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ABSTRACT 

Key words; Umbilical cord blood gas, Birth asphyxia, Hypoxic ischaemic encephalopathy, 

Cerebral palsy, Obstetric litigation. 

Introduction: Obstetric litigation has increased substantially in South Africa, a large 

proportion of litigation is due to alleged birth asphyxia in brain damaged children. Umbilical 

cord blood gas (CBG) at birth is an accurate and objective assessment of the fetal acid-base 

status immediately before birth and may assist in the defence of these cases. The South African 

Society of Obstetricians and Gynaecologists (SASOG) recommends routine CBG at birth. We 

investigated the feasibility of routine CBG at birth in a busy tertiary academic hospital. 

Methods: Doctors and midwifes were trained on sampling, analysis and interpretation of CBG 

and were encouraged to do routine CBG on all deliveries. A point of care blood gas machine 

was used to analyse the cord blood. Participants were prospectively followed until discharge 

for short term maternal and neonatal outcomes. 

Results: There were 1665 live births that were eligible for CBG, 218 (13%) had CBG and 207 

were included in the study. There were 191 (96%) singletons, seven pairs of twins (3.5%) and 

one set of triplets. Of these, 53 (25.6%) had elective Caesarean sections (CS), 90 (43.5%) had 

emergency CS, 63 (30.4%) had vaginal deliveries and one had an assisted vaginal delivery. 

Most, 161 (77.8%) were at term gestation. No neonatal resuscitation was required in 134 

(64.7%), while 59 (28.5%) neonates were admitted to the Transitional Unit and 14 (6.8%) to 

NICU. Abnormal arterial or venous CBG were significantly associated with neonatal 

resuscitation. Problems were encountered with sampling 5.8%, machine calibration 2.9% and 

lack of supplies 1.5%. Assessment of the quality of the CBG reports revealed minor issues like 

incorrect labelling and time recording in 66% of instances. There were no issues in 31 (15%) 

of the CBG, but there was only a venous sample or similar arterial and venous CBG results in 

47(23%) of the cases. 

Conclusion: Routine CBG is not feasible in our setting. Departmental guidelines and training 

on CBG are required.  Selective sampling and analysis might be the most appropriate policy to 

adapt in a busy tertiary unit. Larger studies on the cost effectiveness and feasibility of selective 

CBG analysis in our setting and in the regional hospitals and clinics are needed to guide policy. 
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Definitions  
• Live birth; delivery of neonate who is ≥ 26 weeks of gestation and/or ≥ 800 grams 

birth weight who shows any signs of live at birth. 

• Interpretation of Electronic Fetal Heart Rate patterns- Should analysis of actual 

CTG be required these will be as defined by the FIGO guidelines of 2015. Appendix 6, 

otherwise the CTG will be recorded as they were interpreted by the attending doctor. 

• Maternal pyrexia –Body temperature of >38°C  

• Major congenital abnormalities – congenital abnormalities that cause significant 

functional impairment or are life threatening, excludes clinically less significant 

condition such as tongue-tie, pre- auricular tags, single umbilical artery etc. 

 

  



1 INTRODUCTION AND LITERATURE REVIEW 

Dr William John Little (1810 – 1894) an orthopaedic surgeon dealing with children who had 

spastic joint contractures was the first to link intrapartum asphyxia to spastic cerebral palsy 

then known as “Little’s Disease”.[1] Sir William Osler (1849 – 1928) later coined the term 

cerebral palsy, [2]  which was later defined as “a permanent disorder of development of 

movement and posture that cause activity limitation and are attributed to a non-progressive 

disturbance that occurred in developing fetal or infant brain”.[3] 

Studies in developed countries show that birth asphyxia (impaired gaseous exchange) is 

responsible for less than 10% of the Cerebral palsy cases. [4, 5] This may not be the case in 

lower and middle income countries  (LMICs) like South Africa where intrapartum asphyxia is 

the second leading cause of neonatal deaths [6] and is therefore expected to contribute to a 

large proportion of neurological disability. [7] A study by Cowan et al in the Netherlands and 

United Kingdom (London) using brain imaging or post-mortem also supports the view that 

cases of brain injury in term  neonates are due to immediate intrapartum events. [8] Birth 

asphyxia that is severe enough to cause cerebral palsy must produce evidence of moderate or 

severe neonatal encephalopathy (NE). [ 9 ] Neonatal encephalopathy is a syndrome with 

multiple causes and is classified as mild, moderate, or severe as described by Sarnat. [10 ] 

Intrapartum asphyxia is one of the many pathological pathways that can lead to neonatal 

encephalopathy. A neonate with NE might recover completely, develop cerebral palsy or non-

cerebral palsy neurological sequelae like ADHD, autism and epilepsy, or even result in 

mortality. [9] 

The introduction of electronic fetal heart rate monitoring led to the expectation that medical 

practitioners would be able to detect signs and symptoms of intrapartum asphyxia and that 

timeous intervention could prevent poor neurological outcome. [ 11 ] Serial antenatal 

examinations, fetal kick charts, ultrasound and Doppler studies, detection of meconium stained 

liquor, electronic fetal heart rate  (FHR) monitoring coupled with fetal scalp blood pH and 

Apgar scores have poor predictive values, this has led to an increase in the caesarean section 

rates with little or no reduction in neonatal neurological morbidity and mortality. [12, 13, 14, 

15, 16] 

The neonatal umbilical cord blood gas is the best representation of the fetal acid-base status 

immediately before birth that can be accurately and objectively measured. [17] The acid-base 
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status of the fetus at birth is important in establishing the link between an intrapartum event 

that causes asphyxia, and the neonatal condition. [18] 

In obstetric litigation, umbilical cord blood gas can be used to differentiate between an acute 

and chronic acidosis and in some cases to time the onset of the insult. Umbilical blood gas 

analysis can also provide feedback on FHR tracing pattern interpretation and help to determine 

if the interventions carried out were appropriate. [19] 

Umbilical blood gas analysis can complement other assessment modalities to assist in the 

management of the compromised neonate, for example, the decision to offer therapeutic 

hypothermia or ventilation. [19] 

Birth asphyxia and hypoxic ischaemic encephalopathy (HIE) leading to cerebral palsy is one 

of the main causes of litigation in obstetrics. Medico-legal cases in obstetrics have been on the 

increase in South Africa and other parts of the world. [11 - 13, 20] The pay outs for malpractice 

has increased substantially in the last few years (by 123% increase from 2010 to 2012) [20] 

and the trend continues. Employees of the Gauteng Department of Health are indemnified for 

medical malpractice by the Gauteng province. The reasons for increased litigation maybe due 

to increased patient awareness of their rights, or the litigation lawyers focussing on medical 

malpractice since the Road Accident Fund is no longer paying for personal injury claims. [21] 

As of March 2016, medico legal claims amounted to 37 billion Rand nationally and 13.8 billion 

Rand in Gauteng Province alone. Seventy percent of these claims are due to maternal and 

neonatal health problems; a substantial number of claims are on behalf of children with cerebral 

palsy. [22] The incidence of hypoxic ischaemic encephalopathy (HIE) is much higher in our 

setting than in developed countries, 8.7-13.3/1000 live births at Chris Hani Baragwanath 

Hospital (CHBAH) [23] and 3.6/1000 live births at Charlotte Maxeke Johannesburg Academic 

Hospital (CMJAH). [24] The Department of Health does not budget for malpractice claim pay-

outs and this money comes out of the normal operational budget thus negatively impacting on 

the department’s ability to provide for other essential services. 

Various strategies have been suggested to reduce medico-legal litigation, including practising 

evidence based medicine (EBM), good record keeping, and umbilical cord blood gas in high 

risk deliveries. [25, 26] 

It is recommended to sample and analyse both the umbilical cord artery and vein. Errors can 

be introduced at sampling, if the volume of heparin used exceeds 0.1ml, heparin is acidic and 

might give a falsely low pH. Another common source of error is an air bubble in the syringe 
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leading to a high PO2 reading thus one should ensure that all the air is expelled from the 

syringes. There is very little metabolism in the blood after sampling and it is not necessary to 

store the sample on ice if the analysis is done within 60 minutes. [27] Normal umbilical cord 

blood gas parameters are shown in Table 1.1. 

Table 1.1: Normal values for fetal umbilical cord gases at birth [19,28] 

 
Umbilical Artery Umbilical Vein 

pH 7.18 – 7.38 7.25 – 7.45 
PO2 5.6 – 30.4 mm Hg 17.4 – 41.0 mm Hg 
PCO2 32.4 – 66.0 mm Hg 27.0 – 49.4 mm Hg 
Base Deficit ECF mean (SD) 4.79 (3.46) mmol/L ≈4.0 (3.5) mmol/L 

Ranges based on mean ± 2 SD. 

Several factors that could affect the results of cord blood include; gestation at birth, elective 

caesarean section deliveries have higher pH compared to vaginal or emergency caesarean 

section, regional anaesthesia, cord length, umbilical cord abnormalities e.g. true knotting, 

breech vaginal delivery and neonates with meconium stained liquor tend to have lower pH. 

[27] 

The blood gas analysers usually measure the pH, PO2, and PCO2 directly and use an algorithm 

to calculate HCO3
-and the base deficit. Depending on the analyser other parameters such as 

haematocrit, electrolytes and lactate can be analysed. [19] 

Cord blood gas is pathological (associated with adverse neonatal outcome) if pH ≤7.0 [27,29] 

and/or Base excess > 12 mmol/L. [19, 30, 31] The arterial cord blood gas represents the acid 

base status of the fetus while the venous cord blood gas represents the acid base status of the 

maternal and placental circulation. However, both arterial and venous samples are needed to 

ensure that the correct specimen was taken. The umbilical arterial cord blood pH and pO2 are 

lower than venous blood pH and pO2. The arterial cord blood pCO2 and BE are higher than the 

venous blood pCO2 and BE. [19] 

The pH is the inverse log of the hydrogen ion (H+) concentration. The pH does not correlate in 

a linear manner with the change in hydrogen ion concentration and large changes in the H+ 

concentration might show only a small change in pH. The proportion of the bicarbonate buffer 

that has been used for the extra H+ or the base deficit/excess is therefore a much better 

parameter to measure the degree of acidosis, it has a linear correlation with the H+ 

concentration. 
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The venous cord blood pH is always higher than the arterial cord blood pH, a pathologically 

low venous cord blood pH means that the arterial pH will also be abnormal, however it is 

possible to have a severely acidotic neonate with a normal venous cord blood pH. However, 

several studies have shown that venous cord blood pH can accurately predict acidosis. [32, 33, 

34] 

In the third trimester the (Base Deficit) BD is around 2 mmol/l in arterial cord blood and 

remains unchanged in latent phase of labour. With increasing contractions during the active 

phase of labour, the BD increases by 1 mmol/l every 3 to 6 hours and in the second stage of 

labour the BD increases by 1 mmol/l every hour. [35] Thus the normal BD in arterial cord 

blood is 4mmol/l and 5mmol/l in venous cord blood. 

In the case of an acute event obstructing the placental perfusion, CO2 accumulates with 

simultaneous reduction in O2. This will lead to increased PCO2 and cause respiratory acidosis 

which is easily cleared when the circulation is restored. If the event persists then metabolic 

acidosis develops due to anaerobic metabolism and accumulation of lactic acid. Respiratory 

acidosis rarely lasts more than 30 minutes, after this the picture is a mixed acidosis and 

eventually a metabolic acidosis. [18, 36] 

It is possible to calculate the pH of the fetus before an acute event and thus determine if the 

event is responsible for the neonatal status using the equation by Eisenberg: for every 10mmHg 

of PCO2 above the normal, the pH is reduced by 0.008. [18] In acute events there are large 

differences in the parameters between the arterial and venous cord blood compared to chronic 

acidosis. In cases of complete cord occlusion, the arterial umbilical cord base deficit increases 

by 1 mmol/L every two minutes and the PCO2 increases by 7mmHg for every one minute. [19] 

Lactate is a result of anaerobic metabolism and a high lactate level indicates metabolic acidosis. 

The level of lactic acid associated with poor neurological outcome has not been established. 

[37, 38] A study at a district hospital in the Eastern Cape in 2015 showed that healthcare 

workers were positive of the benefits and supported introduction of universal umbilical cord 

blood assessment for fetal acidosis. [39] 

 

Problem statement 

To counter the rise of malpractice claims, a change in practice is needed. Apart from practicing 

evidence-based medicine, we need to have medical records to assist in defence of medico-legal 
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claims. Having a normal umbilical blood gas could assist in defending malpractice claim for a 

neurologically impaired child alleged to be a result of an intrapartum event is lodged. Cord 

blood gas is also useful for management of the depressed neonate and for learning purposes as 

it can give feedback on interpretation of CTG tracing patterns. [19] SASOG has recommended 

the use of routine cord blood gas at birth. [26] We investigated the feasibility of this approach 

in a busy tertiary hospital.  
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2 AIMS AND OBJECTIVES 

 Aim 

The aim of this study was to assess the utility of universal umbilical cord blood gas analysis of 

live births at Charlotte Maxeke Johannesburg Academic Hospital. 

 Objectives 

2.2.1 To determine the proportion of babies who had umbilical cord blood gases done. 

2.2.2 To compare the outcome of babies with abnormal umbilical cord blood gas parameters 

with outcomes of those babies with normal umbilical cord blood gases. 

2.2.3 To describe barriers that impacts on the use of umbilical cord blood gas. 

2.2.4 To describe the short-term neonatal outcomes of babies who were sampled for 

umbilical cord blood. 

2.2.5 To describe the short-term maternal outcome of mothers whose babies had umbilical 

cord blood gas sampled. 
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3 METHODS 

This was a prospective cross-sectional study whose aim was to assess the utility of universal 

umbilical cord blood gas analysis of live births at Charlotte Maxeke Johannesburg Academic 

Hospital. We assessed live births from 01 February 2019 to 10 April 2019. The objectives were; 

to determine the proportion of babies who had umbilical cord blood gases done, to compare 

the outcome of babies with abnormal umbilical cord blood gas parameters with outcomes of 

those babies with normal umbilical cord blood gases, to describe barriers that impacts on the 

use of umbilical cord blood gas, and to describe the short-term neonatal and maternal outcomes 

of babies who were sampled for umbilical cord blood.  

Charlotte Maxeke Johannesburg Academic hospital is a tertiary teaching hospital attached to 

the University of the Witwatersrand, in Johannesburg South Africa. The obstetrics unit delivers 

approximately 9000 babies annually, and serves as a referral hospital for high risk obstetric 

patients from several secondary hospitals, Midwife Obstetric Units (MOU) and Community 

clinics. There are also many low risk walk-in patients from the surrounding community.  

The study population were women over 18 years of age who delivered a live birth at Charlotte 

Maxeke Johannesburg Academic Hospital within the study period. Women with a fetus with a 

known major congenital abnormality, or who delivered a non-viable fetus, i.e. fetus that weighs 

less than 800 grams at birth and does not survive for more than 24 hours were excluded. All 

study participant gave written consent for inclusion in the study. (Appendix 1) 

Materials and methods 

 During the period preceding the study, presentations to nurses and doctors on cord blood gas 

sampling and analysis were done, emphasizing its importance in cases of obstetric litigation, 

the role of intrapartum asphyxia in cerebral palsy/neurological handicap. Practical training 

sessions were also held in the labour ward on how to sample, analyse and interpret umbilical 

cord blood gas at birth. We encouraged cord blood gas analysis for all women who delivered a 

live birth (delivery of neonate who is ≥ 26 weeks gestation and/or ≥ 800grams birth weight) 

i.e. Universal umbilical cord blood gas testing. There were constant reminders to do the cord 

blood gases in our daily audit meetings, but doing cord blood gas was not mandatory. The 

participants were then prospectively followed up till discharge. 
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Sampling method 

A section of the umbilical cord was double clamped immediately the baby was born and kept 

aside for sampling within 30 minutes, samples collected up to 60 minutes after birth were 

acceptable for analysis. The sampling was done into pre-heparinized syringes recommended 

by the supplier of the blood gas machine. The arterial sample was obtained first followed by 

the venous sample whose volume would be higher. The sample could be kept at room 

temperature for up to 60 minutes, if delayed analysis was anticipated for any reason then the 

sample was refrigerated. 

The analysis was done using a critical point of care blood gas analyser machine that was 

situated in the High care area of the labour ward. The machine was a Stat Profile Prime® serial 

number P07614300 by Nova Biomedical Corporation, Waltham, MA, USA. The maintenance 

of the point of care machine was provided by The Scientific Group, Randburg, South Africa. 

The Stat Profile Prime® uses Microsensor Card™ technology and automatically self-calibrates 

and runs quality controls at intervals set by the user (once daily at CMJAH).  

The Stat Profile Prime® directly measures the pH, PCO2, PO2 and calculates the HCO3
-, base 

excess in blood (BEb), base excess in extracellular fluid (BEECF). The machine also measures 

K+, Na+, Cl-, Ca2+, glucose, lactate and haematocrit. This information was recorded in the cord 

blood gas form to be left in the patients’ clinical records (Appendix 3).  

Data was collected on a data sheet (Appendix 2), it included patient demographics, booking 

status and blood results, obstetric and medical history, mode of delivery and indications, cord 

blood gas results, short term neonatal and maternal outcome. Poor neonatal outcomes included 

were; need for supplemental oxygen, CPAP, intubation and ventilation, HIE, admission to TU, 

NICU admission, and early neonatal death. Poor maternal outcomes included were the presence 

of any complication including; blood transfusion, post-partum haemorrhage (PPH), sepsis, 

laparotomy, hysterectomy, High-care or ICU admission and death. The data was collected from 

the maternal records after the patient had consented, the information required was obtained 

from the maternal case records, the labour ward and theatre registers and neonatal case records 

in the Transitional Unit (TU), Neonatal ICU (NICU) and in the neonatal records. The cord 

blood gas analysis results were collected by the delivery team and recorded on a data sheet 

provided.  Barriers to use of cord blood identified by the delivery team were recorded (this was 

an open-ended question). 
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Statistical analysis 

Data on a total of 207 cord blood gas pairs were analysed using Stata® 14.0 software, StataCorp 

LLC (2015). A sample size of 534 was calculated using HIE prevalence at CMJAH of 3.6 per 

1000 live births [34]. The maternal and foetal characteristics were summarised as frequency 

and proportions/percentage calculations. Inferential statistics were done using Pearson Chi-

square test and logistic regression. To compare blood gas and neonatal intervention/ Apgar 

score Pearson chi-square test was applied. Odds ratios and 95% confidence intervals were 

reported. Statistical significance level was taken as p-value <0.05. 

 

Ethics 

Ethics clearance for the study was granted by the Human Research Ethics committee (Medical) 

of the University of the Witwatersrand.  Ethics clearance certificate number M180360 

(Appendix 4). The research was registered with National Health Research Database. 

Permission to conduct research was also granted by the CEO of CMJAH (Appendix 5). 
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4 RESULTS  

There were 1719 total births from 1672 deliveries (including two sets of triplet and 43 twin 

births) from the 01 February 2019 to 10 April 2019. There were 811(48.6%) caesarean sections. 

There were 41(2.4%) stillbirths, of which 14(0.8%) were fresh stillbirths and 27(1.6%) were 

macerated stillbirths. Eleven deliveries were non-viable and included two hysterotomies and 

nine miscarriages (one pair of twins). 

There were 1666 live births, one baby had congenital anomalies thus 1665 live births were 

eligible for inclusion. Of these only 218 (13%) had cord blood gas at birth, 11 did not give 

consent for inclusion in the study. Thus only 207 cord blood gases from 199 deliveries were 

included in the study, they consisted of 191 (96%) singletons, seven twins (3.5%) and one set 

(0.5%) of triplets (one of the triplet was a stillbirth and was not eligible for inclusion). See 

Figure 4.1 

The baseline characteristics of the mothers who participated in the study are shown in Table 

4.1, 195 (98%) were Black Africans while 151 (75.9%) were aged between 20 and 35 years 

and 40 (20.1 %) were older than 35 years. In terms of Body Mass Index (BMI) at first antenatal 

booking visit 69 (40.1 %) were obese and 14 (8.1 %) had class III obesity. There were 52 

(26.1%) HIV positive mothers, 36 (73.5 %) of them had viral load which was lower than 

detectable (LTD) and 45 (91.8 %) had a Viral load of less than 1000 copies/mL. The CD4 count 

was available in 45 patients and 18 (40 %) had a CD4 of less than 350 cells/mL. Anaemia 

defined as Haemoglobin of less than 11 g/dL was present in 57 (29.2 %) of the mothers. There 

were only nine (4.5 %) who were Rhesus factor negative. The majority of the deliveries 161 

(77.8%) were at term gestation (37 weeks and more), 27 (13%) were between 34 and 36 weeks 

of gestation, 17 (8.2%) were between 28 and 34 weeks and two (1%) were below 28 weeks. 

  



11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Flow chart showing the recruitment of subjects for umbilical cord blood gas 
at birth.  

CBG – cord blood gas, FSB – Fresh stillbirth, IUFD – Intrauterine fetal death, MSB – Macerated 
stillbirth 

 

Total deliveries1719 

FSB 14 

MSB 27 

Non-viable 12 (10 singletons, 1 pair twins) 

[TOTAL 53] 

Live Births 1666 

1665 Live births eligible for study 

Singletons 1576  

Twins 42 (84 live births) 

Triplets 2 sets (5 live births, 1 IUFD) 

 

 

Arterial and Venous 
CBG: 163 

Venous CBG only: 34 

 

Arterial CBG only: 6 CBG done results 
invalid: 4 

1 Major congenital abnormality 

Not eligible for inclusion 

 

207 patients with both 
CBG and consent for 
study 

218 CBG done, 
11 declined 
consent for 
inclusion in study 

238 patients 
consented for 
CBG study, 31 
did not have 
CBG done 
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Table 4.1: Maternal characteristics of deliveries that had cord blood gas analysis at 
birth. N= 199 

 Maternal characteristics Frequency 
  Number Percentage % 
Age (Mean 30.2 years, SD 6.2)     
< 20 years 8 4.0 
20-35 years 151 75.9 
 >35 years 40 20.1 
Parity     
0 39 19.3 
1 81 40.7 
2 53 26.1 
3 or more 26 13.1 
Gravidity     
Primigravida 36 18.1 
Multigravida 148 74.4 
Grand multigravida 15 7.5 
Race     
African 195 98.0 
Coloured 1 0.5 
Indian 1 0.45 
White 2 1.0 
Body Mass Index (kg/m2) n= 172   
Underweight, <18.5 0 0 
Normal weight, BMI 18.5 – 24.9 50 29.1 
Overweight, BMI 25 – 29.9 53 30.8 
Obese class I, BMI 30 – 34.9 36 20.9 
Obese class II, BMI 35 – 39.9 19 11.1 
Obese class III, BMI > 40 14 8.1 
HIV status, n = 199   
Negative  147 73.9 
Positive  52 26.1 
Viral Load (copies/mL) n = 49   
LTDL 36 73.9 
50 – 999 9 18.4 
1000 or greater 4 8.1 
CD4 (cells/mL) n=45     
Less than 100 3 6.7 
100 – 349 15 33.3 
350 and greater 27 60.0 
RPR n = 199   
RPR Negative 188 94.5 
RPR Positive 3 1.5 
RPR Unknown 8 4.0 
Haemoglobin (g/dl), n = 195   
Normal (11 or greater) 138 70.8 
Anaemia (Less than 11) 57 29.2 
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Maternal outcome 

There were no maternal complications in 174 (87.4%) patients of the 199 deliveries, while 24 

(12.1%) had complications that included; one (0.5%) maternal death in ICU after a caesarean 

section and hysterectomy for placenta praevia accreta that was complicated by bowel injury 

and sepsis, 11 (5.5%) patients needed blood transfusion two of whom had PPH. There were 

four (2%) laparotomies, 2 for hysterectomy, one for intra-abdominal sepsis and one for wound 

sepsis. There were five (2.5%) patients with wound sepsis. High care admission was needed in 

nine (4.5%) patients and one required ICU. Other complications in six other patients were 

spinal anaesthetic complications, urinary tract infection, pelvic diasthesis, pyrexia and 

tachycardia. 

Neonatal characteristics 

The characteristics of neonates who had cord blood analysis is shown in Table 4.2. Caesarean 

section delivery was performed in 143 patients with 53 (25.6%) were elective caesareans while 

90 (43.5%) were emergency caesarean sections. There were 63 (30.4%) normal vaginal 

deliveries and one assisted vacuum delivery.  

The birth weight was as follows, with 163 (78.7%) having a birth weight of 2500 grams or 

more, and 10 (4.8%) with a birth weight of less than 1500 grams. 

A retro-placental clot was reported in six (2.9%) of placentas and a two vessel cord was 

recorded in three (1.5%) neonates. 

Neonatal outcome  

The majority of the neonates 136 (65.7%) were well at birth and were discharged to the mother, 

while 71 (34.3%) neonates required resuscitation, of which 61 (29.5%) were admitted to the 

Transitional unit and 10 (4.8%) required NICU admission. 

The eventual neonatal outcomes were as follows; 201 (97%) were discharged to the mother, 

there was one (0.5%) neonatal death, one (0.5%) was transferred for palliative care, another 

one (0.5%) was transferred to a secondary hospital for continued care while discharge records 

could not be traced for three (1.45%) neonates.  
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Table 4.2: Foetal characteristics of deliveries that had cord blood gas analysis at birth. N 

= 207 

 Foetal characteristics 
  

Frequency 
Number  % 

Mode of delivery     
Elective CS 53 25.6 
Emergency CS 90 43.5 
Normal vaginal delivery 63 30.4 
Assisted Vaginal delivery  1 0.5 
Apgar score at 5 minutes     
Normal (7 or more) 202 97.6 
Low score (Less than 7) 4  1.9 
Unknown  1 0.5 
Birth weight (grams)     
Extremely LBW <1000g 4 1.9 
Very LBW <1500g 6 2.9 
LBW <2500g 34 16.4 
Normal 2500g or greater 163 78.7 
Gender     
Female 113 54.6 
Male 94 45.4 
Retro-placental clot     
No 193 93.2 
Unknown 8 3.9 
Yes 6 2.9 
3 vessel cord     
No 3 1.5 
Unknown 6 2.9 
Yes 198 95.7 
Neonatal outcome     
NICU admission 10 4.8 
TU admission 61 29.5 
Normal ward 136 65.7 

 

CS – Caesarean section delivery, g – Grams, LBW – low birth weight, NICU – Neonatal intensive care 

unit, TU – Transitional care unit 
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Neonatal resuscitation  

Neonatal resuscitation was derived at the three different levels defined as follow; No neonatal 

intervention 134(64.7%), need for admission to the neonatal Transitional unit for any reason 

59 (28.5%) and if the neonate required NICU admission for any reason including intubation 

and ventilation 14(6.8%).  

Cord blood gas results 

The cord blood gas results analysis included in the study, 169 neonates had arterial cord blood 

gas pH, 142 (84%) had a normal arterial pH of >7.2 and only two (1.2%) had a pathological 

arterial pH of <7.0. There were 154 arterial cord blood gas samples with BE results, of these 

142 (92.4%) had a normal BE of > -12, and 12 (7.7%) had a pathological BE of < -12. Venous 

cord blood gases pH was analysed in 197 neonates of which 169 (85.8%) were normal with 

pH>7.2, and two (1%) were pathological with a venous pH <7.0, 183 cord blood venous BE 

results were available, 172 (94%) had a normal BE of > -12 and 11 (6%) were pathological 

with BE of < -12.  

Analysis of 154 neonates who had complete arterial cord blood gas results, 128 (83.1%) had 

normal pH and BE, while 16 had one abnormal parameter; 14 (9.1%) had abnormal pH and 

two (1.3%) had abnormal BE. Both parameters were abnormal in 10 (6.5%) neonates.  

Cord blood gas and neonatal resuscitation 

Analysis of the arterial cord blood gas results show that neonatal resuscitation was significantly 

associated with pH < 7.2, p-value = 0.012. The relationship between BE < -12 and neonatal 

resuscitation was not significant, p-value = 0.05. When either the arterial cord blood gas pH or 

both pH and BE were abnormal the significant relation with neonatal resuscitation persisted, 

p-value = 0.008. See Table 4.3  
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Table 4.3: Arterial blood gas results versus neonatal resuscitation of neonates that had 

cord blood gas analysis at birth. 

 
 
Arterial pH (n = 169) 

Neonatal resuscitation 
No 
n (%) 

Yes 
n (%) 

p-value 

>7.2 101 (89.4) 41 (73.2) 0.012 
7.2 – 7.1                                                                      10 (8.8) 12 (21.4) 
>7.1 – 7.0 2 (1.8) 1 (1.8) 
< 7.0 0 (0.0) 2 (3.6) 
 
 
Arterial base excess (BE) (n = 154) 

Neonatal resuscitation 
No 
n (%) 

Yes 
n (%) 

p-value 

Normal (-12 or greater) 101 (95.3) 41 (85.4) 0.050 
Abnormal (less than -12) 5 (4.7) 7 (14.6) 
 
 
Arterial pH + arterial BE (n = 154) 

Neonatal resuscitation 
No 
n (%) 

Yes 
n (%) 

 
p-value 

Normal Arterial pH + normal BE 95 (89.6) 33 (68.8) 0.008 
Abnormal Arterial pH + normal BE 6 (5.7) 8 (16.7) 
Normal Arterial pH + abnormal BE 1 (0.9) 1 (2.1) 
Abnormal Arterial  pH + abnormal BE 4 (3.8) 6 (12.5) 

 

A similar relationship was found on analysis of the venous cord blood gas and neonatal 

resuscitation, venous pH < 7.2 was significantly associated with the need for neonatal 

resuscitation, p-value = 0.021, venous BE < -12 was significantly associated with neonatal 

resuscitation, p-value = 0.046, and there was a significant association with the need for neonatal 

resuscitation when either the venous cord blood gas pH or BE are abnormal, or when both were 

abnormal, p-value = 0.001. See Table 4.4.   
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Table 4.4: Venous blood gas results versus neonatal resuscitation of neonates that had 

cord blood gas analysis at birth. 

 Neonatal Resuscitation 
Venous pH (n = 197) No 

 Number (%) 
Yes  
Number (%) 

p-value 

>7.2 117 (90.7) 52 (76.5) 0.021 
7.2 – 7.1                                                                      7 (5.4) 9(13.2) 
>7.1 – 7.0 5 (3.9) 5 (7.4) 
< 7.0 0 (0.0) 2 (2.9) 
 Neonatal resuscitation 
Venous base excess (BE) (n = 183) No 

Number (%) 
Yes 
Number (%) 

p-value 

Normal (-12 or greater) 117 (96.7) 55 (88.7) 0.046 
Abnormal (less than -12) 4 (3.3) 7 (11.3) 
 Neonatal Resuscitation 
Venous pH + venous BE (n = 183) No n (%) Yes n (%) p-value 
Normal venous pH + normal venous BE 111 (91.7) 44 (71) 0.001 
Abnormal venous  pH + normal venous BE 6 (5) 11 (17.7) 
Normal venous  pH + abnormal venous BE 0 (0.0) 2 (3.2) 
Abnormal venous pH + abnormal venous BE  (3.3) 5 (8.1) 

 

Cord Blood gas and Apgar score 

The cord blood analysis at birth was compared to the Apgar score, there was no significant 

relationship between the arterial pH (p = 0.411), arterial BE (p = 0.217) and the Apgar score < 

7 at 5 minutes. No significant relationship was seen between the venous pH (p = 0.059) nor 

with venous BE (p = 0.22) and Apgar score < 7 at 5 minutes. 

Challenges with umbilical cord blood gas analysis 

Reasons that were given when a component of the CBG results were missing included inability 

to get sample in 16 (6.8%) cases, problems with the machine in six (2.9%) cases, other issues 

included lack paper strips in one case (0.5%) and lack of the correct syringes in two cases (1%).  

Problems that were logged by the midwifes and doctors were as follows; the blood gas analyser 

cartridge was reported to be faulty for a total period of six days during the study period, on 

three other days there were no blood gas syringes this included one of the days when the 

cartridge was faulty. Therefore, no CBG could be done during these eight days of the study 

period. 
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There were 31 patients who gave consent for the study but they did not have the CBG, Figure 

4.1. No reasons were given in 26 (84%) of the patients, two (6.5%) were due to the blood gas 

machine not working, another two (6.5%) were due to lack of syringes and in one (3.2%) there 

was delay of more than 45 minutes to sampling. 

The quality of the available results from 207 neonates is shown in Table 4.5. There were no 

quality issues in 31 cord blood gases i.e. 62 blood gas samples (15%) of the 207 (414 blood 

gas samples) cord blood gases. There were 420 quality issues identified in the remaining 176 

neonatal cord blood gases (352 blood gas samples). 

There was no sampling time recorded in 126 (30%) blood gas sampling forms, however it is 

possible to pick up delay in analysis from the recorded time of birth. Delay in analysis of the 

blood gas was present in four samples, two (0.5%) for more than 30 minutes from sampling 

and two (0.5%) for more than 60 minutes from sampling. The other issue picked up was when 

the analysis time was not indicated on the blood gas form in 100 (23.8%) instances, in these 

cases the time on the results strip printout was used, this is not always correct as it depends on 

whether the blood gas time calibration is updated. It was not possible in 15 neonates to 

determine the analysis time. 

 Other issues in sampling were: only venous gas done due to technical difficulties in 33 

neonates and only arterial sample in seven neonates. In addition to these 14 neonates had 

similar venous and arterial results, thus probably the sample was venous in these cases as it’s 

more difficult to obtain an arterial sample. In 52 neonates the strips were not labelled correctly 

as either venous or arterial and this was picked up on analysis of the results. 

In terms of recording there were no paper strip printout in 10 neonates and the results were 

recorded manually, a further 31 blood gas samples had incomplete results, due to the machine 

not being calibrated. In two blood gas strips the information was unclear and could not be 

analysed. A different blood gas machine was used in six neonates when the Stat Profile Prime® 

blood gas machine was not working. 
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Table 4.5: Quality issues encountered with umbilical cord blood gas analysis at birth at 

Charlotte Maxeke Johannesburg Academic Hospital. 

 Quality Issues  N=420 
     
  Frequency Percent 
No issues (n=207) 31 15 
No sampling time 126 30 
Time on strip used 100 23.8 
Wrong labelling (A/V) 52 12.4 
Venous sample only 33 7.9 
Incomplete results 31 7.4 
Did not differentiate A or V 21 5 
No analysis time  15 3.6 
A & V similar 14 3.3 
No Paper strips  10 2.7 
Arterial gas sample only 7 1.7 
Different gas machine 6 1.4 
Delay >60 minutes to analysis 2 0.5 
Unclear information 2  0.5 
Delay > 30 minutes to analysis 1 0.2 
Total 420 100.00 

 

A – Arterial cord blood gas, V – Venous cord blood gas 
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5 DISCUSSION 

There has been an increase in medical litigation in South Africa and pay-outs resulting from 

these claims have been substantial, many of these cases are due to neurological damage from 

alleged birth asphyxia. [11, 12, 13, 20] Birth asphyxia may be responsible for a large proportion 

of CP cases in South Africa and other LMIC [6, 7] unlike in the developed countries where it 

is responsible for less than 10% of CP cases. [4, 5] Suggestions to help in defence of these 

cases have included routine cord blood gases at birth, since this is an accurate and objective 

assessment of the neonate’s condition immediately before birth. SASOG is advising universal 

routine cord gas analysis on all births, [25, 26] while other institutions like the ACOG advocate 

for selective sampling and analysis. [40] 

Only 13% of the 1665 eligible live births had a CBG. This low percentage suggests that it is 

not feasible to offer routine CBG at birth in our setting as it is currently. However; where the 

CBG at birth were done, the neonates included; preterm, term, vaginal deliveries, emergency 

and elective caesarean sections, singleton and multiple pregnancies including triplets. Analysis 

of the CBG results at birth showed that abnormal CBG results (pH < 7.2 or BE < -12 mmol/L) 

was significantly associated with the need for neonatal resuscitation.  

The study did not explore why cord blood gases were not done in 85% of eligible deliveries. 

We postulate that the lack of policy/guidelines on CBG analysis, coupled with the workload 

might be contributory. The CBG analysis showed a statistically significant association between 

abnormal pH and/or BE in both venous and arterial blood with neonatal resuscitation, however 

the association between abnormal arterial CBG BE on its own and neonatal resuscitation did 

not reach statistical significance.   

We are not able to explain why the uptake of CBG was so poor, the study did not ask doctors 

and midwifes to give a reason where the CBG was not performed. Of the CBG done 11 patients 

declined to give consent to be included in the study, however, 31 patients who had consented 

to be included in the study did not have the CBG performed. No reason was given for not 

performing the CBG for the majority 26 (84%) of them. The main problems encountered were 

with maintenance of the blood gas machine (cartridge not working) or lack of syringes which 

resulted in no CBG being done for eight days within the study period. 
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Clear and strict guidelines and rules on when to perform CBG, training, continuing education 

and emphasising the role and importance of CBG at birth are needed. Review of the CBG at 

birth on all adverse neonatal outcomes during M&M meetings would help in increasing the 

uptake of CBG at birth. Maintenance and availability of the necessary supplies is also crucial 

to ensure uptake. A study in Eastern Cape showed that healthcare workers are supportive of 

introduction of CBG analysis at birth for Lactate. [39] 

There was no difficulty encountered in the process of performing CBG in the majority of the 

cases (89%). Difficulties encountered were difficulty in sampling (collapsed vessels or inability 

to obtain arterial cord blood) in 6.8% and logistic problems like machine not calibrated and 

lack of supplies in 4.3%. These problems would be addressed by training.   

 There were a number of minor quality issues like incorrect labelling and time recording. There 

were 33 CBG where only the venous blood was done (the two samples were similar or only 

one sample analysed), demonstrating the need for further training to emphasise the importance 

of proper recording of time and the importance of obtaining both arterial and venous samples. 

Venous cord blood is technically easier to obtain and sometimes arterial cord blood is not 

obtained. Cantu et al [32] and Swanson et al, [34] found that venous pH and venous BD to be 

highly predictive of arterial pH and arterial BD, and can be used to evaluate the likelihood of 

fetal academia in the absence of umbilical arterial cord blood gas values. This mirrors our 

finding that abnormal venous CBG pH and/or BD were significantly associated with neonatal 

resuscitation as were the arterial CBG pH and/or BD. A venous CBG is still useful in cases 

where it is not technically possible to obtain an arterial CBG. 

In routine sampling all live births are sampled while in selective sampling only neonates at risk 

of poor outcome are sampled. The selective sampling criteria recommended by ACOG are; an 

intrapartum event (e.g. abruption placenta, cord prolapse, CTG changes), all non-elective CS 

deliveries, 5 min Apgar < 3, Severe IUGR, intrapartum fever, maternal thyroid disease and 

multiple gestation. [40] The case for routine sampling is that the results are available if needed, 

its cost effectiveness has been documented, there are cases of vigorous baby with academia 

who have been shown to be at higher risk of neonatal morbidity and that it also facilitates 

learning and feedback on FHR tracings. [19, 41] Due to the poor uptake selective sampling 

maybe the appropriate way to introduce CBG at birth and then scale it up gradually to routine 

sampling. 
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Lactate in CBG is directly measured, and is the end product of metabolic acidosis, however the 

threshold for prediction of poor neonatal outcome is not known. Westgren et al, 1995 [37] 

found that lactate in CBG was predictive of neonatal outcome. Tuuli et al, 2014, [38] found 

that lactate was a more discriminatory measure of neonatal morbidity at term than arterial pH 

and calculated a threshold 3,90mmol/L (sensitivity of 83,9% and specificity 74.1%) compared 

to arterial pH 7.25 (sensitivity 0f 75% and specificity of 70.6%) in predicting neonatal 

morbidity.  

Knutsen et al, 2015 [41] dealt with the question of whether the use of the BD and lactate added 

any more information over arterial CBG pH. They concluded that in acidemic term infants the 

metabolic component of cord gases as measured by the arterial BD does not add prognostic 

information over and above arterial pH level for neonatal outcomes. 

WHO recommends delayed cord clamping in vigorous neonates, delayed cord clamping has 

been defined by various institutions as a delay of 30 – 60 seconds before cord clamping or till 

cord pulsations stop. Delayed cord clamping in term neonates results in increased Hb and iron 

stores, but also increased NNJ, and therefore is not recommended if facilities to monitor and 

treat NNJ are not available. In preterm neonates delayed cord clamping is associated with 

improved transitional circulation, RBC volume and decreased need for blood transfusion, 

reduced NEC and IVH, it is also thought to result in increased transfer of Immunoglobulin and 

stem cells to the neonate. In terms of maternal safety, it is not associated with increased PPH. 

[42] 

Delayed cord clamping results in decreased arterial cord blood pH, increased Pco2, Po2, and 

BD. [27, 43 ] This is due to the phenomenon of hidden acidosis, the magnitude of changes in 

the cord blood gas parameters are not significant in vigorous new-borns, [44] however might 

cause abnormal results in borderline cases, with medico legal implications. 

Immediate cord clamping is advised for; to facilitate neonatal resuscitation, if the placental 

circulation is not intact, maternal haemorrhage or unstable maternal circulation. Milking of the 

umbilical cord has shown similar benefits to delayed cord clamping and is an alternative in 

preterm births. [26, 45]    

HIE as a cause of cerebral palsy is well established. However, it is important to exclude other 

causes of neonatal encephalopathy like prematurity, intrauterine fetal infections, 
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chorioamnionitis, congenital cerebral abnormalities, placental pathology causing chronic 

hypoxia, jaundice and metabolic disorders. Investigations therefore should include 

microbiology and cultures, serology, placental pathology (histology and culture), imaging 

cranial ultrasound and MRI of the brain, and where appropriate available chromosomal 

analysis. [12] Salafia et al found a significant relationship between placental histological 

features and CBG parameters in preterm neonates. [46] Placental histology can also reveal 

lesions associated with adverse neurological outcomes more so in chronic than in acute insults. 

[47, 48] 

Limitations of this study was the small sample size. There were only two pathological arterial 

cord blood gases with a pH of less than 7.0 and one of them declined to be included in the 

study. We were therefore unable to look at the important short term outcome which is the 

diagnosis of HIE. The study did not look at cerebral palsy as an outcome and medical litigation 

arising thereof. These outcomes and other important non-cerebral palsy neurological adverse 

outcomes could require larger population based studies with long term follow up. Not all 

patients had complete records. 
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6 CONCLUSIONS 

Cord blood gas analysis is accurate and more objective than Apgar score in determining the 

neonate’s condition at birth, and can be useful for management of the neonate and for medico 

legal purposes.  However, the low rate of CBG uptake in this study suggests that routine CBG 

is not feasible in our setting.  Secondly routine use of CBG is associated with quality issues 

with material impact on the utility of routine CBG. This is possibly due to high patient 

workload. A policy needs to be developed in the department that will guide the development 

of guidelines on CBG and their implementation. Training in how to sample, analyse and 

interpret the cord blood gases should help in implementation. Due to the heavy workload, I 

could advocate for selective sampling and analysis in high risk deliveries or where the neonate 

has low Apgar scores, a practical way could be to set aside a clamped section of cord and then 

sample and analyse within 30 minutes of delivery should the criteria be met.  

Larger studies, systematic reviews and meta-analyses on the link of HIE and CP and/or other 

neurological outcomes are needed. The role of placental histology in HIE and cerebral palsy 

needs to be studied further. Cost-effectiveness studies in our setting (tertiary academic) and 

other settings, including community health clinics are needed so as to determine cord blood 

gas analysis is feasible and whether routine or selective sampling and analysis is appropriate. 
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8 APPENDICES 

 APPENDIX 1: PATIENT INFORMATION AND CONSENT FORM 
 Patient Information Sheet 

Title of the study: Umbilical Cord Blood Gas in a Tertiary Public Hospital in Johannesburg. 

Study location: Charlotte Maxeke Johannesburg Academic Hospital. Departments of Obstetrics & 

Gynaecology, and Paediatrics and Child Health, the University of the Witwatersrand. 

Principal investigator: Dr RB Nyakoe 

Supervisors: Dr HL Chauke, and Professor D Ballot 

Study related telephone numbers: 

 (011)4883179, Dr RB Nyakoe, principal investigator, Department of Obstetrics & Gynaecology 

(011)4884385, Dr HL Chauke, Head of Department/ supervisor, Obstetrics & Gynaecology 

Telephone (after hours): 0825601340, Dr RB Nyakoe 

Dear Madam 

My name is Dr Robert Nyakoe, I am a specialist doctor and I am also training further in Maternal and 

Fetal Medicine. You are being invited to take part in a study that is being done here at Charlotte 

Maxeke Johannesburg Academic Hospital. The study will try to analyse whether introduction of 

routine sampling of blood from the baby’s umbilical cord immediately after the baby is born and 

analysing the levels of oxygen, carbon dioxide and acid will assist us to understand the condition of 

the baby at birth and whether this information could be useful in making decisions on treatment of 

the babies after birth. I am undertaking this project as part of my training. 

What is being tested? 

After the baby is born a small section (around 10cm in length) of the umbilical cord will be clamped 

and kept aside. Once you and the baby are stable and safe, the doctor will take two blood sample from 

the isolated cord, one from the artery and another from the vein. These samples will be analysed for 

levels of oxygen, carbon dioxide and acid. This will be done using a blood gas analyser. 

What is the purpose of these study and why was I chosen? 
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The study wants to see whether analysing the cord blood gases of the baby immediately at birth will 

give us more information about the baby’s condition and whether this information would be helpful 

in the treatment of the new born baby. 

 

What will happen to me and my baby if I take part in the study? 

By taking part in this study you will not experience any uncomfortable or painful procedures. A sample 

of your babies cord blood will be obtained as explained above and analysed for the oxygen, carbon 

dioxide and acids. Your medical records will also be analysed for your medical and personal 

information. 

What are the risks and disadvantages of taking part? 

There are no anticipated risks or disadvantages if you decide to take part in this study, the standard 

of care that you and your baby will receive will be the same as all the other patients in the ward. 

What are the possible benefits? 

There will be no monetary or material compensation e.g. money or food for your participation in the 

study. There will be no extra cost to you for participation in the study. If there is abnormality in the 

cord blood gas the paediatrician (the doctor who takes care of babies) will be informed immediately 

and will assess your baby.  

Do I have to take part? 

Your participation in this study is voluntary. If you do not wish to take part in this study your treatment 

will not be affected in any way, you and your baby will still receive the appropriate care that you are 

entitled to. If you decide to take part in the study you can still change your mind at any time and this 

will not affect your treatment in any way.   

On taking part in this study will my information be kept confidential? 

Your personal and medical information will be kept confidential at all times, you will be allocated a 

study number and your identity will be known only to me and my supervisor if necessary. Your 

information might be made available to university representatives who might want to review the 

validity of the research findings. 

What will happen to the results of the study? 
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The results of the study will be disseminated to other medical professional through publication in 

medical journals, and presentation in academic meetings and medical conferences. 

Who has reviewed the study? 

The study has been reviewed and approved by the Human Research Ethics Committee (Medical) of 

the University of the Witwatersrand, the study will be conducted in accordance to the South African 

Good Clinical Practice guidelines. 

Whom do I call if I have questions or concerns about the study? 

You can contact the principal investigator, Dr Robert Nyakoe at any time in connection with the study, 

he can be contacted at 0825601340.  

You can also contact Dr. Chauke the supervisor and Head of Department of Obstetrics & Gynaecology 

during working hours (08:00 to 16:00) at (011)4884385 or (011)4883179. 

You can also contact the Human Research Ethics Committee (Medical) of the University of the 

Witwatersrand on (011) 717-1234/2656/2700, if you wish to get more details on research conducted 

at this University.  
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Informed consent form 

Title of the study: Umbilical Cord Blood Gas in a Tertiary Public Hospital in Johannesburg. 

Study location: Charlotte Maxeke Johannesburg Academic Hospital. Departments of Obstetrics & 

Gynaecology, and Paediatrics and Child Health, the University of the Witwatersrand. 

Principal investigator: Dr RB Nyakoe 

Supervisors: Dr HL Chauke, and Professor D Ballot 

I confirm that I have read and understood the information sheet about the above study and have been 

had the opportunity to ask questions. Alternatively the contents of the information sheet have been 

explained to me and I have been given an opportunity to ask questions about the study. 

I understand that my participation is voluntary and that I am free to withdraw at any time, without 

giving any reason, without affecting my medical care or legal rights. 

I understand that my medical records might be looked at by the supervisors of this study or by 

representative from the University of the Witwatersrand as might be necessary to conduct the 

research. I give permission for these individual to access my medical records. 

I agree to participate in the study named above. 

 

 

Patient name and surname: _______________________________________________________ 

Patient signature: ________________________________________________________________ 

Date: _______________________________________ (DD/MM/YYYY) 

Name of Doctor/Nurse: ____________________________________________________________ 

Doctor/Nurse signature: ___________________________________________________________ 

Date: _______________________________________ (DD/MM/YYYY) 
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 APPENDIX 2, DATA COLLECTION SHEET 
1; Demographics 

Study number: 

Age:    Parity:   Gravidity:  Race: 

Weight (Kg):   Height (m):  BMI (Kg/m2): 

2: Antenatal 

Booking status:  01: [Yes]  00: [No]  99: [Unknown] 

HIV:  00: [Negative]    

01: [Positive]  Viral Load:  CD4 count: 

99: [Unknown] 

RPR:  01: [Positive]  00: [Negative]    99: [Unknown] 

Hb (g/dL):     

Rhesus:  01:[Positive]  00:[Negative]  99: [Unknown] 

Previous Obstetric History 

Year  Gestation  Mode of 

delivery 

Gender  Birth 

weight 

grams 

Outcome  complications 

       

       

       

       

       

       

Medical conditions: 

01. [Hypertension] 

02. [Diabetes Mellitus] 

03. [Cardiac]  

04. [Other Medical condition]:   Specify: 
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Medications specify: 

3: Antenatal Obstetric complications: 

00. None 

01. Pregnancy Induced Hypertension   

02. Preeclampsia 

03. Gestational Diabetes 

04. Ante-Partum Haemorrhage:   [Abruptio] [Placenta Praevia] [Unknown] 

05. IUGR 

06. PROM 

07. Premature labour 

08. Postdates  

09. Induction of labour  [Misoprostol]  [Prostaglandins]  [Mechanical] 

10. Other Specify: 

4: Intrapartum 

CTG:  01: [Normal]     02: [Suspicious]  03: [Pathological]  

 00: [Not interpreted] 99: [CTG not available/not done] 

 

Rupture of Membranes;      Duration (HH/MINS)  [Intact]   [Unknown] 

Latent phase of labour  

Start:  Date:    Time:    

End:  Date    Time:  Duration: ______ Hrs _________Mins 

Active Phase of Labour 

Start:  Date:    Time:    

End:  Date    Time:  Duration: ______ Hrs _________Mins 

Second stage of Labour 

Start:  Date:    Time:    

End:  Date    Time:  Duration: ______ Hrs _________Mins 

Third Stage of Labour 
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Start:  Date:    Time:    

End:  Date    Time:  Duration: ______ Hrs _________Mins 

Intrapartum Complications 

00. None 

01. Prolonged latent phase of labour 

02. Prolonged active phase of labour partogram to the right of the alert line 

03. Oxytocin augmentation of labour 

04. MSL:    [Thin]        [Thick]  [Unknown] 

05. APH 

06. Cord prolapse 

07. Eclampsia 

08. Ruptured of uterus or suspected rupture 

09. Pyrexia >38⁰C 

10. Other Specify 

7: Mode of Delivery:  Date:   Time:       Gestation: 

01: [Normal Vaginal Delivery] 

02: [Assisted Vaginal Delivery]: [Vacuum] [Forceps] 

 Indication:  

03: [Caesarean Section]: [Emergency Caesarean section]  [Elective Caesarean section] 

 Indication: 

8: Neonatal Outcome 

APGAR: 

Birth Weight:    Sex:    Placenta weight: 

Retro-placental clot:   01: [Yes]   00: [No]   99: [Unknown] 

Three vessel cord: [01: Yes] 00: [No] 99: [Unknown] 

Neonatal intervention: 

00. None  

01. Oxygen 
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02. NICU admission 

03. TU admission 

04. Ventilation 

05. CPAP 

06. Head cooling 

07. Other specify 

Complications: 

00. Nil  

01. Respiratory Distress Syndrome 

02. Transient Tachypnea 

03. Neonatal Jaundice 

04. Neonatal Sepsis 

05. Hypoglycaemia 

06. Intraventricular Haemorrhage 

07. Necrotising Enterocolitis 

08. Other specify 

10: Umbilical cord blood gas results  

Sampling time:       Analysis time: 

Sample pH PO2 PCO2 HCO3 Lactate Base 

Excess 

Hct 

Venous         

Arterial         

 

Interpretation: (tick as appropriate) 

 

 

If any component of Umbilical Cord Blood Gas was not done give reason: 

Venous Acidosis: Respiratory Metabolic Mixed Not 

interpreted 

Arterial Alkalosis: Respiratory Metabolic Mixed Not 

interpreted 
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Neonatal outcome:  

[Discharge to Mom] [Oxygen] [Intubated]  [TU] [NICU]  [ENND] 

 

 

11: Maternal outcome 

00. No complications 

01. PPH 

02. Blood and blood products 

03. Chorioamnionitis 

04. High Care Admission 

05. ICU admission 

06. Laparotomy 

07. Hysterectomy 

08. Maternal death 

09. Other specify 
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 APPENDIX 3, BLOOD GAS COLLECTION TOOL 
Name: OR PATIENT STICKER    Hospital number: 

Age:    Parity:   Gravidity: 

 

CTG:  [Normal] [Suspicious]  [Pathological]  

 [Not interpreted] [CTG not available/not done] 

Delivery:     Date:    Time: 

[Normal Vaginal Delivery]  

[Assisted Vaginal Delivery]: [Vacuum] [Forceps] 

 Indication:  

[Caesarean Section]: [Emergency Caesarean section]  [Elective Caesarean section] 

 Indication: 

APGAR: 

Birth Weight:    Sex: 

Placenta weight:   Retro-placental clot:  [[Yes]  [No]  [Unknown] 

Three vessel cord: [Yes] [No] [Unknown] 

Umbilical cord blood gas results  
 

Sampling time:       Analysis time: 

sample pH PO2 PCO2 HCO3 Lactate Base Excess 
Venous        

Arterial        

 

Interpretation: (tick as appropriate) 

 

If any component of Umbilical Cord Blood Gas was not done give reason: 

 

Neonatal outcome:  
[Discharge to Mom] [Oxygen] [Intubated]  [TU] [NICU]  [ENND] 

Venous Acidosis: Respiratory Metabolic Mixed Not 
interpreted 

Arterial Alkalosis: Respiratory Metabolic Mixed Not 
interpreted 
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 APPENDIX 4: ETHICS CLEARANCE CERTIFICATE
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 APPENDIX 5: CMJAH CEO PERMISSION 
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 APPENDIX 6: CTG CLASSIFICATION CRITERIA49 

 

 Normal Suspicious  Pathological 

Baseline 110-160 bpm Lacking at least one 
characteristic  of 
normality but with no 
pathological features 

<100 

Variability 5-25 bpm Reduced variability >50 mins 

Increased > 30 mins 

Sinusoidal pattern >30 mins 

Decelerations No repetitive 
decelerations 

Repeated late or prolonged 
decelerations during > 30 mins 
or 20 mins if reduced 
variability, or one prolonged 
deceleration with more than 5 
mins 

interpretation Fetus with no 
hypoxia/acidosis 

Fetus with low 
probability of 
hypoxia/acidosis 

Fetus with high probability of 
having hypoxia/acidosis 

Clinical 
management 

No intervention 
necessary to 
improve fetal 
oxygenation state 

Action to reverse 
reversible causes if 
identified, close 
monitoring or 
additional method to 
evaluate fetal 
oxygenation 

Immediate action to correct 
reversible causes, additional 
methods to evaluate fetal 
oxygenation, or if this is  not 
possible to expedite delivery, 
in acute cases (cord prolapse, 
uterine rupture, abruptio 
placenta) immediate delivery 
should be accomplished 

 

Table of CTG classification criteria, interpretation and recommended management. The 
presence of accelerations denotes a fetus that does not have hypoxia/acidosis, but their absence 
during labour is of uncertain significance. Decelerations are repetitive when associated with 
more than 50% of uterine contractions. 
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