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Abstract  

 

Introduction  

 

The number of maternal deaths from bleeding during and after caesarean section (BDACS) has 

increased dramatically in South Africa in recent years. Four studies were conducted to gain 

insight on measures to reduce maternal deaths from BDACS. The aim was to identify clinical 

and health system factors associated with near-miss and maternal death from BDACS. 

 

 

Methods 

 

A systematic review was done on near-miss from postpartum haemorrhage, with a sub-analysis 

on BDACS. The field research, done in southern Gauteng, included: 1) a six-month prospective 

near-miss audit of women with BDACS in 13 hospitals; 2) a two-year retrospective maternal 

death audit in seven hospitals; and 3) a health systems audit in 15 hospitals. 

 

 

Results 

 

The systematic review on near-miss from PPH found two studies that described near-miss from 

BDACS, with a mortality index of 0-11%. In the near-miss and maternal death audits, the main 

risk factors for BDACS were pre-operative anaemia and previous caesarean section. Atonic 

uterus was the main cause of haemorrhage, with associated failure to use second line uterotonic 

drugs. Failure to diagnose and treat shock was the main reason why women died. Most maternal 

deaths from BDACS occurred in regional hospitals. The hospital systems audit identified 

shortages of second line uterotonic drugs and surgical skills availability as contributors to near-

miss and maternal death from BDACS. 
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Conclusion 

 

Although bleeding may be arrested through obstetric surgical techniques and easily available 

drugs, severe BDACS is a complex disease that requires a multi-disciplinary approach in a 

functional health system, especially regarding the detection and management of hypovolaemic 

shock. Measures to reduce maternal morbidity and mortality from BDACS include health system 

strengthening, with high care and critical care facilities, and improving the availability of drugs 

and surgical skills at district and regional hospitals. 



ix 
 

Acknowledgements 

 
¶ Many thanks to Prof Eckhart Buchmann for everything he taught me, all the sacrifices he 

made to enable me to complete this PhD. 

 

 

¶ Prof Yasmin Adam, for encouragement and support. 

 

 

¶ Prof John Pettifor and Prof Beverly Kramer for all the mentoring and encouragement. 

 

 

¶ All CEOs, clinical managers, HODs, nursing staff, doctors and administrators in the 15 

hospitals: 

 

 
Chris Hani Baragwanath Academic Hospital 

Charlotte Maxeke Academic Hospital 

Rahima Moosa Mother and Child Hospital 

Sebokeng Hospital 

Natalspruit Hospital 

Tambo Memorial Hospital 

Far East Rand Hospital 

Pholosong Hospital 

Leratong Hospital 

Edenvale Hospital 

Southrand Hospital 

Bheki Mlangeni Hospital 

Heidelberg Hospital 



x 
 

Yusuf Dadoo Hospital 

Carletonville Hospital 

 
 

¶ My father and role-model, Prof Moila, and my mothersô TP Moila and GT Maswime 

 

 

¶ My husband, Gundo Vhusani Maswime for always believing in me. 



xi 
 

Table of Contents 
 

Declaration ii  

Dedication iii  

Presentations iv 

Publications v 

Awards vi 

Abstract vii  

Acknowledgements ix 

Table of Contents xi 

List of figures xiii  

List of tables xiv 

Chapter 1 1 

Literature Review 1 

Chapter 2 66 

Methods 66 

Chapter 3 74 

A systematic review on maternal near-miss from postpartum haemorrhage 74 

Chapter 4 81 

Inequities in resources and preparedness for surgical complications of caesarean section in 
southern Gauteng hospitals 81 

Chapter 5 85 

Why women bleed and how they are saved: a cross-sectional study of caesarean section near- 

miss morbidity 85 

Chapter 6 91 

Causes and avoidable factors in maternal death due to caesarean-related haemorrhage in South 

Africa 91 

Chapter 7 95 

Overview and implications 95 

Appendix 1 104 

Plagiarism certificate 104 

Appendix 2 105 

Ethics clearance certificate 105 

Appendix 3 106 

Gauteng permission 106 



xii 
 

Appendix 4 107 

Systematic review: Electronic Search Diary 107 

Appendix 5 108 

Systematic Review: Article Screening Tool 108 

Appendix 6 110 

Systematic Review: Data Extraction Form 110 

Appendix 7 112 

Systematic Review: Critical Appraisal Form 112 

Appendix 8 114 

Health systems audit: Hospital Data Sheet 114 

Appendix 9 118 

Maternal Deaths Audit: Data Sheet 118 

Appendix 10 123 

Maternal Near-miss Audit: Data Sheet 123 

  

  

  

  

  

  

  

  

  

  



xiii 
 

List of figures 

 
Figure 1.1: Maternal deaths from caesarean section related haemorrhage in South Africa 

 

Figure 1.2: Caesarean section rate and case fatality rates for each province 

Figure 1.3: Causes of post-partum haemorrhage 

Figure 1.4: Non-pneumatic anti-shock garment 

Figure 1.5: B-Lynch surgical technique 

Figure 1.5: Distal aspect of tamponade balloons 

Figure 1.6: Proximal aspect of tamponade balloons 



xiv  

List of tables 

 
Table 1.1: The WHO criteria for near-miss 

Table 1.2: Near-miss indicators 

Table 2.1: University of the Witwatersrand cluster of hospitals 

Table 2.2: Near-miss criteria used in this study 

Table 7.1: List of presentations given by researcher to teach about BDACS and 

pregnancy related complications associated with caesarean section 



1  

Chapter 1 

 
Literature Review 

 
1.1. Introduction  

 

Death as a consequence of pregnancy is an important cause of premature mortality globally (1). 

Obstetric haemorrhage is the leading cause of maternal deaths, and it accounts for 25% of 

maternal deaths internationally (2). Obstetric haemorrhage was the leading direct cause of 

maternal deaths in South Africa from 2011-2013, according to the Saving Mothers report, and 

accounted for 15.8% of all maternal deaths. Over 89% of deaths from obstetric haemorrhage 

were deemed possibly and probably avoidable (3). The leading cause of obstetric haemorrhage 

deaths in South Africa was óbleeding during and after caesarean sectionô (BDACS) (3). The 

number of maternal deaths from BDACS has increased in South Africa in the last decade, 

(Figure 1.1.) (4). 
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Figure 1.1: Maternal deaths from caesarean section related haemorrhage in South Africa 

Figure plotted using data from Gebhardt (7) 

 

 
The national caesarean section rate in South Africa of 23.1% (2011-2013) is believed to be 

inappropriately high when measured against the World Health Organization (WHO) 

recommended rate of 10 - 15%, and this is considered to be the main contributing factor to the 

increasing number of maternal deaths from BDACS (3,5,6,7). Substandard care, including 

inadequate initial assessment of patients, poor recognition of the problems, misdiagnosis, failure 

to follow management protocols and substandard resuscitation, are possible causes for the 

increase in avoidable maternal deaths (8). 

 
 

Caesarean section is associated with a higher risk of endometritis, the need for blood 

transfusions, postpartum haemorrhage (PPH) and longer hospital stay than vaginal deliveries 

(9,10). Caesarean delivery is by itself associated with increased maternal morbidity and 

mortality, and delay in performing caesarean section in poorly resourced settings increases 

216 

180 

141 

78 

2002-2004 2005-2007 2008-2010 2011-2013 
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maternal and newborn risks even more (11,12). Caesarean sections have recently been associated 

with a higher risk of near-miss morbidity, compared to vaginal deliveries (13). 

 
 

This literature review will examine severe maternal outcomes from BDACS, the burden of 

disease from BDACS, clinical audits, healthcare system deficiencies, mechanisms of 

haemorrhage, risk factors for BDACS, and interventions to reduce morbidity and mortality from 

BDACS. 
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1.2. Severe maternal outcome from BDACS 

 
Maternal morbidity is defined by the WHO as, óany health condition attributed to and/or aggravated 

by pregnancy and childbirth that has a negative impact on the womanôs wellbeingô (14). The most 

severe morbidity is one that comes close to resulting in a womanôs death (a near-miss). In recent 

years, the concept of maternal near-miss has been widely adopted by the scientific community. With 

maternal deaths being rare events, near-miss has become the main audit tool for severe maternal 

outcomes in high-income countries (15). A near-miss is defined as a woman who experienced and 

survived a severe health condition during pregnancy, childbirth or postpartum. Maternal death is the 

most extreme indicator of deficiencies in obstetric care, while near-misses include women who came 

close to death, but survived owing to good fortune or appropriate medical intervention. The study of 

near-misses provides valuable information on how obstacles are overcome after the onset of an acute 

complication (15). Near-misses share similar characteristics with maternal deaths, but are not as rare 

as maternal deaths (16). Together, near-misses and maternal deaths can be grouped together as 

having ósevere maternal outcomeô (15). 

 
 

The maternal near-miss concept was described by Mantel et al. in South Africa in 1998, in a pilot 

study for a definition of a near-miss. Their rationale was that, with the decline in the number of 

maternal deaths, recommendations to improve maternal healthcare based on reports of rare 

events, such as maternal deaths, had little relevance (17). Applied to the woman who escapes 

death because of appropriate medical care, the concept of the ógreat saveô was borne out of this, 

with the advantage of providing a bigger picture of maternal disease and clinical responses (17). 

Mantel et al defined near-miss criteria based on organ system dysfunction or need for certain 

extreme interventions, for example admission to intensive care unit. Following on, other near- 

miss criteria were proposed separately by Fillipi et al., Geller et al. and Waterstone et al. (17-20). 

Until 2009, there was no international consensus on the definition or criteria for near-miss, also 
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described as severe acute maternal mortality (SAMM). The WHO initiated a process to develop 

a uniform definition, classification, and identification system for near-miss, using similar 

principles as those for classifying maternal deaths, with near-miss criteria based on those of 

Mantel et al. This resulted in the WHO maternal near-miss criteria, which have been adopted 

globally. These are divided into clinical criteria, defining disease end points such as shock and 

gasping; laboratory based criteria, including markers of multi-organ dysfunction; and 

management criteria, including life-saving interventions, such as intensive care unit admission, 

hysterectomy or massive blood transfusion (Table 1.1.) (15). 

 
 

Table 1.1: The WHO criteria for near-miss 

 

Clinical criteria  Laboratory criteria  Management based/ 
Intervention based 

Á Acute cyanosis 
Á Respiratory rate>40 

or <6/min 

Á Shock 

Á Oliguria not 

responsive 

Á Clotting failure 

Á Jaundice with 

preeclampsia 

Á Loss of 

consciousness > 

12hrs/no pulse/heart 

rate 

Á Stroke/paralysis/ 

uncontrollable fit 

Á Oxygen saturation 
<90% for >60 min 

Á PaO2/FIO2<200 

mmHg 
Á Creatinine>300 

mg/dL 

Á Bilirubin>100 

mg/dL 

Á pH<7.1; lactate>5 

mmol/L 

Á Platelets<50 000 

/µL of blood 

Á Loss of 

consciousness with 

glycosuria/ketonuria 

Á Use of vasoactive 

drugs 

Á Hysterectomy: 

infection/hemorrhage 

Á TransfusionÓ5 units of 
packed cells 

Á Intubation>60 minutes 

not related to 

anesthesia 

Á Dialysis for acute renal 

failure 

Á Cardio-pulmonary 

resuscitation 

Table drawn using data extracted from Say (15) 

 

Various indicators based on near-miss can be calculated, such as the maternal near-miss ratio, 

the severe maternal outcome ratio and the mortality index, the latter expressing the number of 

women who die from life-threatening conditions (severe maternal outcome) in an institution. The 

indicators can be used to evaluate quality of care over a period of time, and across different 
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settings (Table 1.2) (15). Clinicians and managers will strive to reduce the mortality index in 

their institution. Even though near-misses can at times be regarded as obstetric successes (great 

saves), the consequences of near-miss related complications can be overwhelming (21). A near- 

miss from BDACs may have a hysterectomy, multiple surgical procedures, renal dialysis, and 

prolonged ventilation. These may result in chronic complications, post-partum depression, and 

even death after an extended period of suffering. The study of near-misses has revealed the 

extent of maternal ill health beyond the acute intrapartum and postpartum period. A study in 

Burkina Faso found that women with a life-threatening complication suffered from depression, 

anxiety and suicidal ideation. They also had financial difficulties due to costs incurred during 

and after childbirth (22). While most women make a full recovery, the sequelae of near-miss 

may be chronic maternal illness, disability and infertility. 

Table 1.2: Near-miss indicators 
 

Indicator  Equation Definition 

Severe maternal outcome SMO=MNM+MD The sum of maternal 
deaths and near-misses 

Maternal near-miss ratio (MNR) MNR=MNM/1000 live 

births 

Number of maternal 

near miss cases per 

1,000 live births 

Severe maternal outcome ratio (SMOR) SMOR=MNM+MD/1000 
live births 

Number of maternal 

near miss and maternal 

deaths cases per 1,000 

live births 

Mortality Index (MI) MI = MD/(MNM+MD)  The risk of dying from a 

life-threatening 

condition, expressed as 

a percentage. 

MD* is maternal death 

MNM* is maternal near-miss 

Table drawn using data extracted from Say (15) 

 

 
The leading causes of maternal near-misses worldwide were believed to be obstetric haemorrhage 

 

and pregnancy related hypertension (23). Near-misses occurred in 1% of pregnant women in the 
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USA, but in low resource settings this proportion ranged from 3 - 9% (21). The proportion of 

deaths among women with severe maternal outcome (mortality index), varies per setting. High 

mortality indices are the rule in low resource settings. This may also be expressed inversely as a 

ratio of near-misses to maternal deaths, with low ratios found in low resource settings. Mantel et 

al. found that there were five times as many near-misses as maternal deaths in South Africa (17). 

In a similar study in a high-income setting in Canada, Baskett et al. reported a ratio of 27:1 (54 

near-misses and two deaths). However, despite the diverse settings, both studies found that their 

near-misses mirrored their maternal deaths in terms of cause (24). 

 
 

Caesarean delivery is known to be associated with high-risk pregnancy and maternal death, and, 

similarly, to near-miss. A finding from the WHO Global Survey in 2005 was that caesarean 

sections are associated with near-miss morbidity as well as an increased mortality index (25). 

Litorp et al. described the proportion of near-miss from BDACS in Tanzania, and stated that 

caesarean section complications accounted for a large proportion of near-misses and maternal 

deaths. Caesarean delivery was not only associated with, but also causal in, severe maternal 

outcome (13). The advantage of studies on near-miss is that they present a broader picture of the 

burden of severe maternal disease than simple descriptions of maternal mortality. For every 

maternal death, there are usually more women with a near-miss event. The mortality index 

allows us to calculate the percentage of women that died from a specific condition with severe 

morbidity. No studies have been found that evaluate the mortality index for BDACS. However, 

mortality indices can be extrapolated from data that describe the cause of near-miss, number of 

maternal deaths, and maternal near-miss. The mortality index from Litorp et al. study was 

calculated to be 11% (13). A mortality index for BDACS could not be calculated from data in 

any of the South African near-miss studies. 
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1.2.1. Severe morbidity from PPH 

 

The definitions of PPH, severe PPH and massive obstetric haemorrhage are determined by blood 

loss volumes, which are often inadequate descriptions of the clinical effect of blood loss on a 

patient. Discriminating severe from mild PPH according to near-miss criteria, provides a better 

description of adverse effects and patient outcomes, by adjusting for the individual patientôs 

clinical profile in response to blood loss. It also eliminates misclassification caused by 

underestimation of blood loss. Near-miss criteria, such as those of the WHO, also have 

limitations. In settings where certain investigations cannot be done, and in facilities where staff 

are not well equipped to provide certain interventions, the number of near-misses may be 

underestimated. If a clearly indicated hysterectomy cannot be performed by a surgeon in a 

district hospital, the woman may not be counted as a near-miss if she survives by good fortune. If 

a blood bank is not available on site, or five units cannot be given because of a shortage, the 

number of near-misses recorded will be fewer. The near-miss criteria have limited application in 

district hospitals, because women with near-miss morbidity generally need referral to higher 

levels of care where the near-miss criteria can be applied. 

 
 

1.2.2. Severe morbidity and mortality from BDACS 

 

According to the latest South African Saving Mothers report, 363 maternal deaths resulted from 

BDACS from 2011-2013, the most yet recorded in a triennium since 1999-2001, when the 

triennial Saving Mothers Reports were instituted; 216 of the deaths were directly related to the 

procedure, 54 to placental abruption, and 26 to placenta praevia/accreta. The risk of dying from 

BDACS in South Africa was 1 in 3035 pregnancies. Many of the deaths took place in district and 

regional hospitals (81%). About one-third of the women (36%) had a repeat caesarean section 

(3). A recent study from Nigeria described complications of caesarean section surgery in a low- 

resource setting. Haemorrhage was the most frequently seen complication. Caesarean section 



 

complications, defined as haemorrhage, wound dehiscence, anaemia, sepsis and others were 

experienced by 67 women, in a cohort of 504 who had a caesarean section. The major 

indications for caesarean section were prolonged labour and previous caesarean section. 

Haemorrhage accounted for 59.7% of complications, followed by wound dehiscence in 17.9%, 

and sepsis in 7.5%. The authors explained their findings from the fact that many women in that 

community delivered in their homes under the care of traditional birth attendants, and presented 

to hospital only if there were labour complications. Regarding in-hospital care, there was an 

inverse correlation between blood loss and the cadre of surgeons, i.e. the more junior the 

surgeon, the higher the blood loss. Ten maternal deaths were reported, of which six were caused 

by puerperal sepsis following prolonged obstructed labour, and only one was due to PPH. All the 

puerperal sepsis cases were referrals and their high mortality was believed to be due to the high 

number of patients referred with prolonged labour for emergency caesarean section. This was not 

a near-miss study, because near-miss definitions were not used; it only described known 

caesarean section complications (26). It is important to note that fewer women died from PPH, 

even though haemorrhage was the most frequently seen complication. This was not explained by 

the authors; however, the study was done in a tertiary hospital which receives referrals from four 

states and a neighbouring country. It may be that the tertiary hospital had sufficient skills, 

facilities, and supplies to manage severe blood loss. 

 
 
Very few studies have been done on formally defined near-misses from BDACS, and no studies 

have been found specifically describing risk factors associated with near-miss and BDACS. 

There is also a wide disparity between the prevalence of near-miss from BDACS in the few 

studies done. Two large multicentre studies considered near-misses and included BDACS as one 

of the clinical causes. The World Health Organization Multi-Country Survey on Maternal and 

9 
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Perinatal Outcomes examined severe maternal outcome from PPH. Among 3102 women with 

PPH, there were 484 maternal near-misses and 105 deaths. BDACS accounted for 34% of 

maternal near-miss and deaths from PPH (27). The strength of this study was the large sample 

size and inclusion of 28 countries from different regions, including low income and high income 

countries. The study, however, focused on interventions to prevent PPH and did not describe 

clinical factors pertaining to the population with BDACS. A study in the Netherlands done in 98 

hospitals with 371 021 deliveries included 1606 women with major obstetric haemorrhage (88% 

with PPH). In this high-income setting, BDACS contributed to 11.4% of severe maternal 

morbidity from massive obstetric haemorrhage (28). 

 
 

Two near-miss studies from low-resource settings have examined near-miss related to caesarean 

section. The study by Litorp et al. in Tanzania, briefly mentioned earlier, appears to have been 

the first to describe near-miss from caesarean section in a low-income country. The study was 

done in Dar es Salaam in two hospitals, one was a regional hospital and the other a university 

hospital. The university hospital manages about 9000 births, and the regional hospital about 20 

000 births each year. The regional hospital was described as having a shortage of equipment 

including gloves and syringes, oxytocin, and blood, as well as frequent electricity failures. It 

only had one operating theatre shared by all surgical disciplines, and often had to refer patients 

to the university hospital for caesarean sections, since it could not meet the demand for 

caesarean sections. In a sample of women with 13 121 live births, the authors found 49 near-

misses and 10 deaths associated with caesarean section; 12 near-misses and three deaths (a 

mortality index of 20%) were directly related to haemorrhage (BDACS). The caesarean section 

rate was 53% in the university hospital versus 6.5% in the regional hospital, and 87% of 

maternal near-misses were referred to higher levels of care alluding to health system 

deficiencies in the country (13).
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The other study, done at Kathmandu Medical College Teaching Hospital in Nepal, with 1562 

births in 24 months, found 36 near-misses associated with caesarean section, with only two near-

misses and no maternal deaths from BDACS (mortality index of zero) (29). These studies, 

besides their own data, highlight the paucity of information on near-miss from BDACS. Both 

studies included near-miss from other causes besides haemorrhage, and data pertaining to 

caesarean section needs to be extrapolated from the results. While mortality indices could be 

calculated, risk factors and avoidable factors for severe morbidity were not adequately 

described. 

 
 

The diverse findings in the different settings, together with the high BDACS mortality in South 

Africa, present a significant gap in knowledge on the burden of BDACS in terms of numbers and 

mortality index, as well as risk factors and avoidable factors. The local South African setting 

would therefore be suitable for studying near-miss and maternal death from BDACS. 
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1.3. Clinical Audit (Quality of care) 

 

Clinical audit is defined as a range of methods used for monitoring and reporting on health 

outcomes and process of care. Audits permit review of adverse events and quality of care. 

Clinical audits are based on a commitment to improve the healthcare system, and the concept of 

óbest practiceô and evidence-based practice (30). Audit of maternal deaths and adverse events is 

considered essential in all health care environments. The review process creates an opportunity 

to lead interventions to prevent recurrence of these events (8). Auditing maternal deaths and 

near-misses from BDACS may allow clearer understanding of the causes and associated factors, 

and therefore prevention of future deaths. 

 
 

In 2004, the WHO published Beyond the Numbers, which was a global examination of maternal 

mortality. It described an approach beyond simply counting numbers and maternal mortality 

ratios. It appreciated the fact that all maternal deaths and near-misses had a story to tell that 

could influence change in standard practice. This is the purpose of audits. More specifically, 

audits aim to address and improve technical accuracy of diagnosis and treatment, timeliness of 

interventions, service organisation, and staff roles and responsibilities (31). Related to audits, it 

is also necessary to study health system barriers to improved maternal outcomes, implying in the 

context of this review an evaluation of institutional preparedness for severe caesarean section 

related haemorrhage. 

 
 

1.3.1. Donabedian model 

 

The Donabedian model is well known as an approach to assess quality of health care. The model 

considers three standards, based on the belief that: the clinical outcome of a patient is influenced 

by the structure (facility and resources where the outcome took place), and the process (diagnosis 

and treatment by the healthcare workers) (32). Avedis Donabedian was concerned with methods, 



13  

and not just findings. The theory emphasised that the clinical outcome for a patient was the 

ultimate validation of the effectiveness and quality of a medical system. The process of care 

needs to be assessed to rule out mediocrity poor practice. The setting in which the care takes 

place adds valuable information about whether the setting influenced the outcome. Questions 

arise such as: is the facility adequate; is the equipment sufficient; what are the qualifications of 

the medical staff; what are the administrative structures; what teaching programs occur in the 

institution; and what operations are performed? Such questions need to be answered to eliminate 

structural deficiencies as causes of the outcome being audited (32). There is a clear distinction 

between actual care provided, and the capacity to provide care. The Donabedian model can be 

applied to measure resources and quality, and improve care across hospitals, group practices and 

health systems. Maternal deaths and near-misses are frequently due to healthcare process and 

structural deficiencies, and health system strengthening may improve maternal outcomes. And in 

auditing BDACS, the surgery and the audit are both done in hospitals, in settings with clear 

structures and processes with potential deficiencies. The Donabedian model is therefore ideally 

suited to audit of BDACS. 

 
 

1.3.2. Saving Mothers reports 

 

South Africa introduced confidential enquiries into maternal deaths in October 1997, when 

maternal deaths were made a notifiable event by law. The National Committee for Confidential 

Enquiries into Maternal Deaths was appointed by the Minister of Health, to count maternal 

deaths, determine their causes and evaluate the medical care received. Every three years, since 

1999, the committee has released triennial Saving Mothers reports, making this data accessible 

in the public domain. The committee has made periodic recommendations which can be used to 

draw up clinical guidelines on how to manage various conditions, and how to prevent maternal 

life-threatening events (3). The committee uses avoidable factor audits to measure quality of 
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care. The factors are subdivided into: 1) patient related factors; 2) health-care worker related 

factors, and 3) health-care system related factors. The latter two factors relate to structure and 

process audits as suggested by Donabedian. According to the maternal death assessors who 

provided the audit data in the most recent Saving Mothers report, over 70% of the 216 deaths 

due to BDACS from 2011-2013 were clearly avoidable. Only 1.8% of the deaths had no 

suboptimal care. Common themes in the reviews of these deaths were: no attempt to take 

bleeding patients back to the operating theatre; clinically unstable patients referred to higher 

levels of care; and failure to follow PPH protocols. A common finding was failure to adhere to 

the guidelines as suggested in the Department of Healthôs caesarean section monograph (3). 

 
1.3.3. Three delays method 

 

The three delays method is another tool used to evaluate quality of care. The three delays model 

was formally described by Thaddeus and Maine, and has been applied especially in low-resource 

health care settings. The model has three components: 1) first delay, in deciding to seek care by 

the individual and/or family; 2) second delay, in reaching an adequate healthcare facility; and 3) 

third delay, in receiving adequate care at the health facility (33). The difficulty in using the 

model for auditing BDACS is the fact that only the third delay is directly applicable to this type 

of event. If a patient starts bleeding severely in hospital during or after a caesarean section, the 

patient and her family are not involved in determining the nature or extent or bleeding. This 

method is therefore not suitable for the evaluation of intra-operative and post-operative care. 

 
 

1.3.4. Robson criteria 

 

Use of the Robson criteria is a frequently recommended tool to audit caesarean sections, 

mainly to determine if the caesarean section rate in an institution is appropriate. The Robson 

score identifies contributors to caesarean section, such as previous caesarean section, breech 
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delivery and prematurity (34). The estimated caesarean section rate in South African district 

hospitals is 12-18%, in regional hospitals 25-32%, and in tertiary hospitals 32-38% (35). The 

use of the Robson criteria is simple, robust and reproducible, providing ten categories of 

mutually exclusive caesarean sections. However, they do not include clinical reasons for 

doing caesarean sections (34), and do not provide insight into the quality of care before, 

during and after the surgery. Nevertheless, in the case of BDACS, the use of the Robson 

criteria has potential in terms of reducing the caesarean section rate, which is an important 

determinant of the frequency of BDACS. The higher the caesarean section rate, the greater the 

numbers of cases of BDACS. The criteria may also be useful for determining risk factors as 

applied in the Robson criteria (parity, previous caesarean delivery and so on) and their role in 

BDACS. 

 
 

In conclusion, health system factors have been highlighted as possible contributors to maternal 

deaths from BDACS. No studies have been done evaluating health system factors associated with 

BDACS. The Donabedian method appears to be the most appropriate measure of quality of care 

related to caesarean section related morbidity. The model correctly supposes that if structures and 

processes were different, a different outcome could have been expected. 
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1.4. Health system 

 

1.4.1. Global surgery 

 

The ability to provide access to safe surgery is a function of the structures and processes of a 

health system. Five billion people lack access to safe surgical and anaesthetic care. The Lancet 

commission on global surgery was launched in January 2014, to address inequities, knowledge 

gaps and policy regarding global surgery, particularly in low and low middle income countries. 

Case fatality rates rise in absence of surgical care for easily treatable conditions such as 

appendicitis, obstructed labour, congenital abnormalities, breast and cervical cancer. Related to 

obstructed labour, caesarean section and maternal health are a key priority in the global surgery 

agenda (36). The commission used the three delays model to depict an analogy about lack of 

access to surgery and anaesthesia. óA woman who lives hours away from the nearest hospital 

probably does not have access to timely surgery and anaesthesia. A woman who lives just 

minutes away from a hospital that does not have enough surgeons and anaesthetists available to 

offer care also does not have access to surgery and anaesthesiaô. The three delays model is well 

applied here, including the issue of access to caesarean section. With BDACS, the concern is 

that even with access, there is still an appreciable and preventable risk to the patient. Caesarean 

section and its complications are part of the global surgery agenda. Furthermore, women with 

postoperative complications may require interventions from skilled surgeons, as well as high risk 

resources and facilities at accessible referral centres (36). 

 
 

1.4.2. Structure 

 

Access to safe motherhood remains a key problem, particularly in Sub-Saharan Africa and 

South Asia, the regions with the highest maternal mortality burden. Women face deprivation in 

access to skilled attendants at birth, and to timely referral for emergency care (37). 
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A review on maternity care in India reported that in some areas, one to two obstetricians serve 

populations of up to 2-million people (38). In India, government policy encourages specialists to 

perform all caesarean sections, unlike in South Africa, where a medical officer who has 

completed the two-year internship can perform a caesarean section (38). This creates a challenge 

in India as women in rural areas requiring caesarean section must travel long distances. Many 

women referred to higher levels of care do not follow through; they arrive too late, die at home, 

or die on the way to a higher level of care. Lack of medicines and supplies is a further challenge 

in Indian government hospitals. The country also faces a shortage of anaesthetists. In response to 

this challenge, a specialist obstetrician may administer anaesthesia before operating, while a 

medical officer or nurse maintains anaesthesia during the operation. For reasons of patient safety, 

some obstetricians are forced to perform caesarean sections under local anaesthesia infiltration 

(38). District hospitals in South Africa are similarly affected by staff challenges. In South 

African rural hospitals, it has not been uncommon to find one doctor doing a caesarean section 

alone, in the simultaneous roles of surgeon, anaesthetist, and paediatrician. This would often be a 

junior doctor without the expertise to manage the surgical, anaesthetic or even the neonatal 

complications (39). 

 
 

Strategies to improve access to caesarean section, particularly in countries with shortages of 

doctors, midwives and middle level practitioners, remain a priority. However, even with these 

deficiencies corrected and with increased access, the health system must upscale other areas of 

service to prepare for emergencies arising from intra- and postoperative complications. 

Anaesthetists, emergency patient transport, blood banks, and intensive care units or high 

dependency units are all pivotal in managing severe post-operative haemorrhage. System-wide 

improvements are therefore needed to offer accessible and safe surgical services. 



19  

In South Africa, access to caesarean section is not a major problem, but the ability to manage 

complications from caesarean section related haemorrhage remains a challenge. A recent South 

African study of 12 health districts evaluated staffing norms and access to care. The highest 

number of births and deaths occurred in district hospitals. Based on WHO staffing norms, the 12 

districts had more than the total number of professional nurses required per district. 

Furthermore, there was also an excess of maternity units for the population served. Therefore, 

the safety of maternity units, rather than a shortage of staff or facilities, was the main concern, 

and the recommendations were to realign maternity services to maximise patient safety (40). 

 

 

Litorp et al. reporting on the Tanzanian study on near-miss, blamed the high near-miss rate at 

caesarean section on the uneven distribution of staff and material resources between different 

health care facilities. The lack of drugs, sterile packs, post-operative beds, blood transfusion 

and trained staff were thought to be the reason for the elevated risk of caesarean section 

complications in regional hospitals. Post-operative surveillance was also a concern regarding 

BDACS (13). 

 
 

In South Africa, 38% of the deaths from BDACS occurred at district hospitals, 43% at regional 

hospitals, and 16% at tertiary hospitals (2011-2013). The average caesarean section rate in 

district hospitals in 2014/15 was 22.7%. The proportion of caesarean sections was highest in 

regional hospitals. Thirty-five percent took place in district hospitals, 40% in regional hospitals 

and 25% in tertiary hospitals (41). 

 
 

Gauteng province, which includes the cities of Johannesburg and Pretoria, has the highest 

number of births in the country, but had the second lowest case fatality rate per 10 000 caesarean 
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sections performed, after the Western Cape province (3). The caesarean section rate was highest 

in KwaZulu-Natal (28.8%) and lowest in Limpopo province (15.2%) (Table 2). The number of 

deaths from BDACS did not correlate with the caesarean section rate provincially. KwaZulu- 

Natal had the highest number of deaths from BDACS and the highest caesarean section rate. 

Limpopo and Mpumalanga provinces had the lowest caesarean section rates, and the highest case 

fatality rates for BDACS (Figure 1.2) (3). However, in the absence of possibly confounding 

variables, the apparent ecological association between low caesarean rates and high case fatality 

rates cannot be assumed to be causal. 

 

 

 
Figure 1.2: Caesarean section rate and case fatality rates for each province. 

Graph drawn using data extracted from the Saving Mothers Report (3). 
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The Saving Mothers report states that private hospitals in South Africa reported a total of 344 

611 live births, and 118 deaths in the last triennium, and an institution-based maternal mortality 

ratio of 34/100 000 live births. The caesarean section rate in private hospitals was 67% in 2011 

- 2013. Obstetric haemorrhage was the second most common cause of death. BDACS accounted 

for 4 out of 23 (17%) deaths from obstetric haemorrhage in the private hospitals. Private 

hospitals have a much higher caesarean section rate, but a much lower number of deaths from 

BDACS than public hospitals (3). There was also a difference in the distribution of deaths 

between public hospitals and private hospitals. Overall, there are wide variations between health 

systems between private and public care in South Africa. BDACS appears to be a problem 

affecting mainly the public healthcare system. 

 
 

Some deaths from BDACS in South Africa occurred during and after transfer of women from 

lower to higher levels of care (3). Improved access to emergency obstetric care and reduced 

transport time reduces maternal mortality. An intervention to increase the number of ambulances 

and to reduce dispatch times was implemented in the Free State province. Thus, the maternal 

mortality rate was reduced from 129 to 61/100 000. Out of 45 new ambulances in the province, 

18 were dedicated to obstetric use (42). Other provinces have attempted to follow this example. 

The North-West province bought 10 obstetric ambulances in 2014, and instituted 16 maternity 

waiting homes, to bring pregnant women closer to birthing units (43). Gauteng introduced 92 new 

general ambulances in 2015, bringing the ambulance fleet closer to 800 ambulances needed. 

However, the number of ambulances still falls short, according to the national norm, of one 

ambulance per population of 10 000 people. Gauteng would be required to have a minimum of 

1200 ambulances (44). The main concern in the Free State was the number of women giving 

birth before reaching a healthcare facility (42). These adjustments in ambulance allocations were 

not intended for women with BDACS.



 

Amidst the shortage of ambulances, there is a growing concern with regards to ambulance 

personnel in South Africa. There is a dire shortage of Advanced Life Support (ALS) paramedics 

(45). This results in ambulances serving as a means of rapid transportation instead of a service 

providing advanced life support. There are three levels of training. The lowest is Basic Life 

Support which requires one monthôs training in first aid, cardio-pulmonary resuscitation, vehicle 

extrication and ambulance equipment. Intermediate life support includes insertion of intravenous 

lines and the use of manual defibrillation. Advanced life support provides critical care services 

such as advanced airway management and cardio-version (45). In 2014 South Africa had 8095 

Basic Ambulance Assistants, 2603 Intermediate Life Support Practitioners and 360 Advanced 

Life Support Paramedics (46). An ambulance model for BDACS would require further up-scaling 

of inter-facility emergency transport, with a focus on obstetric ambulances staffed by personnel 

with skills to manage bleeding patients during transfer. Hospital care needs to be optimized to 

reduce the dependence on an already strained ambulance service. 

 
1.4.3. Process 

 

Caesarean sections are often performed by junior doctors who are not able to deal with life- 

threatening intraoperative haemorrhage. Recognition of postpartum haemorrhage and shock is 

often delayed, and the response inadequate. A common theme in South Africa is the reluctance 

to perform relook surgery at a district hospital, because of the lack of blood products, and lack of 

surgical confidence and competence (3). 

 

Another important issue pertinent to the management of women with BDACS is the ability 

to provide comprehensive care for the women with complications from caesarean section 

haemorrhage. The Canadian near-miss audit conducted by Baskett and Sternadel noted 

that the most common obstetric complications requiring ICU admission were 

21 
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hypertension, haemorrhage and sepsis. They highlighted the need for critical care units for 

obstetric complications. They recommended that in addition to protocols managing 

emergencies such as PPH, an obstetric unit should be skilled in the initial cardiopulmonary 

support of a critically ill patient (24). Regarding BDACS, the diagnosis and management of 

hypovolaemic shock and its complications has been listed as a common avoidable factor, yet 

none of the South African protocols/guidelines discuss the use of inotropes or ventilation in the 

early care of a shocked obstetric patient. The recently introduced use of colour coded charts to 

assist in the diagnosis of shock are helpful, but healthcare workers need to be trained on how to 

manage a shocked patient, or when to call for help from anaesthetists and intensivists. 

 
 
In view of the problem of BDACS in South Africa, the question arises: how prepared are our 

hospitals to manage complications that arise from caesarean sections? Is the rising number of 

maternal deaths due to health system deficiencies, due to the rising caesarean section rate, due 

to the skills of doctors performing caesarean sections, or due to a population with a new risk 

profile? A health systems audit has not been done on preparedness for complications arising 

from caesarean section. Such an audit may enable us to determine the immediate and underlying 

causes for this epidemic of maternal deaths from BDACS. An important consideration with 

global surgery is that once surgery is accessible everywhere, more surgical complications will 

appear. The situation in South Africa may provide early warning of what is to come as obstetric 

services develop. As more low and low-middle income countries improve access to caesarean 

section, similar trends may appear, especially in Sub-Saharan Africa, as shown in the Tanzanian 

experience. 
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1.5. Mechanisms of haemorrhage 

 

1.5.1. Causes of PPH 

 

Immediately after delivery of the baby, myometrial contraction enables separation of the 

placenta and haemostasis. Control of postpartum placental site bleeding results from uterine 

contractility. This depends on hormonal and neuromuscular processes. Oxytocin acts on the 

myometrial oxytocin receptors, increasing the contractions. Prostaglandins are potent stimulators 

of myometrial activity, and participate in producing these contractions (47). In addition, the 

physiological increase in clotting factors helps to prevent blood loss after separation of the 

placenta (48). The causes of PPH can be subdivided using a mnemonic called the Four Ts. Tone 

is the commonest cause, followed by trauma, tissue and thrombin (Figure 1.3). Tone refers to 

atonic uterus. Trauma includes laceration, haematoma, inversion and rupture. Tissue refers to 

placental abnormalities (praevia and accreta) and retained products of conception. Thrombin 

refers to coagulopathies (49). 
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Figure 1.3: Causes of postpartum haemorrhage 

Graph drawn using data extracted from Anderson (49) 

 
 

An American study that included a total of 23 390 births assessed women who had atonic uterus 

following primary caesarean section. The authors reported a 6% rate of atonic uterus. Positive 

associations were multiple gestation, augmentation and induction of labour, and birthweight over 

4500 g. More than half of the women did not have a risk factor for uterine atony (50). In general, 

PPH guidelines do not differentiate between caesarean section related haemorrhage and vaginal 

delivery related haemorrhage. This may be because atony may occur at both types of delivery, and 

some of the principles of management are similar. Yet, there is more blood loss expected at 

caesarean section, and caesarean section is associated with more severe maternal morbidity than 

vaginal delivery (51). In terms of PPH, caesarean section differs most obviously from vaginal birth 

in the incisions made, as well as the potential for non-incisional trauma related to opening 
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the abdomen and extracting the baby from the uterus. 

 

 
 

1.5.2. Iatrogenic injuries from caesarean section 

 

Iatrogenic injuries sustained at caesarean section are associated with increased morbidity and 

increased need for blood transfusion (52). Injuries may involve the urinary tract, the genital tract 

or the abdominal cavity. Well-known injuries include vascular trauma, accidental extension of 

the uterine incision, damage to the bladder, and damage to other organs, notably the intestine 

(53). A study done in the United Kingdom (UK) over an eight-year period evaluated urinary tract 

injuries in obstetric patients in a hospital that performed about 5500 births per year. Eighteen 

injuries were documented, and 15 were associated with caesarean section, 14 with emergency 

cases and 1 with an elective caesarean section. The bladder injury rate was 1.4/1000 caesarean 

deliveries, and the ureteral injury rate was 0.27/1000 caesarean sections. All the injuries took 

place in the early hours of the morning, associated with the duty hours of inexperienced, 

unsupervised junior staff. Perhaps surprisingly, most caesarean sections were done in women 

who had never had a caesarean section before. It was postulated that caesarean sections in women 

with previous caesarean sections were done by more senior staff, with more vigilance (54). 

Bowel injury is not common at caesarean section, but the risk increases with the number of 

previous caesarean sections (55). Abdominal adhesions are fibrous band-like structures that form 

between abdominal organs when surgical trauma induces inflammation and disrupts normal 

tissue. Adhesions develop following 46-55% of primary caesarean sections. Some adhesions are 

easily separable at repeat operation, but others are thick and dense, resulting in considerable 

surgical difficulties that may include trauma and haemorrhage. The risk of adhesions increases 

with each caesarean section. Surgical techniques to reduce the formation of adhesions involve 

careful tissue handling, good haemostasis, removal of free blood, and maintenance of tissue 
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moisture (55). Trauma to bowel and urinary tract is not classified as BDACS. Trauma in BDACS 

refers to injuries that involve failed haemostasis in the uterine incision, lateral extension (tearing) 

of the uterine incision, or injury to other tissues. 

 

The source of bleeding in the maternal deaths from BDACS was poorly classified in the Saving 

Mothers Report. A secondary analysis of the Saving Mothers data by Gebhart et al revealed 

that the source of the bleeding was not always recorded in the patient folder, e.g. uterine 

incisional trauma versus bleeding from uterine tears. Delay in recognition of internal bleeding 

after caesarean section was also a recurring theme (7). Knowledge about the mechanism of 

bleeding enables the surgeon to decide on the optimal management plan for each patient. 

Although guidelines and protocols are readily available in the South African setting on the 

management of PPH, the clinicianôs understanding of the origin and seriousness of the 

condition will determine whether they follow the correct steps on the protocol. The relative 

contributions of atony versus trauma versus retained products in BDACS have not been 

determined in the literature. 
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1.6. Contributors to  BDACS 

 

The increase in BDACS in South Africa is believed to be due to the increase in the caesarean 

section rate, and due to the change in the risk profile of patients, especially a larger proportion of 

women with previous caesarean section (56). 

 
 

1.6.1. Risk factors for PPH 

 

Risk factors for PPH, irrespective of mode of delivery, include maternal age Ó35years, multiple 

pregnancy, uterine leiomyomata, pre-eclampsia, antepartum haemorrhage and uterine rupture. 

Caesarean section itself is a risk factor, as is instrumental vaginal delivery (57). Recent studies 

have separated risk factors for PPH in elective and emergency caesarean sections. A study done 

in the USA found that risks associated with elective caesarean sections were uterine 

leiomyomata, blood clotting disorders, antepartum haemorrhage and preterm birth. Risk factors 

specifically associated with caesarean section include general anaesthesia as opposed to regional 

anaesthesia, pre-eclampsia, chorioamnionitis, prolonged labour, macrosomia, increased body 

mass index (BMI), previous uterine scar, placenta praevia and placental abruption (57,58). PPH 

frequently occurs in women without risk factors. The importance of identifying risk factors early 

in pregnancy is that it allows women to be managed and delivered at the appropriate level of care. 

However, PPH is unpredictable in most cases, and therefore requires adequate systems to be in 

place to manage patients effectively at any level of care. 

 

 

A study at Johannesburgôs Chris Hani Baragwanath Hospital (CHBAH) by Hassim described 

profiles of women undergoing emergency obstetric hysterectomy for severe haemorrhage. 

Previous caesarean section and placenta praevia were the main risk factors. Of 27 women who 

had hysterectomy for obstetric haemorrhage over a one- year period, 63% had 
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uterine atony, and 17% had uterine lacerations. Thirteen women (48%) delivered by caesarean 

section. There was no correlation with increasing parity. Prolonged labour was a risk factor in 

5/27 and prolonged second stage of labour in 8/27 women. Two women died, one intra- 

operatively because of haemorrhage that could not be controlled, and the other in ICU from a 

ruptured subcapsular liver haematoma (59). The limitation of this study was the small number 

of patients, defined by the time period. The study also did not look at other consequences of 

intractable haemorrhage. The study however gave insight into the risk factors associated with 

PPH in a South African hospital. 

 
 

A study by Ayob, also at CHBAH, described the caesarean section rate, the Robson criteria, 

and near-miss related to caesarean section over a two-month period. The caesarean section rate 

was 39% among 3898 births (60). The most frequent Robson categories were those that 

included previous caesarean section. There were four near-misses from BDACS (1 per 1000 

operations), and no maternal deaths. Given the relative rarity of BDACS-related near-miss and 

death, the sample size was small. 

 
 
A large study in the UK, as part of the UK Obstetric Surveillance System, considered peripartum 

hysterectomy (61). The study included 315 women who underwent peripartum hysterectomy for 

management of postpartum haemorrhage. By definition, peripartum hysterectomy is a near-miss 

event, although the study was not of near-misses, and did not consider other near-miss inclusion 

criteria. The causes of bleeding were uterine atony in 53% of the cases, placenta accreta in 38%, 

extension of the uterine incision at delivery in 6%, and genital tract laceration in 3%. Eighty percent 

of the women were delivered by caesarean section; 38% had placenta praevia and 38% had morbidly 

adherent placenta. Two women died, resulting in a case fatality rate of 0.6%. Eighty-four percent 

required ICU care, 20% required a second look laparotomy, and 21% had other organ system 
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damage. The proportion of women requiring ventilation and dialysis was low. The most 

important finding of the study was that severe morbidity from BDACS is associated with uterine 

atony and placental pathology (61). The study provided useful information on underlying 

pathology of BDACS, but necessarily excluded women who did not need hysterectomy. Studies 

are needed that specifically focus on the full spectrum of severe morbidity (all near-miss criteria 

and death) associated with BDACS. Extrapolations made from similar studies reporting isolated 

near-miss events such as hysterectomy or ICU admission may not provide a representative 

picture of the nature and effects of BDACS. 

 

 

1.6.2. Caesarean section rate 

 

Caesarean section has become one of the most widely performed surgical operations in the world, 

with higher caesarean section rates in high-income countries. The caesarean section rate varies 

worldwide (62). The South African caesarean section rate in public service institutions in 2011- 

2013 was 23.1% (3). Factors that may contribute to increased caesarean section rates globally are 

improvement in anaesthetic and surgical techniques, reduced risk of operative complications, 

decreased training for clinicians in instrumental vaginal deliveries, litigation against obstetric 

care providers, increased use of electronic fetal heart rate monitoring, changes in health systems, 

and patient demands for caesarean section without medical indication (25,51). Patient demands 

are sometimes based on the belief that caesarean section may protect against urinary and faecal 

incontinence, and genital prolapse. Changes in societal norms have also led to the notion that a 

woman has a right to choose her method of delivery (25). Although these factors are known to be 

associated with increases in caesarean section rates, these reasons have not been explored in the 

South African context, particularly in the public hospitals. 
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Institutional studies may give insight into the caesarean section indications. In Ayobôs study at 

CHBAH, indications for caesarean section included fetal distress (44.8%), dystocia (12.7%) 

breech presentation (5.1%), planned repeat caesarean section (17.2%), failed induction of labour 

(0.9%) and failed vaginal birth after caesarean section (VBAC) (6.1%) (60). As access to 

caesarean section increases, especially in sub-Saharan Africa, caesarean section rates will rise 

globally. Reasons for increases in the caesarean section rate need to be explored. The clinical 

indications for caesarean section in women with BDACS need to be determined. And the 

number of women who die as result of BDACS, who had an unnecessary caesarean section, 

needs to be quantified. 

 
 

1.6.3. Complicated caesarean sections 

 

Repeat caesarean section is a leading indication for caesarean sections today. They account for a 

third of caesarean sections in the USA (51). They are not without technical challenges, and the 

surgical difficulties are widely documented. The South African caesarean section monograph 

states the difficulties associated with a repeat caesarean section. Fibrosis from the previous 

operation leads to poor exposure, and difficulties delivering the baby. Adhesions may result in 

bowel and bladder injuries. The surgeon must be cautious throughout the caesarean section (35). 

 
 
Vaginal birth after caesarean section (VBAC) refers to a woman who had a prior caesarean section 

who plans to deliver vaginally, rather than by an elective repeat caesarean section (63). The term 

óonce a caesarean, always a caesareanô was adopted by the New York Association of Obstetricians 

and Gynecologists from 1916. At the time, all women who previously had a caesarean section, were 

advised to have a repeat caesarean section. VBAC emerged in 1980, from the National institutes of 

Health Consensus Conference as a safe measure to reduce the caesarean section rate (64). Globally, 

VBAC became accepted practice. A study in Nigeria found a VBAC success rate of 55%, less than 
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the 70% success rate in the USA. This was associated with the fact that over 30% of the 

Nigerian women had no antenatal care prior to hospital admission and 70% presented in 

advanced labour (65). A South African study done at CHBAH between 2003 and 2005 reported 

a VBAC success rate of 52% (66). Along with the global increase in caesarean section rate, there 

has been a decline in the rate of trial of labour after caesarean section (attempted VBAC). With 

repeat caesarean section increasing the risk for BDACS, a decline in VBAC attempts can 

reasonably be associated with a surge in caesarean section related haemorrhage. 

. 

 

Understanding predictors for BDACs is an essential step in the prevention and management of 

PPH. A woman who has had a previous caesarean section, and ultrasound findings suggestive of 

a placental abnormality, is more likely to bleed. Knowledge about the causes of PPH, and the 

likelihood for bleeding, allows the clinicians to predict the transfusion requirements. This 

knowledge allows the surgeon and the multidisciplinary team to anticipate BDACS, and to 

implement measures to prevent BDACS (67). Risk factors directly related to severe BDACS need 

to be studied further. 
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1.7. Interventions to reduce morbidity and mortality from  BDACS 

 

Various recommendations have been made, particularly in the South African context, 

where deaths from BDACS have been headlined as a national emergency. Key 

recommendations suggested by Hofmeyr are: 

1. preventing unintended pregnancies, 

 

2. reducing unnecessary caesarean sections, and 

 

3. providing adequate prophylactic uterotonics (68). 

 

The reasons for the rise in deaths from BDACS appear to be multifactorial, and the problem 

highlights various health system gaps, such as the unmet need for contraception, the rise in the 

number of unnecessary caesarean sections, and deficits in skills and knowledge in managing 

women with post-operative complications. Furthermore, studies on obstetric haemorrhage have 

shown that, even with antepartum diagnosis of conditions such as placenta praevia, and optimal 

pre-operative preparation, a patient may still have an unfavourable outcome because of 

massive bleeding (69). 

 
 

The burden of unwanted pregnancies and unnecessary caesarean sections has direct implications 

on absolute numbers of maternal poor outcomes, but two further questions that need to be asked 

are: are women dying because more women are bleeding during and after caesarean section, or 

are they dying because of inadequate systems to manage complications associated with 

BDACS? And, should interventions be focused on the pre-conception stage, the antenatal stage 

or the intrapartum and postoperative stage? 

 
 

1.7.1. Health systems: safe caesarean section 

 
There are minimum standards in South Africa that a hospital should have to perform caesarean 

sections. If these standards are not met, caesarean sections should not be performed in the 
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hospital. The hospital may need to temporarily cease services until all the standards are met. 

These are requirements from the Department of Health, published in a caesarean section 

monograph written in 2013 (35). There should be sufficient medical personnel (nurses and 

doctors) to provide comprehensive preoperative, intraoperative and postoperative care. 

Anaesthesia needs to be performed by an experienced doctor, with the sole task of providing 

anaesthesia. A surgeon may be assisted by a nurse if there are only 2 doctors available for the 

caesarean section (35). Equipment needs to comply with the South African ESMOE (Essential 

Steps in Managing Obstetric Emergencies) guidelines, which includes equipment for maternal 

intubation, manual ventilation, and other equipment in case of cardiopulmonary resuscitation. A 

refrigerator with a store of emergency blood is required in every hospital that performs caesarean 

sections. Oxytocin must be available in theatre prior to caesarean section. If postoperative 

recovery facilities do not exist, it is the responsibility of the operating theatre team to fully 

recover the patients (35). Vital postoperative assessments need to be made at a recommended 

frequency of: half hourly for two hours, hourly for a further four hours, two hourly for a further 

six hours, and four hourly for a further 12 hours. Patients who may require high care or ICU after 

caesarean section, and babies who may require neonatal unit admission, must ideally be triaged to 

the appropriate hospital prior to caesarean section (35). 

 
 

The critical question is whether these standards are being met by South African hospitals, 

particularly in district hospitals where many caesarean sections take place. Secondly, do these 

standards also apply to intractable bleeding because of caesarean section? Is oxytocin enough to 

manage a woman who has intractable bleeding post-operatively, and if not, are there other 

pharmaceutical means to manage the bleeding, and are there functional ambulance services 

properly equipped to transfer patients to a higher level of care, in the shortest time possible? In 

the Saving Mothers report of 2011-2013, deaths related to BDACS were reported in 



34  

ambulances on the way to higher levels of care (3). It may be that the monograph standards 

have been set only for management of uncomplicated caesarean sections. 

 
 

1.7.2. Methods of training 

 

An outstanding review by Masden et al of advances in surgical training for caesarean section 

was published in 2013. Based on studies which evaluated the learning curve in caesarean 

section, the authors concluded that trainees should perform approximately 10-40 caesarean 

sections under supervision before mastering the procedure independently (70). This requires a 

formal training programme with theoretical instruction, video tutorials, practical experience, 

supervision, and, importantly, formal assessment. Locally, the Health Professions Council of 

South Africa expects medical interns to perform at least 10 caesarean sections under supervision 

before they can register as independent medical practitioners. There are no formal guidelines on 

teaching methods for caesarean section. There is no assessment, and there is no recommendation 

on the minimum experience or qualifications required by the supervising surgeon. Training 

methods for caesarean section have not been evaluated in South Africa. Unfortunately, caesarean 

section training in South Africa is not standardised. Doing 10 caesarean sections under 

supervision does not guarantee acquisition of the necessary skill, but at least it ensures a degree 

of exposure to the operation and surgical skills in general. 

 

 

The Objective Structured Assessment of Technical Skills (OSATS), developed in Canada, was 

described by Martin et al in the British Journal of Surgery, as an evaluation model for surgical 

residents. This was introduced as an alternative to the Objective Structured Clinical Examination 

(OSCE). The type of scoring system that was initially proposed used a checklist with the 

following components: 
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¶ respect for tissue, 

 

¶ knowledge of instruments, 

 

¶ use of assistants, 

 

¶ flow of operation, and 

 

¶ knowledge of the specific procedure (71) 

 

This method of evaluation promised to be a valid one in testing technical skills for surgical 

procedures. The trainee medical officer or registrar completes a logbook with a certain number 

of caesarean sections completed, prior to assessment. The OSATS assessment for caesarean 

section was found to be an important tool in demonstrating and documenting the successful 

attainment of mandatory skills. The assessment provides evidence of training, confirmation of 

competence, and confirmation of continued competence (68). The Royal College of 

Obstetricians and Gynaecologists now uses the OSATS model for summative and formative 

assessments for caesarean sections. The OSATS model for caesarean section has been described 

as useful when assessing competence in uncomplicated caesarean sections, but is not as easily 

applied during difficult or complicated caesarean sections (68). 

 
 
Intraoperative video enhanced surgical training allows trainees to perform the task, instead of a 

supervisor. The use of simulators for training enhances learning efficacy and patient safety. It 

allows for repeated practice in a safe environment. The trainees can further use live animal 

models until they are comfortable to operate on human patients. The role of videos in caesarean 

section training still needs further investigation (68). 

 

ESMOE, referred to earlier, is the South African programme for obstetric emergency training. 

The programme was first recommended in the 2005-2007 Saving Mothers report, after 
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knowledge and skills deficits were found to be a major contributor to avoidable maternal deaths. 

A 12-module programme was developed nationally, initially for medical interns. ESMOE was 

evaluated in 2008 during a pilot phase. Frank et al compared 68 interns in their obstetrics and 

gynaecology rotations, using a pre-test and a post-test. The study showed a clear improvement in 

knowledge and skills in interns who had been trained, compared to those who had not been 

trained (72). Moran et al later evaluated the effect of ESMOE on maternal mortality. When the 

number of maternal deaths increased in South Africa in 2008 - 2010, a decision was taken to 

upscale ESMOE, which included training for all obstetric doctors and midwives, and not just 

interns. This was intended to reduce the number of healthcare worker associated factors in 

maternal deaths. The subsequent Saving Mothers report, from 2011-2013, showed an 11% 

decrease in mortality, but this was largely due to the decline in non-pregnancy related infections 

(mostly deaths from HIV/AIDS), probably a direct result of antiretroviral treatment rollout after 

2008. Deaths from obstetric haemorrhage and ectopic pregnancy did not decrease. Moran et al 

concluded that it may have been too early to expect an impact on the number of maternal deaths. 

The authors also suggested that having knowledgeable and skilled staff may have only a limited 

impact on reducing maternal mortality if the health system is not functional (8). ESMOE focuses 

on acute management of obstetric emergencies, and is likely to be most useful in settings where 

clinicians need to improve skills in a properly functioning healthcare system. In the South 

African setting this may not be sufficient to save lives. For example, ESMOE will train a doctor 

on how to arrest haemorrhage, but the facility in which the doctor works may not have supplies 

of the required uterotonic drugs. A further possible limitation with ESMOE training is that it 

focuses on short-term lifesaving skills, but does not assist in management of the patient with 

multi-organ dysfunction because of haemorrhagic shock. Such patients need organ system 

support as part of pre-ICU care, often in anticipation of and during an ambulance road trip to a 

referral hospital. The number of hospitals that can provide a multi-disciplinary approach or 
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critical care services in this country is limited, and the number of specialist obstetric intensivists 

is even smaller. Perhaps integrating ESMOE with some basic critical care training will equip the 

district medical officer to manage the patient with BDACS while waiting for the patientôs transfer 

to a higher level of care. Healthcare worker factors are a recurring theme in the evaluation of 

maternal deaths from BDACS. Questions will continue to arise about the adequacy of the training 

provided in performing caesarean sections, and managing associated bleeding. Modules such as 

ESMOE are aimed at improving obstetric emergency skills, but the direct effect on BDACS has 

not been evaluated. 

 

 

1.7.3. Monitoring 

 

Intraoperative and postoperative monitoring are essential components in the management of 

women with BDACS. According to Gebhardt et al.ôs overview of South African maternal deaths 

from BDACS (2011 ï 2013), responses from nurses and doctors to deteriorations in vital signs 

were poor. Doctors often gave telephonic advice instead of assessing patients with deteriorating 

vital signs. Colour-coded early warning charts were not found in folders, and often there was a 

delay in recognition of internal bleeding (7). According to Thaddeus and Maine, phase III delays 

occur at the treatment facility. An example of phase III delay in a woman that died as a result of 

bleeding after giving birth is given: ó...the time spent struggling to get an admission card, the 

time spent getting admitted, the time the midwife was called, the time the midwife finished 

eating, the time the bleeding started, the time the doctor couldnôt be found, the time the 

haematologist came, the time the night nurse changed, by the time the doctor signed the consent, 

the woman had died...ô (33). Late and incorrect diagnosis, and delay in appropriate management, 

leads to avoidable maternal deaths. The recognition and the means to diagnosis of BDACS and 

haemorrhagic shock are vital to the management of these conditions. 
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1.7.3.1. Visual estimation of blood loss 

 
While commonly used in the labour ward and operating theatre, visual estimation of blood loss is 

compromised by the element of underestimation, potentially leading to delay in diagnosing and 

treating ongoing massive PPH (73). The concept of ótoo little being done too lateô relates to the 

fact that a healthy pregnant woman can lose up to 30% of her blood volume without a change in 

systolic blood pressure. Also, women with BDACS often bleed internally with no visible blood 

loss. This results in a false sense of security, with consequent delayed management (67). Visual 

estimation nevertheless gives an indication of a minimum blood loss, has no costs and ensures 

close attendance of health care workers. Blood loss can also be estimated through measurement 

of the content of drainage bottles, and by weighing blood-soaked swabs or drapes. Obstetric 

blood loss is more complex because of the added amniotic fluid and loss onto floors and flat 

surfaces. Few studies have been done looking at the validity of visual estimation, and have 

reported underestimation (73). Blood loss can also be overestimated, contrary to the findings of 

most studies. Larson et al compared the inter-individual agreement on estimated blood loss 

compared with actual measurement of blood in 29 women with a caesarean section and 26 

women with a vaginal delivery. A tendency to exaggerate was found, especially at caesarean 

section. However, these women did not have postpartum haemorrhage and underestimation 

would not have been a problem in them (73). Close postoperative monitoring is essential after 

caesarean section, and should involve more than just documenting the heart rate and blood 

pressure. No studies have looked critically at measurement of postoperative blood loss. Bodur et 

al compared pre-operative and post-operative haemoglobin levels in 100 women with an 

uneventful caesarean section. There was a consistent decline in haemoglobin levels, but none of 

the women needed blood transfusion (74). Post-operative care also involves looking under sheets 

for vaginal bleeding, something that patients may find annoying if done too frequently. Patients 
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after caesarean section may be found lying in a pool of blood when it is too late. 

 

 

1.7.3.2. Shock index 

 
The shock index measures the maternal heart rate divided by the systolic blood pressure. It is a 

reliable predictor of the need of blood transfusion (67). The shock index has been used by 

general surgeons and trauma surgeons for decades to assess hypovolaemic shock and the severity 

of non-hypovolaemic shock (67). A systematic review on the relationship between blood loss and 

clinical signs included 10 articles that calculated the shock index. The findings suggested that the 

shock index may identify hypovolaemia in women without hypotension, and that it is a better 

predictor of bleeding than either heart rate or systolic blood pressure alone. The normal range for 

the shock index in a non-pregnant patient is 0.5-0.7. An emergency department in the UK 

compared the shock index with conventional vital signs to diagnose acute critical illness in non- 

pregnant adults. An elevated shock index was associated with patients who needed immediate 

treatment, admission and ICU transfer. Heart rate and blood pressure did not independently 

identify shocked patients as well as the shock index (75). A study in New York city examined the 

ability to identify women with a ruptured ectopic pregnancy using the shock index, compared 

with traditional vital signs. A shock index >0.70 was a better predictor of tubal rupture than the 

heart rate or systolic blood pressure alone (76). However, due to the physiological changes of 

pregnancy, a shock index in advanced pregnancy of greater than 0.9 is a more accurate indicator 

of compensatory changes, and therefore early diagnosis of haemorrhage (68, 77). This may be a 

useful test in our setting. The advantage is that the shock index is an easy arithmetic calculation 

that can be done mentally or using a calculator. It does not require special additional devices. An 

awareness of the shock index needs to be created amongst anaesthetists, obstetricians, midwives 

and medical officers in central and peripheral hospitals. The South African Department of Health 

recently introduced colour coded early warning chart in all hospitals, to identify abnormal vital 
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signs early in postnatal women (78). The limitation with these charts is that the routine vital signs 

have a low sensitivity to haemorrhage including that from PPH and BDACS. There is no place on 

the chart where the shock index can be entered. 

 
 

1.7.3.3. Point of care monitoring 

 
Point of care testing is increasingly finding favour for detecting haemostatic changes in bleeding 

patients intraoperatively and postoperatively. Visco-elastic devices are used in combination with 

standard laboratory tests. The advantages of the tests are quicker results, with the ability to detect 

clotting process disruption, and disorders of clot formation and fibrinolysis (79). ROTEM® is a 

point of care analyser which uses thromboelastometry to test for haemostasis in whole blood. 

ROTEM® can detect clotting time, clot formation time, maximum clot firmness and maximum 

lysis. Thromboelastography provides graphical representation of the clotting process, and 

assesses fibrin polymerisation and clot strength. Coagulation and platelet function analysers 

assess haemostasis, coagulation, fibrin gel formation, fibrinolysis and platelet formation (79). A 

systematic review on PPH described the accuracy of ROTEM® to predict outcomes. ROTEM® 

was accurate at predicting blood transfusion, invasive procedures, Fresh Frozen Plasma 

transfusion and platelet transfusion (79). The use of ROTEM® has not been described in South 

African hospitals. District hospitals without laboratory facilities may benefit from such devices, 

as may regional and tertiary hospitals with blood banks and the facilities to respond to the 

requirements of women with coagulopathies and haemostatic instability. The availability of 

blood gas monitors and ward haemoglobin measurement devices also assist in the management 

of patients with BDACS. 

 
 

1.7.4. Medical interventions 

 

The key to managing caesarean section related haemorrhage is in recognising excessive bleeding, 
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before it becomes catastrophic. Various interventions are effective for the management of 

severe caesarean section related haemorrhage, and many of these interventions depend on the 

availability of drugs, resources and surgical skills. 

 
 

1.7.4.1 Uterotonics 

 
There is consensus on the use of a single dose of oxytocin as the first line agent for prevention 

and treatment of PPH, at vaginal or caesarean delivery. Side-effects are uncommon, but include 

hypotension, myocardial infarction, arrhythmia, nausea, vomiting and flushing. The dose of 

intravenous oxytocin for prevention of PPH at caesarean section remains a controversial issue, 

and there is no clear evidence for a definitive optimal rate of infusion following bolus (80). 

Following two maternal deaths in South Africa, reported in the Saving Mothers report for 2005- 

2007, which were considered directly related to oxytocin, the consensus was to give the lowest 

possible effective dose. This often causes disputes between anaesthetists and surgeons as the 

dose appears to be suboptimal. For treatment of PPH, The Royal College of Obstetrics and 

Gynaecology (RCOG) recommends a rapid infusion of 40 IU/1500 mL crystalloids at 125 mL/hr 

in women with uterine atony (80). Consensus has not been found in South Africa on the most 

appropriate dose for prevention of BDACS and anaesthetic related complications. 

 
 

Carbetocin is a long acting oxytocin analogue. It may prove to be a more effective and safer 

agent that oxytocin. A Cochrane systematic review comparing oxytocin and carbetocin at 

caesarean section for prevention of PPH found that carbetocin was associated with a reduced 

need for other uterotonics (81). Carbetocin is currently not available in South African hospitals, 

and is expected to be considerably more expensive than oxytocin. 
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Misoprostol is a prostaglandin E1 analogue. Misoprostol is inexpensive and stable at room 

temperature, factors which make it appropriate for use in low resource settings (82). It has proved 

to be effective in the prevention and treatment of PPH despite the side effects of hyperpyrexia, 

shivering and diarrhoea. Misoprostol, however, has been shown to be inferior to oxytocin as a 

prophylaxis and treatment for PPH (82). The WHO has recommended that misoprostol should 

only be used in the absence of oxytocin as a first line drug for treatment of PPH, and in the 

absence of ergometrine, and other prostaglandins as a second line agent (82). The South African 

caesarean section monograph recommends 400 ɛg of misoprostol in addition to oxytocin and 

other uterotonics for medical management of BDACS despite evidence from Cochrane 

systematic reviews that misoprostol should be reserved for settings where no other uterotonics 

are available (35). The use of misoprostol routinely after caesarean section in centres where 

oxytocin is available should be avoided. 

 
 

Ergometrine is a naturally occurring ergot alkaloid which has been widely accepted as second 

line agent in the management of PPH in the absence of contra-indications. The adverse effects 

include a rise in the mean arterial pressure, renal artery spasm and coronary artery spasm. Its use 

has been associated with myocardial infarctions and it should always be used cautiously. 

Ergometrine is widely available in South Africa, and recommended for use in the management 

of BDACS. There is some evidence of failure to use second line drugs in the treatment of 

BDACS in the South African setting (3). The reason for failure to use these drugs has not been 

determined. The availability of all uterotonic drugs in lower levels of care (regional and district 

hospitals) needs to be explored, as well as the knowledge about the drugs among clinicians. 
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1.7.4.2. Tranexamic acid 

 
The efficacy of tranexamic acid in reducing intraoperative blood loss in surgical patients is 

proven (83). Such conclusive evidence is not yet available for treatment of PPH. A systematic 

review included three trials which were conducted in women with PPH. The three studies 

included 461 patients, 235 who received tranexamic acid, and 226 controls. All the trials 

favoured the use of tranexamic acid, suggesting an associated reduction in blood loss. However, 

the numbers of patients were few, and, according to the authors of the review, the scientific 

methodologies were poor (84). The World Maternal Antifibrinolytic (WOMAN) Trial is 

currently in progress, started in 2009, and has recruited over 20 000 women to date. The trial is 

scheduled to close recruitment in 2016 (85). It is a randomised, placebo-controlled trial, with the 

aim to determine the effect of early administration of tranexamic acid to women with postpartum 

haemorrhage on mortality, hysterectomy, and other morbidities (86). Most of the existing data 

does not provide evidence specifically for women with BDACS, and evidence for BDACS 

cannot necessarily be extrapolated from surgical trials. However, data is available from a meta- 

analysis on randomised controlled trials including 11 studies on the effect of tranexamic acid on 

blood loss during and after caesarean section. A total of 2531 women were included in the final 

analysis;1276 received intravenous tranexamic acid and 1255 received nothing or placebos as 

control, in six countries. Tranexamic acid given before caesarean section significantly reduced 

blood loss during and after the operation, and was associated with a lower incidence of PPH and 

less need for blood transfusion (87). The studies used three different dosages (1g; 10mg/kg; 

15mg/kg). The outcome measures varied from intra-operative blood loss (9 trials), to 

haemoglobin (6 trials), to incidence of PPH (5 trials). The WOMAN trial promises to provide 

stronger evidence because of the large sample size, the diversity of regions, and the 

standardisation of dosages and outcome measures (85). Current guidelines recommend the use 
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of tranexamic acid in the bleeding patient. In our setting, we may not be able to give tranexamic 

acid routinely as prophylaxis, but it should be considered in all women with PPH. 

 

 

 
1.7.4.3. Recombinant factor VIIa 

 
The use of recombinant Factor VIIa has been reported in case reports and case series of PPH. A 

case series in Finland included 12 women with intractable PPH, who received recombinant factor 

VIIa. Eleven women responded to the Recombinant Factor VIIA, and one woman did not 

respond. Prior to administration the women had received between 10 and 42 units of packed red 

cells, and four women did not require any further transfusion afterwards. Recombinant Factor 

VIIa was found to be beneficial in addition to the required surgical and conservative medical 

interventions. It is licensed for treatment of bleeding episodes in patients with congenital 

haemophilia A or B, and patients with Factor VII deficiency. It leads to greater thrombin 

generation, well above physiological levels (88). It is expensive, and the association with 

thromboembolic events does not make it an ideal treatment modality (52). Some case reports 

have been reported apparently successful use of Recombinant Factor VIIa in patients with 

caesarean section. Some of the patients already had evidence of disseminated intravascular 

coagulation. (89,90). A randomised controlled trial was done in France, comparing the use of 

Recombinant FVIIa for woman with PPH in whom oxytocin and sulprostone infusion had failed. 

The study had 84 women with 42 women in the intervention group and 42 women in the control 

group. There was a reduced need for second line therapy (compression suture, vascular ligation 

and hysterectomy) in the intervention group, regardless of the mode of delivery (91). 

Recombinant Factor VIIa is not readily available in South Africa. Use should be limited to cases 

where first and second line treatment have failed. 
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1.7.5. Non-surgical non-pharmacological interventions 

 

Such interventions include expulsion of clots, uterine massage, intravenous fluids, uterine 

tourniquets and uterine tamponade. Uterine massage has now been included by the 

International Federation of Gynaecology and Obstetrics (FIGO) in routine third stage of labour 

care as a measure to prevent PPH (92). 

 
 

1.7.5.1. Uterine tourniquets 

 
Uterine tourniquets are well established for controlling bleeding at myomectomy and other pelvic 

haemorrhage. In the case of bleeding during caesarean section, an elastic urinary catheter is tied 

tightly around the uterus, to occlude arteries in the broad ligament. It is then secured with a 

clamp. This can be done as a temporary measure while completing other parts of the operation, 

while waiting for a more senior surgeon, or for a patient who will be transferred to a higher level 

of care. Other temporary measures which have been used successfully are clamping of the utero- 

ovarian ligaments, aortic compression, and abdominal packing (93). The tourniquet method was 

first described in a quasi-experimental study by Ikeda et al in 2005, in 4 women with placenta 

accreta. The group with a tourniquet required 0-4 units of blood, and blood loss was 1280-1800 

mL, while a group without tourniquets had a blood loss of 4300-5350 mL, requiring 12-32 units 

of blood (94). Deng et al, from China, described using a tourniquet device in women with 

placenta praevia during elective caesarean section. The study had a case group with14 patients 

and a control group with 20 patients , in a population with 10 209 births. The rubber tourniquet 

was placed in the lower segment before extracting the baby, with the aim of reducing blood flow 

to the uterus. The frequency of PPH was significantly reduced and the proportion of transfused 

patients was also reduced in the case group (93). Breen reported a case series in Zambia with 13 

patients in whom a tourniquet was placed at laparotomy or caesarean section as a temporary 

measure before transferring the patient for specialist care. All the patients had a hysterectomy 
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done within 24 - 43 hours after the tourniquet technique. Other medical and surgical methods 

were attempted in addition to the tourniquet technique, which provided time for blood 

transfusion, and correction of shock, anaemia and coagulopathy. All of the patients survived (95). 

This study shows how a simple technique can improve maternal outcomes in a low resource 

setting. The advantage of the tourniquet is the simplicity of application, and the fact that it gives 

the surgeon time while waiting for blood or deciding on the next intervention. 

 
 

1.7.5.2. Interventional radiology 

 
Interventional radiology is frequently used to arrest uterine bleeding, including PPH, in well- 

resourced settings. It is a highly specialised and technology-dependent procedure, and cannot be 

done in a setting that does not have skilled radiologists. Different methods have been described, 

including balloon occlusion and embolization, and prophylactic catheter placement and 

embolization prior to peripartum hysterectomy. Selective arterial embolization can also be done, 

limited to the uterine arteries. A recent study by Niola et al described uterine artery embolization 

in 50 women before caesarean section where placental abnormalities had been confirmed. Only 

six women required hysterectomy, and 34% required ICU (96). This method was effective, but 

would not be feasible in our resource-limited setting. In South Africa, detailed ultrasound 

scanning is not routinely offered to pregnant women, and the diagnosis of placenta praevia and 

accreta is often incidental. The service with radiologists trained in uterine artery embolization is 

limited to a few tertiary hospitals. 

 
 

1.7.5.3. Anti-shock garment 

 
The use of the non-pneumatic (Velcro) anti shock garment has been described for postpartum 

haemorrhage. It is used as a first aid device for obstetric haemorrhage. It provides lower body 

circumferential counter-pressure which shunts blood from the lower extremities and abdominal 
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area to the essential core organs, and thus retains the blood pressure. Its use is associated with 

decreased morbidity, decreased bleeding by up to 50%, and improved survival. Within minutes, 

women have been reported to have regained consciousness, and normalised vital signs (97). This 

is particularly recommended for women who may have a delay in accessing comprehensive 

emergency obstetric care (42). This device is not available in South Africa. It may be a useful 

temporary measure in women who are waiting for referral to a higher level of care, or where 

there are operating theatre delays (Figure 1.4). In a systematic review of five observational 

studies and one cluster randomised trial of, the non-pneumatic shock garment following severe 

PPH, Pillegi-Castro et al found a significant reduction in the number of maternal deaths 

compared to the standard of care. The garment is recommended as a temporising measure in 

settings where delays in PPH management are common. The hospital settings varied, and 

included tertiary hospitals (98). This would be useful in our setting, particularly because of the 

evidence we have of delays. The studies done described management of PPH and were not 

specific to BDACS, but the efficacy should be similar in both situations. 

 

 

Figure 1.4: Non-pneumatic anti-shock garment. Reproduced from Miller (99) 
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1.7.5.4. Uterine Tamponade 

The earliest method of tamponade to achieve haemostasis was uterine packing. There has been a 

reluctance to use this method because of the increased risk of trauma, infection and concealed 

bleeding. More recently methods involving the insertion of a rubber or silicone balloon in the 

uterine cavity have been used. The balloons are inflated with normal saline and act by exerting 

inward-to-outward pressure greater than the systemic arterial pressure, preventing continual 

bleeding. The hydrostatic pressure effect of the balloon on the uterine arteries is also thought to 

be the mechanism to achieve haemostasis. Balloons have been used in other anatomical sites such 

as the bladder, oesophagus and vagina (100). There are five types of balloons that have been used 

for PPH (Figure 1.5 and1.6): 

1. Bakri balloon (Uterine balloon), 

2. Sengstaken-Blakemore tube (Oesophageal balloon), 

3. Rusch balloon (Urological balloon), 

4. Foley catheter, and 

5. Condom catheter. 

The inflation capacity varies from 80mL in a Foley catheter, to up to 1500mL in Rusch balloon. 

The Bakri balloon was the first intra-uterine balloon (100). The Bakri balloon is available in 

South Africa, but not in all public hospitals. The condom catheter is a cost-effective method that 

is used in South Africa. A systematic review on uterine balloon tamponade for the treatment of 

post-partum haemorrhage in resource-poor settings, included 13 observational studies. There 

were no controls. The studies were conducted in seven countries mainly in Asia and Sub-Saharan 

Africa; 241 women had a uterine balloon inserted to arrest post-partum haemorrhage. The modes 

of delivery were vaginal, assisted and caesarean section. Most women had a condom catheter 

inserted (193/241), the Foley catheter was used in five women and the Sengstaken-Blakemore 

catheter in one woman, some studies did not specify the type of catheter that was used. The 

condom catheter was successful in 186/193 women (96%) (101). The condom catheter is safe, 

easy and quick to insert. In some instances, a glove has been successfully used instead of the 

condom (102). Balloon tamponade is an effective way of achieving haemostasis in women with 

BDACS and should always be considered, especially in lower levels of care. The condom 

catheter is preferable if the Bakri is not available. 
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Figure 1.5: Distal aspect of tamponade balloons. Reproduced from Georgiou (100) 
 

 

 

 

 

Figure 1.6: Proximal aspect of tamponade balloons Reproduced from Georgiou (100) 
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1.7.6. Surgical interventions 

 

Various surgical interventions for BDACS have been described. Surgical measures are either 

conservative (sparing the uterus) or definitive (hysterectomy). Basic surgical principles are 

followed, the most important of which is to find the source of bleeding. The surgeon needs first 

to explore the uterus for lateral tears extending from the uterine incision, tears into the broad 

ligament, and tears involving the uterine arteries. Methods such as internal iliac ligation and 

hysterectomy are specialised skills which require an experienced surgeon. 

 
 

More recently, simpler measures such as the B-Lynch brace suture or other compression suture 

techniques have been introduced and may be more useful and feasible in the management of 

BDACS. Compression sutures have been shown to be effective in arresting life-threatening 

haemorrhage in women with atonic uterus (103). The practice of uterine compression sutures is 

growing, and has generally been found easier than stepwise devascularisation and hysterectomy. 

Compared to hysterectomy, compression suture procedures preserve fertility and avoid the 

complications of hysterectomy, especially in the hands of inexperienced surgeons. (103). The B- 

Lynch brace suture was first described in 1997 as a simple, life-saving, fertility sparing suturing 

technique (104) (Figure 1.5). B-Lynch reported a case series of 11 patients who had a brace 

suture between 2001 and 2004 in Scotland. In a population of 25500 deliveries, 11 B-Lynch 

operations were done and only three women required a subsequent hysterectomy (28%), with 

minimal intraoperative and postoperative complications (103). A study by Tadakawa followed up 

woman after B-lynch procedures, including subsequent pregnancies and menstrual complications, 

and concluded that the B-Lynch did not jeopardise fertility (105). Modifications of the B-lynch 

technique have been described. The common modifications are the Cho and the Hayman suture. 

Other suture techniques include the Pereira and the Hackethal suture. Matsubara et al describes 

11 different suture techniques. There have been no reported maternal deaths from uterine 
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compression sutures, however uterine necrosis, pyometra and uterine synechiae have 

been reported (106). 

 
 

Hysterectomy remains the definitive procedure for arresting uterine bleeding. A systematic 

review published by Rossi et al, on emergency postpartum bleeding, included 981 women who 

had undergone emergency hysterectomy after delivery; 73% of the women had delivered by 

caesarean section. Maternal deaths occurred in 2.6% of the women, and were caused mainly by 

haemorrhagic shock and consumptive coagulopathy (107). Morbidity associated with caesarean 

hysterectomy is high and the procedure should be reserved for life-threatening haemorrhage, 

where other measures have failed, or if attempts to perform other measures may further 

compromise the condition of the patient. A 27-year retrospective review of obstetric 

hysterectomies in Dublin described morbidity associated with hysterectomy. There were 37 

caesarean sections associated with hysterectomy, and 15 vaginal deliveries. Morbidity included 

urinary tract infections, wound infections, bladder injuries and paralytic ileus. Less frequent 

adverse outcomes were pneumonia, thrombo-embolism, septicaemia, and vesicovaginal fistulae. 

Subtotal hysterectomy is considered as a potentially safer option, because it is less time- 

consuming, safer with inexperienced surgeons, requires less pelvic dissection, and patients 

require less blood transfusion than those who have a total hysterectomy (108). The subtotal 

operation may however not be effective for bleeding that extends to the lower uterine segment 

and the cervix (108). The availability of skilled surgeons who can perform hysterectomies is a 

problem in district hospitals, as reflected in the Saving Mothers report of 2011-2013, by the 

number of deaths related to BDACS where doctors in district hospitals did not take the patients 

for second-look laparotomy, but opted to transfer patients to a higher level of care (3). 
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Figure 1.5: B-Lynch surgical technique. Reproduced from B-Lynch (104) 
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1.8. Summary of literature review 

 

Obstetric haemorrhage is a leading cause of maternal mortality globally. Deaths from BDACS 

have increased in South Africa since 2002 and have been headlined as a national emergency. 

The increasing caesarean section rate is believed to be the main contributing factor. In addition, 

substandard care, misdiagnosis and poor recognition of problems are major contributory reasons 

for maternal mortality in South Africa. 

 
 

The study of maternal near-miss has become the main audit tool for quality of care in high 

income countries. Near-misses and maternal deaths share similar characteristics, but near-misses 

provide an opportunity to determine how obstacles were overcome after the onset of acute 

complications. Caesarean sections are associated with increased near-miss morbidity and 

maternal mortality. Studies on near-misses associated with BDACS are few, highlighting the 

paucity of information on severe morbidity from BDACS. The Donabedian model is able to 

distinguish between actual care provided and the capacity to provide care, and thus appears to be 

the most suitable audit tool to evaluate quality of care in women with BDACS. 

 
 

Access to timely caesarean section is a key priority in the Global Surgery Commission. The 

ability to manage complications from caesarean section related haemorrhage is a challenge. The 

majority of women with BDACS die in district and regional hospitals, or en-route to higher levels 

of care. Lack of resources and essential drugs, and the uneven distribution of drugs contribute to 

near-miss and maternal deaths at the lower levels of care. The shortage of ambulances and 

Advanced Life Support paramedics further compromise the hospital referral system. The 

recognition and management of shock is often delayed. This is compounded by the lack of 

comprehensive obstetric guidelines on critical care aspects, and the absence of multi-disciplinary 

teams in lower levels of care. 
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The question: óare more women dying because more women are bleeding during and after 

caesarean section, or are they dying because of inadequate health systems to manage BDACSô 

has not been answered. Methods of caesarean section training have not been standardised and 

there is no formal method to assess competence in South Africa. Post-operative monitoring is 

important and should include more than blood pressure and heart rate readings. The shock index 

and point of care devices have been suggested as measures to improve post-operative monitoring. 

 
 

Consensus has not been found on the most appropriate dose of oxytocin for prevention and 

treatment of BDACS. Carbetocin may prove to be more effective than oxytocin, but is not 

available in South Africa and may be more expensive. The availability of second line drugs in 

South Africa across different levels of care should be explored. Ergometrine is the main second 

line agent for atonic uterus. Tranexamic acid is recommended in women with BDACS. 

Recombinant Factor VIIa is expensive and not readily available and should be limited to cases 

where first and second line treatments have failed. Effective non-surgical modalities are the 

uterine tourniquet and the non-pneumatic anti-shock garment, the latter of which is not 

available in South Africa. The glove and condom catheter are simple, cost-effective devices to 

achieve haemostasis in women with BDACS. Surgical techniques are more definitive, but may 

be difficult or have complications. 
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Chapter 2 

 
Methods 

 
2.1. Problem statement 

 

The number of maternal deaths from BDACS has increased in South Africa. Current evidence 

comes from the Saving Mothers reports, which highlight healthcare worker and healthcare 

system deficiencies, but lack detail on risk factors and causes. 

 
 

The problem appears to be multi-factorial. Recommendations do not seem to have a direct 

bearing on BDACS, but are mostly aimed at reducing the caesarean section rate and 

improving pre-conception and antenatal care. 

 
 

The following research gaps have been identified: the near-miss rate for BDACS globally; a 

near-miss audit on BDACS in South Africa; risk factors and causes of death from BDACS; 

quality of care in the management of BDACS; and health system barriers to the management of 

BDACS. 

 
 

2.2. Research Objectives 

 

1. To undertake a systematic review of near-miss resulting from postpartum haemorrhage, 

with a focus on BDACS. 

2. To evaluate preparedness for complications of caesarean section, and to 

determine constraints to safe caesarean section in southern Gauteng. 

3. To determine risk factors and causes of near-miss related to BDACS, and to evaluate 

quality of care in women who had a life-threatening complication from BDACS in 
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southern Gauteng over a six-month period. 

 
4. To determine risk factors, clinical events and potentially avoidable factors in 

maternal deaths from BDACS. 

 
 

2.3. Setting and hospitals eligible for inclusion in the study 

 

Gauteng is the province with the largest population and the highest number of births in South 

Africa, even though it is the smallest province in terms of land surface area. Gauteng province 

has 25 public hospitals with maternity units, 18 in southern Gauteng and seven in northern 

Gauteng. The hospitals in northern Gauteng are part of the University of Pretoria and the 

Sefako Makgatho University clusters. Seventeen of the 18 hospitals in southern Gauteng are 

part of the University of the Witwatersrand cluster. Southern Gauteng is geographically divided 

into four districts, namely Johannesburg Metro, Sedibeng District, Ekurhuleni Metro and West 

Rand District. The 17 hospitals from the University of the Witwatersrand cluster were included 

in this study (Table 2.1). Seven of the hospitals are district hospitals, seven are regional 

hospitals and three are teaching (tertiary) hospitals attached to the university. In southern 

Gauteng, over 100 000 births occur in the 17 hospitals each year, including about 25 000 

caesarean sections. 
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Table 2.1: University of the Witwatersrand cluster of hospitals 
 
 

District  Hospital Level of care 

Ekurhuleni  Bertha Gxowa Hospital District 

 Far East Rand Hospital Regional 

 Natalspruit Hospital Regional 

 Pholosong Hospital Regional 

 Tambo Memorial Hospital Regional 

   

Johannesburg Bheki Mlangeni Hospital District 

 Charlotte Maxeke Johannesburg 

Academic Hospital 

Tertiary (teaching) 

 Chris Hani Baragwanath Academic 

Hospital 

Tertiary (teaching) 

 Edenvale Hospital Regional 

 Rahima Moosa Mother and Child 

Hospital* 

Tertiary (teaching) 

 South Rand Hospital District 

   

Sedibeng Heidelberg Hospital District 

 Kopanong Hospital District 

 Sebokeng Hospital Regional 

   

West Rand Carletonville Hospital District 

 Leratong Hospital Regional 

 Yusuf Dadoo Hospital District 

Rahima Moosa Mother and Child Hospital* is a regional hospital, but functions as a tertiary 

hospital 
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2.4. Synopsis of the study design 

 

The research was divided into four themes: 

 

 
 

2.4.1. Systematic review 

 

A prevalence systematic review was conducted with the aim of determining global near-miss 

rates and mortality indices for near-miss from PPH. A prevalence systematic review, is a systematic 

review used to accurately measure the prevalence of a disease, including the proportion of people who 

have the disease (prevalence) or how often the disease occurs (incidence) (1). A proposal was 

submitted to PROSPERO and published on 17/04/15 (2). PROSPERO is an international 

prospective register of systematic reviews. The methodology followed PRISMA guidelines. The 

inclusion criteria were near-miss audits published in English between 1995 and 2014. Four 

databases were screened for titles: Pubmed, Embase, Scopus and grey literature. Data extracted 

included the country, the year that the audit was done, and whether the study was community or 

hospital based. The total number of live births, near-miss, deaths, near-miss from PPH and 

deaths from PPH were required for the study to be included. Causes of PPH, the near-miss 

criteria used, and near-miss defining criteria for PPH were also extracted. More details on the 

methods are given in Chapter 3. 

 
 

2.4.2. Health systems audit 

 

A health systems audit was conducted in 15 hospitals in southern Gauteng. Consent was sought 

from 17 hospitals, but was denied in two hospitals, for reasons not clearly stated. This was a 

cross-sectional audit done between July 2014 and May 2015. Interviews were conducted by the 

researcher using a structured questionnaire. At each hospital, the researcher interviewed the 

obstetrics and gynaecology head of department (HOD), or a senior staff member that had been 

selected by the HOD for the interview. The interviews were set out to determine staffing, skills, 



 

facilities, teaching and resources in each hospital. The number of nursing staff and doctors was 

calculated according to the number of staff on the monthly rosters. Skills to perform lifesaving 

procedures such as obstetric hysterectomy and B-Lynch brace suture were inquired about. 

Facilities were evaluated by the availability of a blood bank, intensive care unit, high care area, 

24-hour operating theatre and postoperative recovery area. Questions about the methods of 

teaching caesarean section and the requirements before a new surgeon could operate 

independently were asked. The availability of essential drugs to treat caesarean section related 

haemorrhage was assessed. More detail on the methods is presented in Chapter 4. 

 
 

2.4.3. Maternal near-miss audit 

 

This was a cross-sectional audit of BDACS done in 13 hospitals from July to December 2014. 

Consent was sought from 17 hospitals, two hospitals declined, and two hospitals were not able to 

allocate a staff member to report on the near-miss events that occurred in the hospitals. The 13 

hospitals included three teaching hospitals, seven regional and three district hospitals. The World 

Health Organization intervention criteria were used to identify cases of near-miss, adapted to suit 

the population (3) (Table 2.2). Women with an extra-uterine pregnancy, and where another cause 

of haemorrhage was the primary reason for bleeding, were excluded. Women with a ruptured 

uterus were also excluded, because the trauma to the uterus was not related to the caesarean 

section, and if the fetus was in the abdominal cavity, it was no longer a caesarean section. 

 
Table 2.2: Near-miss criteria used in this study 

 
Inclusion criteria  Near miss markers 

Any woman with a caesarean section with a 

combined intra-operative and post- 

operative blood loss of more than 1000 mL, 

with a gestational age of Ó 24 weeks or 

who delivered a baby Ó 500 g, with 1 or 

more of the following: 

Admission to intensive care unit 
Post-operative ventilation 
Inotropic support 
Caesarean hysterectomy 

Relook laparotomy with or without 
hysterectomy 

Acute dialysis 
Referral to a higher level of care 
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The researcher trained staff at each hospital on how to identify a near-miss related to BDACS. 

When a staff member identified an eligible near-miss, they informed the researcher 

telephonically, who then travelled to the hospital to determine if the case matched the inclusion 

criteria. The researcher also travelled frequently to the hospitals to remind staff members about 

the study. Data was collected after informed consent was obtained from the near-miss patient 

prior to data collection. Data was collected from the antenatal record card, on the age and 

gestation of the patient, gestation at first visit, number of antenatal visits, and problems and 

management during the antenatal period. The inpatient folders were used to examine the 

caesarean section notes, post-operative notes, and details about the haemorrhage. To ensure 

inclusion of all eligible patients, the hospital admission book was screened for admissions during 

pregnancy, reason for admission at the time of delivery, diagnosis at the time of admission, 

reason for caesarean section and complications relating to the surgery. Further details on the 

study methods and data analysis are provided in Chapters 5. 

 
 

2.4.4. Maternal death audit 

 

This was a cross-sectional audit of maternal deaths from BDACS. The audit was conducted in 

seven hospitals for maternal deaths from January 2013 to December 2014. Consent was sought 

from 17 hospitals, two declined (where another maternal care audit was being done), and eight 

could not provide records of all the maternal deaths from BDACS. The data were collected from 

July 2014 to March 2015. 

 
 

The case definition for maternal deaths from caesarean section related haemorrhage was 

intraoperative or postoperative death (Ò42 days) resulting from acute haemorrhage of at least 

1000 mL blood loss, at or after caesarean section at Ó24 weeks gestation. Women with 

significant antepartum haemorrhage that preceded the caesarean section, as well as those with 
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uterine rupture with a partially or completely extruded fetus, and women with an advanced 

extra-uterine pregnancy, were excluded. The age, parity, gravidity, weight and body mass 

index (BMI) were collected from the antenatal records. Antenatal visits and any pathology 

which occurred were evaluated. Risk factors were considered, such as previous caesarean 

section, HIV infection, anaemia, placental abruption, placenta praevia and multiple pregnancy. 

Events surrounding the caesarean section, including fetal outcome, details and findings during 

the caesarean section, and post-partum events and interventions, were documented. Details 

about the time of death, place and cause were documented. The Donabedian model was used to 

evaluate quality of care in each case (4). Further details on the study methods and data analysis 

are provided in Chapter 7. 

 

2.5. Ethical and administrative approval 

 

Ethics clearance was obtained from the University of the Witwatersrand Human Research Ethics 

Committee (M140137) (Appendix 2). All data sheets were anonymised in terms of the name, 

hospital number and birthdate of the patients. Permission to undertake research activities in the 

hospitals was granted by the Gauteng Department of Health research office. Permission was 

sought from each hospitalôs Chief Executive Officer, and the HOD (Appendix 2). Permissions 

for the near-miss audits were sought from the HODs and Nursing Managers. Consent to teach 

medical and nursing staff was sought in each hospital, from the HOD. Other research 

documentation including data sheets are attached as Appendices 3-13. 

 
 

2.6. Budget 

 

The research was funded by Carnegie Corporation of New York for a two-year period, for 

full -time study by the researcher. 
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Additional funding for ongoing costs was provided by 2 research grants: 

 

1. Carnegie Corporation of New York, Grant B8748.R01: R150 000 

 

2. South African Medical Research Council, Self-initiated research grant: R145 500 
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The number of maternal deaths in South Africa (SA) from bleeding 

during and after caesarean section (BDACS) has increased in the last 

triennium (2011 - 2013), and over 70% of the deaths were found to be 

clearly avoidable.[1] A majority of maternal deaths in SA occur in 

regional and district hospitals.[2] The National Committee on 

Confidential Enquiries into Maternal Deaths has recommended 

improvements in healthcare systems and healthcare workersô skills to 

improve the safety of maternity units and the ability to manage obstetric 

emergencies.[2] For improving caesarean safety, a stepwise approach is 

suggested for the management of BDACS in the SA Saving Mothers: 

Caesarean Section Monograph,[3] which includes the use of uterotonics, 

and surgical techniques to arrest haemorrhage. 

Clinical audit is used for monitoring and reporting on health 

outcomes and process of care. Audit permits the review of adverse 

events, such as near-misses (women who survived life-threatening 

complications of pregnancy and childbirth) and maternal mortality, 

to review and improve quality of care. Clinical audits are based on a 

commitment to improve the healthcare system.[4] 

A health system is made up of staff, funding, supplies, transport, 

communications, and leadership.[5] There are various models for health- 

system frameworks. The World Health Organization (WHO)'s health- 

system framework has six key components which include governance, 

financing, medical technologies, health workforce, information and 

research, and service delivery.[6] Oliviera-Cruz et al.[7] described health- 

system constraints to improving access to priority healthcare. The 

service delivery constraints include shortage and distribution of 

appropriately qualified staff, weak management and supervision, 

inadequate drugs and medical supplies, and lack of equipment and 

infrastructure. 

Health-system strengthening is a prerequisite to achieving any 

improvement in health outcomes. It has been shown that focusing 

on disease priorities without improving health systems does not 

improve overall outcomes,[8] hence the prioritisation of healthcare 

system improvements, as well as health-worker training, by the 

National Committee on Confidential Enquiries into Maternal 

Deaths.[2] 

The aim of this study was to evaluate preparedness for, and health 

system constraints to, provision of safe caesarean section in hospitals in 

southern Gauteng, and to link these to hospital levels of care. 

Methods 
A prospective cross-sectional multicentre study was conducted in 

southern Gauteng, in 15 public hospitals from July 2014 to May 2015. 

Gauteng Province consists of Johannesburg, Pretoria and numerous 

surrounding towns and cities, and has the highest number of deliveries 

in SA per year (annual facility live births in 2013, n=208 710).[1] 

Southern Gauteng is a metropolis with four districts, Ekurhuleni, 

Johannesburg, Sedibeng and West Rand. The districts are served by 18 

government hospitals with maternity units, and with the exception of  

one of these (Tembisa Hospital) form part of the University of the 

Witwatersrand cluster of hospitals, including 3 central hospitals (all 

teaching hospitals in Johannesburg itself), 7 regional hospitals, and 7 

district hospitals. All but 2 of the district hospitals, and all the regional 

hospitals, serve towns and adjacent high-density settlements to the east, 

west and south of Johannesburg. All hospitals receive high-risk patients 

who cannot be managed by clinics and midwife obstetric units. District 

hospital maternity units are staffed by midwives and medical officers, 

and may employ part-time specialists. They conduct normal and assisted 

deliveries, and caesarean sections, and refer patients they cannot  

manage to higher-level hospitals. Regional hospitals offer specialist 

maternity care and referral services for district hospitals. They employ 

specialists, 
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Background. The number of maternal deaths from bleeding during and after caesarean section (BDACS) has increased in South Africa. 
Health-worker training and health-system strengthening are considered important prerequisites for improving maternal health outcomes. 
Objectives. To determine preparedness for, and health-system constraints to, safe caesarean section in southern Gauteng hospitals. 
Methods. This was a cross-sectional study in 15 hospitals. Data were collected by questionnaire from clinical heads of department in 
each hospital. 
Results. The 15 hospitals included 5 district hospitals, 7 regional hospitals and 3 central (university academic) hospitals. The number of 
deliveries per hospital ranged from 893 to 44 256 for 2013 - 2014, with a total of 201 314 births and 70 095 caesarean sections (34.8%). 
Despite similar numbers of births, there were 20 deaths from BDACS at regional hospitals and 6 at central hospitals (p=0.008). Service 
delivery constraints included an unequal staff distribution between central hospitals and lower levels of care, as well as non-availability 
of essential drugs and a lack of surgical capacity to arrest severe haemorrhage at district and regional hospitals. 

Conclusion. The findings of this study reflect inequity in maternity services. Compared with central academic hospitals, district and 

regional hospitals are inadequately prepared for the management of complications from BDACS. 

S Afr J Obstet Gynaecol 2016;22(1):21-24. DOI:10.7196/SAJOG.2016.v22i1.1039 



 

medical officers and interns, and generally 

have intensive care and high-care units on 

site. Certain patients, when a difficult birth is 

expected, may be referred to central hospitals. 

Central hospitals provide specialist obstetric 

care and subspecialty care. Their staffing is 

made up of interns, medical officers, 

registrars, specialists and subspecialists. 

Academic programmes for medical students, 

registrars and subspecialist trainees take place 

in the central hospitals. One of the central 

hospitals, officially considered to be a  

regional hospital by the Department of  

Health, is defined as a central hospital in this 

study, as it is an academic tertiary referral 

hospital with a large complement of 

specialists, and part of the University of the 

Witwatersrandôs training platform for medical 

students and registrars. 

Ethical approval 
Ethical and institutional approval for the 

study was obtained from the University of 

the Witwatersrandôs Human Research 

Ethics Committee, and from the Gauteng 

Department of Health. Individual hospital 

permission was received from the chief 

executive officers of the 17 University of 

the Witwatersrand cluster hospitals. 

 

Interviews ï data collection 
In July and August 2014, the researcher 

conducted interviews with the clinical head of 

obstetrics in each hospital, using a structured 

questionnaire. The interviews set out to 

determine staffing, supervision and 

preparedness for surgical complications at 

caesarean section in southern Gauteng. The 

researcher asked questions about whether the 

hospitals were appropriately staffed for the 

number of deliveries conducted. The number 

of staff members was calculated according to 

the number of full-time staff members on the 

monthly current obstetric department 

timetable. Supervision was divided into 

teaching and monitoring. Teaching was 

assessed by determining the teaching methods 

in each hospital, and the number of caesarean 

sections done under supervision. 

Monitoring was assessed according to 

whether maternal deaths, adverse events 

and maternal near-misses were discussed 

routinely in each hospital.  Preparedness 

was assessed by the availability of drugs, 

facilities and surgical skills. Drugs were 

evaluated by availability in the hospital,  

and whether the drugs were being used 

according to the clinical headôs knowledge. 

Facilities were evaluated by the availability 

of a blood bank, postoperative recovery 

area, obstetric high-care unit, and an 

intensive care unit (ICU) on site. 

Skills were evaluated according to the 

competence of the doctors in surgical 

procedures at each hospital. The clinical heads 

were familiar with their doctorsô skills levels 

and which surgical procedures were 

performed in each hospital. The interview 

inquired about the availability of staff that 

could perform life-saving procedures related  

to BDACS, such as obstetric hysterectomy 

and B-Lynch compression suture 24 hours a 

day on 7 days per week. 

Data analysis employed quantitative 

techniques. Maternal mortality ratio was 

calculated per hospital as the institutional 

maternal mortality ratio (iMMR). In the 

absence of live birth data, the denominator 

used for the iMMR was a live birth 

approximation of 0.98 times the total births, 

assuming a general SA stillbirth rate of 2%. 

Descriptive data were analysed using medians 

and ranges for continuous variables, and 

proportions with percentages or rates for 

categorical variables. Comparisons of 

categorical data were made using the ɢ2 test, 

and pairwise correlation was done  using 

scatter plots with Spearmanôs rank 

correlation for non-parametric data. Statistical 

significance was indicated by p<0.05. 

Results 
The study was conducted in 15 hospitals: 5 

district hospitals, 7 regional hospitals and 3 

central hospitals. Permission was sought 

from 17 hospitals, but 2 district hospital 

managers declined participation. In 2 

hospitals the interviews were conducted 

with a specialist appointed by the clinical 

head. Four clinical heads asked to complete 

the questionnaire themselves, and return it 

to the researcher. In 11 of the hospitals the 

researcher was referred to the midwife in 

charge of the labour ward for questions 

about the nursing staff. The questionnaires 

were completed on the day of the interview. 

The researcher collected maternity statistics 

for 2013 and 2014 from the midwife in 

charge of the labour ward in 7 hospitals, 

from data capturers in 5 hospitals, and from 

the clinical heads in 3 hospitals. The 

statistics for 2014 were collected from 

February to April 2015. 

In  the 15  hospitals  there were  201  314 

births in 2013 and 2014, with 70 095 

caesarean sections (34.8%). The total 

number of births at each of the hospitals 
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* Doctors listed are those allocated to obstetrics and gynaecology sections or departments in their hospitals. 

À N=4, excludes data for one district hospital that opened in April 2014. 
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Table 1. Full-time staffing and obstetric outcomes in 1 

southern Gauteng, 2013 - 2014, by levels of care 

  District  (N=5)  

5 hospitals in 

 

Regional (N=7)  

 
 

 
Central (N=3)  

Aggregated data per level of care       

Total births, n 25 254 89 243 86 678 

Maternal deaths, n 10 
 

186 
 

114 
 

iMMR per 100 000 live births 40 
 

213 
 

134 
 

Caesarean sections, n 5 919 30 833 33 343 

Hospital caesarean section rate, % 23.4 34.5 
 

38.5 

Maternal deaths from BDACS, n 0 
 

20 
 

6 
 

Obstetric specialists, n 1 
 

12 
 

51 
 

All doctors, n* 16 
 

105 
 

188 
 

Doctors, n/10 000 births per annum 9.9À 23.5 
 

43.4 

Specialists, n/10 000 births per annum 0.0À 2.7 
 

11.8 

Hospital data, median (range)  
      

Midwives 18 (12 - 29) 28  ( 12 - 39) 55 (44 - 204) 

Medical interns 0 (0 - 0) 5 (2 - 7) 21 (17 - 25) 

Medical officers 3 (2 - 4) 10  ( 3 - 10) 5 (2 - 10) 

Registrars 0 (0 - 0) 0 (0 - 2) 17 (13 - 27) 

Obstetric specialists 0 (0 - 1) 1 (1 - 4) 12 (11 - 28) 

All doctors 3 (2 - 5) 16  ( 8 - 20) 52 (46 - 90) 

 
Hospital caesarean section rate 

 
25.6 (16.2 - 36.2) 

 
36.6 (25.3 - 42.4) 

37.0 (33.3 - 
48.5) 

iMMR per 100 000 live births 43 (0 - 62) 204 (77 - 350) 136 (47 - 240) 

 



 

0 20 40 60 

Doctors per 10 000 births 

ranged from 893 to 44 256, with a median of  

9 063. Caesarean section rates ranged from 

16.2% at a district hospital to 48.5% at a 

central hospital (Table 1). The overall 

maternal mortality ratio was highest at 

regional hospitals (213 per 100 000 live  

births) (Table 1). While the number of total 

births at regional and central hospitals was 

similar, BDACS accounted for 20 maternal 

deaths at regional hospitals and 6 at central 

hospitals (p=0.008). The number of obstetric 

doctors per 10 000 births was 9.9 at district 

hospitals, 23.7 at regional hospitals and 43.4 

at central hospitals. The corresponding 

numbers for obstetric specialists were 2.7 and 

11.8 for regional and central hospitals, 

respectively. However, the proportion of 

obstetric doctors per 10 000 births at the 15 

hospitals did not correlate significantly with 

the hospital maternal mortality ratios (p=0.68) 

(Fig. 1). 

Ten hospitals (66.7%) trained interns, 

and 4 hospitals (26.7%) trained registrars. 

Eleven hospitals (73.3%) had at least one 

full -time specialist (range 1 - 28). The total 

number of doctors ranged from 2 in a 

district hospital with 4 654 births to 97 in 

the tertiary hospital that had 44 256 

deliveries in 2013 and 2014. 

The skill of teaching caesarean section 

technique was reserved for the most senior 

doctors in each hospital. All hospitals 

taught by observation and supervision, 6 

hospitals (40.0%) also used videos, and 

none used models. Three hospitals (20.0%) 

stipulated a minimum number of caesarean 

sections that a new doctor had to perform 

under supervision prior to operating 

independently. All the hospitals held 

regular perinatal review meetings, at which 

maternal deaths were discussed. The 3 

central hospitals, as well as 2 regional 

 
 400 
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Fig. 1. Scatter plot showing institutional maternal mortality ratio per 100 000 live births 

(iMMR) for 15 southern Gauteng hospitals correlated to numbers of doctors as a 

proportion of births at each hospital (Spearmanôs correlation coefficient r=0.12, p=0.68). 

Table 2. Preparedness for life-threatening sur 

section in hospitals in southern Gauteng 

  District  (N=5), n (%)  

gical complications o 

 

Regional (N=7), n (%)   

f caesarean 

 

Central (N=3), n (%)  

Available drugs     

Oxytocin and misoprostol 5 (100) (100) 3 (100) 

Ergometrine 4 (80) (57.1) 3 (100) 

Tranexamic acid injection 3 (60) (100) 3 (100) 

Prostaglandin F2-alpha 1 (20) (14.3) 3 (100) 

Ability to perform procedures  
    

B-Lynch compression 

suture 

 
3 

 
(60) 

 
(42.8) 

 
3 (100) 

Obstetric hysterectomy 3 (60) (100) 3 (100) 

On-site facilities  
    

Blood bank 0  (85.7) 3 (100) 

High-care unit 1 (20) (100) 3 (100) 

24-hour recovery 2 (40) (71.4) 3 (100) 

24-hour theatre 4 (80) (85.7) 3 (100) 

hospitals, held weekly meetings, and the 

remaining hospitals held monthly meetings. 

Nine hospitals (60.0%) reported that they 

also presented maternal adverse events in 

their meetings. Three hospitals (20.0%) 

discussed all maternal near-miss cases from 

BDACS at the meetings. Collaboration 

between hospitals, beyond referral, was 

limited to occasional attendance by  

regional and district hospital specialists at 

central hospital perinatal review meetings. 

There were no outreach programmes (e.g. 

specialist support visits) in place from 

higher levels to lower levels of care. 

Oxytocin and misoprostol were available 

in all 15 hospitals. Ergometrine was only 

available in 10 hospitals (66.7%) and 

prostagladin F2-alpha was available in 5  

hospitals (33.3%). Tranexamic acid injection was 

available in 13 hospitals (86.7%); however, only 

2 of these hospitals (15.4%) reported ever using  

it for obstetric patients. The central hospitals had 

all the uterotonic drugs available. Prostaglandin 

F2-alpha was only available in 1 district hospital, 

and 1 regional hospital. Only 4 of the 7 regional 

hospitals (57.1%) had ergometrine in  stock 

(Table 2). 

All the hospitals performed caesarean 

sections; however, 2 (13.3%) did not operate 

on all days of the week because of staffing 

shortages. On-site blood banks functioned in 9 

hospitals (60.0%), and the rest, including all 

the district hospitals, relied on emergency 

blood kept in refrigerators on site. One 
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district hospital had an obstetric high-care 

unit. One central hospital did not have an 

ICU on site (Table 2). 

Emergency skills to arrest obstetric 

haemorrhage were evaluated according to 

whether the staff were available on a 24- 

hour basis to perform these procedures in 

each hospital. Uterine balloon tamponade 

(Bakri balloon or condom balloons) had 

never been done in 12 hospitals (80.0%), 

and B-Lynch compression sutures had  

never been done in 6 hospitals (40.0%). 

None of the informants could recall ever 

performing a uterine tourniquet procedure 

using a Foley catheter at their hospitals. In 

two of the hospitals (13.3%), the  

informants stated that 
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none of the doctors was skilled to perform emergency hysterectomy 

during and after caesarean section (Table 2). 

Discussion 
A clear message has emerged of inequities in Gauteng maternity 

services. These inequities, mostly between regional hospitals and 

teaching centres, are unfortunate, given the relative sophistication of 

Gauteng Province in SA, with its medical schools and high-level central 

hospitals. As in the remainder of the country, the majority of maternal 

deaths occurred in district and regional hospitals, where medical  

staffing and facilities are most lacking. The relationship between overall 

maternal mortality and staffing levels per hospital is complex, and did 

not show any correlation, but there was a significant difference in 

numbers of maternal deaths related to BDACS between regional and 

central hospitals, with similar caesarean section rates. Observing overall 

maternal mortality ratios alone may therefore mask  preventable 

maternal mortality, as is the case with BDACS. While the ideal is that 

there should be no deaths at all from BDACS, one would expect more 

deaths, not fewer, in central hospitals, given that high-risk obstetric 

patients, both preoperatively and postoperatively, should be cared for at 

high-level hospitals. The high maternal mortality in regional hospitals is 

therefore of concern. The inequities were greatest in medical staffing, 

and most obvious with specialist obstetricians. The central hospitals had 

twice as many doctors and more than four times more specialists per 

delivery than regional hospitals. It should of course be accepted that 

central teaching hospitals need more specialists than regional hospitals, 

but the difference here still amounts to a serious maldistribution of 

skilled human resources. In that context, the absence of any formal 

outreach activities from the central hospitals seems regrettable. 

The inequities are further reflected in the relative lack of 

preparedness of regional and district hospitals for dealing with 

severe BDACS. Essential second-line drugs, such as tranexamic 

acid and prostaglandin F2-alpha, and especially ergometrine, were 

not available in several institutions, remarkably in three of the 

regional hospitals where difficult caesarean sections might be done. 

The inability to perform B-Lynch compression sutures at several 

regional hospitals was also notable. These deficiencies were not 

investigated in this study, but root cause analysis might find 

management failures, overburdened specialists and the lack of 

central hospital outreach activities to be significant culprits. 

What was somewhat encouraging was the ability of all hospitals to 

provide emergency blood for transfusion. Also, all hospitals held 

perinatal review meetings, where maternal deaths were also discussed. 

Both of these successes may have resulted from  implementing 

guidelines suggested in the Saving Mothers reports of the National 

Committee for Confidential Enquiries into Maternal Deaths.[2] 

Inequities in emergency obstetric care are a fact across the world, 

most notably between rich and poor countries,[9] but also within 

countries. Differences between rural and urban obstetric services[10,11]   

are well described, as are the extreme differences between private and 

public healthcare overall in SA.[12] However, there appear to be  no 

reports of inequities in public obstetric services within a city region, 

such as southern Gauteng. Possible drivers of the inequity include 

university advocacy for optimal care in its training hospitals, 

unattractiveness to doctors of regional hospitals in economically 

depressed towns away from Johannesburg, budgetary constraints in the 

provincial health service, poor co-ordination of hospital referral  

systems, and management weakness at lower levels of care. Further 

research should investigate these and other possibilities relating to 

caesarean section preparedness, as well as emergency obstetric care as a 

whole. This study was limited by its focus on caesarean section safety 

in terms of resource limitations and outcomes, without consideration 

of upstream determinants of these deficiencies. Another limitation 

relates to the once-off cross-sectional nature of the evaluation, which 

cannot assess trends in resource capacity at the hospitals. However, the 

data stand as facts that suggest inequitable resource allocation for 

emergency obstetrics, which may be a problem in other SA  

metropolitan areas that have medical schools. 

Several immediate interventions should be considered to improve 

caesarean section safety at the hospitals in southern Gauteng. Most of 

these relate to recommendations in the national Confidential Enquiries 

into Maternal Deaths report from 2008 to 2010:[2] (i) human resources 

needs and norms must be investigated, perhaps using the Workforce 

Indicators of Staffing Need (WISN) approach introduced to SA in 

2012,[13] to create and fill obstetric specialist and medical officer posts in 

the regional and district hospitals; (ii ) all maternal deaths and cases of 

near-miss related to caesarean section bleeding should be audited and 

discussed at regular perinatal review meetings; (iii ) training in caesarean 

section technique needs to be formalised at district and regional 

hospitals, including using training videos, with a minimum of 10 

caesarean sections done under supervision before ósoloô caesarean 

sections can be attempted;[14] (iv) all midwives and obstetric doctors in 

the hospitals must be exposed to ESMOE (Essential Steps in Managing 

Obstetric Emergencies) training, which includes modules on surgical 

skills and obstetric haemorrhage;[15] and (v) sustainable emergency 

obstetrics outreach programmes from the central to the regional and 

district hospitals must be implemented and sustained, with university 

and provincial government support. 

 

Acknowledgements. The research was supported by the Carnegie 

Corporation of New York (Grant B8749.R01), and the SA Medical 

Research Council Self-initiated Research Grant. The views and 

opinions expressed are not those of the funders, but of the authors. 

References 
1. Gebhart G, Fawcus S, Moodley FZ. Maternal death and caesarean section in South 

Africa: Results from the 2011 - 2013 Saving Mothers Report of the National Committee for 

Confidential Enquiries into Maternal Deaths. S Afr Med J 2015:105(4);287-291. 

DOI:10.7196.SAMJ.9351 

2. National Department of Health. Saving Mothers 2008 - 2010: Fifth report on the Confidential 

Enquiries into Maternal Deaths in South Africa ï Comprehensive Report. 2012. Pretoria: NDoH, 

2012. www.doh.gov.za/list.php?type=Reports (accessed 19 June 2015). 

3. Moodley J, ed. Saving Mothers: Caesarean Section Monograph. Pretoria: National 

Department of Health, 2013. 

4. Graham W. Criterion-based clinical audit in obstetric care: Bridging the quality gap. Best Pract Res 

Clin Obstet Gynaecol 2009;23(3):375-388. DOI:10.1016/j.bpobgyn.2009.01.017 

5. World Health Organization. Monitoring the Building Blocks of Health Systems: A Handbook of 

Indicators and their Management Strategies. Geneva: WHO, 2010. 

6. World Health Organization. Key Components of a Well-Functioning Health System. 

Geneva: WHO, 2010. 

7. Oliviera-Cruz V, Hanson K, Mills  A. Approaches to overcoming constraints to 

effective health service delivery: A review of the evidence. J Int Dev 2003;15(1):41-65. 

8. World Health Organization. Strengthening Health Systems to Improve Health Outcomes: WHOôs 

Framework for Action. Geneva: WHO, 2007. 

9. Pattinson R. Safety versus accessibility in maternal and perinatal care. S Afr  Med J 

2015;105(4):261-265. DOI:10.7196.SAMJ.9182 

10. Echoka E, Dubourg D, Makokha A, et al. Using the unmet obstetric needs indicator to 

map inequities in life-saving interventions at the local health care system in Kenya. Int J Equity 

Health 2014;13:112. 

11. Stuckler D, Basu S, McKee M. Health care capacity and allocations among South Africaôs provinces 

ï inequality traps after the end of apartheid. Am J Public Health 2011;101:165-172. 

DOI:10.2105/ AJPH.2009.184895 

12. Mayosi B, Lawn J, van Niekerk A, Bradshaw D, Abdool Karim S, Coovadia H. Lancet 

South Africa Team. Health in South Africa: Changes and challenges since 2009. Lancet 

2012;380(9858):2029-2043. DOI:10.1016/S0140-6736(12)61814-5 

13. World Health Organization. Workload Indicators of Staffing Need (WISN). A Manual 

for Implementation. Geneva: WHO, 1998. 

14. Madsen K, Grșnbeck L, Rifbjerg Larsen C, et al. Educational strategies in performing 

cesarean section. Acta Obstet Gynecol Scand 2013;92(3):256-263. DOI:10.1111/aogs.12055 

15. Moran N, Naidoo M, Moodley J. Reducing maternal mortality on a countrywide scale: 

The role of emergency obstetric training. Best Pract Res Obstet Gynaecol 2015;29(8):1102-1118. 

DOI:10.1016/j.bpobgyn.2015.08.002 

 

24  SAJOG Å September 2016, Vol. 22, No. 1  84 

http://www.doh.gov.za/list.php?type=Reports


85  

Chapter 5 



86  

 



87  

 



88 
 

 


