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ABSTRACT	

	

Perinatal	 mortality	 remains	 one	 of	 the	 most	 pressing	 global	 health	 problems,	 and	

improvements	in	the	quality	of	care	around	the	time	of	childbirth	have	the	potential	to	

save	 millions	 of	women’s	and	 newborn	 lives,	 particularly	 in	 low	 and	 middle-income	

countries	 (LMIC).	One	 of	 the	 major	 contributors	 to	 perinatal	 mortality	 in	 LMIC	 is	

intrapartum	 hypoxia	 and	 its	 sequelae,	 for	 which	 the	 lack	 of	 consistently	 available	

quality	intrapartum	care	is	a	significant	contributor.		

	

The	 ability	 to	 identify	 and	manage	 acute	 intrapartum	hypoxia	 is	 a	 significant	 clinical	

challenge,	and	the	capacity	to	achieve	this	in	a	LMIC	forms	the	basis	of	this	thesis.	The	

specific	 focus	 of	 this	 thesis	was	 a	 comprehensive	 series	 of	 clinical	 trial	 and	 data	 set	

analyses	based	in	one	LMIC,	South	Africa,	where	the	perinatal	mortality	rate	(PNMR)	is	

33	 per	 1000	 births,	with	 5	 deaths	 per	 1000	 births	 being	 attributable	 to	 intrapartum	

asphyxia.	 Thus,	 the	 principle	 aim	 of	 this	 research	 was	 to	 use	 the	 concept	 of	 a	

commonly	used	tool	in	high-income	countries	(measurement	of	fetal	lactate	to	assess	

acidosis	 at	 birth	 from	 an	 umbilical	 cord	 sample),	 and	 apply	 it	 in	 a	 resource	 limited	

setting	in	order	to	improve	intrapartum	care.			

	

We	hypothesised	that	introducing	umbilical	artery	(UA)	lactate	sampling	as	a	quality	of	

care	 feedback	 tool	 would	 modify	 clinicians’	 behaviours	 and	 improve	 maternal	 and	

neonatal	outcomes	over	time.	In	order	to	test	this	hypothesis,	it	was	necessary	to	first	
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develop	 an	 understanding	 of	 perinatal	 mortality	 in	 South	 Africa,	 secondly	 to	 be	

assured	of	the	diagnostic	accuracy	of	UA	acidosis	testing	with	lactate,	thirdly	to	explore	

the	impact	of	quality	of	care	audit,	and	finally	to	implement	UA	lactate	testing,	assess	

its	impact,	and	its	feasibility	outside	of	a	research	setting.	The	concepts	explored	and	

analyses	used	are	outlined	below:	

	

1. To	understand	 the	 causes	of	perinatal	death	 in	 South	Africa	using	population	

based	data.	 Frequency	 distributions	were	 performed	 for	 outcome	 summaries	

and	 Fisher’s	 exact	 test	 was	 used	 to	 interrogate	 the	 relationship	 between	

maternal	conditions	and	perinatal	mortality,	and	the	timing	of	perinatal	death.	

2. To	 synthesise	 the	 existing	 evidence	 on	 the	 diagnostic	 test	 accuracy	 of	 UA	

lactate	 in	measuring	 fetal	 acidosis	 and	 predicting	 poor	 neonatal	 outcome	 by	

comparing	 lactate	 with	 other	 assessments	 of	 acidosis	 in	 the	 immediate	

newborn	 and	 by	 assessing	 the	 capability	 of	 lactate	 to	 predict	 neonatal	

outcomes.	 A	 meta-analysis	 of	 correlations	 was	 performed	 applying	 the	

hierarchical	 summary	 receiver	operating	characteristics	model	and	a	bivariate	

model.	

3. To	determine	the	impact	of	quality	of	care	audit	on	perinatal	mortality	 in	163	

facilities	 in	South	Africa	with	at	 least	five	years	of	continuous	audit.	Temporal	

trends	 in	 perinatal	 mortality	 rates	 were	 tested	 using	 the	 extended	 Mantel-

Haenszel	M2	statistic	with	one	degree	of	freedom.		

4. To	 investigate	 the	 utility	 of	 UA	 lactate	 measurements	 in	 a	 South	 African	

hospital	 for	 assessing	 intrapartum	 care	 and	 predicting	 neonatal	 outcomes.	
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Using	 receiver	 operator	 curve	 (ROC)	 analysis,	 the	 optimal	 lactate	 cut-off	 for	

discriminating	between	the	requirement	for	neonatal	 resuscitation,	admission	

to	nursery	and	Apgar	<7	at	5	minutes	was	determined.		

5. To	 ascertain	 the	 clinical	 impact	 of	 introducing	 UA	 lactate	 sampling,	 in	

conjunction	with	education	on	cardiotocograph	 (CTG)	 interpretation	and	 fetal	

and	lactate	physiology.	Using	linear	and	logistic	regression	analysis,	the	impact	

of	 introducing	 UA	 lactate	 sampling	 on	maternal	 and	 neonatal	 outcomes	was	

determined.		

6. To	 assess	 the	UA	 lactate	 results,	 and	 intrapartum	 and	 neonatal	 outcomes	 of	

mothers	 with	 and	 without	 human	 immunodeficiency	 virus	 (HIV)	 infection.	

Univariate	 comparisons	were	made	 using	 independent	 t-tests	 for	 continuous	

outcomes	and	Chi-square	or	Fisher	exact	tests	for	categorical	comparisons.		

7. To	assess	the	attitudes	and	barriers	of	clinical	staff	to	the	implementation	of	UA	

lactate	 in	 South	 Africa.	 In	 addition	 to	 descriptive	 statistics,	 the	 relationship	

between	 various	 attitudes	 and	 barriers	 before	 and	 after	 a	 training	 program	

were	analysed	using	Fisher’s	exact	test,	and	ordinal	regression	models	used	to	

interrogate	 the	 role	 of	 various	 factors	 (e.g.	 age)	 on	 the	 identification	 of	

individual	barriers.	

	

There	 are	 several	 original	 contributions	 arising	 from	 this	 thesis,	 including	 the	 first	

systematic	review	and	meta-analysis	of	the	diagnostic	test	accuracy	of	umbilical	lactate	

for	measuring	acidosis	and	predicting	neonatal	outcome,	a	comprehensive	analysis	of	

the	impact	of	quality	of	care	audit,	and	the	largest	assessment	of	an	intervention	using	
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UA	 lactate	 measurement	 and	 its	 impact	 in	 a	 LMIC	 on	 intrapartum	 obstetric	

management.	Specifically,	the	key	findings	are	as	follows:	

• In	 a	 comprehensive	 data	 set	 representative	 of	 a	 total	 obstetric	 population	 in	

South	 Africa,	 49.5%	 and	 74.2%	 of	 women	 having	 a	 late	 stillbirth	 or	 early	

neonatal	death,	 respectively,	were	healthy	 (no	complications	of	pregnancy	or	

labour)	and	a	quarter	of	the	perinatal	deaths	followed	intrapartum	asphyxia.		

• In	the	first	systematic	review	of	the	diagnostic	test	accuracy	of	umbilical	lactate	

for	 measuring	 acidosis	 and	 predicting	 neonatal	 outcome,	 including	 38,284	

women,	 lactate	 was	 shown	 to	 correlate	 with	 pH	 (pooled	 ES	 -0.650	 95%	 CI	 -

0.663	to	-0.637,	p<0.01),	BE	(pooled	ES	-0.710	95%	CI	 -0.721—0.699,	p<0.01),	

and	Apgar	score	at	5	minutes	(pooled	ES	0.3	95%	CI	0.193-0.407	p<0.01).	Using	

the	common	threshold	outcome	of	HIE,	lactate	has	a	sensitivity	of	69.7%	and	a	

specificity	of	93%.	

• In	 the	 largest	 analysis	 of	 the	 impact	 of	 QoC	 audit	 on	 perinatal	mortality,	we	

interrogated	the	changes	in	PNMR	in	163	South	African	facilities	with	at	least	5	

years	of	continuous	QoC	audit	data.	3,406,347	births	and	85,728	deaths	were	

included	 and	 29%	 of	 facilities	 had	 a	 decrease	 in	 their	 PNMR	with	 5	 years	 of	

continuous	QoC	audit.	Facilities	with	increasing	mortality	appeared	less	likely	to	

have	a	comprehensive	QoC	audit	process.	

• In	a	 large	cohort	of	946	babies	with	a	UA	lactate	sample,	we	determined	that	

the	optimal	 cut-off	 for	 lactate	 for	 the	outcome	of	neonatal	 resuscitation	was	

5.46mmol/L	 (sensitivity	 68%,	 specificity	 72%).	 For	 neonatal	 admission	 the	

optimal	 lactate	 cut-off	was	 4.95mmol/L	 (sensitivity	 61%,	 specificity	 59%)	 and	
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for	 an	 Apgar	 score	 of	 <7	 at	 five	 minutes	 the	 optimal	 lactate	 cut-off	 was	

5.65mmol/L	(sensitivity	64%,	specificity	69%).	

• In	 a	 before	 and	 after	 trial	 assessing	 the	 impact	 of	 introducing	 UA	 lactate	

sampling,	we	found	no	difference	in	mean	lactate	(4.6	mmol/L	{95%CI	4.4-4.8}	

compared	with	4.9	mmol/L	{95%CI	4.7-5.1},	p=0.089).	However	suspected	fetal	

compromise	was	reduced	in	the	post-intervention	period:	30·2%	vs.	22·1%,	aOR	

0·71,	 95%	 CI	 0·52-0·96,	 p=0·027	 without	 worsening	 neonatal	 outcomes.		

Caesarean	 section	 rates	were	 significantly	 reduced	 in	 the	 univariate	 analysis:	

pre-	 40·3%	 vs.	 post-intervention	 31·6%	 (p=0·007).	 This	 reduction	 remained	

significant	when	adjusted	for	previous	caesarean	section,	primiparity,	maternal	

HIV	 infection	 and	 preterm	 birth	 (aOR	 0·72,	 95%CI	 0·54-0·98,	 p=0·035).	

Moreover,	emergency	 caesarean	deliveries	 in	 the	unit	 as	a	whole	 (not	 just	 in	

women	 recruited	 to	 the	 trial)	 decreased	 from	692/2436	 (28·4%)	 to	399/2232	

(17·0%,	P<0·001),	 and	neonatal	nursery	admissions	decreased	 from	450/2436	

(18·5%)	to	349/2232	(15·6%,	P=0·010).	

• In	 the	 21.6%	 of	 women	 in	 our	 before	 and	 after	 trial	 that	 were	 HIV	 positive,	

there	was	no	impact	of	either	their	disease	or	the	use	of	HAART	on	the	preterm	

delivery	 rate,	 mode	 of	 delivery,	 neonatal	 resuscitation	 rate,	 1	 or	 5	 minute	

Apgar	score	below	7,	or	the	rate	of	having	a	UA	lactate	level	>	5.45mmol/L.	

• In	the	final	study	assessing	the	attitudes	and	barriers	to	introducing	UA	lactate	

sampling,	the	majority	of	midwives	and	doctors	providing	intrapartum	care	in	a	

South	African	district	hospital	were	positive	about	both	the	role	of	UA	lactate	

analysis	 as	 well	 as	 the	 potential	 benefits	 it	 provides.	 Training	 aided	 in	
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overcoming	 some	 of	 the	 perceived	 barriers	 to	 implementing	 UA	 lactate	

sampling.	

	

The	thesis	outlined	below		demonstrates	that	the	use	of	umbilical	artery	lactate	is	both	

feasible	 and	effective	 in	 South	Africa,	 and	 can	 contribute	 to	 improved	maternal	 and	

perinatal	outcomes.	
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THESIS	AIM	

	

Millions	of	women	and	their	babies	die	every	year	around	the	time	of	childbirth	and	

improving	 this	 statistic	 remains	 a	 priority	 of	 the	 Sustainable	 Development	 Goals	

(SDGs)(1).	 Thus,	 the	 basis	 of	 this	 dissertation	 centres	 on	 the	 concept	 of	 perinatal	

mortality	in	low	and	middle-income	countries	(LMIC)	and	particularly	the	contribution	

of	 intrapartum	 care	 to	 this.	 Lack	 of	 quality	 of	 intrapartum	 care	 around	 the	 time	 of	

childbirth	 leads	 to	 adverse	 outcomes,	 frequently	 as	 a	 result	 of	 hypoxia	 and	 its	

sequelae,	 which	 in	 LMIC	 is	 a	 significant	 contributor	 to	 both	 stillbirths	 and	 early	

neonatal	 deaths(2).	 Intrapartum	 hypoxaemia	 can	 be	 considered	 the	 intermittent	 or	

permanent	 fall	 in	 fetal	 blood	 oxygen	 levels	 during	 labour,	 which	 may	 lead	 to	

intrapartum	 hypoxia,	 or	 a	 fall	 in	 oxygen	 levels	 in	 organs(3).	 With	 the	 influence	 of	

maternal,	fetal,	and	care	factors,	this	can	lead	to	acidosis	(increase	of	hydrogen	ions	in	

the	tissues(4)),	and	finally	to	intrapartum	asphyxia,	a	conglomerate	of	clinical	features	

including	a	neurologically	depressed	neonate	at	birth,	as	well	as	 intrapartum	or	early	

neonatal	death(5).	

	

The	middle-income	country	of	South	Africa	has	a	perinatal	mortality	rate	(PNMR)	of	33	

per	 1000	 births,	 with	 only	 small	 improvement	 in	 this	 statistic	 in	 since	 2000(6).	

Intrapartum	 asphyxia	 causes	 at	 least	 10%	 of	 all	 stillbirths	 in	 South	 Africa(7)	 and	

additionally,	at	 least	a	quarter	of	early	neonatal	deaths	are	attributed	to	intrapartum	

asphyxia(8),	with	an	untold	number	of	survivors	suffering	long	term	disability(9).		
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Reducing	the	PNMR	in	LMIC	requires	interventions	that	meet	the	contextual	needs	of	

the	 relevant	 populations.	 That	 is,	 any	 intervention	 needs	 to	 be	 easily	 applied,	

inexpensive,	 easily	 taught	 and	 sustainable.	 Reducing	 intrapartum	 hypoxia	 requires	

accurate	 recognition	 of	 the	 condition,	 followed	 by	 an	 appropriate	 clinical	 response.	

Interventions	 to	achieve	 this	 include	electronic	 fetal	heart	 rate	monitoring,	access	 to	

instrumental	 deliveries	 and	 caesarean	 section	 facilities,	 and	 effective	 neonatal	

resuscitation,	 in	 addition	 to	 adequate	 staffing	 with	 access	 to	 teaching	 and	 case	

reflection(9-11).		

	

While	electronic	fetal	heart	rate	monitoring	is	frequently	used	in	South	Africa	with	the	

aim	 of	 detecting	 fetal	 hypoxia	 and	 compromise(12),	 there	 are	 several	 limitations	 to	

CTG	use	that	may	limit	its	impact	on	intrapartum	outcomes.	Depending	on	the	system	

used	for	interpretation,	specificity	for	CTG	and	fetal	acidosis	can	be	as	low	as	18%,	with	

positive	predictive	values	around	35%(13).	However,	the	sensitivity	of	electronic	fetal	

heart	rate	monitoring	may	be	improved	with	umbilical	cord	blood	sampling	to	assess	

acid-base	balance	immediately	after	delivery.	Umbilical	cord	sampling	supplements	the	

clinical	 picture	 provided	 by	 fetal	 heart	 rate	 patterns,	 as	 it	 objectively	 reflects	 fetal	

tissue	 hypoxia	 and	 acidosis,	 which	 have	 morbid	 and	 mortal	 sequelae(14).	 Sampling	

allows	 immediate	 case	 reflection	 with	 positive	 or	 negative	 reinforcement	 of	

management	 decisions	 for	 each	delivery	 to	 occur(15).	Although	 this	 clearly	 does	 not	

change	 the	 intrapartum	 management	 for	 the	 sampled	 case,	 doing	 so	 has	 several	

potential	benefits.	Firstly,	in	the	case	of	a	normal	result,	 intrapartum	asphyxia	can	be	
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excluded	and	health	care	providers	reassured	about	their	clinical	decision	making(14).	

In	 the	 case	 of	 an	 abnormal	 result,	 staff	 can	 both	 reflect	 on	 intrapartum	 care	 and	

potentially	take	steps	to	change	management	strategies	 in	the	future(15).	 It	was	this	

latter	concept	that	formed	the	basis	of	this	thesis.	

	

UA	blood	gas	measurement	allows	an	objective	assessment	of	the	metabolic	state	of	

the	fetus	prior	to	delivery	and	provides	a	biochemical	representation	of	fetal	acid-base	

status	in	the	intrapartum	period.	It	is	conventionally	performed	using	a	measurement	

of	pH(14).	Whilst	UA	pH	is	the	gold	standard	for	measurement	of	fetal	hypoxia	that	has	

resulted	 in	acidosis,	 the	cost	and	maintenance	of	 the	required	equipment	 (blood	gas	

analyser)	render	this	not	feasible	for	resource	poor	settings,	including	most	facilities	in	

South	 Africa.	 An	 alternate	 way	 to	 measure	 acidosis	 is	 with	 UA	 cord	 blood	 lactate;	

which	can	be	readily	tested	on	a	handheld	device	and	correlates	well	with	pH	values	in	

the	assessment	of	fetal	hypoxia(16).	Thus,	the	aim	of	this	research	was	to	introduce	UA	

lactate	sampling	in	a	resource	limited	setting,	as	a	quality	of	care	feedback	tool,	which	

it	 was	 hypothesised,	 would	 alter	 clinicians’	 behaviours	 and	 improve	 maternal	 and	

neonatal	 outcomes	 over	 time.	 This	 research	 was	 performed	 at	 Kalafong	 Hospital,	

Pretoria,	South	Africa	(Image	1.1),	with	approximately	6500	deliveries	per	year	in	a	16	

bed	labour	ward,	usually	staffed	with	3	midwives	and	3	doctors	at	any	one	time.	
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THESIS	OUTLINE	

	

In	 this	 thesis	 I	 have	 explored	 the	 causes	 of	 perinatal	 mortality	 in	 South	 Africa,	

undertaken	a	 systematic	 review	and	meta-analysis	of	 the	diagnostic	 test	 accuracy	of	

lactate,	completed	a	comprehensive	analysis	of	the	impact	of	quality	of	care	audit	on	

perinatal	 mortality,	 implemented	 UA	 lactate	 testing	 to	 ascertain	 its	 capacity	 in	 this	

setting	 to	predict	 short-term	neonatal	outcomes,	assessed	 the	 impact	of	 introducing	

UA	 lactate	 sampling,	 investigated	 the	 role	 maternal	 HIV	 infection	 may	 play	 in	 the	

results	of	the	test,	as	well	as	its	feasibility	outside	of	a	research	setting.		Chapter	two	

reviews	 the	 literature	 to	 provide	 an	understanding	of	 perinatal	mortality	 in	 low	and	

middle	income	settings	(and	in	South	Africa	specifically),	normal	fetal	physiology,	fetal	

lactate,	quality	of	care	audit,	near	miss	cases,	and	other	factors	related	to	intrapartum	

care,	including	maternal	HIV	infection	and	caesarean	section	rates.	
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Image	1.1	Women	in	the	antenatal	ward	at	Kalafong	hospital	

	

Chapter	 four	 explores	 the	 causes	 of	 perinatal	 mortality	 and	 associated	 maternal	

conditions	in	South	Africa.	It	uses	data	from	Mpumalanga,	a	province	in	eastern	South	

Africa	 bordering	 Swaziland	 and	 Mozambique	 (and	 well	 known	 for	 the	 presence	 of	

Kruger	Park),	where	more	than	90%	of	women	give	birth	in	a	health	care	facility	and	all	

facilities	capture	perinatal	mortality	quality	of	care	audit	data	using	the	South	African	

Perinatal	 Problems	 Identification	 Program	 (PPIP)	 database.	 A	 secondary	 analysis	 of	

PPIP	 data	 for	 the	 Province	was	 undertaken	 for	 the	 period	 October	 2013	 to	 January	

2014,	 inclusive.	 Data	 for	 each	 individual	 late	 perinatal	 death	 were	 reviewed.	 The	

frequencies	 of	 maternal	 and	 perinatal	 characteristics	 for	 late	 fetal	 deaths	 were	
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examined	 and	 the	 relationships	 between	 the	 maternal	 condition	 and	 perinatal	

outcomes	analysed.	

	

	

Image	1.2	An	elephant	at	Kruger	National	Park,	Mpumalanga	

	

Chapter	 five	 is	 a	 systematic	 review	 and	 diagnostic	 test	 accuracy	 of	 umbilical	 cord	

lactate	to	measure	acidosis	and	predict	neonatal	outcome.	To	synthesise	the	evidence	

for	 the	 diagnostic	 test	 accuracy	 of	 umbilical	 cord	 lactate	 in	 measuring	 acidosis	 and	

predicting	poor	neonatal	outcome,	published	and	unpublished	studies	between	1990	

and	 2014	 from	 PubMed/Medline,	 EMBASE,	 Cochrane	 Central	 Register	 of	 Controlled	

Trials,	 and	 clinicaltrials.gov,	 extracting	 cross-sectional	 and	 randomised	 studies	 that	

assessed	fetal	acidosis	(using	lactate	as	the	index	test)	with	or	without	an	assessment	

of	 neonatal	 outcome,	 were	 reviewed.	 Correlations	 between	 index	 and	 reference	

test(s)	 were	 recorded,	 as	 were	 the	 raw	 data,	 to	 classify	 the	 predictive	 ability	 of	
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umbilical	 lactate	for	neonatal	outcomes.	Meta-analysis	of	correlation	was	performed.	

Estimates	of	the	studies'	observed	sensitivities	and	specificities	were	plotted	on	Forest	

plots	 with	 95%	 confidence	 intervals	 (CI).	 Where	 possible,	 we	 combined	 data	 using	

meta-analysis,	 applying	 the	 hierarchical	 summary	 receiver	 operating	 characteristics	

model	and	a	bivariate	model.	

	

Chapter	six	explores	 the	 impacts	of	quality	of	care	audit	on	PNMR	 in	South	Africa.	A	

review	 of	 several	 small	 studies	 showed	 a	 reduction	 in	 perinatal	 mortality	 after	 the	

introduction	of	perinatal	 audits	but	no	 large	 scale	 research	exists(17).	 Therefore,	we	

analysed	the	changes	in	PNMR	in	163	facilities	in	South	Africa	with	at	least	five	years	of	

continuous	 quality	 of	 care	 audit.	We	 tested	 for	 temporal	 trends	 in	 PNMR	 using	 the	

extended	Mantel-Haenszel	M2	statistic	with	one	degree	of	freedom.		

	

Chapters	 seven	 to	 nine	 originate	 from	 research	 undertaken	 at	 Kalafong	 Hospital	 in	

2014.	(Image	1.3)	Chapter	seven	investigates	the	utility	of	UA	lactate	measurements	at	

Kalafong	 Hospital	 to	 assess	 intrapartum	 care	 and	 predict	 neonatal	 outcomes.	 From	

March	 3rd	 to	 12th	 of	 November	 2014,	 a	 prospective	 cohort	 study	 of	 UA	 lactate	was	

conducted.	Using	receiver	operator	curve	 (ROC)	analysis,	we	determined	the	optimal	

lactate	cut-off	for	discriminating	between	the	requirement	for	neonatal	resuscitation,	

admission	to	the	neonatal	nursery	and	Apgar	score	less	than	seven	at	five	minutes.		
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Image	1.3	Beds	out	for	washing	at	Kalafong	Hospital	

	

Chapter	eight	centres	on	the	concept	that	the	introduction	of	UA	lactate	sampling	in	all	

deliveries	 in	other	units	produces	progressive	 improvements	 in	neonatal	biochemical	

markers	and	 reduced	admission	 to	high	 care	 facilities	over	 time,	 independent	of	 the	

rate	 of	 obstetric	 intervention(15).	 Thus,	 from	 3rd	March	 -	 12th	 November	 2014,	 we	

undertook	 a	 before	 and	 after	 trial	 to	 determine	 the	 impact	 of	 introducing	 UA	 cord	

lactate	 sampling,	 using	 a	 hand-held	 lactate	meter,	 in	 conjunction	with	 education	 on	

CTG	interpretation	and	fetal	and	lactate	physiology.	(Images	1.4	&	1.5)	Using	linear	and	

logistic	 regression	 analysis,	 we	 determined	 the	 impact	 of	 introducing	 UA	 lactate	

sampling	on	maternal	and	neonatal	outcomes.		
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\	

Image	1.4	Intrapartum	CTG	at	Kalafong	Hospital	

	

In	Chapter	nine,	the	UA	lactate	levels	and	perinatal	outcomes	among	women	with	and	

without	HIV	 infection	were	assessed.	 In	a	cohort	of	women	with	UA	lactate	samples,	

maternal	and	neonatal	data	were	collected,	 including	HIV	status	and	CD4	counts.	UA	

lactate	 levels	 and	 neonatal	 outcomes	 were	 compared	 between	 women	 with	 and	

without	 HIV	 infection.	 The	 potential	 confounding	 impact	 of	 HIV	 treatment	 on	

outcomes	was	studied	using	maternal	CD4	counts.	Univariate	comparisons	were	made	

using	 independent	 t-tests	 for	 continuous	 outcomes	 and	 Chi-square	 or	 Fisher	 exact	

tests	for	categorical	comparisons.		
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Image	1.5	CTG	prior	to	intrapartum	death	at	Kalafong	Hospital	

	

It	is	critical	that	interventions	can	be	implemented	beyond	a	research	setting,	and	are	

acceptable	 to	 clinicians	 and	 patients	 in	 daily	 clinical	 practice.	 Thus,	 Chapter	 ten	

assesses	 the	 acceptability	 and	 barriers	 to	 implementing	 universal	 umbilical	 artery	

lactate	 testing	 in	a	district	hospital	 in	 Zithulele,	on	 the	eastern	 cape	of	 South	Africa.	

During	 the	 period	 16/11/2014	 -	 13/01/2015,	 we	 conducted	 a	 training	 course	 in	

cardiotocograph	(CTG)	interpretation,	fetal	physiology,	and	the	sampling	and	analysing	

of	 UA	 lactate,	 with	 a	 pre-	 and	 post-training	 questionnaire	 aimed	 at	 assessing	 the	

barriers	 and	 facilitators	 to	 the	 introduction	 of	 universal	 UA	 lactate	 sampling.	 In	

addition	 to	 descriptive	 statistics,	 the	 relationship	 between	 various	 attitudes	 and	

barriers	before	and	after	the	training	program	were	analysed	using	Fisher’s	exact	test.	

The	role	of	gender,	age,	position,	and	length	of	time	practising	on	the	identification	of	

individual	 barriers	 to	 the	 implementation	 of	 the	 intervention	 pre-	 and	 post-training	

were	explored	using	ordinal	regression	models.	
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Chapter	eleven	summarises	the	findings	of	this	thesis,	the	strengths	and	limitations	of	

the	research	and	future	directions	for	implementation	and	ongoing	research.	
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CHAPTER	TWO:	LITERATURE	REVIEW	
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CHAPTER	OUTLINE	

	

Chapter	two	explores	the	existing	literature	for	the	concepts	that	form	the	basis	of	this	

thesis.	 It	 commences	 with	 the	 definitions	 of	 perinatal	 mortality,	 an	 overview	 of	

perinatal	outcomes	in	middle	income	countries	(MIC)	and	the	classification	of	perinatal	

deaths	in	South	Africa.	The	normal	physiology	of	the	fetus	and	the	impact	of	hypoxia	

on	this,	the	measurement	of	acidosis	including	with	lactate,	the	interplay	between	CTG	

and	acidosis	is	then	discussed.	Finally,	quality	of	care	(QoC)	audits	are	reviewed.		
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INTRODUCTION		

	

Perinatal	 death	 is	 both	 a	 global	 public	 health	 concern	 and	 an	 individual	 tragedy	 for	

millions	 of	women,	 their	 partners,	 and	 their	 families	 around	 the	world.	 The	 time	 of	

childbirth	poses	 the	greatest	 risk	 to	women	and	their	babies,	and	there	 is	 significant	

overlap	in	the	aetiology	of	the	causes	of	death	of	both(1).	As	discussed	in	Chapter	one,	

hypoxia	during	the	first	and	second	stage	of	labour	places	the	fetus	at	risk	of	significant	

morbidity	 and	mortality(2).	 Intrapartum	 hypoxia	 contributes	 to	more	 than	 a	million	

perinatal	deaths	globally	each	year(3)	and	the	majority	of	these	deaths	occur	in	LMIC,	

where	 the	 lack	 of	 consistent	 availability	 of	 quality	 intrapartum	 care	 is	 a	 significant	

contributing	 factor(4).	 Thus,	 quality	 of	 care	 (QoC)	 around	 the	 time	 of	 childbirth	 is	

imperative	 to	 the	survival	mothers	and	babies(5).	Moreover,	 issues	with	 intrapartum	

care	that	do	not	result	in	perinatal	death,	have	the	potential	to	result	in	near	misses	or	

perinatal	morbidity.	

	

While	 it	 is	 clear	 that	 the	 causes	of	 perinatal	mortality	 are	multifactorial,	QoC	 in	 low	

resource	settings	are	a	significant	contributory	factor.	South	Africa,	for	example,	has	a	

perinatal	mortality	rate	(PNMR)	of	33	per	1000	births.	Australia’s	PNMR	by	comparison	

is	6	per	1000.	In	South	Africa,	5	deaths	per	1000	births	are	attributed	to	birth	asphyxia,	

and	 more	 than	 a	 third	 of	 these	 asphyxia	 perinatal	 deaths	 are	 secondary	 to	 either	

inadequate	 fetal	 heart	 rate	 monitoring	 or	 failure	 to	 recognise	 intrapartum	 fetal	

compromise(6).		
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The	 ability	 to	 identify	 and	 manage	 intrapartum	 hypoxia	 is	 a	 significant	 clinical	

challenge,	particularly	given	that	most	cases	will	have	no	antepartum	risk	factors,	and	

more	than	a	third	will	have	no	obvious	intrapartum	risk	factors(7).	Intrapartum	hypoxia	

often	manifests	in	labour	with	abnormalities	in	the	fetal	heart	rate,	however	the	fetal	

cardiotocograph	 (CTG)	 has	 a	 limited	 positive	 predictive	 value	 of	 only	 30%	 for	 the	

outcome	of	acidosis(8).	 There	 is	 great	 variability	 in	 the	use	of	objective	measures	of	

intrapartum	 compromise	 such	 as	 fetal	 scalp	 sampling	 and	 assessment	 of	 acidosis	

during	 labour	 (using	 pH	 or	 lactate)	 internationally(8-10).	 While	 improving	 the	

sensitivity	of	the	CTG	with	 intrapartum	fetal	scalp	sampling	has	been	described	since	

the	1960’s	(with	variable	results	on	its	ability	to	reduce	intrapartum	asphyxia)(10),	its	

use	 in	 LMIC	 is	 limited(11).	Reasons	 for	 this	utilisation	 include	 the	 resources	 required	

for	 fetal	 scalp	 sampling,	 and	 the	 contraindications	 to	 scalp	 sampling,	 including	

maternal	HIV	infection	and	other	blood	borne	viruses.	

	

DEFINITIONS	OF	PERINATAL	MORTALITY	

	

GLOBAL	PERINATAL	MORTALITY	

	

The	burden	of	perinatal	 (and	maternal)	mortality	 is	almost	exclusively	with	LMIC(12).	

The	 most	 recent	 estimates	 indicate	 more	 than	 2.5	 million	 stillbirths	 and	 a	 similar	

number	 of	 neonatal	 deaths	 annually(13-16).	 Additionally,	 there	 were	 303,000	

maternal	deaths	globally	 in	2015(17).	Both	mothers	and	babies	are	most	 likely	to	die	
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on	the	day	of	delivery(18,	19).	Therefore,	any	intervention	focused	around	the	time	of	

childbirth	 has	 the	 potential	 to	 impact	 the	 outcomes	 of	 both	 mother	 and	 baby.	

Perinatal	mortality	is	calculated	per	1000	total	births,	using	the	formula	in	Figure	2.1.	

The	definition	 of	 perinatal	mortality	 varies	 between	 countries	 as	 to	 the	 gestation	 at	

which	a	fetal	or	neonatal	death	is	included	in	perinatal	mortality	statistics.	Stillbirth	is	

defined	as	“death	prior	to	the	complete	expulsion	or	extraction	from	its	mother”	and	

early	neonatal	death	is	death	within	the	first	7	days	of	life(20).	While	the	definition	of	

the	 perinatal	 period	 is	 generally	 defined	 as	 any	 death	 from	 22	 weeks	 gestation	

onwards,	global	reporting	and	comparisons	are	generally	done	using	the	definition	of	

28	weeks	gestation	or	a	birth	weight	of	1000	grams	(gr)	or	more(21),	with	birth	weight	

as	the	preferential	denominator(22).	The	PNMR	for	South	Africa	is	generally	quoted	as	

that	 for	 babies	 with	 a	 birth	 weight	 of	 1000gr	 or	 more,	 although	 PNMR	 for	 smaller	

babies	are	also	recorded(23).	Conversely,	perinatal	mortality	in	Australia	is	defined	by	

death	of	at	least	20	weeks	gestation	or	death	of	a	baby	with	a	birth	weight	of	at	least	

400	grams(24).	

	

	

Figure	 2.1	 The	 calculation	 of	 perinatal	 mortality,	 where	 early	 neonatal	 deaths	 are	

within	the	first	7	days	of	life(20).		
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Perinatal	 mortality	 can	 be	 separated	 in	 to	 three	 largely	 distinct	 time	 periods:	

antepartum,	 intrapartum	and	neonatal	deaths.	The	 latter	 can	be	considered	as	early	

(in	the	first	7	days	of	life)	or	late	(7-28	days	of	life)	neonatal	deaths.	When	considering	

the	role	intrapartum	care	plays	in	neonatal	deaths,	it	is	the	predominantly	early	deaths	

that	are	of	interest.	

	

ANTEPARTUM	MORTALITY	

	

Antepartum	mortality	 is	generally	defined	as	“death	before	the	onset	of	 labour”(25),	

although	there	is	variation	between	countries	as	to	which	deaths	are	included	within	

this	definition.	For	example,	Australia	defines	stillbirth	as	“a	baby	born	of	at	 least	20	

weeks	gestation	or	400gr	birth	weight	who	did	not,	at	any	time	after	delivery,	breathe,	

or	show	any	evidence	of	life	such	as	a	heartbeat”(26),	whereas	in	South	Africa,	babies	

weighing	500gr	or	more	are	included	in	this	definition(23),	and	ICD-10	defines	a	fetal	

death	as	that	occurring	in	a	baby	weighing	more	than	500gr	or	being	greater	than	22	

completed	 weeks	 gestation(22).	 Antepartum	 deaths	 are	 sometimes	 separated	 into	

early	(≥500gr	and	<1000gr)	or	late	(≥1000gr)	fetal	deaths(25).	Estimates	of	global	rates	

of	 antepartum	 deaths	 (stillbirths)	 are	 difficult	 given	 the	 lack	 of	 recording	 and	

registration	of	most	stillbirths	around	the	world(18).	
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INTRAPARTUM	MORTALITY	

	

An	intrapartum	death	is	that	occurring	after	the	commencement	of	labour,	but	before	

complete	expulsion	of	the	fetus(25),	with	many	countries	around	the	world	identifying	

a	“fresh	stillbirth”	as	a	surrogate	for	an	intrapartum	death	in	the	absence	of	fetal	heart	

rate	monitoring	that	definitively	 identifies	 the	time	of	death(27,	28).	The	events	that	

can	 lead	 to	 intrapartum	mortality	 are	 the	 focus	 for	 this	 research.	 This	 is	 particularly	

pertinent	as	intrapartum	stillbirths	in	LMIC	represent	the	majority	of	the	global	burden	

of	these	types	of	deaths	and	considered	largely	preventable(29,	30).	Up	to	70%	of	all	

stillbirths	 in	 LMIC	 are	 likely	 to	 be	 intrapartum	 deaths(19).	 Moreover,	 given	 that	 in	

some	 LMIC	 attendance	 for	 antenatal	 care	 is	 uncommon	 (for	 example	 in	 Bangladesh	

where	any	antenatal	attendance	for	care	occurs	 in	<2/3	of	women(31)),	contact	with	

health	 care	 professionals	 in	 the	 intrapartum	 period	 may	 be	 the	 first	 medical	

interaction,	 severely	 hampering	 the	 potential	 for	 obstetric	 care	 provision	 and	 risk	

reduction(32).		

	

EARLY	NEONATAL	MORTALITY	

	

Early	 neonatal	 deaths	 are	 those	 that	 occur	 before	 day	 7	 of	 neonatal	 life	 (25),	 and,	

especially	in	low	resource	settings,	may	occur	as	a	direct	consequence	of	intrapartum	

care	and	events(29,	33,	34).	 Indeed,	most	early	neonatal	deaths	 in	LMIC	occur	 in	the	

first	day	after	birth,	and	more	than	half	of	these	follow	intrapartum	asphyxia(35).	Early	

neonatal	deaths	are	of	particularly	 importance	as	they	contribute	approximately	75%	
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of	 all	 post-natal	 deaths(36),	 and	 are	 responsible	 for	 50%	 of	 the	 under	 five	 year	

mortality	rates	in	LMIC(35,	37-40).	

	

PERINATAL	MORTALITY	IN	MIDDLE	INCOME	SETTINGS	

	

There	 exists	 a	 substantial	 body	 of	 literature	 on	 global	 perinatal	 mortality.	 Our	 trial	

aimed	to	consider	an	intervention	that	would	be	applicable	in	middle-income	countries	

(MIC)	 where	 it	 is	 critical	 to	 consider	 the	 distribution	 of	 resources,	 such	 that	 any	

intervention	does	not	compromise	other	aspects	of	care.	Perinatal	mortality	 in	these	

settings	 is	 disproportionately	 represented	 around	 the	 time	 of	 childbirth,	 and	

interventions	 at	 this	 point	 are	 critical(41),	 however	 the	use	of	 one	 intervention	may	

result	in	less	access	to	another	because	of	finite	resources.	Thus,	we	are	beholden	to	

consider	 the	 scope	 of	 the	 problem	 of	 perinatal	 mortality	 in	 MIC	 in	 order	 to	 affect	

change	that	is	meaningful,	contextually	appropriate,	and	pragmatic(42).	

	

Estimates	of	perinatal	mortality	in	MIC	are	presented	in	Table	2.1.	While	estimates	can	

be	influenced	by	varying	definitions	of	deaths,	particularly	stillbirths(43),	it	is	clear	that	

rates	 vary	widely,	 from	 7/1000	 births	 in	Malaysia	 to	 111/1000	 births	 in	Mauritania.	

South	 Africa’s	 reported	 PNMR	 is	 33/1000	 births,	 which,	 it	 is	 worth	 noting,	 is	 500%	

higher	 than	 that	 in	 Australia(20).	 The	 impact	 of	 any	 intervention	 is	 related	 to	 the	

frequency	of	the	causative	problem.	 It	 is	evident	from	Table	2.1	that	there	are	many	
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MIC	where	mortality	rates	could	potentially	be	impacted	by	an	intervention	such	as	UA	

lactate	sampling.	

	

Table	 2.1	 Perinatal	 mortality	 rates	 in	 middle	 income	 countries	 (Adapted	 from	 the	

World	Health	Organization(20),	except	where	additional	references	indicated)	

Country	 Perinatal	
mortality	
rate	 (per	
1000	births)	

Country	 Perinatal	
mortality	
rate	 (per	
1000	births)	

Country	 Perinatal	
mortality	 rate	
(per	 1000	
births)	

	Albania	 20	 	Grenada	 21	 	Panama	 15	

	Algeria	 47	 	Guatemala	 23	 	Papua	 New	
Guinea	

51	

	American	
Samoa	

5(44)*	 	Guyana	 40	 	Paraguay	 20	

	Angola	 86	 	Honduras	 28	 	Peru	 20	

	Argentina	 14	 	India	 70	 	Philippines	 23	

	Armenia	 29	 	Indonesia	 30	 	Romania	 12	

	Azerbaijan	 58	 	Iran,	 Islamic	
Rep.	

35	 	Russian	
Federation	

25	

	Bangladesh	 50	 	Iraq	 76	 	Samoa	 21	

	Belarus	 9	 	Jamaica	 17	 	Sao	 Tome	
and	Principe	

61	

	Belize	 33	 	Jordan	 26	 	Serbia	 and	
Montenegro	

13	

	Bhutan	 40	 	Kazakhstan	 57	 	Solomon	
Islands	

20	

	Bolivia	 31	 	Kenya	 53	 	South	Africa	 33	

	Bosnia	 and	
Herzegovina	

20	 	Kiribati	 44	 	Sri	Lanka	 20	

	Botswana	 79	 	Kosovo	 19(45)	 	St.	Lucia	 20	
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	Brazil	 20	 	Kyrgyz	
Republic	

57	 	St.	 Vincent	
and	 the	
Grenadines	

19	

	Bulgaria	 13	 	Lao	PDR	 57	 	Sudan	 44	

	Cabo	Verde	 30	 	Lebanon	 34	 	Suriname	 30	

	Cambodia	 66	 	Lesotho	 46	 	Swaziland	 61	

	Cameroon	 70	 	Libya	 19	 	Syrian	 Arab	
Republic	

16	

	China	 35	 	Macedonia,	
FYR	

16(20)	 	Tajikistan	 62	

	Colombia	 23	 	Malaysia	 7	 	Thailand	 20	

	Congo,	Rep.	 76	 	Maldives	 54	 	Timor-Leste	 65	

	Costa	Rica	 13	 	Marshall	
Islands	

43	 	Tonga	 18	

	Cote	d'Ivoire	 96	 	Mauritania	 111	 	Tunisia	 20	

	Cuba	 14	 	Mauritius	 17	 	Turkey	 36	

	Djibouti	 62	 	Mexico	 22	 	
Turkmenista
n	

39	

	Dominica	 12	 	Micronesia,	
Fed.	Sts.	

20	 	Tuvalu	 36	

	Dominican	
Republic	

28	 	Moldova	 31	 	Ukraine	 37	

	Ecuador	 20	 	Mongolia	 46	 	Uzbekistan	 46	

	Egypt,	 Arab	
Republic.	

27	 	Morocco	 31	 	Vanuatu	 31	

	El	Salvador	 20	 	Myanmar	 65	 	Venezuela,	
RB	

18	

	Equatorial	
Guinea	

65	 	Namibia	 46	 	Vietnam	 37	

	Fiji	 16	 	Nicaragua	 23	 	West	 Bank	
and	Gaza	

21(46)	

	Gabon	 59	 	Nigeria	 86	 	Yemen,	Rep.	 44	
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	Georgia	 42	 	Pakistan	 59	 	Zambia	 56	

	Ghana	 45	 	Palau	 23	 	 	

*	Data	only	available	for	neonatal	deaths	

	

PERINATAL	MORTALITY	IN	THE	MIDDLE-INCOME	COUNTRY	LITERATURE:	A	REVIEW	

	

A	 literature	 review	 on	 perinatal	 mortality	 in	 MIC	 was	 conducted.	 PubMed	 was	

searched,	using	a	combination	of	 the	MeSH	terms	 for	poverty,	developing	countries,	

perinatal	 death	 and	 perinatal	 mortality.	 (((("Poverty"{Mesh})	 OR	 "Developing	

Countries"{Mesh})	AND	"Perinatal	Death"{Mesh})	OR	("Perinatal	Mortality"{Mesh}	OR	

"Fetal	 Mortality"{Mesh})).	 Middle	 income	 countries	 were	 defined	 using	World	 Bank	

criteria(47),	 and	 are	 outlined	 in	 Table	 2.1.	 1299	 studies	 were	 identified	 since	 2000.	

Titles	and	abstracts	were	searched	and	full	text	articles	relevant	to	perinatal	outcomes	

in	MIC	are	explored	below.	

	

MIC	may	have	a	high	baseline	PNMR,	and	then	within	country	have	regions	with	even	

higher	 PNMR	 and	 therefore	 face	 greater	 resource	 challenges	 in	 addressing	 these	

regional	disparities(48-54).	Moreover,	analyses	of	perinatal	deaths	in	MIC	often	show,	

in	 addition	 to	 a	 high	 PNMR,	 significant	 numbers	 of	 these	 deaths	 are	 preventable,	

although	progress	on	this	is	often	limited	by	human	and	physical	resources(55,	56).	It	is	

this	 large	 group	 of	 preventable	 perinatal	 deaths	 where	 efforts	 to	 improve	 global	

perinatal	mortality	should	be	targeted	and	where	the	concept	of	this	thesis	stemmed	

from.		
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PERINATAL	MORTALITY	IN	ROUTINE	OBSTETRIC	CARE		

	

One	 of	 the	 challenges	 for	 obstetric	 care	 in	 MIC	 is	 the	 mortality	 associated	 with	

common	events	or	clinical	problems	that	would	be	considered	largely	straight	forward	

to	manage	in	high-income	settings.	One	of	the	contributors	to	this	may	be	the	concept	

of	 “fragile	 states”	 –	 that	 is,	 that	 this	mortality	 occurs	 in	 countries	where	 the	overall	

physical	 and	 human	 infrastructure	 deficits	 lead	 to	 worse	 outcomes	 in	 vulnerable	

groups,	including	women	and	their	newborns(57).		

	

Many	 clinical	 pregnancy	 and	 intrapartum	 scenarios	 in	 high-income	 countries	 are	

recognised	 as	 potential	 situations	 for	 complications,	 and	 resources	 for	management	

directed	as	appropriate.	The	same	is	not	true	for	MIC,	and	it	is	evident	from	reviewing	

the	literature	that	the	prevalence,	aetiology,	treatment	and	consequences	of	maternal	

and	perinatal	clinical	issues	or	disease	become	far	more	complex	than	the	same	issue	

in	high-income	settings.	

	

Maternal	 conditions	 in	 pregnancy	 are	 potentially	 more	 complex	 to	 manage	 in	MIC,	

with	 consequent	 worse	 maternal	 and	 perinatal	 outcomes.	 Several	 examples	 are	

outlined	below.	
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• Hypertensive	 disorders,	 which	 are	 among	 the	 commonest	 maternal	

complication	of	pregnancy,	are	 frequently	associated	with	worse	outcomes	 in	

MIC(58).		

• Non-pregnancy	medical	 conditions	 complexify	management	 in	MIC.	Maternal	

anaemia,	 for	 example,	 has	 been	 shown	 in	 a	 large	 systematic	 review	 to	 be	

associated	with	adverse	perinatal	outcomes(59).		

• Even	 common	 pregnancy	 occurrences,	 such	 as	multifetal	 gestations,	 perform	

poorly	 in	 low	resource	settings,	A	Global	Network	Study	 in	six	middle	 income	

countries	 (Kenya,	 Zambia,	 Pakistan,	 India,	 Guatemala	 and	 Argentina)	

demonstrated	 a	 significant	 contribution	 of	 multifetal	 gestations	 to	 adverse	

outcomes	 in	 these	 settings,	with	a	maternal	mortality	of	 0.5%	and	an	overall	

perinatal	mortality	of	around	20%(60).	Similar	findings	are	reported	from	other	

studies	of	middle	income	countries(61,	62).		

• Even	 common	 labour	 management	 issues	 increase	 in	 complexity	 in	 MIC.	 A	

retrospective	review	in	Dakar	of	vaginal	birth	after	caesarean	section	revealed	

a	 perinatal	 mortality	 of	 26.4%,	 largely	 due	 to	 abruption	 and	 uterine	

rupture(63).		

	

Such	morbidity	 and	mortality	of	 so-called	 routine	events	 is	 repeated	 throughout	 the	

literature	 for	mortality	 in	MIC,	 and	 not	 often	 seen	 in	 high-income	 countries(64-68).	

This	 is	 highlighted	 in	 the	 rates	 of	 intrapartum	 asphyxia	 in	 LMIC,	 which	 is	 markedly	

different	to	high-income	countries.	In	one	prospective	cohort	study	in	Pakistan,	119	of	

the	1103	deliveries	were	perinatal	deaths,	and	nearly	half	of	these	were	attributed	to	
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birth	 asphyxia(69).	 Audit	 in	 a	 tertiary	 unit	 in	 Nigeria	 showed	 that	 when	 macerated	

stillbirths	 were	 removed	 from	 consideration,	 asphyxia	 caused	 the	 overwhelming	

majority	of	the	remaining	perinatal	deaths(70).		

	

FACILITY	BASED	DELIVERY	AND	PERINATAL	MORTALITY	IN	MIDDLE-INCOME	COUNTRIES	

	

It	is	worth	noting	that	the	aim	of	this	research	is	to	improve	intrapartum	care	using	a	

tool	 that	 by	 definition	 necessitates	 facility-based	 delivery,	 which	 is	 not	 universal	 in	

MIC.	Thus,	the	intervention	needs	to	be	considered	within	the	context	of	the	problem,	

and	the	potential	scope	of	the	research	is	clearly	related	to	the	issue	of	facility-based	

delivery,	as	well	as	the	quality	of	care	delivered	in	those	facilities.	There	are	many	MIC	

where	facility-based	delivery	is	still	uncommon,	and	this	model	of	care,	particularly	in	

the	 absence	 of	 training	 of	 community	 birth	 attendants,	 increases	 perinatal	

mortality(71-81).	 Nigeria,	 for	 example,	 has	 a	 facility-based	 delivery	 rate	 of	 only	

35%(82),	Ghana	 of	 up	 to	 75%(83),	 Kenya	 of	 only	 50%(84,	 85),	 but	 countries	 such	 as	

China	 and	 India	 nearly	 100%.	 However,	 while	 facility-based	 delivery	 will	 generally	

result	 in	 improved	 perinatal	 outcomes(86),	 the	 referral	 bias	 of	 shifting	 high-risk	

deliveries	from	the	community	to	facilities	may	result	in	less	improvement	being	seen	

than	 expected(87).	 In	 LMIC,	 complex	 cases	 often	 require	 transfer	 to	 higher	 acuity	

units,	increasing	the	likelihood	of	asphyxia	and	its	consequences.	In	one	study	in	India,	

the	 rate	 of	 intrapartum	 perinatal	 mortality	 secondary	 to	 asphyxia	 among	 cases	

referred	emergently	in	labour	was	80/1000	births(79).	
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Women	 in	MIC	will	 often,	 but	 not	 always,	 have	 improved	 perinatal	 outcomes	when	

antenatal	and	intrapartum	care	is	shifted	to	facilities(88),	however	the	improvement	in	

perinatal	 mortality	 is	 often	 not	 commensurate	 with	 the	 increase	 in	 facility-based	

delivery(89).	 In	 Bangladesh	 the	 rate	 of	 facility	 delivery	 is	 reported	 as	 16%,	 while	

perinatal	 mortality	 is	 up	 to	 64.7/1000	 births,	 with	 up	 to	 one	 in	 five	 women	 having	

intrapartum	 complications(90).	 Hence,	 translocating	 these	 women	 to	 facility-based	

delivery	 shifts	 the	 acuity	 of	 cases	 in	 those	 centres	 too.	 Higher	 acuity	 does	 not	

necessarily	result	in	adverse	outcomes	in	all	MIC;	China	for	example	has	a	high	facility	

birth	rate(91,	92)	but	a	perinatal	mortality	rate	of	only	7.2/1000	births(93).		

	

It	 is	 clear	 that	 the	 occurrence	 of	 facility-based	 delivery	 does	 not	 guarantee	 human	

resources	to	deliver	intrapartum	care(94),	or	if	delivered,	there	is	no	guarantee	of	the	

quality	of	 intrapartum	care	 (18,	 34,	 87,	 95),	which	 is	 necessary	 to	 improve	perinatal	

outcomes(96).	 This	 concept	 is	 borne	 out	 in	 the	 literature	 repeatedly.	 There	 are	 still	

unacceptably	high	rates	of	 intrapartum	stillbirth	reported	 in	 institutional	deliveries	 in	

middle	 income	 countries;	 for	 example,	 Ghana	 reports	 a	 rate	 of	 1%	 from	more	 than	

400,000	institutional	births(42).	Regions	of	India,	which	have	nearly	universal	coverage	

of	 facility-based	 birth,	 have	 seen	 the	 shift	 to	 facility	 birth	 impact	 stillbirth	 but	 not	

neonatal	mortality	rates(97).	Similarly,	a	study	in	Turkey	comparing	rates	and	causes	of	

perinatal	mortality	from	1998	to	2009	showed	a	reduction	in	antenatal	stillbirth	but	an	

increase	in	perinatal	asphyxia	related	deaths	when	births	were	shifted	to	facilities(98).	

One	would	presume	that	antenatal	interventions	to	improve	stillbirth	rates	(e.g.	blood	

pressure	and	urine	checks	at	antenatal	visits	to	identify	cases	of	pre-eclampsia)	are	less	
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complex	to	implement	than	wide	scale	improved	quality	of	care	in	facilities,	which	may	

explain	 the	 discordance	 between	 increased	 facility-based	 births	 and	 persistent	

perinatal	mortality.	

	

QUALITY	OF	CARE		

	

Suboptimal	quality	of	care	around	the	time	of	childbirth	contributes	to	the	burden	of	

perinatal	mortality	in	MIC.	There	is	extensive	reporting	in	the	MIC	literature	regarding	

the	 contribution	 of	 intrapartum	 care	 (and	 issues	 with	 the	 quality	 of	 that	 care)	 to	

perinatal	 mortality.	 The	 concept	 of	 quality	 of	 care	 around	 the	 time	 of	 childbirth	

possibly	explains	 large	 in-country	variations	 in	perinatal	mortality	rates.	For	example,	

Turkey	 has	 a	 PNMR	 reported	 as	 36/1000(20),	 but	 regional	 studies	 report	 rates	 of	

nearly	 50/1000(99).	 The	 prevention	 of	 asphyxia	 and	 the	 early	 treatment	 of	 the	

asphyxiated	 neonate	 has	 the	 potential	 to	 save	 millions	 of	 women’s	 and	 babies	

lives(100,	101),	however	access	to	care	alone	is	not	necessarily	enough	for	prevention,	

if	there	are	issues	with	the	quality	of	that	care(102).	Examples	of	this	concept	can	be	

seen	throughout	the	literature	in	analyses	of	the	type	of	care	given	and	the	outcomes	

of	perinatal	audit.	

	

• The	Democratic	Republic	of	Congo	has	a	very	high	PNMR,	and	low	QoC	in	the	

maternal	 and	 newborn	 health	 services	 that	 do	 exist(32)	 and	 Pakistan	 has	 a		

neonatal	mortality	 rate	 of	 55/1000	 births,	 with	 the	 lack	 of	 access	 to	 “good”	
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newborn	care	being	identified	to	attributing	to	this	high	rate(103).	The	concept	

of	QoC	(or	lack	thereof)	is	likely	synonymous	with	preventable	perinatal	death.	

• An	 analysis	 of	 perinatal	 deaths	 in	 Salvador,	 Brazil,	 reported	 a	 perinatal	

mortality	rate	of	25.8/1000	but	more	than	90%	of	these	were	preventable,	and	

moreover,	 nearly	 half	 of	 the	 deaths	 would	 have	 been	 prevented	 with	 QoC	

around	the	time	of	childbirth(104).		

• The	 link	between	QoC	and	perinatal	death	 is	seen	 in	the	rates	of	 intrapartum	

asphyxia,	which	as	we	have	already	said,	usually	occurs	 in	the	absence	of	risk	

factors	 (i.e.	 otherwise	 healthy	 mothers	 and	 fetuses).	 In	 a	 large	 population	

based	 study	 in	China,	 a	 quarter	of	 the	neonatal	 deaths	were	 caused	by	birth	

asphyxia(105).	 Similarly	 comprehensive	 audit	 of	 deaths	 in	 Guatemala,	 the	

Democratic	 Republic	 of	 Congo,	 Zambia,	 and	 Pakistan	 resulted	 in	 a	 quarter	 of	

neonatal	deaths	being	attributed	 to	birth	asphyxia(106).	Tertiary	 level	 care	 in	

Nigeria	has	a	PNMR	of	up	to	81/1000	births,	with	perinatal	asphyxia	being	the	

greatest	 contributor	 to	 this(107).	 In	Ghana	both	asphyxia	and	birth	 injury	are	

the	greatest	contributors	to	early	neonatal	deaths(108),	and	in	Tanzania,	a	third	

of	neonatal	deaths	are	attributed	to	asphyxia,	despite	at	least	half	of	all	births	

occurring	in	health	facilities(101,	109).		

	

The	 critical	 role	 of	 QoC	 can	 be	 seen	 if	 one	 considers	 the	 outcomes	 of	 nulliparous	

compared	with	multiparous	women	in	the	same	institutions.	Nulliparous	women	often	

bear	 the	 burden	 of	 obstetric	 complications,	 particularly	 in	 MIC(66,	 110-115),	 with	

multiparity	 often	 protective	 against	 adverse	 obstetric	 outcomes(116).	 Hence,	 the	
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impact	of	QoC	may	be	more	pronounced	in	nulliparous	women.	In	one	comparison	of	

parity-based	maternal	and	perinatal	outcomes	in	women	having	 institutional	delivery	

in	 the	 Democratic	 Republic	 of	 the	 Congo,	 nulliparous	 women	 had	 higher	 rates	 of	

obstetric	intervention	and	perinatal	death	(4.93%	compared	with	2.8%)(117).	

	

It	 is	 evident	 from	 the	 above	 data	 that	 persisting	 poor	 quality	 of	 intrapartum	 care	

continues	 to	 drive	 high	 perinatal	 mortality	 rates	 in	 MIC	 by	 its	 contribution	 to	

preventable	deaths(118).	

	

CAESAREAN	SECTION	IN	MIDDLE	INCOME	COUNTRIES	

	

While	intrapartum	mortality	is	unacceptably	high	in	MIC,	it	is	clear	that	a	shift	towards	

caesarean	section	(CS)	to	address	this	issue	is	not	the	entirety	of	the	answer,	and	to	do	

so	would	potentially	increase	perinatal	and	maternal	morbidity	and	mortality	in	some	

settings(3,	119-122).	That	said,	it	can	be	difficult	to	analyse	whether	the	indication	for	

the	CS	or	the	procedure	itself	contributes	most	to	the	mortality	statistics(123).	Access	

to	CS	 in	MIC	needs	 to	be	a	part	of	 comprehensive	emergency	obstetric	 services	and	

well-functioning	health	systems(101).	Moreover,	 in	MIC	settings	where	the	CS	rate	 is	

already	high,	 for	example	Brazil,	 a	 reduction	 in	 the	 rate	has	been	shown	 to	 improve	

maternal	 and	 perinatal	 outcomes(124).	 In	 a	 quality	 audit	 study	 in	 Nigeria,	

paradoxically,	 fetal	 mortality	 increased	 with	 increased	 CS	 rates(125),	 which	 may	

represent	infrastructure	issues	in	timely	delivery	or	in	the	use	of	CS	for	maternal	rather	

than	fetal	indications.	While	access	to	CS	is	necessary	for	safe	obstetric	outcomes(126),	
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the	QoC	around	CS	 in	MIC	may	 result	 in	high	perinatal	 and	maternal	mortality(127).	

This	 is	particularly	true	 in	poorly	resourced	settings,	where	the	“decision	to	delivery”	

time	 once	 an	 emergency	 caesarean	 section	 is	 indicated	 may	 be	 delayed	 (due	 to	

staffing	and	physical	resources)	such	that	perinatal	outcomes	are	worsened(128).	
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PERINATAL	MORTALITY	IN	SOUTH	AFRICA	

	

Perinatal	mortality	in	South	Africa	is	approximately	33/1000	births(23),	with	stillbirths	

contributing	 around	 two	 thirds	 of	 this	 rate,	 and	 neonatal	 deaths	 comprising	 the	

remainder.	 This	 rate	 is	 highlighted	 as	 particularly	 unacceptable	 given	 that	 neonatal	

deaths	 (deaths	prior	 to	28	days	of	 life)	account	 for	nearly	a	 third	of	 the	mortality	of	

children	under	five	in	South	Africa,	and	a	large	proportion	of	these	follow	intrapartum	

hypoxia(129-131).	Moreover,	individual	unit	or	regional	stillbirth	rates	are	reported	as	

far	greater,	at	30-40/1000	births(132,	133).	However,	the	rate	of	perinatal	mortality	is	

consistently	reported	as	improving	over	the	last	two	to	three	decades(130,	134,	135),	

although	 some	 individual	 facilities	 have	 not	 followed	 this	 trend(136).	 One	 of	 the	

challenges	 in	 perinatal	mortality	 reporting	 in	 some	provinces	 is	 the	 large	number	 of	

women	 that	 deliver	 at	 home,	 often	without	 a	 skilled	 birth	 attendant(135),	 although	

this	number	is	progressively	declining(130,	137).	

	

Reporting	 of	 perinatal	 mortality	 in	 South	 Africa	 is	 predominantly	 derived	 from	 two	

sources;	 the	 District	 Health	 Information	 System	 (DHIS)	 and	 the	 Perinatal	 Problems	

Identification	Program	(PPIP)(130).	Secondary	to	the	Perinatal	Problems	Identification	

Program	(PPIP)(23),	South	Africa	is	unique	amongst	LMIC	in	both	its	perinatal	mortality	

data	 collection	 and	 ability	 for	 within	 country	 comparison.	 PPIP	 is	 a	 quality	 of	 care,	

facility	 based	 audit	 system,	which	 captures	 data	 around	 perinatal	 deaths,	 as	well	 as	

identify	potentially	modifiable	factors	 in	those	deaths.	Since	2012	 it	 is	mandatory	for	

all	public	health	facilities	in	South	Africa	to	use	the	PPIP	system(129).	PPIP	reports	on	
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PNMR	for	all	babies	with	a	birth	weight	more	than	500gr,	as	well	as	rates	for	different	

weight	 categories.	 PPIP	 specifically	 reports	 on	birth	weight	 rather	 than	 gestation,	 as	

this	 is	 commonly	 not	 definitively	 known	 at	 the	 time	 of	 delivery.	 This	 represents	 a	

limitation	of	the	data	(common	to	low	and	middle	income	countries),	whereby	outliers	

of	 fetal	 weight	 for	 gestation	 (for	 example	 in	 the	 case	 of	 unidentified	 intrauterine	

growth	restriction)	may	be	erroneously	included	or	excluded	in	the	data.	

	

CAUSES	OF	PERINATAL	MORTALITY	IN	SOUTH	AFRICA	

	

In	 the	most	 recent	 PPIP	 report,	 which	 is	 a	 summary	 of	 the	 24	months	 prior	 to	 the	

commencement	of	the	author’s	thesis	research	in	South	Africa,	data	were	collected	on	

76%	of	all	births	in	South	Africa.	In	that	time	period,	there	were	1,412,355	births	with	

32,662	stillbirths	and	14,576	early	neonatal	deaths(23).	
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Image	 2.1:	 Saving	 babies.	 The	 most	 recent	 report	 from	 the	 perinatal	 problems	

identification	program	

	

The	 PPIP	 data	 reports	 on	 all	 levels	 of	 obstetric	 care	 in	 South	 Africa,	 including	

community	 health	 centres	 and	 district	 hospitals.	 The	 research	 for	 this	 thesis	 was	

conducted	in	a	Provincial	Tertiary	(PT)	Hospital.	The	hospital	where	the	research	was	

conducted	is	 in	the	Tshwane	district	within	the	Gauteng	province	of	South	Africa	and	

additional	data	for	this	region	 is	outlined	below.	The	data	 in	the	following	paragraph	

are	extracted	from	the	2012-2013	Saving	Babies	Report(23).	
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The	PNMR	for	PT	hospitals	in	South	Africa	is	55.3/1000	births,	presumably	a	reflection	

of	higher	acuity	cases	and	referral	from	other,	lower	levels	of	care.	The	PNMR	in	these	

units	for	babies	with	a	birth	weight	greater	than	1000grams,	a	weight	at	which	there	is	

a	 significant	 increase	 in	 survival	 (compared	 with	 lower	 birth	 weight	 babies)(138),	 is	

36.16/1000	 births.	 The	 primary	 obstetric	 causes	 of	 death	 for	 all	 perinatal	 mortality	

cases	 in	 PT	 hospitals	 are,	 in	 order	 of	 frequency,	 unexplained	 stillbirth,	 hypertensive	

disorders,	 spontaneous	 preterm	 labour,	 antepartum	 haemorrhage,	 and	 intrapartum	

asphyxia.	 For	 babies	 greater	 than	 1000gr	 at	 birth,	 spontaneous	 preterm	 labour	 is	

removed	from	this	list	and	the	order	of	frequency	remains	otherwise	unchanged.	The	

PNMR	 in	 the	Tshwane	district	 is	23.74/1000	births,	and	16.09/1000	births	 for	babies	

weighing	greater	than	1000gr.	

	

Whilst	 this	 research	 should	 be	 widely	 applicable	 in	 South	 Africa,	 it	 is	 important	 to	

consider	 the	mortality	 data	 specific	 to	 the	 study	 location	 prior	 to	 commencing	 this	

thesis.	Kalafong	Hospital	is	a	1000	bed	multi-service	hospital	in	Pretoria	in	the	province	

of	Gauteng,	with	more	 than	 6000	 deliveries	 per	 year.	 Table	 2.2	 shows	 the	 perinatal	

care	indicators	(PCI)	for	Kalafong	hospital	in	2013,	the	year	prior	to	commencement	of	

the	 research	 contained	 in	 this	 thesis.	 The	 total	 PNMR	 was	 14.8/1000	 births,	 with	

substantially	 higher	 rates	 in	 certain	 birth	weight	 categories,	 for	 example	 a	 PNMR	of	

24.9/1000	for	babies	weighing	2000-2499gr.	
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Table	2.2:	Perinatal	care	indicators	at	Kalafong	Hospital,	2013	
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PERINATAL	MORTALITY	IN	SOUTH	AFRICA:	A	REVIEW	

	

A	 literature	 review	 was	 performed	 to	 explore	 the	 reporting	 of	 causes	 of	 perinatal	

mortality	in	South	Africa,	in	addition	to	PPIP,	relevant	to	this	thesis	and	to	consider	the	

applicability	 of	 our	 intervention.	 PubMed	 was	 searched,	 using	 the	 following	 search	

strategy,	 restricted	 to	 articles	 published	 since	 2000;	 (((South	 Africa)	 AND	 perinatal	

mortality	(MeSH	Terms))	OR	fetal	mortality(MeSH	Terms)),	as	well	as	a	non-Mesh	term	

search	 for	 South	 Africa	 AND	 perinatal	 mortality.	 788	 articles	 were	 identified,	 with	

relevant	studies	explored	below.	Additionally,	 the	South	African	Journal	of	Obstetrics	

and	Gynaecology	was	hand-searched	from	2006	onwards.	The	main	points	identified	in	

the	limited	literature	available	are	outlined	below.	

	

• Intrapartum	asphyxia	is	frequently	reported	in	the	literature	as	one	of	the	main	

contributors	 to	 perinatal	 mortality	 in	 South	 Africa,	 due	 to	 both	 (late	 or	 no)	

access	 to	 hospital-based	 care	 and	 access	 to	 quality	 care	 once	 in	 the	 hospital	

system,	particularly	concerning	the	use	of	 fetal	monitoring	and	recognition	of	

fetal	heart	rate	anomalies(1,	131,	132,	134-136,	139-146).		

• In	an	analysis	of	 stillbirths	averted	by	care	practises,	Michalow	et	al	 reported	

that	 nearly	 three	 quarters	 of	 those	 averted	 were	 done	 so	 with	 intrapartum	

interventions,	including	access	to	comprehensive	emergency	care(130).	Infants	

in	South	Africa	are	at	significant	risk	of	death	in	the	first	week	of	life	following	

clearly	 preventable	 intrapartum	 hypoxia(147)	 and	 this	 sentiment	 is	 echoed	

repeatedly	in	the	literature(137,	140,	144).		
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• There	 are	 large	 in-country	 variations	 in	 PNMR	 and	 intrapartum	 care;	 in	 one	

retrospective	 audit	 using	 the	 PPIP	 data,	 the	 contribution	 of	 intrapartum	

hypoxia	was	found	to	be	far	greater	in	one	unit	 in	the	Eastern	Cape	than	that	

reported	in	the	national	statistics(148).	

• The	 most	 common	 causes	 of	 perinatal	 mortality	 in	 South	 Africa	 are	 usually	

(with	 slight	 variations	 in	 order	 of	 frequency,	 often	 depending	 on	 the	 level	 of	

care)	 intrapartum	 asphyxia,	 unexplained	 intrauterine	 death,	 spontaneous	

preterm	 labour,	 antepartum	haemorrhage,	hypertension,	 fetal	 anomalies	 and	

infection(130,	133-135,	144,	149-151).	A	lack	of	quality	or	care	or	appropriate	

responses	 when	 these	 situations	 arise	 contributes	 to	 both	 perinatal	 and	

maternal	mortality	in	South	Africa(152,	153).		

	

THE	GLOBAL	CLASSIFICATION	OF	PERINATAL	MORTALITY	

	

While	 the	main	 trial	 in	 this	 thesis	was	based	 in	Kalafong	Hospital,	 it	was	anticipated	

that	the	results	would	potentially	be	applicable	to	other	LMIC	settings	internationally.	

Thus,	following	on	from	identifying	the	causes	of	perinatal	mortality	both	at	Kalafong	

hospital	 and	 in	 South	 Africa,	 one	must	 consider	 classifying	 them,	 such	 as	 is	 done	 in	

PPIP,	in	order	to	be	able	to	identify	areas	where	intervention	on	a	larger	scale	is	likely	

to	impact	the	PNMR.	PPIP,	however,	is	unique	to	South	Africa	and	thus	comparisons	of	

the	impact	of	interventions	in	different	settings	outside	of	South	Africa	are	potentially	

difficult.	 The	 question	 arises:	 is	 all	 globally	 reported	 perinatal	 mortality	 the	 same?	

Estimating	 and	 comparing	 global	 perinatal	 mortality	 is	 particularly	 challenging,	
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secondary	to	 large	variations	 in	registration	data	and	interpretations	of	definitions	of	

mortality,	particularly	at	the	limits	of	viability(154).	This	is	one	of	the	main	reasons	that	

the	 WHO	 uses	 the	 definition	 of	 1000gr	 birth	 weight	 or	 28	 weeks	 gestation	 for	

international	comparisons(22).		

	

Including	 PPIP,	 there	 are	more	 than	 80	 perinatal	 death	 classification	 systems	 in	 use	

around	 the	 world(155),	 making	 comparisons	 between	 countries	 particularly	

challenging.	 To	 that	 end,	 based	 on	 experiences	with	 the	 PPIP	 system,	we	 sought	 to	

develop	a	 global	 classification	 system	 for	perinatal	 deaths.	Over	2014	and	2015,	 the	

World	 Health	 Organization,	 in	 collaboration	 with	 partners,	 developed	 The	 WHO	

application	of	 ICD-10	to	perinatal	deaths:	 ICD-perinatal	mortality	 (ICD-PM)(156,	157).	

We	were	 then	able	 to	 further	 analysis	 the	 causes	of	death	 in	 South	Africa	using	 the	

ICD-PM.	 The	 author	 of	 this	 thesis	 co-lead	 the	 work	 (with	 Dr	 Ozge	 Tuncalp)	 on	

developing	 the	 ICD-PM	 and	 undertook	 the	 initially	 field	 testing	 of	 the	 classification	

system.	The	papers	published	about	ICD-PM	by	the	author	of	this	thesis	are	outlined	in	

Appendix	2.1.	After	the	development	of	the	ICD-PM,	I	field-tested	the	system	on	nearly	

10,000	perinatal	deaths	from	the	UK	and	South	Africa.	

	

The	 ICD-PM	 classifies	 perinatal	 death	 according	 to	 the	 time	 period	 of	 the	 death	

(antepartum,	intrapartum,	or	neonatal),	and	links	the	perinatal	death	to	the	maternal	

condition	at	the	time	of	death(158).	An	analysis	of	South	African	data	using	the	ICD-PM	

provides	 insights	 in	 to	 the	 timings	 and	 causes	 of	 death	 in	 one	 large	 region	 in	 South	
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Africa.	Half	of	all	deaths	in	this	analysis	(344/689)	occurred	in	the	antepartum	period,	

with	74	(11%)	occurring	 intrapartum,	and	the	remainder	 (271/689,	39%)	occurring	 in	

the	early	neonatal	period(21)	(Figure	2.2).	

	

The	 major	 cause	 of	 death	 in	 the	 antepartum	 period	 was	 a	 fetal	 hypoxic	 event,	

associated	most	commonly	with	the	maternal	conditions	of	hypertension	or	placental	

abruption.	Intrapartum	deaths	were	largely	acute	hypoxic	occurrences,	in	the	context	

of	otherwise	healthy	mothers;	 the	 implications	of	 this	being	 that	 these	deaths	are	a	

consequence	 of	 intrapartum	 care.	 Early	 neonatal	 deaths	 are	 distributed	 among	

respiratory	disorders	(largely	respiratory	distress	and	meconium	aspiration),	low	birth	

weight	and	prematurity,	and	hypoxic	ischaemic	encephalopathy	following	intrapartum	

asphyxia(21).	
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Figure	2.2:	Distribution	of	perinatal	mortality	across	three	time	periods	in	South	Africa.	

Adapted	 from	Allanson	et	al	 2016(21).	 “Distribution	n	 (%)	of	perinatal	 deaths	 across	

the	 antepartum,	 intrapartum,	 and	 neonatal	 time	 periods	 in	 South	 Africa	 (n=689,	

October	2013	–	January	2014)”	

	

Given	this	analysis	and	the	PPIP	data,	it	appears	a	large	proportion	of	the	intrapartum	

and	early	neonatal	deaths	 in	South	Africa	are	a	consequence	of	 the	care	provided	 in	

the	intrapartum	period.	This	 is	a	period	during	pregnancy	where	care	within	facilities	

occurs	 and	 therefore	 is	potentially	 amenable	 to	alterations	 in	practice.	 Thus,	 for	 the	

purpose	 of	 this	 thesis,	 we	 focused	 on	 this	 period	 and	 an	 intervention	 that	 would	

potentially	impact	these	outcomes.	
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FETAL	PHYSIOLOGY	AND	THE	IMPACT	OF	HYPOXIA	

	

ACID	BASE	BALANCE	IN	THE	FETUS	

	

In	 order	 to	 consider	 the	 impact	 of	 hypoxaemia,	 hypoxia,	 and	 acidosis	 in	 the	

intrapartum	period,	an	understanding	of	the	normal	physiological	state	of	the	fetus	is	

necessary.	

	

In	 its	 normal	 state,	 the	 fetus	 metabolises	 glucose	 to	 energy	 using	 aerobic	

processes(159).	The	end	product	of	this	process	is	the	formation	of	pyruvate	and	then	

adenosine	triphosphate	(ATP)(159).	Maintenance	of	acid-base	homeostasis	in	the	fetus	

is	largely	controlled	by	the	placenta,	and	the	by-product	of	aerobic	metabolism	in	the	

fetus	 (CO2)	 is	 transferred	 to,	 and	 eliminated	 by,	 the	 placenta(160).	 The	 placenta	

therefore	functions	to	result	in	a	well-oxygenated	fetus	with	well-oxygenated	tissues.	

To	maintain	 a	 homeostatic	 state,	 a	 fetus	 at	 term	or	 near-term	 gestation	will	 have	 a	

cardiac	output	between	300	and	480ml/min/kilogram	of	 fetal	weight,	with	 supply	 to	

the	myocardium	and	the	brain(161,	162).	When	hypoxaemia	and	hypoxia	occurs,	the	

fetus	 loses	 the	 capacity	 to	 efficiently	 convert	 pyruvate	 to	ATP,	 and	 thus	 switches	 to	

anaerobic	 metabolism.	 This	 process	 results	 in	 rapid	 consumption	 of	 glucose	 and	

accumulation	of	lactate	with	a	subsequent	fall	in	pH.	(Figure	2.3)	This	ultimately	leads	

to	acidosis,	tissue	damage,	and	the	clinical	manifestations	of	intrapartum	asphyxia.	
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Figure	 2.3	 Aerobic	 and	 anaerobic	 metabolism.	 Adapted	 from	 Yli	 and	 Kjellmer,	

2016(159)	

	

INTRAPARTUM	HYPOXIA		

	

As	 previously	 described,	 intrapartum	hypoxia	 can	be	 considered	 a	 “deficiency	 in	 the	

amount	 of	 oxygen	 reaching	 the	 tissues(163)”	 during	 the	 first	 and	 second	 stage	 of	

labour.	 Any	 period	 of	 hypoxaemia	 (interruption	 in	 fetal	 oxygen	 supply)	 has	 the	
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potential	to	result	in	hypoxia(2),	dependent	on	a	variety	of	factors,	which	are	outlined	

later	in	this	chapter.	Sustained	significant	hypoxia	will	eventually	result	in	acidosis,	by	

the	mechanisms	described	above,	which	place	the	fetus	at	risk	of	significant	morbidity,	

including	neurological	morbidity,	and	death(2).	

	

THE	FETAL	RESPONSE	TO	HYPOXIA	

	

While	 the	 fetus	 is	 relatively	 hypoxic	 (compared	 to	 a	 neonate)(101),	 further	 limiting	

oxygen	 supply	 to	 the	 fetus	 will	 result	 in	 one	 of	 three	 sequential	 steps	 occurring;	

hypoxaemia,	 hypoxia,	 asphyxia(159).	 Hypoxaemia	 is	 defined	 a	 reduction	 in	 arterial	

oxygen	 levels,	 hypoxia	 a	 reduction	 in	 oxygen	 supply	 to	 tissues,	 and	 asphyxia	 is	 the	

consequence	 of	 acidosis	 (increased	 tissue	 levels	 of	 hydrogen	 ions)	 and	 acidaemia	

(increased	 blood	 levels	 of	 hydrogen	 ions)	 (164,	 165).	 If	 both	 acidosis	 and	 acidaemia	

prolonged,	these	will	lead	to	a	disruption	in	the	normal	acid	base	balance,	with	a	fall	in	

pH	 and	 an	 accumulation	 of	 PCO2	 and	 lactic	 acid	 ions(160).	 As	 such,	 acidosis	 and	

acidaemia	 (frequently	used	 interchangeably	 in	 the	 literature)	are	henceforth	used	 to	

reflect	the	acidotic	consequence	of	hypoxia.	

	

Disruptions	 in	 oxygen	 supply	 to	 the	 fetus	 are	 more	 likely	 to	 occur	 at	 the	 time	 of	

labour(159),	however	the	fetus	is	designed	to	adapt	to	a	degree	of	hypoxia	prior	to	the	

manifestation	of	any	clinical	consequence.	During	hypoxaemia,	the	fetus	will	 increase	

the	 flow	 of	 blood	 through	 the	 ductus	 venosus	 in	 order	 to	 maintain	 adequate	
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oxygenation(161).	The	fetus	will	also	respond	to	hypoxaemia	by	reducing	its	heart	rate,	

and	increasing	blood	flow	to	brain,	myocardium,	and	adrenal	glands(162).The	amount	

of	hypoxia	 a	 fetus	 can	endure	before	 it	 switches	 to	maladaptive	mechanisms	 varies.	

Once	the	fetus	reaches	its	self-defined	limit	of	prolonged	hypoxia,	it	will	then	move	to	

the	far	less	efficient	form	of	energy	production	of	anaerobic	metabolism(159,	164).		

	

PRODUCTION	OF	LACTATE	AND	FETAL	ORGAN	SYSTEM	RESPONSE	TO	HYPOXIA	AND	ACIDAEMIA	

	

The	 fall	 in	 p02	 following	 a	 hypoxic	 inducing	 event	 activates	 an	 acute	 fetal	 stress	

response,	 mediated	 by	 the	 hypothalamic-pituitary-adrenal	 (HPA)	 axis,	 whereby	 the	

production	 of	 corticotropin-releasing	 hormone	 (CRH),	 arginine	 vasopressin	 (AVP),	

adrenocorticotropic	 hormone	 (ACTH),	 and	 glucocorticoids	 all	 increase	 (166).	 The	

response	to	acute	hypoxic	events	 includes	a	rise	 in	fetal	cortisol,	which	will	generally	

resolve	with	 the	 resolution	of	 the	precipitating	event,	 and	with	a	 consequent	 rise	 in	

fetal	 lactate(167).	 Animal	 studies	 show	 complete	 cord	 occlusion	 results	 in	 a	

progressive	 and	marked	 rise	 in	 fetal	 lactate,	with	 variable	 recovery	 to	baseline	 after	

resolution	of	the	 insult(168-171).	Moreover,	the	growth	restricted	fetus	can	mount	a	

similar	 lactate	response	to	hypoxic	stress,	when	compared	to	its	appropriately	grown	

counterparts(172).	
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The	complex	interplay	of	anaerobic	metabolism,	lactate	production	and	individual	fetal	

organ	response	to	periods	of	hypoxia	needs	to	be	considered	as	the	resultant	potential	

for	clinical	consequences	stems	from	this	interaction.	

	

CARDIAC	SYSTEM	

	

The	 autonomic	 nervous	 system	 (ANS)	 regulates	 the	 fetal	 heart	 rate(159),	which	will	

lower	 in	 response	 to	 hypoxia,	 largely	 vagally	 mediated,	 with	 the	 aim	 of	 reducing	

overall	 fetal	oxygen	consumption	and	conserving	energy(173,	174).	 It	 is	 important	to	

note	that	the	fetal	cardiac	output	will	remain	stable	in	the	presence	of	hypoxia	without	

acidaemia(162),	which	is	clearly	an	adaptive	mechanism	for	the	fetus	during	labour.		

The	initial	response	to	hypoxia	(shown	in	animal	studies	with	complete	cord	occlusion)	

is	a	rise	in	mean	arterial	pressure	(MAP),	with	a	corresponding	fall	 in	heart	rate	(HR).	

Blood	 flow	 will	 be	 redistributed	 to	 central	 organs	 and	 cerebral	 perfusion	 will	 be	

maintained.	The	MAP	will	fall	with	continued	hypoxia,	however	both	the	MAP	and	the	

HR	will	have	a	rebound	rise	after	resolution	of	the	insult(168-170,	174-177).	In	a	very	

sophisticated	adaptive	mechanism,	 the	 increase	 in	 lactate	 levels	and	 the	consequent	

acidaemia	 is	 a	 further	 technique	 for	 the	 fetus	 to	 survive	 a	 hypoxic	 insult,	 as	 the	

acidaemia	 aids	 the	 transfer	 of	 oxygen	 from	 haemoglobin	 to	 tissue(173).	 The	 aim	 of	

these	complex	coordinated	responses	to	hypoxia	 is	 to	 limit	 the	 impact	of	“threats	 to	

fetal	homeostasis”(174).	
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RENAL	SYSTEM	

	

The	fetal	kidney	will	generally	metabolise	lactate,	however	when	exposed	to	hypoxia,	

the	kidney	will	 instead	metabolise	glucose	and	excrete	lactate(161).	Both	renal	blood	

flow	and	urine	output	will	fall	during	hypoxia,	and	similar	to	the	other	organ	systems	

there	is	a	period	of	renal	hypoperfusion	following	resolution	of	the	insult(170).	

	

CEREBRAL	SYSTEM	

	

The	cerebral	system	represents	the	main	clinical	manifestation	of	intrapartum	hypoxia	

resulting	in	tissue	damage,	with	nearly	all	definitions	of	intrapartum	asphyxia	including	

some	mention	of	altered	neonatal	neurological	 state(178).	The	cerebral	vascular	bed	

undergoes	 vasodilation	 during	 hypoxia,	 promoting	 neurological	 protection.(173)	

However,	 cerebral	 blood	 flow	will	 decrease	 during	 cord	 occlusion(171),	 and	 cortical	

oedema	will	 occur	 during	 prolonged	 hypoxia(175).	 Animal	 studies	 show	 evidence	 of	

decreased	 neurological	 activity	 (measured	 via	 EEG)	 during	 hypoxic	 insults(168,	 179).	

The	post-insult	period	is	not	without	risk	either,	with	re-perfusion	and	re-oxygenation	

of	cerebral	tissues	an	at	risk	period	for	damage.	
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GASTROINTESTINAL	SYSTEM	

	

Cardiac	 output	 during	 a	 hypoxic	 insult	 is	 preferentially	 shunted	 away	 from	 the	

gastrointestinal	 system	 and	 redistributed	 to	 the	 cardiac	 and	 cerebral	 systems.	 In	

animal	 studies,	 there	 is	evidence	 that	 the	hypoperfusion	 to	 the	gut	during	a	hypoxic	

episode	 is	 sustained	 after	 resolution	 of	 the	 insult,	 with	 cardiovascular	 collapse	

following	the	 insult	resulting	 in	a	failure	of	 immediate	normal	redistribution	of	blood	

flow(168,	180).	This	 further	supports	 the	concept	 that	even	short	periods	of	hypoxia	

significant	 enough	 to	 cause	 fetal	 circulation	 redistribution	 may	 have	 consequences,	

even	in	the	instance	of	apparent	fetal	/	neonatal	recovery.		

	

THE	PRETERM	FETAL	RESPONSE	TO	HYPOXIA	AND	ASPHYXIA	

	

At	the	outset,	the	research	that	formed	the	basis	for	this	thesis	aimed	to	include	both	

preterm	 and	 term	 gestational	 age	 births.	 It	 is	 therefore	 pertinent	 to	 consider	 the	

response	 that	 the	 preterm	 infant	 has	 to	 hypoxia,	 particularly	 in	 the	 intrapartum	

period.	Preterm	fetuses	are	clearly	also	at	risk	of	intrapartum	mortality(181),	however	

the	threshold	for	the	preterm	fetus	to	respond	to	hypoxia	appears	greater	than	that	of	

its	 term	 counterpart,	 which	 is	 possibly	 a	 reflection	 of	 its	 immature	 autonomic	

system(174).	Preterm	 fetuses	appear	 to	be	able	 to	 survive	 longer	periods	of	hypoxia	

than	term	fetuses,	however	the	immaturity	of	their	physiological	system	puts	them	at	

greater	 risk	 of	 more	 severe	 clinical	 consequences(174),	 and	 therefore	 potentially	

contribute	significantly	to	hypoxia	related	perinatal	deaths	in	LMIC(182).	
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LACTATE	AS	A	MEASUREMENT	OF	METABOLIC	ACIDOSIS	

	

As	 outlined	 earlier,	 lactate	 can	 be	 expected	 as	 an	 end	 product	 of	 glucose	mediated	

anaerobic	metabolism(159,	183-185),	which	occurs	in	the	fetus	in	response	to	hypoxic	

stress(166,	 186,	 187).	 The	 metabolism	 of	 pyruvate	 in	 this	 cycle	 results	 in	 the	

production	of	lactate(188-190),	which	by	virtue	of	being	the	end	product	in	the	cycle,	

may	 give	 the	 most	 objective	 measure	 of	 metabolic	 acidosis	 in	 the	 fetus(191).	 UA	

lactate	is	almost	entirely	fetal	in	origin(189,	192,	193),	making	it	an	ideal	measurement	

for	assessing	the	 impact	of	 intrapartum	care	on	the	fetus	and	newborn.	Additionally,	

UA	 lactate	 is	 likely	 to	 reflect	 metabolic	 acidosis(191),	 which	 is	 more	 likely	 than	

respiratory	 acidosis	 to	 result	 in	 poor	 neonatal	 outcome	 and	permanent	 neurological	

damage(194,	 195).	 Practically,	 UA	 lactate	 is	 simple	 to	 measure	 (as	 outlined	 in	

subsequent	sections	of	this	chapter).	

	

The	 most	 common	 precipitating	 event	 for	 lactate	 production	 in	 labour	 is	 transient	

umbilical	 cord	 occlusion.	 Frasch	et	 al	 demonstrated	 in	 animal	 studies	 an	 increase	 in	

fetal	arterial	lactate	of	0.56mmol/L	per	minute	of	cord	occlusion(196).	Hypoxic	insults	

beyond	“normal”	cord	occlusion	could	result	 in	greater	degrees	of	 lactate	production	

and	acidotic	consequences.	
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THE	CLINICAL	CONSEQUENCES	OF	HYPOXIA	AND	ACIDAEMIA	

	

There	 is	 a	 complex	 interplay	 between	 the	 pre-exposure	 state	 of	 the	 fetus,	 and	 the	

extent,	frequency	and	intensity	of	exposure	to	hypoxia	and	acidaemia	that	determines	

the	 clinical	 consequences,	 if	 any,	 a	 fetus	 and	 neonate	may	manifest(166,	 197).	 The	

fetus,	 even	 in	 the	 preterm	 period,	 has	 the	 capacity	 to	 survive	 prolonged	 periods	 of	

acute	hypoxia,	with	animal	studies	exploring	the	consequences	of	up	to	30	minutes	of	

complete	 cord	 occlusion(168,	 169,	 171,	 179).	 More	 chronic	 hypoxia	 is	 seen	 in	 the	

antenatal	 period	 with	 conditions	 such	 as	 fetal	 growth	 restriction	 and,	 whilst	 these	

fetuses	 have	 the	 potential	 to	 have	 an	 uncomplicated	 antenatal	 intrapartum	 course,	

this	 is	 not	 always	 the	 case,	 and	 they	 are	 at	 significant	 risk	 for	 both	 stillbirth	 and	

intrapartum	 asphyxia(198).	 It	 is	 the	 sequence	 of	 events	 from	 hypoxia	 to	 the	

development	of	asphyxia	that	is	of	particular	interest	to	this	thesis	project,	given	that	

intrapartum	asphyxia	leads	to	the	deaths	of	millions	of	babies	in	LMIC	annually(199).	

	

THE	CONCEPT	OF	ASPHYXIA	

	

Intrauterine	 hypoxia	 and	 intrauterine	 asphyxia	 are	 frequently	 used	

interchangeably(200),	however	technically,	the	two	should	be	separated.	Hypoxia	is	an	

(in	vivo)	objective	process,	while	asphyxia	 is	a	 far	more	broad	 term,	encompassing	a	

conglomeration	of	clinical	measures(201).	The	ICD-10	groups	intrauterine	hypoxia	and	

birth	 asphyxia	 together,	 but	 with	 varied	 definitions.	 Intrauterine	 hypoxia	 includes	
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“fetal	 or	 intrauterine	 acidosis,	 anoxia,	 asphyxia,	 distress	 or	 hypoxia”.	 Intrapartum	

asphyxia	 is	 however	 defined	 with	 clinical	 terms	 including	 “pulse	 less	 than	 100	 per	

minute	at	birth	and	falling	or	steady,	respiration	absent	or	gasping,	colour	poor,	tone	

absent”.(22)	An	objective	measurement	of	acidosis,	such	as	with	cord	pH,	base	excess	

or	 lactate	 level,	 can	 be	 used	 where	 available	 to	make	 the	 diagnosis	 of	 intrapartum	

asphyxia(200),	which	is	appropriate	when	sustained	hypoxia	leads	to	acidosis,	the	basis	

for	the	clinical	sequelae(2).	

	

CAUSES	OF	ACUTE	HYPOXIA	AND	ASPHYXIA	IN	THE	INTRAPARTUM	PERIOD	

	

In	order	to	further	interrogate	intrapartum	hypoxia	and	asphyxia,	events	that	can	lead	

to	 the	 previously	 described	 physiological	 changes	 and	 consequent	 clinical	 outcomes	

should	be	considered.	Normal	uterine	activity	will	temporarily	diminish	umbilical	blood	

supply(164),	 however	 the	 degree	 of	 hypoxia	 and	 clinical	 response	 to	 that	 hypoxia	 is	

likely	minimal	in	an	otherwise	well	fetus.	

	

The	causes	of	acute	hypoxia	that	have	the	potential	to	result	in	adverse	outcomes	for	

the	 fetus	 are	 outlined	 in	 Table	 2.3,	 with	 the	 causes,	 published	 rates	 for	 LMIC,	 and	

consequences	 shown.	 These	 are	 particularly	 important	 to	 consider	 given	 the	

contribution	of	 intrapartum	events	 in	 LMIC	 to	 acute	hypoxia,	 asphyxia	 and	perinatal	

deaths(90,	 108,	 202-204),	 and	 that	 the	 babies	 who	 do	 not	 die	 as	 a	 result	 of	

intrapartum	 events	 are	 at	 significant	 risk	 of	 adverse	 neonatal	 outcomes	 such	 as	



	 68	

hypoxic	 ischaemic	encephalopathy(205).	Furthermore,	 the	complications	 that	 lead	 to	

intrapartum	perinatal	(and	potentially	maternal)	mortality,	are	often	more	prevalent	in	

LMIC(101).	 Once	 facility-based	 delivery	 is	 achieved,	 one	 of	 the	 next	 steps	 is	 the	

collection	 of	 comprehensive	 data	 so	 prevalence	 can	 be	 clarified	 and	 areas	 where	

interventions	 to	 improve	 PNMR	 can	 be	 identified	 and	 targeted.	 The	 scarcity	 of	

prevalence	 and	 outcome	 data	 for	 obstetric	 complications	 in	 LMIC	 contributes	 to	

ongoing	issues	with	resource	allocation(206).		

	

Asphyxia	 in	 high	 income	 countries	 is	 of	 low	 prevalence	 and	 as	 such	 intrapartum	

intervention	 programs	 may	 have	 no	 or	 minimal	 impact	 on	 the	 rate	 of	 cases(201).	

However	the	same	is	not	true	in	LMIC(36),	where	the	occurrence	of	perinatal	hypoxia	

and	asphyxia	 is	associated	with	a	significant	 incidence	of	obstetric	complications	and	

resultant	adverse	maternal	outcomes(114).	Obstetric	complications	 in	LMIC	 including	

haemorrhage,	 severe	 pre-eclampsia/eclampsia,	 sepsis,	 prolonged/obstructed	 labour,	

severe	 abortion	 complications,	 ruptured	uterus,	 and	ectopic	 pregnancy	 are	 reported	

by	Bailey	et	al	in	up	to	30%	of	women(42).		

	

As	 outlined	 previously,	 intrauterine	 hypoxic	 injury	 commences	 with	 a	 reduction	 in	

cerebral	 blood	 flow	 following	 a	 precipitating	 event	 (which	may	 be	 acute	 or	 chronic,	

and	maternal,	placental	or	fetal	in	origin(207)),	which	in	turn	causes	the	fetus	to	switch	

to	 anaerobic	 metabolism(159,	 208),	 leading	 to	 asphyxia(165,	 209,	 210).	 It	 is	

reasonable,	to	a	degree,	to	expect	that	a	precipitating	event	can	be	identified	to	which	
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the	 outcome	of	 acidosis	 can	 be	 linked.	We	 appreciate	 that	 predicting	 the	 degree	 of	

response	a	fetus	has	to	a	particular	event	is	potentially	more	difficult(160).	Regardless,	

given	both	the	rates	of	asphyxia	in	LMIC	and	the	obstetric	complication	rates	reported	

by	Bailey	et	al,	we	considered	the	rates	and	consequences	of	the	common	intrapartum	

events	that	may	result	in	hypoxia	and	asphyxia	in	LMIC	(Table	2.3).	

	

Table	2.3.	Causes	and	 frequency	of	 clinical	events	 that	 result	 in	 intrapartum	hypoxia	

and	asphyxia	in	LMIC.	

Cause	 Frequency	
reported	 in	
LMIC		

Consequence	

Normal	uterine	
activity	(164,	165,	
211)	

N/A	 Transient	hypoxia	with	falls	in	pH	in	normal	labour.	

Suspected	fetal	distress	and	perinatal	mortality	in	the	
case	of	nuchal	cord(78).	

Excessive	uterine	
activity	
(tachysystole)	(212,	
213)	

Not	 reported,	
data	 from	
high	 income	
countries	

Reported	 at	 a	 rate	 of	 approximately	 10%	 in	 a	
retrospective	cohort	of	more	than	50,000	cases.	2/3	
had	no	corresponding	fetal	heart	rate	changes.	Cases	
with	tachysystole	were	more	likely	to	have	low	Apgar	
scores	or	admission	to	the	nursery	

Cord	prolapse	(214-
230)	

0.3-2.3%		 Caesarean	 section	 is	 the	most	 likely	 consequence	of	
cord	prolapse,	with	a	PNMR	21.7%-47.9%.	

Survival	outside	of	hospital	is	rare;	the	length	of	time	
between	prolapse	and	delivery	negatively	 correlates	
with	 adverse	 fetal	 and	 neonatal	 outcome,	 as	 the	
acute	 situation	 results	 in	 total	 asphyxia	 –	 leading	 to	
lack	of	blood	flow	and	cellular	insult	to	brainstem	

Placental	abruption	
(28,	67,	69,	231-234)	

0.08-1.4%	 May	result	in	the	need	for	CS,	perinatal	mortality	(up	
to	65%),	neonatal	neurological	 injury,	hysterectomy,	
maternal	sepsis,	and	maternal	mortality	(up	to	2%)	

Uterine	rupture(28,	
42,	235-238)	

0.1-1%	 Commonly	 occurs	 after	 obstructed	 labour.	Maternal	
mortality	up	to	20%,	perinatal	mortality	in	up	to	95%,	
peripartum	hysterectomy	
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OPTIONS	FOR	MEASURING	HYPOXIA	AND	ITS	SEQUELAE	

	

Regardless	of	identification	of	the	precipitating	event,	hypoxia,	at	a	threshold	of	both	

length	 and	 level	which	 appears	 to	 vary	 for	 individual	 fetuses,	will	 eventually	 lead	 to	

acidosis,	 and	 possibly	 ischaemia,	 altered	 neurological	 function,	 and	 ultimately	 poor	

clinical	outcome(260-262).	The	acidosis	 in	 this	pathway	can	be	objectively	quantified	

using	various	measurements,	including	umbilical	cord	lactate,	pH,	and	base	excess.	In	

LMIC	settings,	the	Apgar	score	(when	low,	although	with	heterogeneously	defined	cut	

offs)	may	be	used	as	a	proxy	for	acidosis,	given	its	associated	with	clinical	asphyxia	and	

poor	perinatal	outcomes(263,	264).		

	

PH	

	

Measurement	of	umbilical	cord	pH	at	birth	 is	generally	considered	the	gold	standard	

for	measurement	of	perinatal	acidosis(165,	207,	265-268),	and	a	 low	arterial	cord	pH	

Pre-eclampsia	/	
Eclampsia	(28,	54,	
58,	239-259)		

1.02%-11.3%	 Maternal	 (up	 to	 18%)	 and	 perinatal	 death	 (up	 to	
81%),	neonatal	morbidity	 (RDS,	NEC,	 IVH,	 Sepsis)	up	
to	55%	

Intrapartum	
haemorrhage(49,	
90)	

1.9%-4.3%	 	

Fetal	growth	
restriction(198)	

5-10%	 of	 all	
births	

Responsible	for	up	to	a	third	of	all	stillbirths	and	the	
most	common	cause	in	some	settings	of	intrapartum	
asphyxia.	
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(defined	 often	 as	 less	 than	 7.2-7.0)	 may	 be	 associated	 with	 adverse	 neonatal	

outcomes(269).		

	

BASE	EXCESS	(BE)	

	

Base	excess	 is	a	 calculated	value,	 requiring	measured	values	of	pH	and	pCO2,	and	 is	

the	mmol	of	base	needed	to	correct	the	measured	pH	to	7.4,	assuming	a	pCO2	of	40	

mmHg	(270).	Base	excess	in	the	context	of	acidosis	is	expressed	as	a	negative	number	

(and	 is	a	 term	that	 is	used	 interchangeably	with	base	deficit),	and	gives	an	objective	

measure	of	metabolic	acidosis	in	the	fetus(271)	given	that	the	consumption	of	buffers	

occurs	with	 the	production	of	 fetal	acids	 following	metabolic	 rather	 than	 respiratory	

acidosis.	The	consumption	of	buffers	and	an	abnormal	negative	base	excess	potentially	

occurs	before	any	measureable	change	in	pH(272).	

	

APGAR	SCORE	

	

The	Apgar	 score	was	 first	 proposed	 in	 1953	 by	 the	 anaesthesiologist	 Virginia	 Apgar,	

and	assesses	fetal	condition	with	a	score	out	of	10,	derived	from	5	parameters;	heart	

rate,	 respiratory	 effort,	 reflex	 irritability,	muscle	 tone,	 and	 colour(273).	 A	 low	Apgar	

score	 has	 also	 been	 found	 to	 correlate	 with	 suboptimal	 intrapartum	 care(274)	 and	

with	 poor	 neonatal	 outcomes(275-277),	 and	 may	 be	 used	 as	 a	 proxy	 for	 a	 more	

objective	 measurement	 for	 acidosis	 and	 birth	 asphyxia,	 particularly	 in	 low	 resource	
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settings(278).	 There	 are	 obvious	 limitations	 to	 using	 Apgar	 score	 as	 a	 measure	 of	

acidosis,	which	 are	 addressed	 in	detail	 in	 the	discussion	 section	of	 Chapter	 5.	 These	

include,	but	are	not	limited	to,	the	subjective	nature	of	the	score,	the	lack	of	sensitivity	

of	 the	 score	 for	 adverse	 neurological	 outcome	 and	 the	 potential	 for	 poor	 intra-

observer	reliability	of	the	score.	However,	it	is	a	marker	for	acidosis	frequently	used	in	

LMIC	 and	 therefore	warrants	 inclusion	 in	 the	 options	 for	measuring	 acidosis	 and	 its	

sequelae.	

	

LACTATE	

	

One	objective	measurement	that	the	clinician	can	use	to	gauge	the	impact	of	hypoxia	

and	the	development,	if	any,	of	acidaemia,	is	to	measure	the	lactate	level	of	the	fetus	

and	 neonate(279).	 Fetal	 lactate	 is	 increasingly	 used	 to	 measure	 fetal	 acidosis	 and	

predicting	 risk	 in	both	 the	 intrapartum	 setting	 (from	 the	 fetal	 scalp)(185)	 and	 in	 the	

immediate	post-partum	period	(from	the	umbilical	cord)(280).	Benefits	to	this	include	

that	compared	with	other	measurements	of	acidosis	(e.g.	pH),	it	is	potentially	easier	to	

implement	 as	 a	 clinical	 tool,	 with	 a	 higher	 rate	 of	 success,	 due	 to	 the	 need	 for	 a	

significantly	smaller	sample	of	blood(11,	185,	281).	Moreover,	lactate	can	be	measured	

on	a	handheld	meter,	making	it	potentially	more	useable	in	a	wider	range	of	resourced	

challenged	 settings,	 than	 other	 measures	 of	 acidosis,	 which	 require	 a	 blood-gas	

analyser(282).	It	has	also	been	shown	to	be	comparable	to	pH	in	measuring	acidaemia	

(192,	283,	284),	and	is	the	measurement	of	interest	in	this	thesis.		
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MEASURING	UMBILICAL	LACTATE	

	

The	benefit	of	using	lactate	to	assess	acidosis	is	that	it	can	be	performed	as	a	point	of	

care	(POC)	test;	that	is	on	a	handheld	bedside	machine	as	a	simple	test	requiring	very	

few	resources.	Unlike	measuring	pH,	which	generally	requires	a	minimum	of	30-90uL	

of	blood(285),	lactate	can	be	measured	on	a	POC	device	using	as	little	as	0.5uL-15uL	of	

blood(286,	287).	

	

The	 lactate	 cut-off	 levels	 for	 fetal	or	newborn	acidaemia	measured	on	a	POC	device	

vary	between	devices(286,	288).	The	lactate	level	in	this	thesis	research	was	measured	

on	 a	 Roche	 Accutrend	 PlusTM©	 hand-held	 lactate	 meter	 (Rotkreuz,	 Switzerland),	

which	measures	 lactate	 in	 a	 range	 of	 0.8-22mmol/L	 in	 60	 seconds	 on	whole	 blood,	

requiring	a	sample	of	15-50uL	(Figures	2.2	a	and	2.2b).	

	 	

	

Image	2.2a	and	2.2b:	Accutrend	PlusTM©	hand-held	lactate	meter	
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The	 device	 has	 been	 shown	 to	 be	 accurate	 in	 the	measurement	 of	 lactate	 from	 the	

umbilical	 artery	 (as	 planned	 for	 our	 research	 study)	 at	 results	 between	 1	 and	

20mmol/L.	It	has	also	been	demonstrated	as	accurate	in	measuring	fetal	scalp	lactate,	

further	 adding	 to	 our	 reasoning	 to	 use	 this	 machine	 in	 our	 research(289).	 The	

Accutrend	 has	 a	 a	 coefficient	 of	 variation	 (CV)	 of	 1.8-5%(287,	 290)	 and	 is	measured	

using	 reflectance	photometry,	 after	 a	 lactate	oxidase-mediated	 colorimetric	 reaction	

occurs(291)	(Figure	2.4).	

	

Figure	2.4:	An	example	of	the	colorimetric	reaction	used	by	the	Accutrend	monitor,	as	

described	by	Emmert	(292).	

	

TIMING	OF	LACTATE	SAMPLING	

	

Usual	practice	at	Kalafong	hospital	 is	 the	clamping	of	 the	umbilical	 cord	within	one	

minute	of	birth.	This	 is	 important,	given	that	 lactate	levels	have	been	demonstrated	

to	change	with	delays	in	both	cord	clamping	and	sampling.	Following	variable	reports	

of	 outcomes	 of	 delays	 in	 sampling,	 recommended	 practice	 included	 early	 cord	
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clamping	 (ideally	within	one	minute)	and	sampling	of	the	cord	within	20	minutes	to	

be	necessary[23],	whereas	others	 find	no	difference	 in	blood	gas	parameters	when	

cords	 are	 immediately	 clamped	 or	 delayed	 for	 greater	 than	 one	 to	 two	

mintues[Tang,	 2019	 #632].	 Dessolle	 and	 colleagues	 collected	 cord	 arterial	 lactate	

samples	at	delivery	and	at	a	period	of	5-30	minutes	later	and	found	a	corresponding	

linear	 rise	 in	 lactate	 levels	 in	 the	 second	 sample,	 with	 a	 rise	 of	 0.062mmol/L	 per	

minute(293).	De	Paco	et	 al	have	reported	no	significant	difference	in	umbilical	artery	

pH	levels	in	umbilical	cords	(term	and	 healthy)	clamped	immediately	after	birth	and	in	

those	where	there	was	a	delay	of	up	to	two	 minutes[24].	

	

	White	et	 al	 describe	 an	 increase	 in	 lactate	 levels	 after	 15	minutes	when	blood	was	

both	stored	in	a	syringe,	or	left	in	situ	(in	the	cord)(294).	 	 	
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METHOD	OF	SAMPLING	

	

The	equipment	necessary	to	sample:	The	normal	umbilical	cord	contains	one	vein	and	

two	 arteries,	 with	 a	 surrounding	 layer	 of	 Wharton’s	 Jelly,	 connective	 tissue	 and	

amnion(295).	 Either	 artery	 can	 be	 sampled	 for	 the	 assessment	 of	 UA	 lactate.	 The	

arteries	 are	 usually	 smaller	 and	 firmer	 (due	 to	 their	 muscular	 structure)	 than	 the	

tortuous	vein	(Images	2.3	and	2.4).		

	

	

Image	2.3:	A	segment	of	umbilical	cord	with	the	larger	vein	clearly	visible.	
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Image2.4:	A	cross	section	of	umbilical	cord	showing	2	arteries	and	1	vein.	

	

Once	identified,	a	small	calibre	needle	can	be	inserted	into	either	artery,	and	a	small	

amount	 of	 blood	 drawn	 with	 relative	 ease.	 The	 syringe	 used	 is	 often	 heparinised,	

however	 as	 a	 long	 as	 the	 sample	 is	 measured	 shortly	 after	 it	 is	 drawn,	 a	 non-

heparinised	syringe	can	be	used,	making	the	process	cheaper(296,	297)	(Image	2.5).	
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Image	2.5:	A	1ml	non-heparinised	syringe	and	26-gauge	needle.	

	

CORD	ARTERIAL	LACTATE	LEVELS	

	

Cord	 UA	 lactate	 is	 used	 in	 many	 settings	 to	 assess	 acidosis	 (or	 lack	 thereof)	 in	 the	

immediate	newborn	period.	Cut-off	values	used	in	cohort	studies	are	outlined	in	Table	

2.4.	
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Author	 Number	of	 included	

samples	

Lactate	results	(mmol/L)	

Chilinda	et	al(298)	 391	 Median	 3.4	 (IQ	 range	 2.6-4.9),	 with	 a	

cut-off	 of	 5	 for	 admission	 to	 the	

nursery	

Dessolle	et	al	(293)	 149	 Mean	 3.76	 (SD	 +	 1.53,	 range=1.1-9.8).	

90th	percentile	=	5.72	

Gjerris(192)	 2554	 Mean	 4.63	 (SD	 +	 2.33),	with	 a	median	

of	 4.30	 and	 a	 cut-off	 for	 neonatal	

acidosis	of	8	

Labrecque(285)	 52	 Median	3.7	(range	1.7-8.8)	and	a	cut	off	

4.9	 for	 the	 outcome	 of	 acidosis	 (as	

defined	by	pH)	

Linet(299)	 200	 Median	 3.2,	 and	 a	 cut	 off	 4.9	 for	 the	

outcome	of	acidosis	(as	defined	by	pH)	

Martin(300)	 763	 Mean	3.71	(SD	+	1.81),	97th	percentile	

of	lactate	was	7.54	

Racinet	et	al	(301)	 867	 Mean	3.4	(SD	+	0.05)	

Tuuli(183)	 4910	 The	optimal	cutoff	value	 for	predicting	

neonatal	morbidity	was	3.90	
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Westgren	 4045	 90th	 centile	 3.21	 with	 a	 sensitivity	 of	

57%	 for	neonatal	 death	 and	 specificity	

of	90%	

White	et	al	(302)	 21182	 Optimal	cut	off	for	HIE	=	5.68	

Wiberg	et	al	(303)	 13735	 Optimal	cut	off	6.0	 for	5	minute	Apgar	

<7		

Table	2.4:Cut-off	values	for	cohorts	assessing	acidosis	using	lactate	levels.		

	

FETAL	HEART	RATE	MONITORING	

	

Identification	 of	 the	 hypoxic	 fetus	 such	 that	 the	 consequence	 of	 acidosis	 can	 be	

avoided	is	central	to	this	thesis.	In	labour,	the	suspicion	of	fetal	hypoxia	is	often	based	

on	abnormal	fetal	heart	rate	monitoring.	In	many	settings,	including	Kalafong	hospital	

where	the	main	study	of	this	thesis	was	conducted,	this	is	done	with	a	cardiotocograph	

(CTG),	a	form	of	electronic	fetal	heart	rate	monitoring.	

	

The	CTG	is	performed	with	two	transducers	placed	on	the	pregnant	abdomen.	One	is	a	

pressure	 transducer	 that	 assesses	 contractions,	 such	 that	 the	 relationship	 between	

fetal	 heart	 rate	 changes	 and	 contractions	 can	 be	 determined.	 The	 other	 transducer	

measures	fetal	heart	rate.	The	International	Federation	of	Gynecology	and	Obstetrics	

(FIGO)	 developed	 the	 first	 international	 consensus	 on	 fetal	 heart	 rate	monitoring	 in	
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1987,	 and	 these	were	 still	 in	 place	 at	 the	 time	 of	 the	 clinical	 trial	 conducted	 in	 this	

thesis	(they	were	updated	in	2015)(304).	The	FIGO	guidelines	for	CTG	components	and	

interpretation	are	outlined	below(305).	 It	should	be	noted	that	some	components	of	

the	CTG	are	not	defined	by	FIGO,	but	are	defined	by	the	Royal	College	of	Obstetricians	

and	 Gynaecologists,	 and	 the	 research	 outlined	 in	 this	 thesis	 used	 these	 additional	

definitions.	
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FEATURE	 DEFINITION	

Baseline	rate	 Baseline	fetal	heart	rate	is	the	mean	level	of	the	fetal	heart	rate	when	
this	 is	 stable,	 accelerations	 and	 decelerations	 being	 absent.	 It	 is	
determined	over	a	time	period	of	5	or	10	min	and	expressed	in	beats	
per	minute	(bpm)	

• Normal	=	110-160	bpm	
• Tachycardia	 =	 not	 defined	 in	 FIGO,	 defined	 by	 RCOG	 as	

>180bpm	
• Bradycardia	<80	bpm	

	

	

Figure	2.5	CTG	with	the	normal	fetal	baseline	HR	lying	within	the	
110-160bpm	area	defined	by	the	grey	line	

Variability	 Oscillations	 of	 fetal	 heart	 rate	 around	 its	 mean	 level	 (long-term	
variability).	 This	 is	 usually	 only	 quantitated	 by	 description	 of	 the	
amplitude	 of	 the	 oscillations	 around	 the	 baseline	 heart	 rate.	 Under	
physiological	conditions	the	fetal	beat-to-beat	intervals	are	constantly	
subject	to	small	changes.		

• Normal	=	5-25	bpm	
• Reduced	<5	bpm	for	more	than	40	minutes	
• Increased	>25	bpm	

	

	
	
Figure	 2.6:	 CTGs	 showing	 decreased,	 normal	 and	 increased	
variability	
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Accelerations	 Transient	 increase	 in	 heart	 rate	 of	 15	 bpm	 or	 more	 and	 lasting	 15	
seconds	or	more	

	

	

Figure	2.7:	CTG	showing	accelerations	above	the	baseline	

	

Decelerations	 Transient	episodes	of	 slowing	of	 fetal	heart	 rate	below	 the	baseline	
level	 of	 more	 than	 15	 bpm	 and	 lasting	 10	 seconds	 or	 more.	
Decelerations	are	not	defined	in	FIGO,	but	are	defined	by	RCOG	

• Early	decelerations	=	Uniform,	 repetitive,	 periodic	 slowing	of	
FHR	with	onset	early	in	the	contraction	and	return	to	baseline	
at	the	end	of	the	contraction	

	

Figure	2.8:	CTG	showing	early	decelerations	

	

• Late	 decelerations	 =	 Uniform,	 repetitive,	 periodic	 slowing	 of	
FHR	with	onset	mid	to	end	of	the	contraction	and	nadir	more	
than	20	seconds	after	the	peak	of	the	contraction	and	ending	
after	 the	 contraction.	 In	 the	 presence	 of	 a	 non-accelerative	
trace	with	baseline	variability	 less	 than	5	bpm,	 the	definition	
would	include	decelerations	less	than	15	bpm	
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Figure	2.9:	CTG	showing	late	decelerations	

	

• Variable	 decelerations	 =	 Variable,	 intermittent	 periodic	
slowing	 of	 FHR	 with	 rapid	 onset	 and	 recovery.	 Time	
relationships	with	contraction	cycle	are	variable	and	they	may	
occur	in	isolation.	
	

	
Figure	2.10:	CTG	showing	variable	decelerations	
	

• Prolonged	decelerations	=	an	abrupt	decrease	in	FHR	to	levels	
below	 the	 baseline	 that	 lasts	 at	 least	 60–90	 seconds.	 These	
decelerations	become	pathological	if	they	cross	2	contractions	
(i.e.	greater	than	3	minutes)	
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Figure	2.11:	CTG	showing	prolonged	decelerations	

Table	 2.5:	 Components	 of	 the	 CTG.	 Adapted	 from	 Ayres-de-Campos	 and	 Bernades,	

2010(305),	and	the	KEMH	Advanced	Fetal	Assessment	program.	

	

Once	the	components	of	 the	CTG	are	assessed,	one	must	determine	 if	abnormalities	

seen	are	suspicious	or	pathological,	and	decide	on	the	appropriate	intervention.	This	is	

where	many	disagreements	in	the	literature	and	between	clinicians	arise(306).	

	

THE	CTG	AND	ACIDOSIS:	A	REVIEW	

	

The	ultimate	aim	of	fetal	monitoring	in	labour	is	to	prevent	acidosis,	which	is	the	basis	

of	 the	 abnormal	 sequelae	 that	 follow	 hypoxia.	 The	 occurrence	 of	 hypoxia	 itself,	 as	

outlined	previously,	will	not	result	in	clinical	consequence	and	so	one	needs	to	be	able	

to	 intervene	 such	 that	 the	 potential	 complications	 of	 the	 intervention	 are	 balanced	

against	the	risks	of	adverse	neonatal	outcome	with	progressive	hypoxia.	 In	the	study	

related	to	this	thesis,	 intrapartum	assessment	of	acidosis	through	scalp	sampling	was	

not	 feasible,	 so	 the	 focus	of	 this	 review	was	on	acidosis	diagnosed	 from	a	sample	of	
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blood	 from	 the	 umbilical	 cord	 after	 birth.	 The	 concept	 being	 that	 taking	 a	

measurement	of	 acidosis	 on	 all	 births	 functions	 as	 an	 audit	 of	 intrapartum	care	 and	

allows	 clinicians	 receive	 real-time	 quality	 of	 care	 feedback	 on	 their	 practice,	

particularly	 their	 interpretation	 of	 and	 response	 to	 the	 fetal	 heart	 rate	 changes	 in	

labour(307).	 Thus,	 in	 order	 to	 interrogate	 the	 interaction	 between	 fetal	 heart	 rate	

monitoring	 and	 consequent	 acidosis,	 a	 literature	 review	 was	 undertaken	 using	 the	

following	 search	 (((((cardiotocography)	 OR	 cardiotocogram(MeSH	 Terms))	 OR	 fetal	

monitoring(MeSH	 Terms))))	 AND	 ((acidosis)	 OR	 (acidosis(MeSH	 Terms))	 OR	 (fetal	

distress(MeSH	 Terms)	OR	 (neonatal	 outcome)	OR	 (neonatal	 acidosis))).	 1021	 articles	

were	 identified	 from	2000	onwards.	After	 title	 and	 abstract	 review,	 relevant	 articles	

are	explored	below.	

	

While	the	CTG	remains	standard	of	care	in	labour	for	many	women	around	the	world,	

there	 is	 a	 plethora	 of	 evidence,	 including	 randomised	 evidence,	 that,	 while	 its	

specificity	is	at	 least	90%(308),	 it	has	a	poor	sensitivity	for	acidosis.	There	are	several	

issues	that	follow	on	from	this.	

	

• 	Sensitivity	of	the	CTG	for	predicting	acidosis	and	adverse	fetal	outcome	may	be	

as	low	as	15%(309-313).		

• The	rate	of	intervention	(often	caesarean	section)	without	potential	benefit	to	

mother	 or	 fetus	 is	 high(271,	 314-319),	 although	 it	 is	 clearly	 sometimes	 both	

necessary	and	helpful(320).		
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• The	PPV	of	 the	CTG	 for	acidosis	 (even	when	measured	using	computer	based	

algorithms)	 is	 reported	between	27.4%	and	50%(314,	321-324).	 In	 fact,	 in	 the	

large	 randomised	 INFANT	 trial	 of	 more	 than	 47,000	 cases,	 there	 was	 no	

difference	 in	 the	 rate	 of	 acidosis	 when	 the	 interpretation	 of	 the	 CTG	 by	

clinicians	 was	 aided	 by	 the	 addition	 of	 computer	 based	 decision	 support	

software(325),	 supporting	 the	 concept	 that	 the	 poor	 sensitivity	 of	 the	 CTG	 is	

not	only	a	consequence	of	variations	in	clinical	interpretation	but	is	also	a	result	

of	varying	fetal	capacity	to	cope	with	hypoxic	stress.		

• There	is	little	to	no	evidence	that	intervening	in	abnormal	CTG	with	caesarean	

delivery	 reduces	 the	 rate	 of	 acidosis(326,	 327),	 although	 in	 many	 situations,	

women	 more	 often	 than	 not	 are	 delivered	 by	 caesarean	 section	 when	 fetal	

compromise	is	suspected(328).		

	

Responding	to	the	CTG	during	labour	requires	the	clinician	to	consider	each	aspect	of	

the	 heart	 rate	 (as	 outlined	 in	 Table	 2.5)	 and	 diagnose	 the	 fetal	 heart	 rate	 as	 being	

somewhere	on	the	spectrum	between	reassuring	and	potentially	pathological.	Various	

interpretation	tools	for	CTGs	exist,	however	inter	and	intra-observer	reliability	of	those	

tools	 is	 often	 poor,	 resulting	 in	markedly	 differing	 sensitivity	 for	 predicting	 acidosis,	

which	makes	the	task	for	clinicians	difficult(329-334).	Clinicians	are	frequently,	but	not	

universally,	 able	 to	 agree	when	 CTG	 traces	 are	 reassuring	 or	 normal,	 but	 frequently	

unable	to	agree	when	CTG	traces	are	concerning	or	ominous(317,	335).	In	a	review	of	

inter-observer	variability,	clinicians	were	unable	to	agree	on	which	of	the	nearly	50%	

of	suspicious	CTG	tracings	would	be	indicated	for	emergency	delivery,	or	to	predict	in	
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which	2%	of	cases	acidosis	was	evident	on	delivery(336).	Kundu	et	al	demonstrate	the	

challenges	of	CTG	interpretation	very	succinctly	with	their	retrospective	review	of	300	

cases.	The	cases	were	given	to	7	variably	experienced	clinicians	with	both	the	objective	

acidosis	results	(UA	gas	analysis)	and	the	delivery	outcomes	(mode,	Apgar	scores,	etc.)	

blinded.	Clinicians	were	very	poor	at	predicting	the	pH	based	on	the	CTG	appearances,	

and	 there	was	marked	 inter-observer	 variability	 of	 CTG	 interpretation(337).	 Overall,	

clinicians	have	different	thresholds	for	intervention	for	the	concept	of	suspected	fetal	

distress,	which	makes	the	interpretation	of	the	CTG	a	challenging	clinical	issue.	

	

The	 individual	 components	 of	 the	 CTG	 (Table	 2.5)	 are	 variably	 related	 to	 neonatal	

acidosis	and	outcome.	Clinicians	are	often	reassured	by	the	presence	of	normal	 fetal	

heart	rate	variability	and	fetal	heart	rate	accelerations,	which	likely	explains	why	most	

can	 agree	 when	 CTGs	 are	 considered	 normal.	 The	 presence	 of	 normal	 variability	 is	

associated	with	a	high	 likelihood	 (at	 least	>85%)	of	a	normal	pH(338,	339),	 although	

conversely	 in	 their	 large	 retrospective	 cohort	 Milson	 et	 al	 found	 a	 sensitivity	 of	

reduced	 fetal	 heart	 rate	 variability	 for	 the	 outcome	 of	 asphyxia	 of	 only	 19%(340).	

There	is	some	evidence	that	accelerations	in	labour	are	unlikely	to	be	associated	with	

acidosis,	although	there	is	a	described	false	negative	rate	of	at	least	6%(341).	

	

The	CTG	changes	that	concern	a	clinician	need	to	be	taken	within	the	context	of	 the	

entire	CTG	and	clinical	 scenario(342);	a	change	such	as	prolonged	bradycardia	 is	 less	

likely	 to	 result	 in	acidosis	and	adverse	neonatal	outcome	 if	 the	period	preceding	 the	
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bradycardia	was	suggestive	of	a	normal	fetal	physiological	state(343-345).	Herein	 lies	

the	 challenge	 –	 even	 ominous	 CTG	 patterns	 are	 not	 likely	 to	 result	 in	 an	 adverse	

outcome.	Chuang	et	al	showed	sensitivity	for	adverse	neonatal	outcome	for	prolonged	

bradycardia	 of	 only	 29%(346).	 The	 frequency	 of	 occurrence	 of	 decelerations	 or	 the	

length	of	a	prolonged	bradycardia	are	more	likely	than	normal	CTGs	to	be	associated	

with	neonatal	acidosis,	but	many	cases	will	have	neither	acidosis	nor	adverse	clinical	

outcome(347).	 Even	 when	 the	 fetus	 that	 has	 both	 decreased	 variability	 and	 late	

decelerations,	both	considered	ominous	patterns,	Williams	and	Galemeau	found	a	rate	

of	acidosis	in	this	scenario	of	44%(339).	

	

Even	 a	 common	 pregnancy	 occurrence	 such	 as	 a	 nuchal	 cord,	 which	 the	 clinician	 is	

unable	to	modify,	can	result	 in	CTG	abnormalities,	particularly	variable	decelerations.	

Again,	with	an	otherwise	normal	CTG,	these	are	unlikely	to	be	associated	with	adverse	

outcomes,	however	the	continuous	transient	hypoxia	that	may	be	associated	with	this	

clinical	scenario	may	leave	the	fetus	with	less	reserve	to	cope	with	other	 insults(346,	

348,	349).	The	frequency	or	duration	of	abnormal	CTG	patterns	may	be	more	likely	to	

be	associated	with	adverse	neonatal	outcomes(350),	but	the	time	of	abnormalities	 is	

clearly	a	continuum,	and	again	clinicians	are	in	the	difficult	position	of	deciding	when	

to	intervene.	

	

There	 is	 no	 doubt	 that	women	with	 adverse	 fetal	 and	neonatal	 outcomes	will	 often	

have	abnormal	CTGs,	however	the	reverse	is	often	not	true(351,	352).	The	fetus	has	an	
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extraordinary	 capacity	 to	 cope	 with	 hypoxia	 and	 acidosis	 before	 there	 are	 clinical	

manifestations(317),	and	as	few	as	a	quarter	of	the	most	pathological	traces	will	have	

consequent	 neonatal	 encephalopathy(353).	 Cahill	 et	 al	 undertook	 a	 retrospective	

study	of	951	women	with	“terminal	decelerations”	 (prolonged	decelerations	without	

recovery	of	at	least	120	seconds)	and	found	that	more	than	98%	did	not	have	acidosis	

on	UA	sampling(354).	Furthermore,	not	all	cases	of	neonatal	encephalopathy	will	have	

a	 pre-delivery	 pathological	 CTG(355),	 making	 interpretation	 of	 CTGs	 to	 prevent	

acidosis	all	the	more	difficult.	On	reviewing	cases	with	acidosis	detected	on	umbilical	

cord	 sampling,	 Olofsson	 et	 al	 found	 that	 one	 third	 of	 CTGs	 showed	 both	 normal	

baseline	and	normal	variability(329).			

	

Decelerations	are	often	interpreted	with	concern	by	clinicians,	however	the	presence	

of	 decelerations	 may	 be	 just	 as	 common	 in	 fetuses	 without	 acidosis	 as	 in	 those	

with(321,	 356,	 357).	 There	 is	 a	 clear	 relationship	 between	 the	 length	 of	 time	 of	

decelerations	 and	 consequent	 acidosis,	 however	 this	 is	 a	 continuum	 that	 requires	

clinician	 discretion	 to	 choose	 the	moment	 for	 intervention(306,	 358-362).	Moreover	

there	 remain	 issues	with	 the	 interpretation	of	decelerations;	 the	 concept	of	 atypical	

features	 of	 decelerations	 being	 associated	with	worse	 outcomes	 is	 not	 borne	 out	 in	

large	 cohort	 studies(363).	 Even	 variability,	 which	 is	 often	 regarded	 as	 the	 most	

important	 feature	 of	 the	 CTG(340,	 364),	 has	 a	 PPV	 for	 acidaemia	 of,	 at	 most,	 17-

67%(365-369).	

	



	 91	

Fetal	distress	is	a	common	indication	for	caesarean	section	in	both	high	and	LMIC(370),	

including	 South	 Africa(371,	 372).	 The	 diagnosis	 however	 (often	 based	 on	 fetal	 heart	

rate	tracing)	is	not	necessarily	borne	out	in	terms	of	adverse	neonatal	outcomes(319,	

373,	 374),	 with	 no	 apparent	 association	 between	 CS	 for	 fetal	 distress	 in	 one	 South	

African	 study	 and	 adverse	 perinatal	 outcome(375).	 Indeed,	 a	 Cochrane	 Systematic	

review	 comparing	 operative	 intervention	 with	 conservative	 management	 for	 fetal	

distress	 includes	 only	 one	 RCT	 from	 1959,	 with	 no	 difference	 in	 perinatal	

mortality(376).	 Despite	 the	 absence	 of	 contemporary	 RCTs,	 there	 is	 no	 lack	 of	 non-

randomised	 evidence	 regarding	 the	 limited	 role	 of	 the	 CTG	 to	 improve	 perinatal	

outcomes.		

	

In	LMIC,	there	are	similar	data	to	those	described	above	on	the	poor	predictability	of	

CTG.	 In	 one	 prospective	 Indian	 study,	 while	 the	 CTG	 abnormality	 correlated	 with	

adverse	 outcomes,	 the	 correlation	 was	 not	 impacted	 by	 decision	 to	 delivery	 time,	

further	 cementing	 the	 poor	 PPV	 of	 CTG	 interpretation(377).	 Similar	 findings	 are	

replicated	in	many	LMIC(378).		

	

• A	Nigerian	review	of	300	cases	of	suspected	fetal	distress	showed	that	not	only	

was	 the	 time	 from	 suspicion	 to	 caesarean	 section	 (the	 planned	 intervention)	

greater	 than	 2	 hours	 in	 the	 majority	 of	 women,	 less	 than	 a	 quarter	 had	

diagnosed	birth	asphyxia(379).		
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• Of	 a	 146	 women	 having	 a	 CS	 for	 suspected	 fetal	 distress	 in	 one	 Indian	

prospective	cohort,	only	2%	of	 cases	had	 that	 suspicion	borne	out	 in	acidosis	

and	subsequent	poor	outcome(380),	and	 in	another	case-control	 study,	more	

than	a	third	of	cases	with	suspected	fetal	distress	and	UA	proven	acidosis	had	a	

normal	 clinical	 outcome(381).	 That	 said,	 the	 aim	 of	 intervening	 for	 hypoxia	

before	acidosis	occurs	is	important(382).		

• In	 one	 study	 in	 Pakistan	 for	 a	 trace	 that	 was	 defined	 as	 suspicious	 or	

pathological	(FIGO),	the	PPV	for	hypoxia	was	18%	and	acidosis	26%,	in	another	

similar	retrospective	cohort,	the	sensitivity	of	CTG	to	predict	acidosis	based	on	

BE	was	15%(383).	 This	 can	be	 improved	with	pathological	only	 traces	 to	50%	

(228,	384).		

	

As	in	high	income	country	based	studies,	the	presence	of	abnormalities	on	CTG	is	more	

likely	to	be	associated	with	abnormal	neonatal	outcomes(367),	and	moreover,	one	can	

find	evidence	 in	both	high	 income	and	LMIC	 for	 the	 introduction	of	CTG	 resulting	 in	

improved	perinatal	outcomes,	including	improved	mortality,	however	this	may	be	as	a	

result	of	 training	and	awareness	around	hypoxia	rather	than	the	 introduction	of	CTG	

itself(109,	385,	386).	

	

Fetal	distress	is	frequently	cited	in	the	literature	exploring	perinatal	mortality	in	LMIC.	

It	is	clearly	a	component	of	intrapartum	care	where	attention	can	be	focused,	however	

increasing	caesarean	section	rates	in	LMIC	in	response	to	suspected	fetal	compromise	

does	not	necessarily	have	any	 impact	on	PNMR(387).	Moyer	et	al	 report	an	8%	fetal	
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distress	rate	in	nearly	5000	deliveries,	with	an	overall	perinatal	mortality	of	10%(388).	

While	 the	 crossover	 between	 these	 two	diagnoses	 is	 not	 clear	 in	 this	 study,	what	 is	

clear	is	that	interventions	to	address	fetal	distress	are	of	value	in	LMIC,	accepting	the	

obvious	limitations	of	fetal	heart	rate	monitoring	outlined	above.	There	are	two	major	

issues	 with	 this	 concept.	 Firstly,	 the	 availability	 of	 CTG	 in	 LMIC	 is	 often	 scarce	 to	

absent(389),	 however	 it	 is	worth	noting	 that	monitoring	without	 a	CTG,	 and	 instead	

with	a	handheld	device,	may	be	as	effective	(or	ineffective)	as	continuous	monitoring,	

particularly	in	LMIC(101,	390,	391).	Secondly,	even	in	the	scenario	where	fetal	distress	

is	suspected	based	on	heart	rate	tracing,	the	capacity	to	 intervene	(for	example	with	

instrumental	delivery	or	caesarean	section)	is	limited	by	the	availability	of	resources	to	

do	so,	and	 therefore	 the	potential	benefits	of	 intervention	are	not	necessarily	borne	

out	in	neonatal	outcomes(392).	That	said,	the	poor	performance	characteristics	of	the	

CTG	means	that	prolonged	decision	to	delivery	intervals	may	not	necessarily	result	 in	

adverse	neonatal	outcome(393).		

	

THE	NEONATE	WITH	ACIDOSIS	

	

Acidosis,	as	outlined	earlier	in	this	chapter,	is	defined	variably	in	practice,	which	results	

in	heterogeneous	reporting	of	rates	of	acidosis.	While	often	determined	using	pH,	the	

cut-off	 for	 this	 is	 reported	 ranging	 between	7.0	 and	7.2.	We	 therefore	 rely	 on	 large	

cohort	studies	to	best	estimate	the	rate	of	acidosis,	as	determined	with	author	defined	

cut	offs,	and	accepting	the	limitations	of	reporting.	White	et	al	in	their	cohort	of	19646	

births,	reported	a	rate	of	acidosis	(pH	<7.0)	of	less	than	one	per	cent(394),	with	similar	
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findings	repeated	in	other	large	cohort	studies(395-397).	It	is	clear	that	not	all	acidotic	

neonates	 have	 adverse	 clinical	 sequelae,	 and	 equally	 not	 all	 unwell	 neonates	 are	

acidotic.	It	should	be	noted	that	neonatal	acidosis	in	this	context	is	considered	acidosis	

diagnosed	immediately	after	birth	from	the	umbilical	cord,	and	is	 largely	reflective	of	

intrapartum	events.	It	is	important	in	introducing	a	tool	to	objectively	measure	acidosis	

at	the	time	of	birth	that	one	considers	the	adverse	outcomes	of	acidosis	as	well	as	how	

to	manage	the	“well”	newborn	with	acidosis.	

	

NEONATAL	ACIDOSIS	AND	ADVERSE	OUTCOMES	

	

Worsening	 levels	 of	 acidosis	 are	 associated	 with	 increasing	 likelihood	 of	 neonatal	

resuscitation,	 low	 Apgar	 scores,	 admission	 to	 the	 neonatal	 nursery,	 and	 hypoxic	

ischaemic	 encephalopathy(268,	 398).	 Acidosis	 can	 result	 in	 seizures	 (Williams	 and	

Singh	 found	 a	 sensitivity	 of	 73%	 for	 acidosis	 at	 birth	 (defined	 as	 pH<7.0)	 for	 the	

outcome	 of	 neonatal	 seizures(399)),	 and	 long	 term	 neurological	 complications	

including	cerebral	palsy(2).		

	

It	is	clear	that	the	clinical	picture	guides	the	management	of	the	newborn,	rather	than	

the	 presence	 or	 absence	 of	 acidosis.	 While	 babies	 born	 with	 low	 Apgar	 scores	 are	

often	 acidaemic(400),	 there	 are	 a	 host	 of	 reasons	 for	 why	 neonates	 may	 have	 low	

Apgar	scores.	In	their	cohort	of	nearly	28,000	patients,	Locatelli	et	al	found	that	only	a	

third	of	neonates	with	 low	Apgar	scores	also	had	umbilical	acidaemia(401).	Likewise,	
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Lavrijsen	et	 al	 found	 in	 their	 case	 control	 study	 that	 seizures	only	 occurred	 in	 up	 to	

20%	 of	 neonates	with	 umbilical	 acidaemia	 at	 birth,	 with	 no	 clear	 difference	 in	 long	

term	outcomes	between	acidaemic	and	non-acidaemic	cases(402).			

	

THE	WELL	NEWBORN	WITH	ACIDOSIS		

	

The	 presence	 of	 acidosis	 at	 the	 time	of	 birth	without	 apparent	 clinical	 consequence	

presents	a	challenge	for	clinicians.	While	it	may	be	possible	to	dismiss	this	scenario,	we	

could	equally	consider	that	when	acidosis	is	identified	on	umbilical	cord	sampling	and	

the	 newborn	 is	 otherwise	well,	 a	 neonatal	 near	miss	 has	 occurred.	 That	 is,	 that	 the	

event	 that	 lead	to	acidosis	has	not	 resulted	 in	adverse	outcome	but	could	have,	and	

review	of	 the	cases	may	 reveal	an	area	of	potential	 improvement	 to	 reduce	acidosis	

rates	and	its	potential	morbid	and	mortal	consequences.		

	

As	described	by	Bonnaerens	et	al,	the	concept	of	neonatal	near	miss	is	not	widely	used	

in	 audits	 of	 intrapartum	 care,	 but	 has	 the	 potential	 to	 value-add	 to	 perinatal	 care,	

particularly	when	cases	of	near	miss	are	 frequently	 in	women	and	neonates	with	no	

identifiable	 pre-labour	 risk	 factors(403).	 In	 undertaking	 universal	 screening	 for	

acidosis,	 Bonnaerens	 and	 colleagues	 found	 a	more	 than	 doubling	 in	 the	 number	 of	

cases	 where	 audit	 was	 warranted	 and	 improvement	 of	 perinatal	 care	 was	

possible(404).	This	was	further	confirmed	when	the	initial	study	group	was	expanded	

across	 three	years(405).	 Jonsson	and	colleagues	collected	data	on	more	 than	28,000	
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deliveries,	with	a	metabolic	acidosis	rate	of	0.68%.	While	most	neonates	did	well	in	the	

post	delivery	period,	they	estimated,	based	on	audit	of	acidosis	cases,	that	the	acidosis	

could	have	been	avoided	in	nearly	half	of	all	cases(406).	It	is	important	to	consider	that	

metabolic	acidosis	can	be	both	the	cause	and	consequence	of	adverse	intrapartum	and	

neonatal	outcomes.	If	all	acidotic	cases	have	an	identifiable	potential	precipitant,	then	

it	stands	to	reason	that	review	of	these	cases	may	stimulate	a	change	in	practice,	even	

where	 the	 ultimate	 outcome	 for	 the	 neonate	 is	 positive	 (407).	 The	 identification	 of	

acidosis	at	birth,	while	uncommon,	may	be	a	sign	of	additional	risk	of	neonatal	adverse	

events,	 including	 respiratory	 distress	 syndrome	 and	 NICU	 admission,	 and	 universal	

testing	and	 review	of	 cases	may	 stimulate	alternate	management	of	 such	cases(268,	

408).	

	

In	the	case	of	the	well	newborn	with	acidosis,	is	there	a	potential	long-term	impact	of	

the	 acidosis?	 Dani	 et	 al	 studied	 53	 infants	 with	 an	 unexpected	 cord	 arterial	 pH	

between	 7.0	 and	 7.1,	 and	 more	 than	 half	 were	 asymptomatic	 with	 no	 short-term	

consequences	 (409).	However,	 there	 is	 some	evidence	 to	 suggest	 that	 the	 long-term	

developmental	 outcomes,	 although	 clinically	 minor,	 of	 these	 neonates	 may	 be	

different	to	their	equally	clinically	well	but	eucapnic	counterparts	at	various	stages	of	

childhood(159,	 410).	 The	measurement	 of	 acidosis	 (or	 lack	 thereof)	 on	 all	 deliveries	

therefore	 provides	 the	 clinician	 with	 the	 opportunity	 to	 review	 the	 “near	 miss”	

intrapartum	 events,	 with	 the	 aim	 of	 reducing	 the	 rates	 of	 acidosis	 and	 potentially	

impacting	long	term	outcomes.	
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QUALITY	OF	CARE	AUDITS	

	

DEFINING	QUALITY	OF	CARE	AND	QUALITY	OF	CARE	AUDIT	

	

Quality	of	Care	(QoC)	is	difficult	to	define	as	it	is	often	contextual(411,	412),	however	it	

generally	encompasses	components	contributing	to	more	than	one	level	of	care(413),	

and	 is	 care	 far	 beyond	 the	 basic	 provision	 of	 essential	 and	 emergency	 medicine.	

Tuncalp	 et	 al	 define	 QoC	 in	 maternal	 and	 newborn	 health	 as	 that	 reflecting	 the	

“physical	 infrastructure,	 supplies,	 management,	 and	 human	 resources	 with	 the	

knowledge,	skills	and	capacity	to	deal	with	pregnancy	and	childbirth”(5).	Moreover,	it	

is	 consistently	 repeated	 in	 recent	maternal	 and	newborn	 literature	 that	QoC	around	

the	 time	 of	 childbirth	 has	 the	 capacity	 to	 save	 millions	 of	 women	 and	 newborn	

lives(414-419).		

	

Audit	 is	 defined	 as	 “a	 systematic	 review	 or	 assessment”(163),	 a	 process	 integral	 to	

health	service	provision,	and	has	several	roles:	

	

• It	 allows	 comparisons	 of	 care	 within	 a	 system	 against	 an	 agreed	

standard	of	care(420).	

• It	may	be	used	as	an	assessment	of	specific	and	objective	markers	of	a	

desired	outcome	 (e.g.	perinatal	mortality	 as	 a	 function	of	 intrapartum	

care)(421).	
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• It	 can	be	 a	motivator	 for	 adequate	data	 collection,	which	 is	 critical	 to	

the	usefulness	of	audit(422).		

	

Thus,	 clinical	 audit	 is	 critical	 to	 the	 identification	 of	 potential	 problems	 and	 focused	

facility	 audits	within	 a	wider	 system	 can	 identify	 contextually	 specific	 health	 service	

deficiencies	and	provide	the	impetus	for	change(411,	422-425).		

	

Furthermore,	having	audit	that	detects	problems	in	the	steps	to	a	particular	outcome	

(quality	 of	 care	 audit)	 is	 more	 likely	 to	 be	 sensitive	 for	 identifying	 areas	 that	 need	

improvement(125,	 426-428).	 Indeed,	 rather	 than	 assessing	 an	 endpoint	 as	 the	 sole	

goal,	audit	can	(and	one	would	argue	should)	be	extended	to	quality	of	care	audit	 in	

which	markers	of	the	process	that	lead	to	an	endpoint	can	reflect	the	appropriateness	

and	 quality	 of	 the	 care	 given(429).	 Merali	 et	 al	 undertook	 a	 systematic	 review	 of	

identified	 avoidable	 factors	 in	 maternal	 and	 perinatal	 audit	 in	 LMIC.	 In	 addition	 to	

identifying	42	avoidable	factors	in	death	audits,	they	estimated	nearly	a	third	of	deaths	

were	specifically	related	to	“substandard	health	worker	practice”(430).	This	concept	of	

specific	criteria	based	audit	allows	clinicians	and	researchers	to	highlight	defined	gaps	

whereby	resources	can	be	targeted(431).	To	that	end,	the	steps	to	improving	quality	of	

care,	 including	audit	as	a	part	of	that	process,	have	become	a	global	focus	in	women	

and	newborn	health(417).	
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QUALITY	OF	CARE	AUDIT	IN	MATERNAL	AND	NEWBORN	HEALTH	

	

Comprehensive	 data	 registries	 in	 LMIC	 are	 critical	 in	 order	 to	 facilitate	 audit	 that	

identifies	 specific	 clinical	 and	 system	practises,	which	must	be	addressed	 in	order	 to	

affect	any	change	on	PNMR(432-436).	This	is	of	particular	importance	in	LMIC,	where	

data	capture	around	perinatal	mortality	is	frequently	poor(437,	438),	and	the	majority	

of	 avoidable	 perinatal	 mortality	 is	 attributed	 to	 the	 poor	 quality	 or	 absence	 of	

intrapartum	care(430,	439).	There	 is	 some	evidence	 that	audit	alone	 (as	an	 inherent	

intervention)	may	improve	clinical	outcomes	and	mortality	rates	with	a	meta-analysis	

of	seven	non	RCT	trials	showing	that	the	process	of	introducing	audit	within	a	specific	

system	reduces	mortality	by	up	to	30%(440).	Audit	has	been	shown	to	at	the	very	least	

improve	clinical	practice,	and	variably	to	improve	mortality	outcomes,	although	there	

is	a	clear	lack	of	randomised	data	on	audit,	which	is	in	and	of	itself	an	intervention	that	

would	warrant	a	RCT(441,	442).		

	

At	 its	most	basic	 level,	simple	data	collection	over	6	years	 in	rural	Nigeria	resulted	in	

improved	mortality	 statistics(242)	 and	 the	 registration	of	women	 in	 rural	Guatemala	

on	a	pregnancy	database	(community	level	audit)	resulted	in	a	reducing	in	all	maternal	

and	perinatal	mortality	 statistics,	 presumably	 secondarily	 to	 the	process	of	 engaging	

pregnant	women	and	increasing	their	facility-based	birth(51).	Pragmatic	addressing	of	

system	problems	identified	by	audit	has	been	shown	to	improve	mortality	in	a	Kenyan	

study(413),	although	design	flaws	(with	only	a	1/3	of	perinatal	deaths	included)	make	

the	evidence	difficult	to	interpret.	Moving	from	simple	data	collection	in	a	unit	in	Fiji	to	
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standardised	perinatal	mortality	audit	resulted	 identification	of	health	system	factors	

that	 could	 be	 addressed	 to	 reduce	 preventable	 deaths(443).	 Similar	 findings	 were	

shown	in	a	Tanzanian	study,	where	a	shift	to	criteria	based	audit	resulted	in	improved	

recognition	and	management	of	suspected	fetal	distress(109).	Furthermore,	the	large	

multi-country	Maternal	Newborn	Health	Registry	 study	clearly	 shows	comprehensive	

data	collection	feeds	and	audit	process	that	clearly	results	 in	 improved	maternal	and	

newborn	outcomes(434).		

	

The	impact	of	audit	on	resulting	changes	in	practice	has	the	potential	to	be	significant,	

as	was	the	case	in	the	Hlabisa	Health	District	of	KwaZulu/Natal,	South	Africa	in	1991-

1995.	 Rigorous	 classification	 of	 avoidable	 perinatal	 deaths	 and	 audit	 resulting	 in	

changes	to	health	service	delivery	saw	a	reduction	in	perinatal	death	from	18%	to	0%	

over	a	four	year	period(444).	Similarly,	the	use	of	the	PPIP	system	in	an	Eastern	Cape	

hospital	in	South	Africa	was	associated	with	a	reduction	in	intrapartum	hypoxic	related	

deaths,	 attributed	 to	 both	 the	 awareness	 generated	 by	 audit	 and	 the	 addressing	 of	

specific	system	issues	that	audit	identified(148).	The	introduction	of	a	comprehensive	

training	 program	 in	 audit	 and	perinatal	 death	 classification	 in	Moldova	 resulted	 in	 a	

reduction	 in	perinatal	mortality	and	an	 improvement	 in	quality	of	 care(445).	 Further	

examples	 include	a	before	and	after	study	examining	the	 introduction	of	a	combined	

emergency	 obstetric	 care	 and	monitoring	 and	 evaluation	 program	 (the	 Advances	 in	

Labour	and	Risk	Management	International	Program)	in	Kenya,	which	resulted	in	clear	

improvements	in	both	maternal	and	perinatal	outcomes(446).		
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It	is	clear	that	a	system	that	is	both	supportive	of	the	requirements	for	audit	and	has	

the	 capacity	 to	 implement	 changes	 once	 issues	 are	 identified	 is	 central	 to	 improved	

outcomes.	An	audit	of	village	based	registries	in	rural	Indonesia	showed	a	stillbirth	rate	

four	times	the	reported	rate	from	the	national	vital	statistics	program(447)	and	sites	in	

Pakistan	 in	 the	 Maternal	 Newborn	 Health	 Registry	 study	 had	 worsening	 mortality	

statistics	with	the	introduction	of	audit,	both	apparently	secondary	to	poor	quality	of	

care(448).	There	is	more	to	the	process	of	audit	than	simple	registration	and	presumed	

inherent	 clinical	 response	 to	 adverse	 outcomes,	 including	 having	 the	 resources	 to	

execute	any	clinical	response.	There	must	also	be	internal	infrastructure	to	run	audit,	

clinical	and	managerial	staff	support,	a	feeling	of	responsibility	and	ownership	amongst	

the	staff,	and	the	process	of	audit	must	not	be	seen	as	punitive(449,	450).		

	

QoC	 in	 low	 resource	 settings	 is	 likely	 to	 contribute	 to	 poor	 perinatal	 outcomes	 and	

QoC	 audit	 in	 these	 settings	 repeatedly	 identifies	 poor	 care	 around	 the	 time	 of	

childbirth	as	a	preventable	factor	in	significant	numbers	of	perinatal	deaths(451).		

	

However,	it	is	not	entirely	clear	that	QoC	audit	by	itself	improves	long	term	outcomes;	

is	 it	 audit	 alone	 or	 is	 there	 a	 deeper	 process	 that	must	 be	 undertaken	 for	 it	 to	 be	

effective?	 If	 this	process	 is	 feedback	 (passive	or	active),	which	 is	 identified	as	critical	

for	audit,	does	it	 in	fact	have	a	sustainable	long	term	effect	on	mortality?(423)	Other	

quality	 improvement	 programs	 aimed	 at	 improvement	 care	 around	 the	 time	 of	

childbirth	have	been	 shown	 to	 reduce	perinatal	 and	maternal	 deaths(452).	However	
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the	 inherent	 flaws	 in	 these	programs	are	 the	 lack	of	effective	control	and	 the	 issues	

with	 reproducibility.	 PPIP	 is	 frequently	 cited	 in	 the	 literature	 as	 the	 foundation	 on	

which	 improvement	 in	 perinatal	 care	 and	 perinatal	 mortality	 has	 been	 made	 in	

individual	 units	 and	 larger	 districts(131,	 135,	 453).	 Belizan	et	 al	 identified	 four	main	

drivers	 in	 the	 successful	 implementation	 of	 PPIP;	 drivers	 and	 teams,	 outreach	 and	

supervision,	perinatal	review	meetings,	and	communication	and	networking(454).	

	

QUALITY	OF	CARE	AUDIT	AND	NEAR	MISS	CASES	

	

With	substandard	 intrapartum	and	 immediate	newborn	care	being	 linked	to	nearly	a	

million	 neonatal	 deaths	 annually(4),	 it	 is	 evident	 that	 there	 is	 a	 significant	 group	 of	

surviving	neonates	that	comprise	the	near	miss	group.	The	concept	of	using	near	miss	

cases	 to	 assess	 quality	 of	 care	 is	 well	 described	 in	 maternal	 and	 newborn	 health	

literature(427).	 Defining	 and	 identifying	 neonatal	 near	 miss	 allows	 identification	 of	

deficiencies	 in	obstetric	and	neonatal	 care	 to	guide	 improvement	 in	 clinical	practice.	

Moreover,	the	clinician	compliance	with	this	may	be	 improved	by	the	“positive	entry	

point(455)”	 to	 the	 process;	 that	 is	 the	 survival	 of	 the	 baby	may	 encourage	 in	 depth	

analysis	 in	 the	quality	of	care	audit	process	when	the	outcome	of	any	concerns	with	

care	is	already	known	to	be	positive.	The	term	neonatal	near	miss	is	being	increasingly	

used	 in	 the	 literature	 in	 an	 attempt	 to	 identify	 those	 babies	 who	 would	 have	

potentially	 died	 from	 a	 severe	 obstetric	 complication	 and	 thus	 may	 represent	 a	

consequence	of	deficiencies	in	perinatal	care(456-458).	
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MATERNAL	HIV	INFECTION	

	

Maternal	HIV	infection	affects	more	than	17	million	women	over	the	age	of	15	around	

the	world,	with	the	burden	of	these	concentrated	in	low	and	middle-income	countries.	

There	 is	 a	 clear	 crossover	 between	 women	 with	 HIV	 and	 women	 with	 adverse	

pregnancy	 outcomes,	 from	 both	 HIV	 related	 and	 non-related	 causes(459).	 It	 was	

important	 to	 consider	 the	 role	 of	 maternal	 HIV	 infection	 in	 any	 study	 investigating	

labour	outcomes,	given	that	in	South	Africa	30%	of	the	population	is	infected	with	HIV	

and	more	than	600,000	births	occur	to	women	with	HIV	every	year(460).	Maternal	HIV	

infection	in	pregnancy,	particularly	in	women	not	receiving	antiretroviral	medication,	is	

associated	with	adverse	perinatal	outcomes,	including	preterm	birth	and	stillbirth(461).	

There	is	evidence	in	South	Africa	that	while	pregnancy	is	often	protective	against	new	

acquisition	of	HIV,	 younger	women	with	higher	parity	may	be	at	greater	 risk	of	new	

infections	 in	 pregnancy(462).	 Therefore	we	 need	 evidence	 of	 the	 potential	 effect	 of	

HIV	on	intrapartum	care.	This	 is	particularly	 important	given	some	retrospective	data	

from	the	same	region	as	the	location	of	this	current	research	suggesting	women	with	

HIV	infection	have	a	higher	rate	of	birth	asphyxia	related	perinatal	mortality	than	their	

HIV	 negative	 counterparts(463).	 The	 small	 numbers	 and	 retrospective	 nature	 of	 the	

data	means	one	 should	 interpret	 this	with	 caution,	 however	 the	 concept	 formed	an	

important	consideration	in	our	research.		
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CONCLUSION	

	

Perinatal	mortality	in	low	and	middle	income	countries	is	a	complex	and	multifaceted	

entity.	 Intrapartum	 hypoxia	 contributes	 significantly	 to	 perinatal	 mortality	 in	 these	

settings.	In	order	to	understand	this,	the	physiology	of	the	fetus,	the	underlying	causes	

and	 clinical	 consequences	 of	 hypoxia	 and	 the	 capacity	 to	 measure	 and	 respond	 to	

hypoxia	 must	 be	 considered.	 The	 thesis	 interrogates	 these	 issues	 and	 attempts	 to	

address	them	with	a	specific	focus	on	South	Africa.	
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THESIS	OUTLINE	

	

This	 thesis	 is	 centred	on	 two	data	 set	 analyses,	 a	 systematic	 review	and	 two	 clinical	

trials.		

	

Both	clinical	trials	were	conducted	in	2014.	The	first	of	which	was	a	before	and	after	

trial,	 conducted	 at	 Kalafong	Hospital,	 Pretoria,	 South	 Africa	 (Image	 3.1).	 The	 second	

was	 an	 implementation	 research	 trial,	 conducted	 at	 Zithulele	 Hospital,	 South	 Africa.	

The	design	of	each	of	these	studies	is	outlined	below.	The	methods	for	the	before	and	

after	study	are	relevant	for	the	manuscripts	in	Chapters	7-9,	and	the	methods	for	the	

implementation	trial	are	relevant	for	Chapter	10.		

	

	

Image	3.1:	Kalafong	Hospital	by	night,	2014	
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The	data	for	these	trials	were	supported	by	a	large	scale	retrospective	cohort	study	of	

the	causes	of	perinatal	mortality	in	South	Africa	(Chapter	4),	a	systematic	review	and	

meta-analysis	of	the	diagnostic	test	accuracy	of	lactate	(Chapter	5),	and	the	impact	of	

large	scale	perinatal	audit	(Chapter	6).	
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OUTLINE	OF	THE	RESEARCH	IN	CHAPTER	FOUR	

	

The	 research	 relevant	 to	 this	 thesis	 was	 predominantly	 based	 in	 South	 Africa.	 As	

outlined	 below,	 the	 clinical	 trials	 conducted	 were	 specific	 to	 two	 South	 African	

hospitals.	The	potential	applicability	of	the	research	in	the	long	term	was	an	important	

consideration	 from	 the	beginning	of	 this	 thesis.	 Therefore,	 it	was	 critical	 to	 consider	

the	causes	of	perinatal	mortality	in	South	Africa	as	a	whole.	The	most	accurate	method	

of	executing	this	was	with	an	analysis	of	data	from	one	specific	province,	Mpumalanga.	

	

Mpumalanga	 is	 the	 second	 smallest	 province	 in	 South	 Africa,	 covering	 an	 area	 of	

76,495	square	kilometres,	with	a	population	of	4,039,939	as	at	the	last	census	(2011).	

Mpumalanga	is	unique	in	that	all	public	obstetric	facilities	in	the	province	collect	data	

on	 every	 birth	 and	 death	 using	 the	 Perinatal	 Problems	 Identification	 Program	 (PPIP)	

(version	3)	as	outlined	in	Chapter	2.		

	

AIM	

	

To	determine	the	causes	of	perinatal	mortality	in	South	Africa	

	

	

	



	 138	

METHODOLOGY	

	

A	 retrospective	 analysis	 of	 the	 PPIP	 database	 from	 1st	 October	 2013	 to	 31st	 January	

2014,	inclusive,	was	undertaken	

	

INCLUSION	CRITERIA	

	

- Late	 fetal	deaths	 (babies	weighing	1000gr	or	≥	28	weeks	gestation)	and	early	

neonatal	deaths	(deaths	up	to	7	days	of	neonatal	life).		

	

DATA	EXTRACTED	

	

- For	each	individual	death,	the	following	data	were	extracted:	

o Maternal	age	

o Parity	

o Syphilis	and	HIV	status	

o Gestational	age	

o Birth	weight	for	gestation	using	country	specific	Theron	charts	

o Certainty	or	uncertainty	of	gestation	

o Condition	of	the	new-born	(born	alive	and	early	neonatal	death	(ENND),	

fresh	stillborn,	macerated	stillborn)	

o Primary	obstetric	cause	of	death	(all	cases)	

o Primary	neonatal	cause	of	death	(ENNDs).	

o Maternal	conditions	present	at	the	time	of	death	
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o Avoidable	factors	identified	in	each	death	

	

We	examined	the	frequencies	of	maternal	and	fetal	or	neonatal	characteristics	in	late	

fetal	 deaths	 and	 analysed	 the	 relationship	 between	maternal	 condition	 and	 fetal	 or	

neonatal	 outcomes.	 IBM	 SPSS	 Statistics	 22.0	 was	 used	 for	 data	 analysis.	 Frequency	

distributions	were	performed	for	outcome	summaries.	Fisher’s	exact	test	on	bivariate	

correlation	was	used	to	interrogate	the	relationship	between	maternal	conditions	and	

obstetric	causes	of	death	and	the	timing	of	late	perinatal	death.	Analysis	outcomes	are	

summarised	using	 risk	 ratios	 and	95%	confidence	 intervals.	All	 tests	were	 two	 tailed	

and	p-values	<0.05	were	considered	significant.		

	

ETHICS	

	

The	PPIP	program	has	ethical	 approval	 from	 the	University	of	Pretoria.	 The	data	are	

collected	 with	 permission	 from	 the	 South	 African	 Department	 of	 Health.	 All	 public	

obstetric	facilities	in	South	Africa	have	been	mandated	to	use	the	PPIP	program	since	

2012.	All	 data	 is	 deidentified	prior	 to	 entry	 in	 the	PPIP	database.	 The	PPIP	 technical	

task	 team	approved	 this	 secondary	analysis.	The	Mpumalanga	Department	of	Health	

granted	permission	for	analysis	and	publication	of	the	Province’s	PPIP	data.	
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OUTLINE	OF	THE	RESEARCH	IN	CHAPTER	FIVE	

	

Chapter	five	is	a	systematic	review	of	the	diagnostic	test	accuracy	of	umbilical	lactate	

in	 the	 setting	 of	 acidosis	 and	 neonatal	 outcomes.	 The	 protocol	 for	 this	 review	 is	

outlined	below.	

	

OBJECTIVES	OF	THE	REVIEW	

	

1. To	compare	umbilical	lactate	with	other	assessments	of	acidosis	(pH,	base	

excess,	pO2,	pCO2)	through	correlation	for	the	measuring	the	outcome	of	

acidosis	

2. To	compare	the	sensitivity	and	specificity	of	umbilical	artery	lactate	with	other	

assessments	of	acidosis	in	predicting	neonatal	outcomes	

	

CRITERIA	FOR	CONSIDERING	STUDIES	IN	THE	REVIEW	

	

GENERAL	INCLUSION	/	EXCLUSION	CRITERIA	

	

All	 identified	 studies,	 irrespective	 of	 language,	 published	 or	written	 from	1990-2013	

will	be	assessed.		

Exclusion	criteria:	
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- Studies	outside	the	inclusion	dates	

- Studies	with	no	data	available	

	

TYPE	OF	STUDY	DESIGNS	FOR	DIAGNOSTIC	TEST	ACCURACY	

	

The	ideal	study	design	for	diagnostic	test	performance	is	cross-sectional	where	the	test	

is	performed	on	consecutively	assessed	patients	is	cross-classified	with	disease	status	

and	a	reference	test.	Although	less	ideal,	randomised	control	trials	that	use	previously	

independently	assessed	tests	will	also	be	considered.	

	

TYPE	OF	PARTICIPANTS	

	

Women	 delivering	 in	 a	 facility	 with	 the	 ability	 to	 undertake	 an	 assessment	 of	 fetal	

acidosis	and	neonatal	risk	and	neonates	in	the	immediate	post-delivery	period	

	

TYPE	OF	OUTCOMES	

	

Acidosis	 (defined	 by	 the	 study	 being	 assessed);	 typically	 pH	 <7.2	 or	 <7.15,	 BE	 <15,	

p02<10,	pCO2	>70(1)	

Neonatal	 risk	 /	 outcome	 (defined	 by	 the	 study);	 potentially	 APGAR	 scores	 <7	 at	 5	

minutes,	 admission	 to	 the	 neonatal	 intensive	 care	 nursery,	 need	 for	 neonatal	

resuscitation,	diagnosis	of	hypoxic	ischaemic	encephalopathy	
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SEARCH	STRATEGY	FOR	IDENTIFICATION	OF	STUDIES	

	

The	review	will	have	no	 language	restrictions.	Reviewers	will	be	able	to	read	English,	

Indonesian	and	French.	An	associated	researcher	will	read	reviews	in	Turkish.	Reports	

in	other	languages	will	be	translated	into	English.	The	review	will	cover	published	and	

unpublished	studies	from	1990-2013	

Electronic	 databases	 that	 will	 be	 search	 are:	 PubMed/Medline,	 CINAHL,	 EMBASE.	

Search	 strategies	will	 be	 customised	 to	 the	 subject	 heading	 and	 search	 structure	 of	

individual	databases.	

Other	electronic	searching:	An	internet	search	using	“Google	Scholar”	searching	engine	

with	the	terms	“lactate”,	“fetal	acidosis”,	“predict*	neonatal	risk”	

Hand	searching:	Reference	lists	from	review	articles	will	be	searched.		

Initially	 a	 comprehensive	 search	 to	 identify	 existing	 systematic	 reviews	 was	

undertaken	using	the	Hunt	and	McKibbon	method	

1. Meta-analysis	(pt)	

2. Meta-anal:	(tw)	

3. Metaanal:	(tw)	

4. Quantitative:	review:	OR	quantitative:	overview:	(tw)	

5. Systematic:	review:	OR	systematic:	overview:	(tw)	

6. Methodological:	review:	OR	methodologic:	overview:	(tw)	

7. Review	(pt)	AND	medline	(tw)	

8. 1	OR	2	OR	3	OR	4	OR	5	OR	6	OR	7	
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Content	terms	were	then	added	with	medline	explosion	

TW:	 fetal;	 neonatal;	 risk;	 lactate;	 intrapartum;	 umbilical;	 acidosis;	 asphyxia;	 labour;	

fetal;	cord;	lactic	acid;	outcome	

Content	terms:	fetal;	neonatal;	risk;	lactate;	intrapartum;	umbilical;	acidosis;	asphyxia;	

outcomes	

Using	this	method,	there	were	no	relevant	existing	systematic	reviews	identified	

	

CUSTOMISED	SEARCH	STRATEGY:	

	

PubMed/Medline	search	strategy:	

The	 lists	 the	 MeSH	 Terms	 (Medline	 Subject	 Headings)	 and	 keywords	 for	 the	 three	

concepts:	Umbilical	Artery;	Lactate;	Neonatal	Risk/Outcome	

Notes:	

Removing	“Fetal	Blood”	and	its	variants	removes	many	results	relating	to	“fetal	scalp	

blood”.	Although	“Fetal	Blood”	is	the	preferred	MESH	term	for	Cord	Blood	or	Umbilical	

Cord	Blood	

Adding	the	following	search	string	within	PubMed	removes	references	that	are	refer	to	

animals	and	not	humans.	

NOT	(“animals”[MESH	Terms]	NOT	“humans”[MESH	Terms])	

Concepts	with	MESH	Terms	and	Keywords	
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Umbilical	Artery	Concept	

"umbilical	arteries"[MeSH	Terms]		

“umbilical	artery”		

“umbilical	arteries”		

"umbilical	cord"[MeSH	Terms]		

"umbilical	cord	blood"		

“umbilical	cord	artery”		

“cord	blood”		

"fetal	blood"[MeSH	Terms]		

"fetal	blood"		

“foetal	blood”	

("umbilical	 arteries"[MeSH	 Terms]	 OR	 “umbilical	 artery”	 OR	 “umbilical	 arteries”	 OR	

"umbilical	cord"[MeSH	Terms]	OR	"umbilical	cord	blood"	OR	“umbilical	cord	artery”	OR	

“cord	blood”	OR	"fetal	blood"[MeSH	Terms]	OR	"fetal	blood"	OR	“foetal	blood”)	 	

	

Without	Fetal	Blood		

("umbilical	 arteries"[MeSH	 Terms]	 OR	 “umbilical	 artery”	 OR	 “umbilical	 arteries”	 OR	

"umbilical	cord"[MeSH	Terms]	OR	"umbilical	cord	blood"	OR	“umbilical	cord	artery”	OR	

“cord	blood”)		
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Lactate	Concept	

"lactic	acid"[MeSH	Terms]	

"lactic	acid"	

"lactates"[MeSH	Terms]	

lactate	

lactates	

"acidosis,	lactic"[MESH	Terms]	

“lactic	acidosis”	

("lactic	acid"[MeSH	Terms]	OR	"lactic	acid"	OR	"lactates"[MeSH	Terms]	OR	lactate	OR	

lactates	OR	"acidosis,	lactic"[MESH	Terms]	OR	“lactic	acidosis”)	 	

	

Neonatal	Risk/Outcome	Concept	

"neonatal	outcome"	

"neonatal	outcomes”	

(("infant,	newborn"[MESH	Terms]	OR	neonat*)	AND	"risk	factors"[MESH	Terms])	

“Fetal	Hypoxia”[MESH]	

“fetal	hypoxia”	
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“foetal	hypoxia”	

Asphyxia	Neonatorum	[MESH]	

“birth	asphyxia”	

"fetal	asphyxia"	

"foetal	asphyxia"	

	“intrapartum	hypoxia”	

"intrapartum	fetal	asphyxia"	

“intrapartum	stillbirths”	

“intrapartum-linked	neonatal	deaths”	

"Perinatal	Mortality"[MeSH	Terms]	(2008+)	

“perinatal	mortality”	

“perinatal	morbidity”	

“Neonatal	near	miss”	

“Infant	Mortality	[MESH]”	(Used	for	Perinatal	Mortality	1990-2007)	

“Neonatal	mortality”	

"APGAR	score"[MeSH	Terms]	

“APGAR	score”	

"fetal	distress"[MeSH	Terms]	
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“fetal	distress”	

“foetal	distress”	

"Infant,	newborn,	diseases/mortality"[Mesh	Terms]	

"Respiratory	Distress	Syndrome,	Newborn"[MeSH	Terms]	

("neonatal	 outcome"	OR	 "neonatal	 outcomes"	OR	 (("infant,	 newborn"[MESH	 Terms]	

OR	 neonat*)	 AND	 "risk	 factors"[MESH	 Terms])	 OR	 “Fetal	 Hypoxia”[MESH	 Terms]	OR	

“fetal	 hypoxia”	 OR	 “foetal	 hypoxia”	 OR	 “Asphyxia	 Neonatorum”[MESH	 Terms]	 OR	

“birth	asphyxia”	OR	"fetal	asphyxia"	OR	"foetal	asphyxia"	OR	“intrapartum	hypoxia”	OR	

"intrapartum	 fetal	 asphyxia"	 OR	 “intrapartum	 stillbirths”	 OR	 “intrapartum-linked	

neonatal	deaths”	OR	"Perinatal	Mortality"[MeSH	Terms]	OR	“perinatal	mortality”	OR	

“perinatal	morbidity”	OR	“Neonatal	near	miss”	OR	“Infant	Mortality”[MESH	Terms]	OR	

“Neonatal	 mortality”	 OR	 "APGAR	 score"[MeSH	 Terms]	 OR	 “APGAR	 score”	 OR	 "fetal	

distress"[MeSH	 Terms]	OR	 “fetal	 distress”	OR	 “foetal	 distress”	OR	 "Infant,	 newborn,	

diseases/mortality"[Mesh	 Terms]	 OR	 "Respiratory	 Distress	 Syndrome,	

Newborn"[MeSH	Terms])	 	

	

Descriptions	of	MeSH	Terms		

MeSH	HEADING:	UMBILICAL	ARTERIES	

SCOPE:	 Specialized	 arterial	 vessels	 in	 the	 umbilical	 cord.	 They	 carry	 waste	 and	

deoxygenated	 blood	 from	 the	 FETUS	 to	 the	 mother	 via	 the	 PLACENTA.	 In	 humans,	

there	are	usually	two	umbilical	arteries	but	sometimes	one.	
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YEAR	of	ENTRY:	68(64)	

PREVIOUS	INDEXING:	Umbilical	Cord/BS	(1966-1967)	

Used	For:	

umbilical	artery	

artery	umbilical	

umbilical	arteries	

arteries	umbilical	

	

MeSH	HEADING:	UMBILICAL	CORD	

SCOPE:	 The	 flexible	 rope-like	 structure	 that	 connects	 a	 developing	 FETUS	 to	 the	

PLACENTA	 in	 mammals.	 The	 cord	 contains	 blood	 vessels,	 which	 carry	 oxygen	 and	

nutrients	from	the	mother	to	the	fetus	and	waste	products	away	from	the	fetus.	

NOTE:	CORD	BLOOD	see	FETAL	BLOOD	is	available	

Used	For:	

cord	umbilical	

umbilical	cords	

umbilical	cord	

cords	umbilical	

	

MeSH	HEADING:	FETAL	BLOOD	

SCOPE:	 Blood	 of	 the	 fetus.	 Exchange	 of	 nutrients	 and	waste	 between	 the	 fetal	 and	

maternal	 blood	 occurs	 via	 the	 PLACENTA.	 The	 cord	 blood	 is	 blood	 contained	 in	 the	

umbilical	vessels	(UMBILICAL	CORD)	at	the	time	of	delivery.	
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YEAR	of	ENTRY:	75	

PREVIOUS	INDEXING:	Umbilical	Cord	(1966-1974)	

Used	For:	

bloods	fetal	

cord	blood	

blood	fetal	

cord	blood	umbilical	

bloods	cord	

fetal	bloods	

blood	cord	

umbilical	cord	bloods	

umbilical	cord	blood	

cord	bloods	umbilical	

cord	bloods	

bloods	umbilical	cord	

blood	umbilical	cord	

fetal	blood	

	

MeSH	HEADING:	LACTATES	

SCOPE:	Salts	or	esters	of	LACTIC	ACID	containing	the	general	formula	CH3CHOHCOOR.	

NOTE:	do	not	confuse	with	LACTATE	see	LACTIC	ACID	

Used	For:	

lactates	
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MeSH	HEADING:	LACTIC	ACID	

SCOPE:	A	normal	 intermediate	 in	 the	 fermentation	 (oxidation,	metabolism)	of	 sugar.	

The	 concentrated	 form	 is	 used	 internally	 to	 prevent	 gastrointestinal	 fermentation.	

(From	Stedman,	26th	ed)	

NOTE:	do	not	confuse	X	ref	LACTATE	with	LACTATES	

YEAR	of	ENTRY:	97;	was	LACTIC	ACID	(NM)	1981-96	

SEARCH	NOTE:	use	LACTIC	ACID	(NM)	to	search	LACTIC	ACID	1981-96	

PREVIOUS	INDEXING:	Lactates	(1981-1996)	

	

MeSH	HEADING:	ACIDOSIS,	LACTIC	

SCOPE:	 Acidosis	 caused	 by	 accumulation	 of	 lactic	 acid	 more	 rapidly	 than	 it	 can	 be	

metabolized.	 It	 may	 occur	 spontaneously	 or	 in	 association	 with	 diseases	 such	 as	

diabetes	mellitus,	leukemia,	or	liver	failure.	

NOTE:	accumulation	of	lactic	acid	

YEAR	of	ENTRY:	87	

PREVIOUS	INDEXING:	Acidosis	(1966-1986);	Lactates	(1966-1986)	

Used	For:	

acidosis	lactic	

lactic	acidosis	

	

MeSH	HEADING:	ASPHYXIA	NEONATORUM	

SCOPE:	Respiratory	failure	in	the	newborn.	(Dorland,	27th	ed)	
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NOTE:	 do	 not	 use	 /congen	 &	 do	 not	 coord	 with	 INFANT,	 NEWBORN,	 DISEASES;	 tag	

INFANT,	NEWBORN	

REFERENCES:	

Used	For:	

asphyxia	neonatorum	

	

MeSH	HEADING:	FETAL	HYPOXIA	

SCOPE:	Deficient	oxygenation	of	FETAL	BLOOD.	

NOTE:	do	not	confuse	with	ASPHYXIA	NEONATORUM	

YEAR	of	ENTRY:	2006	(1975)	

PREVIOUS	INDEXING:	Fetal	Diseases	(1966-1974)	

Used	For:	

hypoxia	fetal	

fetal	anoxia	

anoxia	fetal	

fetal	hypoxia	

	

MeSH	HEADING:	INFANT	MORTALITY	

SCOPE:	 Postnatal	 deaths	 from	 BIRTH	 to	 365	 days	 after	 birth	 in	 a	 given	 population.	

Postneonatal	mortality	represents	deaths	between	28	days	and	365	days	after	birth	(as	

defined	by	National	Center	for	Health	Statistics).	Neonatal	mortality	represents	deaths	

from	birth	to	27	days	after	birth.	

Used	For:	
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infant	mortality	

mortalities	infant	

neonatal	mortalities	

infant	mortalities	

neonatal	mortality	

mortality	neonatal	

postneonatal	mortality	

mortality	infant	

mortalities	neonatal	

	

MeSH	 HEADING:	 PERINATAL	 MORTALITY	 (Note:	 Used	 from	 2008+;	 Infant	 Mortality	

used	prior	to	this)	

SCOPE:	Deaths	occurring	from	the	28th	week	of	GESTATION	to	the	7th	day	after	birth.	

NOTE:	 a	 statistical	 concept	 and	 not	 a	 substitute	 for	 /mortal	 with	 FETAL	 DISEASES;	

INFANT,	NEWBORN,	DISEASES	or	specific	disease;	specify	geography	if	pertinent	

YEAR	of	ENTRY:	2008;	use	INFANT	MORTALITY	1990-2007	

PREVIOUS	INDEXING:	Infant	Mortality	(1965-2007)	

REFERENCES:	

See	Related:	

INFANT	MORTALITY	

Used	For:	

mortalities	perinatal	

perinatal	mortality	
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perinatal	mortalities	

mortality	perinatal	

	

MeSH	HEADING:	FETAL	DISTRESS	

SCOPE:	A	nonreassuring	fetal	status	(NRFS)	 indicating	that	the	FETUS	is	compromised	

(American	 College	 of	 Obstetricians	 and	 Gynecologists	 1988).	 It	 can	 be	 identified	 by	

sub-optimal	 values	 in	 FETAL	 HEART	 RATE;	 oxygenation	 of	 FETAL	 BLOOD;	 and	 other	

parameters.	

NOTE:	do	not	confuse	with	RESPIRATORY	DISTRESS	SYNDROME,	NEWBORN	(postnatal)	

	

MeSH	HEADING:	RESPIRATORY	DISTRESS	SYNDROME,	NEWBORN	

SCOPE:	A	condition	of	the	newborn	marked	by	DYSPNEA	with	CYANOSIS,	heralded	by	

such	prodromal	signs	as	dilatation	of	the	alae	nasi,	expiratory	grunt,	and	retraction	of	

the	 suprasternal	 notch	 or	 costal	 margins,	 mostly	 frequently	 occurring	 in	 premature	

infants,	 children	of	 diabetic	mothers,	 and	 infants	 delivered	by	 cesarean	 section,	 and	

sometimes	with	no	apparent	predisposing	cause.	

Customised	search	strategy:	

Embase	search	strategy:	

Subject	Headings	

The	following	are	Subject	Terms	used	within	Embase:	

MAIN	TERM:	umbilical	artery	
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Used	For:	

allantoic	artery	

arteria	umbilicalis	

springle	umbilical	artery	

umbilical	arteries	

umbilical	artery,persisting	

umbilical	cord	artery	

umbilicus	artery		

	

MAIN	TERM:	umbilical	cord	blood	

Used	For:	

blood,umbilical	

cord	blood	

cord	blood,umbilical	

umbilical	blood	

umbilical	cord	fluid	

umbilical	cord	plasma		

MAIN	TERM:	Lactic	Acid	

MAIN	TERM:	lactate	blood	level	

Used	For:	

blood	lactate	

blood	lactic	acid	
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lactate	plasma	level	

lactate	serum	level	

lactic	acid	blood	level	

lactic	acid	serum	level	

plasma	lactate	

plasma	lactic	acid	

serum	lactate	

serum	lactic	acid		

MAIN	TERM:	lactic	acidosis	

Used	For:	

acidosis,	lactic	

acidosis,lactic	acid	

congenital	lactic	acidosis	

lactacidosis	

lactate	acidosis	

lactic	acid	acidosis	

lactic	acidosis,congenital		

MAIN	TERM:	fetus	outcome		

Used	For:	

fetal	outcome	

outcome,fetus		

MAIN	TERM:	perinatal	mortality		
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Used	For:	

mortality,perinatal	

perinatal	death	rate		

MAIN	TERM:	newborn	mortality		

Used	For:	

mortality,neonatal	

neonatal	mortality	

neonatal	survival	

neonatus	mortality	

newborn	survival	

postneonatal	mortality	

survival,newborn		

MAIN	TERM:	perinatal	morbidity		

Used	For:	

morbidity,perinatal	

perinatal	disease		

MAIN	TERM:	fetus	distress		

Used	For:	

distress,fetal	

fetal	distress	

foetal	distress	
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foetus	distress	

intrauterine	distress		

MAIN	TERM:	perinatal	asphyxia		

Used	For:	

asphyxia,perinatal	

birth	asphyxia		

MAIN	TERM:	fetus	hypoxia	

Used	For:	

fetal	anoxia	

fetal	asphyxia	

fetal	hypoxemia	

fetal	hypoxia	

fetus	anoxia	

fetus	asphyxia	

fetus	asphyxiation	

foetal	hypoxia	

foetus	hypoxia	

hypoxia,fetus	

intrauterine	asphyxia	

intrauterine	hypoxia		

MAIN	TERM:	neonatal	respiratory	distress	syndrome		

Used	For:	
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neonatal	rds	

neonatal	respiratory	distress	

newborn	respiratory	distress	

newborn	respiratory	distress	syndrome	

respiratory	distress	syndrome,	newborn	

respiratory	distress,newborn		

	

METHODS	OF	THE	REVIEW	

	

SCREENING	AND	DATA	EXTRACTION	FORMS	

	

SCREENING	QUESTIONS	FOR	ABSTRACT	ANALYSIS:	

	

SCREENING	QUESTIONS	

	 No	 Yes	

1	 Does	 the	 report	 include	 data	 on	 umbilical	 artery	 lactate	 and	 another	

method	of	assessing	fetal	acidosis?	
⃝	 □	

2	 Does	 the	 report	 compare	 the	 tests	 in	 either	 their	 ability	 to	 predict	

acidosis	or	their	ability	to	predict	potential	neonatal	risk?	
⃝	 □	

3	 Is	the	study	a	cross-sectional	design	or	randomised	control	trial?	 ⃝	 □	



	 159	

4	 Are	acidosis	and	/	or	neonatal	outcome	defined?	 ⃝	 □	

Note:	If	any	answer	falls	in	to	a	circle	then	the	study	will	be	excluded	

	

DATA	EXTRACTION	FORM:	

	

DATA	EXTRACTION	FORM	

1	 Study	identification	number	 #	

2	 Name	of	data	extractor	 	

3	 Date	of	extraction	 _	_	/	_	_	/	_	_	

4	 Last	name	of	first	author	 	

5	 Country	of	origin	 	

6	 Published	 	

7	 Year	of	publication	 _	_	_	_	

8	 Language	of	paper	 	

9	 Study	period	 _	_	/	_	_	/	_	_	-	_	_	/_	_	/	_	_	

10	 Study	design	 	

11	 Method	of	sampling	 	
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12	 What	tests	are	being	evaluated?	 	

12	 Number	of	eligible	subjects	 	

13	 Sample	size	studied	 	

14	 What	is	the	study	setting?	 	

15	 Description	 of	 the	 characteristics	 of	 the	 study	

population	

	

16	 Description	 of	 the	 health	 characteristics	 of	 the	

women	

	

17	 Description	 of	 the	 health	 characteristics	 of	 the	

fetus	

	

18	 Is	 there	 information	 regarding	 the	 number	 of	

non-valid	samples	

Yes	/	No	

19	 Is	 the	 incremental	 value	 of	 the	 test	 being	

compared	to	other	routine	tests?	

Yes	/	No	

20	 Is	the	decision	to	perform	the	reference	standard	

independent	of	the	test	result?	

Yes	/	No	

21	 If	not,	what	per	cent	were	not	verified	 _	_	%	

22	 Was	there	a	valid	reference	standard?	 Yes	/	No	

23	 Are	the	tests	and	references	standards	measured	 Yes	/	No	
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independently?	

24	 Are	 tests	 measured	 independently	 of	 other	

clinical	and	test	information?	

Yes	/	No	

25	 If	 tests	 are	 being	 compared,	 have	 they	 been	

assessed	 independently	 in	 the	 same	 patients	 or	

done	in	randomly	allocated	patients?	

Yes	/	No	

26	 What	is	the	primary	outcome?	 	

27	 What	test(s)	is	lactate	compared	to?	 	

28	 What	is	the	r	between	lactate	and	the	test(s)?	 	

29	 What	 is	 the	 sensitivity	 and	 specificity	 of	 lactate	

for	the	outcome?	

	

30	 What	 is	 the	 sensitivity	 and	 specificity	 of	 the	

comparison	for	the	primary	outcome?	

	

	

MANAGEMENT	OF	STUDIES	AND	DATA	EXTRACTION	

	

Endnote	 bibliographic	 software	 will	 be	 used	 to	 store	 the	 citations	 identified	 in	 the	

search,	 keep	 track	 of	 them	 and	 delete	 duplicates.	 Electronic	 searches	 can	 be	

downloaded	directly	 in	 to	Endnote.	Reports	 from	other	sources	can	be	entered	 in	 to	

Endnote	 manually.	 Duplicates	 will	 be	 deleted	 and	 each	 study	 will	 be	 assigned	 an	

identification	number	for	review.		
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All	 citations	 identified	 from	the	electronic	search	strategies	will	be	evaluated	 initially	

with	the	screening	form	on	the	basis	of	titles	and	abstracts,	where	available.	Records	

not	meeting	the	screening	criteria	will	be	discarded.	Full	text	articles	of	the	remaining	

citations	will	be	obtained.	Full	text	articles	will	also	be	obtained	for	citations	where	the	

initial	 screening	could	not	be	completed	because	of	 lack	of	 information	 in	 the	 title	 /	

abstract.	A	list	of	the	irrelevant	records	will	be	available	upon	request.	

The	 full	 text	 articles	will	 be	 evaluated	using	 the	 screening	 form.	 Studies	 excluded	at	

this	point	 in	 the	 review	will	be	 listed	 separately,	with	 the	 reason	 for	 their	exclusion.	

Data	 from	 the	 remaining	 studies	 will	 be	 extracted	 by	 reviewer	 EA	 using	 the	 data	

extraction	 form.	A	 second	and	 third	 reviewer	will	 be	 available	when	data	 cannot	be	

extracted	 from	 the	 first	 review	 and	 where	 there	 are	 queries	 about	 a	 manuscript.	

Attempts	 will	 be	 made	 to	 contact	 authors	 where	 data	 is	 missing	 or	 requiring	

clarification.	 	 Data	will	 be	manually	 entered	 in	 a	 database	 and	 processed	with	 SPSS	

software.		

	

CRITICAL	APPRAISAL	OF	STUDIES	

	

Included	studies	will	be	 interrogated	 to	determine	difference	 in	 study	characteristics	

using	the	data	extraction	form.	There	will	 then	be	a	quality	assessment	of	studies	by	

three	reviewers	using	the	following	criteria:	

- High	quality	if	all	4	criteria	are	met	

- Medium	quality	if	2	or	3	criteria	are	met	
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- Low	quality	if	1	or	no	criteria	are	met	

	 ADEQUATE	 INADEQUATE	

Sampling	 Consecutive,	random	 Select	groups	

Population	 Type	 and	 characteristic	 of	

population	specified	

Not	specified	

Follow	up	 Reported	and	<20%	loss	 Not	reported	or	>20%	loss	

Definition	of	outcome	 Definition	 of	 acidosis	 and	

neonatal	 outcome	

reported	

Definition	 of	 acidosis	 and	

neonatal	 outcome	 not	

reported	

	

Assessment	of	bias:	

- Has	selection	bias	been	minimised?	

o Have	consecutive	patients	been	enrolled?		

o Studies	that	only	included	cases	with	confirmed	neonatal	outcome	(e.g.	

HIE)	are	likely	to	overestimate	sensitivity	and	specificity	

- Was	follow	up	for	primary	outcomes	adequate?	

o Were	all	those	enrolled	should	be	verified	by	the	reference	standard	

(e.g.pH)	

o Were	all	those	enrolled	included	in	the	analysis?		

o Was	the	reference	standard	applied	differently	to	the	test	positives	and	

the	test	negatives?	
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- Applicability	

o How	tests	were	performed	e.g.	kits	from	different	manufacturers?	What	

threshold	was	used	to	differentiate	positive	from	negative	tests?	

- Has	measurement	or	misclassification	bias	been	minimised?	

o Was	a	validated	reference	standard	used?	

o If	tests	are	being	compared,	have	they	been	assessed	independently?		

o Were	both	tests	done	on	the	same	individual?	

	

ANALYSIS	PLAN	

	

Two	methods	 of	 analysis	 are	 anticipated	 as	 there	 are	 likely	 two	modes	 of	 reported	

data;	 those	 that	 compare	 lactate	 and	 other	 measures	 of	 acidosis	 (e.g.	 pH)	 using	 a	

correlation	coefficient	(r)	and	those	that	report	the	sensitivity	and	specificity	of	lactate	

to	predict	neonatal	outcome	compared	to	other	measures	of	acidosis.	

Analysis	of	studies	with	correlation	coefficients	

- Meta-analysis	using	fixed	and	random	effect	models	(Monte	Carlo	simulation)	

Analysis	of	studies	with	sensitivity	and	specificity	

- Initial	simple	plot	of	sensitivity	and	specificity	with	CI	

- Then	a	synthesis	of	study	results	for	sensitivity	and	specificity	will	be	done	by	

fitting	a	summary	ROC	(SROC)	

o True	positive	rate	(sensitivity)	and	the	false	positive	rate	(1-specificity)	

are	first	transformed	through	the	logarithm	of	their	odds	
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o The	regression	analysis	is	done	

§ D=a+bS	

§ D=(logit	TPR)-(logit	FPR)=log	(odds	ratio)	

§ S=(logit	TPR)+(logit	FPR)=log	(odds	product),	which	is	a	proxy	for	

the	threshold	

§ a=estimated	linear	intercept	

§ b=estimated	regression	coefficient	(slope)	

§ Relationship	can	be	plotted	with	D	on	the	vertical	access	and	S	

on	the	horizontal	

o The	results	are	back-transformed	and	plotted	in	the	standard	ROC	

format	

The	manuscript	 of	 the	 review	will	 be	written	 by	 EA.	 Jan	Dickinson,	 CW	 and	 TW	will	

review	the	drafts	and	approve	the	final	manuscript.	

	

DESCRIPTION	OF	STUDIES	

	

A	table	with	the	characteristics	of	the	included	studies	will	be	prepared	containing	the	

methods,	 participants,	 and	 outcomes	 studied.	 This	 table	will	 show	 the	 studies	 listed	

chronologically	by	year	of	publication,	listed	alphabetically	by	the	surname	of	the	first	

author.	
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OUTLINE	OF	THE	RESEARCH	IN	CHAPTER	SIX	

	

The	 South	 African	 PPIP	 database	 is	 a	 nationally	 supported	 program,	 which	 was	

voluntary	from	the	1990s	–	2012	and	compulsory	thereafter,	that	allows	providers	of	

perinatal	care	to	enter	and	analyse	perinatal	births	and	deaths	and	maternal	deaths	in	

detail.	As	of	2014,	94%	of	hospital	contribute	data	to	PPIP	and	more	than	73%	of	births	

in	all	institutions	are	captured.		

	

AIM	

	

To	assess	the	impact	on	continuous	audit	using	PPIP	on	perinatal	mortality	in	all	South	

African	obstetric	units	with	at	least	five	years	of	continuous	audit	data.	

	

METHODOLOGY	

	

- Identify	sites	from	the	PPIP	database	with	at	least	five	years	of	continuous	audit	

(more	than	80%	compliance	with	monthly	submission	of	data)	 from	the	point	

of	first	using	the	PPIP	program.	

- Undertake	 an	 analysis	 of	 trend	 in	 PNMR	 (defined	 as	 fetal	 deaths	 and	 early	

neonatal	 deaths	per	1000	births)	 for	births	with	weights	 greater	 than	1000gr	

over	the	first	five	years	of	audit	in	these	sites.		
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- All	data	was	analysed	using	Epiinfo	version	7	and	SPSS	version	22.	The	monthly	

perinatal	mortality	rate	for	each	site	for	the	first	five	years	was	obtained.	The	

data	was	smoothed	by	using	twelve	month	moving	averages.	A	chi-square	test	

for	linear	trend	(extended	Mantel-Haenszel)	was	undertaken	on	each	site.	A	M2	

statistic	 for	 each	 site	was	 calculated	with	 one	 degree	 of	 freedom	with	 linear	

trend	(either	increasing	or	decreasing)	being	related	to	the	first	PNMR	rate	for	

each	site	 (the	beginning	of	audit)	with	the	constraint	being	that	 the	rates	are	

monotonic.	A	p-value	of	<0.05	was	considered	significant.	

- To	further	interrogate	the	reasons	for	the	differences	in	PNMR,	a	sub	group	of	

sites	who	only	began	auditing	after	2006	was	formed	from	the	initial	163	sites.		

	

ETHICS	

	

The	 PPIP	 program	 has	 ethical	 approval	 from	 the	 University	 of	 Pretoria.	 The	 data	 is	

collected	 with	 permission	 from	 the	 South	 African	 Department	 of	 Health.	 The	 PPIP	

technical	task	team	approved	this	secondary	analysis.	

	

ANALYSIS	

	

All	 data	was	 analysed	using	 Epiinfo	 version	 7	 and	 SPSS	 version	 22.	 The	 trend	of	 the	

PNMR	using	 the	monthly	PNMR	 (defined	 for	PPIP	as	 fetal	deaths	and	early	neonatal	

deaths	per	1000	births)	over	five	years	was	analysed	by	performing	a	Chi	square	test	

for	trend	on	the	12	month	moving	averages.		
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OUTLINE	OF	THE	RESEARCH	IN	CHAPTERS	SEVEN,	EIGHT	AND	NINE	

	

BACKGROUND	

	

Research	into	UA	lactate	sampling	has	shown	that	introduction	of	the	procedure	to	all	

deliveries	 in	 a	 unit	 produces	 progressive	 improvement	 in	 neonatal	 biochemical	

markers	and	 reduced	admission	 to	high	 care	 facilities	over	 time,	 independent	of	 the	

rate	 of	 obstetric	 intervention(1).	 However,	 previous	 studies	 into	 implementation	 of	

universal	 UA	 lactate	 sampling	 and	 its	 effect	 on	 neonatal	 outcomes	 have	 been	

performed	 in	 resource-rich	 environments,	 usually	 in	 developed	 countries	 and	

particularly	in	tertiary	and	teaching	facilities(2).	This	main	aim	of	this	project	seeks	to	

identify	 the	 impact	 of	 implementation	 of	 cord	 lactate	 sampling	 into	 a	 South	African	

hospital,	with	comparatively	limited	resources	and	a	PNMR	of	14.8/1000	births.	

	

STUDY	OBJECTIVE	

	

This	 study	 aimed	 to	 investigate	 whether	 UA	 cord	 lactate	 sampling	 correlates	 with	

neonatal	 outcome	 at	 Kalafong	 Hospital,	 Pretoria,	 South	 Africa,	 and	 to	 determine	

whether	 the	 use	 of	 lactate	 sampling	 and	 cardiotocograph	 (CTG)	 interpretation	

training	 combined	with	 education	 in	 lactate	 physiology	 as	 a	 function	of	 intrapartum	

care	results	in	a	change	in	clinical	practice	and	/or	neonatal	outcomes.	
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PRIMARY	 AIMS	

	

1. To	 determine	 whether	 UA	 cord	 lactate	 sampling	 correlates	 with	 neonatal	

outcome	at	Kalafong	Hospital.	

2. To	 determine	 whether	 the	 introduction	 of	 UA	 cord	 lactate	 sampling	 at	

Kalafong	Hospital , 	with	 concomitant	 staff	 education	 in	CTG	interpretation	

and	 lactate	 physiology	results	 in	a	change	 in	clinical	practice,	 including	

a. A	change	 in	 instrumental	delivery	rates	

b. A	change	in	caesarean	section	rates	

3. To	 determine	 whether	 the	 introduction	 of	 UA	 cord	 lactate	 sampling	 with	

concomitant	 staff	 education	 in	 CTG	 interpretation	 and	 lactate	 physiology	

results	in	an	improvement	in	lactate	levels	over	time	at	Kalafong	hospital.	

4. To	 determine	 whether	 the	 introduction	 of	 UA	 cord	 lactate	 levels	 with	

concomitant	 staff	 education	 in	 CTG	 interpretation	 and	 lactate	 physiology	

results	 in	 a	 change	 in	 the	 rate	 of	 neonatal	 admission	 to	high	dependency	or	

intensive	care	at	 Kalafong	hospital.	

5. To	 determine	 whether	 the	 introduction	 of	 UA	 cord	 lactate	 levels	 with	

concomitant	 staff	 education	 in	 CTG	 interpretation	 and	 lactate	 physiology	

results	in	a	change	in	the	rate	of	neonatal	mortality	at	Kalafong	 Hospital.	
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SECONDARY	 AIMS	

	

1. To	 compare	 UA	 lactate	 levels	 in	 neonates	 of	 HIV	 positive	 and	 negative	

women	at	 Kalafong	Hospital.	

2. To	 compare	 UA	 lactate	 levels	 in	 preterm	 and	 term	 neonates	 at	 Kalafong	

hospital.	

	

METHODOLOGY	

	

This	 study	was	 conducted	 in	 two	 phases.	 Initially	 a	 cohort	 study	was	 undertaken	 to	

determine	 whether	 UA	 cord	 lactate	 sampling	 correlates	 with	 neonatal	 outcome	 at	

Kalafong	Hospital.	 The	 results	 from	 this	 cohort	were	 served	as	 the	 control	 group	 for	

the	second	phase	of	the	study,	which	tested	the	intervention	of	UA	lactate	sampling	in	

combination	 with	 staff	 education	 in	 lactate	 physiology	 and	 CTG	 interpretation	 on	

neonatal	outcomes.	
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PHASE	1	

	

STUDY	DESIGN	AND	STUDY	SETTING	

	

During	 the	 period	 3rd	 March	 2014	 to	 the	 12th	 November	 2014,	 we	 conducted	 a	

prospective	cohort	study	of	UA	lactate	levels	in	the	labour	ward	at	Kalafong	Hospital.	

Kalafong	 Hospital	 is	 a	 tertiary	 hospital	 in	 Pretoria,	 South	 Africa,	 affiliated	 with	 the	

University	of	Pretoria.	In	2014,	there	were	6,499	deliveries	in	the	unit.		

	

The	 study	 group	 consisted	 of	 prospectively	 collected	 samples	 of	 umbilical	 artery	

lactate	obtained	by	the	primary	researcher	(EA),	or	a	doctor	in	the	unit	trained	by	the	

primary	researcher.	The	UA	was	 identified	by	site,	and	knowledge	of	the	anatomy	of	

the	umbilical	cord.	As	UA	sampling	had	not	been	performed	in	the	unit	before,	the	aim	

of	 this	 cohort	 study	was	 to	 determine	 the	 optimal	 cut-off	 of	 lactate	 level	 for	 a	 pre-

defined	set	of	outcomes	in	the	unit.	The	outcomes	chosen	were	the	need	for	neonatal	

resuscitation,	neonatal	admission	to	the	nursery,	and	Apgar	scores	at	1	and	5	minutes.	

	

STUDY	POPULATION	

	

All	women	aiming	to	have	a	vaginal	delivery	were	eligible	to	be	consented	for	the	trial,	

regardless	of	their	ultimate	mode	of	delivery.	Women	of	any	gestation	where	a	viable	
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outcome	was	expected	were	eligible	to	be	included	in	the	study.	At	Kalafong	hospital	

this	includes	expected	birth	weights	of	600gr	or	more.	

	

STUDY	PROCEDURES	AND	DATA	COLLECTED	

	

After	maternal	consent	was	obtained	(Appendix	2.2),	the	umbilical	cord	was	clamped	

and	cut	within	one	minute	of	birth.	A	small	arterial	blood	sample	(up	to	1ml)	was	then	

taken	 from	 a	 double	 clamped	 segment	 of	 the	 remaining	 umbilical	 cord,	 prior	 to	

delivery	of	the	placenta.	The	cord	blood	sample	was	taken	within	15	minutes	of	birth,	

regardless	of	mode	of	delivery.	The	 lactate	 level	was	measured	(mmol/L)	on	a	Roche	

Accutrend	 PlusTM©	 hand-held	 lactate	 meter	 (Rotkreuz,	 Switzerland).	 The	 handheld	

lactate	machine	was	available	within	the	birth	unit	and	the	patient’s	details	and	cord	

lactate	result	was	recorded.	Case	review	then	occurred	to	correlate	the	patient	details	

and	cord	lactate	result	with	the	primary	endpoints.	

	

Introduction	of	a	new	process	into	a	low	resource	setting	mandates	both	ease	of	use	

and	financial	efficiency.	Heparinised	syringes	are	used	in	many	settings	to	allow	for	a	

lapse	of	time	between	obtaining	and	testing	the	sample.	Non-heparinised	syringes	are	

however	more	financially	sound	and	can	be	used	for	UA	samples	without	any	change	

in	the	biochemical	measurements,	provided	the	sample	is	tested	shortly	after	taking(3,	

4).	
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The	cord	lactate	result	was	kept	blind	to	clinicians	(midwives,	obstetric	registrars	and	

obstetric	consultants)	managing	 intrapartum	care,	allowing	the	entire	study	group	to	

serve	as	the	control	group	for	the	second	stage	of	the	project.	

	

A	data	sheet	was	completed	for	each	case	using	the	birth	registry,	the	patient’s	case	

file,	and	the	neonatal	nursery	admission	data	 (Appendix	2.3).	The	following	variables	

were	recorded:		

	

DATA	COLLECTED	

	

The	 variables	 collected	 were	 defined	 by	 the	 clinicians	 in	 the	 unit.	 For	 example	

gestation	 was	 taken	 as	 recorded	 (regardless	 of	 the	 method)	 or	 if	 a	 case	 was	

documented	to	have	pre-eclampsia	than	this	was	taken	as	read.	

	

1. Maternal	data	

a. Maternal	age	

b. Gravidity,	 parity	

c. Gestation	

d. HIV	status	

e. HIV	treatment	
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f. Length	of	first	stage	

g. Length	of	second	stage	

h. Complications	 of	 pregnancy	

• Including:	Abruption,	adolescent	pregnancy,	advanced	maternal	age,	

anaemia,	 antepartum	 haemorrhage,	 breech	 presentation,	 cervical	

incompetence,	 decreased	 fetal	 movements,	 eclampsia,	 gestational	

diabetes	 mellitus,	 HELLP	 syndrome,	 hypertension	 (not	 pre-

eclampsia),	 intrauterine	 growth	 restriction,	 fetal	 macrosomia,	

maternal	medical	conditions	not	related	to	pregnancy,	no	antenatal	

care,	 oligohydramnios,	 pre-eclampsia,	 placenta	 praevia,	 prelabour	

and	 /	 or	 preterm	 rupture	 of	 membranes,	 syphilis,	 thyrotoxicosis,	

tuberculosis,	 urinary	 tract	 infection,	 uterine	 anomaly,	 venous	

thromboembolic	event	

i. Complications	 of	 labour	

j. Mode	of	birth	

k. Date	and	time	of	birth	

l. Decision	to	delivery	time	

	

2. Neonatal	data	

a. Birth	weight	
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b. Cord	lactate	result	

c. Date	and	time	of	cord	lactate	sample	

d. Need	for	neonatal	resuscitation	

e. Apgar	score	

f. Neonatal	outcome	

• Admission	to	the	nursery	

• Diagnosis	for	admission	

• Hypoxic	 Ischaemic	Encephalopathy	

• Death	before	discharge	

	

SAMPLE	SIZE	CALCULATION	

	

A	 sample	 size	 calculation	 was	 performed	 for	 both	 phase	 one	 and	 two.	 The	

estimation	of	 sample	 size	was	performed	using	 standardised	normal	 lactate	mean	

and	 standard	 deviation.	 A	 sample	 size	 of	 265	 in	 each	 of	 the	 pre	 and	 post	

intervention	 groups	 would	 achieve	 an	 80%	 power	 to	 detect	 a	 difference	 of	 0.25	

standard	 deviations	 (approximately	 8%	 difference	 in	 means)	 in	 lactate	

measurements	between	groups	using	a	 two-sided	 sample	 t-test	 at	5%	significance	

level.	This	sample	size	would	also	achieve	at	least	80%	power	to	detect	an	R-squared	

of	 0.05	 attributed	 to	 one	 or	 more	 independent	 variable/s	 while	 simultaneously	
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adjusting	 for	 multiple	 other	 relevant	 covariates	 with	 an	 R-squared	 of	 0.2	 in	 a	

multiple	 linear	 regression	 analysis.	 Assuming	 a	 15%	 attrition	 rate,	 the	 sample	 size	

was	increased	to	305	in	each	group	for	a	total	sample	size	of	610	(Power	and	Sample	

Size	(PASS	2008)).	

	

PHASE	 TWO	

	

The	 aim	 of	 this	 arm	 was	 to	 determine	 whether	 the	 introduction	 of	 the	

interventions	 of	 sampling	 of	 UA	 lactate	 in	 addition	 to	 education	 in	 CTG	

interpretation,	fetal	physiology,	and	acid	base	balance	resulted	in	a	change	in	

clinical	practice	and	/or	neonatal	outcomes.	

	

STUDY	DESIGN	AND	STUDY	SETTING	

	

This	is	the	same	as	for	phase	one	

	

STUDY	POPULATION	

	

All	midwives	and	doctors	involved	in	intrapartum	care	at	Kalafong	Hospital.	
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All	women	aiming	to	have	a	vaginal	delivery	were	eligible	to	be	consented	for	the	trial,	

regardless	of	their	ultimate	mode	of	delivery.	Women	of	any	gestation	where	a	viable	

outcome	was	expected	were	eligible	to	be	included	in	the	study.	At	Kalafong	hospital	

this	includes	expected	birth	weights	of	600gr	or	more.	

	

STUDY	PROCEDURES	AND	DATA	COLLECTED	

	

Before	the	completion	of	the	cohort	outlined	in	phase	one,	all	midwives	and	registrars	

in	 the	 unit	 underwent	 a	 training	 course	 in	 fetal	 physiology,	 lactate	 physiology	 and	

cardiotocograph	(CTG)	interpretation,	conducted	by	the	primary	researcher	(EA).		

	

TEACHING	INTERVENTION	

	

All	 staff	 members	 involved	 in	 CTG	 interpretation	 and	 intrapartum	 care	

participated	 in	 the	 study	 and	 the	 teaching	 intervention.	 	 The	 teaching	 course	was	

adapted	 from	 the	 King	 Edward	 Memorial	 Hospital	 (KEMH)	 Advanced	 Fetal	

Assessment	(AFA)	 course	 resources	 (with	 permission).		

	

There	were	18	midwives	in	the	unit,	managing	nearly	6500	deliveries	per	year.	Staffing	

ratios	 and	 resources	 were	 therefore	 stretched	 and	 so	 the	 teaching	 intervention	

needed	 to	 be	 delivered	 in	 one	 session	 to	 minimise	 the	 time	 away	 from	 work	 and	
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ensure	 all	midwives	were	 trained.	As	 such,	 the	 three	part	 teaching	 intervention	was	

modified	 for	 the	midwives	 to	 fit	 in	 to	one	90-minute	session.	Conversely,	47	doctors	

across	 the	 study	 period	 participated	 in	 the	 course,	 with	 the	 staff	 resource	 capacity	

allowing	for	the	teaching	intervention	to	be	delivered	across	three	90-minute	sessions.	

	

The	teaching	intervention	was	divided	in	to	five	components	

1.	Baseline	staff	demographics	and	pre-test	

• Demographics	included	

o Clinical	role	(Midwifery	or	nursing	student,	midwife,	professional	nurse,	

community	service	nurse)	or	(Intern,	registrar)	

o Previous	training	 in	CTG	interpretation	(none,	medical	school	teaching,	

ESMOE	course)	

The	doctors	completed	a	19	question	and	the	midwives	completed	a	10	question	pre-

teaching	test	to	assess	baseline	knowledge.	

	

• The	pre-teaching	test	assessed:	

o Baseline	 confidence	 in	 CTG	 interpretation	 	

o Baseline	confidence	in	understanding	fetal	physiology	

o Baseline	confidence	in	interpretation	of	cord	lactate	values	
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2.	Fetal	physiology		

The	 fetal	 physiology	 lecture	 outlined	 the	 history	 of	 fetal	 heart	 rate	monitoring,	 the	

physiological	 control	 of	 the	 fetal	 heart,	 and	 the	 physiological	 mechanisms	 behind	

specific	fetal	heart	rate	patterns.	

	

3.	Fetal	acid	base	status	

The	 fetal	 acid	 base	 lecture	 outlined	 the	 fetal	 response	 to	 labour,	 fetal	 acid	 base	

physiology	and	normal	 ranges	 for	components	of	acid	base,	 the	components	of	cord	

acid	base	assessment,	and	the	role	of	lactate	in	intrapartum	monitoring	and	care.	

	

4.	CTG	pattern	recognition	

The	CTG	pattern	 recognition	 lecture	gave	an	overview	of	electronic	 fetal	monitoring,	

explained	 the	 differences	 between	 antenatal	 and	 intrapartum	 monitoring,	 outlined	

CTG	 pattern	 recognition,	 and	 explored	 different	 clinical	 responses	 for	 the	 CTG	

patterns.	

	

5.	Post-test	

The	doctors	completed	a	33	question	and	the	midwives	completed	a	14	question	post-

teaching	 test	 to	 assess	 acquisition	 of	 knowledge.	 Pre	 and	 post	 test	 scores	 were	

compared	and	analysis	of	change	in	medians	with	students	t-test	performed.	
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At	completion	of	 the	teaching	intervention,	eligible	women	who	gave	consent	had	UA	

lactate	samples	taken,	with	the	same	process	as	described	for	phase	one.	From	21st	July	

2014	 to	 12th	 November	 2014,	 lactate	 sampling	 occurred,	 with	 the	 results	 made	

immediately	available	to	the	clinicians	managing	the	intrapartum	care	of	women	in	the	

labour	ward.	Daily	 review	of	 lactate	 results	 occurred	 every	weekday	morning	 at	 the	

department	 team	 meeting,	 involving	 all	 medical	 staff	 (interns,	 registrars,	 and	

consultants).	All	lactate	samples	obtained	in	the	previous	24	hours	were	reviewed	and	

cases	 with	 abnormal	 lactate	 levels	 were	 discussed,	 the	 CTG	 reviewed	 and	 the	 case	

outcomes	 (including	 need	 for	 NICU	 admission	 and	 adverse	 neonatal	 outcome)	

discussed.	 Clinical	 practice	 components	 of	 the	 cases	 where	 changes	 could	 be	

considered	 were	 explored	 briefly.	 In	 addition,	 an	 in-depth	 review	 of	 interesting	 or	

challenging	 cases	 occurred	 twice	 weekly,	 facilitated	 by	 the	 primary	 researcher	 (EA).	

Case	reflection,	education,	and	options	for	changes	 in	future	practice	were	discussed	

in	detail	at	these	sessions.	

	

DATA	COLLECTED	

	

This	is	the	same	as	for	phase	one.		
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Image	3.2	A	Kalafong	hospital	obstetrics	registrar	testing	a	UA	sample.	

	

ETHICS	

	

This	study	was	approved	by	the	Human	Ethics	Research	Committee	of	The	University	

of	Western	Australia,	Perth,	Western	Australia	on	the	09/10/2014	(Reference	number	

RA/4/1/6581),	and	the	University	of	Pretoria,	Pretoria,	South	Africa	on	the	01/10/2014	

(Reference	number	7/2014).		
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OUTLINE	OF	THE	RESEARCH	IN	CHAPTER	TEN	

	

BACKGROUND	

	

The	 hypothesis	 of	 the	 first	 trial	was	 that	UA	 lactate	 sampling	 as	 a	 clinical	 audit	 tool	

would	result	in	an	improvement	in	several	aspects	of	intrapartum	care.	If	this	proved	

to	 be	 the	 case,	 the	 tool	 needed	 to	 be	 applicable	 outside	 the	 research	 setting	 in	 an	

LMIC	unit.	Thus	we	aimed	to	address	 the	 feasibility	of	 introducing	the	tool	 in	clinical	

practice	at	Zithulele	Hospital	on	the	eastern	cape	in	South	Africa.	

	

Implementing	umbilical	cord	sampling	into	non-teaching	facilities	in	South	Africa	such	

as	Zithulele	Hospital	is	potentially	beneficial	but	likely	to	pose	a	number	of	challenges	

when	considering	the	limited	resources	within	these	settings.	White	et	al	interviewed	

midwives	 and	 other	 professionals	 involved	 in	maternity	 care	 in	 a	 resource	 rich	 high	

income	 country	 setting,	 and	 found	 that	 more	 than	 50%	 considered	 universal	 cord	

blood	 gas	 or	 lactate	 analysis	 to	 be	 difficult	 to	 introduce	 due	 to	 insufficient	 time	

following	 delivery	 to	 perform	 the	 sample,	 increased	workload	 and	 encroachment	 of	

technology	 onto	 birth(5).	 Overall	 the	 majority	 of	 participants	 (67.3%)	 agreed	 that	

umbilical	 cord	 blood	 gas/lactate	 analysis	 was	 beneficial	 to	 maternity	 care	 with	

proposed	benefits	 being	objective	measurement	of	 neonatal	 status	 to	 assist	 in	 care,	

objective	protection	for	medico-legal	issues	and	improved	opportunities	for	audit	and	

teaching.		
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STUDY	OBJECTIVE	

	

To	determine	feasibility	of	introducing	universal	umbilical	artery	cord	lactate	sampling	

into	a	district	level,	rural	hospital	in	South	Africa.	

	

PRIMARY	AIMS	

	

1. To	 Identify	 attitudes	 and	 barriers	 towards	 implementation	 of	 universal	 cord	

lactate	sampling.	

2. To	implement	a	training	module	combining	CTG	interpretation	and	cord	lactate	

sampling	 to	 assess	 pre	 and	 post	 training	 confidence	 and	 competence	 of	

midwifery	and	medical	staff.	

	

METHODOLOGY	

	

This	study	was	a	before	and	after	implementation	study,	consisting	of	a	baseline	staff	

survey,	 a	 training	 program	 in	 CTG	 interpretation,	 fetal	 physiology,	 and	 the	 practical	

steps	and	interpretation	of	UA	lactate	sampling,	and	finally	a	post	training	survey.	The	

study	was	conducted	from	November	2014	to	January	2015.	
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STUDY	SETTING	

	

Zithulele	Hospital	is	a	rural	district	hospital	in	the	Eastern	Cape	of	South	Africa.	Despite	

its	resource	poor	environment	it	performs	better	than	most	facilities	in	its	category	in	

the	area	of	neonatal	outcomes.	 	 The	perinatal	mortality	 rate	 in	2013	was	25.2/1000	

births,	of	which	25.4%	was	due	to	 intrapartum	asphyxia.	Monthly	perinatal	mortality	

meetings	 with	 case	 reflection	 are	 attended	 by	 midwives,	 doctors	 and	 hospital	

managers.	

	

INFORMED	CONSENT		

	

Midwives	and	doctors	were	given	written	information	before	taking	part	in	the	study.	

Participation	was	 voluntary.	Written	 information	was	 also	 provided	 to	women	 from	

who	cord	blood	was	extracted	for	the	purpose	of	training	and	written	consent	was	be	

obtained	(Appendix	9.2).	

	

PRE-INTERVENTION	

	

All	midwives	 and	 doctors	 were	 invited	 to	 consent	 to	 participate	 in	 a	 survey,	 as	 the	

baseline	for	the	study.		
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• Demographics	

• Previous	experience	with	CTG	

• Previous	experience	with	case	reflection	/	quality	of	care	audit	

• Attitudes	 towards	 perinatal	 audit,	 CTG	 monitoring	 and	 cord	 lactate	 blood	

sampling	

• Confidence	in	the	attainment	of	cord	lactate	blood	

• Confidence	in	the	potential	benefits	of	knowing	UA	lactate	levels	

• Perceived	 barriers	 to	 implementation	 of	 CTG/lactate	 training	 and	 universal	

measurement	of	cord	lactate	values		

	

Questionnaires	included	20	statements	with	response	options	of	strongly	agree,	agree,	

neutral,	 disagree	 and	 strongly	 disagree.	 Baseline	 demographics	 were	 taken.	 See	

proposed	questionnaire	included,	adapted	from	White	et	al.,	‘Attitudes	and	barriers	to	

the	 introduction	 of	 umbilical	 cord	 blood	 gas	 and	 lactate	 analysis	 at	 birth’	 (with	

permission)(5).	

	

INTERVENTION		

	

We	 then	 performed	 a	 modified	 CTG	 training	 program,	 which	 explained	 lactate	

physiology	and	the	benefits	of	measuring	it,	adapted	from	the	King	Edward	Memorial	

Hospital	Advanced	Fetal	Assessment	course	resources	(with	permission).		This	included	

lectures	on	fetal	physiology,	fetal	acid	base	status,	and	CTG	pattern	recognition	(as	per	

the	methodology	for	“A	before	and	after	study	of	the	impact	on	obstetric	and	perinatal	
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outcomes	 following	 the	 introduction	 of	 an	 educational	 package	 of	 fetal	 heart	 rate	

monitoring	education	coupled	with	umbilical	artery	lactate	sampling	in	a	low	resource	

setting	labor	ward	in	South	Africa”).		

	

A	 teaching	 session	 on	 the	 steps	 to	 sample	 the	 umbilical	 artery	 and	 test	 the	 lactate	

formed	 the	 second	 component	of	 the	 intervention.	 This	was	done	on	umbilical	 cord	

post-delivery	 with	 patient	 consent	 for	 its	 use	 as	 a	 training	 tool.	 	 Teaching	 was	

undertaken	 by	 an	 obstetric	 clinician	 who	 was	 trained	 in	 cord	 sampling	 in	 Western	

Australia	in	a	unit	where	all	deliveries	undergo	paired	cord	sampling	at	birth.	Segments	

of	 cord	 (used	with	maternal	 permission)	was	 used	 to	 demonstrate	 cord	 anatomy	 as	

well	 as	 sampling	of	 the	artery.	All	 participants	were	 taught	 and	 supervised	 sampling	

the	umbilical	artery.	

	

POST	INTERVENTION	

	

After	 the	 training	 program,	 an	 identical	 survey	 as	 in	 the	 pre-intervention	phase	was	

presented	 to	 midwifery	 and	 medical	 staff	 and	 pre	 and	 post	 intervention	 responses	

compared.	
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CHAPTER	FOUR:	CAUSES	OF	PERINATAL	MORTALITY	AND	ASSOCIATED	

MATERNAL	COMPLICATIONS	IN	A	SOUTH	AFRICAN	PROVINCE:	

CHALLENGES	IN	PREDICTING	POOR	OUTCOMES	
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CHAPTER	OVERVIEW	

	

As	outlined	 in	Chapter	 two,	 the	burden	of	global	perinatal	mortality	 lies	heavily	with	

the	 LMICs.	 It	was	 important	 that	we	ascertained	 the	 causes	of	perinatal	mortality	 in	

South	Africa	in	order	to	begin	considering	the	potential	role	our	intervention	may	play.	

One	of	the	major	challenges	 in	LMIC	is	the	paucity	of	comprehensive	data	collection,	

which	can	be	used	to	 identify	areas	where	resources	can	be	targeted.	South	Africa	 is	

unique	 in	 its	 comprehensive	use	of	 the	PPIP	audit	program,	which	allows	 systematic	

data	analysis	related	to	perinatal	mortality.	The	Province	of	Mpumalanga	is	particularly	

notable	 in	 that	 facility-based	 delivery	 is	 almost	 universal,	 and	 every	 facility	

comprehensively	 participates	 in	 QoC	 audit	 using	 PPIP.	 Furthermore,	 the	 units	 also	

record	 the	maternal	 condition	 associated	with	 every	 perinatal	 death,	 allowing	 an	 in	

depth	analysis	of	all	aspects	of	the	contributors	to	perinatal	mortality	in	the	Province.	
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CHAPTER	FIVE:	UMBILICAL	LACTATE	AS	A	MEASURE	OF	ACIDOSIS	AND	

PREDICTOR	OF	NEONATAL	RISK:	A	SYSTEMATIC	REVIEW	
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CHAPTER	OVERVIEW	

	

Having	ascertained	in	Chapter	3	that	intrapartum	asphyxia	contributes	to	25%	of	late	

stillbirths	and	early	neonatal	deaths	in	South	Africa,	it	was	then	important	to	consider	

the	 accuracy	 of	 the	 planned	 intervention.	 The	 gold	 standard	 assessment	 of	 acidosis	

from	the	umbilical	artery	at	birth	is	pH.	However,	pH	assessment	typically	necessitates	

a	blood	gas	analyser,	which	usually	requires	up	to	90uL	of	blood.	This	is	not	feasible	in	

low	 resources	 settings	 for	 the	 following	 reasons.	 Firstly	 the	 cost	 of	 obtaining	 and	

maintaining	a	blood	gas	analyser	 is	prohibitive	 in	many	LMIC.	Secondly,	given	 lactate	

can	 be	measured	 using	 a	 hand-held	meter	 with	 as	 little	 as	 5uL	 of	 blood,	 there	 is	 a	

marked	difference	 in	consumable	costs	 in	terms	of	syringes(6,	7).	Finally,	 the	ease	of	

collection	 in	 terms	 of	 human	 resources	 (training	 and	 time)	 renders	 lactate	

measurement	more	feasible	in	resources	stretched	areas,	such	as	South	Africa.	

	

That	 said,	 the	 decision	 to	 assess	 acidosis	 at	 delivery	 with	 lactate	 rather	 than	 pH	

necessitates	confidence	in	the	diagnostic	accuracy	of	lactate	in	the	assessment	of	the	

target	outcome.	 Lactate	has	 repeatedly	been	 shown	 to	 correlate	with	umbilical	 cord	

pH	 (the	 gold	 standard	 assessment	 of	 acidosis)	 and	 to	 have	 reasonable	 accuracy	 in	

predicting	poor	neonatal	outcome(7-18).	Therefore,	the	next	step	in	this	thesis	was	to	

synthesise	 the	 evidence	 on	 the	 diagnostic	 test	 accuracy	 of	 umbilical	 cord	 lactate	 by	

comparing	 it	 with	 other	 assessments	 of	 acidosis	 in	 the	 immediate	 newborn	 and	 by	

assessing	the	ability	of	umbilical	cord	lactate	to	predict	neonatal	outcomes.	
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IN	SOUTH	AFRICA	
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CHAPTER	OVERVIEW	

	

The	aim	of	this	thesis	was	to	consider	the	role	of	 introducing	umbilical	artery	 lactate	

sampling	in	an	LMIC.	As	outlined	in	Chapters	1-3,	the	intention	was	for	the	sampling	to	

serve	as	feedback	to	clinicians	providing	care,	such	that	case	reflection	can	occur	and	

ideally	practice	altered,	ultimately	with	the	goal	of	improving	clinical	outcomes.	Thus,	

the	 intervention	 is	 essentially	 a	 quality	 of	 care	 audit	 intervention.	 Once	 we	 had	

determined	 that	 it	 was	 possible	 to	 use	 UA	 lactate	 as	 a	 measure	 of	 acidosis,	 it	 was	

important	to	consider	the	role	that	QoC	audit	can	play,	 if	any,	on	perinatal	mortality.	

Therefore,	 the	 following	 study	 was	 set	 up	 to	 retrospectively	 analyse	 the	 impact	 of	

quality	of	care	perinatal	death	audit	on	the	rates	of	perinatal	mortality	in	South	Africa,	

and	this	is	reported	in	the	manuscript	that	follows.	
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CHAPTER	SEVEN:	THE	INTRODUCTION	OF	UMBILICAL	CORD	LACTATE	

MEASUREMENT	AND	ASSOCIATED	NEONATAL	OUTCOMES	IN	A	SOUTH	

AFRICAN	TERTIARY	HOSPITAL	LABOUR	WARD	
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CHAPTER	OVERVIEW	

	

Having	 established	 the	 contribution	 of	 intrapartum	hypoxia	 to	 perinatal	mortality	 in	

South	 Africa,	 the	 diagnostic	 accuracy	 of	 umbilical	 artery	 lactate,	 and	 the	 potential	

benefit	of	QoC	audit	in	South	Africa,	it	was	then	important	to	assess	the	utility	of	UA	

lactate	sampling	in	our	setting.	As	there	are	little	data	on	the	use	of	lactate	in	LMIC,	we	

needed	to	establish	 its	utility	 in	measuring	 intrapartum	hypoxia	 in	our	setting,	rather	

than	relying	on	the	published	cut-offs	for	lactate	levels	from	high	income	settings.	
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CHAPTER	EIGHT:	A	BEFORE	AND	AFTER	STUDY	OF	THE	IMPACT	ON	

OBSTETRIC	AND	PERINATAL	OUTCOMES	FOLLOWING	THE	

INTRODUCTION	OF	AN	EDUCATIONAL	PACKAGE	OF	FETAL	HEART	RATE	

MONITORING	EDUCATION	COUPLED	WITH	UMBILICAL	ARTERY	LACTATE	

SAMPLING	IN	A	LOW	RESOURCE	SETTING	LABOUR	WARD	IN	SOUTH	

AFRICA.	
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CHAPTER	OVERVIEW	

	

It	is	evident	from	Chapter	7	that	the	optimal	cut-off	for	umbilical	artery	lactate	in	our	

setting	 is	 similar	 to	 that	 in	high-income	 settings.	 	We	 then	aimed	 to	 assess	whether	

training	 of	 doctors	 and	 midwives	 in	 fetal	 physiology,	 acid-base	 balance	 and	 CTG	

interpretation	 in	 addition	 to	 umbilical	 artery	 lactate	 sampling	 improved	 intrapartum	

outcomes.	

	

As	outlined	in	Chapter	3,	the	second	phase	of	the	umbilical	artery	lactate	sampling	trial	

involved	an	educational	intervention	whereby	the	author	of	this	thesis	trained	doctors	

and	midwives	providing	intrapartum	care	in	fetal	physiology,	fetal	and	neonatal	lactate	

and	acid	base	balance,	 and	 interpretation	of	CTGs	and	 their	 relationship	 to	 acidosis.	

Participants	 completed	 a	 pre-and	 post-training	 test	 to	 demonstrate	 acquisition	 of	

knowledge.	 Fifty-three	 doctors	 participated	 in	 training,	with	 47	 (89%)	 completing	 all	

three	 sessions	 and	 the	 pre-and	 post-tests.	 Mean	 test	 scores	 significantly	 improved	

from	43%	to	70%,	p<0.001.	(Table	8.1)	All	18	midwives	in	the	unit	completed	training	

as	well	as	pre	and	post-tests,	with	an	improvement	in	mean	scores	from	38%	to	59%,	

p<0.001.	(Table	8.2)	
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Table	8.1:	Pre	and	post	test	scores	for	doctors	
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Table	8.2:	Pre	and	post	test	scores	for	midwives	

	

There	 is	 a	 plethora	 of	 evidence	 that	 training	 such	 as	 we	 conducted	 increases	

knowledge(1),	 however,	 while	 the	 improvement	 in	 test	 scores	 is	 reassuring,	 the	

ultimate	 aim	 of	 the	 research	 is	 a	 change	 in	 clinical	 practice	 and	 improvement	 in	

intrapartum	outcomes.	The	remainder	of	this	chapter	explores	this	phenomenon,	and	

has	been	submitted	and	is	under	review	by	BMC	Pregnancy	Childbirth	and	is	formatted	

for	this	journal’s	specifications.	
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ABSTRACT	

	

INTRODUCTION		

	

Rates	 of	 caesarean	 section	 (CS)	 are	 increasing	 and	 abnormal	 fetal	 heart	 rate	 tracing	

and	concern	about	consequent	acidosis	 remain	one	of	 the	most	common	 indications	

for	primary	CS.	Umbilical	artery	(UA)	lactate	sampling	provides	clinicians	with	point	of	

care	 feedback	on	CTG	 interpretation	and	 intrapartum	care	and	may	 result	 in	altered	

future	practice.		

	

MATERIALS	AND	METHODS	

	

From	 3rd	 March	 -	 12th	 November	 2014	 we	 undertook	 a	 before	 and	 after	 study	 in	

Pretoria,	 South	 Africa,	 to	 determine	 the	 impact	 of	 introducing	 a	 clinical	 package	 of	

fetal	 heart	 rate	 monitoring	 education	 and	 prompt	 feedback	 with	 UA	 cord	 lactate	

sampling,	using	a	hand-held	meter,	on	maternal	and	perinatal	outcomes.		

	

RESULTS	

	

936	 consecutive	 samples	were	 analyzed	 (pre	 n=374	 and	 post	 n=562).	 There	was	 no	

difference	 in	 mean	 lactate	 (4.6	 mmol/L	 [95%CI	 4.4-4.8]	 compared	 with	 4.9	 mmol/L	

[95%CI	 4.7-5.1],	 p=0.089).	 Suspected	 fetal	 compromise	 was	 reduced	 in	 the	 post-

intervention	period:	30·2%	vs	22·1%,	aOR	0·71,	95%	CI	0·52-0·96,	p=0·027.	Cesarean	
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section	rates	were	significantly	reduced	in	the	univariate	analysis:	pre-	40·3%	vs	post-

intervention	31·6%	 (p=0·007).	 This	 reduction	 remained	 significant	when	adjusted	 for	

previous	caesarean	section,	primiparity,	maternal	HIV	infection	and	preterm	birth	(aOR	

0·72,	95%CI	0·54-0·98,	p=0·035).	Neonatal	outcomes	did	not	differ	between	 the	 two	

groups.	

	

CONCLUSION	

	

The	introduction	of	a	clinical	practice	package	of	fetal	heart	rate	monitoring	education	

combined	 with	 routine	 UA	 cord	 lactate	 sampling	 has	 the	 potential	 to	 reduce	 the	

caesarean	 section	 rate	 without	 increasing	 adverse	 neonatal	 outcomes	 in	 a	 low-

resource	setting.	

	

KEYWORDS	

	

Lactate;	caesarean;	South	Africa;	maternal;	neonatal	

	

KEY	MESSAGE	

	

Both	 rising	 caesarean	 section	 rates	 and	 high	 perinatal	mortality	 are	 issues	 of	 global	

concern.	We	 have	 demonstrated,	 using	 a	 simple	method	 of	 testing	 umbilical	 artery	
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lactate	at	birth,	that	it	is	possible	to	reduce	caesarean	section	rates	without	worsening	

neonatal	morbidity	in	a	low	resource	setting.	
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INTRODUCTION	

	

The	rates	of	caesarean	section	(CS)	are	increasing	globally(1),	although	both	the	total	

rates	 and	 the	 rate	 of	 rise	 vary	 considerably	 between	 low,	middle,	 and	 high	 income	

countries(2).	 While	 there	 is	 little	 agreement	 about	 the	 optimal	 rate	 of	 CS,	 there	 is	

some	 evidence	 that	 increasing	 rates	 above	 a	 certain	 threshold	 may	 not	 result	 in	 a	

corresponding	 improvement	 in	 maternal	 and	 perinatal	 mortality(3).	 Moreover,	 CS,	

while	 a	 life-saving	 procedure	 that	 all	women	must	 have	 access	 to	when	 required,	 is	

also	associated	with	potential	adverse	maternal	outcomes	in	both	the	index	and	future	

pregnancies(4).	 Balancing	 the	 indication	 for	 CS	 with	 its	 potential	 risks	 is	 a	 critical	

clinical	and	public	health	challenge.	

	

Abnormal	 fetal	 heart	 rate	 tracing	 or	 suspected	 fetal	 distress	 with	 concern	 for	

consequent	hypoxia	and	acidaemia	remains	one	of	 the	most	common	 indications	 for	

the	first	CS	(with	rates	cited	between	10-32	%)(5-8).	However,	the	rates	of	pathological	

acidaemia	 in	 neonates	 generally	 is	 far	 lower	 than	 this	 level,	 and	 although	 there	 are	

documented	benefits,	 the	use	of	electronic	 fetal	heart	 rate	monitoring	 in	 labour	has	

not	 been	 shown	 to	 improve	 neonatal	 mortality(9).	 It	 is	 important	 to	 consider	 fetal	

physiology	in	the	intrapartum	period	and	cardiotocograph	(CTG)	interpretation	in	great	

detail	 given	 the	 need	 to	 balance	 the	 role	 that	 intrapartum	 hypoxia	 plays	 in	 global	

perinatal	 deaths,	 with	 the	 role	 that	 potentially	 unnecessary	 CS	 play	 in	 maternal	

morbidity	and	mortality.	
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Objective	measurements	of	 intrapartum	fetal	hypoxia	(such	as	pH	or	 lactate	sampled	

from	 the	 fetal	 scalp)	 may	 improve	 upon	 the	 known	 limited	 specificity	 of	 CTG	 and	

reduce	the	rate	of	unnecessary	caesarean	sections(10,	11).	The	cost	of	the	equipment	

to	 do	 this,	 alongside	 high	 rates	 of	 maternal	 HIV	 infection	 makes	 this	 prohibitive	 in	

some	units	around	the	world.	Universal	umbilical	cord-gas	sampling	after	delivery	has	

been	 suggested	 as	 a	method	 to	 improve	 the	 specificity	 of	 the	 CTG(12).	 Paired	 cord	

arterial	 and	 venous	 gas	 sampling	 is	 both	 time	 and	 resource	 intensive	 however,	

particularly	 outside	 of	 high-income	 country	 settings.	 To	 that	 end,	 it	 is	 possible	 to	

introduce	inexpensive	bedside	point	of	care	umbilical	artery	(UA)	lactate	testing,	which	

provides	 clinicians	 feedback	 on	 intrapartum	 care	 and	 potentially	 alters	 practice	 for	

future	cases,	which	may	partly	mitigate	the	poor	specificity	of	the	CTG.	Therefore,	we	

conducted	a	before	and	after	study	in	a	tertiary	labour	ward	in	Pretoria,	South	Africa,	

to	 determine	 the	 impact	 of	 introducing	 UA	 lactate	 sampling,	 in	 conjunction	 with	

education	 on	 CTG	 interpretation	 and	 fetal	 and	 lactate	 physiology,	 on	 maternal	 and	

perinatal	outcomes.		

	

	

MATERIALS	AND	METHODS	

	

Kalafong	 Hospital	 is	 a	 tertiary	 hospital	 in	 Pretoria,	 South	 Africa,	 affiliated	 with	 the	

University	of	Pretoria.	 In	2014,	there	were	6,499	births	in	the	unit.	During	the	period	

3rd	 March	 to	 the	 12th	 November	 2014	 we	 conducted	 a	 before	 and	 after	 study	 to	

determine	 the	 impact	 of	 umbilical	 artery	 lactate	 sampling,	 combined	 with	 an	
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educational	 program	 on	 fetal	 heart	 rate	 monitoring,	 on	 maternal	 and	 neonatal	

outcomes.	

	

The	study	groups	 included	prospectively	collected	samples	of	umbilical	artery	 lactate	

obtained	by	the	primary	researcher	(EA),	or	a	doctor	in	the	unit	trained	by	the	primary	

researcher.	We	have	presented	the	specifics	of	UA	sampling	in	the	unit,	and	the	data	

points	 collected	 previously(13).	 Briefly,	 after	 maternal	 consent	 was	 obtained,	 the	

umbilical	cord	was	clamped	and	cut	within	one	minute	of	birth.	A	small	arterial	blood	

sample	 (<0.5uL)	 was	 then	 taken	 from	 a	 double	 clamped	 segment	 of	 the	 remaining	

umbilical	 cord,	 prior	 to	 delivery	 of	 the	 placenta.	 The	 lactate	 level	 was	 measured	

(mmol/L)	 on	 a	 Roche	 Accutrend	 PlusTM©	 hand-held	 lactate	 meter	 (Rotkreuz,	

Switzerland).	The	coefficient	of	variation	(CV)	for	this	lactate	meter	is	1.8-3%	(14).	All	

women	 aiming	 to	 have	 a	 vaginal	 birth	 were	 eligible	 to	 be	 consented	 for	 the	 trial,	

regardless	of	their	ultimate	birth	mode.		

	

During	the	period	3rd	March	to	18th	of	July,	2014,	a	prospective	cohort	of	women	were	

consented	 to	 be	 enrolled	 in	 the	 study.	 As	 this	 was	 a	 blinded	 cohort,	 this	 was	 a	

convenience	 sample,	 obtained	 within	 the	 capacity	 of	 a	 single	 researcher	 (EA).	 The	

results	of	the	lactate	sampling	in	this	cohort	were	blinded	to	the	clinicians	(midwives,	

registrars,	 and	 consultants)	 managing	 the	 intrapartum	 care	 of	 women.	 This	 cohort	

served	 as	 the	 baseline	 for	 the	 unit,	 the	 results	 of	 which	 have	 been	 published	

previously(13).	Before	the	completion	of	the	cohort,	all	midwives	and	registrars	in	the	
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unit	 underwent	 a	 training	 course	 in	 fetal	 physiology,	 lactate	 physiology	 and	

cardiotocograph	(CTG)	interpretation,	conducted	by	the	primary	researcher	(EA).		The	

course	consisted	of	a	pre-test,	a	 series	of	didactic	 lectures,	 interactive	application	of	

knowledge	with	 CTG	 examples,	 and	 a	 post-test.	 Subsequently,	 from	21st	 July	 to	 12th	

November	 2014,	 lactate	 sampling	 continued,	 with	 the	 results	 made	 immediately	

available	to	the	clinicians	managing	the	intrapartum	care	of	women	in	the	labor	ward.		

Furthermore,	all	 lactate	samples	obtained	in	the	previous	24	hours	were	reviewed	at	

the	 daily	morning	 labour	ward	meetings	 of	 all	medical	 staff	 (interns,	 registrars,	 and	

consultants),	and	twice	weekly,	an	in-depth	review	of	interesting	or	challenging	cases	

was	facilitated	by	the	primary	researcher	(EA).	Daily	reviews	involved	correlating	CTG	

interpretation	pre-birth	with	neonatal	outcomes,	including	the	UA	lactate.	During	the	

two	 study	 periods,	 basic	 data	 on	 all	 births	 (regardless	 of	 recruitment	 to	 the	 study)	

were	 collected,	 including	 number	 of	 births,	 mode	 of	 birth,	 and	 admissions	 to	 the	

neonatal	nursery	(all	levels).	

	

STATISTICS	AND	ANALYSIS	

	

The	 estimation	 of	 sample	 size	 was	 performed	 using	 standardised	 normal	 lactate	

mean	 and	 standard	 deviation.	 A	 sample	 size	 of	 265	 in	 each	 of	 the	 pre	 and	 post	

intervention	 groups	 would	 achieve	 an	 80%	 power	 to	 detect	 a	 difference	 of	 0.25	

standard	 deviations	 (approximately	 8%	 difference	 in	 means)	 in	 lactate	

measurements	between	groups	using	a	 two-sided	 sample	 t-test	 at	5%	significance	

level.	This	sample	size	would	also	achieve	at	least	80%	power	to	detect	an	R-squared	
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of	 0.05	 attributed	 to	 one	 or	 more	 independent	 variable/s	 while	 simultaneously	

adjusting	 for	 multiple	 other	 relevant	 covariates	 with	 an	 R-squared	 of	 0.2	 in	 a	

multiple	 linear	 regression	 analysis.	 Assuming	 a	 15%	 attrition	 rate,	 the	 sample	 size	

was	 increased	 to	 305	 in	 each	 group	 for	 a	 total	 sample	 size	 of	 610.	 ([Power	 and	

Sample	Size	(PASS	2008)].	

	

To	assess	the	lactate	results,	data	were	transformed	to	the	natural	logarithm	to	correct	

normality	 and	 summarised	 as	 geometric	 means	 and	 95%	 confidence	 intervals	 (CI).	

Linear	 regression	 analysis	 was	 conducted	 on	 the	 log	 transformed	 lactate	

measurements	and	presented	as	estimated	mean	effects	and	95%	CI’s.	A	multivariate	

analysis	 on	 lactate	 levels,	 adjusted	 for	 primiparity,	 HIV,	 fetal	 problems	 in	 pregnancy	

and	 preterm	 birth,	 was	 done	 with	 lactate	 measurements	 log	 transformed	 for	 the	

analysis.	 Summary	 values	 of	 estimated	 mean	 effects	 and	 95%	 confidence	 intervals	

were	 back	 transformed.	 	 Outcomes	 were	 summarised	 using	 means	 and	 standard	

deviations	 or	 medians,	 interquartile	 ranges	 and	 ranges	 for	 continuous	 data	 and	

frequency	distributions	for	categorical	data.	Based	on	our	previously	published	cohort	

study,	 a	 cut-off	 for	 an	 abnormal	 lactate	 was	 assumed	 to	 be	 5·45	 mmol/L(13).	

Univariate	 comparisons	 were	 made	 using	 independent	 t-tests	 for	 continuous	

outcomes	 and	 Chi-square	 or	 Fisher	 exact	 tests	 for	 categorical	 comparisons.	

Multivariable	 logistic	 regression	 analysis	 was	 performed	 on	 maternal	 and	 neonatal	

outcomes	 including	 fetal	 distress,	 cesarean	 section,	 resuscitation,	 Apgar	 scores	 and	

admission	to	special	care	nursery.		Results	were	summarised	with	unadjusted	(OR)	and	

adjusted	odds	ratios	(aOR)	and	95%	CI’s.		
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Analyses	 of	 outcomes	 were	 adjusted	 for	 preterm	 birth,	 primiparity,	 HIV,	 previous	

uterine	 surgery	 or	 maternal	 problems	 in	 pregnancy	 (maternal	 outcome),	 and	 fetal	

problems	 during	 pregnancy	 (neonatal	 outcomes).	 Maternal	 problems	 in	 pregnancy	

included	being	an	adolescent,	having	advanced	maternal	age	(>35),	anaemia,	cervical	

incompetence,	 eclampsia,	 gestational	 diabetes	 mellitus,	 HELLP	 syndrome,	

hypertension	without	pre-eclampsia,	maternal	medical	conditions,	no	antenatal	care,	

pre-eclampsia,	 preterm	 labour,	 syphilis,	 thyrotoxicosis,	 tuberculosis,	 urinary	 tract	

infection,	uterine	anomaly,	or	venous	thromboembolic	event.	A	pre-planned	subgroup	

analysis	was	 conducted	 on	 infants	with	 birth	weight	 <2500g	 compared	with	 ≥2500g	

and	 neonatal	 outcomes	 were	 assessed.	 	 A	 Bonferroni	 adjustment	 was	 applied	 such	

that	 the	 significance	 level	 for	 each	 comparison	 of	 pre-	 and	 post-intervention	 groups	

within	 birth	 weight	 strata	 was	 set	 to	 0·025.	 All	 tests	 were	 two-sided	 and	 a	 p-value	

<0·05	was	 considered	 statistically	 significant	 for	 the	overall	 analysis.	 	 SPSS	 statistical	

software	was	used	in	data	analysis	(version	22·0,	Armonk,	NY:	IBM	Corp).	

	

A	protocol	was	developed	for	this	study;	it	is	not	published	but	available	upon	request.	

	

ETHICS	

	

This	 study	 was	 approved	 by	 the	 ethics	 committees	 of	 The	 University	 of	 Western	

Australia	 Human	 Research	 Ethics	 Committee	 on	 the	 26/02/2014	 (Reference	 number	
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RA/4/1/6581),	 the	 University	 of	 Pretoria,	 Pretoria,	 South	 Africa	 on	 the	 10/02/2014	

(Reference	number	7/2014).		

	

RESULTS		

	

397	samples	were	collected	in	the	pre-intervention	period	from	2196	planned	vaginal	

births	 and	 2436	 total	 births.	 597	 samples	 were	 collected	 in	 the	 post-intervention	

period	 from	1978	planned	vaginal	births	and	2232	 total	births.	After	exclusion	of	54	

twin	pregnancies,	a	total	of	936	samples	were	analysed	(pre	n=374	and	post	n=562).	

	

MATERNAL	CHARACTERISTICS		

	

Maternal	 characteristics	 did	 not	 differ	 between	 groups.	 (Table	 1)	 The	maternal	 HIV	

prevalence	in	the	pre-intervention	group	was	21·8%	(n=79),	with	antiretroviral	therapy	

(both	 prophylactic	 antiretroviral	 therapy	 and	 highly	 active	 antiretroviral	 treatment)	

used	 in	 96·2%·of	 women	 antenatally.	 The	 maternal	 HIV	 prevalence	 in	 the	 post-

intervention	group	was	23%	(n=123),	with	antiretroviral	therapy	in	92·4%	of	women.	A	

comparison	 of	 the	 maternal	 and	 neonatal	 outcomes	 between	 the	 HIV	 and	 non-HIV	

infected	mothers	has	been	published	elsewhere(15).	
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Data	summaries	are	mean	(±SD),	median	(IQR,R)	or	N	(%),	as	appropriate	

	

PREGNANCY	AND	LABOUR	

	

The	 pre-intervention	 group	 had	 a	 higher	 rate	 of	 maternal-related	 pregnancy	

complications	 (41·8%	 vs	 22·4%,	 p<0·001)	 and	 were	 also	 more	 likely	 to	 have	

intrapartum	complications	 (55·6%	vs	45·9%,	p=0·004),	 fetal	distress	 (30·2%	vs	22·1%,	

p=0·005),	 other	 labor	 complications	 (3·5%	 vs	 1·4%,	 p=0·038)	 and	 be	 transferred	

intrapartum	 from	 a	 referral	 unit	 (19·5%	 vs	 7·3%,	 p<0·001).	 The	 intrapartum	

complications	 are	 outlined	 in	 Table	 2.	 Other	 labor	 complications	 included	 were	

infrequent	 in	 both	 groups	 and	 included	 twin	 pregnancy	 diagnosed	 intrapartum,	 the	

development	 of	 isolated	 intrapartum	 hypertension,	 acute	 twin	 to	 twin	 transfusion	

syndrome	and	 single	unusual	 occurrences	 such	 as	 “patient	 found	on	 antenatal	ward	

Table	1:	Maternal	characteristics	in	pre-	and	post-intervention	groups	

	 Pre-intervention	(N=374)	 Post	–intervention	

(N=562)	

p-value	

Maternal	age	(y)	 27·4	(±6·1)	 27·4	(±6·6)	 0·897	

Gestation	(w)	 38·8	(±3·1)	(n=345)	 38·8	(±3·2)	(n=504)	 0·963	

Gravidity	 2	(1-3;1-7)	 2	)	1-3;1-8)	 0·672	

Parity		 1	(0-2;0-5)	 1	(0-2;0-7)	 0·820	

Nulliparous		 136	(36·7%)	 195	(36·2%)	 0·899	

Previous	uterine	surgery	 53	(14·7%)	 56	(10·6%)	 0·072	

HIV	status	 79	(21·8%)	 123	(23·0%)	 0·655	

HIV	treatment	 75	(96·2%)	 109	(92·4%)	 0·369	
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with	fetal	head	delivered”,	“patient	pushing	from	four	centimetres”,	maternal	collapse	

at	full	dilatation,	and	failed	instrumental	delivery	at	local	clinic	prior	to	transfer.	

	

Table	2:	Intrapartum	complications	in	pre-	and	post-intervention	groups	

	 Pre-intervention	

N=374	

N	(%)	

Post–intervention	

N=562	

N	(%)	

p-value	

Any		 208	(55·6%)	 258	(45·9%)	 0·004	

Abruption	 7	(1·9%)	 7	(1·2%)	 0·440	

Chorioamnionitis	 0	 4	(0·7%)	 0·155	

Delayed	progress	1st	stage	 40	(10·7%)	 85	(15·1%)	 0·051	

Delayed	progress	2nd	stage	 15	(4·0%)	 23	(4·1%)	 0·950	

Intrapartum	haemorrhage	 7	(1·9%)	 12	(2·1%)	 0·779	

Malpresentation	 8	(2·1%)	 14	(2·5%)	 0·728	

Meconium	stained	amniotic	fluid	 27	(7·2%)	 40	(7·1%)	 0·953	

Augmentation	of	labour	 13	(3·5%)	 25	(4·4%)	 0·460	

Shoulder	dystocia	 9	(2·4%)	 7	(1·2%)	 0·180	

Fetal	distress	 113	(30·2%)	 124	(22·1%)	 0·005	

Other*	 13	(3·5%)	 8	(1·4%)	 0·038	

Intrapartum	transfer	 73	(19·5%)	 41	(7·3%)	 <0·001	

*Other	=	see	note	in	main	body	of	text.	
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LACTATE	RESULTS	

	

A	lactate	result	was	recorded	for	351	(94%)	of	women	recruited	in	the	pre-intervention	

group	and	542	(96%)	of	women	recruited	post-intervention.	There	was	no	difference	in	

the	mean	lactate	result	(4.6	mmol/L	[95%CI	4.4-4.8]	compared	with	4.9	mmol/L	[95%CI	

4.7-5.1],	 p=0.089)	 or	 in	 babies	 born	 with	 a	 lactate	 greater	 than	 5.45	 mmol/L	 (122	

(34.8%)	 compared	 with	 210	 (38.7%),	 p=0.228).	 There	 was	 no	 difference	 in	 mean	

lactate	 levels	 between	 the	 two	 groups	when	 adjusted	 for	 primiparity,	 HIV	 infection,	

fetal	problems	in	pregnancy	and	preterm	birth	(unadjusted	OR	1.05	[95%CI	0.99-1.13],	

compared	with	an	adjusted	OR	1.06	[95%CI	0.99-1.13],	p=0.108).	

	

BIRTH	CHARACTERISTICS	

	

Pre-intervention	 women	 were	 more	 likely	 to	 have	 a	 caesarean	 section	 due	 to	

suspected	 fetal	 distress	 (21·4%	 vs14·9%,	 p=0.011)	 and	 vaginal	 birth	 after	 caesarean	

(VBAC)	 in	 labour	 (8·0%	 vs	 2·5%,	 p<0·001).	 Other	 indications	 for	 caesarean	 delivery	

were	 similar	 between	 the	 two	 groups.	 Suspected	 fetal	 distress	 during	 labor	 was	

reduced	 in	 the	post-intervention	period:	pre-	30·2%	vs	post-intervention	22·1%,	aOR	

0·71,	95%	CI	0·52-0·96,	p=0·027.	Caesarean	section	rates	were	significantly	reduced	in	

the	 univariate	 analysis:	 pre-	 40·3%	 vs	 post-intervention	 31·6%	 (p=0·007).	 This	

reduction	 remained	 significant	 when	 adjusted	 for	 previous	 caesarean	 section,	

primiparity,	 maternal	 HIV	 infection	 and	 preterm	 birth	 (aOR	 0·72,	 95%CI	 0·54-0·98,	

p=0·035).		
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NEONATAL	CHARACTERISTICS	

	

The	neonatal	characteristics	 in	 the	two	groups	are	outlined	 in	Table	3.	There	was	no	

difference	 in	 neonatal	 outcomes	 when	 adjusted	 for	 primiparity,	 HIV	 infection,	 fetal	

problems	 in	 pregnancy	 and	 preterm	birth.	 	When	 stratified	 by	 birth	weight	 (<2500g	

and	≥2500g),	there	was	no	difference	in	any	outcomes,	 including	lactate	results.	(See	

Table	4)	
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Table	3:	Neonatal	characteristics	pre-	and	post-intervention	groups	 	

	 N*	

	

Pre-
intervention	

N*	

	

Post–
interventio
n	

p-value	

Preterm	(<37w)	 345	 64	(18·6%)	 504	 99	(19·6%)	 0·691	

Birthweight	(g)	 363	 3033·9	
(±623·5)	

520	 3006·4	
(±641·2)	

0·527	

Lactate	>5·45	 	 122	(34·8%)	 	 210	(38·7%)	 0·228	

Resuscitation	 344	 71	(20·6%)	 532	 129	(24·2%)	 0·214	

Apgar	<7	at	1	min	 365	 45	(12·3%)	 526	 83	(15·8%)	 0·149	

Apgar	<7	at	5	min	 366	 20	(5·5%)	 526	 35	(6·7%)	 0·468	

Special	 care	 nursery	
admission	

374	 56	(15·0%)	 562	 80	(14·2%)	 0·754	

Admission	type	 367	 	 558	 	 	

None	 	 318	(86·6%)	 	 480	(86·0%)	 	

High	dependency	unit	 	 8	(2·2%)	 	 22	(3·9%)	 0·387	

Intensive	care	unit	 	 14	(3·8%)	 	 15	(2·7%)	 	

Neonatal	ward	 	 27	(7·4%)	 	 41	(7·3%)	 	

Data	summaries	are	mean	(±sd)	or	N	(%),	as	appropriate	*	N	reflects	cases	for	which	data	were	available	

for	the	variable	
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Table	4:	Neonatal	outcomes	stratified	by	birth	weight	<2500g	and	≥2500g.	

	 Birth	weight	<2500g	 Birth	weight	≥2500g	

	 Pre-
intervention	

Post	–
intervention	

p-
value	

Pre-
intervention	

Post-
intervention	

p-
value	

	 n=52	 n=78	 	 n=311	 n=442	 	

Birth	 weight	
(g)	

1937.48	
(±556.1)	

1836.35	
(±534.2)	

0.300	 3217.2	(±409.6)	 3212.9	
(±386.3)	

0.884	

	 n=46	 n=68	 	 n=291	 n=417	 	

Gestation	(w)	 35.4	(±4.7)	 34.6	(±4.4)	 0.372	 39.3	(±2.4)	 39.5	(±2.3)	 0.454	

Preterm	
(<37w)	

25	(54.3%)	 47	(69.1%)	 0.109	 38	(13.1%)	 47	(11.3%)	 0.472	

	 N=52	 N=75	 	 	 	 	

Lactate1		 4.4	(3.8-5.2)	 4.9	(4.4-5.4)	 0.263	 4.7	(4.4-4.9)	 4.8	(4.6-5.1)	 0.333	

Lactate	>5.45	 19	(36.5%)	 27	(36.0%)	 0.950	 99	(34.3%)	 165	(38.8%)	 0.215	

Resuscitation	 22	(43.1%)	 34	(44.2%)	 0.909	 47	(16.5%)	 90	(20.5%)	 0.181	

Apgar<7	 at	 1	
min	

14	(27.5%)	 24	(32.0%)	 0.585	 30	(9.8%)	 56	(12.8%)	 0.209	

Apgar	 <7	 at	 5	
min	

7	(13.7%)	 16	(21.3%)	 0.278	 12	(3.9%)	 19	(4.3%)	 0.771	

Special	 care	
nursery	
admission	

25	(48.1%)	 41	(52.6%)	 0.616	 30	(9.6%)	 38	(8.6%)	 0.621	

Admission	
type	

	 	 	 	 	 	

None	 27	(55.1%)	 37	(48.7%)	 0.687	 281	(91.5%)	 402	(91.2%)	 0.664	

Ward	 15	(30.6%)	 24	(31.6%)	 	 6	(2.0%)	 13	(2.9%)	 	

High	
dependency	
unit	 /	
Intensive	 care	
unit	

7	(14.3%)	 15	(19.7%)	 	 20	(6.5%)	 26	(5.9%)	 	

Data	 summaries	 are	 mean	 (±SD)	 or	 N	 (%),	 as	 appropriate.	 P-values	 less	 than	 0.025	 considered	
statistically	significant	with	a	Bonferroni	correction.	1Data	are	summarised	as	geometric	mean	and	95%	
confidence	intervals.		
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MODE	OF	DELIVERY	AND	NEONATAL	OUTCOMES	FOR	ALL	DELIVERIES		

	

There	were	 2,436	births	 during	 the	 entire	 pre-intervention	period,	 and	 2,232	during	

the	post-intervention	period.	During	the	pre-intervention	period	there	were	932/2436	

cesarean	 deliveries	 (38·3%),	 which	 decreased	 in	 the	 post-intervention	 period	 to	

653/2232	 (29·3%,	 P<0·001).	 There	 was	 no	 change	 in	 rate	 of	 elective	 caesarean	

sections;	 240/2436	 (9.9%)	 to	 254/2232	 (11.4%,	 P=0.09).	 There	 was	 no	 difference	 in	

instrumental	 births	 73/2436	 (3%)	 to	 81/2232	 (3.6%,	 P=0.227).	 Emergency	 caesarean	

deliveries	 decreased	 from	 692/2436	 (28·4%)	 to	 399/2232	 (17·0%,	 P<0·001),	 and	

neonatal	admissions	decreased	from	450/2436	(18·5%)	to	349/2232	(15·6%,	P=0·010).	

A	diagnosis	was	recorded	for	360	(80%)	admissions	in	the	pre-intervention	period	and	

278	 (80%)	 of	 admissions	 in	 the	 post-operative	 period.	 The	 commonest	 reasons	 for	

admission	 in	 the	 pre-intervention	 period	 were	 respiratory	 distress	 syndrome	 (RDS)	

(19.7%),	 neonatal	 jaundice	 (NNJ)	 (13.1%),	 congenital	 infections	 (8.6%),	 hypoglycemia	

(7.5%),	hypoxic	ischaemic	encephalopathy	(HIE)	(7.2%),	and	prematurity	(7.2%).	In	the	

post	 intervention	 period	 the	 commonest	 reasons	 were	 RDS	 (19.1%),	 NNJ	 (12.2%),	

hyaline	membrane	disease	(HMD)	(10.1%),	transient	tachypnea	of	the	newborn	(TTN)	

(10.1%),	low	birth	weight	(LBW)	(8.6%)	and	HIE	(7.9%).		

	

DISCUSSION	

	

This	 study	 explored	 the	 impact	 of	 an	 educational	 program	 coupled	 with	 the	

introduction	 of	 UA	 lactate	 sampling	 in	 a	 low-resource	 setting	 on	 intrapartum	



	 252	

outcomes.	 Previous	 studies	 have	 been	 based	 in	 high-income	 settings(16)	 and	 it	was	

not	clear	whether	the	previously	observed	benefits	in	earlier	studies	would	translate	to	

a	lower	resource	centre.	While	there	was	no	significant	difference	in	the	cord	lactate	

results	 between	 the	 two	 groups,	 we	 found	 a	 reduction	 in	 the	 CS	 rate	 without	

worsening	any	of	neonatal	outcomes.	The	largest	contributor	to	this	reduction	was	in	

CS	 for	 suspected	 fetal	 compromise.	 A	 significant	 reduction	 post-intervention	 was	

observed	 in	CS,	emergency	CS,	 and	neonatal	 admissions	 for	all	women	 regardless	of	

whether	they	were	recruited	to	the	study	for	lactate	measurement	or	not.	While	these	

overall	results	are	not	adjusted	for	confounding	factors,	they	are	reassuring;	the	falling	

CS	rate	has	not	worsened	fetal	and	neonatal	outcomes,	and,	based	on	the	reduction	in	

overall	 neonatal	 unit	 admission	 rate,	 may	 have	 improved	 them.	 The	 impact	 of	 an	

educational	 program	 on	 fetal	 physiology	 and	 intrapartum	 heart	 rate	 monitoring	

demonstrated	benefits	that	were	translated	to	all	women	in	the	labour	ward	and	we	

speculate	 this	 should	 be	 sustained	when	 coupled	with	 the	 introduction	 of	 universal	

cord	lactate	sampling	for	ongoing	clinician	outcome	feedback.	

	

There	 is	 evidence	 that	 the	 lack	 of	 appropriate	 interpretation	 of	 fetal	 monitoring	 in	

South	 Africa	 contributes	 to	 the	 unacceptably	 high	 intrapartum	 and	 early	 neonatal	

mortality	 rates(17,	 18).	 Equally,	 there	 is	 evidence	 that	 the	process	of	quality	of	 care	

audit	 and	 the	 feedback	 to	 clinicians	of	 the	UA	 lactate	 results	may	 improve	maternal	

and	 neonatal	 outcomes(12,	 19).	 Given	 the	 reduction	 in	 suspected	 fetal	 compromise	

without	 an	 increase	 in	 adverse	 neonatal	 outcomes	 that	 occurred	 following	 our	

intervention,	we	hypothesise	 that	 the	objective	 feedback	available	 to	 clinicians	 from	
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the	 UA	 lactate	 result	 highlighted	 recognition	 on	 CTG	 interpretation	 of	 the	 “true”	

acidemic	 cases.	 This	 theory	may	be	 supported	by	 the	 trend	 to	 less	neonatal	nursery	

admissions	in	the	study	group	and	the	significantly	less	admissions	overall	in	the	post-

intervention	 study	 period,	 regardless	 of	 trial	 recruitment	 status.	 In	 addition,	 we	

observed	 an	 increase	 in	 delayed	 labour	 progress	 in	 the	 post-intervention	 group	

without	 worse	 neonatal	 outcomes;	 it	 may	 be	 that	 less	 early	 interventions	 for	

suspected	fetal	distress	allowed	other	potential	complications	of	longer	labours	labor	

to	become	apparent.	

	

Interestingly,	there	were	less	maternal	problems	in	the	post	intervention	period,	which	

plausibly	 could	 have	 resulted	 in	 fewer	 fetuses	 at	 risk	 of	 compromise.	 There	 were,	

however,	 significantly	 less	 intrapartum	 transfers	 from	 referral	 facilities	 in	 the	 post-

intervention	period.	 The	nature	of	 an	 intrapartum	 transfer	 indicates	 the	women	are	

more	likely	to	have	maternal	related	pregnancy	problems,	necessitating	up-referral	to	

a	 tertiary	 unit(20,	 21),	 and	 this	 may	 have	 accounted	 for	 some	 of	 the	 reduction	 in	

maternal	complications	in	the	post-intervention	period.	

	

There	was	no	significant	change	in	the	elective	CS	rate,	with	the	reduction	in	our	study	

almost	 exclusively	 intrapartum	 non-elective	 CS,	 which	 remained	 significant	 when	

adjusted	for	primiparity.	This	is	where	we	believe	the	strength	of	this	intervention	lies	

–	in	preventing	the	first	CS,	particular	considering	evidence	such	as	that	of	Villar	et	al,	

demonstrating	 that	 intrapartum	 caesarean	 section	 in	 a	 sample	 of	 nearly	 100000	
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deliveries	 in	 8	 Latin	 American	 countries	 was	 associated	 with	 an	 increased	 risk	 in	

several	maternal	and	neonatal	morbidity	and	mortality(22).	The	Robson	classification	

for	 caesarean	 section	 is	 widely	 used	 to	monitor	 CS	 rates	 internationally(23),	 with	 a	

particular	focus	on	reducing	caesarean	section	in	nulliparous	women	(group	1	and	2	in	

the	Robson	classification)	and	those	with	a	previous	caesarean	section,		(group	5),	with	

the	latter	a	clear	consequence	of	the	former(1).	Although	heterogeneous	in	the	quality	

of	included	studies,	a	recent	meta-analysis	has	demonstrated	that	quality	of	care	audit	

using	the	Robson	classification	system	to	monitor	cesarean	section	rates	can	result	in	a	

reduction	 in	 CS(24).	 In	 our	 study	we	 introduced	 a	 quality	 of	 care	 audit	 process	 and	

provided	instant	feedback	to	the	clinicians	in	the	unit,	with	a	reduction	in	CS	in	women	

in	groups	1	and	2	of	the	Robson	classification.		

	

Reduction	 in	CS	 is	of	particular	 importance	 in	South	Africa,	as	women	in	this	country	

are	 more	 likely	 to	 die	 following	 a	 CS	 compared	 with	 a	 vaginal	 birth(25).	 This	 is	

particularly	 concerning	 as	 22·6%	 of	 deliveries	 in	 South	 Africa	 are	 by	 CS,	 and	 in	

provincial	tertiary	hospitals,	as	is	the	unit	in	this	study,	the	rate	is	35·2%(26).	Moreover,	

maternal	deaths	related	to	CS	have	been	increasing,	and	disturbingly,	large	numbers	of	

these	are	due	to	perioperative	haemorrhage(27),	with	surgical	 trauma	being	one	of,	 if	

not	the	most	common,	reason	for	death(28,	29).	The	reduction	in	CS	in	our	study	(both	in	

the	included	cases	and	overall	during	the	study	period)	has	the	potential	for	immediate	

and	 downstream	 effects	 for	 future	 pregnancies,	 as	 well	 as	 long-term	 outcomes	 for	

women	and	their	families.		
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Finally,	 testing	 for	potential	 fetal	 acidemia	with	 lactate	on	a	handheld,	point	of	 care	

device	has	several	advantages.	Firstly;	it	may	be	more	feasible	(both	economically	and	

in	 ease	 of	 use)	 than	 other	 measures	 (such	 as	 paired	 arterial	 and	 venous	 cord	 gas	

sampling),	 especially	 in	 the	 limited	 resource	 setting.	 Secondly,	 the	 hand-held	 device	

correlates	well	with	laboratory	analysers,	adding	validity	to	the	process	of	point	of	care	

testing(30,	31).	

	

STRENGTHS	

	

To	 our	 knowledge	 this	 is	 the	 largest	 assessment	 of	 an	 intervention	 using	 umbilical	

lactate	measurement	and	its	impact	in	a	low	or	middle	income	country	on	intrapartum	

obstetric	 management(16),	 and	 is	 likely	 representative	 of	 the	 unit	 as	 a	 whole.	 The	

presence	of	a	single	researcher	on	the	labor	ward	(EA)	to	oversee	the	training	of	health	

care	 providers	 in	 sample	 collection	 and	 ensure	 complete	 data	 collection	 throughout	

the	study	period		adds	to	the	internal	validity	of	the	results.	

	

LIMITATIONS	

	

It	 is	 difficult	 to	 separate	 the	 impact	 of	 the	 fetal	 physiology	 and	 CTG	 interpretation	

training	with	the	lactate	sampling	on	the	change	in	practice	following	the	intervention,	

and	 indeed	 it	 is	 likely	 the	 combination	 of	 both	 that	 has	 created	 a	 management	

package.	 	All	 staff	who	 cared	 for	women	 in	our	 study	had	previously	 completed	 the	

essential	 steps	 in	 the	management	 of	 obstetric	 emergencies	 (esmoe)	 course,	 which	
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includes	 a	 module	 on	 ctg	 interpretation.	 this	 suggests	 that	 the	 addition	 of	 the	 ua	

lactate	and	the	quality	of	care	audit	process	around	this	was	the	main	factor	in	practice	

change.	 however,	 ongoing	 revision	 of	 ctg	 interpretation	 is	 an	 essential	 element	 in	

labour	ward	practice	and	we	recommend	regular	case	review	and	education	programs.	

	

As	part	of	 this	 study,	we	 introduced	point	of	 care	 testing,	and	although	 training	was	

undertaken	 for	 all	 involved	 in	 the	 collection,	 we	 do	 not	 have	 paired	 samples	 (both	

arterial	 and	 venous)	 to	 provide	 confirmation	 of	 arterial	 sampling.	We	 are,	 however,	

reassured	 by	 the	 fact	 that	 venous	 lactate	 is	 shown	 to	 be	 predictive	 of	 arterial	 lactic	

acidaemia,	and	that	 the	previous	optimal	cut-off	 for	 lactate	we	obtained	using	 these	

samples	was	very	similar	to	a	large	cohort	including	paired	samples(13).		

	

CONCLUSION	

	

The	 introduction	 of	 UA	 lactate	 has	 the	 ability	 to	 significantly	 reduce	 the	 CS	 rate	

without	 increasing	 adverse	 neonatal	 outcomes	 in	 a	 low-resource	 setting.	 Further	

research	to	expand	the	body	of	evidence	on	the	use	of	UA	lactate	sampling	in	low	and	

middle-income	countries	is	needed.	
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ABBREVIATIONS	

	

aOR	 Adjusted	odds	ratio	

AVD	 Assisted	vaginal	delivery	

CI	 Confidence	intervals	

CS	 Caesarean	sections	

CTG	 Cardiotocograph	

CV	 Coefficient	of	variation	

HIE	 Hypoxic	ischaemic	encephalopathy	

HIV	 Human	immunodeficiency	virus	

HMD	 Hyaline	membrane	disease	

LBW	 Low	birth	weight	

NNJ	 Neonatal	jaundice	

OR	 Odds	ratio	

RDS	 Respiratory	distress	syndrome	

TTN	 Transient	tachypnoea	of	the	newborn	

UA	 Umbilical	artery	

VBAC	 Vaginal	birth	after	caesarean	
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CHAPTER	NINE:	IMPACT	OF	MATERNAL	HIV	ON	UMBILICAL	CORD	

LACTATE	MEASUREMENT	AT	DELIVERY	IN	A	SOUTH	AFRICAN	LABOUR	

WARD	
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CHAPTER	OVERVIEW		

	

As	outlined	 in	Chapter	8,	21%	of	 the	women	 included	 in	our	 trial	were	HIV	positive.	

There	are	conflicting	data	on	the	role	of	HIV	infection	in	intrapartum	outcomes.	It	was	

therefore	important	to	consider	if	the	perinatal	outcomes	in	our	study	were	impacted	

by	maternal	HIV	status.	
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CHAPTER	TEN:	ATTITUDES	TOWARDS	THE	IMPLEMENTATION	OF	

UNIVERSAL	UMBILICAL	ARTERY	LACTATE	ANALYSIS	IN	A	SOUTH	

AFRICAN	DISTRICT	HOSPITAL	
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CHAPTER	OVERVIEW	

	

The	 capacity	 to	 translate	 research	 into	 practice	 is	 potentially	 difficult	 in	 all	 areas	 of	

medicine,	none	more	so	than	maternal	and	newborn	health	in	LMIC,	where	high	rates	

of	 mortality	 persist	 despite	 clear	 evidence	 on	 the	 steps	 to	 prevention(1).	 Having	

established	the	utility	and	effectiveness	of	introducing	umbilical	artery	lactate	(within	a	

package	of	 interventions	including	CTG	education)	 in	a	research	setting	in	an	LMIC,	 it	

was	next	pertinent	 to	 consider	 the	 implementation	of	 the	 tool	 in	practice.	 It	 is	 clear	

that	one	of	the	potential	challenges	to	any	new	tool	 in	LMIC	settings	 is	the	potential	

for	burden	on	already	 limited	resources.	As	outlined	 in	chapter	3,	 this	component	of	

the	research	was	conducted	at	Zithulele	Hospital	 in	the	eastern	cape	of	South	Africa,	

where	we	assessed	staff	attitudes	towards	the	introduction	of	UA	lactate	sampling.	
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CHAPTER	ELEVEN:	DISCUSSION	
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OVERVIEW	

	

This	thesis	consists	of	comprehensive	series	of	clinical	trials	and	data	set	analyses	that	

demonstrate	that	the	 introduction	of	umbilical	cord	artery	 lactate	sampling	 is	useful,	

feasible	and	acceptable	in	a	resource	poor	MIC	setting.	I	have	systematically	explored	

the	 causes	 of	 perinatal	mortality	 in	 South	 Africa,	 the	 diagnostic	 test	 accuracy	 of	UA	

lactate,	the	role	of	QoC	audit	in	perinatal	mortality	in	South	Africa,	and	the	effects	of	

the	 implementation	 on	 UA	 lactate	 sampling.	 The	 key	 findings	 are	 summarised	 as	

follows:	

	

• In	 a	 comprehensive	 data	 set	 representative	 of	 a	 total	 obstetric	 population	 in	

South	 Africa,	 49.5%	 and	 74.2%	 of	 women	 having	 a	 late	 stillbirth	 or	 early	

neonatal	death	were	healthy	(no	complications	of	pregnancy	or	 labour)	and	a	

quarter	of	the	perinatal	deaths	followed	intrapartum	asphyxia.		

• In	the	first	systematic	review	of	the	diagnostic	test	accuracy	of	umbilical	lactate	

for	 measuring	 acidosis	 and	 predicting	 neonatal	 outcome,	 including	 38,284	

patients,	 lactate	was	 shown	 to	 correlate	with	 pH	 (pooled	 ES	 -0.650	 95%	 CI	 -

0.663	to	-0.637,	p<0.01),	BE	(pooled	ES	-0.710	95%	CI	 -0.721—0.699,	p<0.01),	

and	Apgar	score	at	5	minutes	(pooled	ES	0.3	95%	CI	0.193-0.407	p<0.01).	Using	

the	common	threshold	outcome	of	HIE,	lactate	has	a	sensitivity	of	69.7%	and	a	

specificity	of	93%.	

• In	 the	 largest	 analysis	 of	 the	 impact	 of	 QoC	 audit	 on	 perinatal	mortality,	we	

interrogated	the	changes	in	PNMR	in	163	South	African	facilities	with	at	least	5	
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years	of	continuous	QoC	audit	data.	3,406,347	births	and	85,728	deaths	were	

included	 and	 29%	 of	 facilities	 had	 a	 decrease	 in	 their	 PNMR	with	 5	 years	 of	

continuous	QoC	audit.	Facilities	with	increasing	mortality	appeared	less	likely	to	

have	a	comprehensive	QoC	audit	process.	

• In	a	 large	cohort	of	946	babies	with	a	UA	lactate	sample,	we	determined	that	

the	optimal	 cut-off	 for	 lactate	 for	 the	outcome	of	neonatal	 resuscitation	was	

5.46mmol/L	 (sensitivity	 68%,	 specificity	 72%),	 for	 neonatal	 admission	 was	

4.95mmol/L	 (sensitivity	61%,	specificity	59%),	and	for	an	Apgar	score	of	<7	at	

five	minutes	was	5.65mmol/L	(sensitivity	64%,	specificity	69%).	

• In	 a	 before	 and	 after	 trial	 assessing	 the	 impact	 of	 introducing	 UA	 lactate	

sampling,	we	found	no	difference	in	mean	lactate	(4.6	mmol/L	{95%CI	4.4-4.8}	

compared	with	4.9	mmol/L	{95%CI	4.7-5.1},	p=0.089).	However	suspected	fetal	

compromise	was	reduced	in	the	post-intervention	period:	30·2%	vs.	22·1%,	aOR	

0·71,	 95%	 CI	 0·52-0·96,	 p=0·027	 without	 worsening	 neonatal	 outcomes.		

Caesarean	 section	 rates	were	 significantly	 reduced	 in	 the	 univariate	 analysis:	

pre-	 40·3%	 vs.	 post-intervention	 31·6%	 (p=0·007).	 This	 reduction	 remained	

significant	when	adjusted	for	previous	caesarean	section,	primiparity,	maternal	

HIV	 infection	 and	 preterm	 birth	 (aOR	 0·72,	 95%CI	 0·54-0·98,	 p=0·035).	

Moreover,	emergency	 caesarean	deliveries	 in	 the	unit	 as	a	whole	 (not	 just	 in	

patients	 recruited	to	the	trial)	decreased	from	692/2436	(28·4%)	to	399/2232	

(17·0%,	P<0·001),	 and	neonatal	 admissions	decreased	 from	450/2436	 (18·5%)	

to	349/2232	(15·6%,	P=0·010).	

• In	the	21.6%	of	women	in	our	before	and	after	trial	that	are	HIV	positive,	there	

was	 no	 impact	 of	 either	 their	 disease	 or	 the	 use	 of	 HAART	 on	 the	 preterm	
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delivery	 rate,	 mode	 of	 delivery,	 neonatal	 resuscitation	 rate,	 1	 or	 5	 minute	

Apgar	 score	 below	 7,	 or	 the	 rate	 of	 having	 a	 UA	 lactate	 level	 greater	 than	

5.45mmol/L.	

• In	the	final	study	assessing	the	attitudes	and	barriers	to	introducing	UA	lactate	

sampling,	the	majority	of	midwives	and	doctors	providing	intrapartum	care	in	a	

South	African	district	hospital	were	positive	about	both	the	role	of	UA	lactate	

analysis	 as	 well	 as	 the	 potential	 benefits	 it	 provides.	 Training	 aided	 in	

overcoming	 some	 of	 the	 perceived	 barriers	 to	 implementing	 UA	 lactate	

sampling.	

	

APPLICABILITY	OF	THE	RESEARCH	

	

THE	MANAGEMENT	OF	INTRAPARTUM	ASPHYXIA	

	

Most	perinatal	deaths	in	LMIC	are	preventable(2)	and	it	is	reiterated	repeatedly	in	the	

literature	 that	 the	 use	 of	 QoC	 measures	 is	 associated	 with	 improved	 maternal	 and	

neonatal	outcomes.	This	is	particularly	true	of	intrapartum	stillbirths	and	intrapartum	

related	neonatal	deaths(3,	4),	as	 is	 the	 focus	of	 the	 research	 in	 this	 thesis.	 It	 is	 clear	

that	 intrapartum	 hypoxia	 and	 asphyxia	 need	 to	 remain	 a	 focus	 of	 global	 efforts	 to	

reduce	 perinatal	 mortality,	 as	 we	 have	 demonstrated	 in	 the	 analysis	 of	 causes	 of	

perinatal	death	in	South	Africa	(Chapter	3)	as	well	as	in	the	application	of	the	ICD-PM	

to	 perinatal	 deaths	 (Appendix	 2.1).	 It	 is	worth	 noting	 that	 in	 high-income	 countries,	



	 282	

intrapartum	asphyxia	is	also	often	associated	with	staff-related	quality	of	care	issues(5-

9),	and	so	there	is	potential	applicability	of	this	thesis	outside	of	an	LMIC.	

	

THE	USE	AND	BENEFITS	OF	UA	LACTATE	SAMPLING	

	

The	use	of	 umbilical	 artery	 lactate	 in	 LMIC	 is	 only	 applicable	 to	 facility-based	births,	

which	 remain	 uncommon	 in	 many	 LMIC(10).	 However,	 there	 are	 many	 places	

internationally	with	similar	rates	of	facility-based	birth	and	intrapartum	issues	as	South	

Africa.	 In	Brazil,	 for	example,	more	 than	a	 third	of	perinatal	deaths	are	secondary	 to	

asphyxia,	and	facility-based	birth	is	usual(11).	We	would	therefore	anticipate	that	this	

trial	 could	 be	 replicated	 in	 other	 resource-limited	 settings.	 Equally,	 umbilical	 cord	

assessment	of	acidosis	 is	used	frequently	 in	high-income	countries	and	we	were	able	

to	 conduct	 a	 large	 meta-analysis	 showing	 that	 this	 can	 conducted	 using	 lactate	

measurement	on	a	simple	handheld	machine,	expanding	the	applicability	of	this	thesis.	

	

While	 there	 is	 need	 for	 complex	 multifactorial	 approaches	 to	 improve	 perinatal	

mortality	 in	LMIC(12,	13),	the	process	of	UA	lactate	sampling	can	form	a	part	of	this.	

However,	 it	was	important	that	we	consider	the	balance	of	 impact	on	resources	with	

the	potential	 for	 improved	outcomes	when	 implementing	our	 trial.	 Simple	measures	

such	as	use	of	the	partogram	in	labour,	or	basic	neonatal	resuscitation	are	components	

of	QoC	that	are	positively	associated	with	maternal	and	perinatal	survival,	and	these	

basic	measures	are	critical	before	consideration	of	complex	 technological	answers	 to	

perinatal	mortality(14-19).	The	feasibility	of	 introducing	UA	 lactate	sampling	outlined	
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in	Chapter	six	in	addition	to	the	positive	attitudes	of	staff	seen	in	the	study	in	Chapter	

nine	makes	it	possible	that	this	intervention	could	be	introduced	alongside	other	QoC	

measures.	 However,	 oversaturation	 of	 existing	 resources	 in	 combination	 with	

deficiencies	 in	 QoC	 contributes	 to	 adverse	 maternal	 and	 perinatal	 outcomes	 in	

LMIC(20)	(Figure	10.1).	

	

	

Image	11.1	Crowded	antenatal	ward	at	Kalafong	Hospital	

	

While	I	saw	some	benefit	with	the	introduction	of	UA	lactate	sampling	(lower	

caesarean	deliveries	and	reduced	admissions	 to	 the	nursery),	 there	was	no	

apparent	 change	 in	 neonatal	 acidosis	 or	 mortality.	 It	 was	 important	 to	

consider	 that	 the	 benefits	 of	 introduction	 were	 greater	 than	 any	 risks.	 In	
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Chapter	2	I	showed	the	Perinatal	Care	Indicators	(PCI)	for	Kalafong	for	2013,	

prior	 to	 the	 intervention	 and	 outlined	 below	 are	 the	 same	 PCI	 for	 2014,	

during	which	our	trial	was	conducted	(Table	11.1).	It	was	reassuring	to	note	

that	 PNMR	 was	 lower	 in	 2014	 than	 in	 2013,	 so	 while	 there	 was	 not	 a	

significant	 result	 in	 our	 trial	 for	 this	 outcome,	 the	 introduction	 of	 the	

sampling	did	not	worsen	Kalafong’s	outcomes.	

	

	

Table	11.1	Perinatal	care	indicators	for	Kalafong	Hospital,	2014	

	

It	is	also	reassuring	to	observe	that	the	UA	lactate	levels	in	women	with	HIV	infection	

in	 this	 thesis	were	 no	 different	when	 compared	with	women	without	 HIV,	 and	 that	

their	 neonatal	 outcomes	 were	 similarly	 comparable.	 The	 burden	 of	 HIV	 distribution	
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overlaps	with	the	global	burden	of	adverse	perinatal	outcomes,	and	UA	sampling	can	

be	confidently	implemented	in	these	settings.		

	

TRANSLATING	RESEARCH	INTO	CLINICAL	PRACTICE	

	

It	was	 clear	 during	 the	 implementation	of	 this	 quality	 of	 care	 intervention	 that	 staff	

ownership	of	the	process	contributed	to	the	success	of	 the	trial.	Both	midwifery	and	

medical	staff	became	invested	in	the	process,	and	could	see	the	fruits	of	their	 labour	

on	 a	 daily	 basis	 (Image	 11.2).	 A	 quality	 improvement	 program	 in	 India	 similarly	

described	 health	 care	 training	 and	 ownership	 of	 a	 maternal	 and	 newborn	 quality	

improvement	program	that	 resulted	 in	significant	 results(21).	The	 introduction	of	UA	

lactate	sampling	 in	other	settings	will	clearly	require	staff	buy-in	and	commitment	to	

each	part	of	the	QoC	audit	process,	rather	than	just	the	sampling	itself.	
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Image	 11.2	 The	 primary	 author	 of	 this	 thesis	 and	 Sister	Maria,	 Matron	 of	 Kalafong	

Hospital	labour	ward	

	

THE	IMPLEMENTATION	OF	QOC	AUDIT	

	

Audit	 can	 objectively	 identify	 areas	 where	 QoC	 interventions	 can	 be	 targeted.	

However,	 our	 analysis	 demonstrated	 that	 audit	 alone	 does	 not	 necessarily	 improve	

mortality	given	 the	variation	 in	direction	of	 trends	 in	mortality	of	163	 sites	with	 five	

years	 of	 continuous	 audit.	 Thus,	 the	 assumption	 is	 false	 that	 once	 a	 problem	 is	

identified	 health	 care	 providers	 will	 make	 an	 automatic	 correction	 and	 solve	 the	

problem.	The	introduction	of	the	UA	lactate	sampling	and	the	daily	and	weekly	review	

of	 cases	 in	 this	 thesis	 was	 a	 QoC	 audit	 process,	 which	 appeared	 to	 have	 some	

beneficial	outcomes,	 including	a	reduction	 in	the	rate	of	CS.	Moreover,	 the	real-time	

quality	of	care	feedback	may	have	other	benefits;	immediate	postnatal	care	improves	

probability	 of	 neonatal	 survival	 in	 sub-Saharan	 Africa(22)	 and	 so	 the	 process	 of	
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obtaining	 a	 lactate	 sample	 may	 identify	 an	 additional	 safety	 net	 for	 clinicians	 to	

recognise	the	at-risk	neonate.	

	

There	remain	several	challenges	to	implementing	audits.	In	order	for	audit	to	have	any	

effect	on	perinatal	care,	it	must	be	implemented	in	a	system	that	is	supportive	of	the	

requirements	 for	 audit.	 An	 assessment	 in	 Dar	 es	 Salaam	 hospitals	 (with	 a	 hospital	

based	MMR	of	1602/100000	live	births	and	a	PNMR	of	123/1000	live	births)	showed	a	

lack	 of	 internal	 infrastructure	 for	 audit	 as	 well	 as	 clinical	 staff	 support	 and	

responsibility.	This	 resulted	 in	an	essentially	 ineffective	process	–	with	very	 few	staff	

surveyed	being	able	to	name	a	single	outcome	/	change	as	a	result	of	audit(23).	Audit	

must	 lead	in	to	data	reporting	to	appropriate	health	care	professionals	followed	by	a	

process	of	implementing	change	to	make	it	a	relevant	tool.	Qualitative	analysis	of	PPIP	

shows	that	the	ability	to	sustain	audit	and	implement	changes	requires	motivated	staff	

(a	multi-level	and	multi-disciplinary	approach)	 to	conduct	and	be	 responsible	 for	 the	

program(24).	 This	 is	 one	 of	 the	 potential	 challenges	 of	 audit	 as	 a	 tool	 to	 improve	

perinatal	mortality	–	if	it	is	only	introduced	as	a	point	in	time	capture	tool	rather	than	

as	an	agent	of	progress	to	change,	then	any	effects	have	the	potential	to	be	very	short	

lived.	
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STRENGTHS	OF	THE	RESEARCH	

	

The	strengths	of	this	research	lie	in	the	large	clinical	trials	supported	by	comprehensive	

data	analyses	of	the	related	evidence.	The	assessment	of	causes	of	perinatal	mortality	

was	 from	 large	population	based	data,	 truly	 reflective	of	 the	usual	 state	of	obstetric	

outcomes	in	South	Africa.	The	meta-analysis	of	the	diagnostic	test	accuracy	of	lactate	

sampling	include	a	broad	search	term	systematic	review,	with	more	than	40,000	titles	

and	abstracts	screened	to	ensure	any	cohort	assessing	lactate	as	a	measure	of	acidosis	

was	 captured.	 More	 than	 38,000	 women	 were	 included	 in	 the	 analysis	 in	 the	 first	

comprehensive	systematic	 review	of	using	 lactate	as	a	measure	of	acidosis.	The	QoC	

audit	data	 focused	on	 facilities	with	at	 least	 five	years	of	 continuous	audit,	and	with	

more	than	three	million	births	and	nearly	100,000	deaths	included,	the	large	numbers	

likely	reduced	the	impact	of	any	individual	facility	confounders	on	the	impact	of	QoC	

audit.	Assessing	the	use	and	impact	of	UA	lactate	in	our	setting	was,	to	our	knowledge,	

the	 largest	 cohort	 of	UA	 lactate	 samples	 in	 an	 LMIC,	with	 cut-off	 findings	 similar	 to	

high-income	countries.	The	introduction	of	UA	sampling	was	part	of	a	comprehensive	

QoC	 audit	 program,	 including	 focused	 educations	 and	 daily	 and	 weekly	 review	

meetings,	 which	 was	 known	 to	 be	 important	 in	 the	 successful	 implementation	 of	

quality	of	care	audit	programs	in	South	Africa(24).	Equally	our	large	cohort	makes	the	

assessment	of	 the	 impact	of	HIV	 infection	on	UA	 lactate	results	more	robust.	Finally,	

we	have	considered	the	challenges	of	translating	research	in	to	practice	in	LMIC		
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LIMITATIONS	OF	THE	RESEARCH	

	

Much	 of	 our	 supporting	 data	 (causes	 of	 perinatal	 mortality	 and	 the	 impact	 of	 QoC	

audit)	 was	 retrospective	 and	 therefore	 subject	 to	 confounders	 that	 we	 could	 not	

control	 for.	 This	was	 particularly	 true	 for	 the	 analysis	 of	 the	 impact	 of	 audit,	where	

there	 were	 no	 overt	 differences	 in	 the	 data	 between	 the	 facilities	 with	 increasing	

compared	to	decreasing	mortality.	Clearly	there	is	something	different	occurring	here,	

but	we	had	no	capacity	to	interrogate	this	issue.		

	

The	use	of	UA	 lactate	measuring	requires	both	physical	and	human	resources.	While	

on	the	surface	these	seem	insignificant,	in	low	resource	settings	this	is	less	likely	to	be	

the	case.	A	survey	of	53	delivery	units	in	the	Democratic	Republic	of	Congo	found	that	

not	one	had	the	all	of	the	equipment	necessary	to	execute	basic	emergency	obstetric	

and	neonatal	care(25).	Moreover,	 the	availability	of	CTG	 in	 these	settings	 is	 far	 from	

universal(26).	 These	 deficiencies	 are	 replicated	 innumerable	 times	 in	 the	 literature	

across	Africa(27,	28).	We	therefore	recognise	that	 in	LMIC	the	basic	steps	needed	to	

reduce	 the	 high	 perinatal	mortality	 burden	would	 and	 should	 take	 priority	 over	 the	

introduction	 of	 umbilical	 artery	 sampling.	 However	 there	 is	 great	 variability	 in	 units	

within	LMIC	and	we	have	shown	both	feasibility	and	effectiveness	of	 introducing	this	

tool.		
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There	were	pragmatic	components	to	main	 lactate	study,	which	could	be	considered	

limitations.	Only	umbilical	artery	 lactates	were	measured,	and	 the	absence	of	paired	

arterial	 and	 venous	 sampling	 may	 have	 resulted	 in	 inadvertent	 venous	 sampling	 in	

some	cases.	While	our	systematic	review	showed	that	venous	lactate	correlated	with	

neonatal	 acidosis,	 this	 limitation	 potentially	 altered	 the	 lactate	 results	 in	 the	 study.	

Furthermore,	 the	 sampling	 of	 lactates	was	 essentially	 a	 convenience	 sample,	 within	

the	limitations	of	both	the	main	researcher	as	well	as	the	limited	human	resources	of	

the	 Kalafong	 obstetric	 unit.	 The	 results	must	 be	 interpreted	within	 the	 potential	 for	

sampling	 error	 given	 only	 a	 proportion	 of	 deliveries	 during	 the	 study	 period	 had	 an	

umbilical	artery	 lactate	sampling.	That	said,	there	was	evidence	that	the	intervention	

potentially	 impacted	 the	 care	 in	 the	unit	 as	 a	whole	 (reduction	 in	 caesarean	 section	

rates	in	all	deliveries)	and	so	the	sampling	and	outcomes	may	be	reflective	of	the	unit	

overall	during	the	study	period.		

	

It	 is	also	clear	 that	we	cannot	separate	 the	CTG	training	component	of	 the	trial	with	

the	lactate	sampling	in	terms	of	the	impact	on	maternal	and	neonatal	outcomes.	We	

know	 that	 training	 in	 fetal	 monitoring	 in	 large	 cohort	 studies	 is	 associated	 with	

improved	neonatal	outcomes(29).	However	 the	 lactate	sampling	can	only	add	 to	 the	

understanding	 of	 the	 fetal	monitoring,	which	 is	 critical	 if	 the	monitoring	 is	 to	 be	 of	

benefit	with	correct	clinical	management	where	appropriate(30,	31).	
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FUTURE	DIRECTIONS	FOR	RESEARCH	

	

Since	the	conduct	of	our	clinical	trial,	we	are	aware	of	a	similar	cohort	study	in	Malawi	

being	 commenced	 to	 review	 umbilical	 arterial	 lactate	 and	 neonatal	 outcomes(32).	

There	 is	 large	 variance	 in	 the	 levels	 of	 intrapartum	 resources,	 care	 and	outcomes	 in	

LMIC	 and	 ongoing	 large	 cohort	 studies	 looking	 at	 the	 role	 of	 UA	 lactate	 to	 improve	

intrapartum	care	would	be	appropriate.	We	initially	hypothesised	that	the	introduction	

of	 UA	 lactate	 sampling	 would	 result	 in	 an	 improvement	 in	 lactate	 levels	 over	 time,	

however	 this	 was	 not	 borne	 out.	 It	 may	 be	 because	 our	 sample	 size	 was	 relatively	

small	 compared	 to	 other	 large	 cohorts	 that	 have	 proved	 that	 hypothesis(33),	 and	

further	 testing	 in	 larger	 LMIC	cohorts	would	be	appropriate.	 	Equally	we	accept	 that	

the	complex	facets	of	both	antenatal	and	intrapartum	care	in	our	setting	may	limit	the	

impact	of	this	single	intervention.	

	

CONCLUSION	

	

The	 initial	 concept	 for	 this	 thesis	 stemmed	 from	 the	 overwhelming	 burden	 of	

intrapartum	hypoxia	and	asphyxia	to	perinatal	mortality	in	LMIC.	A	quarter	of	perinatal	

deaths	in	South	Africa	follow	intrapartum	asphyxia	and	it	 is	possible	in	these	settings	

to	 introduce	 quality	 of	 care	 audit	 that	 decrease	 perinatal	 mortality.	 The	 use	 of	

umbilical	 artery	 lactate	 is	 both	 feasible	 and	 effective	 in	 South	 Africa,	 and	 can	

contribute	to	improved	maternal	and	perinatal	outcomes.	 	
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APPENDICES	FOR	CHAPTER	2	

	

APPENDIX	2.1:	PAPERS	BY	THE	THESIS	AUTHOR	ON	THE	DEVELOPMENT	OF	THE	ICD-PM	
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APPENDICES	FOR	CHAPTER	3	
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APPENDIX	3.1:	PATIENT	INFORMATION	AND	CONSENT	FORM	FOR	THE	“INTRODUCTION	OF	

UNIVERSAL	CORD	LACTATE	SAMPLING	AND	CORRELATION	WITH	NEONATAL	OUTCOMES”	

	



	 331	

	



	 332	

	



	 333	

	

	

	



	 334	

	

APPENDIX	3.2:	DATA	COLLECTION	SHEET	
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APPENDIX	3.3:	PRE	TRAINING	CTG	TEST	FOR	DOCTORS	(QUESTIONS)	

	

Pre	training	CTG	test	 	

Kalafong	Hospital	

	

Name:	______________________________________	

	

Demographics	(please	circle)	

Male	/	female	

	

Training	level:	

Intern	year	1	

Intern	year	2	

Registrar	year	1	/	2	/	3	/	4	/	5	

Other	__________________	

	

Previous	CTG	training:	
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No	formal	training	

ESMOE	lecture	

Other	__________________	

	

1) Early	decelerations	are:	

a) Due	to	inhibition	of	the	sympathetic	nervous	system	

b) Usually	below	100	beats/min	

c) Always	physiological	

d) Reproduced	by	pressure	over	the	posterior	fontanelle	

	

2) Late	decelerations	due	to	reflex	vagal	stimulation	usually	are	associated	with:	

a) Fetal	tachycardia	

b) Fetal	bradycardia	

c) Increased	baseline	variability	

d) Normal	baseline	variability	

e) Decreased	baseline	variability	

	

3) The	most	important	feature	of	late	decelerations	is:	
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a) The	frequency	of	their	occurrence	

b) The	depth	of	the	decelerations	

c) Duration	of	the	decelerations	

d) The	time	from	onset	of	contraction	to	onset	of	deceleration	

e) The	time	from	cessation	of	the	contraction	to	cessation	of	the	deceleration	

	

4) The	accelerations	which	 frequently	precede	and	follow	variable	decelerations	are	

said	to	result	from:	

a) Adrenaline	release	

b) Atropine	release	

c) Umbilical	artery	occlusion	

d) Umbilical	vein	occlusion	

e) Total	cord	occlusion	

	

5) Which	of	the	following	is	NOT	important	in	the	interpretation	of	the	

significance	of	variable	decelerations:	

a) Baseline	variability	

b) The	depth	of	the	decelerations	
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c) The	duration	of	the	decelerations	

d) An	increasing	baseline	rate	

e) The	duration	from	onset	of	the	contractions	to	onset	of	the	decelerations	

	

6) Which	 of	 the	 following	 tests	 for	 the	 assessment	 of	 fetal	 wellbeing	 has	 been	

validated	 through	 rigorous	 scientific	 investigation,	 and	 found	 to	 reduce	 perinatal	

mortality?		

a) Antenatal	electronic	fetal	monitoring	

b) Intrapartum	electronic	fetal	monitoring	

c) Amniotic	fluid	volume	assessment	

d) Fetal	umbilical	artery	Doppler	assessment	in	low	risk	pregnancies	

e) Fetal	umbilical	artery	Doppler	assessment	in	high	risk	pregnancies	
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7) The	following	cord	blood	gas	result	suggests:	

	 Umbilical	Artery	 Umbilical	Vein	

pH	 6.983	 6.999	

pO2	 10.5	 24.5	

pCo2	 100.6	 92.8	

Base	Excess	 -11.2	 -10.8	

	

a) Acute	respiratory	acidosis	

b) Acute	metabolic	acidosis	

c) Chronic	respiratory	acidosis	

d) Chronic	metabolic	acidosis	

e) Chronic	mixed	respiratory	and	metabolic	acidosis	

	

8) Intermittent	 fetal	 heart	 rate	 monitoring	 has	 the	 same	 outcomes	 as	 continuous	

monitoring	if:	

a) 1:1	dedicated	midwife	

b) 	All	women	have	ruptured	membranes	(SROM,	ARM)	

c) All	babies	with	meconium	have	continuous	monitoring	
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d) All	 suspected	 abnormalities	 on	 intermittent	 monitoring	 are	 confirmed	 by	

continuous	fetal	monitoring	

e) All	of	the	above	

	

9) Which	of	the	following	associations	with	a	sinusoidal	FHR	trace	is	NOT	true:	

a) Vasa	praevia	

b) Feto-maternal	haemorrhage	

c) Normal	baseline	variability		

d) Rh	isoimmunisation	

e) Normal	baseline	rate	

	

10) In	anaerobic	metabolism	

a) The	tissue	pH	rises	

b) The	FHR	pattern	is	always	unchanged	

c) 29	times	more	energy	is	produced	during	the	degradation	of	each	glucose	

molecule	

d) Lactic	acid	accumulates	

e) The	tissue	pH	does	not	change	
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11) The	frequency	of	episodes	of	 fetal	breathing	movements	 (chest	wall	movements)	

on	ultrasound	examination	is	decreased	in	all	the	following	conditions	EXCEPT:	

a) Labour	

b) Normal	fetal	oxygenation	

c) Hypoglycaemia	

d) CNS	depressant	drugs	

e) Fetal	acidosis	

	

12) Following	delivery	an	umbilical	arterial	blood	gas	analysis	is	reported	as:	

	 Umbilical	artery	 Umbilical	vein	

pH	 	 7.08	 7.34	

pO2	 14.6	 20.4	

pCO2	 	 76.7	 38.6	 	

Base	Excess	 -9.1	 												-4.8	 	

	

a) Acute	respiratory	acidosis	

b) Acute	metabolic	acidosis	
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c) Chronic	respiratory	acidosis	

d) Acute	mixed	respiratory	and	metabolic	acidosis	

e) Chronic	mixed	respiratory	and	metabolic	acidosis	

	

13) The	International	Cerebral	Palsy	Taskforce	consensus	statement	outlines	essential	

criteria	that	must	be	present	to	consider	that	acute	 Intrapartum	hypoxia	was	the	

cause	of	cerebral	palsy.	Which	are	the	correct	statements?	

1) Evidence	of	a	metabolic	acidosis	in	intrapartum	fetal,	umbilical	arterial	cord	or	

early	neonatal	blood	(pH	<7.00	and	base	deficit	>=12mmol/L)	

2) Early	onset	of	severe	or	moderate	neonatal	encephalopathy	in	infants	of	>	=	34	

weeks	gestation	

3) Cerebral	palsy	of	the	spastic	quadriplegic	or	dyskinetic	type	

4) Evidence	of	a	metabolic	acidosis	in	intrapartum	fetal,	umbilical	arterial	cord	or	

early	neonatal	blood	(pH	<7.20	and	base	deficit	>=6mmol/L)		

(a) 1,2,3	

(b) 2,3,4	

(c) 2	and	4	

(d) 1	and	3	

(e) All	of	the	above	
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14) Following	delivery	an	umbilical	artery	blood	gas	analysis	is	reported	as:	

pH	7.04	

pO2	10		

pCO2	50		

Base	Excess	–18	

	

This	data	is	consistent	with	

a) Respiratory	acidosis	

b) Mixed	respiratory	and	metabolic	acidosis	

c) Metabolic	acidosis	

d) Normal	acid	base	balance	

	

	



	 345	

	



	 346	

	



	 347	

	



	 348	

	



	 349	



	 350	

	

APPENDIX	3.4:	PRE	TRAINING	CTG	TEST	FOR	DOCTORS	(ANSWERS)	

1. C	

2. D	

3. A	

4. D	

5. E	

6. E	

7. E	

8. E	

9. C	

10. D	

11. B	

12. A	

13. A	

14. C	

15. C	

16. E	

17. B	

18. C	

19. E	
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APPENDIX	3.5:	POST	TRAINING	CTG	TEST	FOR	DOCTORS	

	

Post	training	CTG	test	

Kalafong	Hospital	

	

1.	 Fetal	sleep	states	may	be	associated	with	any	or	all	of	the	following	EXCEPT	

a.	 Absent	Variability	

b.	 Normal	FHR	variability	

c.	 Absent	fetal	breathing	movements	

d.	 Late	decelerations	

e.	 Reduced	fetal	movements	

	

2.	 Early	decelerations	are	

a.	 Due	to	inhibition	of	the	sympathetic	nervous	system	

b.	 Usually	below	100	beats/min	

c.	 Always	physiological	

d.	 Reproduced	by	pressure	over	the	posterior	fontanelle	

e.	 Common	
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3.	 Which	of	the	following	is	not	a	recognised	cause	of	late	decelerations	

a.	 Fetal	head	compression	

b.	 Uterine	hypertonia	

c.	 Maternal	hypotension	

d.	 Uterine	rupture	

e. Placental	failure	

	

4.	 Late	decelerations	due	to	reflex	vagal	stimulation	usually	are	associated	with	

	 a.	 Fetal	tachycardia	

	 b.	 Fetal	bradycardia	

	 c.	 Increased	baseline	variability	

	 d.	 Normal	baseline	variability	

e. Decreased	baseline	variability	

	

5.	 The	most	important	feature	of	late	decelerations	are	

	 a.	 The	frequency	of	their	occurrence	

	 b.	 The	depth	of	the	decelerations	
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	 c.	 Duration	of	the	decelerations	

	 d.	 The	time	from	onset	of	contraction	to	onset	of	deceleration	

e. The	time	from	cessation	of	the	contraction	to	cessation	of	the	deceleration	

	

6.	 The	accelerations	which	frequently	precede	and	follow	variable	decelerations	are	

said	to	result	from	

	 a.	 Adrenaline	release	

	 b.	 Atropine	release	

	 c.	 Umbilical	artery	occlusion	

	 d.	 Umbilical	vein	occlusion	

e. Total	cord	occlusion	

	

7.	 Regarding	physiological	fetal	heart	rate	mechanisms	which	one	of	the	following	

associations	is	FALSE:	

	 a.	 Early	decelerations	are	due	to	head	compression	

	 b.	 Variable	decelerations	are	due	to	cord	compression	

	 c.	 Variable	decelerations	are	due	to	fetal	hypoxia	

	 d.	 Late	decelerations	may	be	due	to	a	reflex	receptor	response	
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	 e.						Late	decelerations	are	always	due	to	myocardial	ischaemia	

	

8. When	performing	an	antenatal	CTG	after	10-20	minutes	non-reactivity	the	most	

appropriate	action	is	to	

	 a.	 Recommend	delivery	

	 b.	 Inform	the	medical	officer	

c. Manually	palpate	the	fetus	(if	not	contraindicated)	and	administer	a	drink	

to	the	mother	

	 d.	 Repeat	the	test	the	following	day	

e. Perform	a	vaginal	examination		

	

9. Which	 of	 the	 following	 tests	 for	 the	 assessment	 of	 fetal	 wellbeing	 has	 been	

validated	 through	 rigorous	 scientific	 investigation,	 and	 found	 to	 reduce	 perinatal	

mortality?		

a. Antenatal	electronic	fetal	monitoring	

b. Intrapartum	electronic	fetal	monitoring	

c. Amniotic	fluid	volume	assessment	

d. Fetal	umbilical	artery	Doppler	assessment	in	low	risk	pregnancies	

e. Fetal	umbilical	artery	Doppler	assessment	in	high	risk	pregnancies	
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10. The	following	cord	blood	gas	result	suggests:	

	 A	 V	

pH	 6.983	 6.999	

pO2	 10.5	 20.4	

pCO2	 100.6	 92.8	

BE	 -10.8	 -11.2	

	

a. Acute		respiratory	acidosis	

b. Acute		metabolic	acidosis	

c. Chronic	respiratory	acidosis	

d. Chronic	metabolic	acidosis	

e. Chronic	mixed	respiratory	and	metabolic	acidosis	

	

11.				Indications	for	continuous	fetal	monitoring	include	all	the	following	except	

a) 	Maternal	auto	immune	condition	(SLE)	

b) 	Pregnancy	induced	hypertension	

c) 	Oligohydramnios	
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d) 	All	women	in	labour	at	40	weeks	gestation		

e) 	labour	induction		

	

12. 		Intermittent	 fetal	 heart	 rate	monitoring	 has	 the	 same	 outcomes	 as	 continuous	

monitoring	if	

a) 1:1	dedicated	midwife	

b) 	All	women	have	ruptured	membranes	(SROM,	ARM)	

c) All	babies	with	meconium	have	continuous	monitoring	

d) All	 suspected	 abnormalities	 on	 intermittent	monitoring	 are	 confirmed	 by	

continuous	fetal	monitoring.	

e) All	of	the	above	

	

13.	Which	of	the	following	associations	with	a	sinusoidal	FHR	trace	is	NOT	true	

a) Vasa	praevia	

b) Feto-maternal	haemorrhage	

c) Normal	baseline	variability		

d) Rh	isoimmunisation	

e) Normal	baseline	rate	

	

14.	In	anaerobic	metabolism	

a. The	tissue	pH	rises	
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b. The	FHR	pattern	is	always	unchanged	

c. 29	 times	more	energy	 is	produced	during	 the	degradation	of	each	glucose	

molecule	

d. Lactic	acid	accumulates	

e. The	tissue	pH	does	not	change	

15. Following	delivery	an	umbilical	arterial	blood	gas	analysis	is	reported	as	

	

	 A	 V	

pH	 6.76	 6.87	

pO2	 8.2	 15.2	

pCO2	 50.2	 58.4	

BE	 -21.7	 -20.1	

	

These	data	are	consistent	with	

a. Respiratory	alkalosis	

b. Acute	respiratory	acidosis	

c. Mixed	Respiratory	&	Metabolic	acidosis	

d. Metabolic	alkalosis	

e. Chronic	Metabolic	acidosis		
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16.	 The	 frequency	 of	 episodes	 of	 fetal	 breathing	 movements	 (chest	 wall	

movements)	on	ultrasound	examination	is	decreased	in	all	the	following	conditions	

EXCEPT	

a. Labour	

b. Normal	fetal	oxygenation	

c. Hypoglycaemia		

d. CNS	depressant	drugs	

e. Fetal	acidosis	

	

17.Which	one	of	the	following	is	NOT	included	in	the	Biophysical	profile?	

a. Fetal	breathing	movements	

b. Reactive	CTG	

c. Fetal	Rapid	Eye	Movements	

d. Fetal	movements	

e. Fetal	tone	
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18.	Following	delivery	an	umbilical	arterial	blood	gas	analysis	is	reported	as	

	 A	 V	

pH	 7.08	 7.34	

pO2	 14.6	 20.4	

pCO2	 76.7	 38.6	

BE	 -9.1	 -4.8	

	 	

	

a. Acute	respiratory	acidosis	

b. Acute	metabolic	acidosis	

c. Chronic	respiratory	acidosis	

d. Acute	mixed	respiratory	and	metabolic	acidosis	

e. Chronic	mixed	respiratory	and	metabolic	acidosis	

	

19.	Currently	the	most	sensitive	reflection	of	birth	asphyxia	is	 	 	

a. umbilical	artery	pH	

b. Apgar	score	

c. Neonatal	admission	

d. First	neonatal	pH	
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e. Fetal	heart	rate	pattern	in	last	60	minutes	of	labour	

	

20.	The	International	Cerebral	Palsy	Taskforce	consensus	statement	outlines	essential	

criteria	that	must	be	present	to	consider	that	acute	Intrapartum	hypoxia	was	the	cause	

of	cerebral	palsy.		

Which	are	the	correct	statements?	

	

1. Evidence	of	a	metabolic	acidosis	in	intrapartum	fetal,	umbilical	arterial	cord	or	

early							neonatal	blood	(pH	<7.00	and	base	deficit	>=12mmol/L)				

2. 	Early	onset	of	severe	or	moderate	neonatal	encephalopathy	in	infants	of	>=34	

weeks	gestation	

3. Cerebral	palsy	of	the	spastic	quadriplegic	or	dyskinetic	type		

4. Evidence	of	a	metabolic	acidosis	in	intrapartum	fetal,	umbilical	arterial	cord	or	

early	neonatal	blood	(pH	<7.20	and	base	deficit	>=6mmol/L)		

a. 1,2,3	

b. 2,3,4	

c. 2	and	4	

d. 1	and	3	

e. All	of	the	above	
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21.	Regarding	umbilical	artery	lactate		

a. Sampling	should	only	be	performed	on	cord	from	full	term	fetuses	

b. Is	mostly	maternal	in	origin	

c. Is	comparable	to	pH	in	predicting	the	neonate	at	risk	

d. Indicates	which	neonates	need	resuscitation	

	

22.	This	data	is	consistent	with	

	 A	 V	

pH	 7.08	 7.34	

pO2	 14.6	 20.4	

pCO2	 76.7	 38.6	

BE	 -12.1	 -11.8	

	

a. Acute	Respiratory	acidosis	

b. Acute	Metabolic	acidosis	

c. Normal	acid	base	balance	

d. Chronic	Metabolic	acidosis	

e. Mixed	respiratory	and	metabolic	acidosis	
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23.		In	labour,	the	presence	of	a	fetal	heart	acceleration	during	a	vaginal	examination	

indicates:	

a. An	acidotic	fetus	

b. Labour	is	progressing	normally	

c. A	caesarean	section	should	be	performed	

d. Normal	fetal	oxygenation	in	99%	of	cases	

e. Uterine	hyper-stimulation		
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APPENDIX	3.6:	POST	TRAINING	CTG	TEST	FOR	DOCTORS	(ANSWERS)	

	

1. D	

2. C	

3. A	

4. D	

5. A	

6. D	

7. E	

8. C	

9. E	

10. E	

11. D	

12. E	

13. C	

14. D	

15. E	

16. B	

17. C	

18. A	

19. A	

20. A	

21. C	



	 372	

22. E	

23. D	

24. C	

25. B	

26. D	

27. E	

28. E	

29. C	

30. B	

31. E	

32. C	

33. E	
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APPENDIX	3.7:	PRE	TRAINING	CTG	TEST	FOR	MIDWIVES	(QUESTIONS)	

Kalafong	Hospital	

Pre	training	CTG	test	

	

Demographics	(please	circle)	

	

Male	/	female	

	

Training	level:	

Student	

Midwife	

Professional	nurse	

Community	service	

Other___________________	

	

Previous	CTG	training	

No	formal	training	

ESMOE	lecture	



	 374	

Other	__________________	

	

1. Early	decelerations	are:	

a. Due	to	inhibition	of	the	sympathetic	nervous	system	

b. Usually	below	100	beats/min	

c. Always	physiological	

d. Reproduced	by	pressure	over	the	posterior	fontanelle	

	

2. The	most	important	feature	of	late	decelerations	is:	

a. The	frequency	of	their	occurrence	

b. The	depth	of	the	decelerations	

c. Duration	of	the	decelerations	

d. The	time	from	onset	of	contraction	to	onset	of	deceleration	

e. The	 time	 from	 cessation	 of	 the	 contraction	 to	 cessation	 of	 the	

deceleration	

	

3. The	accelerations	which	 frequently	precede	and	 follow	variable	decelerations	

are	said	to	result	from:	

a. Adrenaline	release	

b. Atropine	release	

c. Umbilical	artery	occlusion	

d. Umbilical	vein	occlusion	

e. Total	cord	occlusion	
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4. Which	 of	 the	 following	 is	 NOT	 important	 in	 the	 interpretation	 of	 the	

significance	of	variable	decelerations:	

a. Baseline	variability	

b. The	depth	of	the	decelerations	

c. The	duration	of	the	decelerations	

d. An	increasing	baseline	rate	

e. The	 duration	 from	 onset	 of	 the	 contractions	 to	 onset	 of	 the	

decelerations	

	

5. Intermittent	fetal	heart	rate	monitoring	has	the	same	outcomes	as	continuous	

monitoring	if:	

a. 1:1	dedicated	midwife	

b. All	women	have	ruptured	membranes	(SROM,	ARM)	

c. All	babies	with	meconium	have	continuous	monitoring	

d. All	 suspected	 abnormalities	 on	 intermittent	monitoring	 are	 confirmed	

by	continuous	fetal	monitoring	

e. All	of	the	above	

	

6. Regarding	umbilical	artery	lactate		

a. Sampling	should	only	be	performed	on	cord	from	full	term	fetuses	

b. Is	mostly	maternal	in	origin	

c. Is	comparable	to	pH	in	predicting	the	neonate	at	risk	

d. Indicates	which	neonates	need	resuscitation	
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APPENDIX	3.8:	PRE	TRAINING	CTG	TEST	FOR	MIDWIVES	(ANSWERS)	

1. C	

2. A	

3. D	

4. E	

5. E	

6. C	

7. C	

8. E	

9. C	

10. E	
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APPENDIX	3.9:	POST	TRAINING	CTG	TEST	FOR	MIDWIVES	

	

Post	training	CTG	test	

Kalafong	Hospital	

	

1.	 Fetal	sleep	states	may	be	associated	with	any	or	all	of	the	following	EXCEPT	

a.	 Absent	Variability	

b.	 Normal	FHR	variability	

c.	 Absent	fetal	breathing	movements	

d.	 Late	decelerations	

e.	 Reduced	fetal	movements	

	

2.	 Which	of	the	following	is	not	a	recognised	cause	of	late	decelerations	

a.	 Fetal	head	compression	

b.	 Uterine	hypertonia	

c.	 Maternal	hypotension	

d.	 Uterine	rupture	

f. Placental	failure	
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3.	 The	most	important	feature	of	late	decelerations	are	

	 a.	 The	frequency	of	their	occurrence	

	 b.	 The	depth	of	the	decelerations	

	 c.	 Duration	of	the	decelerations	

	 d.	 The	time	from	onset	of	contraction	to	onset	of	deceleration	

f. The	time	from	cessation	of	the	contraction	to	cessation	of	the	deceleration	

4.	 	 Intermittent	 fetal	 heart	 rate	 monitoring	 has	 the	 same	 outcomes	 as	 continuous	

monitoring	if	

a. 1:1	dedicated	midwife	

b. 	All	women	have	ruptured	membranes	(SROM,	ARM)	

c. All	babies	with	meconium	have	continues	monitoring	

d. All	 suspected	 abnormalities	 on	 intermittent	 monitoring	 are	 confirmed	 by	

continuous	fetal	monitoring.	

e. All	of	the	above	

	

5.	Currently	the	most	sensitive	reflection	of	birth	asphyxia	is	

a. umbilical	artery	pH	

b. Apgar	score	

c. Neonatal	admission	
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d. First	neonatal	pH	

e. Fetal	heart	rate	pattern	in	last	60	minutes	of	labour	

	

6.	Regarding	umbilical	artery	lactate		

a. Sampling	should	only	be	performed	on	cord	from	full	term	fetuses	

b. Is	mostly	maternal	in	origin	

c. Is	comparable	to	pH	in	predicting	the	neonate	at	risk	

d. Indicates	which	neonates	need	resuscitation	

	

7.	 	 In	 labour,	 the	presence	of	a	 fetal	heart	acceleration	during	a	vaginal	examination	

indicates:	

a. An	acidotic	fetus	

b. Labour	is	progressing	normally	

c. A	caesarean	section	should	be	performed	

d. Normal	fetal	oxygenation	in	99%	of	cases	

e. Uterine	hyper-stimulation		
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APPENDIX	3.10:	POST	TRAINING	CTG	TEST	FOR	MIDWIVES	(ANSWERS)	

1. D	

2. A	

3. A	

4. E	

5. A	

6. C	

7. D	

8. C	

9. B	

10. E	

11. E	

12. E	

13. C	

14. E	
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APPENDICES	FOR	CHAPTER	5	
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APPENDIX	5.1:	SEARCH	STRATEGY	

	 PUBMED	 	
1	 ("umbilical	 arteries"{MeSH	 Terms}	 OR	 “umbilical	 artery”	 OR	 “umbilical	

arteries”	 OR	 "umbilical	 cord"{MeSH	 Terms}	 OR	 "umbilical	 cord	 blood"	 OR	
“umbilical	cord	artery”	OR	“cord	blood”)	NOT	(“animals”{MESH	Terms}	NOT	
“humans”{MESH	Terms})	

36795	

2	 ("lactic	 acid"{MeSH	Terms}	OR	 "lactic	 acid"	OR	 "lactates"{MeSH	Terms}	OR	
lactate	OR	 lactates	 OR	 "acidosis,	 lactic"{MESH	 Terms}	 OR	 “lactic	 acidosis”)	
NOT	(“animals”{MESH	Terms}	NOT	“humans”{MESH	Terms})	

70437	

3	 ("neonatal	outcome"	OR	"neonatal	outcomes"	OR	(("infant,	newborn"{MESH	
Terms}	 OR	 neonat*)	 AND	 "risk	 factors"{MESH	 Terms})	 OR	 “Fetal	
Hypoxia”{MESH	Terms}	OR	“fetal	hypoxia”	OR	“foetal	hypoxia”	OR	“Asphyxia	
Neonatorum”{MESH	 Terms}	 OR	 “birth	 asphyxia”	 OR	 "fetal	 asphyxia"	 OR	
"foetal	asphyxia"	OR	“intrapartum	hypoxia”	OR	"intrapartum	fetal	asphyxia"	
OR	 “intrapartum	 stillbirths”	 OR	 “intrapartum-linked	 neonatal	 deaths”	 OR	
"Perinatal	 Mortality"{MeSH	 Terms}	 OR	 “perinatal	 mortality”	 OR	 “perinatal	
morbidity”	OR	“Neonatal	near	miss”	OR	“Infant	Mortality”{MESH	Terms}	OR	
“Neonatal	mortality”	OR	"APGAR	score"{MeSH	Terms}	OR	“APGAR	score”	OR	
"fetal	 distress"{MeSH	 Terms}	 OR	 “fetal	 distress”	 OR	 “foetal	 distress”	 OR	
"Infant,	newborn,	diseases/mortality"{Mesh	Terms}	OR	"Respiratory	Distress	
Syndrome,	 Newborn"{MeSH	 Terms})	 NOT	 (“animals”{MESH	 Terms}	 NOT	
“humans”{MESH	Terms})	

81649	

4	 1	OR	2	OR	3	 184754	
5	 1	AND	3	 3357	
6	 2	AND	3	 494	
7	 1	AND	2	 409	
8	 1	OR	6	 48039	
	 EMBASE	 	
1	 Umbilical	artery,	umbilical	cord	blood,	lactic	acid,	lactic	acidosis	 1	
2	 Lactic	acid	and	fetus	outcome	 15	
3	 Lactic	acid,	perinatal	asphyxia,	fetus	hypoxia	 6		
4	 Lactic	acid,	perinatal	asphyxia	 87	
5	 Lactic	acid,	fetus	hypoxia	 91	
6	 Umbilical	artery,	umbilical	cord	blood,	lactic	acid	 24	
7	 Umbilical	cord	blood	and	fetus	outcome	 161	
8	 Umbilical	artery	and	fetus	outcome	 260	
9	 1	OR	2	OR	3	OR	4	OR	5	OR	6	OR	7	OR	8	 651	
	 COCHRANE	 	
1	 Lactate	 5326	
2	 Neonat*	 8866	
3	 Umbilical	 9061	
4	 2	OR	3	 9976	
5	 1	AND	4	 1872	
	 CLINICALTRIALS.GOV	 	
1	 "umbilical	 arteries”	 OR	 “umbilical	 artery”	 OR	 “umbilical	 arteries”	 OR	

"umbilical	 cord"	 OR	 "umbilical	 cord	 blood"	 OR	 “umbilical	 cord	 artery”	 OR	
“cord	blood”	OR	“lactate”	

1247	
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APPENDIX	5.2:	DATA	FROM	EACH	INCLUDED	STUDY,	INCLUDING	THE	THRESHOLDS	FOR	EACH	

OUTCOME	
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		 Abessolo	 Chou	 Gjerris	 Labrecque	 Linet	 Martin	 Racinet	 Westgren	 White	 Wiberg	 Tuuli	

Lactate	 for	
acidosis	pH	 		 		 		

Sample	 size	
52	tp	9	fp	4	
tn	 37	 fn	 2	
lactate	>4.9	
pH<7.2	

Sample	
size	200	tp	
8	 fp	 15	 tn	
169	 fn	 8	
lactate	 >6	
pH>7.15	 		 		

	

		 		 		

Lactate	 for	
acidosis	
using	BE	 		 		 		

Sample	 size	
52	tp	5	fp	0	
fn	3	tn	44	

Sample	
size	 44	 tp	
4	 fp	 2	 tn	
35	 fn	 4	
lactate	 >6,	
BE>-8	 		 		 		 		 		 		

Lactate	 for	
HIE	 (study	
defined	
reference)	 		

Sample	 size	
58.	 tp	 15,	 fp	
10,	tn	33,	fn	0.	
high	 lactate	
defined	 as	
4500-5100	 -	 2	
SD	above	 this.	
sens	100,	spec	
77	 		 		 		 		 		

See	 study	
for	def.	 for	
lactate	
>3.21	 tp	 1	
fp	 404	 tn	
3635	 fn	 5	
sample	
4045	

Lactate	
>5.68	
sample	
size	
21182	
tp	 30	 fp	
2497	 tn	
18644	
fn	12	

Lactate	
>10	tp	3	
fp	 314	
tn	
12609	
fn	3	 		

Lactate	 for	
poor	APGAR	 		 		 		 		 		 		

	

		 		

<7	 at	
5/60	 tp	
24	 fp	
304	 tn	
13293	
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fn	95	

Lactate	 for	
any	 poor	
neonatal	
outcome	
(studied	
defined	
reference)	 		 		 		 		 		 		 		 		 		 		

Composite	
neonatal	
outcome	 tp	
45	 fp	 4258	
tn	 3598	 fn	
9	 for	
lactate	
>3.90	

Correlation	
R	and	R2	for	
lactate	 and	
pH	 		 		

Sample	
size	
2554,	
r=-0.73;	
p<0.001	

Sample	 size	
52	 r=-
0.678;	
p<0.001;	
r2=0.52		

Sample	
size	 200	
r=-0.693;	
p<0.001;	
r2=0.48	

Sample	
size	 410	
r=0.538	
p<0.001	

Sample	
size	 867	
r=-0.75,	
sig	

Sample	
size	 4045	
r2=0.20;	
p<0.001	 		 		 		

Correlation	
R	and	R2	for	
lactate	 and	
APGAR	 at	
5/60	

Sample	
size	81.	r=-
.258;	
p=0.0010	 		 		 		

Sample	
size	 200	
r2=0.1	 		 		 		 		 		 		

Correlation	
R	and	R2	for	
lactate	 and	
SBE	 		 		

Sample	
size	
2554,	
r=-0.76;	
p<0.001	

Sample	 size	
52	 r=-
0.719;	
p<0.001;	
r2=0.46	

Sample	
size	 44	 at	
risk	 r=-
0.837;	
p<0.0001	

Sample	
size	 410	
r=-0.586	
p<0.001	

Sample	
size	 867	
r=-0.79,	
sig	

Sample	
size	 4045	
r2=0.29;	
r=-0.53	
p=0.001	 		 		 		

Correlation	
R	and	R2	for	

		 		 Sample	
size	
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lactate	 and	
ABE	

2554,	
r=-0.83;	
p<0.001	
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APPENDIX	5.3	CHARACTERISTICS	OF	INCLUDED	STUDIES	(N=12)	

	

	 Study	characteristics	

	 Country	
and	
setting	

Patient	
sampling	 &		
#	of	patients	

Patient	characteristics	 Index	tests	 Target	 condition	 and	
references	standards	

Flow	and	timing	

Abessolo	
2009	

Gabon.	
Tertiary	
hospital	

Consecutive.	
81	

Low	 risk,	 non-anomalous	
live	births	

Umbilical	 venous	
lactate	

Neonatal	 Apgar	 at	 5	
minutes.	 Umbilical	
venous	 superoxidase	
dismutase	 and	
glutamate	peroxidase	

Consecutive	
deliveries,	samples	
taken	 immediately	
post-delivery	 from	
clamped	 cord.	 All	
tests	performed	at	
the	 same	 time.	All	
samples	 taken	
from	 umbilical	
vein.		

Chou	
1998	

Taiwan.	
Tertiary	
hospital.	

Consecutive.	
128		

Consecutive	 patients	
included,	 but	 classified	 by	
risk.	 Low	 risk:	 no	 maternal	
medical	 or	 obstetric	
problems	 with	 a	 non-
anomalous	neonate,	with	no	
evidence	 of	 prenatal	 or	
perinatal	 insult,	 at	 an	

Umbilical	 arterial	
lactate,	 pyruvate,	
and	
lactate/pyruvate	
(LP)	ratio	

Neonatal	
encephalopathy	
(classified	 according	 to	
Sarnat	 and	 Sarnat(1))	
Umbilical	arterial	pH	

Consecutive	
patients	 with	 an	
arterial	 blood	 gas,	
samples	 taken	
from	 a	 clamped	
cord,	 using	 a	
heparinised	
syringe	 stored	 on	
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appropriate	 weight	 for	
gestation.	 High	 risk:	
maternal	 complication	 (at	
least	 one	 of	 placenta	
praevia,	placental	abruption,	
breech,	 APH,	 pre-
eclampsia/eclampsia,	 IUGR,	
diabetes,	 cephalopelvic	
disproportion,	 or	 ROM	 >	 48	
hours)	with	 a	 neonatal	with	
at	 least	 one	 of	 history	 of	
abnormal	 fetal	 heart	 rate,	
meconium	aspiration,	or	low	
Apgar.	

ice.	 Arterial	 blood	
gas	done	within	5-
10	 minutes	 or	
delivery,	 serum	
stored	 -20	 and	
lactate	 and	
pyruvate	 done	
within	 6-12	 hours	
of	delivery	

Gjerris	
2008	

Denmark.	
University	
hospital	

Consecutive.	
2554	

All	women	regardless	of	risk	
with	a	singleton	pregnancy	

Umbilical	 arterial	
lactate	

Umbilical	 arterial	 pH,	
ABE,	SBE	

Consecutive	
patients	 had	 a	
sample	taken	after	
delivery	 from	 a	
double	 clamped	
segment	 of	
arterial	cord,	using	
heparinised	
syringes.	 Samples	
were	measured	on	
average	6	minutes	
after	obtaining.	
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Labrecque	
2014	

Canada.	
University	
hospital	

Consecutive.	
52	

Successive	 singleton	
deliveries	

Umbilical	 arterial	
lactate	

Umbilical	 arterial	 pH,	
BE	

Consecutive	
deliveries	 with	 a	
sample	 of	 arterial	
lactate	taken	from	
a	 double	 clamped	
segment	 of	 cord,	
immediately	 post-
delivery,	tested	on	
a	 portable	 and	 a	
lab	 analyser	
(lactate)	 and	 lab	
analyser	alone	(pH	
and	BE)	

Linet	2002	 France.	
University	
hospital	

Consecutive.	
200	

No	 inclusion	 characteristics	
given	

Umbilical	 arterial	
lactate	

Asphyxia	 Umbilical	
arterial	pH	and	BE		

Consecutive	
deliveries	 with	
umbilical	 arterial	
samples	 taken	
from	 a	 double	
clamped	 segment	
of	 cord.	 Sample	
taken	 before	 the	
first	 respiration,	
sample	 analysed	
within	5/60	

Martin	
2003	

France.	
University	
hospital	

Consecutive.	
763	

No	 inclusion	 characteristics	
given	

Umbilical	 arterial	
lactate	

Umbilical	 arterial	 pH	
and	BE	

Consecutive	
deliveries,	
umbilical	 artery	
sample	taken	from	
a	 double	 clamped	
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segment	 of	 cord	
before	the	first	cry	

Racinet	
2013	

France.	
Private	
clinic	

Consecutive.	
867	

Low	 risk	 deliveries,	 >34	
weeks	gestation	

Umbilical	 arterial	
lactate	

Umbilical	 arterial	 pH,	
BE,	CO2	

Consecutive	
deliveries,	 with	
sample	taken	from	
clamped	 segment	
of	 umbilical	 artery	
after	delivery	

Tuuli	2014	 USA.	
University	
hospital	

Consecutive.	
4910	

Women	 who	 laboured	 at	
delivery	 with	 a	 term,	 non-
anomalous	singleton	fetus	

Umbilical	 arterial	
lactate	

Composite	 neonatal	
outcome:	 Neonatal	
death,	 intubation,	
mechanical	 ventilation,	
MAS,	 HIE,	 need	 for	
hypothermic	treatment	
Umbilical	arterial	pH	

Consecutive	
deliveries,	 with	 a	
sample	 collected	
immediately	 after	
delivery,	 before	
knowledge	 of	
neonatal	
outcome.	 Sample	
analysed	 in	 the	
laboratory	

Watt	

2002	

Singapore.	
Tertiary	
hospital	

Unclear.			
130	

Deliveries	at	term	gestation	 Umbilical	 arterial	
and	 venous	
lactate	

Fetal	 distress	 on	 CTG	
Umbilical	 arterial	 and	
venous	pH	and	BE	

Samples	 collected	
post-delivery	 in	
heparinised	
syringes,	
measured	 within	
one	hour	
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Westgren	
1995	

Sweden.	
University	
hospitals	

Consecutive.	
4045	

All	deliveries	eligible	 Umbilical	 arterial	
lactate	

NICU	 admission,	 MAS,	
IRDS,	 assisted	
ventilation,	
neurological	
abnormality,	 neonatal	
deaths	 Umbilical	
arterial	pH,	pCO2,	pO2,	
HCO3,	BE	

Consecutive,	
samples	 taken	
immediately	 after	
delivery	 from	 a	
double	 clamped	
segment	 of	 cord,	
all	 analysis	
performed	 within	
5	minutes	

White	
2012	

Australia.	
Tertiary	
hospital	

Consecutive.	
21182	

All	 modes	 of	 delivery,	 all	
maternal	 ages,	 and	
conditions,	with	delivery	of	a	
fetus(s)	>36	weeks	gestation	

Umbilical	 arterial	
and	 venous	
lactate	

Hypoxic	 ischemic	
encephalopathy	
(classified	 according	 to	
Sarnat	 and	
Sarnat(56))Umbilical	
arterial	 and	 venous	 pH	
and	BE	

Consecutive	
deliveries,	 with	 a	
sample	taken	from	
a	 double	 clamped	
segment	 of	 cord,	
straight	 after	
birth,	 using	 a	
heparinised	
syringe,	 stored	 on	
ice	

Wiberg	
2010	

Sweden.	
University	
hospitals	

Consecutive.	
13753	

All	 planned	 vaginal	
deliveries,	 with	 accurate	
dating	of	 gestation	age,	 and	
a	singleton	fetus	

Umbilical	 arterial	
and	 venous	
lactate	

5/60	 Apgar	 <7	 or	 <4;	
HIE	stage	2-3	Umbilical	
arterial	 and	 venous	 pH	
and	BE	

Consecutive	
deliveries,	 with	 a	
sample	 from	 a	
double	 clamped	
segments	 of	 cord,	
taken	 immediately	
after	 delivery	 and	
before	 newborns	
first	breath	
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APPENDIX	10.1	QUESTIONNAIRE:	ATTITUDES	AND	BARRIERS	TOWARDS	IMPLEMENTATION	OF	

UNIVERSAL	CORD	LACTATE	SAMPLING	

This	questionnaire	is	anonymous	and	all	your	responses	will	be	treated	confidentially.	

For	 the	demographic	 question	please	 circle	 the	 corresponding	 answer	whilst	 for	 the	

remainder	of	questions	please	 tick	 the	answer	 that	best	agrees	with	your	opinion	or	

situation.		

Demographics	(please	circle)	

	

1. Current	position	in	which	you	provide	maternity	care:	

Midwife		 	 	 	 	 Doctor		

	

Nurse	

	

2. Age	

20	to	29	years		 	 	 	 30	to	39	years		

	 	 	

40	to	49	years		 	 	 	 ≥50	years	
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3. Gender	

Male	 	 	 	 	 	 Female	

	

4. Length	of	time	practicing	in	maternity	care:	

	

<	1	year	 	 	 	 	 1-5	years	

6-10	years	 	 	 	 	 >	10	years	 	 	

Previous	experience	of	CTG	use	(please	circle)	

	

1. What	is	your	previous	CTG	training	experience:	

None	

	

At	work	only	

	

As	part	of	medical	or	midwifery	degree	

	

Specific	training	course	
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2. Tick	the	response	which	best	agrees	with	your	opinion	

	

St
ro
ng
ly
	

Ag
re
e	

Ag
re
e	

N
eu

tr
al
	

Di
sa
gr
ee
	

St
ro
ng
ly
	

Di
sa
gr
ee
	

I	 feel	 confident	 to	 identify	 the	

normal	features	of	a	CTG	

	 	 	 	 	

I	 feel	 confident	 to	 identify	 the	

abnormal	features	of	a	CTG	

	 	 	 	 	

	

Previous	Experience	of	Case	Reflection:	

1.	Tick	the	response	which	best	agrees	with	your	opinion	

	

St
ro
ng
ly
	

Ag
re
e	

Ag
re
e	

N
eu

tr
al
	

Di
sa
gr
ee
	

St
ro
ng
ly
	

Di
sa
gr
ee
	

I	 regularly	 attend	 monthly	

perinatal	mortality	meetings	

	 	 	 	 	

Perinatal	 mortality	 meetings	 are	

effective	 in	 reducing	 adverse	

neonatal	outcomes	

	 	 	 	 	

In	 attending	 perinatal	 mortality	

meetings,	I	have	learnt	new	things		

	 	 	 	 	

In	 attending	 perinatal	 mortality	

meetings	 I	 have	 changed	 my	
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practice	

I	 feel	 that	more	 could	be	done	 to	

reduce	bad	outcomes	due	to	birth	

asphyxia		

	 	 	 	 	

	

Previous	Experience	of	Umbilical	Cord	Blood	Gas/Lactate	Analysis	

1. Have	 you	 previously	 had	 experience	 in	 undertaking	 umbilical	 cord	 lactate	

analysis?			

Yes		 	 	 	 	 No	

2. If	you	have	had	previous	experience	in	utilising	umbilical	cord	lactate	analysis	in	

which	manner	was	it	utilised:	

Universal	(e.g.	all	deliveries	have	umbilical	cord	blood	samples	analysed)	

Selective	(e.g.	cord	blood	samples	are	only	analysed	on	some	deliveries)	

Not	applicable	

	

3. Tick	the	response	which	best	agrees	with	your	opinion	

	

	

St
ro
ng
ly
	A
gr
ee
	

Ag
re
e	

N
eu

tr
al
	

Di
sa
gr
ee
	

St
ro
ng
ly
	D
isa

gr
ee
	

I	 feel	 confident	 to	 take	 blood	 from	 the	 	 	 	 	 	
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umbilical	artery	of	a	placenta	

I	 feel	 confident	 to	 interpret	 the	 results	 of	 a	

cord	lactate	result	

	 	 	 	 	

	

Specific	Benefits	of	Umbilical	Cord	Blood	Gas/Lactate	Analysis		

Tick	the	response	that	best	agrees	with	your	opinion	

	

A	number	of	potential	benefits	of	umbilical	

cord	blood	gas/lactate	analysis	have	been	

suggested:	

St
ro
ng
ly
	A
gr
ee
	

Ag
re
e	

N
eu

tr
al
	

Di
sa
gr
ee
	

St
ro
ng
ly
	D
isa

gr
ee
	

Objective	 measurement	 of	 status	 at	 birth	

assists	in	neonatal	care	

	 	 	 	 	

An	 objective	 record	 of	 status	 at	 birth	 is	

protective	 for	 staff	 in	 the	 event	 of	 medico-

legal	issues	

	 	 	 	 	

Umbilical	cord	blood	gas	or	lactate	analysis	is	

cost-effective	

	 	 	 	 	

Improved	 opportunities	 for	 audit	 and	

teaching	of	maternity	care	practice	

	 	 	 	 	

	

Barriers	to	Implementation	of	Universal	Umbilical	Cord	Blood	Gas/Lactate	Analysis		

Tick	the	response	that	best	agrees	with	your	opinion	
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A	number	of	potential	impediments	

to	the	introduction	of	universal	

umbilical	cord	blood	gas/lactate	

analysis	have	been	suggested:	 St
ro
ng
ly
	A
gr
ee
	

Ag
re
e	

N
eu

tr
al
	

Di
sa
gr
ee
	

St
ro
ng
ly
	D
isa

gr
ee
	

Expense	 	 	 	 	 	

Insufficient	time	following	delivery	 	 	 	 	 	

Increased	 workload	 on	

midwifery/medical	staff	members	

	 	 	 	 	

Lack	of	necessary	equipment	 	 	 	 	 	

Lack	of	necessary	expertise	 	 	 	 	 	

Encroachment	of	 technology	 into	 the	

birth	 process	 (or	 ‘medicalisation’	 of	

birth)	

	 	 	 	 	

Decreased	patient	contact	time	 	 	 	 	 	

Further	Comments	

Do	you	have	any	further	comments	on	umbilical	cord	blood	gas/lactate	analysis?	
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APPENDIX	10.2	PATIENT	/	PARTICIPANT’S	INFORMATION	LEAFLET	&	INFORMED	CONSENT	FORM	

	

PATIENT	/	PARTICIPANT’S	INFORMATION	LEAFLET	&	INFORMED		

CONSENT	FORM	FOR	CLINICAL	TRIAL	/	INTERVENTION	RESEARCH		 	

	

TRIAL	TITLE:	Feasibility	of	umbilical	lactate	testing	as	a	clinical	tool	in	a	low	and	middle-

income	setting	

	

	 	 	

INTRODUCTION		

You	are	invited	to	volunteer	for	a	research	study.	This	information	leaflet	is	to	help	you	

to	decide	 if	you	would	 like	to	participate.	Before	you	agree	to	take	part	 in	this	study	

you	should	fully	understand	what	is	involved.	If	you	have	any	questions,	which	are	not	

fully	explained	 in	 this	 leaflet,	do	not	hesitate	 to	ask	 the	 investigator.	You	should	not	

agree	to	take	part	unless	you	are	completely	happy	about	all	the	procedures	involved

	 	

	

WHAT	IS	THE	PURPOSE	OF	THIS	STUDY?		

This	 study	aims	 to	 teach	midwifery	and	medical	 staff	how	 to	measure	 the	 level	of	 a	

substance	called	 lactate	 in	 the	baby’s	umbilical	cord,	which	 is	used	to	determine	the	

health	and	wellbeing	of	newborn	babies.		

	 	 	

EXPLANATION	OF	PROCEDURES	TO	BE	FOLLOWED		
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The	 labour	and	delivery	will	proceed	as	 it	normally	would.	After	your	baby	has	been	

delivered	 the	umbilical	 cord	 is	 clamped	and	cut	and	 the	baby	will	be	managed,	as	 it	

normally	would	be.	The	placenta	will	then	be	delivered,	as	 it	normally	would	be.	The	

doctor	will	then	take	a	small	sample	from	a	clamped	section	of	the	umbilical	cord	after	

it	is	delivered.		

	 	

HAS	THE	STUDY	RECEIVED	ETHICAL	APPROVAL?		

This	 clinical	 trial	 Protocol	was	 submitted	 to	 the	 Faculty	 of	 Health	 Sciences	 Research	

Ethics	 Committee,	 University	 of	 Pretoria	 and	 written	 approval	 has	 been	 granted	 by	

that	committee.	The	study	has	been	structured	in	accordance	with	the	Declaration	of	

Helsinki	 (last	update:	October	2008),	which	deals	with	 the	 recommendations	guiding	

doctors	 in	 biomedical	 research	 involving	 human/subjects.	 A	 copy	 of	 the	 Declaration	

may	be	obtained	from	the	investigator	should	you	wish	to	review	it.		

	 	

WHAT	ARE	YOUR	RIGHTS	AS	A	PARTICIPANT	IN	THIS	STUDY?		

Your	participation	 in	 this	 trial	 is	 entirely	 voluntary	 and	 you	 can	 refuse	 to	participate	

without	 stating	 any	 reason.	 Your	 withdrawal	 will	 not	 affect	 your	 access	 to	 other	

medical	care.		

	 	

IS	ALTERNATIVE	TREATMENT	AVAILABLE?		

As	 this	 is	not	a	 study	 looking	at	 treatment,	your	care	will	be	as	normal	whether	you	

choose	to	participate	or	not.		
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MAY	 ANY	 OF	 THESE	 TRIAL	 PROCEDURES	 RESULT	 IN	 DISCOMFORT	 OR	

INCONVENIENCE?		

The	umbilical	cord	will	have	already	been	removed	from	the	baby	(as	normal)	before	

the	sample	is	taken	and	so	no	discomfort	will	be	felt	by	either	you	or	your	baby.	

	

WHAT	ARE	THE	RISKS	INVOLVED	IN	THIS	STUDY?		

There	are	no	medical	risks	to	you	or	your	baby.		

	 	

ARE	THERE	ANY	WARNINGS	OR	RESTRICTIONS	CONCERNING	MY	PARTICIPATION	IN	

THIS	STUDY?		

No		

	 	

INSURANCE	AND	FINANCIAL	ARRANGEMENTS		

N/A		 	

	 	

SOURCE	OF	ADDITIONAL	INFORMATION		

If	you	have	any	questions	regarding	the	trial,	you	may	contact	Dr	Kate	Grobicki	at	any	

time.	The	telephone	number	is	0818062213	

	

CONFIDENTIALITY		

All	information	obtained	during	the	course	of	this	study	is	strictly	confidential	.As	the	

sample	 of	 the	 umbilical	 cord	 will	 be	 used	 for	 training	 purposes	 only,	 no	 personal	

information	will	 be	gathered	 from	you	other	 than	 that	of	 your	 signed	consent	 form.	

These	forms	will	be	used	for	no	other	purposes	other	than	for	consent.	The	umbilical	
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cord	will	be	disposed	with	the	rest	of	your	placenta	 immediately	after	the	training	 is	

completed.	

	 	 	

INFORMED	CONSENT		

I	hereby	confirm	that	I	have	been	informed	by	the	investigator,	Dr	Kate	Grobicki	about	

the	 nature,	 conduct,	 benefits	 and	 risks	 of	 the	 study	 “Feasibility	 of	 umbilical	 lactate	

testing	as	a	clinical	tool	in	a	low	and	middle	income	setting”.	I	have	also	received,	read	

and	 understood	 the	 above	 written	 information	 (Patient	 Information	 Leaflet	 and	

Informed	Consent)	regarding	the	study.			

	

I	may,	at	any	stage,	without	prejudice,	withdraw	my	consent	and	participation	 in	the	

study.	 I	 have	 had	 sufficient	 opportunity	 to	 ask	 questions	 and	 (of	my	 own	 free	 will)	

declare	myself	prepared	to	participate	in	the	study.		 	

	

	 	

Patient's	name	(Please	print)			

	

Patient's	signature	 	 	 	 	 	 	 	 	Date		

	 	

	 	

	

I,	 Dr	 ………………………………….	 herewith	 confirm	 that	 the	 above	 patient	 has	 been	

informed	fully	about	the	nature,	conduct	and	risks	of	the	above	study.		 	
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Investigator's	name	(Please	print)		

	

Investigator's	signature		 	 	 	 	 	 	 Date		 	

	

	

	

Witness's	name*		

	

Witness's	signature		 	 	 	 	 	 	 	 Date		

	

	

*Consent	procedure	should	be	witnessed	whenever	possible.		 	

	 	

	 	

VERBAL	 PATIENT	 INFORMED	 CONSENT	 (applicable	 when	 patients	 cannot	 read	 or	

write)		

	 	

I,	the	undersigned,	Dr	……………………………………………,	have	read	and	have	explained	fully	

to	the	patient,	named	……………………………………………………………..	and/or	her	relative,	the	

patient	information	leaflet,	which	has	indicated	the	nature	and	purpose	of	the	study	in	

which	 I	 have	 asked	 the	 patient	 to	 participate.	 The	 patient	 indicated	 that	 she	

understands	 that	 she	 will	 be	 free	 to	 withdraw	 from	 the	 study	 at	 any	 time	 for	 any	

reason.		
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I	hereby	certify	that	the	patient	has	agreed	to	participate	in	this	study.		

	 	

Patient's	Name	(Please	print)		

	

	

Investigator's	Name	(Please	print)		

	

Investigator's	Signature		 	 	 	 	 	 Date		 	

	

	

Witness's	Name	(Please	print)	

	

Witness's	Signature		 	 	 	 	 	 	 Date



	 416	

	


	Thesis submission
	Thesis submission.2
	Thesis submission.3
	Thesis submission.4
	Thesis submission.5
	Thesis submission.6
	Thesis submission.7
	Thesis submission.8
	Thesis submission.9
	Thesis submission.10
	Thesis submission.11



