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Preface

A cesarean section is a life-saving surgical procedure when certain complica-

tions arise during pregnancy and labor. Recent Advances in Cesarean Delivery is

a collection of research chapters on cesarean delivery and related developments
within the field of obstetrics. Written by experts in the field, chapters cover such
topics as prediction of cesarean delivery, hemostasis for massive hemorrhage during
C-section, maternal and fetal risks, cesarean scar defect manifestations, obesity and
C-section, and C-sections in low-, middle-, and high-income countries.
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Chapter1

Prediction of Caesarean Delivery

Niamh C. Murphy, Fionnuala M. Breathnach
and Naomi Burke

Abstract

For expectant parents, a first birth is notable for its unpredictability, and the
path to safe labour and delivery is commonly complicated by a requirement for
unplanned caesarean delivery. The ability to anticipate an uncomplicated vaginal
birth, or to predict the requirement for unplanned caesarean delivery, carries the
potential to facilitate optimal birth choices. For example, elective caesarean deliv-
ery confers substantially less risk than unplanned caesarean delivery performed
during the course of labour. Pre-delivery knowledge of a high predictive risk of
requiring intrapartum caesarean delivery could lead to women opting to deliver by
elective caesarean delivery, thereby lowering associated risks. Equally, pre-labour
knowledge of a high prospect of achieving a successful and uncomplicated vaginal
birth could result in enhanced motivation for women to deliver in a less medicalised
environment. Predictive risk models have been utilised to good effect in other areas
of medicine. The incorporation of a risk predictive tool for intrapartum caesarean
delivery would enable women and their caregivers to choose the most appropriate
management plan for each woman.

Keywords: prediction model, caesarean delivery, personalised care

1. Introduction

The last three decades have witnessed an escalation in global Caesarean section
rates. It is well recognised that there is an association between delivery by Caesarean
section and both short and long-term maternal morbidity, particularly at an
advanced stage in labour [1]. This association is significantly stronger in the setting of
emergency Caesarean section than scheduled elective non-labour Caesarean delivery.

It is notable that post-operative complications, including haemorrhage and
perioperative infection in women who undergo unplanned Caesarean delivery are
significantly higher when compared to women who undergo elective Caesarean
delivery [2].

Magann et al. [3] examined the outcomes regarding post-partum haemorrhage
of over 4000 Caesarean section deliveries in Australia in their observational study.
They determined that the incidence of post-partum haemorrhage in an emergency
setting was 6.75% and the incidence in an elective setting was 4.74%.

A 2014 Cochrane review [4] examined the rates of post-partum sepsis for both
intrapartum and elective caesarean sections. They identified 95 studies, which
recruited over 15,000 women. They determined that the rates of wound infection
were 9.7 and 6.8% respectively. As regards endometritis, the rates were 18.4% for
intrapartum caesarean sections versus 3.9% for elective caesarean sections.

1 IntechOpen
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It is important to also reference the association in particular between intra-
partum caesarean sections and maternal morbidity. The incidence of caesarean
sections performed at full dilatation is increasing [5]. These deliveries are associated
with an increase in maternal morbidity including visceral trauma, haemorrhage and
extension of the wound [6].

The Archives of Obstetrics and Gynaecology published a review in 2017 which
specifically aimed to enumerate the differences in complications experienced in
women who underwent elective Caesarean delivery and those who underwent
emergency Caesarean delivery [7].

This systematic review included nine individual studies. Inclusion criteria
dictated that the studies had to be either a randomised control trial study or a
controlled clinical trial study to perform a comparison of the morbidity and mortal-
ity between elective and emergency intrapartum Caesarean delivery.

The combined results demonstrated that the rates of infection, fever, urinary
tract infection, wound dehiscence, disseminated intravascular coagulopathy, and
reoperation of emergency Caesarean section were all much higher than those of
elective Caesarean section.

A unifying sentiment that can dominate a woman’s post-natal course after an
intrapartum Caesarean section delivery is the desire to anticipate this interven-
tion. Prenatal knowledge that a successful vaginal birth will not be achieved would
obviate the labour-associated risks that frequently result in maternal or perinatal
morbidity, and the dissatisfaction of having undergone a ‘trial’ of labour to no avail.

The Organisation for Economic Co-Operation and Development (OECD)
reports that there has been a significant increase in Caesarean section delivery rates
in most OECD countries between the years 2000 and 2015. The average rate has
increased from 20 to 28%, although there does appear to have been a slow-down
in the rate of growth in the past 5 years [8]. It is also notable that different hospi-
tals and regions within the same country can show significant variation in their
Caesarean section rates. For example, Italy continues to show huge variation in the
Caesarean delivery rates. High rates of Caesarean delivery appear to be driven by
the southern region. Similar variations in rates between different regions are also
observed in Spain [9].

Of note, the U.S. has shown a decline in its Caesarean delivery rate for the fourth
consecutive year. Caesarean delivery rates in 2016 were 31.9%, which had fallen
slightly from 32% in 2015. Prior to this, they had increased annually from 20.7% in
1996 to a peak of 32.95 in 2009 [10].

On a global level, the Caesarean section rate over the past 30 years has escalated
but interestingly, no associated significant maternal or perinatal benefits have been
demonstrated [11-13].

This increase prompted The Lancet to compile a series on optimising the use of
Caesarean section, which was published in October 2018. The authors of this review
argued that the decision to perform a Caesarean section might be guided by the
psychological or clinical needs of the mother, the clinical needs of the baby or by a
combination of both [14].

However, where rates of Caesarean section exceed what is considered a ‘recom-
mended rate’ of 10-15% as per the World Health Organisation [15], there were three
main drivers identified which were though to contribute to perceived over-use of
this intervention. These were categorised broadly as health professionals; com-
munities (incorporating families, childbearing women and the broader society) and
health care systems (comprising organisational design and cultures and financing).

As regards communities, families, childbearing women and the broader society,
it was noted that women worldwide would not prefer to have a Caesarean section
without a significant maternal or foetal indication [16]. This is in direct contrast to
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the common perception that many women would choose a Caesarean section as a
matter of preference [17].

Factors relating to health professionals highlighted that being male, being
employed in a university-affiliated hospital and a fear of litigation were associated
with an increased likelihood of an obstetrician performing a Caesarean section [14].
They also found Caesarean section might sometimes be used for convenience. This
was particularly noted where both a combination of private and public work was
performed in the same unit. The scheduling of elective Caesarean sections can allow
commitments to public work being fulfilled while allowing the performance of
private work on the same premises [18].

Of particular interest to clinicians is addressing the safe prevention of unwar-
ranted primary Caesarean section delivery. In March 2014, a joint consensus
was issued by the Society for Maternal Fetal Medicine and American College of
Obstetricians and Gynaecologists (ACOG). This addressed the importance of the
safe prevention of primary Caesarean delivery and this was reaffirmed in 2016
[19]. As previously mentioned, The Lancet has also highlighted the importance of
addressing appropriate and safe use of Caesarean section in order to address the
escalating rates worldwide [9].

This chapter will deal with the use of prediction models in medicine in order
to address how best to antenatally predict the need for an intrapartum Caesarean
section for a nulliparous woman. The clinical application of such a prediction model
would ultimately be that those women issued with a high likelihood for intrapartum
Caesarean delivery might opt for an elective Caesarean section with the associated
decreased morbidity risks.

On a corollary to this is the point that many women would likely prefer the
prospect of a trial of labour if they were assigned a low-risk for intrapartum
caesarean delivery. Furthermore, this may allow women the opportunity to consider
a less medicalised environment for birth for example in a midwifery-led unit. A
review of the literature would suggest that the majority of women would opt for a
vaginal delivery over a caesarean section. An Australian study which asked women
to complete an antenatal questionnaire found that 93.5% of women would prefer a
vaginal delivery over a caesarean section [20]. This showed very similar results to a
Swedish-based study which found that only 8.2% of nulliparous women would pre-
fer to deliver by caesarean section [21]. Similar opinions were also found amongst
women in Brazil and Chile, which are countries with traditionally high caesarean
section rates [22-24]. The Genesis risk prediction model could empower women
entering labour with a low predictive risk score for an intrapartum caesarean sec-
tion that they had a high likelihood of a desirable successful vaginal delivery.

I will outline the development and usage of prediction models in other areas
of medicine and the research into various factors, which have been highlighted as
predictive for Caesarean delivery. If achievable, the ability to predict the outcome of
an attempt at first labour is highly desirable. It is apparent that the safe prevention
of primary Caesarean delivery is an outcome, which would be welcomed by the
international obstetric community.

2. Predictive models
2.1Rationale for use of predictive models in healthcare
Certain decisions in healthcare require a detailed process in order to provide

optimal care to patients. This can be complicated by a deficit in standardisation of
processes, which aim to encompass the needs of multiple stakeholders.
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Various modelling tools can assist the decision-making process. Some of these
aim to predict a clinical outcome, whereas others focus on identifying the patients
who may be most at risk of developing a certain condition [25].

These tools are created using formulae that may assist in decision-making. These
in turn can assist in resource planning and allocation in healthcare. Examples of
such tools are prognostic and prediction models [26].

Prognostic models may have varied uses, including ‘guiding healthcare policy
by generating global prediction scenarios; determining study eligibility of patients
for new treatments; selecting appropriate tests and therapies in individual patient
management including supporting decisions on withholding or withdrawing
therapy’ [27].

The two main types of prognostic models seen in practice are those at the
individual patient level and those at the patient population level. Individual patient
models are used in suggesting advice for treatment and to provide consultation,
which is patient-centered. Patient population models are more focused on the
identification of discrepancies and trends amongst patient groups for a specific
criterion [27].

Predictive modelling can be used to help identity patients who may be at high-
risk for a certain outcome, e.g. an intrapartum Caesarean delivery. Predictive
modelling can also be used in order to manage healthcare resources by initiating
appropriate interventions to prevent high-cost outcomes [28].

One such example which has been developed in clinical practice is the cardiovas-
cular disease risk assessment for primary prevention. The Framingham Heart Study
looked at 7733 participants who had initially been free of coronary heart disease
and were aged between 40 and 79 years. They found that the lifetime risk of being
affected by coronary heart disease (CHD) for these participants by age 40 was 32%
in women and 49% in men [29].

This highlighted the importance of cardiovascular disease risk assessment being
performed from the age of 20 years of age or from a person’s first encounter with
the healthcare system. This can then in turn predict those individuals who are at
the most significant risk of cardiovascular disease. Identifiable risk factors included
cigarette smoking, hypertension, diabetes mellitus, premature family history of
cardiovascular disease, chronic kidney disease and obesity. These individuals can
then be commenced on appropriate primary preventive therapies or receive alterna-
tive appropriate intervention. Predictive modelling acts on the basis of taking a
proactive approach, i.e. the identification of trends and forecasting of events which
may cause implications for stakeholders in healthcare [25].

There are several factors which need to be considered in the implementation of a
new prediction model [30]. These include:

* The creation of a focus on the population as a whole and examining all aspects
of healthcare

* An empbhasis on change of behaviour in the longer-term

* The utilisation of data to create programs which aim to address learning, health
status and individualised risk

* The development of health plan designs which act to support and incentivise
Providers of healthcare and patients are both motivated to achieve improved

outcomes and this suggests that the use of these models is likely to increase with the
added benefit of potential reduction in healthcare costs.

1
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For our purposes, accurate prediction of Caesarean delivery may allow consid-
eration being given to elective Caesarean delivery in the event of a woman being
considered high risk for an intrapartum Caesarean delivery in order to reduce the
incidence of specific maternal morbidities as aforementioned including infection,
haemorrhage and the need for a repeat surgery. A low predictive risk score also
empowers women who are keen on a successful vaginal delivery with the knowledge
that they have a high likelihood of achieving same.

2.2 Use of predictive models in obstetrics

Historically, the field of obstetrics has been successful in developing prediction
models but has been poor in fully validating and thus implementing them effec-
tively [31].

On a daily basis, we still use two examples of prognostic models in obstetrics,
which were developed over 60 years ago. One such model is the Apgar score, which
assesses newborn babies immediately after their birth. The other model is the
Bishop score, which assesses the status of the cervix before and during induction
of labour [32, 33]. Both of these models were developed in the 1950s-1960s and are
still used clinically, likely due to their ease of use and continued relevance [31].

The Apgar score was re-examined and re-validated by a research group in Texas
almost 50 years after its initial introduction. They reviewed the charts of more than
150,000 deliveries over a 10 years period and found there was a significant correla-
tion between these babies’ 5 minute Apgar scores and neonatal mortality [34]. This
score remains an easy and quick way to determine if resuscitation has been effective
and has therefore survived the test of time [35].

The Bishop score assesses cervical dilatation, cervical effacement, cervical
consistency, cervical position and foetal station. A higher score meant a woman
was more likely to have a spontaneous onset of labour sooner. It is still in use today
and can aid clinicians in deciding the most appropriate method of delivery for each
woman. The work of Professors Apgar and Bishop essentially formed some of our
earliest prediction models in obstetrics.

Only two thirds of the papers [62.4%, 164/263] in a large systematic review of
prognostic models in obstetrics were found to have presented their models in such
a way that external validation would be feasible [31]. This has been highlighted as a
concern given the importance of validity in the development of such models.

Certain models can be too complex for routine clinical usage and this may lead
to a reluctance on the part of the clinicians to accept them [36]. For example, the
use of an electronic program to help predict those patients most in need of requir-
ing an influenza vaccination was found to be ineffective as it did not prove to be
user-friendly. It is also important that models which have been developed are also
validated in a new population as otherwise it may not be possible to generalise them
to a different cohort of patients [37]. This is also known as impact analysis and this
paper by Reilly et al. highlights that very few prediction models have undergone
formal impact analysis or validation. This is essential in order for clinicians to know
if the usage of such a model will have a positive or negative effect, i.e. is there a
possibility that it will cause harm. The authors highlighted the benefit of having
clinicians involved in the development and validation of such models before, during
and after implementation.

There are limitations to the development and use of prediction models in
obstetrics. It has been shown that internal validation is largely successful and the
models have been shown to perform well under this setting. However, there has
been a deficit of research into looking in to externally validating these predic-
tion models in a different cohort. Another limiting factor for clinical usage and
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which was discussed in a commentary in the British Journal of Obstetrics and
Gynaecology (BJOG) in 2016 is how interventions might be handled in a predic-
tion model [38]. This commentary highlighted the issues, which face clinicians in
validating obstetric prediction models in order to effectively implement them in
clinical practice. They specifically examined the area of pre-eclampsia and noted
that a phenomenon described as the treatment paradox can occur; a strong predic-
tor of a common complication may trigger an effective treatment (e.g. commence-
ment of anti-hypertensive therapy) at an early stage and this will then prevent

the occurrence of a certain proportion of adverse outcomes. This may result in the
predictor, which triggered the treatment initially appearing poorer in its predictive
performance [39, 40].

The BJOG review [38] further examined a prediction model which has been
successfully validated for the predicting pre-eclampsia (PREP model-Development
and validation of Prediction models for Risks of complications in Early-onset Pre-
eclampsia) [41] in order to ascertain what made it a successful process and high-
lighted certain factors which can aid validation. These included large sample size,
standardisation of treatment or intervention, and the consideration to the initiation
of treatment being an outcome itself, i.e. ‘When starting a treatment is likely to pre-
vent an adverse outcome, those who received the treatment could also be considered
to have experienced the outcome’ These factors may aid obstetricians in validation
of prediction models going forward and in handling the treatment paradox.

2.3 Use of predictive models in gynaecology

The field of gynaecology has also developed a new risk prediction model in
recent times. A large cross-sectional international cohort study involved the par-
ticipation of 5020 patients from 22 centres [42]. This study developed and validated
arisk prediction model to predict the risk of malignancy in adnexal masses using
specific ultrasound features which are defined in the simple rules.

In 2008, the simple rules were described by the International Ovarian Tumour
Analysis (IOTA) group [43]. These specific ultrasound features are known as either
B-features (where tumours are likely benign) or M-features (where tumours are
likely malignant).

In using the simple rules, and there are no specific features identified or if there
is a conflict between the features, then the rules cannot be applied and the result is
inconclusive. In this instance, it is recommended to classify the findings as having a
higher risk of malignancy in order to increase the sensitivity for ovarian cancer [33].

The simple rules have been well received by clinicians and adopted by interna-
tional bodies such as the Royal College of Obstetricians and Gynaecologists [34].
Zimmerman et al. aimed to develop and validate a model based on the criteria
laid down in the simple rules. When used as originally suggested, the simple rules
aimed to categorise tumours as belonging to one of three distinct groups: benign,
malignant, or inconclusive. Zimmerman et al. demonstrated that the simple rules
could also be used to estimate the risk of malignancy in every adnexal mass. In this
way, they can be applied to individual patients to optimise their own management
[31]. The rules were found to be applicable in 76% (386/507) of the tumours, with
a sensitivity of 95% (106/112) and a specificity of 91% (249/274). This risk predic-
tion model has the potential to be broadly accepted given its ease of use and the fact
that it is based on standards which have already been accepted and are used by the
gynaecological community. Several follow up studies [35, 36] have highlighted that
the rules can be easily utilised by ultrasonographers and that the protocol can be an
accurate test to diagnose ovarian cancer.
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2.4 Use of predictive models in other aspects of health care

Increasingly, attempts have been made to develop and validate prediction tools
which aim to predict the risk of hospital readmission [44]. Interest in this area has
evolved for a number of reasons. Of clinical importance is that an intervention
while a patient remains in hospital may help to reduce readmission rates as those in
need of additional care may receive it while still an inpatient. It also helps to target
delivery of interventions which are resource-intensive to those with the greatest
need [45]. This would result in a stratification of the risk of readmission, which
may hold clinical relevance. In turn, this would allow for early information during
a patient’s admission, which would allow the initiation of an intervention such as
advanced discharge planning which could begin during the admission and before
discharge from hospital. Models used should be accurate, clinically relevant, use
easily obtainable data and be able to be used in large patient populations [46].

Covariates are used in risk prediction models. This is done with the aim of
detecting a given outcome or to determine a defined period of time whereby an
individual is thought to experience a specific outcome [47].

These predictors are varied and may encompass characteristics such as gender or
age, biochemical markers, coronary artery deposits or specific genetic markers [48].

In the field of cardiology, prediction models include Framingham [49], SCORE
[50], ASSIGN [51], EUROSCORE [52], PROCAM (53], and Wells’ scores [54].

Prediction models may assist individuals and their clinicians in deciding the
most appropriate management plan or on the implementation or withholding of
treatment or lifestyle interventions.

There is an increased desire to implement personalised care and because of this,
research into prediction models is increasing [55]. In the current era of risk-tailored
and personalised cardiovascular care, studies on prediction models are abundant.

A recent statement of the American Heart Association on criteria for the phased
evaluation of markers of cardiovascular risk underlines this. A key term in this
statement was that ‘multivariable prediction models and cardiovascular markers
should not (simply) be evaluated in isolation for their prediction abilities but rather
on their added prediction contribution beyond existing or established predictors
requiring a multivariable approach in design, conduct, analyses and reporting’ [56].

It is important that the development of prediction models should follow strict
methodologic processes. New prediction models should detail their development
process and highlight all their statistical calculations in order to allow researchers
in the future to reproduce and validate their findings. Research into the relatively
new field of biomarkers needs to determine their additional benefit to pre-existing
models [57].

The selection of specific chemotherapy regimens is made based on examination
of the outcomes for specific subtypes and specific types of malignant tumours, their
likelihood to progress to metastases and their overall prognosis [58, 59]. The overall
effectiveness of certain agents also means that the development of tiered strate-
gies has developed in order to overcome variations seen in the resistance of certain
tumours [60].

This study examined the responses of chemotherapy agents cisplatin, carbo-
platin and oxaliplatin with certain gene signatures [61]. This group developed a
machine-learning based prediction model, which aimed to predict the effectiveness
of the agents above to certain gene signatures. This tailored treatment may result
in an improved treatment response to an individual’s specific cancer biology which
may result in reduced treatment duration or the minimum usage of chemotherapy
agents to achieve a desired response [62].
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Cancer treatment is challenging as the disease can be complicated by genetic
heterogeneity with differences in the genetic composition of tumours causing dif-
ferent responses to treatment [63].

The impact of this variance in genetic composition means that there may varied
responses to treatment regimes. This means that the therapy may only benefit a
small proportion of the patients treated [64]. In order to minimise the associated
adverse effects which can occur with using these treatments, it is of particular
benefit to patients with cancer to decide on the optimal treatment regime at the
time of diagnosis [65].

Ubels et al. [65] developed the idea of simulated treatment learning (STL).
This program assists in identifying the factors that can best predict treatment
benefit and can be applied to gene expression datasets with two treatment arms
and associated survival data. It works by identifying genetic similarities between
patients from different groups to model how a particular patient would respond to
an alternative treatment plan and is defined based on the expression of the genes in
the tumour. Their work focused on patients with multiple myeloma and how best
to predict the benefit of treatment. Multiple myeloma affects the bone marrow by
causing abnormal multiplication of the plasma cells. The typical median survival
is approximately 5 years [66]. Multiple myeloma is one of the known conditions
where a difference in gene expression profiles is observed amongst patients [67].
This variation in genes expression means that identification of individual genetic
signatures may be useful to help predict those who would benefit from STL.

3. Prediction of intrapartum caesarean section
3.1 Definition of intrapartum caesarean section

An intrapartum Caesarean section is a Caesarean section, which occurs dur-
ing the course of labour. According to the American College of Obstetricians
and Gynaecology, the most common indications for primary Caesarean delivery
include, in order of frequency, labour dystocia, abnormal foetal heart rate tracing,
foetal malpresentation, multiple gestation, and suspected foetal macrosomia [19].

3.2 Labour dystocia and associated risk factors

The progression of labour and recognition of prolonged labour can heavily
influence the management of labour and the need for intrapartum Caesarean sec-
tion. Prolonged labour has been defined as true labour dystocia and may be caused
by either obstruction of labour or contractions, which are inadequate in number or
strength. Prolonged labour is the main indication for performing an intrapartum
Caesarean section in nulliparous patients [68].

Labour dystocia may be recognised in either the first or the second stage of
labour. It has been reported to affect 21-37% of nulliparous women and 2-8% of
multiparous women [69-71]. It has been attributed to several factors including
macrosomia, reduced capacity of the pelvis, inefficient uterine contractions or
a combination of these factors [72]. There are multiple studies in the literature
examining the causes of labour dystocia.

The association between foetal macrosomia and labour dystocia is well described.
Galvin et al. have previously looked at the accuracy of antenatal detection of macro-
somia >4000 g and subsequent delivery outcomes in the absence of antenatal inter-
vention [73]. They noted ultrasound sensitivity and specificity of 41.2 and 94.1%
respectively for detecting macrosomia >4000 g. The positive predictive value (PPV)
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and negative predictive value (NPV) were 57.5 and 89.1% respectively. Their conclu-
sion was that the capacity of ultrasound to detect foetal macrosomia is limited.

This finding is also reflected in a study by Chuahan et al. [74]. This group con-
ducted a review of international articles from studies containing a sample size of at
least 1000 cases in order to determine the prevalence and accuracy of determining
macrosomia. The probability of detecting a macrosomic baby in a term, low-risk
baby is ranged from 15 to 79% sonographically and 40-52% with clinical examina-
tion. They determined that the detection of macrosomia is reliable sonographically
and clinically if the incidence of macrosomia is at least 20% in the relevant cohort.

The influence of foetal head circumference on delivery outcome has been exten-
sively studied. Kennelly et al. suggested in 2003 that foetal head circumference
>37 cm is a good predictor of prolonged labour in their study which examined 423
nulliparous women with a singleton cephalic presentation who had a spontaneous
onset of labour [75]. They determined that as birth weight and foetal head circum-
ference increased, there was an associated increase in mean duration of labour,
duration of second stage of labour and usage of oxytocin (P < 0.001).

Elvander et al. conducted a population based register study, which was pub-
lished in 2011 [76]. This examined a total of 265,456 singleton term neonates who
were born to nulliparous women between 1999 and 2008 in Sweden. This data was
extrapolated following analysis of the Swedish Medical Birth Register. The inves-
tigators examined factors including labour dystocia, instrumental delivery, foetal
distress and Caesarean section. They found that the prevalence of each outcome
increased as the circumference of the foetal head increased. In the case of Caesarean
section in particular, the odds ratio was 1.22 (95% CI 1.04-1.42), indicating that
a large foetal head (39-41 cm) is associated with labour dystocia and subsequent
intrapartum Caesarean section. Valsky et al. also highlighted prolonged second
stage of labour (greater than 110 minutes) and increasing foetal head circumfer-
ence as risk factors for obstetric anal sphincter injury in nulliparous women. They
showed through logistic regression that a head circumference greater than 35.5 cm
and a second stage of labour greater than 110 minutes increased the odds of obstet-
ric anal sphincter injury by a factor of 5.32 [77].

The position of the foetal head has also been extensively examined as a risk fac-
tor for Caesarean section. Occipito-posterior position is identified in approximately
15-20% of women before labour at term [78, 79]. The majority 90-95% undergo
rotation during labour to an occipito-anterior position [80, 81]. The presence of an
occipito-posterior position at delivery has been extensively examined with respect
to maternal morbidity and an increased risk for Caesarean delivery [82-85].

Maternal age has been strongly associated with delivery by Caesarean section.
Women aged 40 and over are more than twice as likely to deliver by Caesarean as
women under age 20 [8]. Advanced maternal age has been shown to be associ-
ated with an increased risk of obesity [86], diabetes and hypertensive disease
[87-89] and interventions including delivery by Caesarean section [90-94]. There
is evidence demonstrating that the rate of Caesarean sections performed on an
elective basis in the absence of a strong medical indication increases with advancing
maternal age [95, 96]. Maternal age has also been shown to be an independent risk
factor for Caesarean delivery [97].

Maternal BMI has also been associated with delivery by Caesarean section.
Young and Woodmansee in 2003 published the results of an 8-year review of
women who delivered in their practice. They found that primiparous woman who
had a BMI of over >30 kg/m” were six times more likely to undergo an intrapartum
Caesarean delivery for labour dystocia than those primiparous women whose BMI
was <20 kg/m”. This difference in mode of delivery persisted even when results were
controlled for gestational age, birth weight, maternal height and maternal age [98].
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Algovik et al. performed a retrospective analysis of the Swedish Birth Registry
and identified 104 women in 47 families where at least two of sisters had undergone
intrapartum Caesarean delivery at term attributed to labour dystocia during the
course of a first labour [72]. A genetic basis for labour dystocia was sought, which
identified strong evidence of linkage at chromosome 12p12 and at five other sepa-
rate loci, which may of significance. There was no specific prevalence data included
in their report. The authors however were unable to identify a specific gene, which
may be responsible for labour dystocia. Re-sequencing of oxytocin (OXT) and
oxytocin receptor (OXTR) seemed to be obvious candidate genes for this analysis.
However, they did not allow for identification of any potential causal mutations.
Further studies with a larger study population were recommended.

Mittal et al. [99] have also performed genetic testing to establish a cause for
arrest of labour. They obtained myometrium samples from 50 women who under-
went primary Caesarean delivery in a prospective study. All of these women had
had a spontaneous onset of labour. They compared two groups of women. One
group (n = 29) underwent Caesarean delivery due to either non-reassuring foetal
status or foetal malpresentation. The second group (n = 21) underwent Caesarean
delivery due to an arrest of labour. This was defined as women who had complete
cervical dilatation but without continued foetal descent for greater than 1 hour.
They identified over 400 different genes, which differed in women who experi-
ence an arrest in the descent of the foetal head during labour when compared with
those who underwent Caesarean delivery for non-reassuring foetal status or foetal
malpresentation. An over expression of certain inflammatory and biomarkers
was identified in women who experience an arrest of descent including hypoxia
inducible factor-1a, prostaglandin-endoperoxidase synthase 2 and interleukin-6.
These factors were identified using micro-array. The authors did acknowledge that
their study may be limited, as they could not establish a true causative effect, as
this would require studies involving serial sampling in women, which would not be
feasible. However, they recommended that this study may act as a framework for
additional studies, which may address potential therapeutic interventions.

3.3 Model of care as a predictor of caesarean section rates

In many maternity settings worldwide, women can opt for obstetric or mid-
wifery-led care. A descriptive comparative Australian study examined the outcomes
of women who opted for either midwifery-led care or standard hospital care,
which incorporated more input from the obstetric team. The study found that more
women who opted for midwifery-led care were very satisfied with their overall care
during their pregnancy, labour and delivery than those who experienced standard
hospital care (80% very satisfied versus 53.2%). However, the study found that
there was no observable difference in the Caesarean delivery rate between the two
groups [100].

A randomised controlled trial, also based in Australia, examined if there was a
difference in the Caesarean delivery rate between women who were assigned stan-
dard hospital-based care or community led care. However, this study differed from
the aforementioned descriptive study in that those who experienced community led
care were under the joint collaborative care of both midwives and obstetricians. In
this study, there was a significant difference in the Caesarean delivery rate between
the two groups. The group that experienced community based care had a Caesarean
section rate of 13.3% (73/550) and the group that had standard hospital based
care had a Caesarean section rate of 17.8% (96/539). The difference remained after
controls were implemented for other known factors which may have contributed to
their Caesarean sections (OR = 0.6, 95% CI 0.4-0.9, P = 0.02) [101].
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A Canadian randomised controlled trial in 1996 examined the outcomes of
nearly 200 low-risk women who were assigned randomly to either nurse-midwife
led care or physician (family doctor and obstetrician) led care. The nurse-midwife
led group had a Caesarean deliver rate of 4% in comparison with 15.1% in the
physician group. There were also lower rates of epidural and episiotomy usage in the
nurse-midwife led group [102].

Their relatively low numbers may explain the variations in the reported findings
of these studies. The British Journal of Obstetrics and Gynaecology performed a
systematic review in 2005 of randomised controlled trials in which the study inter-
vention was characterised as midwifery-led care versus standard obstetric care. This
review highlighted seven trials, including 9148 women. In general, they found that
women who experienced midwifery-led care in their antenatal and labour courses
were less likely to have interventions in labour including induction of labour, use of
oxytocin, epidural usage, CT'G monitoring, operative vaginal delivery and episi-
otomy. However there was no difference in the Caesarean delivery rate between the
two groups (OR 0.91; 95% CI 0.78-1.05) and there were no observable differences
in infant and maternal outcomes. [103].

The British Journal of Obstetrics and Gynaecology published the ‘Birthplace
study’ in 2011 [104]. This large prospective cohort-based study of 64,538 women
had the objective of comparing perinatal outcomes, maternal outcomes and
interventions in labour by planned place of birth at the start of care in labour for
women with low risk pregnancies. This study took place in NHS care facilities across
England. Recruitment criteria included both nulliparous and multiparous women.
The Birthplace study concluded that a choice of birth setting was optimal for
women with low risk pregnancies and determined that those women who delivered
in a midwifery unit or multiparous women who delivered at home experienced
fewer interventions with no change in perinatal outcomes. When specifically
comparing intrapartum Caesarean section rates, intended place of birth (with this
decision made antenatally) varied significantly. Those who intended to give birth
in an obstetric unit had an intrapartum Caesarean section rate of 11.1% (99% CI
9.5-13.0). This compared with those who intended to give birth in a midwifery unit
or at home having intrapartum caesarean delivery rates of 3.5% (99% CI 2.8-4.2)
and 2.8% (99% CI 2.3-3.4) respectively.

3.4 External pelvimetry

It is estimated that 600,000 worldwide die annually as a result of complications
of pregnancy [105]. Of these, approximately 25% are thought to be attributable to
cephalo-pelvic disproportion [105-108]. Cephalopelvic disproportion is defined
as a mismatch between the size of the foetal head and size of the maternal pelvis,
resulting in ‘failure to progress’ in labour for mechanical reasons [109]. It is there-
fore of significant global public health benefit to be able to accurately predict and
detect these women who are more likely to require Caesarean section and to be
in a position to predict this prior to labour onset. This is of particular importance
in areas where Caesarean section is not feasible in order to be able to refer these
women to units where Caesarean section may be performed. In the developed world
where access to Caesarean section is easier, it is also desirable to be in a position
to accurately predict those women who may require same, thus the importance of
development of prediction models for Caesarean section.

External pelvimetry was the first known technique used to predict cephalopelvic
disproportion [110, 111]. It involves the usage of a pelvimeter (e.g. Breisky pelvim-
eter). August Briesky was an Austrian gynaecologist who developed a pelvimeter
in the nineteenth century in order to aim to accurately measure the dimensions of
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the female pelvis. A prospective cohort study published in the British Journal of
Obstetrics and Gynaecology in 2000 by Liselele et al. [110] outlined the findings

of 605 nulliparous women carried out in four hospitals in Zaire. They assessed
maternal height and pelvimetry at the third trimester antenatal visit in order to
predict women at risk for cephalo-pelvic disproportion with subsequent increased
risk of Caesarean section. They considered women with a height less than 150 cm
and/or external pelvic distances less than the 10th centile (<9.5 cm) for the popula-
tion to be at highest risk. A height gauge was used to ascertain maternal height and
pelvimetry was assessed externally using a Breisky pelvimeter. They considered
cephalopelvic disproportion to be present in 42 women. Their analysis showed that
maternal height less than 150 cm and/or transverse diagonal of the Michaelis sacral
rhomboid area less than 9.5 cm were most likely to be associated with cephalopelvic
disproportion and labour dystocia (odds ratio of 2.2 [95% CI 0.9-5.4] and 6.5 [95%
CI 3.2-13.2], respectively]. They also showed a positive predictive value of 24% [95%
CI 2-8 to 5-8]) [110]. The transverse diagonal of the Michaelis sacral rhomboid area
assessed by pelvimetry was noted to be of significant importance in the development
of a model. The authors of this study recommended external validation of this model
in a separate cohort before it becomes implemented in clinical practice. With a PPV
of 24% this did not translate into a worthy research pursuit in high resource income
setting. However, it is worth considering in the low resource setting where timely
access to skilled birth attendants may be considerably restricted.

In 2007, Rozenholc et al. [112] performed another prospective cohort study spe-
cifically incorporating the measurement of the transverse diagonal of the Michaelis
sacral rhomboid area which had been noted to be predictive by Liselele et al. previ-
ously, along with other anthropometic measurements including maternal height.
This study looked at 807 nulliparous term women at term who completed a trial of
labour and delivered a singleton fetus with a cephalic presentation. Ninety-eight
women (12.1%) were found to have labour dystocia. They concluded the combina-
tion of the maternal height with the transverse diagonal of the Michaelis sacral
rhomboid area could identify, before labour, more than half of the cases of dystocia
in nulliparous women, therefore being a useful prediction model for prediction of
Caesarean section.

3.5 X-ray pelvimetry

X-ray can also be used to assess pelvimetry. This is usually done by measuring
the pelvic outlet, pelvic inlet and mid-pelvis using conventional x-rays with an
anterior-posterior and a lateral view [113]. A Cochrane review published in 2017
identified a total of 1159 women who had participated in five separate trials. All
five of these trials used X-ray pelvimetry in pregnancy [114]. This review found
that there was insufficient evidence to support the routine use of X-ray pelvimetry
for assisting with decision making in determining the most appropriate mode of
delivery for women. They concluded that women who underwent an X-ray pelvim-
etry may have an increased likelihood of undergoing a Caesarean section without
any improved benefits for the woman or baby.

3.6 MRI pelvimetry
The usage of MRI has now been applied to pelvimetry. This has potential advan-
tages including the fact that there is no exposure of mother or fetus to radiation and

the higher calibre of the quality of images makes it easier to calculate the volume of
the maternal pelvis and the foetal head [115].
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Sporri et al. in their prospective observational study published in 2002 also
determined that the efficacy of MRI for clinical use in dystocia is limited and rec-
ommended further research in order to determine the most appreciate anatomical
landmarks which should be examined [116].

In 2004, Zaretsky et al. published their findings on MRI assessment of pel-
vimetry and its usage in the prediction of labour dystocia in another prospective
study. This involved performing an MRI on 101 nulliparous women who were
scheduled for an induction of labour for post-term pregnancy (>42 weeks). They
found that MRI is accurate at predicting women who are at significant risk for
labour dystocia but it is not of significant benefit when compared with other
methods of pelvimetry [117].

3.7 Models for predicting vaginal birth after caesarean section

There is a significant body of research, which has examined the ability to predict
a successful vaginal birth after a previous Caesarean section (VBAC).

The National institute of Child Health and Human Development Maternal-Fetal
Medicine Units Network created a registry between 1999 and 2002 that incorpo-
rated the pregnancy outcomes of women who delivered at their 19 units. Using this
data, a prediction model was developed to provide individual risk of probability of
a successful VBAC for women with a singleton, cephalic presentation fetus at term
who had experienced one prior Caesarean section. The data of 11,856 women were
analysed. The key predictors include maternal BMI, maternal age, body mass index,
ethnicity (Caucasian women having higher success rates), timing of the vaginal
delivery in relation to the Caesarean, history of vaginal delivery and indication for
the prior Caesarean [118].

The model has been successfully validated by this group and in several other
cohorts [119-121].

3.8 Conjugate models to predict labour dystocia

Kim et al. in their prospective observational study published in 2010 examined
clinical and ultrasonographic parameters for predicting the risk of intrapartum
Caesarean delivery in nulliparous women [122].

These investigators recruited 453 women and performed clinical and ultraso-
nographic assessments at 37 weeks’ gestation. Fifty-seven (12.6%) of these par-
ticipants had an intrapartum Caesarean delivery. They analysed the importance of
clinical parameters including maternal age, maternal height, maternal weight and
Bishop score. Ultrasonographic parameters documented included foetal biparietal
diameter, abdominal circumference, estimated foetal weight, amniotic fluid index
and cervical length. Univariate analysis was used to confirm normal distribution.
This was conducted using the Student’s t-test and Mann-Whitney U test amongst
others. Multiple logistic regression analysis was utilised to identify which param-
eters were most associated with primary Caesarean delivery.

The five most significant parameters in predicting the risk of Caesarean deliv-
ery in nulliparous women were as follows: Maternal age OR 1.19 (95% confidence
interval [CI], 1.09-1.30], P < 0.0001; maternal height (cm) OR 0.89 (95% confi-
dence interval [CI], 0.84-0.95), P 0.001; foetal abdominal circumference (cm) OR
1.55 (95% confidence interval [CI], 1.23-1.97), P < 0.0001 and estimated foetal
weight (g) OR 1.002 (95% confidence interval [CI], 1.001-1.004), P < 0.000. A
prediction model was developed based on these significant parameters. The model
was constructed using stepwise forward logistic regression analysis of the potential
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predictors identified and the authors concluded that this could be of benefit in
assisting decision-making around the most appropriate mode of delivery for
women.

This study was designed as a prospective observational study with a sample
size of 453 women. However, it should be noted that the authors did not consider
examine BMI as a potential predictor. This has been shown by many studies in the
literature, some of which have already been mentioned [98, 123] in this literature
review as being highly predictive for intrapartum Caesarean delivery. The authors
also cautioned that the predictive performance of the model might be overstated as
its measures of discrimination are derived from the same analysis that was used to
derive the model. They recommended further studies to validate this model in other
study populations.

Mazouni et al. also developed and validated a nomogram to predict the risk of
Caesarean delivery in macrosomic infants [124]. This was developed using the data
collated from 246 women initially and validated in a further study of 206 women in
Marseille, France. Interestingly, this study also included multiparous women. The
final key predictors, which were incorporated into the nomogram, were: mater-
nal age (p = 0.01), maternal height (p = 0.02), parity (p < 0.001), and previous
Caesarean section (p = 0.009). This study did not examine any ultrasonographic
details and instead it retrospectively examined the maternal data of women who
had delivered a baby >4000 g.

Burke et al. published in 2017 a similar conjugate model [125] that represents the
predecessor for the subject of this thesis. The genesis study was a prospective obser-
vational study, which recruited 2336 low-risk nulliparous women from the island
of Ireland from October 2012 to June 2015. These women attended for ultrasound
assessment and collection of maternal anthropometric data from 38 + 0 weeks of
pregnancy until 40 + 6 weeks of pregnancy and their delivery outcomes were later
collated. Genesis found that five parameters were noted to be the most significant
predictors of risk of a nulliparous women undergoing intrapartum Caesarean
section delivery. These 5 parameters were advancing maternal age OR, 1.21 (95%
confidence interval [CI], 1.09-1.34), P = .0005; increasing maternal BMI OR,

1.29 (95% CI, 1.17-1.42), P < 0.0001; shorter maternal height OR, 1.72 (95% ClI,
1.54-1.92), P < 0.0001; larger foetal HC OR, 1.27 (95% CI, 1.13-1.42), P = 0.0001;
and larger foetal AC OR, 1.23 (95% ClI, 1.1-1.37) P = .0004.

These five predictors were then used to develop a nomogram to individually cal-

culate each nulliparous woman’s risk for requiring intrapartum Caesarean delivery.

4, Conclusions

We have highlighted the benefits of risk prediction models in many aspects of
healthcare. We know from our own reading that these models have been developed
in the field of obstetrics and particularly with the interest of predicting intrapartum
caesarean delivery.

However, we are still awaiting a validated successful model, which may be used
in clinical practice. We have also not identified any research studies examining the
usage of Artificial Intelligence to aid with risk prediction or any randomised trials
reviewing the merits of elective Caesarean delivery versus trial of labour in the
event of cephalo-pelvic disproportion.

A focus group amongst expectant first-time mothers in our unit confirmed that
women would be keen on the introduction of a risk predictive tool, which would be
individualised for each woman. They felt that this would aid them in their decision-
making and birth planning.
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We can see from other areas of medicine that risk predictive tools are a valuable
asset for clinicians in their optimum care of patients. To date, we have not found
arisk predictive tool, which is in routine clinical use specifically for predicting
intrapartum caesarean delivery.
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Chapter2

Hemostasis for Massive Hemorrhage
during Cesarean Section

Jun Takeda, Shintaro Makino and Satoru Takeda

Abstract

Arterial ligation for massive hemorrhage during cesarean section may often fail
to achieve hemostasis because of abundant collateral circulation. In recent years,
various methods of hemostasis have been used, of which the most common are
compression sutures, uterine balloon tamponade. In cases of massive hemorrhage,
patients must be kept in good systemic condition, and local hemostasis must be
achieved while paying attention to the possible occurrence of coagulopathy under
monitoring of fibrinogen levels. When concomitant coagulopathy is present, local
hemostasis is difficult to achieve because of hemorrhagic tendency. In such a case,
obstetrical damage control procedures should be performed. First, the hemorrhagic
area should be compressed with a towel or balloon, and at the same time, the artery
should be blocked or compressed to reduce the blood flow into the uterus. The
following resuscitation must also be implemented for warming intervention; blood
transfusion to maintain the circulating blood volume; and the treatment of coagu-
lopathy by “triple C supplement,” such as combined administration of fresh-frozen
plasma and concentrated coagulation factors promptly to obtain a blood fibrinogen
level of at least 150-200 mg/dL. If coagulopathy is eliminated, the conventional
hemostatic procedures become effective. Hysterectomy is the last measure for
hemostasis.

Keywords: cesarean section, compression suture, interventional radiology,
massive hemorrhage, obstetrical damage control, uterine balloon tamponade

1. Introduction

The maternal mortality rate in Japan had been decreasing steadily until 2007
(3.1 per 100,000 total births), but thereafter, it showed a fluctuating pattern. The
rate was 2.7 per 100,000 total births in 2014 but increased to 3.4 per 100,000 total
births in 2016. The major causes of maternal deaths include, in descending order of
frequency, critical obstetrical hemorrhage, intracranial hemorrhage, amniotic fluid
embolism, aortic vessel disease, respiratory disease, and infectious diseases [1].
Japan has approximately 1 million deliveries per year. A survey conducted by a study
group of the Ministry of Health, Labour and Welfare estimated that 4000-5000
cases of pregnancy-related critical illness, if not death, occur every year [2]. Among
these cases of critical illness, massive hemorrhage is the most frequent cause and is
treated by various hemostatic procedures, hysterectomy, or transcatheter arterial
embolization (TAE). An analysis of the patients who survived showed that mas-
sive hemorrhage during cesarean section accounted for approximately 70% of all
cases [2]. Most cases had placenta previa accreta, bleeding from the surface of the
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placental separation, or concomitant coagulopathy with hemorrhagic tendency
[2, 3]. Therefore, the technique of controlling hemorrhage during cesarean sec-
tion must be mastered. On the other hand, the widespread use of TAE has made it
possible to save the patient’s life in most cases of massive hemorrhage after vaginal
delivery, unless uterine rupture or some other serious conditions occur [3, 4].

Obstetrical hemorrhage occurs abruptly and in a large quantity. If the amount of
bleeding exceeds 2000 ml, disseminated intravascular coagulation (DIC) is likely
to occur concomitantly. When coagulopathy is present, adequate uterine contrac-
tion may not occur, resulting in atonic hemorrhage, which causes further hemor-
rhage that leads to a vicious circle of adverse events. In view of this particularity of
obstetrical hemorrhage, the Japanese Clinical Practice Guide for Critical Obstetrical
Hemorrhage was developed in 2010. The current revised edition of this guideline
[5] recommends a new concept of obstetrical transfusion therapy, treatment of
coagulopathy, and hemostatic techniques such as compression sutures, intrauterine
balloon tamponade, administration of uterotonics and tranexamic acid [3, 5-9]. If
coagulopathy is present, the fibrinogen level becomes extremely low, and reversal
of hemorrhagic tendency can be achieved only by administration of cryoprecipitate
or fibrinogen concentrate or transfusion of fresh-frozen plasma (FFP) [3, 5, 10].

In addition, simulation training for obstetrical emergency care has been conducted
widely to promote good team medical care in emergency settings [1].

This chapter provides an outline of hemostatic procedures that should be per-
formed for massive hemorrhage during cesarean section, without hastily adopting
hysterectomy. In addition, the methods of transfusion to achieve early hemostasis
in order to meet the pathological condition of coagulopathy with hemorrhagic
tendency and the procedures for obstetrical damage control in cases with DIC will
also be described.

2. Hemostatic strategy for massive hemorrhage during cesarean section
2.1 Systemic management and treatment of hypofibrinogenemia

Once hemorrhage has occurred, it is important not only to determine red blood
cell (RBC) count, hemoglobin level, hematocrit value, and biochemical parameters
but also to measure plasma fibrinogen levels over time by using a simple rapid
fibrinogen measuring instrument as point-of-care testing in order to perform
early diagnosis and treatment of coagulopathy [5, 10]. In cases of massive hemor-
rhage, it may be difficult to assess the accurate amount of bleeding. In many cases,
the amount of bleeding is underestimated, and the timing of transfusion may be
delayed. Therefore, maintaining the blood pressure such as infusion of large volumes
of artificial colloid solution and albumin solution, and quick implementation of
temporizing hemostatic procedures such as packing, manual uterine compression,
and aortic compression, are important until the access to blood transfusion [3].

If circulatory failure persists despite these procedures or if coagulopathy occurs,
transfusion of RBC concentrate alone cannot maintain the sufficient circulation blood
volume, on the contrary, it may lead to dilution coagulopathy. Administration of
FFP is necessary for achieving the elevation and maintenance of blood pressure and
colloid osmotic pressure. It should be noted that if the patient experiences shock, RBC
transfusion alone cannot increase blood pressure; FFP and RBC should be adminis-
tered at a ratio of 1:1 in the same manner as in cases of trauma [3, 5, 10]. In cases of
consumption coagulopathy, such as in placenta abruption or amniotic fluid embo-
lism, and coagulopathy following massive hemorrhage, the blood fibrinogen level
is often <100 mg/dL. Therefore, elimination of the hemorrhagic tendency requires
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transfusion of 1015 units of FFP; usually 15 units of FFP are necessary to increase the
blood fibrinogen level by 100 mg/dL. To eliminate the hemorrhagic tendency, rapid
transfusion of at least 10 units of FFP, rather than RBC, must be performed. Without
this treatment, hemorrhage may persist, and the hemorrhagic tendency may continue
for days [11]. The mainstay coagulopathy management is elimination of coagulopathy
within 6 h. For this purpose, rapid transfusion of FFP should be performed to obtain
ablood fibrinogen level of >150-200 mg/dL, and a prothrombin time of >70%
should be targeted [3, 5, 10, 11]. After these treatments, the FFP/RBC ratio of the total
transfusion volume may exceed 2.0 in some cases. If blood of the same type is lacking
or there is no time for cross-matching in cases of life-threatening critical hemorrhage,
not crossmatched compatible RBC such as type O RBC and type AB FFP should be
used without hesitation [5]. Rapid transfusion of FFP may cause asymptomatic (satu-
ration of percutaneous oxygen [SpO,] of <95%) or symptomatic pulmonary edema
[5]. Therefore, early treatment with a diuretic, carperitide, or a f-agonist should be
provided while monitoring the central venous pressure or SpO,, or more concentrated
blood product, such as fibrinogen concentrate and cryoprecipitate, should be given.
In patients with hypofibrinogenemia, the blood fibrinogen level could be more
promptly, more efficiently elevated by administration of 3 g of fibrinogen concen-
trates (3 g of fibrinogen concentrate is almost equivalent to fibrinogen in 12 units
of FFP) or three bags of cryoprecipitate (one bag of cryoprecipitate is derived from
approximately 480 ml of FFP) [10-13]. If the patient develops coagulopathy, any
other coagulation factors than fibrinogen will also decrease. Therefore, FFP and
cryoprecipitate are necessary to maintain the sufficient circulation blood volume
and supplement other coagulation factors. As the supplies of fibrinogen concen-
trate and cryoprecipitate have limitations according to the country and region,
“Combined administration of FFP and concentrated coagulation factors (triple C)
supplement” has been recommended for treating coagulopathy through efficient
administration of these three agents to supplement sufficient coagulation factors,
especially fibrinogen, to replace blood volume and to maintain blood pressure and
colloid osmotic pressure. Management of massive hemorrhage with a focus on
“triple C supplement” never caused hemostatic failure that required hysterectomy
in >300 patients with cesarean section in whom placenta abruption was accompa-

nied by coagulopathy.
2.2 Local hemostasis
2.2.1 Hemostasis for the surface of the placental separation

For severe hemorrhage from the surface of the placental separation in cases
of placenta previa or placenta accreta, pressure hemostasis with gauze and suture
hemostasis have been performed commonly, but these procedures are often unsuc-
cessful in the presence of bleeding from a large area. Although separation of the
bladder may be necessary on the anterior wall, the use of a simple suture or Z-suture,
piercing the whole myometrium at several sites [3]; a large U-shaped suture; an
interrupted circular suture consisting of repeated simple sutures in the entire
circumference of the anterior and posterior walls [14]; and a suture of the muscular
layer to block blood flow in four directions has been reported [3, 14, 15]. On the
other hand, Bakri [16] reported that uterine balloon tamponade was effective for
controlling hemorrhage from the surface of separation of the placenta previa. This
method is also effective for hemostasis during cesarean section (Figure 1) [6].

On the other hand, the success rate of internal iliac artery ligation and uterine
artery ligation for uterine bleeding is limited and unsatisfactory, because of marked
blood inflows via abundant anastomosis of the peripheral uterine artery from the
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Figure 1.

Balloon insertion during cesarvean section. (Produced with permission from Makino et al. [6].) (A) Balloon
was inserted through the uterine wound. (B) Eighty to two hundred milliliter of saline is sufficient to achieve
hemostasis.

external iliac artery and the aorta [3]. Uterine devascularization, by which the distal
portion of uterine artery and the ovarian artery are ligated on the uterine side, has

a strong hemostatic effect [17]. However, functional disorders of the uterus and
ovaries were reported, such as ovarian dysfunction, oligomenorrhea, endometrial
hypoplasia, infertility, uterine cavity adhesions and uterine necrosis [3, 18].

2.2.2 Compression sutures

In cases of atonic hemorrhage, the technique of compression sutures (B-Lynch
technique), which was first reported by B-Lynch et al. [19], is used when bimanual
compression and administration of uterotonics fail to control bleeding. This
technique uses compression of the bleeding surface by joining the anterior and
posterior walls of the uterus together. The B-Lynch technique is effective for both
hemorrhage from the surface of separation of the placenta previa and atonic hemor-
rhage and is used for controlling hemorrhage in the lower segment (isthmus) and
body of the uterus. As the B-Lynch technique consists of complicated procedures,
various modifications have been devised and reported [3, 20]. Various hemostatic
techniques include those involving the uterine body or the lower uterine segment
(isthmus) alone, or both parts of the uterus for atonic hemorrhage [21, 22].

In our technique of uterine isthmus vertical compression sutures, we used two
vertical sutures to achieve pressure hemostasis by sewing the anterior and poste-
rior walls at the uterine isthmus together vertically. This technique is effective for
controlling not only hemorrhage in the placenta previa but also atonic hemorrhage
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A B

Figure 2.

Double vertical compression sutures. (Produced with permission from Makino et al. [6].) Compression sutures
at the uterine isthmus are placed to achieve hemostasis for the atonic bleeding or hemorrhage from a placenta
previa. Additional sutures could be placed, as with the modified B-Lynch sutuve technique, if (A) is not

effective.

(Figure 2) [3, 6, 21-23]. After exposing the muscular layer in the lower uterus, two
stitches piercing the anterior and posterior walls, one each on the right and left sides,
were made to place ligation sutures vertically. When the initial vertical compression
sutures fail to achieve hemostasis or when there is concomitant coagulopathy, the
technique of double vertical compression sutures, a combination of compression
sutures and a modified B-Lynch technique, should be used (Figure 2) [6, 21].
Synthetic absorbable threads such as Vicryl Rapide® are used. Only two stitches of
vertical sutures can also cause pain because of uterine ischemia in some patients, and
laparoscopic removal of the thread is required occasionally [24]. This suggests that
the procedure of vertical compression sutures not only causes hemostasis by pressing
the bleeding surface but also blocks the blood flow entering the uterus from the right
and left sides through thread suturing the uterus vertically [22, 25-27]. Therefore,
further investigation is necessary as to whether thread removal should be performed
even when a quickly absorbable thread is used.

2.2.3 Interventional vadiology

Techniques of interventional radiology (IVR) for massive hemorrhage during
cesarean section include the arterial balloon occlusion technique by which an arte-
rial balloon catheter is inserted preoperatively to prevent massive hemorrhage and
the TAE technique, which is performed intraoperatively in the hybrid operating
room [3, 28-30]. The former technique is used in cases of placenta previa accreta
and in myomectomy after fetal delivery in cases of pregnancy with a giant myoma.
When massive hemorrhage is predicted preoperatively or when hysterectomy is to
be performed for placenta accreta, an arterial balloon is placed in the aorta, common
iliac artery, and so on. In cases where a procedure that may induce hemorrhage is
used or where hemorrhage occurs, the balloon will be inflated to block the arterial
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Figure 3.

Hemostatic strategy during cesarean section. (Produced with permission from Takeda et al. [3].) Balloon
tamponade or several sutures have priovity over TAE or arterial ligation. TAE: transcatheter arterial embolization.

blood flow temporarily to reduce hemorrhage (Figure 3) [29-32]. The TAE technique
is used for embolization of the bleeding artery in patients operated on in a hybrid
operating room equipped with the fluoroscopic apparatus or in surgical patients who
are temporarily transferred to a room where a fluoroscopic apparatus is available.

This technique is considered useful for patients in whom various local hemostatic
procedures have failed to control hemorrhage [28, 29]. However, the association of
TAE with prolonged uterine ischemia has become apparent, even when an absorbable
embolus such as Spongel® is used [33, 34]. The following complications of TAE have
been reported: Asherman syndrome; infertility; ovarian dysfunction (increase in
follicle-stimulating hormone levels); endometrial hypoplasia; menstruation disorders
(e.g., amenorrhea, menstrual irregularity, oligomenorrhea, and hypomenorrhea);
and pregnancy wastage, puerperal massive hemorrhage, placenta accreta, placenta
previa, and uterine rupture in subsequent pregnancies [3, 4, 28, 29, 33, 34]. Therefore,
TAE and hysterectomy should be recognized as a last measure to be used only when
the a forementioned techniques have failed to achieve hemostasis (Figure 2) [3].

3. Obstetrical damage control

Hemostasis often cannot be achieved promptly in cases of massive hemorrhage
accompanied by coagulopathy. In such cases, damage control surgery (DCS) and
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resuscitation, which represent the therapeutic concept of life-saving intervention
for severe trauma accompanied by massive hemorrhage, should be performed
[35, 36]. In the field of emergency medical care, DCS rather than standard surgery
is performed in patients having hemorrhagic shock. The primary cause of intraop-
erative and postoperative deaths in patients with severe trauma accompanied by
massive hemorrhage is not loss of blood from the uncontrollable bleeding source
but a combination of three abnormalities, namely metabolic acidosis, hypothermia,
and blood clotting disorder. These abnormalities are called the lethal triad of death
from trauma, resulting from collapse of physiological homeostasis [35, 36]. To treat
this condition, gauze or towel packing of the abdomen or the whole pelvis should
be performed to provide pressure hemostasis as a part of the DCS [37, 38]. In the
meantime, the patient’s vital signs and body temperature must be monitored and
assessed over time. The patient should be managed to keep in appropriate body
temperature. Blood transfusion should be performed to resuscitate the patient from
shock and coagulopathy. If hemostasis is judged to be unachievable, the patient
should be transported to a higher-level medical facility after performing temporary
abdominal closure with intra-abdominal packing [3]. Charoenkwan reported the
use of Barki balloon, a method similar to towel packing, to control hemorrhage
from the pelvic floor after hysterectomy and from the posterior aspect of the uterus
after cesarean section [39, 40].

Hemorrhage may become uncontrollable owing to coagulopathy during cesarean
section for cases such as placenta abruption. In these cases, the first measure to
be taken is not immediate initiation of hysterectomy. Instead, both application of
pressure with a towel or a balloon, and treatment of coagulopathy, in an attempt
to prevent the lethal triad of death, may allow avoidance of hysterectomy [11].
Treatment of coagulopathy is accomplished with “triple C supplement” that is a com-
bined administration of FFP and concentrated coagulation factors, such as fibrinogen
concentrate, cryoprecipitate, antithrombin, and so on. As the patient’s condition may
worsen during hysterectomy, pressure should be applied with gauze or a towel after
removal of the uterus, and the focus should be on volume replacement, warming
of the patient, and treatment of coagulopathy. When the hemorrhagic tendency is
improved, drain insertion and abdominal closure are performed. Thus, implementa-
tion of resuscitation while the surgical procedure is suspended allows avoidance of
unnecessary hysterectomy and hemorrhagic death [3, 11].

In any event, it is important to be familiar with the practice guidelines and emer-
gency care measures for obstetrical critical hemorrhage and to run a simulation
of the preparation and actions to be taken in emergency settings. Such simulation
training should involve the whole hospital, including not only the obstetrical team
consisting of medical and paramedical staff members but also the clerical personnel
in charge of the arrangement of blood transfusion, human resources, transfer of
patients, and so on. This study emphasizes the importance for obstetrical staff to
actively participate in educational programs about maternal emergency in order to
prepare for any emergency [1].

4, Conclusion

In cases of massive hemorrhage during cesarean section and in other situations,
performing local hemostatic measures while keeping the patient in good systemic
condition, monitoring the fibrinogen level, and paying attention to possible occur-
rence of coagulopathy are important. Minimally invasive hemostasis that has little
influence on subsequent pregnancies and deliveries should be attempted [3]. If
DIC is present, hemorrhage becomes difficult to control with the usual hemostatic
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procedures; therefore, “triple C supplement,” such as combined administration of
concentrated coagulation factors and FFP is necessary in parallel with hemostasis.

If massive hemorrhage occurs during surgery and coagulopathy occurs con-
comitantly, effective hemostasis cannot be achieved because of the hemorrhagic
tendency. In this case, obstetrical damage control should be performed [3, 11]. First,
pressure should be applied to the hemorrhagic area with a towel or balloon, and at
the same time, arterial blockage or compression should be performed to decrease
the blood flow into the uterus. Second, warming of the patient should be imple-
mented. Third, blood transfusion should be performed to maintain the sufficient
circulation blood volume. Rapid “triple C supplement” is also important to obtain a
blood fibrinogen level of at least 150-200 mg/dL for the treatment of coagulopathy.
If coagulopathy is eliminated, the usual balloon tamponade, compression sutures,
arterial ligation, and so on become effective. Hysterectomy should be considered as
a last hemostatic measure.
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Chapter 3

Maternal and Fetal Risks in Higher
Multiple Cesarean Deliveries

Constantin Zwergel and Constantin S. von Kaisenberg

Abstract

The professionalization of women has shifted family planning to increased
maternal ages. This has increased the use of assisted reproduction. Therefore, the
tolerance toward suboptimal outcome of pregnancy decreases, and self-determined
decision-making is on the rise. Once women have made the decision for elective
cesarean section in their first pregnancy, subsequent pregnancies may result in
multiple cesarean deliveries. This chapter analyzes the risks associated with higher
multiple cesarean deliveries, such as bleeding and transfusion, adhesions, bowel
and urinary tract injury, and uterus rupture. It also discussed the risks for vaginal
birth following cesarean (VBAC) following multiple cesareans. Also there are
neonatal risks involved, and women may require specific obstetric anesthesia.

The chapter will analyze the risks for the offspring and the mother depending on
the number of previous cesarean sections. This may enable detailed counseling of
parents before a higher multiple repeat cesarean section is performed.

Keywords: multiple repeat cesarean section, maternal risks, fetal complications,
morbidity, outcome

1. Introduction

Cesarean section is a surgical technique of delivery that frequently saves the life of
both the mother and the baby. Although many women especially in the Western world
have only one or two children, there are many countries and communities in which the
availability of effective contraception is limited and larger families are common. The
recent World Health Organization (WHO) data on the frequency of cesarean section
show that cesarean section has increased dramatically throughout the world in the past
two decades [1]. This rise is independent of the stage of development of a country. In
addition, the increase in cesarean section rates shows no signs of slowing down. There
are at least two significant reasons for this increase, although the phenomenon has not
been yet fully understood: the increasing rate in primary cesarean sections and the
rapidly decreasing rate of vaginal birth after cesarean section (VBAC) [2]. An increasing
rate of cesarean sections results inevitably in a rise of multiple repeat cesarean deliveries.

It is known that multiple cesarean sections are associated with short- and long-term
risks for both the mother and the baby [3-7]. There are several significant maternal
complications such as visceral injury, uterine rupture, abnormal placentation, hys-
terectomy, bleeding and transfusions, severe adhesions, etc., most of which increase
with an increasing number of repeated cesarean sections. There are also neonatal risks:
babies born via multiple repeat cesarean section are more likely to experience breath-
ing difficulties and to require admission to neonatal intensive care [4, 5, 8, 9].
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Although cesarean section is now safer than it has ever been before, there are
some knowledge gaps, and there is uncertainty among many obstetricians about
the risks involved in multiple cesarean sections, especially when the number
exceeds four. Thus, we would like to summarize the results of the most important
studies investigating maternal and fetal risks in multiple repeat cesarean sections
enabling and facilitating the counseling of parents and the decision-making for
delivery.

2. Data collection

We did a systematic literature review of PubMed and the Cochrane Database.
Search terms used were multiple cesarean section, repeat cesarean delivery, mater-
nal morbidity, neonatal morbidity, maternal and fetal outcome of multiple cesarean
section, bladder injury, uterine scar rupture, placenta increta/percreta, hysterec-
tomy, hemorrhage and transfusion, adhesions after repeat cesarean section, vaginal
birth after cesarean section, VBAC after cesarean section, and timing of repeat
cesarean delivery.

Prior to beginning the search, we defined inclusion and exclusion criteria.
Inclusion criteria were randomized controlled trials, cohort studies, case—control
studies, systematic reviews, meta-analysis, and the above search terms. Exclusion
criteria were comments, letters to the editor, personal communications, and case
reports.

The authors selected the articles first through focused review of the abstracts.
Eligible studies underwent full text review. We identified a total of 2190 studies of
which 1999 were excluded for not meeting either the inclusion criteria or exclusion
criteria or for not answering the research question.

A total of 38 studies and 2 Cochrane systematic reviews ranging from 2005 to
2018 were included in the final analysis. All manuscripts were retrieved in elec-
tronic PDF format and analyzed in detail.

The references of the most important studies were again checked for eligibility
as part of the search strategy. Data from the randomized controlled retrospective
trials and Cochrane systematic reviews were extracted by topic, and data were
grouped and reanalyzed.

Thus, the result of this chapter is a review of the safety and risks associated
with multiple repeat cesarean section for both the mother and the baby. This can
be helpful for the counseling of parents and the decision-making of the mode of
delivery.

3. Maternal risks

The results of the most important maternal risks of multiple repeat cesarean
sections are summarized (Table 1). In total eight studies were eligible and were
included in this review. Furthermore, each one of the risks is discussed in detail.

The results of Table 1 demonstrate that the frequency of bowel and bladder
injury is about 0.1% with up to three previous cesarean sections and just under 1%
thereafter [3-7]. Uterine rupture is <1% up to two cesarean sections but increases
thereafter to about 4%. Blood transfusions are common and required in up to 5%.
Intensive care does not increase substantially and is less than 2% (and may also be
due to underlying diseases). Hysterectomy and placenta accreta are less than 1% for
up to three cesarean sections but 2.5-3% in more than four. Severe adhesions are
already common in more than one cesarean section.
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Maternal risks of multiple repeat cesarean section

First CS Second CS Third CS >4CS
Bladder injury 0.09% 0.06% 0.23% 0.81%
n = 6/6616 n =10/17,378 n =17/7201 n = 20/2461
[5,8,10,11] [3,5, 8,10, 11] [3,5,8,10,11] [3,5,8,10,11]
Bowel injury 0.13% 0.09% 0.18% 0.85%
n = 6/6616 n =10/17,378 n =17/7201 n =20/2461
[5, 8,10, 11] [3,5, 8,10, 11] [3,5, 8,10, 11] [3,5, 8,10, 11]
Uterus rupture 0.43% 0.61% 3.71% 4.34%
n = 126/28,810 n = 52/8542 n=29/782 n = 41/945
[8,12] [3,8,12] [3, 8] [3, 4, 8,13]
Blood transfusion 4.05% 1.58% 2.23% 5.35%
n =261/6443 n = 273/17,280 n = 157/7050 n = 142/2652
[5, 10, 11] [3,5,10,11] [3, 5,10, 11] [3,5,10, 11, 13, 14]
ICU admission 1.99% 0.59% 0.63% 1.95%
n = 127/6374 n =104/17,388 n = 45/7106 n = 47/2408
[3, 8,10, 11] [3, 8,10, 11] [3, 8,10, 11] [3, 8,10, 11]
Cesarean 0.69% 0.43% 0.91% 2.49%
hysterectomy n = 44/6374 n = 75/17,378 n = 65/7106 n = 66/2652
[3, 8,10, 11] [3, 8,10, 11] [3, 8,10, 11] [3, 8,10, 11, 13]
Placenta accreta 0.56% 0.36% 0.67% 2.57%
n = 46/6374 n = 63/17,438 n = 48/7106 n = 62/2408
[8, 10, 11] [3, 8,10, 11] [3, 8,10, 11] [3, 8,10, 11]
Placenta previa 6.41% 1.35% 1.22% 2.87%
n = 398/6201 n = 231/17,170 n = 85/6955 n =72/2510
[10, 11] [3, 10, 11] [3,10, 11] [3,10, 11, 13]
Severe adhesions 0.83% 7.27% 20.00% 15.15%
n=2/242 n =8/110 n =19/95 n = 45/297
[5] [5] [5] [5,13]

Table 1.
Maternal risks associated with an increasing number of vepeated cesarean sections.

3.1 Urological and intestinal injury

The results of Table 1 demonstrate a slightly increased rate of injury of other
intraabdominal organs with increased number of repeat cesarean section. Most of
the relevant studies identified a significant difference in both bladder and bowel
injuries between lower and higher order elective repeat cesarean section [3-7].
Particularly after more than three prior cesarean sections, the risk of any injury
rises substantially [15]. This common finding is probably due to the higher rate of
severe adhesions after higher order multiple repeat cesarean section. A frozen situs
with multiple severe adhesions needs longer operation time and good surgery skills
resulting in higher risks of any injury [16]. Overall a bladder or bowel injury is a
quite rare complication in women with multiple repeat cesarean sections.

3.2 Uterine scar rupture

Uterine dehiscence or scar rupture is one of the most feared risks in women with
multiple repeat cesarean sections. As expected from the usual clinical experience,
the dates of Table 1 show an increased rate of uterine rupture with rising number of
repeat cesarean section, again especially in the group of higher order cesarean sec-
tion (more than three). Surprisingly in reality, most of the analyzed studies confirm
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this trend but also report that multiple prior cesarean deliveries were not signifi-
cantly associated with an increased risk for uterine rupture [3, 16, 17]. Between the
different studies, the definition and counting of incomplete or complete uterine
dehiscence, small membranic uterine scar, and real uterine rupture are heteroge-
neous. Also a uterine rupture can sometimes not be clearly detected. In conclusion,
uterine rupture is apparently an existing risk but does not seem to be critical and
significant for up to two previous cesarean sections.

3.3 Hemorrhage

The topic hemorrhage includes different maternal characteristics such as total
hemoglobin decrease, blood loss >1500 ml, any blood transfusion, or massive blood
transfusion (more than 4 units). Therefore there is inconsistency on the investi-
gated characteristics depending on the definitions used.

The results of the trials show (Table 1) that the quantity of any blood transfu-
sion and also the rate of ICU admission are higher in the first cesarean section on the
one side and in the higher order repeat cesarean section (>4) on the other side than
the number of transfusion in the second and third cesarean sections [3, 5, 10, 11,

13, 14]. The increased number of blood transfusions and lengthened intensive care
hospitalization following the first cesarean section may be explained by the fact that
in this cohort, emergency deliveries and more unexpected situations are included,
compared with the cohort of the elective second or third cesarean sections.

Some of the analyzed studies pointed out that there is a significant higher rate of
blood loss or any blood transfusion especially in the group of more than three repeat
cesarean sections [3, 7, 13, 15, 18]. This may be due to a higher rate of adhesions,
visceral injury, and possibly abnormal placentation (see also 3.4.). There are a few trials
where no differences in blood transfusions between the cohorts could be found [6, 16].

3.4 Abnormal placental invasion and hysterectomy

Abnormal placental invasion included several characteristics: placenta accreta,
increta or percreta, and placenta previa. Placenta accreta is a severe obstetric
complication characterized by abnormally deep attachment of the placenta.
Placenta increta or percreta describes the more invasive placental attachment to the
uterine wall, whereas placenta previa locks the natural birth canal. These placental
variations can lead to cesarean hysterectomy and/or a life-threatening maternal
hemorrhage.

Like with the other maternal risks, a higher order repeat cesarean section (more
than three) means a significant higher rate of placenta praevia, placenta accreta,
and hysterectomy (Table1) [3, 8, 10, 11].

Placenta accreta is probably the most clinically significant maternal morbidity
subsequent to cesarean delivery because of the association with life-threatening
hemorrhage that frequently results in peripartum hysterectomy, cystectomy,
and also iatrogenic preterm birth [10, 19-21]. The increase of the incidence of
placenta accreta seems to be directly related to the increasing number of mul-
tiple cesarean deliveries and is therefore associated with maternal and perinatal
morbidities [7, 10, 11].

The incidence of placenta previa also rises together with increased number
of cesarean section [3, 8, 10, 11, 22]. Another study pointed out that the rate of
placenta previa increased from nearly 1% with one previous cesarean section to
about 2.8% with more than three cesarean deliveries [7]. Our results demonstrate
(Table 1) that even a single prior cesarean delivery can increase the risk for placenta
previa [23].
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It is also interesting that compared with women with placenta previa and
no previous cesarean section, women with placenta previa and more than three
cesarean deliveries had a statistically significant increased risk of accreta (3.3-4%
vs. 50-67%), hysterectomy (0.7-4% vs. 50-67%), and composite maternal
morbidity (15% vs. 83%) [7].

As explained above, placenta previa and placenta accreta were found to be
one of the most important risk factors in terms of the need for hysterectomy [19].
Therefore, the rate of hysterectomy after multiple repeat cesarean section rises
parallel to the rate of placenta previa and accreta [3, 8, 10, 11, 13].

Altogether the results suggest that abnormal placentation is one of the most sig-
nificant factors by analyzing the adverse maternal outcome after multiple cesarean
section.

3.5 Long-term complications

Long-term complications are essentially due to the risk of severe adhesions after
multiple cesarean sections (Figure 1). Adhesions can be the consequence of nearly
every operation and can represent a serious problem for the delivery of women with
multiple repeat cesarean sections.

The results of Table 1 show that severe adhesions increased parallel to the
number of performed repeat cesarean section [10, 24-26]. Especially the rise of
the adhesions’ rate after more than three cesarean sections is dramatical. Both
the incidence and severity of adhesions have been demonstrated to increase with
increasing numbers of cesarean deliveries. Adhesions have been also associ-
ated with increased operative time, increased blood loss, and increased risk of
visceral injury.

Altogether, the rate of severe adhesions after multiple repeat cesarean section is
one of the most important keys for maternal outcome after multiple repeat cesarean
section.

In summary of the maternal outcome, the risk of some rare but serious maternal
morbidities such as visceral injury, hemorrhage, abnormal placentation, hyster-
ectomy, or severe adhesions is importantly increased with the number of multiple
repeat cesarean section. There is no clear absolute threshold for the number of
cesarean sections, but a total of four or more cesarean deliveries was identified as
the critical level for most of the major complications.

Figure 1.
The Omentum majus is adherent to the anterior uterine wall in a women with three prior cesavean sections
(with permission).
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4, Fetal risks

Multiple cesarean section may have consequences not only for the maternal but
also for the neonatal outcome. Unfortunately, most of the analyzed studies about
the risks of multiple cesarean sections place the focus on the mother. Data about the
fetal outcome depending on an increased number of cesarean sections are limited.
Table 2 shows an overview for some results of fetal risks in multiple repeat cesarean
sections.

There are only 4 studies with a total of 2895 babies that could be looked at [4, 5,
8, 9]. Altogether, there are no significant differences in adverse Apgar score, neo-
natal intensive care admission, and complications in the neonatal outcome between
the groups of lower and higher order repeated cesarean sections. It seems that the
neonatal outcome is related to the number of repeat cesarean sections; only some
nonsignificant trends were found for adverse fetal outcome. Furthermore, there
was no difference in the rate of perinatal death in women with prior cesarean sec-
tion versus vaginal delivery [27]. More detailed results of neonatal characteristics
such as asphyxia, pH-values, fetal defects, and short- and long-term neurological
outcome investigating the association with the numbers of repeat cesarean sections
could not be found.

There are some studies describing that previous cesarean delivery is associ-
ated with an increased risk of preterm birth and small-for-gestational-age
fetuses relative to women with no previous cesarean [28, 29]. One trial pointed
out that neonates of mothers having multiple repeat cesarean sections were
significantly more likely to be born prior to 37 weeks of gestation and therefore
had higher rates of complications and admissions, especially adverse respiratory
outcome (see also 7) [4]. This aspect may be based on a higher risk potential of
women with multiple prior cesarean section (e.g., higher mean maternal age,
gravidity, and parity of women who had more than one prior cesarean [5]) and
therefore the clinical decision for a preterm elective repeat cesarean section.
Preterm birth and fetal growth restriction may also be due to an increased risk of
abnormal placentation and uteroplacental dysfunction in association with a prior
cesarean section [28].

In conclusion, the results suggest that adverse neonatal outcome depends more
on the mode and the timing of delivery than on the number of repeat cesarean
section.

Fetal risks of multiple repeat cesarean section

First CS Second CS Third CS >4CS

Admission to NICU 13.97% 20.31% 17.70% 15.81%
n = 58/415 n = 588/2895 n = 154/870 n = 68/430
[5, 8] [5,8,9] [5,8,9] [4,5,8,9]

5-min Apgar <5 9.39% 2.11% 2.18% 4.49%
n = 39/415 n = 61/2895 n =19/870 n=15/334

[5, 8] [5,8,9] [5,8,9] 5,8,9]

Complications” in fetal nk. 21.24% 23.07% 19.56%
outcome n = 816/3841 n = 218/945 n=62/317

[5, 8, 10, 11] [3,5,8,10, 11] [3,5,8,10,11]

Neonatal intensive care unit.
-
Intraventricular hemorrhage, severe jaundice, severe infection, hypoxic ischemic encephalopathy.

Table 2.
Fetal risks associated with an increasing number of repeated cesarean section.
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5. Risks in higher order multiple cesarean sections

Cesarean deliveries by women with more than four prior cesarean sections are
very rare and are exceptional cases. Usually the third or fourth cesarean section
is combined with tubal ligation. However, in some countries or religious groups
with large families and by self-determined decision-making, very high order repeat
cesarean deliveries can be observed, in particular if contraception is not desired.
Therefore it is critical to know how dangerous it is to perform more than four repeat
cesarean sections.

There are not many studies describing women undergoing five or higher mul-
tiple cesarean sections. One study with 940 cases demonstrated an increase of the
risks of all major complications, and dense adhesions were commonly noticed at
cesarean delivery, but only eight women had more than four multiple cesarean
deliveries [24]. Another study with a total of 318 women investigated especially the
risks of higher order (5-9) repeat cesarean sections and identified no difference in
maternal and fetal risks between the group of lower (<4) and higher (>4) repeat
cesarean section except for an extended operation time and an increased rate of
severe adhesions [16].

As shown in Chapter 4 (maternal risks), multiple cesarean deliveries are in
general associated with more adhesions and increased blood loss than only one
planned cesarean section. It can therefore be concluded that the surgery and
management of higher order (>4) repeat cesarean sections are more difficult and
require more planning and operation time and skills. One study with a total of
5007 women pointed out that vertical skin incision in these cases is not associ-
ated with improved maternal and fetal outcome [9]. Furthermore, the results of
another study suggest that the risks of an urgent multiple cesarean section are in
the range of elective multiple cesarean section [6, 18]. There were, however, differ-
ences for myometrium herniation during this cesarean section, a need for drainage
following surgery, and postoperative fever as well as hospitalization (days), which
was held due to the urgency.

6. VBAC and the number of repeat cesarean section

Clinical decision-making for women following multiple prior cesarean deliveries
is influenced by limited evidence and the expectations of the mother. Vaginal birth
after multiple cesarean deliveries can be an option if women are eligible. In order to
provide the currently best available evidence, we extracted and regrouped informa-
tion from four trials (Table 3).

A meta-analysis of 20 studies compared the success rate—and the associated
adverse maternal and fetal outcomes of vaginal birth—after one and two cesarean
sections (VBAC-1/VBAC-2) with a further repeat multiple cesarean section [30].
Women requesting a trial of labor following two cesarean sections should be
informed of a success rate for vaginal delivery of 71.7%, a uterine rupture rate of
1.36%, and of a similar maternal morbidity in both groups. Maternal morbidity of
VBAC-2 is comparable to that of multiple cesarean sections. The neonatal morbidity
data were too limited to draw valid conclusions [30].

Another trial pointed out that women with three or more prior cesareans who
attempt VBAC have similar success rates and maternal morbidity as those with only
one prior cesarean, as well as those delivered by elective repeat cesarean [31].

There are also two systematic Cochrane reviews showing no statistically sig-
nificant differences between a planned repeat cesarean birth and a planned vaginal
birth after a cesarean section [32, 33].
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Delivery VBAC successes Uterine rupture Hysterectomy Transfusion
VBAC1 76.50% 0.72% 0.19% 1.21%
n = 38,814/50,685 n = 372/50,685 n = 42/50,685 n = 358/50,685
(30] [30] [30] [30]
Second - 0.61% 0.43% 1.58%
CS n = 52/8542 n =75/17,378 n = 273/17,280
[3,8,12] [3,8,10,11] [3,5,10,11]
VBAC?2 71.70% 1.36% 0.56% 2.01%
n = 4064/5666 n = 74/5421 n = 14/2512 n = 39/5666
(30] [30] [30] (30]
Third CS - 3.71% 0.91% 2.23%
n =29/782 n = 65/7106 n = 157/7050
[3,8] [3,8,10,11] (3,5, 10, 11]
VBAC > 2 79.77% 0.00% n.k. 2.20%
n=71/89 n=0/89 n=2/89
(31] [31] (31
>4 CS - 4.34% 2.49% 5.35%
n = 41/945 n = 66/2652 n = 142/2652
[3,4,8,13] [3, 8,10, 11, 13] [3, 5,10, 11,13, 14]

VBAC1/VBAC2 = vaginal birth after one/two cesarean sections; CS = cesarean section

Table 3.
Maternal outcome of vaginal birth following multiple cesarean section for VBAC versus a setting of increasing
higher multiple repeat cesarean sections.

In conclusion, there was no difference in the maternal morbidity of women with
multiple prior cesareans for the mode of delivery in these studies. A history of
multiple cesarean deliveries is not associated with an increased rate of uterine
rupture in women attempting vaginal birth compared with those with a
single prior operation (Table 3). However, when looking at uterine rupture alone,
the risks increase with each cesarean section (>2 CS: 3.71% and >3 CS: 4.34%)).

In conclusion, vaginal birth after multiple cesarean deliveries remains an option
for eligible women.

7. Timing of elective repeat cesarean section

In clinical practice obstetricians have to decide when best to perform an elective
repeat cesarean delivery. For the decision-making, it is interesting to have knowl-
edge on the gestation with the best neonatal and maternal outcomes. We found five
studies in total to be analyzed.

Three retrospective studies with a total of 48,757 women were identified com-
paring the neonatal risks at repeat cesarean delivery before and after 39 weeks
of gestation [34-36]. In general elective repeat cesarean sections between 37 and
39 weeks are associated with a higher neonatal morbidity. Especially the rates of
adverse respiratory outcomes and mechanical ventilation were increased. Neonates
born before 39 weeks of gestation have significant more respiratory distress syn-
dromes. Additionally the risks of newborn sepsis, hypoglycemia, admission to the
neonatal ICU, and hospitalization are also higher in the group with a repeat cesarean
section before 39 weeks [36].
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Another study demonstrated increased costs through increasing adverse neona-
tal outcomes because of elective repeat cesarean deliveries at 37 or 38 weeks [37].

On the opposite side, the elective cesarean delivery at 39 weeks seems to be asso-
ciated with better neonatal outcome in comparison to a later timing of delivery [34].

Altogether our findings suggest that from the neonatal point of view, there are
benefits to waiting until 39 weeks of gestation to perform an elective repeat cesar-
ean delivery.

To achieve the prolongation of the pregnancy until 39 weeks for the neonatal
benefit, it is important to know if an elective repeat cesarean section at this time is
also of benefit for the maternal outcome. The results of three studies with a total
of 37.938 women show that an elective repeat cesarean delivery at 37 or 38 weeks is
not associated with decreased maternal morbidity [34, 35, 38]. In comparison to the
group of elective delivery at 39 weeks, there was no significant difference in uterine
scar rupture, estimated blood loss, hysterectomy, or other maternal complications.

Additionally one study pointed out that elective cesarean delivery at 37 weeks had
significantly higher risks of a prolonged (>5 days) maternal hospitalization [38].

Although a cesarean section before 39 weeks has a similar rate of risks for
women with multiple repeated cesarean sections as the delivery after 39 weeks, the
elective repeat cesarean section at 37 or 38 weeks exposes the neonate to an unnec-
essary increased risk of respiratory distress syndromes.

In conclusion, if there are no other medical indications for an earlier delivery,

39 weeks of gestation is apparently the optimal timing for repeat cesarean delivery
yielding both the best neonatal and maternal outcome.

8. Summary
* The risks of rare but potentially serious maternal morbidities such as visceral
injury, hemorrhage, abnormal placentation, hysterectomy, or severe adhesions

importantly increased with the number of multiple repeat cesarean sections.

* Adverse neonatal outcome depends more on the mode and the timing of
delivery than on the numbers of repeat cesarean sections.

* There is no clear absolute threshold for a safe number of previous cesarean
sections, but a total of four or more cesarean deliveries was identified as the

critical level for most of the major complications to be substantially increased.

* Repeat cesarean delivery is done best at 39 weeks yielding the best outcome for
both the mother and baby.

* Vaginal birth after multiple cesarean deliveries remains an option for eligible
women.
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Abstract

The cesarean scar is a significant risk factor for the following pregnancies and
especially deliveries. In this chapter, we discussed the diagnosis, incidence, detec-
tion, manifestations, and prognosis of pregnancy and delivery with cesarean scars.
A systematic review of current literature showed that a manifestation of cesarean
scars during the following pregnancies is not predictable, in general, although mod-
ern visualization technologies could reveal some specific features of scar defects
that are associated with complications during pregnancy and delivery. However,
there is no factor, which could serve as the main prognostic guide for obstetricians
to make a decision for VBAC, thus Edwin Cragin’s phrase “once a cesarean, always
a cesarean” has represented the essential healthcare issue over the century. At the
moment, the most reasonable measurements to prevent uterine scar complications
are reducing the rate of Cesarean Sections, opening the uterus transversely in the
lower segment, and stitching the uterus with one layer only continuously using a
big needle preferable by Stark technique of Cesarean section.

Keywords: cesarean scar, pregnancy, delivery

1. Introduction

Cesarean scar defect is diagnosed in the presence of a hypo-echogenic indenta-
tion (a filling defect) within the myometrium of the lower uterine segment on
the site of a previous cesarean incision that is communicated with the uterine or
cervical cavity [1]. The cesarean scar is a significant risk factor for the following
pregnancies and especially for future deliveries. All pregnancies in women who
experienced previous cesarean sections (CSs) are considered to be at a high-risk due
to the possibility of scar defect complications.
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2. The manifestation of cesarean scar pregnancy

Au et al. [1] reviewed the data of 183 women with the previous CSs with the aim
to determine whether the cesarean scar defect parameters assessed by transvaginal
ultrasonography (TVS) might affect the outcome of early termination of pregnancy
(TOP) with mifepristone-misoprostol. Once identified, the myometrial defects
were evaluated in the longitudinal plane (Figure 1A) by recording the following
parameters: scar width (length of the widest gap along the isthmico-cervical canal),
scar depth (vertical distance between base and apex of the defect), thickness of the
residual myometrium over the defect, and thickness of the myometrium adjacent to
the defect (Figure 1B) [1].

The authors also calculated the ratio of the residual myometrial thickness over
the defect and the adjacent myometrial thickness, and the women were divided
into three subgroups accordingly (myometrial thickness ratio <30%, 30-70%,
and >70%) [1]. The intrauterine gestational age was determined by measuring the
crown-rump length at TVS. When it was estimated 10-15 mm, it was decided as a
gestational age of 42-56 days [1]. A successful TOP was defined as absence of an
intrauterine gestational sac at TVS without surgical intervention, whereas a failed
TOP was defined as a need for D&C after a complete medical regimen for any of the
following reasons: (a) excessive vaginal bleeding; (b) intractable lower abdominal
pain; (c) suspected septic TOP; (d) persistent incomplete TOP; or (e) ongoing
pregnancy in follow-up visits [1].

The authors demonstrated that the parity, previous TOP, and the number of
previous CSs were not associated with failed TOP, although the proportion of
women with cesarean scar defects was significantly higher in the group with TOP
failure as compared with the successful TOP group (53.5 vs. 25.7%). However, after
adjusting for these three parameters, on multivariate logistic regression analysis,
the women with a defective scar had similar odds of failed TOP compared with
those who had an intact scar (Table 1) [1].

The significant value of this study is the defect size comparison between women
with successful and those with failed TOP among 59 women with cesarean scar
defects (Table 2) [1]. The authors demonstrated that the median defect width was
not significantly different between women with successful and those with failed
TOP, but the median defect depth was considerably larger in women with failed
TOP if compared with those with successful TOP [1]. The median myometrial

Figure 1.

Ce%armn scar defect presented as a hypoechogenic indentation within the myometrium in the LUS (arrow)
with ultrasound longitudinal scan of the uterus (A) and measurement of the cesavean scar defect in a schematic
drawing (B): Thickness of residual myometrium over the defect (1) and thickness of myometrium adjacent to
the defect (2), and the gray shaded areas representing a scar defect. Modified from Au et al. [1].
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Variable Univariate Multivariate
OR (95% CI) P OR (95% CI) P
Cesarean scar Intact scar Reference — Reference —
Defective 3.32 <0.001 3.34 <0.001
scar (1.64-6.75) (1.63-6.83)
Parity 1 Reference — Reference —
>2 119 0.622 0.82 0.773
(0.59-2.41) (0.22-3.07)
Previous TOP No Reference — Reference —
Yes 1.24 0.548 1.22 0.602
(0.61-2.54) (0.58-2.57)
Number of previous 1 Reference — Reference —
Cesarean deliveries > 118 0.63 136 0638
(0.60-2.35) (0.38-4.88)

Modified from Au et al. [1]. Data ave given as median (interquartile range) or n (%). OR, odds ratio.
Ratio between the thickness of residual myometrium over the defect and thickness of myometrium adjacent to the defect.

Table 1.
Association between obstetric factors and failed early termination of pregnancy (TOP) by oral mifepristone
and misoprostol in 183 women with previous cesarean delivery.

thickness adjacent to the defect was not significantly different between the groups,
but the median of the residual myometrium over the defect was substantially lower
in women with failed TOP as compared with those with successful TOP. The median
ratio of the thickness of the residual myometrium over the defect of the thickness
of the myometrium adjacent to the defect was considerably higher in women with
failed TOP as compared with those with successful TOP. Based on these results, Au
et al. [1] concluded that women with cesarean scar defects are at increased risk of
failed TOP, especially if a defect with the residual myometrial thickness is smaller
than one-third of the adjacent myometrial thickness, tended to have a greater
chance of the failed TOP.

Lincenberg et al. [2] recently reported a case of extruding a fetal part through
the ruptured cesarean scar defect in the lower uterine segment (LUS) in a 28-year-
old patient with previous four CSs and presence of a dichorionic diamniotic preg-
nancy of 10 weeks and 2 days of gestation age (Figure 2).

During emergency surgery, the authors removed the exteriorized fetus and
saved the remaining fetus in the uterine cavity. Then, they repaired the ruptured
scar defect in the LUS with a single layer running-locking suture with good
hemostasis. This pregnancy was prolonged up to 23 weeks, an emergency CS was
performed by a classical uterine incision and the fetus was delivered together with
the placenta. The remaining piece of placenta was removed from the anterior LUS
with Banjo curettage. The uterine incision was sutured and good hemostasis was
achieved. The postoperative period was complicated by acute blood loss followed
by blood transfusion. The patient recovered well and was discharged home in good
condition on postoperative day 3 [2].

Analogous case of surgical management of a heterotopic cesarean scar preg-
nancy with preservation of an intrauterine pregnancy was described by Vetter et al. [3].
A 29-year-old pregnant woman was admitted at 5 weeks of gestational age (WGA)
with mild discharge as a spot. Ultrasound revealed a heterotopic cesarean scar
pregnancy. The patient underwent resection of the ectopic pregnancy through
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Parameters Successful TOP Failed TOP P
(n=36) (n=23)
Width of defect (mm) 3.4 (1.50-5.50) 3.2 0.363"
(2.10-4.50)
Depth of defect (mm) 8.4 (4.35-10.30) 104 0.035"
(760-13.50)
Residual myometrium over defect (mm) 6.4 (4.20-10.70) 34 0.017"
(1.80-6.80)
Myometrial thickness adjacent to defect (mm) 153 15.2 0.610"
(13.80-16.15) (13.30-15.80)
Myometrial thickness ratio (%)" 58.5(32.4-73.6) 75.0 0.014"
(55.8-88.5)
Ratio <30% 12 (33.3) 16 (69.6) 0.023¢
30-70% 15 (41.7) 5(21.7)
>70% 9 (25.0) 2(8.7)

Modified from Au et al. [1]. Data ave given as median (interquartile range) or n (%)."Ratio between the thickness
of residual myometrium over the defect and thickness of myometrium adjacent to the defect.

"Mann-Whitney U-test.
*Chi-square test.

Table 2.

Cesarean scar defect size in 59 women with previous cesarean delivery and CSD at transvaginal ultrasound

who received oral mifepristone and misoprostol for early termination of pregnancy (TOP), according to

whether TOP was successful or failed.

mini-laparotomy with the preservation of an intrauterine pregnancy, which

resulted in the delivery of a pre-term baby [3].

Naji et al. [4] evaluated the cesarean scar changes longitudinally throughout

the pregnancy to relate the initial scar measurements (Figure 3). These findings
were incorporated with demographic and obstetric variables, as well as with final
pregnancy outcomes. LUS was assessed by using real-time ultrasound to identify
the cesarean scar defects. Two components of the cesarean scars were identified: a
hypoechoic part or “apparent defect” and any residual myometrium located above
the scar defect expressed as the residual myometrial thickness for measurement pur-
poses as (A) width of hypoechoic part, (B) depth of hypoechoic part, (C) residual

myometrial thickness, (D) utero-vesical fold, and (E) internal Cervical Os [4].

The prospective observational study by Naji et al. [4] included 320 patients in
total, among them 284 patients with visible scars and 36 women with nonvisible
scars. There were 153 and 14 patients with two CSs among the women with visible
and nonvisible scars, respectively, whereas 131 and 22 patients experienced only one
CS among the women with visible and non-visible scars, respectively. While analyz-
ing the changes of the cesarean scar size throughout pregnancy, Naji et al. [4] found
the average increase of 1.8 (95% CI, 1.7-1.9) mm in the width of the hypoechoic part
of the scar per trimester (Table 3), whereas the depth and length of the hypoechoic
part decreased over time, with an average decrease of 1.8 (95% CI, 1.7-1.9) mm and
1.9 (95% ClI, 1.8-2.0) mm per trimester, respectively. RMT decreased by an aver-
age of 1.1 (95% CI, 1.0-1.2) mm per trimester. These changes were clear in a mixed
modeling analysis of the cesarean scar disturbances over time (Figure 4).

Naji et al. [4] reported two cases of a cesarean scar rupture among their study
population. They also found that the decrease in the residual myometrial thickness
(RMT) between the first and second trimester was 2.7 and 2.5 mm, respectively,
in those patients with cesarean scar ruptures. An average RMT in these cases was
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Figure 2.
The arrows are used to demonstrate the cesarean scar in the LUS, into which implanted twin (A). Modified
from Lincenberg et al. [2].

Figure 3.

Sagitml ultrasound image showing anatomical location of features measured to quantify the size of component
parts of cesarean scar defects by using TVS in the first trimester of pregnancy. A-width of hypoechoic part;
B-depth of hypoechoic part; C-vesidual myometrial thickness; D-uterovesical fold; E-internal cervical os.
Modified from Naji et al. [4].

0.5 mm at the second trimester scan, as compared to 3.6 mm for the other cases [4].
Based on the obtained clinical results and their mixed model analysis, Naji et al. [4]
concluded that the changes of cesarean scar dimensions throughout pregnancy and
cesarean scar rupture were associated with a smaller residual myometrial thickness
and a greater decrease in this parameter during pregnancy. They also suggested that
there is a potential to test absolute values and observed alterations in cesarean scar
measurements as predictors of uterine scar rupture or vaginal birth after cesarean
(VBAC) trial outcome [4].
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Scar characteristic Trimester 1 Trimester 2 Trimester 3 P

Scar width (mm) 3.6 (3.0-4.7) 5.3 (4.0-6.6) 74 (6.1-8.9) 0.0001
Scar depth (mm) 8.3 (6.6-10.2) 6.2 (51-75) 4.8 (3.7-5.6) 0.0001
Scar length (mm) 104 (8.6-12.7) 8.0 (72-9.9) 6.8 (5.9-8.1) 0.0001
RMT (mm) 5.3 (4.7-6.2) 35(2.8-4.2) 3.5(2.5-36) 0.0001

Data are shown as median (interquartile range). RMT, residual myometrial thickness; False discovery rate. Modified
from Naji et al. [4].
One-way repeated-measures ANOVA.

Table 3.
Cesarean scar size and dimensions in each trimester of pregnancy.
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Figure 4.

Mean scar dimensions according to trimester; relating to the fitted fixed effects from mixed-effects modeling.
Modified from Naji et al. (2013). Diamond, residual myometrial thickness; Circle, scar depth; Square,
scar length; Triangle, scar width.

Xiaoxia et al. [5] analyzed 67 cases of uterine rupture out of 128,599 deliveries
in a single-center retrospective study in China. Uterine wall ruptures were found
in 88.0% of cases (59/67). They found cesarean scar spontaneous incomplete
ruptures in 52 cases, which were repaired without maternal and fetal complications.
Emergency rescue operations were performed in 15 cases because of fetal distress or
death, severe acute abdomen, prepartum or postpartum vaginal bleeding, maternal
hypovolemia, and 12 perinatal fetal deaths. Among them, the uterine rupture was
diagnosed with a history of clinical symptoms and signs in 6/15 cases. Ultrasound
showed a dead fetus in the peritoneal cavity in 3/15 cases before the exploratory LT,
while during LT a dead fetus was found in 6/15 cases in the abdomen. The uterus
was preserved in 5/15 cases and hysterectomy took place in 10/15 cases [5]. The
authors concluded that a previous cesarean scar became the leading cause of uterine
rupture among other surgical procedures, such as assisted delivery operations,
intrauterine manipulations and surgical treatment of large myomas and uterine
malformations.

The most important issue related with cesarean scar pregnancies is the
possibility of uterine rupture, especially in cases of VBAC. Subsequently, in
the 1980s, ultrasound was applied to diagnose scar defects following CS [6, 7].
Viaclavinkova and Westin [6] in a retrospective study of 2542 cases found 11.3%
CS rate. Among them, 2.8% cesarean scars exhibited deficient healing.
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The authors found smooth or pathologically deformed structures corresponding
to the cesarean scar region [6, 7]. Further 68 women were under more detailed
prospective examination, and the authors observed a uterine scar rupture in two
patients. They concluded that the sensitivity of the ultrasonic method was 67%
and the specificity 96% in the diagnosis of cesarean scar healing disturbances [6].
Bedi et al. [7] reported that ultrasound examination was able to diagnose uterine
rupture by demonstrating intra- or extraperitoneal hematoma in the correct
clinical setting.

Fukuda et al. [8] assessed LUS thickness perioperatively in 35 women with
previous CS and in 29 women without CS who were subjected to elective CS before
the labor. LUS thickness was assessed immediately before CS by ultrasound and
intraoperatively by ophthalmic calipers before delivery of the fetus, and sur-
geons were asked to classify the thickness of LUS according to the Grade system
(Table 4). Fukuda et al. [8] found complete dehiscence of the scar in three cases
(8.6%), thin LUS in 4 cases (11.4%) and no scar defect in 28 cases (80.0%) among
35 women with previous CS. The authors demonstrated correlations between LUS
thickness assessed by ultrasound prior to CS and intraoperative ophthalmic caliper
measurements before and immediately after delivery, as well as results of visual
grading by surgeons [8].

Michaels et al. [9] examined 58 high-risk patients to diagnose cesarean scar
defects in the LUS. These patients delivered by CS, and 12 nulliparous women with
no risk were used as control. The authors found cesarean scar defects in 20.7%
(12/58) cases among high-risk women who experienced CS. The positive and nega-
tive predictive values were 92.3 and 100%, respectively.

Uterine scar dehiscence can happen, especially, in cases of a very short
interval between pregnancies. The repeated ultrasound performed during

Characteristics of N LUS thickness before Correlation LUS thickness

women and grades coefficient fetus delivery
CS (US, Fetus delivery and p-value (ophthalmic

mm) (ophthalmic calipers, mm)

calipers, mm)

Women without previous 29 27+06 27+06 r=0.980 44 +11(n=11)
CS P <0.001

Women with previous CS

Overall 35 19+09 1.8+09 r=0.985 34:11(n=17)
P<0.001

Grade I: neither thinning 28 22+07 21+0.8 R =0.970 37+09 (n=14)

nor loss of continuity of <0.001

the LUS — no scar defect

Grade II: thinning and/ 4 1.020.2 0.8+0.1 R=0.707 24+01(n=2)
or loss of continuity of =0.29

the LUS but fetal hair not

visible - thin LUS

Grade III: thinning or 3 0401 04+01 R =0.866 11(n=1)
absence of the LUS =0.33

and fetal hair visible —

complete dehiscence of

the scar

Modified from CS Fukuda et al. [13].

Table 4.
LUS thickness immediately before, during and after.
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pregnancy can help to define the cesarean scar dehiscence in women with previous
CS. Supplementation of the above-presented case reports by the systematic review
of the LUS measurements performed between 35 and 40 WGA by Jastrow et al.
[10] can improve our understanding. In this study uterine rupture and uterine scar
dehiscence diagnosed during CS in 1834 women were extracted from 12 studies.
One study was an exception, when a pelvic bimanual revision of the LUS was
performed after delivery to diagnose uterine scar dehiscence. Thus, cesarean scar
defects were identified among the women subjected to VBAC and CSs. The authors
demonstrated that the weighted mean difference with (95% CI) was 0.98 mm
(0.37-1.59 mm) for the thinner full LUS, and 1.13 mm (0.32-1.94 mm) for thinner
myometrial layer in the women with uterine scar defects. Further, additional sum-
mary receiver operating characteristic (SROC) analysis and summary diagnostic
odds ratios were used to evaluate and compare the area under the curve and the
association between the LUS thickness and uterine scar defect. Subsequently, the
SROC analysis revealed a stronger association between the full LUS thickness and
uterine scar defect than the association between myometrial layer thickness and
scar defect [10].

The characteristics of the ultrasound studies examining the full LUS thickness
were additionally analyzed, taking into account the predicting value of TAS [11-15]
and TVS [16, 17] ultrasound approaches for cesarean scar defects (Table 5).

Although the authors included the data by Bujold et al. [18] into the TA sub-
group, we excluded this study from our analysis.

Our supplementary analysis of these results showed that scar defects were
registered in 6.1% (64/1051) and in 14.4% (19/132) cases by TA and TV, respec-
tively, during ultrasound examinations of full LUS thickness before delivery.
According to this analysis, there was a higher rate of cesarean scar defects after
examining the full LUS thickness by the TV approach, as compared to the TA
ultrasound (see Table 5).

Then, the characteristics of ultrasound studies that examined the myome-
trial layer of the LUS, were also re-analyzed, taking into account the predicting

References SA/SS BSR TOL VBAC, CS, SD,n total, n
(n) (n) n n (%)
1. Fukuda et al. [13] TA/84 No NA 24 60 5(6.0) 84
2. Rozenberg et al. [11] TA/642 Yes 517 386 256 25(3.9) 642
3. Tanik et al. [14] TA/50 No 0 0 50 23 50
(46.0)
4. Rozenberg et al. [12] TA/198 No 170 131 62 2(1.0) 192
5. Suzuki et al. [15] TA/83# No 44 27 56 9 (10.8) 83
6. Montanari et al. [16] TV/61 Yes NA 8 53 17 (27.9) 61
7.Senetal. [17] TV/71* Yes 52 33 38 2(2.8) 71
Total TA-1293 Yes 856 658 630 64 (6.0) 1051
-1
TV-132 Yes 52 41 91 19 132
) (14.4)

LUS, lower uterine segment; SA, ultrasound approach; SS, sample size; BSR, blinded sonographic vesults; TOL, trial
of labor; VBAC, vaginal birth after cesarean section; CS, cesarean section; SD, scar defect; TA, transabdominal;
TV, transvaginal; $, number of VBAC and CSs; & incorporated into total TA or TV approaches.

Table 5.
Characteristics of the ultrasound studies examined full LUS thickness.
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value of TA [19-21] and TV [18, 22] ultrasound approaches for cesarean scar
defects (Table 6).

Moreover scar defects were registered in 7.9% (28/356) and in 3.5% (10/289)
cases after evaluating the myometrial layer of the LUS before delivery by TA and
TV ultrasound, respectively (see Table 6). According to these results, there was a
higher rate of scar defects after evaluation of the myometrial layer of the LUS before
delivery by TA, as compared to TV ultrasound.

The authors demonstrated the optimal cut-off value, which varied from 2.0 to
3.5 mm, for the full LUS thickness (Figure 5A), and from 1.4 to 2.0 mm for a myo-
metrial layer (Figure 5B). However, the authors concluded that at present there is
not an ideal cut-off value to be recommended, taking into account the requirements
for more standardized measurement methods.

References SA/SS BSR TOL,n VBAC, CS, SD,n Total,
(n) n® n' (%) n®
1. Asakuraet al. [19] TA/186 Yes 132 63 123 9 (4.8) 186
2. Gotoh et al. [20] TA/68 No 0 0 68 17 (25.0) 68
3. Cheung et al. [21] TA/102 No 50 32 70 2(2.0) 102
4. Bujold et al. [18] TV/223 No 125 90 146 9(3.8) 236
5. Cheung et al. [22] TV/53 No 28 18 35 1(1.9) 53
Total TA-356 Yes 182 95 261 28 (79) 356
-1
TV-276 Yes 153 108 181 10 (3.5) 289
-0

LUS, lower uterine segment; SA, ultrasound approach; SS, sample size; BSR, blinded sonographic results; TOL, trial
of labor; VBAC, vaginal birth after cesavean section; CS, cesarean section; SD, scar defect; TA, transabdominal;

TV, transvaginal; $, number of VBAC and CSs; &, incorporated into total TA or TV approaches.'LUS appearance
described only for CSs.

Table 6.
Characteristics of ultrasound studies examining the myometrial layer of the LUS.
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3. Discussion

Today Cragin’s opinion “once a Caesarean, always a Caesarean” [23] is proved by
highly increasing CS rate worldwide.

In the last decades, the number of Cesarean Sections increased steadily [24]. One
of the reasons is the promoting of Cesarean Section by request of the mother [25].

As aresult, more placental implantation pathologies occur [26], and certainly
more problems related to scar dehiscence following repeated pregnancies following
Cesarean Sections.

The best way to prevent these complications is certainly by reducing the number
of Cesarean Sections, mainly at low-risk pregnancies. In our group, it was success-
fully achieved by asking for a documented second opinion for each non-emergency
Cesarean Section.

When a Cesarean Section is done, it is important to perform the operation in a way
that the full thickness of the uterine wall, as well as its strength, will be preserved.

It is important to analyze what are the reasons for uterine wall defects and how
are they related to the surgical method.

It was shown by Di Spiezio et al. that one or two layers suturing of the
uterine wall do not make any difference concerning the incidence of Cesarean
scar defects as well as the uterine dehiscence and rate of ruptures in subsequent
pregnancies [27].

Although a second layer did not show any benefit concerning the thickness of
the uterine wall [28].

If one or two layers of sutures are not the etiology of dehiscence in subsequent
pregnancies, it is important to analyze the relevant reason.

It is known that sutured muscle tissue will never regain its original strength, in
contrary to fibrous tissue. Therefore, the less muscle tissue to be cut the better are
the chances for a stronger scar.

Rorie analyzed the histological structure of the uterus and found out that the
amount of smooth muscle in the upper third of the cervix is 28%, and in the body of
the uterus 68.8% [29].

It means the lower the incision in the uterus, the less damage to the uterine wall.

As aresult, it is important to incise the urine bladder plica, push the bladder
down, and cut the uterine wall as low as possible. This is in contrary to the nowa-
days practice to open the uterus above the plica [30].

The uterus contracts immediately after delivery, and after a few weeks regains
its original size. The sutures cannot contract together with the uterus, and their
function is to enhance hemostasis in the first hours. Thereafter, the more stitching
material is left the more foreign body reaction occurs which might weaken the scar.

Therefore, in order to leave as little suturing material as possible, it is important
to use big needles as possible [31].

Technique of this Cesarean section and advantages was described in earlier
publications [31-36] with systematic review of literature [37].

This will result in less suture material left behind. We believe that opening the
uterus in the lower segment and suture the uterus with one layer using a big needle
will reduce the scar dehiscence in future pregnancies.

4. Conclusions
The cesarean scar is a significant risk factor for the following pregnancies and
especially deliveries. In this chapter, we discussed the diagnosis, incidence, detec-

tion, manifestations, and prognosis of pregnancy and delivery with cesarean scars.
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A systematic review of current literature showed that a manifestation of cesarean
scars during the following pregnancies is not predictable, in general, although mod-
ern visualization technologies could reveal some specific features of scar defects
that are associated with complications during pregnancy and delivery. However,
there is no factor, which could serve as the main prognostic guide for obstetricians
to make a decision for VBAC, thus Edwin Cragin’s phrase “once a cesarean, always
a cesarean” has represented the essential health care issue over the century. At the
moment, the most reasonable measurements to prevent uterine scar complications
are reducing the rate of Cesarean Sections, opening the uterus transversely in the
lower segment, and stitching the uterus with one layer only continuously using a
big needle preferable by Stark technique of Cesarean section.
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Abstract

The obesity epidemic has touched all aspects of obstetric care, including the
practice of cesarean delivery. Obesity is an independent risk factor for cesarean
delivery, and the increased prevalence of obesity has contributed to the overall rise
in primary cesarean delivery seen over the past few decades. Because of the frequent
existence of co-morbidities such as hypertension and diabetes, obesity is a plausible
contributor to rising maternal mortality. In addition, obese women who undergo
both primary and repeat cesarean delivery have a higher chance to develop surgical
and post-operative complications, including wound infection and thromboembolic
events. Surgical complications increase steadily with increasing maternal weight.

In this chapter, we will review the incidence and contributing factors that lead to
cesarean delivery in obese patients, peri-operative complications, and strategies to
reduce these risks in obese women undergoing cesarean delivery.

Keywords: cesarean delivery, obesity, super-obesity

1. Introduction

Cecelia presents for a routine new obstetric appointment for her second preg-
nancy. She has had one prior pregnancy, and does not identify any health problems
on her intake paperwork. However, she is markedly obese, and her weight is in
excess of 500 pounds, more than the average in-office scale can measure. Adequate
understanding of risks and management strategies to mitigate her risk is needed to
optimize the chances of a health pregnancy outcome.

The prevalence of obesity, defined as body mass index (BMI) > 30 kg/m2,
and super-obesity (BMI > 50 kg/m2) is on the rise in reproductive aged women.
Pregnancy complications such as gestational diabetes, preeclampsia, macrosomia,
and stillbirth are more common in obese women than in normal weight patients.
Many of these complications occur in a dose dependent fashion; the higher the BMI
category, the more likely complications are to occur. The obese patient has both an
increased risk for needing an indicated primary cesarean delivery, an increased risk
for peri-operative complications, and is at higher risk for failed trial of labor after
cesarean delivery. The super-obese patient, in particular, presents a unique chal-
lenge to obstetricians planning and preparing for cesarean delivery.

In this chapter, we will review the evidence of surgical risk at the time of cesar-
ean delivery, management options to reduce surgical risks, and practical consider-
ations in performing a cesarean delivery in the obese parturient.
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2. Incidence of cesarean delivery in obese women

Estimates of primary cesarean delivery rates in obese patients undergoing trial
of labor range from 23 to 49%, and increase with increasing maternal BMI (23-46%
BMI >30 kg/m?, 30-47% BMI > 40 kg/m?, 45-49% BMI > 50 kg/m?) [1-5]. The
most common indications for cesarean delivery are labor arrest (61%) and non-
reassuring fetal status (28%) [1]. Pre-labor primary cesarean delivery also increases
with increasing BMI class [5].

3. Factors contributing to cesarean delivery in obese women

The reason for the increased incidence of cesarean delivery in obese women is
likely multifactorial, and includes higher chances of macrosomia — and hence labor
dystocia, disordered and dysfunctional labor patterns, and provider level responses
or bias towards cesarean delivery [5].

The combination of obesity and macrosomia significantly increases the chance
of cesarean delivery [6]. Both pre-pregnancy BMI category and gestational weight
gain are independent contributors to the development of a large for gestational age
or macrosomic infant [7-8]. Obese women tend to have higher gestational weight
gain, despite stricter weight gain recommendations, and hence larger birth weight
babies [7]. A large fetus, for obvious reasons, predisposes the mother to a protracted
labor course and cephalopelvic disproportion leading to an indicated cesarean
delivery. In addition, fear of shoulder dystocia and neonatal brachial plexus injury,
which occurs more often at delivery of obese women even with lower fetal birth
weight, may influence the decision to proceed with cesarean delivery [9]. Because
of the chances of fetal macrosomia with advancing gestational age, a strategy of
elective induction at term may help to reduce the chances of macrosomia, and hence
cesarean delivery. Elective induction was not associated with an increased risk of
cesarean delivery in women with BMI > 40 kg/m2 [10].

Obese women also have dysfunctional labor patterns [11]. Obese women are less
likely to have spontaneous onset of labor, less likely to achieve vaginal birth follow-
ing spontaneous labor, and have a higher chance of being exposed to oxytocin than
non-obese women [12]. Obese women may require larger doses of oxytocin than
their normal weight counterparts, especially when undergoing induction of labor
[13]. The pathophysiology of the increased oxytocin requirements and protracted
labor course is poorly understood, but may be due to decreased myometrial receptor
expression, prostaglandin insensitivity, and impaired myocyte contractility [14].
The dysfunctional and apparently disrupted myometrial activity may contribute to
why we see more unplanned cesarean delivery in obese women.

Provider factors also may contribute to the increase chance of cesarean delivery
in obese women [15]. Because the decision-to-incision and decision-to-delivery
time interval for emergency cesarean delivery is significantly higher in obese
women, a recommendation of cesarean delivery may be made earlier, in order to
allow adequate time for surgical preparation [16, 17]. The timing of intervention for
non-reassuring fetal heart rate patterns likely contributes to increased unplanned
cesarean delivery, as well as pre-labor cesarean deliveries [5, 18]. Obese women with
prior cesarean delivery are more likely to decline trial of labor after cesarean, which
may be due to individual counseling by obstetric providers [19].

Despite the fact that cesarean delivery is performed more often in obese women,
it is still a riskier mode of delivery. Planned cesarean delivery, even in super-obese
women (BMI > 50 kg/m2) does not reduce maternal or neonatal morbidity [1].
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4. Surgical complications

Important peri-operative complications of cesarean delivery in obese women
include wound complications (infection, wound separation), thromboembolic
events, and adverse neonatal complications. A history of three or more prior
cesarean deliveries further increases the chance of complications such as transfu-
sion, low 1 min Apgar score, and wound complications [20]. The timing of repeat
cesarean — unscheduled or planned — may also increase surgical and neonatal risks,
especially since obese women are more likely to develop pregnancy complications
prompting unscheduled repeat cesarean delivery [21]. Other surgical risks, such as
bowel, bladder, or ureteral injury, or broad ligament hematoma, appear to be com-
parably infrequent in obese and super obese women like in normal and overweight
women [22]. Super obesity also increases the chance of maternal ICU admission
and length of hospitalization, which is largely driven by maternal co-morbid
conditions [23, 24].

4.1 Wound complications

Wound complications — separation and infection, occur in approximately
10% of obese women delivered by cesarean [20, 25-27]. The odds ratio for wound
complication in obese women is 1.14-1.65 times normal weight controls, when
adjusted for many confounders [25]. There is a marked dose response for wound
complications by increasing BMI category, with an odds ratio increase of up to 2.0
for every five-unit increment increase in BMI [28]. Chances of wound infection in
super-obese women have been reported as high as 30% [29]. In probably the largest
sample reported (38,229 women), wound complications occurred in 14% of women
with BMI > 45 kg/m” following cesarean delivery [25]. Wound separations in
particular are seen more frequently in patients with super obesity [30].

An increase in operative time in women who are obese is also dose dependent on
BMI category [17, 27, 31]. Longer operative time is strongly correlated to post-operative
infection, and may be a potential modifiable factor to reduce wound complication [32].
Other peri-operative and surgical strategies that may help prevent wound complica-
tions, such as pre-operative antibiotics, choice of skin incision, and wound closure
type are reviewed in Section 4.4.

4.2 Thromboembolic events

Other than cesarean delivery, obesity is the most common risk factor for a
venous thromboembolic event (VTE) in pregnancy [33]. The classic Virchow’s
triad of hypercoagulability, endothelial injury, and stasis of blood flow leads to the
well-established risk of VTE during pregnancy. Obesity itself, regardless of mode of
delivery, is a significant risk factor for VTE, with reported risks of 1.7 to 5.3 (odds
ratio) above normal weight controls [34-37]. Obese pregnant women have greater
risk for pulmonary embolism than deep-vein thrombosis (DVT); the adjusted odds
ratio for DVT is 4.4 (95% CI 1.6-11.9) and for pulmonary embolism is 14.9 (95% CI
3.0-74.8) [35]. Like other complications, VTE has a dose-response relationship with
increasing BMI category [38].

The exact contribution of the combination of obesity and cesarean delivery
to VTEs is difficult to quantify. Immobilization and high BMI have a multiplica-
tive effect on risk for VTE [39]. It is very likely that obesity and cesarean delivery
also have multiplicative effects on the chance for VTE. Prevention of VTE during
cesarean delivery is discussed in Section 6.5.
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4.3 Neonatal outcomes

Neonatal outcomes also appear to be influenced by maternal obesity at cesarean
delivery. Neonatal morbidity, including low 5-minute Apgar scores (<7), umbilical
cord arterial pH < 7.2, base excess <8 mmol/L, and neonatal intensive care unit
admissions are seen more often in obese women who undergo cesarean delivery.
Hypotension during spinal anesthesia, and prolonged puncture time for regional
anesthesia is more pronounced in obese women, and has been shown to cause
lower umbilical cord pH in obese women undergoing scheduled cesarean delivery
[40, 41]. Women who are super-obese at the time of delivery have a 20% chance
of neonatal intensive care unit admission [26]. There is a twofold odds increase of
adverse neonatal event (low 5 min Apgar score, cardio-pulmonary resuscitation and
ventilator support <24 h, neonatal injury, or transient tachypnea of the newborn,
grade 3, 4 intraventricular hemorrhage, necrotizing enterocolitis, seizure, respira-
tory distress syndrome, hypoxic ischemic encephalopathy, meconium aspiration,
ventilator support >2 days, sepsis and/or neonatal death) in women with super obe-
sity compared to their normal weight controls [42]. Despite the tendency towards
earlier cesarean delivery, the inherent delays and slower decision-to-incision and
incision-to-delivery times involved in moving obese women to the delivery suite,
and in getting the baby out when marked fetal distress is evident may contribute to
adverse neonatal outcomes in some cases [43]. However, planned cesarean delivery
is not protective against these risks, and suggests an underlying poorly understood
biologic etiology may be the source of the increase in adverse neonatal outcomes
seen in obese women.

5. Preparation for cesarean delivery in the obese patient

Performing a cesarean delivery, primary or repeat, in an obese patient poses
certain challenges to the obstetrician and the operative team. These challenges are
amplified in the super-obese patient, where maternal weight requires particular
preparation for routine surgical issues, such as physical plant or space preparation,
and informed consent.

5.1 Physical plant preparation

Hospital equipment is often not designed for super-obese women. Operating
tables, delivery beds, and even scales may have an upper limit weight rating that
is lower than the weight of a super obese woman [44]. It is reasonable for a labor
and delivery hospital unit to prepare a sufficient number of rooms with the equip-
ment needed to safely labor and deliver a super-obese women, based on the char-
acteristics of the population they serve and the number of deliveries performed.
Our institution maintains one room capable of laboring a patient in excess of 500
pounds. The bed has a higher weight rating and is wider, and has hydraulics to assist
in mobility should a move to the operating room be indicated. The room also hasa
lift on the ceiling above the labor bed, which has been instrumental for aiding the
super-obese woman in positioning — for example to lift a leg during placement of a
Foley catheter. The room is stocked with equipment and supplies necessary to care
for an obese patient.

Since obese women carry a higher risk for cesarean delivery and up to a 50%
chance of emergency cesarean delivery, preparation of an operating room even
when trial of labor is attempted is necessary [44, 45]. If a wide operating room bed
is not available, two standard 50-cm width tables can be secured together [44, 46].
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Transferring the patient from a labor and delivery bed to an operating table and then
back to a medical bed or gurney can be difficult and lead to staff injury. Air-assisted
mattresses can be placed underneath obese patients to facilitate bed transfers (e.g.,
Hovermatt®, HoverTech International, Bethlehem, PA, USA). Some of these mat-
tresses can also provide lateral turns to help position patients to prevent aortocaval
compression [47].

Practical considerations for preparation of the operating room for scheduled or
emergency cesarean of an obese patient should be part of labor and delivery policy.
Supplies, such as extra-large blood pressure cuffs, clothing, and large pneumatic
compression devices should be available. Consideration of adequate surgical sup-
plies including long instrument trays and accessible self-retaining retractors (see
Section 6.3), as well as pre-operative preparation for anesthetic administration (see
Section 6.1) may improve patient safety [48]. A checklist for physical plant prepara-
tion for cesarean delivery in the obese patient is presented in Table 1.

Nursing care requires particular attention to support the delivery of an obese
patient. Nurses require knowledge of how to use specialized equipment, how to

Labor and delivery room

Bariatric bed with frame and trapeze (motorized to improve mobility)

Bariatric chair

Hydraulic lift

Air assisted mattress

Continuous positive air pressure (CPAP) equipment

Large or extra-large blood pressure cuffs

Extra-large clothing (gowns, panties)

Extra-large pneumatic compression devices

Extra-large wheelchairs (motorized to improve mobility)

Toilet to exceed 500 Ib. capacity

Operating room

Bariatric operating table, or two standard 50-cm width tables strapped together securely

Air assisted mattress

Large or extra-large blood pressure cuffs

Extra-large pneumatic compression devices

Long instrument tray

Large OR strap

Long spinal needles

Difficult airway cart

Emergency cricothyroidotomy kit

Glide scope

Laryngeal mask airway

Video guided laryngoscopes

Adhesive straps / Elastoplast tape for pannus management

Self-retaining retractors (Alexis-O cesarean, Doyen)

Table 1.
Physical plant preparation checklist for labor and cesarean delivery in obese patients.
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adapt ergonomics to prevent staff and patient injury, and preparation for known
risks in order to safely care for obese patients undergoing planned or unplanned
cesarean delivery [44, 48]. It may even be reasonable to increase nurse to patient
ratios in some situations [48].

5.2 Informed consent

Informed consent for cesarean is best initiated well before the operative day,
because of the known increase chance of cesarean in obese women, as well as the
particular risks described in section 4. Informed consent obtained during labor
is known to be particularly brief, and it is unlikely that obstetricians are able to
adequately counsel obese patients about their specific risks at time of cesarean
delivery [49]. Lack of informed consent can reinforce a claim of medical mal-
practice [50]. Discussion that includes culturally sensitive and tailored review of
the patients’ beliefs about her weight may help improve the environment and her
delivery experience, and perhaps even impact her health outcomes [51]. It may be
reasonable to address and document informed consent during her routine obstetric
care visits, and/or at time of admission to the hospital, well in advance of the actual
surgery.

6. Surgical considerations

Challenges facing the obstetric team do not stop at preparation. The per-
formance of a safe cesarean delivery in an obese patient starts with adequate
anesthesia, continues with adaptations of surgical technique, and concludes with
optimization of post-operative care.

6.1 Anesthetic considerations

General anesthesia, epidural anesthesia, and combined spinal-epidural anesthe-
sia are all options for pain control during cesarean delivery in the obese patient. The
choice of anesthetic largely depends on the indication for cesarean and the condi-
tion of the fetus at time of delivery.

Regional anesthesia puncture times for epidural and combined spinal-epidural
may be prolonged in the obese patient, and may even contribute to delays in deci-
sion to delivery times seen in obese women [31, 52]. There is a higher chance of
regional anesthesia failures needing conversion to general anesthesia, and a higher
chance of high block during spinal anesthesia necessitating general anesthesia in
super obese women (BMI > 50 kg/m®) [31, 53]. Still, dose reductions for spinal
anesthesia have not been proven beneficial in obese patients [54]. The obese patient
is at risk for a higher number of punctures at time of spinal placement, simply due
to spinal cord distance from skin [41, 55]. Ultrasound guided regional anesthesia
placement has been shown to reduce number of punctures in obese women [56].

The risk of regional anesthesia has to be balanced against the risks of general
anesthesia in obese patients, which include an inherent difficult airway, trans-
placental passage of paralytic or sedating medication, and longer incision to delivery
times. Pregnancy itself increases the chance of difficult intubation, and obesity
appears to multiply this risk — noted to be as high as 33% [57]. The obese patient is
also at risk for aspiration (especially if a difficult intubation is encountered), as well
as earlier oxygen desaturation [58].

Surgical positioning with a maternal 10-15 degree left lateral tilt is very impor-
tant in obese women, as their pannus may compress the aorta or vena cava leading
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to hypotension [44]. Obese women also experience more relative hypotension
during spinal anesthesia [40]. In addition, the displacement of the pannus to allow
for the surgical incision can increase the chance of respiratory distress [44].

6.2 Selection of the surgical skin incision

There is insufficient evidence to conclude a particular skin incision is superior
in the performance of a cesarean delivery in obese women. Various choices have
been reported including vertical supra-umbilical, vertical or transverse infraum-
bilical, and the traditional Pfannenstiel with taping of the pannus if necessary, see
Figure 1. Vertical incisions are associated with a higher chance of vertical/classical
uterine incision, but a lower chance of low 1 and 5 minute Apgar score in women
with BMI > 40 kg/m” [59, 60]. A randomized feasibility trial of 91 women showed
no difference in clinical outcomes between Pfannenstiel and vertical skin incisions,
and suggested a larger study would have a low chance of finding a difference [61].

Surgeon preferences lean towards a Pfannenstiel skin incision. A study of
surgeon preference of incision type on obese patients between Pfannenstiel with
or without taping of the Pannus, and vertical in both emergent and non-emergent
cesarean delivery, showed the majority preferred Pfannenstiel with taping of the
pannus in both cases [62]. Women prioritize safety when it comes to choice of
skin incision. A survey of women with BMI > 40 kg/m” showed that neonatal and
maternal safety ranked higher in priority over cosmetic outcomes in selection of
skin incision [63].

Since a superior skin incision has not been clearly shown, it seems reasonable to
choose the skin incision based on clinical characteristics of the maternal habitus,
and surgeon preference. If a low vertical, or high transverse skin incision is selected
in patients with a pannus, care must be taken to ensure the pannus is not transected.

6.3 Surgical techniques unique to obese women

Barrier self-retaining retractors, such as the Doyen or Alexis-O retractor shown
in Figure 2, may be used to facilitate exposure and reduce the need for additional
hands in surgery to provide retraction. This may be particularly helpful in women
with a large pannus. The Hook and Doyen retractor apparatus uses hooks and an

Figure 1.

Surgical skin incision choices. A — Pfannensteil, B — Supraumbilical, and C — Infraumbilical. The Pannus

is elevated using tape bilaterally on the upper abdomen with gentle cephalad traction and anchored to the
operating table. Care must be taken when choosing a lower abdominal incision (A or B) to avoid transecting
the pannus.
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Figure 2.

Hook and doyen apparatus to retract pannus. The doyen retractor is attached with chains and hooks to a
lateral bar on the operating table. The doyen retractor is placed under the pannus to elevate it out of the
surgeon’s way.

adjustable chain to attach a retractor placed under the pannus to a railing across the
upper end of the operating table. Care must be used as the pannus is displaced on
the maternal abdomen and may lead to hypotension and respiratory difficulties,
especially if the patient is under regional anesthesia [64].

Longer operative time leads to increased chance of maternal complications
including increased blood loss, transfusion, prolonged hospitalization and wound
infection [32]. Unfortunately, the very nature of performing a cesarean section
in the obese patient necessitates a longer surgery. Surgical techniques associated
with shorter operative time may reduce complications. Techniques that favor blunt
instead of sharp dissection reduce operative time, such as a modified Misgav-
Ladach technique (limited sharp dissection in favor of blunt expansion), blunt
expansion of the uterine incision, and finger-assisted stretching technique, or FAST
[65-67]. Standardized operative technique also help reduce operative time [68].
Though not studied in obese women specifically, barbed sutures for uterine closure
are also associated with shorter operative times [69].

Evidence suggests that closure of the subcutaneous tissue (if over 2-3 cm in
depth) and avoidance of subcutaneous drains decrease the chance of wound com-
plications in obese patients [70-72].

There is one known exception to the principle of reducing operative time to
improve maternal outcomes. Subcuticular closure with suture reduces chances of
wound complications, despite taking more time [73]. The choice of suture (4-0
vicryl or 4-0 monocryl) did not have an effect on wound complications in a ran-
domized controlled trial with a large number (66%) of obese women [74].
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6.4 Prevention of surgical site infections

Pre-operative antibiotic prophylaxis within 60 min and prior to skin incision has
been associated with a significant reduction in surgical site infection in all women,
regardless of their weight. However, the pharmacology of pre-operative antibiotics
is altered in obese women. Higher doses of pre-operative antibiotics may be needed
to prevent surgical site infection. Women with BMI > 30 kg/m’ may need 3 g of
pre-operative cefazolin to achieve similar tissue concentrations of antibiotics as
normal and overweight women [75-77]. The addition of a 48-h course of cephalexin
and metronidazole in addition to the pre-operative cephalosporin IV prophylaxis
has also been shown to reduce the chance of post-operative surgical site infection
(within 30 days) in obese women [78].

The addition of azithromycin to standard antibiotic prophylaxis in women of all
weight groups undergoing non-elective cesarean delivery has been proven to reduce
wound infection [79]. Given the high chance of wound infection in obese patients,
it may be reasonable to add azithromycin to standard antibiotic prophylaxis, even
in women undergoing elective scheduled cesarean delivery [71]. In our institution,
the addition of azithromycin has reduced surgical site infections in a longitudinal
cohort quality improvement project (unpublished data).

Different types of skin incisions have not been definitively shown to reduce
wound complications. Small studies have shown similar chance of wound complica-
tions in obese women with Pfannenstiel and vertical incisions, which is surprising
given the moist and microbe rich environment that exists in the skin folds of the
pannus [80]. A meta-analysis initially suggested vertical skin incisions may reduce
chance of wound infection, but this article was subsequently redacted due to a mis-
calculation that favored Pfannenstiel for reducing risk of infection [81]. Evidence
now suggests no clinical difference in outcomes of women with BMI > 40 kg/m”
who have either Pfannenstiel or vertical skin incisions [61].

Self-retaining retractors, unfortunately, have also not been found to reduce
surgical site infection [30, 82].

As mentioned in Section 6.3, subcuticular closure with suture reduces chances
of wound complications in obese women [73]. Skin closure with staples is associ-
ated with a higher chance of wound complication (infection, separation) in obese
women within 6 weeks of delivery [83]. However, this effect did not persist in
women with class I1I obesity (BMI > 40 kg/m” [84]. The use of staples may be
considered in super-obese women.

Many surgeons place prophylactic JP drains in the subcutaneous tissue of obese
patients undergoing cesarean delivery, with the thought wound seromas and
infection may be prevented. On a large multicenter randomized trial, obese women
with subcutaneous drains had similar rates of wound complications as those with
subcutaneous fat closure only [85]. However, more recent studies suggest that the
subcutaneous tissue should be closed if more than 2-3 cm deep, and subcutaneous
drains should be avoided to prevent surgical site infections [70-72].

Prophylactic administration of negative pressure wound therapy (Wound
V.A.C.®, Prevena™) in obese patients with a BMI > 40 kg/m” is associated with
areduction in surgical site infections [86]. Super-obese women may benefit from
prophylactic application of negative pressure wound dressings, but a systematic
review and meta-analysis suggests this strategy is not beneficial when cut offs for
application are dropped to women with a BMI > 30 kg/m? [87].

Despite implementation of known evidence based measures to prevent surgi-
cal site infection (prophylactic antibiotics within 60 min prior to skin incision,
chlorhexidine —alcohol for skin antisepsis with 3 min of drying time before incision,
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Weight (Ib) Dose (mg)*
200-240 50
241-290 60
291-330 70
331-370 80
371-400 90
>400 100

Administered every 12 h. Adapted from Overcash et al. [95].

Table 2.
Weight based enoxaparin dosing.

closure of subcutaneous tissue if >2 cm depth, and subcuticular skin closure with
suture), surgical site infection remains high in obese women [88].

6.5 Prevention of venous thromboembolic events

Pneumatic compression devices, heparin, and low molecular weight heparin
(LMWH) have all been suggested as strategies to reduce VTE in obese women
undergoing cesarean delivery. Recommendations from major societies on the
strategies for prevention of venous thromboembolism in obese women undergoing
cesarean delivery are in conflict [89]. The American College of Obstetricians and
Gynecologists (ACOG), the American College of Chest Physicians (ACCP), and
the Royal College of Obstetricians and Gynecologists (RCOG) all differ slightly in
their published recommendations. ACOG suggests all women undergoing cesarean
delivery should use post-partum pneumatic compression devices, but gives no
additional specific recommendations regarding obesity [90, 91]. The ACCP sug-
gests obesity is a minor risk factor for VTE, and does not recommend post-partum
pharmacoprophylaxis unless two minor risk factors are present [92]. In contrast,
the RCOG suggests pharmacoprophylaxis should be administered to women with a
BMI > 40 kg/m” who undergo a cesarean in labor.

Given their higher chance of post-operative VTE, it seems prudent to use at
minimum pneumatic compression devices for VTE prophylaxis in obese women
undergoing cesarean delivery, and has been found to be cost effective [93]. It seems
reasonable to consider VTE pharmacoprophylaxis in women with BMI > 40 kg/m?,
though there is lack of evidence to strongly support this strategy [94]. It is equally
important to consider that standard prophylactic doses may not be sufficient to
achieve adequate concentrations due to the pharmacokinetics of LMWH in obese
persons. Weight-based dosing of enoxaparin (0.5 mg/kg q 12 h) for prevention
of thromboembolism is more effective than BMI-stratified dosing (BMI 40-59.9
received 40 mg enoxaparin q 12 h, BMI 60 received 60 mg q 12 h) in achieving
adequate anti-Xa concentrations [95-97]. Table 2 shows a weight-based enoxaparin
dosing strategy for obese women.

7. Conclusion
Cesarean delivery occurs more often in obese women, and increases both
maternal and neonatal morbidity. Adequate planning and preparation is required

to perform a safe cesarean delivery in obese women, particularly in super-obese
patients. Optimal, evidence-based practice includes:
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* Adequate physical plant preparation with attention to sufficient equipment,
policy, and staff training;

* Initiation of informed consent process during prenatal care visits or at time of
admission, well in advance of operation;

* Anesthetic consideration and preparation for increased puncture time, num-
ber of punctures, high blocks, and difficult/high risk intubation;

* Selection of skin incision and attention to surgical techniques;
* Application of strategies to reduce post-operative wound complications; and

* Consideration of risk for and techniques to reduce risk for venous
thromboembolism.

Despite adequate preparation and attention to prophylaxis against known
adverse surgical outcomes, the obese patient will have elevated risk above her
normal weight counterpart. Prevention of obesity, and adequate weight loss prior
to conception is ultimately the best protection against complications at the time of
cesarean delivery in the obese patient.
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Chapter 6

Caesarean Section in
Low-, Middle- and High-Income
Countries

Josaphat Byamugisha and Moses Adroma

Abstract

Caesarean section (CS) refers to delivery of a foetus through surgical incisions
made through abdominal and uterine walls. It’s a life-saving procedure when com-
plications arise during pregnancy. It may be an emergency or a planned procedure.
Although desirable, CS may be medically unnecessary. CS is a major procedure
associated with immediate and long-term maternal and perinatal risks and may
have implications for future pregnancies. Since 1985, international healthcare
community considers ideal rate for CS to be 10-15%. However, in the last decade,
there has been concern about the rising rates of CS from as low as 2% in Africa to
as high as 50-60% in Dominican Republic and Latin America. To this effect, there
have been attempts to regulate the rates, and the Ten Group Classification System
under the Robson criteria is such an attempt. CS rates are on the increase due to
varying reasons ranging from patient, institutional, care provider and societal
factors. There have been modifications in the CS technique and the drugs used
postoperatively from Pitocin to addition of Misoprostol. Need has developed from
Reproductive Health Specialists to review indications, rates and terminologies used
and evaluate practices in low-, middle- and high-income countries regarding CS.

Keywords: caesarean section, rates, LMICs

1. Definition

Caesarean delivery commonly referred to as caesarean section and occasionally
caesarean birth is defined as the delivery of a foetus(es) through surgical incisions
made through the anterior abdominal wall (technically referred to as laparotomy)
and the anterior uterine wall (technically denoted to as hysterotomy) [1, 2]. This
definition considers only the intrauterine location of the foetus and not whether
the foetus is delivered alive or dead [3]. Since the words “caesarean” and “section”
are both derived from verbs that mean to cut, some authors [1] urge that the phrase
“caesarean section” is a tautology. Consequently, the terms “caesarean delivery” and
“caesarean birth” are preferable.

Although infrequent, there are reports of foetal survival from advanced
abdominal pregnancies resulting into live birth [4]. The procedure for delivery
of such foetus(es) is not caesarean section but rather laparotomy. It is technically
challenging to assign the type of procedure carried when simultaneous abdominal
and intrauterine pregnancy is encountered [5]. Considering the definitions above,
it would be urged that the procedure is caesarean section for the intrauterine foetus
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and laparotomy for the abdominal pregnancy. However, laparotomy alone would
suffice. Confusion also arises among medical students when a foetus before the age
of viability has to be delivered through abdominal surgery. Most obstetricians and
gynaecologists refer to this procedure as hysterotomy rather than caesarean section.

2. Origin of word caesarean section and additional background of
caesarean section

Caesarean section has been recorded in history since ancient times in both
Western and non-Western literature. Although the first use of the term in obstetrics
was from the seventeenth century, its early history is obscured by mythology [6].
Many historians believe that the origin of the term caesarean section rather than
caesarean is from the birth of Gaius Julius Caesar [3]. This belief has been chal-
lenged by many.

To start with, Gaius Julius Caesar certainly was not the first person born via
caesarean section. The procedure, or something close to it, is mentioned in the
history and legend of various civilizations from Europe to the Far East well before
his birth. He was not even the first Roman born that way. By the time Gaius Julius
Caesar entered the world, Romans were already performing caesarean sections, and
the Roman law reserved the operation for women who died in childbirth (so that the
woman and her baby could be buried separately) and as a last resort for living moth-
ers in order to save the baby’s life during deliveries with complications. In ancient
times, it was performed only when the woman was dead or dying as an attempt to
rescue the foetus. This annuls further the origin of the term from Gaius Julius Caesar
because his mother Aurelia Cotta is known to have lived long enough to see her son
reach adulthood and serve him as a political advisor. Some sources even suggest she
outlived him and he had two sisters, one of whom at least was younger than him [2].

Another possible source for the term is the Latin verb caedare, meaning to cut,
or the term for the children who were born by postmortem caesarean sections, who
were called caesones. The Roman law, Lex Regis, which dates from 600 BC, required
that infants be delivered abdominally after maternal death to facilitate separate
burial. This has also been proposed as the origin of the term. The specific law in
question was called the Lex Cesare [7].

Historical records claim that the earliest authenticated report of a child who
survived caesarean birth is a document describing the birth of Gorgias in Sicily
in approximately 508 BC [7]. During this time period, the caesarean operation
remained crude at best. The abdominal incision was made lateral to the rectus
muscles, and the uterus was incised at whichever portion was accessible through
the laparotomy incision. The uterine musculature was not reapproximated, and the
patient had to be physically restrained during the procedure because of unavailabil-
ity of anaesthesia [2]. As operative techniques improved, caesarean section became
safer and could be used at an earlier stage in difficult labours. Further modifications
emerged including emptying the bladder and rectum preoperatively with catheters
and enemas, respectively, to decrease the volume of these organs in the operative
field, thereby reducing the risk of injury during the surgical procedure [2].

3. Indications for caesarean section
Caesarean delivery is performed when the clinician and patient feel that

abdominal delivery is likely to provide a better maternal and/or foetal outcome than
vaginal delivery. Indications for caesarean delivery vary depending on the clinical
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situation, resources available for patient care, and individual physician manage-
ment techniques. There are no definitive algorithms available to the practicing
obstetrician to direct when an abdominal delivery will benefit the mother and/or
the foetus in every clinical situation. The decision to perform an abdominal delivery
therefore remains a joint judgement between the physician and patient after care-
fully weighing the pros and cons of a caesarean delivery versus continued labour
and/or operative or spontaneous vaginal delivery [3]. Some authors have suggested
that the term “elective caesarean delivery” should probably be eliminated because

a caesarean delivery is either “medically/obstetrically indicated” or “on maternal
request” and never truly “elective” [8].

The decision to perform an indicated caesarean delivery may be made antepar-
tum (scheduled caesarean delivery) or as a result of concerns identified after labour
has begun (“unscheduled caesarean delivery” or “unplanned caesarean delivery”).
The terms “scheduled caesarean delivery” and “planned caesarean delivery” are
used when the decision to perform a caesarean delivery does not occur as a conse-
quence of a complication of labour but is planned antepartum such as in the case of
repeat caesarean delivery, foetal malpresentation or placenta praevia. This therefore
means that indications for caesarean delivery can be divided into indications that
are of benefit to the mother (maternal indications), the foetus (foetal indications)
or both (circumstances in which both foetal and maternal indications exist).

The indications can be further divided into absolute and relative indication in
each of the maternal and foetal categories. Indications for caesarean delivery for
maternal benefit include any situation in which it is inadvisable to continue to strive
for a vaginal delivery out of concern for maternal outcome. In these situations,
the woman undergoes a major abdominal operation for indications that are likely
to decrease her risk for morbidity and/or mortality. In contrast, when a caesarean
section is performed for foetal indications, the mother is undergoing major abdomi-
nal surgery when there is no immediate benefit to her but there is potential benefit
to the neonate. In these situations, foetal health would be compromised if further
efforts toward vaginal delivery were pursued [3].

3.1 Maternal indications

1. Previous hysterotomy (usually related to caesarean delivery, but also related to
myomectomy or other uterine surgery). In the case of prior caesarean delivery,
two prior caesarean deliveries are an absolute indication. However, women
with one prior caesarean delivery can be offered trial of labour if there is no
additional risk to vaginal delivery [1, 3, 8, 9].

2. Obstructive lesions in the lower genital tract including malignancies, condy-
loma acuminata, severely displaced pelvic fracture and leiomyomas of the

lower uterine segment that interfere with the engagement of the foetal head.

3.Maternal infection (e.g. herpes simplex virus or human immunodeficiency
virus (HIV)).

4. Prior classical hysterotomy.
5. Unknown uterine scar type.
6. Uterine incision dehiscence.

7. Prior full thickness myomectomy.
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8. Genital tract obstructive mass.

9.Invasive cervical cancer.
10.Prior trachelectomy.
11.Permanent cerclage.
12.Prior pelvic reconstructive surgery.

13.Prior significant perineal trauma.

14.Pelvic deformity.

15.Cardiac or pulmonary disease.

16.Cerebral aneurysm or arteriovenous malformations.

17 .Pathology requiring concurrent intra-abdominal surgery.

18.Perimortem caesarean delivery.

3.2 Foetal indications

88

1. Non-reassuring foetal status [1].

2.Foetal malpresentation.

3.Foetal bleeding diathesis.

4.Funic presentation or cord prolapse [3].
5.Macrosomia.

6. Abnormal lies or nonvertex presentations [8].

7.Multiple pregnancies: the first twin in a nonvertex presentation or higher-
order multiples (triplets or greater).

8.Some congenital anomalies.

9. Foetal compromise [9].
10.Maternal infection: primary genital herpes and HIV.
11.Abnormal umbilical cord Doppler study.
12. Thrombocytopenia.
13.Prior neonatal birth trauma.
14.Caesarean delivery may be performed but is not routinely indicated for foetal

issues, such as extremely or very low birth weight (<1000 g and <1500 g,
respectively) [10].
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15.Some individuals also consider caesarean delivery for certain congenital
anomalies (e.g. open neural tube defects, some skeletal dysplasia and gastro-
schisis with herniated liver) [11, 12].

3.3 Both maternal and foetal indications
1. Failure to progress during labour [1].

2.Abnormal placentation (e.g. placenta praevia, vasa praevia, placenta
accreta) [3].

3. Obstructed labour.

4. Cephalopelvic disproportion.

5.Failed operative vaginal delivery [8].

6. Abruption placenta with a live baby [9].

There are no absolute contraindications to caesarean delivery. In contrast to
other types of surgery, the risks and benefits of the procedure need to be considered
as they apply to two patients. However, many pregnant women have a low tolerance
for accepting any foetal risk from vaginal birth, irrespective of the maternal risks
associated with operative intervention [13].

4, Classification of caesarean section

Traditionally, caesarean section has been classified as emergency or elective.
However, with advanced practice in obstetrics and more complicated deliver-
ies encountered, this definition has become too simplistic, and more detailed
categories are needed. Some authors have also suggested that the term “elective
caesarean delivery” should probably be eliminated because a caesarean delivery is
either “medically/obstetrically indicated” or “on maternal request” and never truly
“elective” [8]. Such authors advocate for terms as scheduled or planned caesarean
delivery in which the decision to perform an indicated caesarean delivery may be
made antepartum and unscheduled or unplanned caesarean section where decision
to perform an indicated caesarean delivery is made as a result of concerns identified
after labour has begun. The decision to perform an unscheduled caesarean section
may also arise even when labour has not occurred such as in abruption placentae
with a live baby and no labour pains or absent foetal movement with abnormal
umbilical artery Doppler studies not in labour.

Also distinguishing between prelabour caesarean section (which may be sched-
uled/elective or emergency/unscheduled) and intrapartum caesarean delivery
(which is, by default, emergency) is preferable [14].

Lucas and colleagues [15] developed the classification of caesarean deliv-
ery based on urgency approved by the Royal College of Obstetricians and
Gynaecologists (RCOG) and the Royal College of Anaesthetists in the UK after it
was developed further into the most consistent method recommended by National
Confidential Enquiry into Perioperative Deaths [16].

The initial classification by Lucas et al. [15] was a four-grade classification
system including:
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Classification Indication

Grade 1: emergency Immediate threat to the life of the woman or the foetus, i.e. placental abruption
caesarean section (antepartum) or uterine rupture (intrapartum)

Grade 2: urgent caesarean No immediate risk to the life of the woman or baby, but delivery should be
section achieved as soon as possible, e.g. three previous caesarean sections, membranes

are ruptured with meconium-stained liquor (antepartum) or non-reassuring
cardiotocograph and foetal blood sampling are not possible or contraindicated

Grade 3: nonscheduled Delivery is needed but can fit in with delivery suite workload and allow for
caesarean section fasting/steroid administration and some degree of planning, e.g. preterm
intrauterine growth restriction, preeclampsia, etc.

Grade 4: scheduled, also No urgency whatsoever and procedure planned to suit the mother, staff, delivery
referred to as elective suite, etc. and carried out at 39 weeks’ gestation during the working day (i.e. not
caesarean section out of hours)

Reproduced from The Global Library of Women’s Medicine.

Table 1.
Classification of caesarean section.

1.Immediate threat to life of woman or foetus

2.Maternal or foetal compromise which is not immediately life-threatening
3.Needing early delivery but no maternal or foetal compromise

4. At a time to suit the patient and maternity team

Based on this the following classification of caesarean delivery was
proposed (Table1) [3].

5. Techniques for caesarean section

Caesarean operation has undergone a number of technical changes as the
procedure has evolved. Many different practitioners extol the benefits of various
techniques of skin incision, uterine incision, uterine closure, and many other tech-
nical aspects of the operation. However, there are relatively few randomised trials
to support many of the commonly used practices at caesarean section. As such there
is no standard technique for caesarean delivery although there are a few evidence-
based recommendations for the surgical technique.

5.1 Abdominal opening

Abdominal opening is accomplished through either transverse (Pfannenstiel
and Joel-Cohen) or vertical skin incisions, each of which has advantages and
disadvantages. Incision of about 1215 cm is usually adequate for access [3, 14].
Historically, a vertical midline skin incision was implemented; however, this scar is
cosmetically less acceptable and is associated with higher incidence of postoperative
wound discomfort, dehiscence, infection, and hernia formation [3]. It may still be
necessary if access is required to the upper uterus or to other abdominal organs. At
present, the most frequently used type of skin incision is the Pfannenstiel incision
since it is associated with less postoperative pain, greater wound strength and better
cosmetic results than the vertical midline incision [17]. The use of scalpel is pre-
ferred although there are no randomised trials comparing scalpel to electrocautery
which can also be used during caesarean delivery.
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Opening the subcutaneous tissue layer is achieved bluntly preferred to sharp
dissection as blunt dissection has been associated with shorter operative times and less
chance of injury to vessels [18]. However, there are no randomised trials comparing
techniques for incision and dissection of the subcutaneous tissues at caesarean delivery.

There are no randomised trials comparing different techniques of opening
the fascia. A small transverse incision is usually made medially with the scalpel
and then extended laterally with scissors. Alternatively, the fascial incision can be
extended bluntly by inserting the fingers of each hand under the fascia and then
pulling in a cephalad-caudad direction [17, 18].

Rectus muscles are separated bluntly in most cases. Avoiding transection of muscles
preserves muscle strength. Dissection of the rectus fascia from the rectus sheath and
muscles is unnecessary [19] but has not been studied separately in a randomised trial.

Opening the peritoneum can be achieved using the fingers bluntly to minimise
the risk of inadvertent injury to the bowel, bladder or other organs that may be
adherent to the underlying surface [18, 19]. However blunt versus sharp entry into
the peritoneum has not been compared in a randomised trial.

5.2 Hysterotomy/opening the uterus

Opening of the bladder flap may or may not be performed. Some surgeons choose to
open the bladder flap if difficult delivery is anticipated such as when the foetal head is
deep in the pelvis or when the bladder is attached well above the lower uterine segment
after a previous caesarean delivery. In these cases, creation of the bladder flap may help
to keep the bladder dome out of the surgical field if the uterine incision extends.

The uterine incision may be transverse or vertical. The type of incision depends
upon several factors, including the position and size of the foetus, location of the
placenta, presence of leiomyomas and development of the lower uterine segment.
The principal consideration is that the incision must be large enough to allow atrau-
matic delivery of the foetus. Transverse incision along the lower uterine segment
is recommended. Compared with vertical incisions, advantages of the transverse
incision include less blood loss, less need for bladder dissection, easier approxima-
tion and a lower risk of rupture in subsequent pregnancies [19]. Low vertical and
classical incisions may also be performed in certain circumstances. Low vertical
incision is performed in the lower uterine segment and appears to be as strong as
the low transverse incision [20]. The major disadvantage of the low vertical inci-
sion is the possibility of extension cephalad into the uterine fundus or caudally into
the bladder, cervix or vagina. It is also difficult to determine that the low vertical
incision is truly low, as the separation between lower and upper uterine segments
is not easily identifiable clinically. Classical incision is rarely performed at or near
term because in subsequent pregnancies it is associated with a higher frequency
of uterine dehiscence/rupture than low vertical and low transverse incisions. The
generally accepted indications for considering a vertical uterine incision are:

* Poorly developed lower uterine segment in a setting in which more than nor-
mal intrauterine manipulation is anticipated (e.g. extremely preterm breech

presentation, back down transverse lie)

* Lower uterine segment pathology that precludes a transverse incision (e.g.
large leiomyoma, anterior placenta praevia or accreta)

* Densely adherent bladder

* Postmortem delivery
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5.3 Delivery of the baby and placenta

Extraction of the foetus at caesarean delivery is usually uncomplicated but may
be made more difficult by extreme prematurity, a deeply impacted or floating foetal
head or an abnormal lie. However, careful attention to the duration of prolonged
uterine incision to delivery time is important especially in a foetus with a non-
reassuring foetal heart rate assessment prior to the onset of surgery.

Cord clamping. Delayed, rather than immediate, cord clamping results in
greater neonatal haemoglobin levels and appears to be beneficial for preterm, and
some term, infants. However, in asphyxiated baby, the cord should be quickly
clamped and cut.

Delivery of the placenta is best achieved with controlled cord traction and aided
by oxytocin administration instead of manual delivery which is associated with
postoperative endometritis and greater blood loss. To ensure that all of the placenta
has been removed, the uterus is usually explored with one hand holding a sponge
to remove any remaining membranes or placental tissue, while the other hand is
placed on the fundus to stabilise the uterus. These manipulations further stimulate
uterine contraction.

5.4 Closure of the uterus

The uterus may or may not be exteriorized. No approach is superior to the other.
Closing the uterus after caesarean section is best performed with a double-layer
technique using continuous closure with delayed absorbable synthetic suture
incorporating all of the muscle in order to avoid bleeding from the incision edges.
Some obstetricians prefer locking the sutures instead of continuous [21]. Recently,
Lambert’s suture technique for the second layer is being promoted. The bladder
peritoneum may or may not reperitonised.

5.5 Closure of the abdomen

The peritoneal layer may or may not be closed. Nonclosure might allow the
enlarged uterus to adhere to the anterior abdominal wall or impede spontaneous
closure of the peritoneum, while closure might cause a foreign body reaction to
sutures and tissue damage [22]. A systematic review of peritoneal nonclosure and
adhesion formation after caesarean delivery found some evidence that nonclosure
was associated with greater adhesion formation than closure of the parietal layer or
both visceral and parietal layers [23].

Rectus muscles are believed to reapproximate naturally, and suturing them
together may cause unnecessary pain when the woman starts to move after
surgery [17]. There is no randomised trial that has evaluated rectus muscle closure
versus nonclosure.

Fascial closure is a critical aspect of incisional closure as this provides the
majority of wound strength during healing. Care should be taken to avoid too much
tension when closing the fascia since reapproximation, not strangulation, is the
goal. The closure is best achieved with a simple running technique using no 1 or 2
delayed absorbable monofilament suture [22].

The subcutaneous adipose layer is closed with interrupted delayed absorbable
sutures if the layer is >2 cm. Closure of the dead space seems to inhibit accumula-
tion of serum and blood, which can lead to a wound seroma and subsequent wound
breakdown [24]. The point of this layer is to support the skin layer, so Scarpa’s fascia
should be deliberately included in it [14].
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Reapproximation of the skin may be performed with staples or subcuticular
suture. No approach is superior to the other [25] although stables are associated
with a doubling of wound complications (infection and wound separation) [26].
Subcuticular stitches have been associated with less immediate postoperative pain
and are more cosmetically appealing at 6 weeks than the stapling device [27]. For
subcuticular suture, absorbable sutures such as Vicryl may be used.

6. Complications of caesarean section
Although a life-saving procedure for either the mother or the baby or both,
caesarean section comes with a number of complications including but not

limited to [28]:

1. Infections including endometritis and wound infections. Necrotizing fasciitis
is rare but can occur after caesarean section.

2. Septic pelvic thrombophlebitis including ovarian vein thrombophlebitis and
deep septic pelvic thrombophlebitis.

3.Haemorrhage. The mean blood loss at caesarean is approximately 1000 mL;
however, estimates of blood loss are not very reliable.

4. Urinary tract and blood problems including ileus, urinary tract and bowel
injuries.

5. Venous thrombosis and embolism whose risk is increased during the postoper-
ative period. Early ambulation and thromboprophylaxis for high-risk mothers
are recommended to decrease the risk of thromboembolism.

6. Disruption (or opening) of the caesarean laparotomy wound is common, espe-
cially in women with risk factors such as obesity, diabetes, history of wound

disruption, vertical incision, etc.

7.Foetal and neonatal birth risks such as iatrogenic prematurity and birth trauma,
transient tachypnea of the newborn, respiratory distress syndrome, etc.

8.Maternal mortality.

9. Abnormal placentation in subsequent pregnancy.

10.Subfertility. Women whose first birth is by caesarean are less likely to have a
subsequent pregnancy than women whose first birth is a spontaneous vaginal

delivery.

11.Scar complications including hysterotomy scar pregnancy, numbness and
incisional endometriosis.

12.Uterine rupture in a subsequent pregnancy.

13.Abdominal adhesions that may predispose to bowel obstruction, strangula-
tion, infertility and visceral injury during subsequent abdominal operations.
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7. Caesarean section rates and why the increase over the decades

The international healthcare community has considered the ideal rate for
caesarean sections to be between 10 and 15% [29] based on a 1985 WHO meeting
in Brazil that stated that there is no justification for any region to have a rate higher
than 10-15%. Since then caesarean sections have become increasingly common in
both developed and developing countries for a variety of reasons [30].

When medically justified, caesarean section can effectively prevent maternal
and perinatal mortality and morbidity. However, there is no evidence showing
the benefits of caesarean delivery for women or infants who do not require the
procedure. The proportion of caesarean sections at the population level is a measure
of the level of access to and use of this intervention. It can serve as a guideline for
policy-makers and governments in assessing progress in maternal and infant health
and in monitoring emergency obstetric care and resource use.

Concerns on the rise in the numbers of caesarean section births and the poten-
tial negative consequences for maternal and infant health have been raised [31].
This concern is extended also to cost which is a major factor in improving equitable
access to maternal and newborn care, as caesarean sections represent significant
expense for overloaded and often weakened health system. However, determining
the adequate caesarean section rate at the population level, i.e. the minimum rate
for medically or obstetrically indicated caesarean section, while avoiding medically
unnecessary operations is a challenging task.

In the United States, the caesarean delivery rate rose from 4.5% in 1970 to 32.9%
in 2009. Following this peak, the rate has trended slightly downward, and it was
32.0% in 2015 [9]. In China the caesarean section rate was 42% in 2010 [31] despite
the author claiming it had reduced. The rates can be even higher in private clin-
ics. For example, in Brazil, 80-90% of births in private clinics are now caesarean
sections, compared with about 30-40% of births in public hospitals [32]. Countries
with high caesarean section rates include the Dominican Republic 56.4%, Brazil
55.6%, Egypt 51.8%, Turkey 50.4%, Iran 47.9% and China 47%.

See more at https://www.bellybelly.com.au/birth/highest-c-section-rates-by-
country/.

At the other end of the spectrum, sub-Saharan Africa is still struggling to give
mothers access to caesarean sections when required. Across this region, the cae-
sarean section rate has changed very little since 2000, hovering right around 5%.
This also varies from country to country and from private to public hospitals. In
Africa only 7.3% of babies are born via this method. But it is a very mixed picture
across the continent. Some countries have very high rates such as Egypt (51.8%) and
Mauritius (47%), the highest in Africa. And despite a 2.9% overall increase across
the continent from 1990, there has been a decline in some countries like Nigeria
and Guinea which now stands at about 2%. Zimbabwe has maintained its caesarean
section rates at 6%.

So what is driving the global rise of Caesarean sections? Some scholars claim
it is likely three factors working together: financial, legal and technical with some
people calling for hospitals to pay doctors equally for vaginal births in order to bring
these rates down. However, the reasons for persistently significant caesarean rates
are not completely understood, but some explanations include the following [9]:

1. Women are having fewer children; thus, a greater percentage of births are
among nulliparous, who are at increased risk for caesarean delivery.

2. The average maternal age is rising, and older women, especially nulliparous,
have a higher risk of caesarean delivery.
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3.The use of electronic foetal monitoring is widespread. This practice is associ-
ated with an increased caesarean delivery rate compared with intermittent
foetal heart rate auscultation. Foetal distress accounts for only a minority of all
caesarean deliveries. In many more cases, concern for an abnormal or “non-
reassuring” foetal heart rate tracing prompts caesarean delivery.

4. Most foetuses presenting breech are now delivered by caesarean section.

5.The frequency of operative vaginal delivery has declined.

6. Rates of labour induction continue to rise, and induced labour, especially
among nulliparous, raises the caesarean delivery rate.

7. Obesity, which is a caesarean delivery risk, has reached epidemic proportions.

8. Rates of caesarean delivery in women with preeclampsia have increased,
whereas labour induction rates for these patients have declined.

9. The rate of vaginal birth after caesarean (VBAC) has decreased.
10.Elective caesarean deliveries are increasingly being performed for various
indications that include maternal request, concern for pelvic floor injury

associated with vaginal birth and reduction of foetal injury rates.

11. Assisted reproductive technology is more widely used than in the past and is
associated with greater caesarean delivery rates.

12.Malpractice litigation related to foetal injury during spontaneous or opera-
tive vaginal delivery continues to contribute to the present caesarean deliv-
ery rate.

13.Fear of birth and labour pain.

14.Belief that caesarean section prevents trauma and damage to the pelvic due to
vaginal birth.

15.Belief that caesarean section is less traumatic to the baby.
16.Convenience to the care provider and mother.
17.Low tolerance of anything less than perfect birth outcome.
18.Cultural considerations, e.g. birth date being lucky for future or destiny.
Looking at the different caesarean section rates across the globe, it appears
mothers around the world end up with less than optimal care when it comes to
caesarean sections. It is either too little too late or too much too soon.

8. Robson’s classification for CS

As already discussed, there are concerns over the rising caesarean section
rate globally. However, determining the adequate caesarean section rate at the

95



Recent Advances in Cesarean Delivery

population level, i.e. the minimum rate for medically indicated caesarean section,
while avoiding medically unnecessary operations is a challenging task. At the heart
of the challenge in defining the optimal caesarean section rate at any level is the
lack of a reliable and internationally accepted classification system to produce
standardised data, enabling comparisons across populations and providing a tool to
investigate drivers of the upward trend in caesarean section.

The lack of a standardised internationally accepted classification system to
monitor and compare caesarean section rates in a consistent and action-oriented
manner is one of the factors that has hindered a better understanding of this trend.
WHO proposes adopting Robson’s classification as an internationally applicable
caesarean section classification system [29].

The system classifies all women admitted for delivery into 1 of the 10 groups that
are mutually exclusive and totally inclusive. This means that based on a few basic
obstetric variables, every woman admitted to deliver in any facility can be classified
into 1, and only 1, of the 10 groups and no woman will be left out of the classifica-
tion. The 10 groups are based on 6 basic obstetric variables which are the only
information needed to classify each woman as shown in Table 2.

Based on the 6 obstetrics, the 10 groups are as shown in Table 3.

WHO expects that this classification will help healthcare facilities to:

1. Optimise the use of caesarean section by identifying, analysing and focusing
interventions on specific groups of particular relevance for each healthcare facility.

2. Assess the effectiveness of strategies or interventions targeted at optimising
the use of caesarean section.

3. Assess the quality of care, clinical management practices and outcomes by
group.

4. Assess the quality of the data collected while raising staff awareness about the
importance of the data and its use.

Obstetric characteristic

1. Parity Nulliparous

Multiparous

2. Previous caesarean section Yes (one or more)

* No

3. Onset of labour Spontaneous

Induced

No labour (prelabour caesarean section)

4. Number of foetuses Singleton

Multiple

5. Gestational age Preterm (less than 37 weeks)

Term (37 weeks or more)

6. Foetal lie and presentation Cephalic presentation

.

Breech presentation

Transverse lie

Reproduced from WHO Robson classification implementation manual 2017.

Table 2.
Obstetric variables for Robson’s classification.
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Group Description
Group 1 Nulliparous women with a single cephalic pregnancy >37 weeks gestation in spontaneous labour
Group 2 Nulliparous women with a single cephalic pregnancy, >37 weeks gestation who either had labour

induced or were delivered by caesarean section before labour

Group 3 Multiparous women without a previous uterine scar, with a single cephalic pregnancy >37 weeks
gestation in a spontaneous labour

Group 4 Multiparous women without a previous uterine scar, with a single cephalic pregnancy >37 weeks
gestation who either had labour induced or were delivered by caesarean section before labour

Group 5 All multiparous women with at least one previous uterine scar with a single cephalic pregnancy
>37 weeks gestation

Group 6 All nulliparous women with a single breech pregnancy

Group 7 All multiparous women with a single breech pregnancy, including women with previous uterine
scar

Group 8 All women with multiple pregnancies, including women with previous uterine scars

Group 9 All women with a single pregnancy with a transverse or oblique lie, including women with previous

uterine scar

Group10  All women with a single cephalic pregnancy <37 weeks, including women with previous uterine
scar

Reproduced from WHO Robson classification implementation manual 2017.

Table 3.
The 10 groups of the Robson classification.

9. Conclusion

Caesarean sections are effective in saving maternal and infant lives but only
when they are required for medically indicated reasons. Although the operation
continues to become safer, the incidence of maternal mortality and morbidity
is still significant. Continued efforts on the part of the obstetrician must be
made to ensure that caesarean deliveries are not performed for inappropriate
indications and that each woman is counselled carefully according to her indi-
vidual characteristics. Caesarean section rates have been rising over time due to
multifactorial reasons. However, determining the adequate caesarean section
rate is challenging due to the absence of reliable and internationally accepted
classification system. WHO proposes Robson’s classification system as a global
standard for assessing, monitoring and comparing caesarean section rates within
healthcare facilities and between facilities. However, every effort should be made
to provide caesarean sections to women in need, rather than striving to achieve a
specific caesarean section rate.
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