hong Kong intensive care unit. 
Crit Care Med 1993; 21(5):698-705. 

742. Sirio CA, Tajimi K, Tase C, et al. An initial comparison of intensive care in 
Japan and the United States. Crit Care Med 1992; 20(9):1207-15. 

743. Wong DT, Knaus WA. Predicting outcome in critical care: the current status of 
the APACHE prognostic scoring system. Can J Anaesthes 1991; 38(3):374-83. 



 420 

744. Seneff M, Knaus WA. Predicting patient outcome from intensive care: A guide 
to APACHE, MPM, SAPS, PRISM, and other prognostic scoring systems. J 
Intensive Care Med 1990; 5(1):33-52. 

745. Giangiuliani G, Mancini A, Gui D. Validation of a severity of illness score 
(APACHE II) in a surgical intensive care unit. Intensive Care Med 1989; 
15(8):519-22. 

746. Livingston BM, MacKirdy FN, Howie JC, et al. Assessment of the performance 
of five intensive care scoring models within a large Scottish database. Crit Care 
Med 2000; 28(6):1820-7. 

747. Katsaragakis S, Papadimitropoulos K, Antonakis P, et al. Comparison of Acute 
Physiology and Chronic Health Evaluation II (APACHE II) and Simplified 
Acute Physiology Score II (SAPS II) scoring systems in a single Greek intensive 
care unit. Crit Care Med 2000; 28(2):426-32. 

748. Markgraf R, Deutschinoff G, Pientka L, Scholten T. Comparison of acute 
physiology and chronic health evaluations II and III and simplified acute 
physiology score II: a prospective cohort study evaluating these methods to 
predict outcome in a German interdisciplinary intensive care unit. Crit Care Med 
2000; 28(1):26-33. 

749. Nouira S, Belghith M, Elatrous S, et al. Predictive value of severity scoring 
systems: comparison of four models in Tunisian adult intensive care units. Crit 
Care Med 1998; 26(5):852-9. 

750. Goldhill DR, Withington PS. The effect of casemix adjustment on mortality as 
predicted by APACHE II. Intensive Care Med 1996; 22(5):415-9. 

751. Beck DH, Taylor BL, Millar B, Smith GB. Prediction of outcome from intensive 
care: a prospective cohort study comparing Acute Physiology and Chronic 
Health Evaluation II and III prognostic systems in a United Kingdom intensive 
care unit. Crit Care Med 1997; 25(1):9-15. 

752. Glance LG, Osler TM, Papadakos P. Effect of mortality rate on the performance 
of the Acute Physiology and Chronic Health Evaluation II: a simulation study. 
Crit Care Med 2000; 28(10):3424-8. 

753. Ho K, Lee K, Williams T, et al. Comparison of Acute Physiology and Chronic 
Health Evaluation (APACHE) II score with organ failure scores to predict 
hospital mortality. Anaesthesia 2007; 62:466-473. 

754. Behrendt CE. Acute respiratory failure in the United States: incidence and 31-
day survival. Chest 2000; 118(4):1100-5. 

755. Kern H, Redlich U, Hotz H, et al. Risk factors for prolonged ventilation after 
cardiac surgery using APACHE II, SAPS II, and TISS: comparison of three 
different models. Intensive Care Med 2001; 27(2):407-15. 

756. Russell M, Joshi A, Neumann P, et al. High proportions of brain hemorrhages 
are admitted via the emergency department and are associated with high 
inpatient mortality and cost. Ann Emerg Med 2005; 46(3):S57. 

757. Commonwealth Department of Health and Aged Care. Measuring Remoteness: 
Accessibility / Remoteness Index of Australia (ARIA). Revised Edition. 
Occasional Paper New Series Number 142001. Available from 
http://www.health.gov.au/internet/wcms/Publishing.nsf/Content/health-ari-
aria.htm/. Accessed 31 Jan 2006. 

758. Harradine PG, Winstanley JB, Tate R, et al. Severe traumatic brain injury in 
New South Wales: comparable outcomes for rural and urban residents. Med J 
Aust 2004; 181(3):130-4. 

759. Sadkowsky K, Hagan P, Kelman C, Liu C. Occasional Papers:New Series 
Number 13. Health services in the city and the bush: measures of access and use 



 421 

derived from linked administrative data2001. Available from 
www.health.gov.au. Accessed 6 Jun 2006. 

760. Murray G, Judd F, Jackson H, et al. Rurality and mental health: The role of 
accessibility. Aust NZ J Psychiatry 2004; 38(8):629-634. 

761. Hosmer DJ, Lemeshow S. Applied Logistic Regression. New York: John Wiley 
& Sons, 2001. 

762. Hosmer DJ, Lemeshow S. Applied survival analysis: regression modeling of 
time to event data. New York, NY: John Wiley and Sons, Inc, 1999. 

763. Murray SB, Bates DW, Ngo L, et al. Charlson Index is associated with one-year 
mortality in emergency department patients with suspected infection. Acad 
Emerg Med 2006; 13(5):530-6. 

764. Soares M, Salluh JI, Ferreira CG, et al. Impact of two different comorbidity 
measures on the 6-month mortality of critically ill cancer patients. Intensive 
Care Med 2005; 31(3):408-15. 

765. Knuiman M, Divitini M. Biostatistics II.  Statistical Methods in Epidemiological 
and Clinical Research. Perth: The University of Western Australia, 2002. 

766. Cox DR. Regression models and life tables. J R Stat Soc B 1972; 34:187–220. 
767. Grambsch P, Therneau T. Proportional hazards tests and diagnostics based on 

weighted residuals. Biometrika 1994; 81(3):515-526. 
768. Therneau T, Offord J. Expected survival based on hazard rates. Technical Report 

Number 631999. Available from 
http://cancercenter.mayo.edu/mayo/research/biostat/upload/63.pdf/. Accessed 17 
Aug 2006. 

769. Rubenfeld GD. Interventions to improve long-term outcomes after critical 
illness. Curr Opin Crit Care 2007; 13(5):476-81. 

770. Herridge MS. Long-term outcomes after critical illness: past, present, future. 
Curr Opin Crit Care 2007; 13(5):473-5. 

771. Loop FD, Lytle BW, Cosgrove DM, et al. Influence of the internal-mammary-
artery graft on 10-year survival and other cardiac events. N Engl J Med 1986; 
314(1):1-6. 

772. Sergeant P, Flameng W, Suy R. The sequential internal mammary artery graft. 
Long term results of a consecutive series of 364 patients. J Cardiovasc Surg 
1988; 29(5):596-600. 

773. Pronovost PJ, Holzmueller CG, Clattenburg L, et al. Team care: beyond open 
and closed intensive care units. Curr Opin Crit Care 2006; 12(6):604-8. 

774. Pronovost PJ, Angus DC, Dorman T, et al. Physician staffing patterns and 
clinical outcomes in critically ill patients: a systematic review. JAMA 2002; 
288(17):2151-62. 

775. Carmel S, Rowan K. Variation in intensive care unit outcomes: a search for the 
evidence on organizational factors. Curr Opin Crit Care 2001; 7(4):284-96. 

776. Sergeant P, Blackstone E, Meyns B. Early and late outcome after CABG in 
patients with evolving myocardial infarction. Eur J Cardio-Thorac Surg 1997; 
11(5):848-56. 

777. Myers WO, Blackstone EH, Davis K, et al. CASS Registry long term surgical 
survival. Coronary Artery Surgery Study [erratum appears in J Am Coll Cardiol 
1999 Oct;34(4):1363]. J Am Coll Cardiol 1999; 33(2):488-98. 

778. Wright CS, McMurtry RY, Hoyle M, Pickard J. Preventable deaths in multiple 
trauma: review of deaths at Sunnybrook Medical Centre Trauma Unit. Can J 
Surg 1983; 26(1):20-3. 

779. Acute Health Division DoHS, Victoria, Australia,. Review of trauma and 
emergency services in Victoria : Report of the ministerial taskforce on trauma 
and emergency services and the Department of Human Services working party 



 422 

on emergency and trauma services. 1999. Available from 
http://www.health.vic.gov.au/trauma/review99/index.htm/. Accessed 1 Jul 2007. 

780. Nuckton TJ, List ND. Age as a factor in critical care unit admissions. Arch 
Intern Med 1995; 155(10):1087-92. 

781. Seferian EG, Afessa B. Demographic and clinical variation of adult intensive 
care unit utilization from a geographically defined population. Crit Care Med 
2006; 34(8):2113-9. 

782. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined 
comorbidity index. J Clin Epi 1994; 47(11):1245-51. 

783. Incalzi RA, Capparella O, Gemma A, et al. The interaction between age and 
comorbidity contributes to predicting the mortality of geriatric patients in the 
acute-care hospital. J Int Med 1997; 242(4):291-8. 

784. Hall WH, Jani AB, Ryu JK, et al. The impact of age and comorbidity on survival 
outcomes and treatment patterns in prostate cancer. Prostate Cancer Prostatic 
Dis 2005; 8(1):22-30. 

785. Peres Bota D, Melot C, Lopes Ferreira F, et al. The Multiple Organ Dysfunction 
Score (MODS) versus the Sequential Organ Failure Assessment (SOFA) score 
in outcome prediction. Intensive Care Med 2002; 28(11):1619-24. 

786. Flaatten H, Gjerde S, Onarheim H, et al. Mortality after acute renal failure is 
more dependent on other organ failure. Intensive Care Med 2006:S85. 

787. Harrison-Felix C, Whiteneck G, Devivo MJ, et al. Causes of death following 1 
year postinjury among individuals with traumatic brain injury. J Head Trauma 
Rehabil 2006; 21(1):22-33. 

788. Baguley I, Slewa-Younan S, Lazarus R, Green A. Long-term mortality trends in 
patients with traumatic brain injury. Brain Inj 2000; 14(6):505-12. 

789. Christensen M, Ridley S, Lecky F, et al. Outcomes and costs of blunt trauma in 
England and Wales. Crit Care 2008; 12(1):R23. 

790. Kasal J, Jovanovic Z, Clermont G, et al. Comparison of Cox and Gray's survival 
models in severe sepsis. Crit Care Med 2004; 32(3):700-7. 

791. Carson SS, Cox CE, Holmes GM, et al. The changing epidemiology of 
mechanical ventilation: a population-based study. J Intensive Care Med 2006; 
21(3):173-82. 

792. Frutos F, Alia I, Esteban A, et al. Evolution in the utilization of the mechanical 
ventilation in the critical care unit. Minerva Anestesiol 2001; 67(4):215-22. 

793. Cox C, Carson S, Holmes G, et al. Increase in tracheostomy for prolonged 
mechanical ventilation in North Carolina, 1993-2002. Crit Care Med 2004; 
32(11):2219-2226. 

794. Pola MD, Navarrete-Navarro P, Rivera R, et al. Acute respiratory distress 
syndrome: resource use and outcomes in 1985 and 1995, trends in mortality and 
comorbidities. J Crit Care 2000; 15(3):91-6. 

795. Berenson R. Health Technology Care Study 28: Intensive Care Units (ICUs): 
Clinical outcomes, costs, and decision making, prepared for the Office of 
Technology Assessment. U.S. Congress, OTA-HCS-28 1984. 

796. Williams T, Dobb G, Finn J, et al. Data linkage enables evaluation of long-term 
survival after intensive care. Anaesth Intensive Care 2006; 34(3):307-15. 

797. Lewis JP, Ho KM, Webb SAR. Outcome of patients who have therapy withheld 
or withdrawn in ICU. Anaesthesia & Intensive Care 2007; 35(3):387-92. 

798. Quan H, Parsons GA, Ghali WA. Assessing accuracy of diagnosis-type 
indicators for flagging complications in administrative data. J Clin Epidemiol 
2004; 57(4):366-72. 

799. Ghali WA, Quan H, Brant R. Risk adjustment using administrative data: impact 
of a diagnosis-type indicator. J Gen Intern Med 2001; 16(8):519-24. 



 423 

800. Iezzoni LI, Foley SM, Daley J, et al. Comorbidities, complications, and coding 
bias. Does the number of diagnosis codes matter in predicting in-hospital 
mortality? JAMA 1992; 267(16):2197-203. 

801. Iezzoni LI. Using administrative diagnostic data to assess the quality of hospital 
care. Pitfalls and potential of ICD-9-CM. Int J Tech Assess Health Care 1990; 
6(2):272-81. 

802. Martin J, Anderson T, Turton C, et al. ANZICS Research Centrefor Critical 
Care Reseources: Intensive Care Resources & Activity: Australia & New 
Zealand 2003 – 2005. ANZICS 2006. 

803. D'Hoore W, Bouckaert A, Tilquin C. Practical considerations on the use of the 
Charlson comorbidity index with administrative data bases. J Clin Epidemiol 
1996; 49(12):1429-33. 

804. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use 
with administrative data. Med Care 1998; 36(1):8-27. 

805. Cleves MA, Sanchez N, Draheim M. Evaluation of two competing methods for 
calculating Charlson's comorbidity index when analyzing short-term mortality 
using administrative data. J Clin Epidemiol 1997; 50(8):903-908. 

806. Finn J. Prognostic determinants of out-of-hospital cardiac arrest in Perth, 
Western Australia: identification of strategies to improve outcome [dissertation]. 
Vol. PhD. Perth: The University of Western Australia, 2002. 

807. Lee ET, Go OT. Survival analysis in public health research. Ann Rev Public 
Health 1997; 18:105-34. 

808. Jenkins SP. Survival Analysis. 2005. Available from 
http://www.iser.essex.ac.uk/teaching/degree/stephenj/ec968/index.php. 
Accessed 30 Nov 2005. 

809. Altman DG, Bland JM. Time to event (survival) data. BMJ 1998; 
317(7156):468-9. 

810. SPSS Inc. SPSS Advanced Models 10.0. Chicago: SPSS Inc., 1999. 
811. Gray RJ. Spline-based tests in survival analysis. Biometrics 1994; 50(3):640-52. 
812. Altman DG, Royston P. The cost of dichotomising continuous variables. BMJ 

2006; 332(7549):1080. 
813. Royston P, Altman DG, Sauerbrei W. Dichotomizing continuous predictors in 

multiple regression: a bad idea. Stat Med 2006; 25(1):127-41. 
814. Cleves MA, Gould WW, Gutierrez R. An Introduction to Survival Analysis 

Using Stata, Revised Edition. College Station, Texas: Stata Press, 2004. 
815. Harrell FE, Jr., Lee KL, Mark DB. Multivariable prognostic models: issues in 

developing models, evaluating assumptions and adequacy, and measuring and 
reducing errors. Stat Med 1996; 15(4):361-87. 

816. de Irala-Estevez J, Martinez-Concha D, Diaz-Molina C, et al. Comparison of 
different methodological approaches to identify risk factors of nosocomial 
infection in intensive care units. Intensive Care Med 2001; 27(8):1254-62. 

817. Harrell F. Regression modeling strategies. New York: Springer-Verlag, 2001. 
818. Breslow N. Covariance analysis of censored survival data. Biometrics 1974; 

30:89-99. 
819. Efron B. The efficiency of Cox’s likelihood function for censored data. J Am 

Stat Assoc 1977; 72:557-65. 
820. Kalbfleisch J, Prentice R. The Statistical Analysis of Failure Time Data. New 

York: Wiley, 1980. 
821. Perneger TV. What's wrong with Bonferroni adjustments. BMJ 1998; 

316(7139):1236-8. 
822. Bender R, Lange S. Adjusting for multiple testing - when and how? J Clin 

Epidemiol 2001; 54(4):343-9. 



 424 

 


	01front
	Chapter 1.pdf
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Appendices
	References

