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Cesarean section (CS) is one of the most commonly performed surgical operations in the world and has
resulted in improved maternal and neonatal morbidity and mortality rates internationally. However,
concerns have been raised regarding the ever increasing CS rates to what has been described as
‘epidemic’ proportions. Global CS rates have increased from 6.7% in 1990 to 19.1% in 2014. However, there
is a vast variation in the CS rates between countries with CS rates of 44.3% reported across Latin America
& the Caribbean and CS rates as low as 4.1% in central and West Africa. There is much controversy
regarding the optimal figure for CS in a population. The optimal CS rates for a population have been
recommend in various studies, ranging from 10% to 19%, above which no reported improvement in
maternal and neonatal mortality rates is observed. This review examines the evolution of the changing
indications for CS and increasing CS rates in a world where family sizes are reducing and maternal age at
first pregnancy is increasing. Efforts must be made to agree on an appropriate classification system
whereby CS rates can be compared accurately between units and countries as a useful tool to audit and
monitor our practice. Obstetricians should consider the indications for each CS performed, be conscious
of the CS rate in our own countries and institutions and most importantly, be cognizant of how the CS
rate impacts the maternal and perinatal morbidity and mortality rates and adjust our practice accord-
ingly, to minimize harm.
© 2021 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

It is well established that cesarean section (CS) rates are rising
globally and this persistent increase has resulted in worldwide
concern. Both the World Health Organization (WHO) and the In-
ternational Federation of Obstetrics and Gynecology (FIGO) have
expressed alarm at this continuous increase, describing this trou-
bling trend as an ‘epidemic’ [1,2]. In 1990 the international CS rate
was approximately 6.7%, increasing to 19.1% in 2014, with an annual
increase at a rate of 4.4% [3]. This increase was particularly notable
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in Eastern European and South Asian countries, with CS rates
increasing at an annual rate of 5.5% and 6.1% respectively [4].

In 1985, theWHO declared that the optimal CS rate for a country
was in the range of 10e15% [2]. They also reported that there was
no improvement in the maternal and neonatal mortality rates
when CS rates were greater than this figure [2]. Given the un-
precedented increase in CS rates from then to now, the relevance
and accuracy of this statement was questioned by leading pro-
fessionals in the field [5]. However, more recent studies conducted
in 2014 and 2015, have since corroborated the statement made by
WHO in 1985, illustrating that there is no significant change in
neonatal and maternal mortality when the CS rate is in excess of
15% [6,7].

Leading organizations and professionals in the field have called
for the need to reduce CS rates globally [1,5]. Professor Gerard H.A.
Visser, Chair of FIGO's Committee for Safe Motherhood and
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Newborn Health in 2018 stated that, “Unnecessary cesarean sections
cause more harm than good. Awareness must be raised both among
doctors but also among patients who should be informed of the
negative aspects of C-sections” [8]. A statement made by Catherine
Spong from the Institute of Child Health and Human Development,
USA echoed this same concern; “Given the major complications
associated with multiple cesareans, to both mother and baby, women
should carefully evaluate the immediate risks in the current pregnancy
with the longer-term risks of multiple cesareans” [9]. With the above
statements in mind, this paper looks to examine the history of CS,
the evolution of the changing indications for CS and examine the
increasing CS rates in a world where family sizes are reducing and
maternal age at first pregnancy is increasing [10,11].

Evolution of the caesarean section

CS is reported in ancient texts from around the world including
Hindu, Egyptian, Grecian, Roman and European records and was
originally performed only when the mother was either dead or
dying [12]. Preceding the advent of anesthesia and antisepsis, the
procedure was considered barbaric with associated high rates of
pain and infection. The mortality rate associated with CS was over
50% worldwide in the 19th century [13]. Advances in anesthetics at
the end of the 19th century resulted in improved surgical tech-
niques, better record keeping and recording of previous procedures
[12]. Alongside the development of improved anesthetic tech-
niques, advances in antisepsis and sepsis treatments allowed ob-
stetricians to enhance CS delivery [12,13]. This in turn led to the
investigation of various methods that would result in both reduced
infection and control of obstetric hemorrhage [12,13]. This
continued evolution and advancement in the technique of CS has
resulted in a significant reduction in complication rates and im-
provements in maternal and neonatal morbidity and mortality,
which will be discussed in more detail below.

Risks and benefits of CS

Risks

It is well established that CS is associated with increased
maternal morbidity and mortality compared to vaginal delivery
including post-partum hemorrhage, transfusion, hysterectomy,
complications of anesthesia, venous thromboembolism and post-
partum infections [14]. The burden of maternal mortality is
disproportionately high in low-income and middle-income coun-
tries (LMICs). A 2019 systematic review and metanalysis reported
that the risk of maternal death was significantly higher in LMICs,
with the highest risk of death observed in women from sub-
Saharan Africa [15]. This study also observed that women under-
going emergency CS in LMICs were twice as likely to die than those
delivering by elective CS [15].

CS also confers increased risks in a subsequent pregnancy.
Pregnancy after CS is associatedwith increased rates of miscarriage,
stillbirth, placenta previa, placenta accreta, and placental abruption
[16]. Additionally, vaginal birth after CS (VBAC) has a rare but
devastating risk of uterine rupture - 1/200 women [17]. This risk
increases with the number of CS performed, a shorter interval since
last CS and induction/augmentation of labor. The risk of placenta
accreta spectrum disorders similarly increases with the number of
prior CS performed; with the incidence of placenta accreta
approximately 0.24% after one CS compared to 2.33% in women
after four previous CS procedures [18]. This results in an increased
risk of peripartum hysterectomy [19].

CS has been linked to the risk of additional complications not
only in the mother but also in the neonate. Repeat CS has been
21
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associated with an increased risk of respiratory complications,
including transient tachypnoea of the newborn and respiratory
distress syndrome, which corresponds with an increased rate of
admission to neonatal intensive care units [20]. In LMICs a con-
cerning proportion of stillbirths and perinatal deaths were reported
in associationwith CS births, particularly in the sub-Saharan region
where up to one in ten babies delivered by caesarean section were
stillborn [15]. Further studies have raised additional concerns
regarding the association between CS and other childhood condi-
tions, including an increased risk of obesity up to 5 years and
increased risk of asthma up to 12 years in children delivered by CS
[16], though these associations need further investigation.

Benefits

Despite the numerous complications alluded to above, CS has
several benefits when utilized appropriately. Arguably, the most
important benefit of CS has been to reduce perinatal mortality rates
[2]. Further reported benefits include reduced rates of urinary in-
continence and pelvic organ prolapse, cerebral palsy in the neonate,
and adverse neonatal outcomes in breech presentations [14,16,21].

One of the primary aims of CS is to offer a safe alternative to
vaginal birth with an ensuing decrease in maternal and neonatal
morbidity and mortality. However, it must also be acknowledged
that advances in antenatal care, labor ward practice and improve-
ments in neonatal care have all contributed to the improvements in
these figures. Several studies have shown a direct correlation be-
tween CS rates and improved maternal and neonatal mortality,
with data suggesting improvedmaternal and neonatal mortality up
to a certain threshold which has been reported as CS rates ranging
from 10% to 19% [22,23]. It is important to note that all of these
studies found no correlation between maternal and neonatal
mortality beyond a certain threshold, which is to say the mortality
rate was not increased by increasing CS rates, nor was it reduced.

It was with this in mind that the WHO recommended the
optimal CS rates for a population should be in the range of 10e15%
[2]. A further study by Molina G et al. that included 97.6% of all live
births in the world, proposed an optimal CS rate of below 19%,
which suggests that previous targets sets by the WHO were lower
than necessary [23]. Moreover, when considering the suggested CS
rates described above, it is alarming to see CS rates of 44.3% re-
ported across Latin America and the Caribbean and equally
disconcerting to see CS rates as low as 4.1% in central and West
Africa [4]. The corresponding neonatal mortality rates for the same
period in both regions was 9.8 per 1000 live births and 29.3 per
1000 live births respectively [24]. The low CS and high neonatal
mortality rates raises concerns regarding lack of access to safe CS in
LMICs.

The changing indications for caesarean delivery

With the advances in surgical technique, there has been a
resultant change in the various indications for CS, which in many
respects are strongly associated with corresponding improvements
in antenatal care and labor ward practice internationally. Leading
medical indications for CS include previous CS, non-reassuring fetal
heart rate, malpresentation, labor dystocia and suspected macro-
somia [25]. With the advent of cardiotocography (CTG), continuous
monitoring of fetal heart rate (FHR) has become the standard of
care in labor wards [26]. A Cochrane review comparing continuous
FHR monitoring versus intermittent auscultation observed that
healthy parturients who had continuous FHR monitoring had a
higher rate of CS compared to those who had intermittent auscul-
tation [27]. A further leading indication for CS includes malpre-
sentation, particularly breech presentation. The Term Breech Trial
IVERSITY from ClinicalKey.com by Elsevier on July 17, 
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published in 2000, concluded that planned CS was safer compared
to planned vaginal delivery in a term breech presentation [21].

Furthermore, several studies have observed ‘previous CS’ as the
most common indication for CS, with rates ranging from 26% to 30%
of all CS indications [25,28]. The reasons for this are multifactorial
but have been strongly associated with the declining VBAC rates
internationally. The reasons for declining VBAC rates are multiple
and complex and include inadequate resources, litigation concerns,
as well as a lack of knowledge amongst both providers and patients
[29]. Ambiguous statements by the ACOG regarding VBAC have
raised concern among providers about litigation [30] and a 2009
study estimated that a $10,000 decrease in insurance premiums
would be associated with a 1.45% increase in VBAC rates and
associated decrease in CS performed due to previous CS [31]. This
data combined with the study showing a power imbalance in the
favor of the physician during mode of delivery decisions [32],
suggests that physician associated factors are as important as pa-
tient associated ones and in turn have added to the increase in
global CS rates.

Moreover, there has been an increase in CS rates performed for
non-medical reasons. A study published in the NEJM in 1989,
demonstrated a changing culture in the indications for CS from
medical to non-medical indications [33]. The study found that rates
of primary CS vary directly with socioeconomic status and that
these differences are not accounted for by medical reasons, such as
complications of pregnancy or childbirth, maternal age, parity and
birth weight [33]. Similarly, there has been a rise in CS for maternal
request/patient preference [34]. Studies have shown a link between
a lack of positive anticipation of childbirth and increased CS rates as
well as the increased perception of CS as a more convenient mode
of birth [35]. A 2012 American study showed a positive correlation
between cesarean delivery on maternal request (CDMR) and
concern about delivery-related birth injuries to the neonate [36].
Additional reasons for CDMR were fear of urinary incontinence,
pelvic floor/vaginal trauma, suggestion from a healthcare profes-
sional, and a prior experience of a traumatic delivery [37]. Various
other non-medical factors have contributed to increasing incidence
of CS. A study in China showed a correlation between higher CS
rates and type of medical payment [38]. In countries where patients
are charged more for a CS than a vaginal delivery, concerns have
also been raised that doctors may be performing CS which are not
medically indicated in an effort to earn more. FIGO therefore has
recommended averaging cost and permitting the same fee to be
paid to obstetricians irrespective of mode of delivery to negate this
perception [1]. Another study from Turkey observed that women of
higher socioeconomic status were more likely to accept CS than
women of lower socioeconomic status, emphasizing that factors
other than medical indications are associated with the increasing
CS rates [39].

The impact of changing maternal demographics and assisted
fertility on the CS rates

A 2017 report published by the United Nations observed a fall
in the average household size almost everywhere in the world
with a concurrent decline in fertility rates; in France the fertility
rate reduced from 2.6 to 2.0 between 1968 and 2011 [40]. Simi-
larly, in Kenya the fertility rates reduced from 8.1 to 4.4 between
1969 and 2014 [40]. The fall in fertility rates in these countries,
both vastly different from each other from a socio-economic and
health perspective, displays the global trend towards families
having fewer children. Additionally, the mean age at first preg-
nancy is also increasing [11]. However significant differences have
been observed in this statistic between countries. In 2015 the
mean age at first birth was 19.9 years in Afghanistan compared to
22
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30.7 years in Ireland [41]. In the USA, between 1990 and 2012,
there was a substantial increase in the number of nulliparous
women aged 35e39 years [42]. With this increasing age at first
pregnancy, comes a decrease in fertility; without medical inter-
vention. Women trying to conceive at an older age have a greater
chance of infertility and hence form a growing cohort of women
who attend fertility clinics for assisted reproductive technology
(ART). This increase in the mean age at first pregnancy along with
the increased use of ART have led to a dramatic increase in the
twinning rate-from 18.9/1000 to 33.2/1000 between 1980 and
2009 [43], with further increased CS rates. It is clear that more
women are having fewer children and at a later age. Care pro-
viders should in turn consider if these changing demographics
reduce the relevance of CS complications in a subsequent preg-
nancy and is something that should be discussed with patients on
an individualized basis.

Standardizing comparison of caesarean section rates

A discussion regarding global CS rates is incomplete without
discussing a standardized method to classify and thus compare CS
rates between different countries. A 2011 systematic review by the
WHO examined several classification methods including
indication-based classifications, urgency-based classifications and
women-based classifications. It noted that the most common
classification systemwas indication-based, however the categories
in these classes were not mutually exclusive, there were contrast-
ing definitions of the indications, and the indications could only be
identified retrospectively, making implementation difficult. Similar
problems were noted with urgency-based classifications, although
these seemed to have greater clinical applicability and potential to
improve communications between healthcare professionals and
thus outcomes, compared to indications-based classifications.
Women-based classification were deemed to be the most superior
approach, as these classification systems allowed prospective
determination into mutually exclusive, completely inclusive cate-
gories, and had high reproducibility. The highest rated women-
based classification system in the review was the Robson 10
group classification system and the Denk 8 group classification.
Between these two classification system, the Robson 10 group
classification system was determined to be the most suitable to
fulfil local and international needs of the obstetric community [44].

The use of the Robson 10 group classification is increasing
rapidly globally [45]. In 2015, the WHO endorsed the Robson 10
group classification as a global standard for monitoring, assessing
and comparing CS rates [46]. The classification system comprises of
10 mutually exclusive and completely inclusive groups based on
parity, number of fetuses, prior CS, onset of labor (spontaneous vs
induced), gestational age and fetal presentation. This method of
analyzing CS rates between and within countries would help
eliminate differences caused by variations in the obstetric popu-
lation. Stratifying the CS rates in such a way would also allow
identification of the various subgroups where the CS rates could be
deemed disproportionally high. For example, it has been suggested
that reducing the CS rate in nulliparous women in spontaneous
labor at greater than 37 weeks is a means to reducing overall sec-
tion rate in subsequent pregnancies.

The variance in obstetric populations globally also brings into
question the optimal CS rate determined by the WHO of 10e15%
[2], and raises the question of whether we should be aiming for a
blanket CS rate across the globe or varying it based on the under-
lying obstetric population of the country. The question remains as
to whether comparing CS rates based on obstetrics classifications
(e.g. the Robson groups) or other various maternal characteristics is
more appropriate, rather than a single, summative figure.
IVERSITY from ClinicalKey.com by Elsevier on July 17, 
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Conclusion

The disparity in studies looking at an optimal CS rate, suggests
an underlying flaw in the concept of a universally applicable
‘optimal CS rate’. Firstly, as obstetricians we should be constantly
critical of our own practice and the underlying indications when
performing CS procedures, particularly a first CS procedure in a
nulliparous woman. Secondly, we should be aware of our own
population of parturients and the demographics of women
attending our maternity services and be conscious of the broader
CS rate in our own countries. Thirdly, efforts must be made to agree
on an appropriate classification system whereby CS rates can be
compared accurately between units and countries as a useful tool to
both audit and monitor our practice. Finally, and most importantly,
we must be cognizant of how the CS rate in our individual pop-
ulations impacts the maternal and perinatal morbidity and mor-
tality rates and aim to adjust our practice accordingly to minimize
harm.
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