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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 todece maternal deaths from BDACS. The aim was to identify clinical

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

Methods

A systematic review was done on n@aiss from postpartum haemorrhage, with a-analysis
on BDACS. The field research, done in southern Gauteng, included: I-nzosith prospective
nearmiss audit of women with BDACS in 13 hospitals; 2) a-tear retrospective maternal

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

Results

The systematic review on neuiss from PPH found two studies that described-n@as from

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

risk factors for BDACS were preperative anaemia amevious 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 ingienal 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 ray be arrested through obstetric surgical techniques and easily available
drugs, severe BDACS is a complex disease that requires adisciplinary 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.
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Chapter 1

Literature Review

1.1. Introduction

Death as a consequence of pregnancy is an important cause of prentataligy 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 262Q13, acording 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
deat hs i n SoutihngAfdruircian gwaasn dé bal feteedr caesar ean
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%-@W13) is believed tbe
inappropriately high when measured against the World Health Organization (WHO)
recommended rate of 2A5%, and this is considered to be the main contributing factor to the
increasing number of maternal deaths from BDACS (3,5,6,7). Substandarehclaging

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 ston 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, anddelay in performing caesarean sectiopoorly resourced settings increases



maternal aneewborn risks even more (11)1Zaesarean sections have recently been associated

with a higher risk of neamiss morbidity, compared to vaginal delivs(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 morénditynortality from

BDACS.



1.2. Severe maternal outcome fronBDACS

Mat er nal morbidity is defined by the WHO as,
by pregnancy and childbirth twaltl haisn@d nehalt .
severe morbidity is one that c¢omeamss)direcene t o r
years, the concept of maternal ne@ss has been widely adopted by the scientific community. With
maternal deaths being rare evemisarmiss has become the main audit tool for severe maternal
outcomes in higlincome countries (15). A neariss is defined as a woman who experienced and
survived a severe health condition during pregnancy, childbirth or postpartum. Maternal death is th
most extreme indicator of deficiencies in obstetric care, while mésges include women who came
close to death, but survived owing to good fortune or appropriate medical intervention. The study of
nearmisses provides valuable information on how aflstare overcome after the onset of an acute
complication (15). Neamisses share similar characteristics with maternal deaths, but are not as rare
as maternal deaths (16). Together, fra@ses and maternal deaths can be grouped together as

havi ng Omseavearnal outcomed (15).

The maternal neaniss concept was described by Mantel et al. in South Africa in 1998, in a pilot
study for a definition of a neamiss. Their rationale was that, with the decline in the number of
maternal deaths, recommendasida 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 <car e,
with the advantage of providing a bigger picture of maternal disease and clinical responses (17).
Mantel et al defined neamiss criteria based on organ system dysfunction or need for certain
extreme interventions, for example admission to intensive care ultwirgy on, other near

miss criteria were proposed separately by Fillipi et al., Geller et al. and Waterstone ef8). (17
Until 2009, there was no international consensus on the definition or criteria fenrssaalso

4
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described asevere acute maternal mortality (SAMM). The WHO initiated a process to develop
a uniform definition, classification, and identification system for smes, using similar

principles as those for classifying maternal deaths, with-méss criteria based ahose of

Mantel et al. This resulted in the WHO maternal fragss 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 markerswfi-organ dysfunction; and

management criteria, including ligaving 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
A Acutecyanosis A Oxygensaturation A Use ofvasoactive
A Respiratoryate>40 <90% for >60 min drugs
~or<é/min A PaO2/FIQ<200 A Hysterectomy:
A Shock ~ mmHg infection/hemorrhage
A Oligurianot A Creatinine>300 A Transfusio
responsive mg/dL packedcells
A Clottingfailure A Bilirubin>100 A Intubation>60minutes
A Jaundice with mg/dL not related to
preeclampsia A pH<7.1;lactate>5 anesthesia
A Loss of ~ mmol/L A Dialysis for acuteenal
consciousness > A Platelets<5@00 failure
12hrs/nopulse/heart /uL of blood A Cardiopulmonary
rate A Loss of resuscitation
A Stroke/paralysis/ consciousness with
uncontrollabldit glycosuria/ketonuria

Table drawn using data extracted from Say (15)

Various indicators based on nearsscan be calculated, such as the maternalmess ratio,
the severe maternal outcome ratio and the mortality index, the latter expressing the number of
women who die from lifghreatening conditions (severe maternal outcome) in an institution. The

indicatas can be used to evaluate quality of care over a period of time, anddiffevest



settings (Table 1.2) (15). Clinicians and managers will strive to reduce the mortality index in
their institution. Even though nearisses can at timdse regarded as obstetric successes (great
saves), the consequences of re@s related complications can be overwhelming (21). A-near
miss from BDACs may have a hysterectomy, multiple surgical procedures, renal dialysis, and
prolonged ventilation. Theseay result in chronic complications, pgertum depression, and
even death after an extended period of suffering. The study efmeses 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 Hftereatening 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 recovetlie sguelae of neamiss

may be chronic maternal illness, disability and infertility.

Table 1.2: Nearmiss indicators

Indicator Equation Definition
Severe maternal outcome SMO=MNM+MD The sum of maternal
deaths and neamisses
Maternal neamiss ratio (MNR) MNR=MNM/1000 live | Number of maternal
births near miss cases per

1,000 live births
Severe maternal outcome ratio (SMO, SMOR=MNM+MD/1000| Number of maternal

live births near miss and maternal
deaths cases per 1,000
live births
Mortality Index (MI) MI = MD/(MNM+MD) The risk of dying from &

life-threatening
condition, expressed as
a percentage.

MD* is maternal death
MNM?* is maternal neamiss

Table drawn using data extracted from Say (15)

The leading causes of maternal reasses worldwide wereelieved to be obstetric haemorrhage

and pregnancy related hypertension (23). Neisses occurred in 1% of pregnant women in the



USA, but in low resource settings this proportion ranged frer@% (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 neaimisses to maternal deaths, withv ratios found in low resource settings. Mantel et

al. found that there were five times as many 1mises as maternal deaths in South Africa (17).

In a similar study in a higincome setting in Canada, Baskett et al. reported a ratio of 27:1 (54
nearmisses and two deaths). However, despite the diverse settings, both studies found that their

nearmisses mirrored their maternal deaths in terms of cause (24).

Caesarean delivery is known to be associated withiisgipregnancy and maternal death, and,
similarly, to neammiss. A finding from the WHO Global Survey in 2005 was that caesarean
sections are associated with naass morbidity as well as an increased mortality index (25).
Litorp et al. described the proportion of naaiss from BDACS in Tanzaa, and stated that
caesarean section complications accounted for a large proportion -whissas and maternal
deaths. Caesarean delivery was not only associated with, but also causal in, severe maternal
outcome (13). The advantage of studies on-méss 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 amesarevent. The mortality index

allows us to calculate thgercentage 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-wfis&garumber of
maternal deaths, and maternal reess. The mortality index from Litorp et al. study was
calculated to be 11%4.3). A mortality index for BDACS could not be calculated from data in

any of the South African neaniss studies.



1.2.1.Severamorbidity fromPPH

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 PPHaaling to neamiss criteria, provides a better
description of adverse effects and patient
clinical profile in response to blood logsalso eliminates misclassification caused by
underestimation of bbd loss. Neamiss 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 efmsses 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 amesarif she survives by good forturie.

a blood bank is not available on site, or five units cannot be geeause of a shortage, the
number of neamisses recorded will be fewer. The neaiss criteria have limited application in
district hospitals, because women with Rgass morbidity generally need referral to higher

levels of care where the neaiiss crieria can bapplied.

1.2.2.Severe morbidity and mortality froBDACS

According to the latest South African Saving Mothers report, 363 maternal deaths resulted from
BDACS from 20112013, the most yet recorded in a triennium since 2488, 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/atheetsk of dying from

BDACS in South Africa was 1 in 3035 pregnancig&ny of the deaths t&glace in district and
regional hospitals (81%). About ottigeird 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 nregukntly seen complication. Caesarean section
8



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 caesaan 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. Regardirgpspital care, there was an

inverse correlation between blood loss and the cadre of surgeotis ngore 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 lagid 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 nearmiss study, because neaaiss definitions were not used; it only described known

caesarean secti@momplications (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 receivessréfamdour

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

facilities, and supplies to manage severe bloses.

Very few studies have been done on formally defined-messes from BDACS, and no studies
have been found specifically describing risk factors associated witthmssiand BDACS.
There is also a wide disparity between the prevalence ofnmisarfrom BDACS in the few
studies done. Two large multicentre studies considereemisaes and incluetl BDACS as one

of the clinical causes. The World Health Organization MQtiuntry Survey on Maternal and



Perinatal Outcomes examined severe maternal outcome from PPH. Among 3102 women with
PPH, there were 484 maternal ne@sses and 105 deaths. BDACS accounted for 34% of
maternal neamiss and deaths from PPH (27). The strength of this study was the langje sa

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. Adstin the Netherlands done in 98
hospitals with 371 021 deliveries included 1606 women with major obstetric haemorrhage (88%
with PPH). In this highincome setting, BDACS contributed to 11.4% of severe maternal

morbidity from massive obstetric haemorrh4g®).

Two nearmiss studies from lowesource settings have examined frags related to caesarean
section. The study by Litorp et al. in Tanzania, briefly mentioned earlier, appears to have been
the first to desdébe nearmiss from caesarean section in adm@ome country. The study was

done in Dar es Salaam in two hospitalse was a regional hospital and the other a university
hospital. The university hospital manages about 9000 births, and the regionall labspite?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 surgisaiglines, 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 associaté@tl caesarean section; 12 neaisses 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 neamisses were referred to higher levelsare alluding to health system

deficienciedgn the country (13).

10



The otherstudy done & Kathmandu Medical College Teaching Hospital in Nepal, with 1562
births in 24 months, found 36 nemisses associated with caesarean section, with only twe near
misses and no maternal deaths from BDACS (mortality index of zero) (29). These studies,
beside their own data, highlight the paucity of information on yraes from BDACSBoth

studies included neamiss from other causes besides haemorrhage, and data pertaining to
caesarean section needs to be extrapolated from the reghilis.mortality indies 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 knowledgethe 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 re@ss and maternal death from BDACS.

11



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 improgentalthcare system, and the concept of
O0best pr act i-basedpraetioed30)Auditdfenatereal deaths and adverse events is
considered essential in all health care environments. The review process creates an opportunity
to lead interventiontprevent recurrence of these events (8). Auditing maternal deaths and
nearmisses 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 Numbe#sich 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 andmsses had a story to tell that

could influence change 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). Relatelttgpit

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.Donabedianmodel

The Donabeidn model is well known as an approach to assess quality of healtfilcanaodel
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 packfhe process (diagnosis

and treatment by the healthcare workers) (B2gdis Donabedian was concerned with methods,

12



and not just findings. The theory emphasised that the clinical outcome for a patient was the
ultimate validation of theffectiveness and quality of a medical syst&he 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
arnise 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 questamtsto 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 gadlity, and improve care across hospitals, group practices and
health systems. Maternal deaths and1maiases are frequently due to healthcare process and
structural deficiencies, and health system strengthening may improve maternal outcomes. And in
audting 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 Mothergeports

South Africaintroduced 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 counbhahater

deaths, determine their causes and evaluate the medical care rdeegrgdhree years, since

1999, the committee has released triennial Saving Mothers reports, making this data accessible
in the public domain. The committee has made periodic recowfatiens which can be used to
draw up clinical guidelines on how to manage various conditions, and how to prevent maternal

life-threatening events (3)he committee uses avoidable factor audits to measure quality of
13



care.The factors are subdivided intb} patient related factors; 2) heattare worker related
factors, and 3) healtbare 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 he audit data in the most recent Saving Mothers report, over 70% of the 216 deaths
due to BDACS from 2012013 were clearly avoidable. Only 1.8% of the deaths had no
suboptimal careCommon 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 suggest ehnsectiontmbnegrapre(p).ar t me n

1.3.3.Three delaysnethod

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 especiaHyesoloe

health care settigs. 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). Tiutly 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 inlved in determining the nature or extent or bleeding. This

method is therefore not suitable for the evaluation of-oprerative and posiperative care.

1.3.4.Robsoncriteria
Use of the Robson criteria is a frequently recommended tool to audit caesartamsse
mainlyto determine if the caesarean section rate in an institution is approphat®obson

score identifies contributors to caesarean section, such as previous caesarean section, breech

14



delivery and prematurity (34). The estimated caesareatiose@te in South African district
hospitals is 1218%, in regional hospitals 28%, and in tertiary hospitals &8% (35). The

use of the Robson criteria is simple, robust and reproducible, providing ten categories of
mutually exclusive caesarean sewfo 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 surgerflevertheless, in the case of BDACS, the use of the Robson
criteria has potentiah 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 evadulagialth 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 differemat different outcome could have been expected.

15



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 suegidednaesthetic 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 absemdeurgical 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. O0A woman
probably does not have access to timely surgery and anaesthesia. A wonimes\ost

minutes away from a hospital that does not have enough surgeons and anaesthetists available to
of fer care also does not have access to surg
applied here, including the issue of access to caasaection. 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 complici@ins may require interventions from skilled surgeons, as well agikigh

resources and facilities at accessible referral ce(86)s

1.4.2.Structure
Access to safe motherhood remains a key problem, particularly #5&uwdran Africa and
South Asia, the grons 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 t$tairicians serve
populations of up to-nillion 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 twayear internship can perform a saeean 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 wayo 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 anaeskhesisppnse to

this challenge, a specialist obstetrician may administer anaesthesiadpefiatng, while a

medical officer or nurse maintains anaesthesia during the operation. For reasons dafgfatient
some obstetricians are forced to perform caesarean sections under local anaesthesia infiltration
(38). District hospitals in South Africare 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

complicationg39).

Strategies to improve access to caesarean section, particularly in countries with shortages of
doctors, midwives and middle level practitioners, agma 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-matna postoperative complications.

Anaesthetists, emergency patigransport, blood banks, and intensive care units or high
dependency units are all pivotal in managing severequettive haemorrhage. Systavide

improvements are therefore needed to offer accessible and safe surgical services.
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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 ateesire. 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 mataunityg 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. reprting on the Tanzanian study on neaiss, blamed the high neanss rate at
caesarean section on the uneven distribution of staff and material resources between different
health care facilities. The lack of drugs, sterile packs-ppstative beds, blabtransfusion

and trained staff were thought to be the reason for the elevated risk of caesarean section
complications in regional hospitals. Pogterative surveillance was also a concern regarding

BDACS (13).

In South Africa, 38% of the deaths from BOA occurred at district hospitals, 43% at regional
hospitals, and 16% at tertiary hospitals (2@D13). The average caesarean section rate in
district hospitals in 2014/15 was 22.7%. The proportion of caesarean sections was highest in
regional hospitalsThirty-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 theosetlowest case fatality rate per 10 000 caesarean
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sectiongerformed, after the Western Cape province {Bg caesarean section rate was highest

in KwaZulu-Natal (28.8%) and lowest in Limpopo province (15.2%) (Tabld&¢. 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 caesarg@msates, and the highest case
fatality rates for BDACS (Figure 1.2) (3). However, in the absence of possiblgunding

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

rates cannot be assumed tcchesal.
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Figure 1.2: Caesarean section rate and case fatality rates for each province.
Graph drawn using data extracted frra Saving Mothers Report (3).

CS*: Caesarean section
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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 instHogieednaternal mortality

ratio of 34/100 000 live birth§.he 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 haeimage 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 prigénospitals. 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 Soutliriéa 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 reducdispatch 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 fisllexathple.

The NorthWest province bought 10 obstetric ambulances in 2014, and instituted 16 maternity
waiting homes, to bring pregnant women closer to birthing units G&jteng introduced 92 new
general ambulances in 2015, bringing the ambulancedliestr 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 peofdauteng would be required to have a minimum of

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

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

not intended for womewith BDACS.
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Amidst the shortage of ambulances, there is a growing concern with régardbulance

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 threelkewf training. The lowest is Basic Life
Support which requires o0 nepumanary résossitation, \ehiclei n g
extrication and ambulance equipment. Intermediate life support includes insertion of intravenous
lines and the usef smanual defibrillation. Advanced life support provides critical care services
such as advanced airway management and caedgion (45). In 2014 South Africa had 8095

Basic Ambulance Assistants, 2603 Intermediate Life Support Practitioners and 360&tlvanc

Life Support Paramedics (46). An ambulance model for BDACS would require furttsealipg

of inter-facility emergency transport, with a focus on obstetric ambulances staffed by personnel
with skills tomanage bleeding patients during transfer. Hokpétee needs to be optimized to

reduce the dependence on an already strained ambakEnee.

1.4.3.Process

Caesarean sections are often performed by junior doctors who are not able to dealwith life
threatening intraoperative haemorrhage. Recognitiggostipartum 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, arid lack

surgical confidence and opetencd3).

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 neass audit conducted by Baskett artdr8adel noted

that themost common obstetric complications requiring ICU admissiene
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hypertension, haemorrhage and sepsis. They highlighted the need for critical care units for
obstetric complications. They recommended that in ewidib 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 hasmésted 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 dgnosis 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 preparedrar
hospitals to manage complications that arise from caesarean selgitesfising number of
maternal deaths due to health system deficiencies, due to the rising caesarean section rate, due
to the skills of doctors performing caesarean sectiordy®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 immediatedyidg
causes for this epidemic of matetaeaths 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 deelop. As more low and lowniddle income countries improve access to caesarean
section, similar trends may appear, especially inSaltraran Africa, as shown in the Tanzanian

experience.
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1.5. Mechanisms othaemorrhage

1.5.1.Causes oPPH

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 neuromuscutaepses. Oxytocin acts on the
myometrial oxytocin receptors, increasing the contractions. Prostaglandins arestiotgiators

of myometrial activity, and participate in producing these contractions (47). In addition, the
physiological increase in clotiiy 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
atonicuterus. Trauma includes laceration, haematoma, inversion and rupture. Tissue refers to
placental abnormalities (praevia and accreta) and retained products of conception. Thrombin

refers to coagulopathi€49).
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Figure 1.3: Causes opostpartum 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 atonicRuertige

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 cassasection 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, acgesarean section is associated with more severe maternal morbidity than
vaginal delivery (51). In terms of PPH, caesarean section differs most obviously from ‘égimal

in the incisions made, as well as the potential forincisional trauma relate® topening
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the abdomen and extracting the baby from the uterus.

1.5.2.1atrogenic injuries from caesareasection

latrogenic injuries sustained at caesarean section are associated with increased morbidity and
increased need for blodachnsfusion (52). Injuries may involve the urinary tract, the genital tract
or the abdominal cavity. Weknown injuries include vascular trauma, accidental extension of
the uterine incision, damage to the bladder, and damage to other organs, notaidgtine i

(53). A study done in the United Kingdom (UK) over an eiggdr 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 associatedcagibarean 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 tie 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 semti@ms in
with previous caesarean sections were done by more senior staff, with more vig@itgnce

Bowel injury is not common at caesarean section, but the risk increases with the number of
previous caesarean sections (55). Abdominal adhesions are fibroulikieastdictures that form
between abdominal organs when surgical trauma induces inflammation and disrupts normal
tissue. Adhesions develop following-%6% of primary caesarean sections. Some adhesions are
easily separable at repeat operation, but others akeahécdense, 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, gddhaemostasis, 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, lexéealsion (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 atireveale

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). Knoveledgethe 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, t h e hewmtiginandsericasnégssofthender st an
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 previousaesarean section (56).

1.6.1.Risk factors forPPH

Ri sk factors for PPH, irrespective of mode o
pregnancy, uterine leiomyomata, fgelampsia, antepartum haemorrhage and uterine rupture.
Caesarean sectionet§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 waesee uteri

leiomyomata, blood clotting disorders, antepartum haemorrhage and preterm birth. Risk factors
specifically associated with caesarean section include general anaesthesia as opposed to regional
anaesthesia, preclampsia, chorioamnionitis, prolonged lahauacrosomia, 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 wten to be managed and delivered at the appropriate |lesaeof
However, PPH is unpredictable in most cases, and therefore requires adequate systems to be in

place to manage patients effectively at any levehoé.

A study at J o h anBaregsvdnathr Hpgpisal (CHBAH) By Hasaim 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 obstiet haemorrhage over a ongear period, 63% had
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uterineatony, 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 diediran

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 didook 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,
andnearmiss related to caesarean section over amwath 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 founmeaes from BDACS (1qy 1000
operations), and no maternal deaths. Given the relative rarity of BBAl@®d neamiss 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). Thetudy included 315 women who underwent peripartum hysterectomy for
management of postpartum haemorrhage. By definition, peripartum hysterectomy israssear

event, although the study was not of neasses, and did not consider other A@ss 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;&®&¥placenta praevia and 38% had morbidly
adherent placenta. Two women died, resulting in a case fatality rate of 0.6%-feighpercent

required ICU care, 20% required a second look laparotomy, and 21% had other organ system
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damage. Té 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 unglerlyin
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 (athrssacriteria

and death) associated with BDACS. Extrapolations made fromasistudies reporting isolated
nearmiss events such as hysterectomy or ICU admission may not provide a representative

picture of the nature and effects of BDACS.

1.6.2.Caesarean sectiorate

Caesarean section has become one of the most widely performedlisppgiations in thevorld,

with higher caesarean section rates in higtome countries. The caesarean section rate varies
worldwide (62). The South African caesarean section rate in public service institutionsin 2011
2013 was 23.1% (3). Factors thatyntantribute 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 sectionateay 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 imesarean section rates, these reasons have not been explored in the

South African context, particularly in the pubtiospitals.
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l nstitutional studies may give insight into
CHBAH, indications for caesarean section included fetal distress (44.8%), dystocia (12.7%)
breech presentation (5.1%), planned repeat caesarean section){iFil2ebinduction of labour
(0.9%) and failed vaginal birth after caesarean section (VBAC) (6.1%) (60). As access to
caesarean section increases, especially irBsihlaran Africa, caesarean section rates will rise
globally. Reasons for increases in tla@garean 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.Conplicated caesareamections

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 widelgdocumented. 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 repeato@an section (63). The term

6once a caesarean, always a caesareand was ado
and Gynecologists from 1916. At the time, all women who previously had a caesarean section, were
advised to have a repeat caeaarsection. 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 VBAess rate of 55%, lesath
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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 Africatndy done at CHBAH between 2003 and 2005 reported

a VBAC success rate of 52% (66). Along with the global increase in caesarean sectibareate,
has been a decline in the rate of trial of labour after caesarean section (attempted VBAC). With
repeat caesaan section increasing the risk for BDACS, a decline in VBAC attempts can

reasonably be associated with a surge in caesarean sectionira&tesirhage.

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 aboutatiiges 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 faatmectly related to severe BDA@8ed

to be studiedurther.
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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 bdeadlined as a national emergency. Key
recommendations suggested by Hofmeyr are:

1. preventing unintendegaregnancies,

2. reducing unnecessary caesarean sectamuks,

3. providing adequate prophylactic uterotonigs).
The reasons for the rise in deaths fromMLS 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 knowladgaging
women with posbpeaative complications. Furthermore, studies on obstetric haemorrhage have
shown that, even with antepartum diagnosis of conditions such as placenta praeyinaadd
pre-operative preparation, a patient may still have an unfavourable outcome because of

massive bleedin{p9).

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 womeiblaeding 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 thecpreeption stage, the antenatal stage

or the intrapartum and poseative stage?

1.7.1.Health systems: safe caesaresection
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 shouldsb#icient 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 asdibly 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, manal 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 ségastoperative

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, hourlyrfa 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 he triaged

the apprpriate hospital prior to caesarean sec(iRi).

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 appto intractable bleeding because of caesarean section? Is oxytocin enough to
manage a woman who has intractable bleedingq@ustatively, and if not, are there other
pharmaceutical means to manage the bleeding, and are there functional ambulanse service
properly equipped to transfer patients to a higher level of care, in the shortest time possible? In
the Saving Mothers report 80112013 deaths related to BDACS were reported in
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ambulances on the way to higher levels of care (3). ytlmeathat the monograph standards

have been set only for management of uncomplicated caesarean sections.

1.7.2.Methods oftraining

An outstanding review by Masden et al of advances in surgical training for caesarean section
was published in 2013. Based smdies which evaluated the learning curve in caesarean

section, the authors concluded that trainees should perform approximatéych@sarean

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

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 requiiog the supervising surgeon. Training

methods for caesarean section have not been evaluated in South Africa. Unfortcaesalgan
section training in South Africa is not standardised. Doing 10 caesarean sections under
supervision does not guaranseuisition of the necessary skill, but at least it ensures a degree

of exposure to the operation and surgical skillganeral.

The Objective Structured Assessment of Technical Skills (OSATS), developed in Canada, was
described by Martin et al in theiBsh 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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1 respect fotissue,
1 knowledge oinstruments,
1 use ofassistants,

1 flow of operationand

=

knowledge of the specific proceduyi#l)

This method of evaluation promised to be a valid one in testing technical skdls ¢pcal

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 demonstratinglacwimenting 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 OSAT &lrfedsummative 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 complicatecaesarean 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 @nsafe 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 Sodtliican programme for obstetric emergency training.

The programme was first recommended in the 280/ 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-modue 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 gest and a pogest. The study showed a aléaprovement 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 Afric@@822010, 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 SaMothers report, from 2022013, showed an 11%

decrease in mortality, but this was largely due to the decline ipremnancy related infections
(mostly deaths from HIV/AIDS), probably a direct result of antiretroviral treatment rollout after
2008. Death 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 mayllyavémited

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 propefiyctioning 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 utetonic drugs. A further possible limitation with ESMOE training is that it
focuses on shotterm 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 pfCU care, often in anticipation of and during an ambulance road trip to a
referral hospital. The number of hospitals that can provide a-disttiplinary approach or
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critical care services in this country is limifethd the number of specialist obstetric intensivists

is even smaller. Perhaps integrating ESMOE with some basic critical care training will equip the
di strict medical of ficer to manage t tramsfepat i e
to a hgher 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 associatiddl&lodules such as

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

not beerevaluated.

1.7.3.Monitoring

Intraoperative and postoperative monitoring are essential components in the management of
women with BDACSAccor di ng to Gebhardt et al . ds over
from BDACS (2011 2013), responses from nurses and doctors to deteriorations in vital signs
were poor. Doctors often gave telephonic advice instead of assessing patients wahatiateri

vital signs. Coloucoded 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 Il delays
occur at the treatment facility. An example of phatddlay in a woman that died as a result of

bl eeding after giving birth is given: 6. . .th
time spent getting admitted, the time the midwife was called, the time the midwife finished

eating, thetime thelbe edi ng started, the time the doctor
haematologist came, the time the night nurse changed, by the time the doctor signed the consent,
t he woman had died... &6 (33). Late andmemtncorr

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 blookbss

While commonly used in the labour warddasperating 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 conce
fact thd 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 delayagemana(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 wiiglbloodsoaked 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 underestimation3Y. Blood loss can also be overestimated, contrary to the findings of
most studies. Larson et al compared the imdividual agreement on estimated blood loss
compared with actual measurement of blood in 29 women with a caesarean section and 26
women wih 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 eafential
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 preperative and posiperative haemoglobin levels 100 women with an

uneventful caesarean section. There was a consistent decline in haemoglobin levels, but none of
the women needed blood transfusion (74). ¥8pstrative care also involves looking under sheets

for vaginal bleeding, something that pat&emay 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.Shockndex

The shock index measures the maternal heart rate divided by the systolic blood dtessure

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 nonhypovolaemic shock (67). A systematic review on tiationship 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 thantker heart rate or systolic blood pressure alone. The normal range for
the shock index in a ngoregnant patient is 0:8.7. 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 studynYgek 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 pressurena (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 tesin 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 arsestietietricians, 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 abnatahal
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signs early in pstnatal 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 caremonitoring

Point of care testing is increasingly finding favour for detecting haemostatic changes in bleeding
patients intraoperatively and postoperatively. Vistastic devices are used in combination with
standard laboratory tests. The advantages of the tegjaieker 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 clattg 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
asseskiaemostasis, 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 Flas®a

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 bamidsthe 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.Medicalinterventions

The key to managing caesarean section related haemorrhage is in recognising excessive bleeding,
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beforeit 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-eSelds are uncommon, but include
hypotension, myocardial infarction, arrhythmia, nausea, vognéind 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 Sowfrica, 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 appeaa to be suboptimal. For treatment of PPH, The Royal College of Obstetrics and
Gynaecology (RCOG) recommends a rapid infusion of 40 1U/1500 mL crystalloids at 125 mL/hr
in women with uterine atony (80). Consensus has not been found in South Africa arsthe m

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 aredczanbat

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 expensiveothdacin.
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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)rdtieds

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 treatmefdar PPH (82). The WHO has recomemded 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 recominen 400 e€g of mi soprostol in
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 usé misoprostol routinely after caesarean section in centres where

oxytocin is available should lzoided.

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

line agent in the management of PPH in the absenoentfaindications. 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 widehavailable 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. Tranexamiacid

The efficacy of tranexamic acid 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 pigents, 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 revieweritiicsc
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 randomikemklwcontrolled 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 spezadly 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 los 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 sectitficangly 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 {oparative 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 outcomasuees (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 atiemowith PPH.

1.7.4.3.Recombinant factovlla

The use of recombinant Factor Vlla 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
Vlla. Eleven womemesponded 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
Vlla 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 VIl deficiency. It leadseatgr 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 Recarhbimetor Vlla 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 FVlla for woman with PPHwhom 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 hysterectomyhithe intervention group, regardless of the mode of delivery (91).

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

where first and second line treatment have failed.

44



1.7.5.Non-surgical non-pharmacologicalinterventions

Such interventions include expulsion of clots, uterine massatgavenous fluids,terine
tourniquets and uterine tamponade. Uterine massage has now been included by the
International Federation of Gynaecology and Oiiste(FIGO) in routine third stage of labour

care as a measure to prevent PPH (92).

1.7.5.1.Uterinetourniquets

Uterine tourniquets are well established for controlling bleeding at myomectomy and other pelvic
haemorrhage. In the case of bleeding during caasaection, 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 fora 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 teamigtinod was

first described in a quasxperimental study by Ikeda et al in 2005, in 4 women with placenta
accreta. The group with a tourniquet requiredl inits of blood, and blood loss was 128800

mL, while a group without tourniquets had a bloosklof 43066350 mL, requiring 1:32 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 pants , 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 tdhnsfuse
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 careheéd\pdtients 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 slhock, 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 thes it giv

the surgeon time while waiting for blood or deciding on the next intervention.

1.7.5.2.Interventionalradiology

Interventional radiology is frequently used to arrest uterine bleeding, including PPH,-in well
resourced settings. It is a highly specialisedtactinologydependent 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 pgrartum 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 beerdo@firiy

six women required hysterectomy, and 34% required ICU (96). This method was effective, but
would not be feasible in our resowiltmited setting. In South Africa, detailed ultrasound

scanning is not routinely offered to pregnant women, and tlgaakss 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-shockgarment
The use of the nepneumatic (Velcro) anti shock garment has lbaescribed for postpartum
haemorrhage. It is used as a first aid device for obstetric haemorrhage. It provides lower body

circumferential countepressure which shunts blood from the lower extremities and abdominal
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areato 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, andsaarwitdi 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 waitingéerral 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, thepr@umatic shock garment following severe
PPH, PillegiCastro etal 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 tertiay 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 14: Non-pneumatic anti-shock garment. Reproduced from Miller (99)
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1.7.5.4.UterineTamponade
The earliest method of tamponade to achieve haemostasis was uterine packing. There has been a
reluctance to use this method because of the increased tiskioi, 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 by@xeetting
inward-to-outward pressure greathan 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 anatorsucdl sites
as the bladder, oesophagus and vagina (100). There are five types of balloons that have been used
for PPH (Figure 1.2nd1.6):

1. Bakri balloon (Uterindalloon),

2. SengstakeiBlakemore tube (Oesophagéalloon),

3. Rusch balloon (Urologicddalloon),

4. Foleycatheterand

5. Condomcatheter.
The inflation capacity varies from 80mL in a Foley catheter, to up to 1500mL in Rusch balloon.
The Bakri balloon was the first intigterine balloon (100). The Bakri balloon is available in
South Africa, but not in all public hospitals. The condom cathet@icosteffective method that
is used in South Africa. A systematic review on uterine balloon tamponade for the treatment of
postpartum haemorrhage in resowpeor settings, included 13 observational studies. There
were no controls. The studies weomnducted in seven countries mainly in Asia and-Sabaran
Africa; 241 women had a uterine balloon inserted to arrestgaotim haemorrhage. The modes
of delivery were vaginal, assisted and caesarean section. Most women had a condom catheter
inserted (19/241), the Foley catheter was used in five women and the SengBiakemore
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 cathéter is s
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 lef/elre. 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 GeorgiouQQ)
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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 mostmportant 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 intemadjdteon and

hysterectomy are specialised skills which require an experienced surgeon.

More recently, simpler measures such as theych 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 arrdstihgdatening
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 proesgueserve fertility and avoid the
complications of hysterectomy, especially in the hands of inexperienced surgeons. (1@83). The
Lynch brace suture was first described in 1997 as a simplsaii@g, fertility sparing suturing
technique (104) (Figurg.5). BLynch reported a case series of 11 patients who had a brace

suture between 2001 and 2004 in Scotlémd. population of 25500 deliveries, 11Lgnch

operations were done and only three women required a subsequent hysterectomy (28%), with
minimalintraoperative and postoperative complications (103). A study by Tadakawa followed up
woman after Bynch procedures, including subsequent pregnancies and menstngications,

and concluded that the-Bynch did not jeopardise fertility (L05Modifications of the Blynch

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. Thered&deen no reported maternal deaths fubenine
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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 ble@daygtematic

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 wamdenere caused mainly by
haemorrhagic shock and consumptive coagulopathy (107). Morbidity associated with caesarean
hysterectomy is high and the procedure should be reserved ftrkfgtening haemorrhage,

where other measures have failed, or if attsnp perform other measures may further
compromise the condition of the patient. Ay&¥ar retrospective review of obstetric
hysterectomies in Dublin described morbidity associated with hysterectomy. There were 37
caesarean sections associated with hgstemy, and 15 vaginal deliveries. Morbidity included
urinary tract infections, wound infections, bladder injuries and paralytic ileus. Less frequent
adverse outcomes were pneumonia, thromndolism, septicaemia, and vesicovaginal fistulae.
Subtotal hysteectomy 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).tote sub
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 Savinghdist report of 2022013, by the

number of deaths related to BDACS where doctors in district hospitals did not take the patients

for secondook laparotomy, but opted to transfer patients to a higher level of care (3).
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Round ligament

(c) Anterior view

Figure 1.5: B-Lynch surgical technique. Reproduced from BLynch (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 iBouth 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 cogtréagons

for maternal mortality in South Africa.

The study of maternal neariss has become the main audit tool for quality of care in high

income countries. Neanisses and maternal deaths share similar characteristics, butissas

provide an oppaunity to determine how obstacles were overcome after the onset of acute
complications. Caesarean sections are associated with increaseaissearorbidity and

maternal mortality. Studies on neaisses associated with BDACS are few, highlighting the

patcity 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 withGEDA

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 cAdlnge.
majority of women with BDACS die in district and regiohalspitals, or emoute to higher levels

of care. Lack of resources and essential drugs, and the uneven distribution of drugs contribute to
nearmiss and maternal deaths at the lower levels of care. The shortage of ambulances and
Advanced Life Support paraedics 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 absencedisamlitiary

teams indwer levels of care.
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The question: O0are more women dying because
caesarean section, or are they dying because
has not been answered. Methods of caesa®@etion training have not been standardised and

there is no formal method to assess competence in South Africao@oative monitoring is

important and should include more than blood pressure and heart rate readings. The shock index

and point of careealiices have been suggested as measures to improvepeostive 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 recommendednrewavith BDACS.

Recombinant Factor Vlla is expensive and not readily available and should be limited to cases
where first and second line treatments have failed. Effectivesagical modalities are the

uterine tourniquet and the n@meumatic antshockgarment, the latter of which is not

available in South Africa. The glove and condom catheter are simplesftadive 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 mutictorial. Recommendations do not seem to have a direct
bearing on BDACS, but are mostly aimed at reducing the caesarean section rate and

improving preconception and antenatal care.

The following research gaps have been identified: theméss rate for BDACS globally; a
nearmiss audit on BDACS in South Africa; risk factors and causes of death from BDACS;
guality of care in the management of BDACS; andlthesystem barriers to the management of

BDACS.

2.2. ResearchObjectives
1. To undertake a systematic review of neass resulting from postpartunaemorrhage,
with a focus orBDACS.
2. To evaluate preparedness for complications of caesarean sectitm, and
detemine constraints to safe caesarean section in soudarteng.
3. To determine risk factors and causes of s related to BDACS, and ¢évaluate

quality of care in women who had a Hfiereatening complication from BDAGB
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southern Gauteng over a snonth period.
4. To determine risk factors, clinical events and potentially avoidable faators

maternal deaths froBDACS.

2.3. Setting and hospitals eligible for inclusion in thestudy

Gauteng is the province with the largpspulation 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 hgdtals 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 geographicdéy

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 disibgpitals, 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

caesareasections.
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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 | Tertiary (teaching)
Academic Hospital
Chris Hani Baragwanath Academ| Tertiary (teaching)
Hospital
Edenvale Hospital Regional
Rahima Moosa Mother and Child | Tertiary (teaching)
Hospital*
South Rand Hospital District
Sedibeng Heidelberg Hospital District
Kopanong Hospital District
Sebokeng Hospital Regional
West Rand Carletonville Hospital District
LeratongHospital 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 studylesign

The research was divided into four themes:

2.4.1.Systematiceview

A prevalence systematic review was conducted with the aim of determining globatissar

rates and mortality indices for nemuiss from PPHA prevalence systematic review, is a systematic
review used to accurately measure the prevalence ofasdisacluding the proportion of people who

have the disease (prevalence) or how often the disease occurs (incidenEgr(fosal was

submitted to PROSERO and published on 17/04/15.(PROSPERO is an international
prospective register of systemataviews. The methodology followed PRISMA guidelines. The
inclusion criteria were neaniss audits published in English between 1995 and 2014. Four
databases were screened for titles: Pubmed, Embase, Scopus and grey literature. Data extracted
included the contry, the year that the audit was done, and whether the study was community or
hospital based. The total number of live births, maes, deaths, neaniss from PPH and

deaths from PPH were required for the study to be included. Causes of PPH,timesgear

criteria used, and neaniss defining criteria for PPH were also extracted. More details on the

methods are given in Chapter 3.

2.4.2.Health systemsaudit

A health systems audit was conducted in 15 hospitals in southern Gauteng. Consent was sought
from 17hospitals, but was denied in two hospitals, for reasons not clearly stated. This was a
crosssectional audit done between July 2014 and May 2015. Interviews were conducted by the
researcher using a structured questionnaire. At each hospital, the resedechiewed 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,
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facilities, teaching andesources in each hospital. The number of nursing staff and deet®rs
calculated according to the number of staff on the monthly rosters. Skills to perform lifesaving
procedures such as obstetric hysterectomy ahgrgh brace suture were inquiradout

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 geanscwuld 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 nearmissaudit

This was arosssectional audiof 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 ma@s events that occurred in the hospitals. The 13
hogitals included three teaching hospitals, seven regional and three district hospitals. The World
Health Organization intervention criteria were used to identify cases efmssyraapted to suit

the population (B(Table 2.2). Women with an exttaerinepregnancy, and where another cause

of haemorrhage was the primary reason for bleeding, were excivdeden with a ruptted

uterus were also excluded, becatlsetrauma to the uterus was not related to the caesarean

section, and if the fetus was in tHedaminal cavity, it was no longer a caesarszstion.

Table 2.2: Nearmiss criteria used in this study

Inclusion criteria Near miss markers
Any woman with a caesarean sectwith a | Admission to intensive care unit
combined intreoperative and post Postoperative ventilation

operative blood loss of more thaA00mL, | Inotropic support

with a gestati on al |Caesareanhysterectomy

who delivered a b al|Relooklaparotomy with or without
more of thefollowing: 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 -anmesarelated to BDACS.

When a staff member identified an eligible naass, they informed theesearcher

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 eomsvas obtained from the naaiss 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 thetenatal period. The inpatient folders were used to examine the
caesarean section notes, pogérative 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 deathaudit

This was a crossectional 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 aadit 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 (042 d
1000 mL blood | oss, at or afteromenagthsar ean se

significant antepartum haemorrhage that preceded the caesarean section, as well as those with
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uterine rupturevith a partially or completely extruded fetus, and women with an advanced
extrauterine pregnancy, were excluded. The age, parity, djtayviveight 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 abruptiplacenta praevia and multiple pregnancy.
Events surrounding the caesarean section, including fetal outcome, details and findings during
the caesarean section, and guattum events and interventions, were documented. Details

about the time of death,gule 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 patieRE&rmission to undertake reseh activities in the
hospitals was granted by the Gauteng Department of Health research office. Permission was
sought from each hospital ds Chief Executive
for the neaimiss audits were sought from the HODsl &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 Appendi8es 3

2.6. Budget
The research was funded by Carnegie Corporation of Waw for a twoyear 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: RAG0D

2. South AfricanMedical Research Council, Seffitiated research grant: R1880
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1 | INTRODUCTION

Abstract

Background: Postpartum hemorrhage (PPH) is the principal direct cause of maternal
mortality worldwide. Analysis of maternal near miss could increase understanding of
survival among women with life-threatening PPH.

Objectives: To determine the near-miss ratio and maternal mortality index for PPH
globally.

Search strategy: A prevalence systematic review was conducted of English-language
articles published from 1995 to 2014. Suitable articles were identified from the
Scopus, PubMed, Embase, and Grey Literature databases. The main search terms used
were “maternal near-miss” and “severe acute maternal morbidity.”

Selection criteria: Near-miss studies and audits describing the severe maternal out-
come rate for PPH were included.

Data collection and analysis: Data were extracted from eligible publications.
Quantitative analysis and narrative synthesis were used.

Main results: For 26 included studies, the median near-miss ratio for PPH was 3 per
1000 live births. The mortality index for PPH was 6.6% (range 0.0%-40.7%). The mor-
tality index was highest in low-income countries and lower middle-income countries.
Overall, PPH was the most frequent contributor to obstetric hemorrhage, with atonic
uterus identified as the main cause.

Conclusions: Women in low-income countries and lower middle-income countries
have an increased likelihood of severe PPH and of dying from PPH-related
consequences.

KEYWORDS
Near miss; Obstetric hemorrhage; Postpartum hemorrhage; Severe acute maternal morbidity

limited by setting or geographic region: among high-income countries
(HICs), an increase in maternal deaths from PPH has been recorded

Postpartum hemorrhage (PPH) is the leading direct cause of maternal that is associated with rises in maternal age at delivery, cesarean
mortality worldwide, and one-third of all maternal deaths in Africa and delivery, multiple pregnancy, and induction of labor.2 Nevertheless,
Asia can be attributed to this condition. The occurrence of PPH is not most maternal deaths are recorded in low-income countries (LICs) and
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middle-income countries. The disparities in outcomes are believed to
reflect differences in quality of care.!

There has been a substantial decrease in the number of maternal
deaths,® leading to the study of near misses as a proxy for maternal
mortality. Analysis of near misses provides both the opportunity to
understand maternal survival in life-threatening clinical situations
and a tool to measure quality of care.® Furthermore, recording near
misses can help to determine trends in conditions that lead to life-
threatening complications; this approach also enforces awareness and
advocacy for promoting policy action and improved quality of care.
PPH accounted for the highest number of near misses and maternal
deaths in the WHO multicountry survey on maternal and newborn
health, which was the largest study conducted to date to assess the
management of severe maternal complications.*

Since 2009, a growing global consensus on the measures used
to identify near misses has led to the widespread adoption of WHO
criteria,® which are based on the original definition of Mantel et al.®
Definitions of PPH can vary but the markers of maternal near miss
are easily characterized and include hysterectomy, blood transfusion,
admission to the intensive care unit (ICU), and hypovolemic shock.?
With these definitions in place, a standardized description of PPH out-
comes became possible and studies from various regions and settings
were subsequently conducted. Nonetheless, a preliminary search of
the literature found that no systematic reviews had been published on
the topic of near miss due to PPH.

The objectives of the present review were to determine the
frequency, causes, near-miss ratio, and mortality index of PPH.
Additionally, these outcomes were compared across various national-
level income groups.

2 | MATERIALS AND METHODS

A prevalence systematic review was conducted among a population
that included maternal deaths and near misses due to PPH, irrespec-
tive of the mode of delivery. The proposal for the present analysis was
deposited in the PROSPERO international prospective register of sys-
tematic reviews.®

A maternal near miss is defined by survival of a life-threatening
complication during pregnancy, delivery, or within 42 days of termi-
nation of pregnancy. Such complications could be due to any cause
either related to, or aggravated by, the pregnancy or its management;
however, accidental or incidental causes are excluded.® Maternal mor-
tality is defined as death during pregnancy or within 42 days after ter-
mination of pregnancy due to any cause aggravated by the pregnancy
or its management (but not incidental or accidental causes).” Maternal
deaths and near misses together are severe maternal outcomes
(SMOs).2 The mortality index (expressed as a percentage) is the num-
ber of maternal deaths divided by the number of women with SMO.3
The higher the mortality index, the greater the proportion of maternal
deaths. The maternal near-miss ratio is the number of near misses per
1000 live births, whereas the SMO ratio is the number of women with
SMO per 1000 live births.® For the purposes of the present systematic

review, PPH was defined as reported by the authors in the source
material, resulting in the near miss or death outcome.

Studies or audits published in English were eligible for inclusion in the
present systematic review if they enabled calculation of near-miss prev-
alence numerators and denominators for PPH, enabled calculation of
the mortality index for PPH, and used validated near-miss criteria. 3810
Articles or conference presentations published from 1995 to 2014 were
included. The rationale for commencing in 1995 was that the first pilot
study for obstetric near misses was published in 1998, so a start date of
1995 would ensure that no earlier articles might be missed.

The PubMed, Scopus, Embase, and Grey Literature databases were

»u "«

searched using the terms “near-miss,” “obstetric near-miss,” “maternal

"o« » o
)

near-miss,” “severe acute maternal morbidity,” “severe acute obstet-
ric morbidity,” and “life-threatening obstetric complications.” The final
search was performed on January 20, 2016. A complementary search
of reference lists from the articles identified was also performed.

Titles and abstracts were screened by one reviewer (SM); full arti-
cles were reviewed by two independent reviewers (SM and EB) for
methodological validity and inclusion criteria. The data were critically
evaluated by SM and EB using a tool for systematic reviews based on
prevalence studies, which had been adapted from the Joanna Briggs
Institute MAStARI Critical Appraisal tool for descriptive studies.'! The
inclusion criteria were clearly defined, with outcomes assessed using
objective criteria and reliable measurements. Disagreements on inclu-
sion were resolved by mutual agreement. Formal quality grading was
not performed, meaning that studies were either included or excluded;
however, the discussion gave appropriate emphasis to studies with the
most robust methodologies and results.

Data of interest included the year of audit, the country where
the audit had been conducted, WHO region, and the World Bank
country income level per person. The country income level per per-
son was used to create the following national classifications: LIC,
lower-middle-income country (LMIC), higher-middle-income coun-
try (HMIC), and HIC.*? Studies were classified as prospective or ret-
rospective, and the near-miss criteria plus their individual elements
noted. The setting for each study was described as follows: hospital
or community based, rural or urban, private hospital or public hospital,
teaching hospital, and the number of hospitals included. The number
of live births, total births, deliveries, total near misses, total maternal
deaths, near misses due to PPH, and maternal deaths due to PPH were
noted. Near misses due to PPH were subdivided by cause, including
atonic uterus, retained placenta, and cesarean delivery. To provide a
clinical context, the numbers of near misses and maternal deaths due
to non-PPH obstetric hemorrhage (prepartum hemorrhage and uterine
rupture) were recorded. Authors of articles for possible inclusion were
contacted electronically when important data were missing or unclear.
Responses were received from two of the four authors contacted.

The present systematic review used quantitative analysis and nar-
rative synthesis to describe the findings. Statistical analysis was con-
ducted using Stata version 13 (StataCorp, College Station, TX, USA).
Descriptive data were expressed as proportions and percentages, or
as medians with ranges and interquartile ranges. Correlations were
tested using the Spearman rank correlation test. Comparisons of
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FIGURE 1 Flow diagram outlining selection of the 26 articles
included in the systematic review.

continuous data were made using the Wilcoxon rank-sum test. P<0.05
was considered statistically significant.

3 | RESULTS
The article selection process is outlined in Figure 1. In all, 122 full
articles were appraised for inclusion in the present systematic
review. Among the 73 articles excluded before abstract review, 71
did not meet the inclusion criteria and two could not be retrieved for
screening. Suitable data were extracted from 25 studies published in
peer-reviewed journals and one study that had been presented as a
conference poster.®12-%7

The 26 studies included in the present analysis are outlined in Table
S1. These studies involved 17 countries and contained data collected
between 1988 and 2013, with 560 479 live births. The median year
of publication was 2007. All WHO regions were represented in the
analysis, with three LICs, 13 LMICs, six HMICs, and four HICs. The dura-
tion of data collection ranged from 2 months to 15 years. The studies
were conducted in public hospitals (n=17), private hospitals (n=1), or
both public and private hospitals (n=3); five studies did not specify the

OBSTETRICS

hospital level. Fourteen (54%) studies were conducted in urban hospi-
tals and four (15%) in rural hospitals, with the remainder conducted in
mixed or unspecified settings. The criteria used by the various studies
to define near miss were WHO-Mantel (n=18),> Fillipi (n=3),2 Geller
(n=2),7 Waterstone (n=1),2° and valid modifications (n=2).32%* All 26
studies used hysterectomy as a near-miss marker. Blood transfusion
was used as a marker in 24 (92%) studies, ICU admission in 15 (58%),
and hypovolemic shock in 20 studies (77%). The number of units used
to define massive blood transfusion varied from study to study. Three

162432 1sed one or two units of blood transfusion as a near-miss

studies
cutoff; these were all conducted in LICs or LMICs. A negative correla-
tion was found between the number of units of blood for the near-miss
cutoff and the near-miss ratio (r=-0.49; P=0.012).

The median number of live births per study was 7197 (range 851~
158 297). Data regarding live births were available for 14 studies, and
were imputed for the remaining 12 studies by subtraction from total
births to remove the expected stillbirth proportion (Table S1). This cal-
culation involved estimating stillbirth rates of 10 per 1000 live births
for HICs, 15 per 1000 live births for HMICs, and 20 per 1000 live
births for LMICs, on the basis of a global review of stillbirth rates.*® All
three studies from LICs**¢%” included live-birth data.

The median all-cause near-miss ratio was 20 per 1000 live births
and the median mortality index was 12.5% (Table 1). The median near-
miss ratio caused by PPH was 3 per 1000 live births and the median
mortality index regarding PPH was 6.6% (Table 1).

The median near-miss ratio was significantly higher in LICs
and LMICs then in HICs and HMICs (P<0.001) (Table 2). Significant
between-group differences were also observed for the maternal mor-
tality ratio and the SMO ratio (P<0.001 for both).

Seven studies reported on the clinical causes of near miss related
to PPH. Atonic uterus was the most frequently reported cause: among
684 near misses in six studies with relevant data,!?2427:2%3035 941
(35.2%) were due to atonic uterus (range 0-3 of 83-98 near misses).
Retained placenta was reported in four studies.?#?72%35 This compli-
cation was the most frequent cause of PPH-related near-miss in two
Indonesian studies (65.9% and 29.7%),24%° but was an infrequent find-

).35 Other causes of PPH included pla-

ing in a Brazilian study (5.5%
centa accreta, which was noted as the most frequent cause of PPH
in a study from Argentina (51 of 128 cases [39.8%]).° Large numbers
of women had unspecified causes of PPH in the seven studies that
reported causes of PPH-related near-miss.*>%2%27223035 ope study
from Tanzania®® and one study from Nepal®” reported SMOs from
bleeding during or after cesarean delivery. The Nepalese study found
an SMO ratio for bleeding during and after cesarean delivery of 3.0
per 1543 live births (equivalent to 1.9 per 1000 live births), with a
mortality index of 0%.?” The SMO ratio in the Tanzanian study was
61.0 per 13 121 live births (equivalent to 4.6 per 1000 live births), with
a mortality index of 11%.%°

Usable data were available from 15 studies to compare prepartum
hemorrhage and uterine rupture as additional categories of obstetric
hemorrhage among LICs and LMICs versus HICs and HMICs. Obstetric
hemorrhage as a whole had a higher median SMO ratio and mortality

index among LICs and LMICs than among HICs and HMICs (Table 3).
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TABLE 1 Near miss and mortality indices among the 26 studies included in the systematic review.?

Measure Lowest 25th Centile Median 75th Centile Highest
All-cause SMO
Near-miss ratio per 1000 live births 1 S 20 744 153
Maternal mortality ratio per 100 000 live 2 52 256 617 2811
births
SMO ratio per 1000 live births 22 41 181
Mortality index 0.9 6.2 12.5 15.5 32.5
SMO caused by PPH
Near-miss ratio per 1000 live births 1 3 7 35
Maternal mortality ratio per 100 000 live O 32 119 588
births
SMO ratio per 1000 live births 1 2 4 74 36
PPH as a proportion of all SMO 7.3 14.1 233 30.0 73,
Mortality index 0.0 0.8 6.6 16.7 40.7

Abbreviations: SMO, severe maternal outcome; PPH, postpartum hemorrhage.

?Values are given as percentage, unless otherwise indicated.

4 | DISCUSSION

The present systematic review offered a broad reflection of the
causes and effects of severe PPH among both survivors and women
who died as a consequence of this complication. The likelihood of
death (expressed as the mortality index) was fivefold higher among
LICs and LMICs than among HICs and HMICs. These findings indicate
that efforts to improve maternal outcomes from PPH must be directed
toward poorly resourced countries. In addition to socioeconomic and
infrastructural differences, the observed disparity in maternal deaths
from PPH might be explained by differences in quality of care, access
to trained healthcare personnel attending deliveries, and access to
quality uterotonic agents and other emergency interventions.*

A WHO systematic review on the global causes of maternal mortal-
ity found that obstetric hemorrhage was the leading cause, with PPH
accounting for two-thirds of all such deaths. The consequences of PPH are
far wider than what is reflected in maternal death audits. Near-miss audits
suggest that the information provided by maternal mortality cannot be
generalized because deaths are infrequent, even among LICs.*° Maternal
deaths provide only limited information on which to base measures to
improve maternal outcomes. Severe maternal morbidity from obstetric
hemorrhage can have long-term effects on both a woman's health, with
consequences such as renal failure and infertility, and psychological well-
being. Life-threatening PPH is a test of resources and organizational effort.
The availability of drugs and interventions to stop hemorrhage are equally
as important as funding and policy to raise standards of health care.

TABLE 2 Comparison of severe maternal outcome indices by national level of income among the 26 studies included in the systematic

review.?
Low-income and lower middle-income High-income and higher middle-income
Measure countries (16 studies) countries (10 studies) P value
All-cause SMO
Near-miss ratio per 1000 live births 33 (21-64) 7 (5-11) <0.001
Maternal mortality ratio per 100 000 469 (298-1153) 76 (35-173) <0.001
live births
SMO ratio per 1000 live births 38 (24-74) 8(6-13) <0.001
Mortality index, % 13.6 (10.8-16.3) 8.6 (4.0-15.4) 0.19
SMO caused by PPH
Near-miss ratio per 1000 live births 6(3-13) 2(2-2) 0.007
Maternal mortality ratio per 100 000 95 (44-220) 5(0-10) 0.002
live births
SMO ratio per 1000 live births 6(3-17) 2(2-3) 0.002
PPH as a proportion of all SMO, % 17:31{12.:3-27.5) 23.5(17.2-38.9) 0.16
Mortality index, % 12.2 (5.2-21.5) 2.4(0.0-5.2) 0.008

Abbreviations: SMO, severe maternal outcome; PPH, postpartum hemorrhage.

“Values are given as median (interquartile range) unless indicated otherwise.
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TABLE 3 Severe maternal outcome for all causes of obstetric hemorrhage by national level of income.®®

Severe maternal outcome ratio per

Measure 1000 live births

Low-income and lower middle-income countries
(12 studies)

Prepartum hemorrhage 5.9(2.5-11.3)
Uterine rupture 2.5(1.1-5.1)
Postpartum hemorrhage 6.9 (2.9-22.6)

All obstetric hemorrhage 14.0 (7.7-40.1)

High-income and higher middle-income countries
(3 studies)

Prepartum hemorrhage 0.5 (0.0-0.8)
Uterine rupture 0.2 (0.0-0.9)
Postpartum hemorrhage 24(2.0-3.1)
All obstetric hemorrhage 3.0(2.5-4.6)

Maternal mortality ratio per Mortality index,
100 000 live births %
25 (0-57) 5.7 (0.0-9.4)
7(0-42) 4.5(0.0-15.9)
95 (63-219) 12.2 (5.2-26.2)
132 (99-345) 9.0(6.1-16.4)
0(0-4) 0(0.0-8.3)
2(0-11) 7.7 (0.0-12.5)
2(0-24) 0.8 (0.0-7.5)
3(0-39) 1.0 (0.0-8.6)

?Per 15 studies that described causes of obstetric hemorrhage.
bValues are given as median (interquartile range).

All the studies included in the present systematic review used
hysterectomy as a near-miss marker; however, few studies used ICU
admission. Although the definition of PPH can vary, and the measure-
ment of blood loss is subjective, there is broad consensus on near-
miss indicators for PPH.%* The three studies that used transfusion with
one or two units of blood as part of their near-miss criteria were all
conducted in LICs and LMICs.*¢2432 This approach gave a low thresh-
old for near miss, but the mortality indices and maternal mortality
ratios remained high, suggesting that the disparity in mortality index
between LICs and LMICs versus HICs and HMICs is greater than the
data show.

Atonic uterus was the most frequently reported cause of near
miss in the present analysis; however, few of the studies included
information on the underlying causes. Some studies found high fre-
quencies of retained placenta and placenta accreta, suggesting local
reporting bias. Overall, PPH was consistently a larger contributor to
obstetric hemorrhage than was prepartum hemorrhage or uterine rup-
ture. A systematic review on emergency postpartum hysterectomy for
uncontrolled PPH*? found that the most common causes of bleeding
were abnormal placental adhesion, which was often associated with
previous uterine surgery (38%), and atonic uterus (29%). The leading
causes of death after hysterectomy were hemorrhagic shock, pulmo-
nary embolism, and septic shock.*? Life-threatening PPH can lead to
multiorgan dysfunction, requiring more than simple measures to stop
the bleeding. Intractable PPH is a complex disease process requiring
a multidisciplinary approach, healthcare expertise, and a functional
health system.

The rising rates of cesarean delivery worldwide are associated
with an increased rate of SMO, largely attributable to PPH, with inter-
ventions such as hysterectomy and blood transfusion.*® The paradox
in Africa is that increased numbers of cesarean deliveries could be
needed to improve maternal and perinatal outcomes.** As rates of
cesarean delivery inevitably rise in Africa, severe outcomes resulting
from this procedure can be expected. As yet, the effect of hemorrhage

related to cesarean delivery on SMO is unknown. In the present sys-
tematic review, only two studies described the SMO ratio for PPH,
and the sample size in one of these studies was small.?’ Further stud-
ies are, therefore, needed to increase understanding of the causes and
interventions used to reduce hemorrhage related to cesarean delivery.

A limitation of the present systematic review was the exclusion
of sources written in languages other than English. Another limitation
was the predominance of hospital-based data, which might have over-
estimated near-miss and mortality ratios by concentration of near-miss
referrals in the numerators, and exclusion of home and midwife-unit
births in the denominators. However, such bias was less likely to affect
the mortality index given that most women with SMO are managed in
hospitals, at least in middle-income and high-income settings.

A strength of the present analysis was that, to our knowledge, a
global evidence-based estimation of SMO from PPH had not previ-
ously been done. The observed between-country disparities high-
light the need for further interventions at multiple levels in LICs and
LMICs, because these countries are most affected by the burden of
disease. In terms of clinical policy, severe PPH must to be recognized
as a complex disease, requiring multidisciplinary approaches in well-
resourced units. Life-threatening PPH ideally requires the attention
of critical-care specialists, obstetricians, anesthetists, and hematolo-
gists; however, these roles might be filled by generalist medical staff in
low-resource settings, with innovative approaches required to prevent
maternal deaths. Although much emphasis has been placed on preven-
tion and treatment of PPH, the management and requirements of the
critically ill patient should not be neglected.

In conclusion, a global effort is required to strengthen the man-
agement of PPH in LICs and LMICs. This initiative should incorporate
training of healthcare workers in medical and surgical measures to
stop bleeding, provide adequate facilities—e.g. blood banks, high-care
facilities, and ICU facilities—to manage critically ill patients following
PPH, and strengthen healthcare systems. Political will and financial
commitment are both required to support this approach.
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Chapter 4
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Background. The numberof maternaldeathsrom bleedingduringandaftercaesareansection(BDACS) hasincreasedn SouthAfrica.
Healthworkertrainingandhealth systemstrengthening@reconsideredmportantprerequisitegor improvingmaternahealthoutcomes.
Objectives. To determine mparedness for, and heaftilstem constraints to, safe caesarean section in southern Gegpitajs.
Methods. This was a crossectional study in 15 hospitals. Data were collected by questionnaire from clinical heads of departr
each hospital.

Results. The 15 hospitals included 5 district hospitals, 7 regional hospitals and 3 central (university academic) hospitals. Tt n
deliveries per hospital ranged from 893 to 44 256 for 2Q4RL4, with a total of 201 314 births and 70 095 caerasestions (34.8%).
Despite similar numbers of births, there were 20 deaths from BDACS at regional hospitals and 6 at central pe8fit83. (Service
delivery constraints included an unequal staff distribution between central hospitals and loweofleae¢, as well as navailability
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 cangdémic hospitals, district anc

regional hospitals are inadequately prepared for the management of complications from BDACS.
S Afr J Obstet Gynaec@D16;22(1):2124. DOI:10.7196/SAJOG.2016.v22i1.1039

The number of maternal deaths in Sothica (SA) from bleeding on disease priorities without improving health systems does not
during and after caesarean section (BDACS) has increased in the lasprove overall outcomes,hencethe prioritisation of healthcare
triennium (2011- 2013), and over 70% of the deaths were found to besystem improvements, as well as healtirker training, by the
clearly avoidable; A majority of maternal deaths in SA occur in National Committee on Confidential Enquiries into Maternal
regional and district frepitalsy The National Committee on Deathsz
Confidential Enquiries into Maternal Deaths has recommended The aim of this study was to evaluate preparedness for, and health
i mprovements in healthcare sys tspstam coasmaihts tiprevisiort ohsafa caesaresmsedtian inhdspitaskni | | s
improve the safety of maternity units and the ability to manage obstetrigouthern Gauteng, and to link these to hospital levels of care.
emergencieg, For improving caesarean safety, a stepwise approach is
suggested for the management of BDACS in theSaing Mothers:  Methods
Caesarean Section Monograplwhich includes the use of uterotonics, A prospective crossectional multicentre study was conducted in
and surgical techniques to arrest haemorrhage. southern Gauteng, in 15 public hospitals from July 2014 to Ma.201
Clinical audit isused for monitoring and reporting on health Gauteng Province consists of Johannesburg, Pretoria and numerous
outcomes and process of care. Audit permits the review of adverserrounding towns and cities, and has the highest number of deliveries
events, such as nemrisses (women who survived kfareatening in SA per year (annual facility live births in 20187208 710)y
complications of pregnancy and childbirth) and maternal mortalitysouthern Gauteng is a metropolis with four diss;i Ekurhuleni,
to review andmprove quality of care. Clinical audits are based on aJohannesburg, Sedibeng and West Rand. The districts are served by 18
commitment to improve the healthcare system. government hospitals with maternity units, and with the exception of
A health system is made up of staff, funding, supplies, transporgne of these (Tembisa Hospital) form part of the University of the
communications, and leadershi-here are various models for health Witwatersrand cluster of hospigalincluding 3 central hospitals (all
system framewrks. The World Health Organization (WHO)'s health teaching hospitals in Johannesburg itself), 7 regional hospitals, and 7
system framework has six key components which include governancdistrict hospitals. All but 2 of the district hospitals, and all the regional
financing, medical technologies, health workforce, information anchospitals, serve towns and adjacent Higinsity settlements to theast,
research, and service delivefyliviera-Cruz et aly describechealth west and south of Johannesburg. All hospitals receiverisgtpatients
system constraints to improving access to priority healthcare. Th&ho cannot be managed by clinics and midwife obstetric units. District
service delivery constraints include shortage and distribution ofospital maternity units are staffed by midwives and medical officers,
appropriately qualified staff, weak management and supervisiorand may employ pattme specialist. They conduct normal and assisted
inadequate drugs and medical supplies, and lackgoipment and deliveries, and caesarean sections, and refer patients they cannot
infrastructure. manage to highdevel hospitals. Regional hospitals offer specialist
Health-system strengthening is a prerequisite to achieving angaternity care and referral services for district hospitals. They employ
improvement in health outcomes. It has been shown that focusing specialiss,

81

SAJOGA September 2016, Vol. 22, No. 1 21



medical officers and interns, and generally of a blood bank, postoperative recovery correlation for norparametric data. Statistical
have intensive care and higare units on area, obstetric highare unit, and an significance was indicated Ipz0.05.

site. Certain patients, when a difficult birth is jntensive care uhiICU) on site.

expected, may be referreddentral hospitals. Skills were evaluated according to the Results

Central hospitals provide specialist obstetric competence of the doctors in surgical The study was conducted in 15 hospitals: 5
care and subspecialty care. Their staffing is procedures at each hospital. The clinical headsdistrict hospitals, 7 regional hospitals and 3
made up of interns, medical officers, wer e familiar with t leniral hoshalst Pernsisdionsvias Isdught | e v el
registrars, specialists and subspecialists.and which surgical procedures were from 17 hospitals, but 2 district hospital
Academic programmes for medical students, performed in each hospital. Thiaterview  managers declined participation. In 2
registrars and subspialist trainees take place inquired about the availability of staff that hospitals the interviews were conducted
in the central hospitals. One of the central could perform lifesaving procedures related with a specialist appointed by the clinical
hospitals, officially considered to be a to BDACS, such as obstetric hysterectomy head. Four clinical heads asked to complete
regional hospital by the Department of and BLynch compression suture 24 hours athe questionriee themselves, and return it
Health, is defined as a central hospital in this day on 7 days paveek. to the researcher. In 11 of the hospitals the
study, as it is an academic tertiary referral Data analysis employed quantitative researcher was referred to the midwife in
hosptal with a large complement of techniques Maternal mortality ratio was charge of the labour ward for questions
specialists, and part of the University of the calculated per hospital as the institutional about the nursing staff. The questionnaires
Wit watersrando6s tr ai nmate@al pnoraalityf @tio mMiMMR)r Innteed iwer@ dompleted on the day of the interview.

students antegistrars. absence of live birth data, the denominator The reseather collected maternity statistics
. used for the IMMR was a live birth for 2013 and 2014 from the midwife in
Ethical approval approximation of 0.98 times the total births, charge of the labour ward in 7 hospitals,

Ethical and institutional approval for the assuming a genel SA stillbirth rate of 2%. from data capturers in 5 hospitals, and from
study was obtained from the University of pescriptive data were analysed using medianghe clinical heads in 3 hospitals. The
the Wit watersrandods FhHdM@nges féR €cdnfndolisC Variables, andstatistics for 2014 were collected from
Ethics Committee, and from the Gauteng proportions with percentages or rates for February to Apiti2015.

Department of Health. Individual hospital categorical ~variables. Comparisons of In the 15 hospitals there were 201 314
permission was received from the chief categorical data were made using th¢est,  births in 2013 and 2014, with 70 095
executive officers of the 17 University of and pairwise arrelation was done using caesarean sections (34.8%). The total
the Witwatersrand cluster hospitals. scatter plots with Sprumbencdbhirthsateashrokthe hospitals

Interviews i data collection Table 1. Full-time staffing and obstetric outcomes ii5 hospitalsin

In July and August 2014, the researcher gqthern Gauteng, 2013 2014, by levels ofare
conducted interviews with the clinical head of

obstetrics in each hospital, using a structured
questionnaire. The interviews set out to

District (N=5) Regional(N=7)  Central (N=3)

Adgaregated data per leveladre

determine  staffing,  supervision and ___ Totalbirthsn 25254 89 243 86 678
preparedness for surgical complicatioas Maternal deaths) 10 186 11.
caesarean section in southern Gauteng. The  jMMR per 100 000 live births 40 213 13
resegrcher asked quest!ons about whether th e — 5 919 30 833 33 343
hospitals were appropriately staffed for the - -
Lo Hospital caesareagection rate, % 23.4 34.5 38.5

number of deliveries conducted. The number
of staff members was calculated according to__Maternal deaths from BDACS, 0 20 6
the number of fultime staff nembers on the Obstetric specialists) 1 12 51
monthly  current  obstetric  department All doctors,n* 16 105 18
timetable. Supervision was divided into Doctors,/10 000 births per annum 9.9 23. 43.4
teaching and monitoring. Teaching was L .

9 g 9 Specialistsp/10 000 births per annum 0.0 2.7 11.8

assessed by determining the teaching method:

in each hospital, and the number of caesarear Hosbital data, mediginange)

sections done under supervision. Midwives 18 (12-29) 28 12-39) 55 (44-204)

Monitoring was assessed according to Medical interns 0 (0-0) 5(2-7) 21 (17 - 25)
whether maternal deaths, adverse event: edical officers 3(2-4) 10 3-10) 5 (2- 10)
and m;’;lternal n:aglsses IWere dlscuzsed Registrars 0 (0-0) 0(0-2) 17 (13-27)
routin in ital. Preparedn
outinely eac osp ta. ”epae ess Obstetricspecialists 0(0-1) 1(1-4) 12 (11-28)
was assessed by the availability of drugs,
facilities and surgical skills. Drugs were Al EeBinE 2 e-g) LE 5-20) 23 (()4(63;)?)
evaluated by \ailability in the hospital, Hospital caesarean section rate 25.6 (16.2-36.2) 36.6 (25.3-42.4) 48.5)
and whether the drugs were being used e bor 100 000 live births 43 (0- 62) 204 (77-350) 136 (47- 240)
according to the cli .
Facilities were evaluated by theailability

* Doctorslistedarethoseallocatedo obstetricandgynaecologyectionor department# their hospitals.

AN=4, excludes data for one district hospital that opened in April 2014.
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ranged from 893 to 44 256, with a median of
9 063. Caesarean section rates ranged fron
16.2% at a district hospital to 48.5% at a ®
central hospita (Table 1). The overall
maternal mortality ratio was highest at 300
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 regiondiospitals and 6 at central
hospitals $=0.008). The number of obstetric ®e
doctors per 10 000 births was 9.9 at district 1004 ¢
hospitals, 23.7 at regional hospitals and 43.4 e ®

at central hospitals. The corresponding
numbers for obstetric specialists were arid 0 . [

11.8 for regional and central hospitals, 0 2'0 4b 60
respectively. However, the proportion of

obstetric doctors per 10 000 births at the 15
hospitals did not correlate significantly with Fig. 1. Scatter plot showing institutional maternal mortality ratio per 100 000 live births

the hospital maternal mortality ratigs=0.68) (IMMR) for 15 southern Gauteng hospitals correlated to numbers of doctors as a

(Fig. 1). proportion of births at each hx®4hp=068) ( Spear
Ten hospitals (66.7%) trainethterns,  Table 2. Preparedness for lifethreatening surgical complicationscf caesarean

and 4 hospitals (26.7%) trained registrars. section in hospitals in southern Gauteng

I 0,
EIevgn hOSplt.al.s (73.3%) had at least one District (N=5),n(%) Regional (N=7),n (%) Central (N=3),n (%)
full-time specialist (range 128). The total

number of doctors ranged from 2 in a

400 ]

Doctors per 10 000 births

Availabledrugs

s . . . . Oxytocin and misoprosto 5 (100) (100) 3(100)
?F:St”‘t:t 'E_OSp'ter‘l' W't_T ? fﬁ”‘t b:thdsﬁ 29576'” Ergometrine 4 (80) (57.1) 3 (100)
: Fi- e.r |a.ry zoizpl :;2’0 ]_4a a Tranexamic acid injectior 3 (60) (100) 3 (100)

eliveries in a : Prostaglandin Falpha 1 (20) (14.3) 3 (100)

The skill of teaching caesarean section —
technique was reserved for the most senjor ARility 0 performprocedure
. . . B-Lynch compression
doctors in each hospital. Allhospitals STE 3 (60) (42.8) 3(100)
taught by observation and supervision, 6 Obstetric hysterectomy 3 (60) (100) 3 (100)
hospitals (40.0%) also used videos, and
none wed models. Three hospitals (20.0%)

Onssitefacilities

stipulated a minimum number of caesarean— 21204 bank 0 (85.7) 3 (100)
sections that a new doctor had to perform —_High-care unit 1(20) (100) 3 (100)
under supervision prior to operating —24hour recovery 2 (40) (71.4) 3 (100)
independently. Al the hospitals held 24-hour theatre 4 (80) (85.7) 3 (100)

regular perinatal review meetings, at which
maternal deaths we discussed. The 3
central hospitals, as well aseygional
hospitals held weekly meetings, and the prostagladin F2-alpha was available in 5 district hospital hd an obstetric higizare
remaining hospitals held monthly meetings. hospitals (33.3%). Tranexamic acid injection was unit. One central hospital did not have an
Nine hospitals (60.0%) reported that they available in 13 hospitals (86.7%); however, only [CU on site (Table 2).
also presented maternal adverse events i2 of these hospitals (15.4%) reported ever using Emergency skills to arrest obstetric
their meetings. Three hospitals (20.0%) it for obstetric patients. The central hospitals had haemorrhage were evaluated according to
discussed all maternal ne@iss cases from all the uterotonic drugavailable. Prostaglandin whether the staff were available on a 24
BDACS at the meetings. Collaboration F2-alpha was only available in 1 district hospital, hour basis to perform these procedures in
between hospitals, beyond referral, wasand 1 regional hospital. Only 4 of the 7 regional each hospital. Uterine balloon tamponade
limited to occasional attendance by hospitals (57.1%) had ergometrine in  stock (Bakri balloon or condom balloons) had
regional and district hospital specialists at (Table2). never been done in 12 hospitals (80.0%),
central hospital perinatal review meetings. Al the hospitals performed caesarean and BLynch compression sutures had
There were no outreach programmes (e.g.sections; however, 2 (13.3%) did rgperate  never been done in 6 hospitals (40.0%).
specialist support visitsin place from  on all days of the week because of staffing None of the informants could recall ever
higher levels to lower levels oére. shortages. Osite blood banks functioned in 9 performing a uteringourniquet procedure
Oxytocin and misoprostol were available nospitals (60.0%), and the rest, including all using a Foley catheter at their hospitals. In
in all 15 hospitals. Ergometrine was only the district hospitals, relied on emergency two of the hospitals (13.3%), the
available in 10 hospitals (66.7%) and blood kept in refrigerators on site. One informants statethat
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noneof the doctors was skilled to perform emergency hysterectomy in terms of resource limitations and outcomes, without consideration

during and after caesarean section (Table 2). of upstream determants of these deficiencies. Another limitation
. . relates to the oneeff crosssectional nature of the evaluation, which
Discussion cannot assess trends in resource capacity at the hospitals. However, the

A clear message has emerged of inequities in Gauteng maternitiata stand as facts that suggest inequitable resource altodatio
services. These inequities, mostly between regional hospitals amnergency obstetrics, which may be a problem in other SA
teachingcentres, are unfortunate, given the relative sophistication ofetropolitan areas that have medstdiools.

Gauteng Province in SA, with its medical schools and-tegkl central Several immediate interventions should be considered to improve
hospitals. As in the remainder of the country, the majority of maternataesarean section safety at the hospitals in southern Gauteng. Most of
deaths occurred in district and regional hospjtavhere medical these rela to recommendations in the national Confidential Enquiries
staffing and facilities are most lacking. The relationship between overajhto Maternal Deaths report from 2008 to 2@1() human resources
maternal mortality and staffing levels per hospital is complex, and digeeds and norms must be investigated, perhaps using the Workforce
not show any correlation, but there was a significant difference imndicators of Staffing Need (WISN) approach introduced to iBA
numbers of maternal déhs related to BDACS between regional and 2012usto create and fill obstetric specialist and medical officer posts in
central hospitals, with similar caesarean section rates. Observing overgle regional and district hospitalsi)(all maternal deaths and cases of
maternal mortality ratios alone may therefore mask preventablgearmiss related to caesarean section bleeding should be audited and
maternal mortality, as is the case with BDACS. While the ideal is thagiscussed at regular perinhteview meetingsii{) training in caesarean
there should be no deaths at all from BDACS, one would expect morgection technique needs to be formalised at district and regional

deaths, not fewer, in central hospitals, given that -high obstetric  pospitals, including using training videos, with a minimum of 10

patients, both preoperatively and postoperatively, should be cared for@tz e s ar ean sections done wunder super

high-level hospitals. The high maternal moittaln regional hospitals is  sections ca be attempted; (iv) all midwives and obstetric doctors in
therefore of concern. The inequities were greatest in medical staffingye hospitals must be exposed to ESM@EsentialSteps inM anaging

and most obvious with specialist obstetricians. The central hospitals hashstetric Emergencies) training, which includes modules on surgical
twice as many doctors and more than four times more specialists pgills and obstetric haemorrhage;and ¢) sustainableemergency
delivery thanregional hospitals. It should of course be accepted thajpstetrics outreach programmes from the central to the regional and

central teaching hospitals need more specialists than regional hospita§gstrict hospitals must be implemented and sustained, with university
but the difference here still amounts to a serious maldistribution of,q provincial governmestpport.

skilled human resources. In that context, the abseficeny formal

outreachactivitiesfrom thecentralhospitalsseemsegrettable. Acknowledgements.The research was supported by the Carnegie
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Why women bleed and how they are
saved: a cross-sectional study of caesarean
section near-miss morbidity
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Abstract

Background: Maternal deaths from ‘bleeding during and after caesarean section’ (BDACS) have increased in South
Africa, and have now become the largest sub-cause of deaths from obstetric haemorrhage. The aim of this study
was to describe risk factors and causes of near-miss related to BDACS and interventions used to arrest haemorrhage
and treat its effects.

Methods: Cross-sectional prospective study in 13 urban public hospitals in South Africa, from July to December 2014.

Results: There were 93 cases of near-miss related and 7 maternal deaths related to BDACS. The near-miss rate was 2.1/
1000 live births, and the case fatality rate was 3.5/10 000 caesarean sections. Associated near-miss risk factors were
previous caesarean section in 60% of multiparas, pre-operative anaemia (55%), abruptio placentae (20%) and placenta
praevia and/or accreta (20%). Atonic uterus (43%) was the most frequent anatomical cause of bleeding for near-miss,

followed by surgical trauma (29%). The median duration of the operations resulting in near-miss was 90 min, with
81% noted as difficult by the surgeon. Interventions in cases of near-miss included second-look laparotomy
(46%), hysterectomy (41%), B-Lynch brace suture (9%), intensive care unit admission (32%) and red cell

transfusion =3 units (21%).

Conclusion: Cases from maternal near-miss from BDACS were frequently associated with pre-operative risk
factors. Extensive life-saving interventions were required during and after the operations. An important factor in
initiating the sequence of interventions is the realisation by the surgeon that the caesarean section is difficult,
so that the progression from uneventful operation to near-miss to death can be arrested.

Keywords: Near-miss, Caesarean section related haemorrhage, Bleeding during and after caesarean section

Background

The safety of caesarean sections has recently come into
question in South Africa. Maternal death resulting from
‘bleeding during and after caesarean section’ (BDACS) is
becoming increasingly frequent. The triennial reports of
the governments confidential enquiries into maternal
deaths recorded 78 such deaths in 2002-2004, 140 in
2005-2007, 180 in 2008-2010, and 221 in 2011-2013 [1-
4]. Maternal death from BDACS is now the largest sub-
cause of death from obstetric haemorrhage in South Africa
[4]. The increase in maternal deaths has been attributed to
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a rising national caesarean section rate, but this increase
exceeded the rise in caesarean section rate, which increased
from 12.7% in 2001/02 to 20.8% in 2012/13 [5]. Other pos-
sible reasons, for which data are lacking, related to changes
in health care quality, such as a lower standard of surgical
skill with increased risk of bleeding [6], failure to detect
antepartum risk factors, and possibly substandard labour
management, anaesthesia and post-operative care.

Globally, there are insufficient data on maternal deaths
related to BDACS, especially in terms of clinical and sur-
gical detail. Even with the recent increase in deaths,
these events are so rare that meaningful prospective
studies are difficult to do. A helpful alternative is to
study ‘near-miss’ related to BDACS. A maternal near-
miss is a woman who survives severe complications
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during pregnancy, childbirth or postpartum. The study
of near-miss is an increasingly useful tool in obstetric
clinical audit, because of the larger number of cases
available for study compared with maternal deaths,
and because valuable information can be obtained on
how clinical and surgical and clinical management ob-
stacles are overcome after the onset of an acute com-
plication [7].

To our knowledge, there has been no published scien-
tific work focusing on maternal near-miss related to
BDACS. Studies or audits on near-miss could improve
understanding of the evolution of severe bleeding at cae-
sarean section, and describe opportunities taken and
missed to control the bleeding and treat its conse-
quences. The information gained may inform quality im-
provement and interventions to reduce near-miss and
death from BDACS.

The aim of this study was to determine the risk factors
and causes of near-miss related to BDACS and to de-
scribe the clinical and surgical interventions undertaken.

Methods

This was a cross-sectional prospective study in 13
government hospitals in southern Gauteng province,
South Africa, from July to December 2014. Ethical
approval was obtained to conduct this study from the
University of the Witwatersrand’s Human Research
Ethics Committee. Informed written consent was ob-
tained from the participants.

The city of Johannesburg is the geographic and eco-
nomic centre of southern Gauteng province. There are
18 government hospitals with maternity services in
southern Gauteng, with about 100 000 births per
annum. Three of these hospitals are university-attached
tertiary referral hospitals. The 13 hospitals in the study
included the three tertiary hospitals, as well as seven re-
gional referral hospitals, and three district hospitals. The
district hospitals are staffed by non-specialist doctors
and have relatively small case loads. The regional hospi-
tals all have at least one specialist, as well as medical of-
ficers who are responsible for most of the daily clinical
activities. The tertiary hospitals are better resourced in
terms of equipment and facilities, and include university
faculty staff and residents training to become specialists.

The World Health Organization (WHO) Intervention
criteria were used to identify cases of near-miss, and
were modified to suit this population [7]. Only near-
misses related to BDACS were included in this study. A
near-miss related to BDACS was any woman with a
gestational age >24 weeks, or who delivered a baby weigh-
ing 2500 g, who had a caesarean section with a combined
intraoperative and postoperative blood loss >1000 mL, and
at least one of the following: red cell blood transfusion >3
units, emergency hysterectomy, repeat laparotomy, transfer
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to a higher level of care, started or restarted postoperative
ventilation, use of inotropic drugs, acute dialysis, cardiopul-
monary resuscitation and admission to an intensive care
unit. Women with ruptured uterus, extra-uterine preg-
nancy, and where another cause of haemorrhage was the
primary reason for bleeding, were excluded.

The researcher trained obstetric staff in each hospital
on how to identify a near-miss from BDACS. Each time
such a case was identified, a staff member notified the
researcher telephonically. The researcher then travelled
to the hospital and screened the file for study eligibility.
Data were collected from maternal case records, and
supplemented, where necessary, from patients them-
selves or from staff. Informed consent was obtained
from the patients. Data collected from the clinical notes
were antenatal history, details about the previous preg-
nancy and blood test results, reason for admission, clin-
ical management, and events leading to the decision for
caesarean section. Details about the caesarean section,
the findings and the complications were recorded, as
well as postnatal observations and interventions. The re-
searcher made regular visits to all hospitals to ensure
ongoing surveillance. Numbers of maternal deaths re-
lated to BDACS were also recorded.

A sample of 100 near-misses related to BDACS was
envisaged to provide reasonable confidence intervals for
observed percentage frequencies. With a sample of 100
subjects, an observed percentage has 95% confidence
limits that are not more than 10% above and below it.
Data analysis employed quantitative techniques, using
Stata version 11 software (Statacorp, College Station,
TX, USA). Descriptive data were analysed using me-
dians, ranges and interquartile ranges for continuous
variables, and proportions with percentages for categorical
variables. Comparisons of categorical variable frequencies
were made using Fisher’s exact test. A p-value <0.05 was
used to determine statistical significance.

Results

The hospitals reported 93 near-misses related to
BDACS, as well as 7 maternal deaths. The total number
of deliveries at all the hospitals was 46 775, of which
20527 were caesarean sections (43%). The near-miss re-
lated to BDACS rate was therefore 2.1 per 1000 (93/
43474) live births, and the BDACS- related case fatality
rate was 3.4 per 10 000 caesarean sections.

Obstetric data and risk factors for near-misses are
shown in Table 1. Teen pregnancy (n =2) and parity >4
(n =5) were infrequent. Twenty women were nulliparous
and 73 were multiparous. Forty-four (60.3%) of the
multiparous women had previous caesarean sections.
Anaemia prior to caesarean section (haemoglobin
level <11.0 g/dL) was found in 49 of 89 women
tested (55.1%). Thirty-six women (40.4%) were HIV
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Table 1 Obstetric characteristics and risk factors for maternal
near-miss from bleeding during or after caesarean section
(n=93, unless otherwise specified because of missing data)

Number Percent

Maternal age (years):

<20 2 22

20-34 69 74.2

235 22 237
Parity:

0 20 215

1-3 68 731

4 ) 54
Attended antenatal clinic 83 89.2
Previous caesarean section 44 473
Haemoglobin level prior to caesarean section (g/dL) (n = 89):

<80 1 124

8.0-109 38 427

2110 40 430
HIV infection (n = 89) 36 404
Antenatal weight 290 kg (n=79) 8 10.1
Caesarean section (n=91):

Elective (planned) 1 121

Emergency not in labour 28 308

Emergency in first stage 44 484

Emergency in second stage 8 88
Hypertensive disorder of pregnancy 26 280
Abruptio placentae 19 204
Placenta praevia/accreta:

Placenta praevia 7 75

Placenta accreta 9 9.7

Placenta praevia and accreta 3 32
Birth weight (g) (n =85):

<1000 6 7.1

1000-2499 33 388

22500 46 54.1

infected. Clinical risk factors included hypertensive
disorders in pregnancy in 26 (28.0%), abruptio pla-
centae in 19 (20.4%), and placenta praevia and/or
accreta in 19 women (20.4%) Nine of the 19 women
with abruptio placentae had a hypertensive disorder.
The main primary indications for caesarean section
were fetal distress (n=14; 15.1%), abruptio placentae
(n=13; 14.0%) and placenta praevia (n=12; 12.9%).
Eleven women had caesarean section for prolonged
labour, 7 in the first stage of labour (7.5%) and 4 in
the second stage (4.3%). Twenty-four infants were
stillborn, 17 of them in association with abruptio
placentae. The surgeons who started the caesarean
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sections were non-specialists in 29 cases (31.2%),
residents in 54 cases (58.1%) and specialists in 7
cases (7.5%). Seven caesarean sections (7.5%) were
done in district hospitals, 22 (23.7%) in regional hos-
pitals and 64 (68.9%) in tertiary hospitals.

The most frequent cause (anatomical site) of haemor-
rhage was atonic uterus (n=40; 43.0%), followed by
uterine incisional bleeding (n = 27; 29.0%), placental site
bleeding (1 =16; 17.2%), bleeding at the bladder reflec-
tion (n=8; 8.6%), pampiniform venous plexus bleeding
(n=5; 5.4%) and abdominal wall bleeding (1 =4; 4.3%).
Two or more causes of bleeding occurred in some
women. In 14 women (15.1%), the cause of haemorrhage
was not specified. The causes of bleeding were com-
pared between women with previous caesarean section,
placenta praevia/accreta, abruptio placentae, and the re-
mainder (considered as having no surgical risk). There
were significant associations between placenta praevia/
accreta and placental site bleeding (p <0.01), and be-
tween abruptio placentae and atonic uterus (p =0.04).
There was a trend to more frequent pampiniform plexus
and abdominal wall bleeding in women with previous
caesarean section (Table 2).

The surgeons noted difficulty in 76 operations (81.7%).
The duration of surgery was estimable in 80 cases, and
was <60 min in 14 (17.5%), 60—-119 min in 34 (42.5%)
and >120 min in 32 (40.0%). The median duration was
90 min, with a range of 23-345 min. Forty-nine women
(52.7%) received blood transfusions during their caesar-
ean sections. Medications and procedures used to arrest
bleeding (in addition to routine intravenous oxytocin)
included ergometrine, misoprostol, prostaglandin F2-
alpha, tranexamic acid, B-Lynch brace suture, systematic
uterine vessel ligation (devascularisation), and intrauter-
ine balloons (Table 3). The median blood loss at caesar-
ean section (estimated by the surgeons in 69 cases) was
1000 mL, with a range of 250-3600 mL. Second-look
emergency laparotomy was performed in 43 women, of
whom 18 underwent hysterectomy (total hysterectomies:
n=38; 40.9%) and 8 had B-Lynch compression su-
tures (of which 4 failed, requiring hysterectomy).
Fourteen women had only resuturing or uterine
vessel ligation done, and 5 required no specific
haemostatic procedure. Seventy-four women (79.6%)
received three or more units of red cell transfusion
during their hospital stay. The median lowest post-
operative haemoglobin level was 6.05 g/dL (n=90),
with a range of 2.8-12.5 g/dL. Thirty-six of 78
women in whom the platelet count was measured
had a postoperative thrombocytopenia <100 000/uL.
Seven women had severe acute kidney injury (serum
creatinine =250 pmol/L), and 6 required dialysis.
Thirty women (32.3%) were admitted to intensive
care units postoperatively. Eleven women (11.8%)
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