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Globally obesity is increasing especially in the reproductive age group. Pregnant women with
obesity have higher complication and intervention rates. They are also at increased risk of still-
birth and intrapartum complications. Although organisations like NICE, RCOG, ACOG and WHO
have published guidelines and recommendations on care of pregnant women with obesity the
evidence from which Grade A recommendations can be made on timing and how to deliver is
limited. The current advice is therefore to have discussions with the woman on risks to help her
make an informed decision about timing, place, and mode of delivery.

Obesity is an independent risk factor for pregnancy complications including diabetes, hyper-
tension and macrosomia. In those with these complications, the timing of delivery is often
influenced by the severity of the complication. As an independent factor, population based
observational studies in obese women have shown an increase in the risk of stillbirth. This risk
increases linearly with weight from overweight through to class II obesity, but then rises sharply
in those with class III obesity by at least 10-fold beyond 42 weeks when compared to normal
weight women. This risk of stillbirth is notably higher in obese women from 34 weeks onwards
compared to normal weight women. One modifiable risk factor for stillbirth as shown from
various cohorts of pregnant women is prolonged pregnancy. Research has linked obesity to
prolonged pregnancy. Although the exact mechanism is yet unknown some have linked this to
maternal dysregulation of the hypothalamic pituitary adrenal axis leading to hormonal imbalance
delaying parturition. For these women the two dilemmas are when and how best to deliver.

In this review, we examine the evidence and make recommendations on the timing and mode
of delivery in women with obesity. For class I obese women there are no differences in outcome
with regards to timing and mode of delivery when compared to lean weight women. However, for
class II and III obesity, planned induction or caesarean sections may be associated with a lower
perinatal morbidity and mortality although this may be associated with an increased in maternal
morbidity especially in class III obesity. Studies have shown that delivery by 39 weeks is asso-
ciated with lower perinatal mortality compared to delivering after in these women. On balance

E-mail address: nivedita.aedla@nhslothian.scot.nhs.uk (N.R. Aedla).

https://doi.org/10.1016/j.bpobgyn.2023.102425
Received 7 September 2023; Received in revised
Available online 22 November 2023

form 31 October 2023; Accepted 13 November 2023

1521-6934/© 2023 Elsevier Ltd. All rights reserved.


mailto:nivedita.aedla@nhslothian.scot.nhs.uk
www.sciencedirect.com/science/journal/15216934
https://www.elsevier.com/locate/bpobgyn
https://doi.org/10.1016/j.bpobgyn.2023.102425
https://doi.org/10.1016/j.bpobgyn.2023.102425
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bpobgyn.2023.102425&domain=pdf
https://doi.org/10.1016/j.bpobgyn.2023.102425

N.R. Aedla et al. Best Practice & Research Clinical Obstetrics & Gynaecology 92 (2024) 102425

the evidence would favour planned delivery (induction or caesarean section) before 40 weeks of
gestation. In the morbidly obese, apart from the standard lower transverse skin incision for CS,
there is evidence that a supraumbilical transverse incision may reduce morbidity but is less
cosmetic. Irrespective of the option adopted, it is important to discuss the pros and cons of each.

1. Introduction

Obesity, defined as abnormal or excessive fat accumulation that presents a risk to health is currently one of the greatest social
burdens caused by human behaviour. Rates of obesity have risen significantly over the last 2 decades to an extent that this is now
considered an epidemic. The rise in levels has been throughout the world with most in middle income countries and to a lesser extent
some low-income countries. In high-income countries the rise is not universal with the USA having the highest obesity rate [1]. The
prevalence of obesity tripled between 1975 and 2016 when it was estimated that there were 1.9 billion over weight adults of which 650
million were obese (BMI >30 kg/mz) (340 million adolescents and 39 million children), implying that 39 % (39 % of men and 40 % of
women) of adults aged 18 or over were overweight, and 13 % were obese. Obesity has a significant negative impact on health with an
estimated 2.8 million people dying each year as a result of being overweight or obese. If current trends continue unchecked, the World
Obesity Federation (WOF), predicts that one billion people globally, including 1 in 5 women and 1 in 7 men, will be living with obesity
by 2030 [2]. Obesity is twice more common among women than men with a significant number of this in the reproductive age group
[3].

Obesity especially morbid obesity (define as BMI >40 kg/m?) is associated with or is a cause of several morbidities in obstetrics and
gynaecology [4]. In obstetrics the challenges of morbid obesity are myriad. These include monitoring of maternal health, imaging the
fetus and monitoring fetal growth and delivery. Perinatal outcomes in obese women are much higher than in normal weight women.
Morbid obesity is associated with higher induction of labour rates, longer duration of labour, more labour dystocia requiring synto-
cinon augmentation, higher rates of operative deliveries, postpartum haemorrhage and chorioamnionitis and infections and venous
thromboembolism [5]. Emergency caesarean section rates are up to 50 % compared to 10 % in normal weight women [6]. Further-
more, following caesarean sections there is an increased risk of endometritis, wound infections, fascial dehiscence, and haemato-
ma/seroma formation [7]. Stillbirth rates in obese women are significantly higher and more so in those who are morbidly obese [8].
Several factors have been advanced for the increased stillbirth and perinatal mortality rates in morbidly obese women. These include
prolongation of pregnancy and problems monitoring. In this article, we review the evidence for when and how best to deliver morbidly
obese women.

1.1. Duration of pregnancy

It has been suggested that maternal body mass index (BMI) and nutrition may be involved in the timing of the onset of labour,
operating possibly through endocrine mechanisms [9]. Preterm delivery for example is more common in women who are underweight
than in those of normal weight [10]. A study from Israel showed that restricting nutrition in women may indeed initiate labour [11]. If
the converse is true, then it would be less likely for women who are obese to go into spontaneous labour at term and thus be at
increased risk of having postdate pregnancies [12]. These women, who by virtue of their obesity are already at high risk, would be
more likely to have induced labours for postdates with a potential further rise in surgical intervention, morbidity, and mortality.

A significant decrease in the rate of spontaneous labour from 41weeks of gestation has been observed in obese patients [13]. The
increased rate of induction of labour in obese women at 41+° weeks gestation reported from some studies could therefore reflect a
higher proportion of the reduced rate of spontaneous labour. Several studies [12-16] have indeed reported a longer gestation in
obesity, with delivery occurring more frequently between 41 and 42 weeks of gestation (presumably because of a reduced rate of
spontaneous labour). Prolonged pregnancy is reported to affect about 30 % of obese patients compared to 22 % of patients with a
normal BMI (OR: 2.2)!7 Prolonged pregnancy is therefore one of the most common complications in obese patients.

Denison et al. [12] showed that in pregnancies that extended beyond 260 days, a higher maternal BMI during the first trimester was
associated with an increased risk of postdates pregnancy. They also found that the greater the increase in maternal BMI between first
and third trimesters the longer the gestation and furthermore that maternal BMI in the first trimester influenced the risk of spontaneous
onset of labour at term. The proportion of women with a BMI of 35 kg/m?or more in this study in the first trimester who went into
spontaneous onset of labour at term was approximately 50 % lower than in those with a normal BMI in the first trimester. Denison and
colleagues [12] by using an accurate method of determining change in maternal BMI with gestation in their large database of 43,783
women showed that the greater the increase in maternal BMI during pregnancy, the longer the gestation. In two other studies change in
maternal BMI was shown to affect the length of gestation [17,18]. The first one, a case—control study (n = 3191) showed that increased
maternal gestational weight gain was associated with a higher risk of post-term delivery [17] and the second showed that excessive
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gestational weight gain was associated with prolonged pregnancy [18]. We can infer from these studies that if this relationship indeed
proves causal, then it could be said that there would be the expectation of an increase in the prevalence of postdate pregnancies
world-wide since the rate of maternal obesity is rising.

How could this relationship between weight and duration of pregnancy be explained? The precise factors that control length of
gestation and onset of parturition are poorly understood. Having said that it is known that circulating levels of corticotrophin-releasing
hormone, mainly synthesised by the placenta [19], and plasma cortisol at 22—-24 weeks are significantly lower in women who deliver at
term compared with those who deliver preterm [20]. Additionally, there is a less rapid rise in maternal corticotrophin-releasing
hormone in women who deliver post-dates compared with those who deliver at term or preterm [21,22]. Although obesity is asso-
ciated with activation of the hypothalamic—pituitary—adrenal axis, cortisol clearance is also increased, and plasma cortisol levels are
often low or normal [23-25]. Furthermore there is a clear-cut inverse linear correlation between plasma cortisol levels and relative
weight in nonpregnant women [26]. Taken together these observations would suggest that obese women are therefore likely to have
lower circulating cortisol levels during pregnancy than those of normal weight women. A consequence of this could be reduced
placental corticotrophin-releasing hormone production and ultimately an influence on the timing of delivery [27]. Alternatively, in
obese women, higher concentrations of oestrogen in adipose tissue may result in a reduction in the levels of circulating oestrogen and
an alteration in the oestrogen: progesterone ratio in maternal plasma, which increases prior to normal delivery [28]. No studies have
investigated the effect of maternal obesity on uteroplacental biology, the hypothalamic-pituitary axis and changes in hormones
(involved in parturition) during normal pregnancy. Despite all these observations we feel that while obesity is indeed a factor in
prolonging pregnancy, the mechanisms by which obesity influences parturition trigger will be complex and multifactorial. There is
thus the need for studies to confirm these interesting findings and to explore possible mechanisms.

1.2. Stillbirths

Globally, nearly 2 million stillbirths (SBs) were reported in 2019 which is likely to be an underestimation [29]. Causes of stillbirth
are potentially modifiable; some of these include lifestyle and nutritional factors (which account for 10 % of SBs) and prolonged
pregnancy (accounting for 14 % of SBs) [30]. Term stillbirth is considered as that occurring at > 37 weeks. While many stillbirths are
attributable to placental dysfunction and growth restriction, more studies are emerging identifying obesity as an independent risk
factor. Maternal overweight and obesity (BMI >35 kg/m?) has been identified as the highest-ranking modifiable risk factor after 22
weeks of gestation especially in high income countries [31]. The risk of stillbirth at term in all pregnancies (37 °- 41*°) is reported as
1.23 per 1000 total births [32]. Maternal obesity more than doubles the risk of stillbirth and neonatal death [33,34]. In a
population-based study in Sweden of 64,632 overweight or obese women, from which a total of 61,800 records were analysed (4855
were obese with BMI ranging from 30 to 34 kg/m? and 16,900 were class IIl obesity of BMI>> 35 kg/m?) it was concluded that women
who were obese or severely obese had a higher risk of almost all the pregnancy outcomes including stillbirths (RR 2.16; 95 % CI
1.31-3.55) [34].

A meta-analysis of the association of stillbirth with maternal obesity concluded that women who are overweight and obese were at
an increased risk compared with normal-weight women. The unadjusted odds ratios were calculated as 1.47 (95 % CI, 1.08-1.94) for
overweight women and 2.07 (95 % CI, 1.59-2.74) for obese women [35]. The largest retrospective cohort study from Canada pub-
lished in 2021, that reviewed around 12.8 million births concluded that compared with women of normal BMI the risk of stillbirth at
term in women with raised BMI was higher. This risk was shown to rise in a dose-response relationship with class 1 obese women at 39
weeks, class II obese women from 38 weeks and class III obese women from 37 weeks [36]. Similarly another retrospective cohort
study in US reviewing 2.4 million births concluded that delivery by 38 weeks in morbidly obese women reduced perinatal mortality.
The stillbirth rate in the obese group increased from 1.8 per 10,000 births at 34 weeks to 10.5 per 10,000 births at 42 weeks. Perinatal
mortality risk favoured delivery at 39 weeks (RR: 1.17; 99 % CI: 1.01-1.36). In the morbidly obese group stillbirth risk increased from
8.8 per 10,000 births at 34 weeks to 83.7 per 10,000 births at 42 weeks favouring reduced perinatal mortality for delivery from 38
weeks (RR: 1.53; 99 % CI: 1.16-2.02). In women with morbid obesity, 428 (99 % CI: 279-916) need to be delivered at 39 weeks to
prevent one stillbirth. At 41 weeks, 147 (99 % CI: 87-447) women need to be delivered to prevent one stillbirth [37].

Another retrospective cohort study in US published in 2014, examined the association between pre pregnancy BMI and risk of
stillbirth in more than 2.8 million births (excluding anomalies) and concluded that there was an increased risk of stillbirth with
increasing BMI. Obesity was associated with nearly 25 % of stillbirths that occurred between 37 and 42 weeks’ gestation (after
excluding anomalies and other confounding factors such as maternal age). Extreme maternal obesity was a significant risk factor for
stillbirth. Women with a BMI of 50 kg/m? and over were 5.7 times more likely to have stillbirth compared with normal weight women
at 39 weeks’ gestation. As the gestational weeks progressed the stillbirth rate rose and was 13.6 times higher at 41 weeks. Once again, a
dose-response relationship between obesity and stillbirth was observed consistent with other studies (Table 1). There was a linear
increase in stillbirth in overweight women through to women with class II obesity. However, women with class III obesity had a higher
nonlinear increased in stillbirth between 30 and 42 weeks’ gestation [38].



Table 1

Obesity & Stillbirth risk (Akelsson 2023 [34], Chu 2007 [35], Eberle 2022 [36], Yao 2019 [37], Yao 2014 [38]).

Study (year Study design Dates of data Inclusion criteria Sample size Overweight Stillbirth risk ~ Obese Stillbirth risk p- Strengths and Ref. no
& country) collection N) value Limitations
Sweden Population-based January 2016-June Overweight or obese 61,800 RR 2.06 (95 % CI RR 2.16 (95 % CI 0.006 Strengths: Akelsson
2023 cohort study 2018 women (over 28 weeks) 1.01-4.21) 1.31-3.55) -low missing values 2023 [34]
Limitations:
-Regional differences
in prevalence of
obesity
-Cause of stillbirth not
known
-Potential confounders
not adjusted
2007 Meta-analysis January Overweight and obese 9 studies Unadjusted OR 1.47 (95 Unadjusted OR 2.07 (95 Strengths: Chu 2007
1980-September women included % CI 1.08-1.94) % CI 1.59-2.74) -estimates not affected [35]
2005 by study
characteristics
Limitations:
-mechanism for
increased risk unclear
USA 2022 Retrospective 2014-2017 Singleton term births 12,742,980 Class I at 39 weeks- OR Strengths: Eberle 2022
population-based with recorded pre- births 1.15 (95 % CI 1.00-1.31) -missing data is small [36]
cohort study pregnancy BMI Class II at 38 weeks- OR -comorbidities not
1.21 (95 % CI 1.04-1.41) adjusted
Class III at 37 weeks- OR -WHO BMI categories
1.30 (95 % CI 1.11-1.52) Limitations:
-congenital anomalies
not excluded
-coding errors
-gestational age may
be when fetus
delivered
Texas 2017 Retrospective cohort 2006-2011 Singleton non- 2,149,771 Class I at 34 weeks- 1.8 Strengths: Yao 2019
study anomalous births (over per 10,000 -large sample [37]
34 weeks) Class 1 at 41 weeks- 10.5 -risk with gestation
per 10,000 -perinatal mortality
Class III at 34w- 8.8 per rate calculated
10,000 Limitations: coding
Class III at 41 weeks- errors
83.7 per 10,000 -gestational age at
diagnosis of stillbirth
-self reported pre-
pregnancy weight
-confounders not
adjusted
US 2014 Retrospective cohort Washington Singleton nonanomalous 2,868,482 Adjusted hazard ratio Adjusted HR 40-42 Strengths: Yao 2014
study 2003-2011 births (over 30 weeks) (HR) 40-42 weeks 1.33 weeks for -Class I, 2.30 —2 analytical [38]
Texas 2006-2011 (95 % CI 1.19-1.55) (95 % CI 1.65-2.25) approach yielded

- Class II, 2.37 (95 % CI
2.04-3.02)

~Class III, 3.30 (95 % CI

2.57-3.98)

-BMI >50, 8.91 (95 % CI

1.71-5.09)

similar results

-large sample size
Limitations:
-combined 2 databases
-variable definition
and coding

-coding errors
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1.3. Timing of delivery

NICE guidance on the provision of intrapartum care suggests individual assessment for women with a booking BMI of 30-35 kg/m?
when planning place of birth. Women with a booking BMI of >35 kg/m? should be offered referral to an obstetric unit [39]. The recent
update of NICE guideline on Induction of Labour recommends that women who are low risk should have a discussion on induction of
labour from 41*° weeks to reduce some increased risks such as likelihood of caesarean section, of baby needing admission to neonatal
intensive care unit and of stillbirth and neonatal death [40].

Women who are obese and pregnant are more likely to develop complications during pregnancy such as hypertension, diabetes and
macrosomia. As a result, they are more likely to be offered induction of labour. In the presence of complications during pregnancy
there is clear guidance that induction of labour should be offered. Obese women also have higher risk of interventions during spon-
taneous onset of labour. For example, labour is well recognised to be prolonged (often dysfunctional) in obese women leading to a
higher intervention rate. Obese women also have a higher chance of emergency Caesarean section which may be as high as 50 % in
those with class III obesity [41,42].

These above findings were replicated in a decision-analytic model created to determine optimal timing of delivery in obese women
in USA. Delivery at 38 weeks’ gestation was shown to prevent 203 intrauterine fetal deaths compared with expectant management
until 41 weeks’ gestation. Sensitivity analysis confirmed that 38 weeks remained the optimal timing. This study recommended that the
ideal time to deliver obese women is 38 weeks [43]. Although the evidence for recommending induction of labour at term in obese
women is not robust, we would recommend that induction at term (38-39 weeks) is considered as an option in those who are morbidly
obese. The Royal College of Obstetricians and Gynaecologists Green-top Guideline states that ‘elective induction of labour at term in
obese women may reduce the chance of caesarean birth without increasing adverse outcomes’. [44].

1.4. Delivery - induction of labour or elective caesarean section

1.4.1. Induction of labour

Postdates pregnancies are associated with an increased risk of intrapartum and postpartum obstetric complications and higher
perinatal morbidity and mortality rates [45-47]. Stillbirth rates rise exponentially after 40 weeks of gestation [34] and this is the basis
for the generally accepted wisdom that in uncomplicated pregnancies, induction of labour should be considered after 41 weeks.

There is increasing evidence from several studies (in nulliparous women with and without a favourable cervix [48,49]) in women of
advanced maternal age [50] and in women with a prior caesarean delivery that elective induction of labour is associated with
decreased or at least similar odds of caesarean delivery and overall equivalent neonatal outcomes compared to expectant management
[48-53]. A recent multicentre randomized controlled trial reported that induction of labour in nulliparous low-risk women signifi-
cantly reduced the risk of caesarean delivery (18.6 % versus 22.2 %, relative risk 0.84; 95 % CI 0.76-0.93) [54]. A meta-analysis [55]
of studies on elective induction at 39 weeks concluded that it reduced the rate of caesarean section, maternal infectious complications,
and neonatal morbidity such as respiratory distress, hospitalization in NICU and neonatal mortality.

Since the stillbirth and perinatal mortality rates in obese and especially morbidly obese women rises significantly after 37/38 weeks
[371, could elective induction of labour be offered to reduce this risk? This would be considered an option if there is evidence of benefit
as well as safety. Wolfe et al. showed that obese women had higher rates of failed induction as well as higher rates of neonatal intensive
care unit admission and composite neonatal morbidity [56,57]. These findings were also reported by others on obese women un-
dergoing medical and elective inductions [58,59-61]. Composite outcomes that were reported to be higher included caesarean de-
liveries and postpartum complications, including haemorrhage, infections, and incisional morbidity. Interestingly in one of these
studies [58], the neonates of obese women who failed to achieve a vaginal delivery after induction of labour had more respiratory
morbidity, antibiotic use and admission to the neonatal intensive care unit. The validity of these studies has, however, been challenged
as they either used a comparison group of normal-weight women [56] or included only women with unfavourable cervices [57].
Subsequent larger studies that compared elective induction of labour after 37 weeks in obese [62-64] and morbidly (BMI >40 kg/m?)
obese [59] women to expectant management showed that caesarean delivery, macrosomia, severe maternal morbidity, and neonatal
morbidity were lower in the induction group with no change in the odds of infant and neonatal mortality.

A study by Gibbs et al. [63] comparing elective induction of labour during the 39th week of gestation versus expectant management
in a large cohort of obese nulliparous and parous women found decreased odds of caesarean delivery among the nulliparous obese
women but this was not the case for inductions performed at 40th or 41st weeks of gestation. There were also higher 3rd and 4th degree
lacerations and lower rates of postpartum haemorrhage with elective induction of labour at 40°~40° weeks among nulliparous women.
These findings were consistent with the analysis by Lee et al. [62] of a large de-identified administrative California database that
examined obese women undergoing elective induction of labour starting at 37 weeks. In this analysis, they showed that in nulliparous
obese women induction at 37 and 39 weeks was associated with a lower risk of caesarean delivery. This reduction was also shown in
parous obese women for inductions during each week starting at > 37 weeks.

Macrosomia which is a recognised fetal complication of maternal obesity is not on its own, an indication for induction of labour.
Given this known association (between maternal obesity and fetal macrosomia) [64,65], it is plausible that an elective induction of
labour can reduce the risks associated with macrosomia such as shoulder dystocia? It is, however, unclear whether such an inter-
vention will lead to a reduction in a shoulder dystocia and brachial plexus injury [66]. A few studies have investigated this. One study
while showing that this was associated with reduced birth weight for all inductions <40th weeks for nulliparas and for multiparas
induced at 39 weeks failed to demonstrate a reduction in the incidence of shoulder dystocia; in fact, this was increased in nulliparous
women undergoing elective induction at 39 weeks. Reassuringly studies published by Lee et al. [62] Gibbs Pickens et al. [63] and
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Kawakita et al. [59] did not show an increase in shoulder dystocia.

The evidence so far does appear to show that induction of labour is a safe option in obese women. The successful vaginal delivery
rates that have been reported are 60 % and 90 % in nulliparous and multiparous women respectively [67], and 61.8 % for all class III
obese women [68]. The RCOG Green-top Guideline states that IOL should be offered to obese pregnant women as an option of planned
delivery. Hopkins et al. [69] undertook a cost effectiveness analysis of a cohort of morbidly obese who underwent induction of labour
(N =110) or had a planned CS (N = 114) at 40 weeks. The key findings were that in morbidly obese women, IOL remains cost-saving
until the rate of CS following induction exceeds 70 %. The CS rate in the induction group was 53 %. A criticism of this study is that only
multiparous women were included in the induction groups, and this could have been a potential source of bias. We believe that based
on the evidence reviewed, elective induction of labour at 39-40 weeks of gestation confers more benefits than the risks associated with
allowing pregnancies to progress beyond 41 weeks, especially in view of the significantly increased stillbirth risk. Caution should be
exercised with this recommendation, and we would encourage well designed randomised prospective trials to generate robust
evidence.

1.4.2. Planned (elective) caesarean section

Obesity is not an indication for caesarean section (CS); however, several studies have investigated the place of planned CS versus
vaginal delivery. Subramaniam et al. [70] for example undertook a retrospective study of women with class III (morbid) obesity in which
they compared IOL (N = 399) versus planned CS (N = 262). They found no differences in composite maternal or neonatal morbidity
between the groups and as such concluded that in term women with class III obesity planned caesarean does not appear to reduce
maternal and neonatal morbidity compared with planned induction of labour. Several of the studies cited previously compared planned
induction and caesarean section and concluded that there were no significant differences in outcomes. In another study Hopkins et al.
[69] reported that planned CS was associated with greater morbidity thatincluded a surgical site infection rate of 13 % following planned
CS (versus 0 % for induced vaginal delivery) and this rose to 16 % following induction and CS. It can be argued that while planned CS is
not indicated in obese parturients, the potential difficulties such as logistics, delay giving adequate anaesthesia and delivery of the baby
(especially where there is fetal compromise) make for a strong case to discuss planned CS as an option especially for the morbidly obese
women. This is more so that the emergency CS rate is about 50 % [41,42]. It is our opinion that it is better to planned to deliver these
women but taking appropriate steps to minimise the post-operative morbidity especially that of surgical site infections.

Having decided on a caesarean section (CS), the controversy in women with obesity is the type of incision on the abdomen. This is
more so for those who are morbidly obese (BMI>40 kg/m?). Options include the vertical midline incision, the Maryland incision, the
Cohen incision, and Pfannenstiel incision. Most Caesarean sections are either through the Pfannenstiel incision or low transverse skin
incision - both of which are more cosmetically acceptable and have lower associated morbidity.

In obese (and especially morbidly obese) women, the region below the panniculus where the transverse/Pfannenstiel incisions are
made is characterised as a warm moist anaerobic environment with increased bacterial content, leading to proliferation of numerous
microorganisms, producing a bacterial cesspool which promotes wound infection [71]. The use of an incision in the moist area is
therefore controversial [72,73]. Two other approaches in those who are morbidly obese with a large overhanging panniculus are the

Supraumbilical incision

Midline incision

Maylard incision

Pfannenstiel
incision

i

Fig. 1. Illustration of the all the various incisions on the abdomen that can be used for CS.
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Fig. 2. Zoroob 2020 [78] Forest plot of systematic review of abdominal incisions at CS.

supra-umbilical transverse incision or supra-umbilical vertical incision (SVI) [72-74]. Fig. 1 is an illustration of the all the various
incisions on the abdomen that can be used for CS.

The supra-umbilical vertical skin incisions when compared with low transverse incisions are associated with an increase in
postoperative pain, postoperative atelectasis and superficial wound and fascial dehiscence [72,73]. Furthermore because the incision
often overlies the uterine fundus potentially limiting the access to the lower uterine segment, there is an increased rate of classical CS.
Reported rates of upper uterine incision with this vary from 14 to 23 % [71,72,74]. In subsequent pregnancies, classical uterine in-
cisions are associated with increased morbidity that includes, intestinal obstruction and 4-9 times increased risk of uterine rupture
compared to a low transverse uterine incision; with about a third of these occurring before labour and sometimes several weeks before
term [72,75,76]. Vertical skin incisions are also associated with significantly increased rates of wound infection when compared with
the low transverse incision (23 % versus 6 %; OR 12.4, 95 % CI) [74].

In a recent study that compared the Pfannenstiel (N = 40) and supra-umbilical vertical (N = 30) incisions in morbidly obese women
(BMI>50 kg/mz), there were no differences in immediate and delayed complications, however those who had SVI were significantly
more likely to have a classical CS (60 % versus 7.5 %; P < 0.0001) and longer operating times.126.5 vs 102.5 min; P < 0.01) [77].

Zoorob et al. [78] undertook a systematic review of published studies between 2003 and 2018 comparing the maternal morbidity
associated with vertical and transverse skin incisions at caesarean delivery in obese patients. Fig. 2 is a Forest Plot from this systematic
review. They concluded that there was a significantly lower risk of wound complications in obese women undergoing CS with a
transverse skin incision compared with a vertical skin incision (RR = 0.47, 95 % CI: 0.37-0.58; p < 0.00001). Sebire et al. [10] reported
on wound complications in a London population study. The rate of wound complications increased with an increase of BMI from 9.2 %
in women with BMI of 30-39.9 kg/m2 (aOR: 1.4, 95 % CI: 0.99-2.0; p = 0.06), to 16.8 % in women with of BMI 40-49.9 kg/m2 (aOR:
2.6, 95 % CI: 1.7-3.8; p < 0.01). The rate of wound complication in those with BMI of >50 kg/m? was 22.9 % (aOR: 3.0, 95 % CI:
1.9-4.9; p < 0.01). When all these are taken together, we can conclude that the transverse skin incision may be preferable to vertical
skin incision which in obese pregnant women may be associated with lower rates of wound complications (see Fig. 3).

A variation in the transverse skin incision is one performed above the pannus (high transverse or suprapannicular incision has been
investigated. Theoretically this should be associated with less wound complications because it avoids going through the pannus. This
was first described by Greer et al. [80] and Gal [81]. In a retrospective case-control review of all patients who were at >150 % their
ideal body weight when undergoing caesarean delivery by means of either a supraumbilical (N = 15) or a Pfannenstiel incision (N =
54) between 1989 and 1995, Houston and Rayor [82] found that postoperative morbidity in the morbidly obese women undergoing
caesarean delivery did not differ between those who had the supraumbilical approach and those who had the low transverse abdominal
incision. Those who had undergone the supra-umbilical incision were about 41.5 kg heavier than those who had the transverse
incision. It was not until two other studies reported a tendency to reduced wound complications with this incision that clinicians took
interest in this approach to CS in morbidly obese women. In a comparative case series in which all the parturients had a mean BMI of

Projection of the
Umbilicus  pubic

symphysis
i Abdominal and low uterine
segment incisions

Panniculus

Fig. 3. Tixier 2009 [79] Illustration of the implications of panniclulus on the uterine segment.
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47.7kg/m2, 13 had the subumbilical and 5 the supra-umbilical transverse incisions. Tixier et al. [79] reported quicker delivery with
the suprapubic incision and no increase in classical uterine incisions and a better access to the lower uterine segment in all cases.
Interestingly, only one assistant was required with the supra-umbilical transverse incision as opposed to at least 2 with the
infra-umbilical incision. This was primarily because of limited exposure in the latter due to the pannus which must be retracted with
the infra-umbilical transverse incision. Stewart et al. [83] reported on 20 patients of BMI 40 (range 40-61.7) kg/m2 studied retro-
spectively (between 2009 and 2014), 95 % of them having an abdominal panniculus in the supine position. The median operative time
was 49 min (32-70 min). Four patients (19.1 %) had a postpartum haemorrhage and 4 (19.1 %) a postpartum infectious complication,
none of which were severe. They concluded that in this high-risk population of severely obese women undergoing caesarean pro-
cedures, variations in anatomy require each patient’s incision choice to be individualized. For the women with a voluminous pan-
niculus the supraumbilical skin incision appears to offer an adequate exposure to the peritoneal cavity and the lower uterine segment,
therefore allowing surgeons to safely carry out the procedure. Finally, Walton et al. [84] and Dias et al. [85] respectively observed a
trend showing a reduction in wound complications with the high transverse and suprapannicular type of skin incision when compared
with the low transverse and infrapannicular incision [84,85]; however, the difference did not reach statistical significance. Despite
these encouraging data the numbers reported on are small and therefore larger sample studies that allow for comparisons between the
various abdominal incisional techniques are required. One such study is registered with Clinical Trials and is due for completion soon
(Mohamed Mahmoud Arafa, Clinical Trials No) [86].

2. Summary

There is an increasing trend in stillbirth risk with rising BMI documented in literature. The reasons for this are likely to be
multifactorial. Obesity has been shown not only to be associated with chronic inflammatory changes [87], sleep apnoea [88] and
metabolic dysfunction but with prolonged pregnancy which could contribute to this increased risk of stillbirth after adjusting for other
co-morbidities such as diabetes and hypertension. This pathophysiology is still poorly understood, and further scientific research is
required. Clearly decisions regarding early delivery and interventions should take in account patient experience and morbidity.

Women who are obese have increased risks of gestational hypertension, gestational diabetes, macrosomia, and obesity related
hypoventilation all of which play an important part in risk of stillbirth. Timing of delivery is challenging in these women, and they
should have discussions about increased risks of stillbirth and adverse pregnancy perinatal outcomes at term. Women with morbid
obesity should be informed of increased risk of stillbirth if awaiting spontaneous onset of labour beyond 40 weeks (see Fig. 4).

Fig. 4. Tixier 2009 [79] Operating technique for the caesarean section with a supraumbilical cutaneous incision. (A) Projection of the pubic bone
which is situated above the umbilicus when the panniculus is voluminous. (B) Cutaneous incision. (C) Transversal opening of the rectus sheath. (D)
Straightforward approach to the lower uterine segment.
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Practice points

Women with obesity are at increased risk of pregnancy related problems such as hypertension, diabetes, macrosomia, thrombosis
and prolonged preganancy

Obesity is an independent risk factor for stillbirth

Stillbirth rises in a linear manner in women who are overweight and class I and class II obesity.

Women with class III obesity (BMI 50 mg/kg?) have a nonlinear rise in risk of stillbirth and this rise is from 38 weeks’ gestation.
Fetal surveillance is difficult with maternal obesity. Practitioners should be aware of limitations of these investigations antenatally
and during labour

It is good practice to individualise delivery plans in women with morbid and extreme obesity.

Obesity on its own is not an indication for Caesarean delivery. However, risks and morbidity with emergency procedures should be
discussed with women including a multidisciplinary team of specialist obstetricians, obstetric anaesthetists and midwives.

Research agenda

There is increasing evidence that obesity is an independent risk factor for stillbirth. Addressing best options for fetal surveillance in

these women and further developments in this field can enhance and improve perinatal outcomes. Population based studies have
reported an increased risk of stillbirth rising with pre pregnancy BMI. Whilst induction of labour can reduce late onset stillbirth the
optimal timing is still unclear due to lack of randomised controlled trials. Conducting research in this way may be difficult especially
with recruitment of women into these trials given the nature of randomisation required. Future research should be aimed at providing

ans

wers to determine best methods of fetal surveillance, timing and method of delivery in women with obesity aiming to reduce

perinatal adverse outcomes while balancing maternal morbidity rates.
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