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Introduction

Obesity has become the new epidemic. In the developed world, its incidence is
consistently increasing to the extent that in some countries and regions, it is more
common to be overweight or obese than to have a normal weight. In the developing
world, there are several countries with the perplexing reality of obesity coexisting
with severe malnourishment. Aside from the increasing incidence of obesity, we find
that its burden in terms of individual complications as well as population impact is
increasing not only in numbers but also in scope.

Pregnancy presents a unique maternal and fetal environment. Maternal compli-
cations coexist with fetal ones and both may affect the course of pregnancy as well as
labor and delivery. In addition, pregnancy offers a unique opportunity in transferring
obesity and its comorbidities from one generation to the next. We need to explore
the issues related to this transfer in order to reduce obesity, diabetes, and metabolic
syndrome in the next and future generations.There have been several textbooks on
obesity and pregnancy in the last decade. This book is unique in several different
ways. It looks at obesity longitudinally from preconception to puerperium. It is a clini-
cal textbook looking at a variety of the aspects of clinical management of women
with obesity. At the same time, it deals with basic concepts that do not have a direct
impact on clinical management but are crucial for the understanding of the underly-
ing mechanisms for the effects of obesity in pregnancy.

We are thankful to the authors of this book who represent a wide range of exper-
tise. Special thanks to the editor of the series, Prof. Joachim Dudenhausen, for his
ongoing support and the publisher, De Gruyter.

Cindy Maxwell and Dan Farine

https://doi.org/10.1515/9783110487817-203
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Miha Lucovnik, NataSa Tul and Isaac Blickstein

1 Epidemiology of obesity

1.1 Introduction

Obesity is a medical condition in which an excessive amount of adipose tissue has
accumulated to the extent that it may impair health [1]. Excess body fat is deleteri-
ous to multiple organ systems through thrombogenic, atherogenic, oncogenic, hemo-
dynamic, and neurohumoral mechanisms [2,3]. Numerous epidemiological studies
have demonstrated associations between obesity and various diseases, such as dia-
betes mellitus, heart disease, and several types of cancer [2-7]. Obesity has also been
shown to have a negative effect on psychosocial as well as economic aspects of life [8].

In 1997, the World Health Organization (WHO) formally recognized obesity as
a global epidemic [1]. Despite multiple efforts to address this public health issue,
the prevalence of obesity continues to increase [1]. As the prevalence of obesity is
increasing, so is the number of obese women of reproductive age. Consequently,
obesity complicates a significant proportion of pregnancies [9]. These pregnancies
are at increased risk of several maternal as well as fetal adverse outcomes, which are
described in more detail elsewhere in this book.

In this chapter, we will discuss different methods to diagnose excess adipose
tissue (obesity). We will also review current epidemiological data on the prevalence of
obesity in the general population as well as specific data on the prevalence of obesity
in pregnant women.

1.2 Definitions of obesity — advantages and disadvantages
of using body mass index

Obesity is defined by the WHO as excessive fat accumulation [1]. However, the amount
of body fat can be assessed by many different measures. The body mass index (BMI) is
the most commonly used anthropometric method to define obesity. BMI is calculated
as an individual’s weight in kilograms divided by the height in meters squared. This
measurement was first described by a Belgian mathematician Adolphus Quetelet in
the mid-19th century based on the observation that body weight was proportional to
the square of the height in adults with “normal body frames” [10]. Commonly used
definitions of underweight, normal weight, overweight, and obesity based on BMI
were established by the WHO and are presented in Tab. 1.1 [11]. As Asian popula-
tions develop negative health consequences of obesity at a lower BMI, some nations
redefined different BMI cutoffs for obesity. The Japanese defined obesity as any BMI
greater than 25, whereas China uses a BMI of greater than 28 [12, 13].

https://doi.org/10.1515/9783110487817-001
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Tab. 1.1: Classification of adult underweight, overweight, and obesity according to BMI [11].

Category BMI
Underweight <18.5
Normal weight 18.5-24.9
Overweight 25.0-29.9
Class | obesity 30.0-34.9
Class Il obesity 35.0-39.9
Class lll obesity >40.0

There are several advantages of using BMI as a diagnostic method for obesity. It is
easily applicable in epidemiological studies because it only depends on two com-
monly measured quantities, i.e., height and weight. BMI has also been widely incor-
porated into clinical practice due to its noninvasiveness and simplicity. Moreover,
numerous studies have shown associations between BMI-defined obesity and mortal-
ity [14-16]. BMI also correlates reasonably well with more accurate measurements of
percent body fat including densitometry and dual energy X-ray absorptiometry, which
are the reference methods for assessment of body composition [17-19]. This is espe-
cially true in individuals with high BMIs, indicating that BMI has good specificity and
positive predictive value to diagnose obesity.

On the other hand, measuring BMI also presents some disadvantages with regard
to pregnancy. The overwhelming majority of studies published on this subject used a
BMI cutoff of >30 kg/m? to estimate risks of adverse perinatal outcomes associated with
obesity. The main limitation of BMI is that it does not distinguish between the mass asso-
ciated with bones, muscles and organs (lean body mass), and that associated with fat
tissue (body fat mass). BMI, therefore, contains two factors (lean body mass and adipose
tissue) that have opposite biological effects. Although adipose tissue has been associ-
ated with deleterious health outcomes, preserved lean mass is positively associated
with physical fitness, higher caloric expenditure, exercise capacity, and survival [20-22].
Therefore, whereas the specificity of BMI to diagnose excess body fat is high, the sensitiv-
ity is relatively low, and as many as 50% of individuals with high body fat percentage are
missed by using BMI alone [19]. This issue is even more important in pregnant women
because fetal, placental, and amniotic fluid mass represent more or less an unknown
part of the total body mass. Moreover, BMI provides no information on the distribution
of body fat. This is an important weakness of the method because abdominal obesity has
been shown to be associated with significantly greater health risks [23].

Several alternatives to BMI for determining body composition and percentage
of body fat have been described and are currently being studied. They are, however,
expensive, cumbersome, and/or not insufficiently accurate. Precise determination of
body fat content in pregnancy is particularly challenging for several reasons. Some
techniques, such as dual energy X-ray absorptiometry or computed tomography, are
only rarely applied during pregnancy because of radiation exposure [24]. Methods such
as magnetic resonance imaging or underwater weighing use sophisticated equipment
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that is not available for routine use [25]. Anthropometric measures, other than BMI,
for body composition assessment rely on measurements of skinfolds in different loca-
tions (e.g., triceps, subscapular, abdominal, and mid-calf) and measurements of differ-
ent circumferences (e.g., waist, arm, and thigh). Measurements are used in equations
that more or less accurately estimate the body fat content [26]. Physiological changes in
pregnancy affect skin tension and make measurement of skinfolds challenging, espe-
cially in the abdominal region. Consequently, only few anthropometric measurements
can realistically be performed during pregnancy. Moreover, the existing anthropometric
methods have often been developed for use in nonpregnant women and only rarely
specifically for pregnancy [26-28]. Even pregnancy-specific anthropometric methods,
however, showed large discrepancies in body composition [29]. Current knowledge,
therefore, does not allow selecting a more appropriate method than BMI for reliable
routine determination of body fat percentage before and during pregnancy.

In conclusion, obesity is currently most often defined by BMI. This is certainly a
useful measure for basic epidemiological evaluation of obesity prevalence. However,
BMI can provide misleading information on the actual content of body fat. This is
especially true when BMI is measured during pregnancy.

1.3 Prevalence of obesity

Obesity has become the most prevalent preventable cause of death worldwide [5].
According to WHO data, the global prevalence of obesity in 2014 was 15% in women
and 11% in men. This means that more than 600 million adults were obese in 2014 [1].
Figure 1.1 displays the WHO data on the prevalence of obesity for each country.

BMI adults % obese (> = 30.0),
Most recent

W >50.0 @ 10.0-20.0
B 40.0-50.0 O 5.0-10.0
@ 30.0-40.0 O 0.0-5.0
@ 20.0-30.0 [Jnodata

Fig. 1.1: World map displaying national data on prevalence of obesity [Source: World Health
Organization; available at: http://apps.who.int/bmi/index.jsp].
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Fig. 1.2: Obesity trends among US adults. 1990, 2000, and 2010 (Source: Behavioral Risk Factor
Surveillance System, CDC; available at:
https://www.cdc.gov/obesity/downloads/data/obesity-trends-map_1985-2010.pdf).

Obesity trends are even more worrying than its current high prevalence. The
prevalence of obesity more than doubled between 1980 and 2014 and continues
to increase worldwide [1]. Figure 1.2 shows the increase in obesity rates among US
adults during the period 1990 to 2000. What was once considered a problem of high-
income countries is now on the rise in low- and middle-income countries as well [1].
Of special concern is the increase in obesity among children and adolescents. Child-
hood obesity is associated with a higher risk of obesity, premature death, and dis-
ability in adulthood [30]. Moreover, in addition to the increased future risks, obese
children experience breathing difficulties, increased risk of fractures, hyperten-
sion, early markers of cardiovascular disease, insulin resistance, and psychological
effects [31].

Figures 1.3 and 1.4 present data from the SLOFIT system, a national monitor-
ing system of children’s motor and physical development in Slovenia (Slovenia is
a European Union member state in Central Europe, with a population of approxi-
mately 2 million and 20,000 deliveries per year). The SLOFIT test battery includes
eight motor tests (arm-plate tapping, standing long jump, polygon backwards,
sit-ups, standing reach touch, bent arm hang, 60 m run, and 600 m run), as well
as measurements of the child’s height and weight. Every year, qualified physi-
cal education teachers perform the measurements in all primary and secondary
schools (high schools) as required by the physical education curriculum, follow-
ing the official measurement protocol. For the last decade, the proportion of obese
high school girls has been increasing (Fig. 1.3). Interestingly, we also found a high
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Proportion of all high school girls (%)
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Fig. 1.3: Increase in prevalence of obesity (defined as BMI >30 kg/m?) among high school girls in
Slovenia (unpublished data, courtesy of Gregor Starc, PhD, Faculty of Sport, University of Ljubljana,
Slovenia).

proportion (44%-56%) of 18- to 19-year-old girls with normal BMI (18.5-24.9 kg/m?)
but reduced exercise capacity (defined as low physical fitness index derived from
the eight motor tests used in the SLOFIT system) (Fig. 1.4). These are physically
unfit girls, who are most probably maintaining their normal BMI with unhealthy
dietary habits and without regular physical activity. Their unhealthy lifestyle makes
them at risk of health complications later in life and also during pregnancies. This
emphasizes the above-mentioned shortcomings of the BMI to accurately assess
body composition and risks for future health.

Given the increasing number of obese girls and short-term as well as long-term
adverse health consequences of obesity, strategies to prevent obesity by healthier
choices of food and regular physical activity should become a high priority in our
societies. The first and the ideal goal in managing obesity-associated pregnancy com-
plications is prevention. Clinicians should encourage changes in dietary and physi-
cal activity patterns that will lead to weight loss in obese children and adolescents.
Realistically, however, the achievement of this goal is very difficult. The lifestyle that
leads to obesity is often perpetuated by lack of supportive policies in many sectors:
agriculture, food processing, transport, marketing, urban planning, education, and
also health services.
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Proportion of normal weight 18-19 y/o girls with
poor exercise capacity (%)
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Fig. 1.4: Proportion of 18- to 19-year-old girls with normal BMI (18.5-24.9 kg/m?) but reduced
exercise capacity (unpublished data, courtesy of Gregor Starc, PhD, Faculty of Sport, University of
Ljubljana, Slovenia).

1.4 Epidemiology of obesity in pregnancy

As obesity became one of the most important threats to human health in general, it
also became one of the most common medical conditions complicating pregnancy
[32]. At least 10% of women in industrialized counties are obese before conception,
with significant variations in prevalence from country to county [9,32].

Figure 1.5 shows changes in the prevalence of prepregnancy BMI categories in
Slovenia from 2002 to 2014 (data from the Slovenian National Perinatal Information
System). Slovenian National Perinatal Information System registers all deliveries in
Slovenia at >22 weeks of pregnancy or when the birth weight is >500 g. Registration is
mandatory by law in the country’s 14 maternity units and more than 140 variables are
entered into a computerized database by the attending midwife and physician. These
include women’s height and weight. The method of registering maternal prepreg-
nancy weight is particularly accurate and presumably without recall bias because
prepregnancy data are registered very early during pregnancy. To assure quality of
data collection, controls are built into the computerized system, data is audited peri-
odically, and comparisons are made with international databases in which Slovenia
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Fig. 1.5: Changes in prevalence of prepregnancy BMI categories (Slovenian National Perinatal System
data).

participates. Our data on prepregnancy BMI show that the prevalence of underweight
and normal weight women is decreasing, whereas the prevalence of prepregnancy
overweight and obesity is increasing (Fig. 1.5). This is in accordance with data on the
increasing prevalence of obesity in high school girls, as shown in Fig. 1.4. The increase
in prepregnancy obesity rate is seen in all three classes of obesity, i.e., class I, II, and
III as defined in Tab. 1.1 (Fig. 1.6).

Figure 1.7 shows the importance of discussing the optimal weight gain during
pregnancy with obese pregnant patients. Women who were overweight or obese
before pregnancy were more likely to gain more weight than recommended by the
2009 Institute of Medicine guidelines on optimal gestational weight gain shown
in Tab. 1.2 [33]. Excessive gestational weight gain increases the risks of pregnancy
complications beyond those related to prepregnancy overweight and obesity per se
[33, 34]. Moreover, excessive gestational weight gain is the strongest factor for weight
retention after birth and it further increases the risks of prepregnancy obesity in the
next pregnancy [35]. There is evidence that receiving appropriate dietary consulta-
tion about weight gain correlates with actual weight gain within the guidelines [36].
Unfortunately, according to the literature, up to one-third of women are not counse-
led at all by their prenatal care providers on the appropriate and advisable weight
gain during pregnancy [36].
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Fig. 1.6: Changes in prevalence of prepregnancy obesity class I, Il, and Ill (Slovenian National
Perinatal Information System data).
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Fig. 1.7: Gestational weight gain (GWG) according to the Institute of Medicine guidelines for each
prepregnancy BMI categories (Slovenian National Perinatal Information System data).
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Tab. 1.2: Recommendations of gestational weight gain by prepregnancy BMI according to the 2009
Institute of Medicine guidelines [33].

Prepregnancy BMI Singleton pregnancy Twin pregnancy
Underweight <18.5 12.5-18 kg Insufficient data
Normal weight 18.5-24.9 11.5-16 kg 17-25kg
Overweight 25.0-29.9 7-11.5 kg 14-23 kg
Obesity >30.0 5-9 kg 11-19 kg
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2 How useful are the guidelines for weight gain
in pregnancy?

2.1 Introduction

Controlling maternal nutrition was often an essential part of pregnancy care. In older
times, the association of obesity and both preeclampsia (PET) and large babies was
already known. Thus, restricting weight gain during pregnancy to reduce PET and
dystocia was generally advised. Because excessive weight gain was considered a sign
of PET-associated edema, the recommended weight gain in the 1930s was up to 15 lbs.
(6.8 kg) [1]. It is believed that the modern approach to maternal weight gain started
with the seminal work of Hytten and Leitch [2], who in 1971, established the physiologic
range of total pregnancy weight gain, the rate of gain in the second half of pregnancy,
and the rate of gain associated with the best outcomes. They used data collected by
other researchers of more than 3,800 women and reached three main conclusions [3].
First, that physiologic average total weight gain of the so-called “healthy primigravid
women eating without restriction” is 12.5 kg — comprising 1 kg in the first trimester
and the rest during the second and third trimesters. No estimates were provided for
multigravid women. Second, the authors used weight gain data from a Scottish mater-
nity hospital for 486 healthy women without weight gain control (aged 20 to 29 years,
>160 cm tall, birth at 39 to 41 weeks’ gestation). They found a wide range of the rate
of gain during the last half of pregnancy (<0.1 to 0.9 kg/week). Third, the lowest inci-
dence of adverse outcomes in terms of PET, low birth weight, and perinatal deaths
was associated with gaining 0.45 kg/week during the second half of pregnancy [3].
Approximately two decades later, the Institute of Medicine (IOM) issued the first set of
weight gain recommendations for singleton pregnancies [4]. These recommendations
were subjected to numerous studies, systematically reviewed by Siega-Riz and her
coworkers [5]. On the one hand, they found a strong association between excessive
maternal gestational weight gain and increased fetal growth and large-for-gestational
age (LGA) neonates. On the other hand, an association exists between inadequate
gestational weight gain and small-for-gestational age (SGA) infants.

Almost two decades later, in 2009, the IOM issued the second set of recommenda-
tions for weight gain during pregnancy [6]. The second edition was issued because
of the apparent change in the incidence of overweight and obese American women
during reproductive age. Indeed, a recent survey of US adults found an age-adjusted
prevalence of obesity as high as 40.4% among women, including as many as 9.9% of
class 3 obesity (BMI >40.0 kg/m?) [7]. Importantly, the prevalence of overall obesity
and of class 3 obesity in American women showed significant linear trends for
increase between 2005 and 2014 [7].

https://doi.org/10.1515/9783110487817-002
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Despite these robust observations from the Institute of Medicine [4], it was not
entirely clear to what extent the IOM recommended weight gain was implemented
during pregnancy and which proportion of pregnant women achieved or did not
achieve the recommended weight gain. Despite these shortcomings, a recent Com-
mittee Opinion released by the American College of Obstetricians and Gynecologists
(ACOG) addressed maternal weight gain during pregnancy [8]. This chapter examines
the limitations related to how useful the guidelines are for weight gain in pregnancy.

2.2 Accuracy and limits of weight gain estimations

Ideally, weight gain should be measured at every fixed, exact, and pre-established
interval of gestation. Then, it would be possible to know exactly how much weight
was gained, say, by 13 weeks, 20 weeks, and so on. Regrettably, this is impossible even
in prospective studies. For example, even if the pregravid weight is known, there can
be much difference in the gestational age at birth (i.e., duration of gestation varies
from one case to another).

In many studies, weight gain for a given week is extrapolated by multiplying the
average weekly weight gain by the number of weeks in question. For example, if a
patient gained 20 kg during 40 weeks, the extrapolated weight gain at 28 weeks gesta-
tion would be 14 kg (20 kg/40 weeks = 0.5 kg/week; 0.5 kg/week x 28 weeks = 14 kg),
although weight is almost never evenly gained during pregnancy.

Whereas weight during pregnancy should be measured in a relatively accurate
way, the pregravid weight may suffer from recall bias, depending on the maternal
recollection of when and how much she weighed before pregnancy. Quite often, this
is at best an educated guess. To overcome this problem, researchers use the maternal
weight at the first pregnancy check-up, at a time when the pregnant woman might
suffer from nausea and vomiting or from an uncontrolled appetite, which may cause
inaccurate pregravid weight recording.

Even if it is expected that all scales are regularly calibrated, there is a well-known
variation across scales. Overall, the higher the weight, the less precise was the meas-
urement, to the extent that at higher weights, more than 15% of scales were off by more
than 2.3 kg [9]. This study showed that many scales are imprecise and that scales in
health care settings are no more precise than those in other facilities such as primary
care clinics, endocrinology clinics, weight loss facilities, and fitness centers [9].

Dietary intervention during pregnancy may also change the overall weight gain.
The best example is the management of gestational diabetes mellitus (GDM) with
changes of lifestyle and dietary intervention [10].

Additionally, the IOM recommendations did not specify the week of gestation to
achieve the recommended weight gain, thus “term” usually lumps all gestational ages
above 38 + 0 weeks. Moreover, weight gain at the end of pregnancy frequently reflects
water retention, and thus, might not reflect calories-induced weight gain. At present,
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there is no way to establish the origin of weight gain. Finally, because not all pregnan-
cies end at the same gestational age, some studies “round up” all pregnancies at term,
ignoring differences in maternal weight in every week from 38 weeks onwards.

2.3 The recommended weight gain during pregnancy

The 2009 IOM recommended weight gain during pregnancy is supposed to balance
the benefits and risks of weight gain for both mother and child’s health. The first
element tailors weight gain to different pregravid weight categories (BMI stand-
ards). Logically, underweight women need more weight gain than normal weight
women, normal weight women need less than overweight women, and overweight
women should gain less than obese women. Second, it details, within each weight
category, how much should be gained during each week in the second and third tri-
mesters. Finally, separate recommendations for twin gestations were issued. These
IOM guidelines were adopted in 2013 and reaffirmed in 2015 by the ACOG Committee
Opinion [8].

It seems that the guidelines issued for Americans may not be universally suit-
able. Fujiwara and coworkers [11] compared the weight gain of pregnant Japanese
women to the IOM recommendations and reached the conclusion that the guidelines
for gestational weight gain may lack external validity in Japanese women, especially
for lean and normal weight women. Additionally, the ACOG Committee Opinion [8]
itself voiced some reservations regarding the IOM guidelines. First, that weight gain
targets, especially for overweight and obese women, seem to be too high. Second,
the recommendations did not differentiate between the three degrees of obesity [12],
namely, pregravid BMI 30.0 to 34.9 (Class I), BMI 35.0 to 39.9 (Class II), and BMI 40
or more (Class III or morbid obesity). Finally, the IOM recommendations failed to
mention any risk related to postpartum weight retention in those who did or did not
gain weight as recommended.

2.4 Weight gain in “real life” as compared with the IOM
recommendations

A recent examination of a particularly accurate Slovenian database [13] examined
“real life” weight gain in 173,715 patients that were, by and large, unexposed to the
IOM recommendations. This cohort was composed of 5.0% (95% CI 4.9-5.1) under-
weight, 69.4% (95% CI, 69.1-69.6) normal weight, 17.7% (95% CI 17.5-17.9) overweight,
and 7.9% (95% CI 7.7-7.9) obese patients. All in all, the recommended weight gain was
achieved by roughly one-third (32.7%, 95% CI 32.5-32.9), almost half (47.6%, 95%
CI 47.3-47.8) gained more than recommended, and roughly one-fifth (19.7%, 95% CI
19.5-19.5) gained less than recommended. These frequencies were remarkably similar
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to other studies. For example, in hospital-based data from Central Massachusetts
[14], it was observed that 16.7%, 30.8%, and 52.6% were undergainers, appropriate
gainers, and overgainers, respectively. A Chinese multicenter study also revealed that
only 36.8% of the women gained weight within the recommended range, and 25%
and 38.2% were undergainers and overgainers, respectively [15]. A US study found
that 45.1% gained appropriately, whereas 31.4% and 23.5% were undergainers and
overgainers, respectively [16]. Bearing in mind the difference between hospital- and
population-based data, it is believed that the latter more accurately described the
true frequency of mothers that gained weight as recommended. Thus, it seems that
roughly two-thirds of the population needed dietary intervention to meet the IOM
guidelines.

2.5 BMI category and weight gain according to the IOM
recommendations

Arelated question to the above-mentioned observation is which BMI category is more or
less likely related to weight gain according to the IOM recommendations. The Slovenian
study [13] was able to reply to this question: as shown in Fig. 2.1, gaining more than
recommended was much more frequent among overweight and obese mothers whereas
gaining less than recommended was much more frequent among normal weight and
underweight mothers. Figure 2.1 also shows that the higher the pregravid BMI, the lower
the frequency of optimal weight gain. The frequency of less than optimal weight gain
also decreased with increasing pregravid BMI but increased again in obese patients. In
contrast, weight gain that was higher than the recommended range increased gradually
from the underweight group to the overweight and obese groups.

70
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607 |m Appropriate [ Obese

50
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Fig. 2.1: Incidence (%) of the recommended weight gain by BMI category according to the 2009
Institute of Medicine recommendations. Adapted from Tul et al. [13].
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These observations might prove clinically important for identifying the BMI sub-
group that is more likely to benefit from dietary intervention. Plausibly, to meet the IOM
recommendations, women with pregravid low BMIs should be encouraged to gain more
weight whereas those with pregravid high BMIs should be advised to gain less weight.

2.6 Appropriate weight gain and maternal outcomes

Weight gain during pregnancy may influence maternal outcomes. Usually, studies
focused on the incidence of preeclampsia, gestational diabetes, and cesarean section.
Figure 2.2 shows the trend of the incidence of PET with increasing weight gain in
each BMI category. The robust influence of weight gain is mainly apparent among the
overweight and obese mothers, pointing to the fundamental risk of PET in pregravid
overweight and obesity [10]. Because pregnant women diagnosed with GDM are more
likely to keep a diet (and hence, to alter the weight gain pattern), the data related to
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Fig. 2.2: Incidence (%) of PET and GDM by pregravid BMI category and weight gain according to the
2009 Institute of Medicine recommendations. Adapted from Tul et al. [13].
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GDM (Fig. 2.2) show the effect of dietary intervention following the diagnosis of GDM,
with the expected increased frequency of undergainers with each BMI category [10].

These observations are supported by the systemic review of randomized trials on
the ability to reduce PET by antepartum weight management strategies. For instance,
Ho et al. [17] found no evidence to suggest that antenatal weight management inter-
ventions were effective in reducing the incidence of PET in overweight and obese
women. Similarly, a Dutch study [18] showed that a reduction in weight gain due to
lifestyle and dietary interventions in pregnancy failed to lower the incidence of PET
and GDM. Finally, the effect of treatment on patterns of weight gain in GDM pregnan-
cies was also demonstrated by the different patterns associated with different treat-
ment modality (diet alone, insulin, or glyburide) [19].

Another concern is the effect of weight gain on cesarean birth rates. In the analy-
sis of 24,327 women who underwent cesarean section, Trojner-Bregar and her associ-
ates [20] found that the overall frequency of cesarean birth increases as BMI increases
irrespective of weight gain pattern. However, different patterns were noted for the
frequencies of urgent versus elective cesarean birth. Cedergren [21] used a prospec-
tive population-based cohort of 245,526 singleton term pregnancies to group women
into five categories of BMI and three gestational weight gain categories. Despite the
somewhat different categorizations of BMI and weight gain, obese women with low
gestational weight gain had a decreased risk for cesarean section, whereas high
gestational weight gain increased the risk for cesarean delivery in all maternal BMI
classes. Similarly, Crane et al. [22] found that the rate of cesarean section was lower in
women who gained weight within the recommended weight gain range than in those
with excess weight gain. Regrettably, none of these studies eliminated potential con-
founders [20-22] and thus none were able to establish a cause-and-effect relationship
between excessive gestational weight gain and increased risk of cesarean section — by
itself an association without a plausible explanation. However, the most probable
culprit is the increased likelihood of a large fetus (see below).

In summary, it seems that keeping women within the IOM recommended weight
gain range during pregnancy (a) does not alter the risk of PET; (b) the pattern of gesta-
tional weight gain is influenced by the dietary and medical intervention for GDM; and
(c) excessive weight gain is associated with increased cesarean section rates.

2.7 Appropriate weight gain and fetal outcomes

Whereas the effect of appropriate gestational weight gain is, at best, unclear, the effect
on the fetus is robust: the more fuel that is transported to the fetus, the larger the fetus
is. Conversely, the less fuel that is transported to the fetus, the smaller the fetus is.
Figure 2.3 shows the gradual increased incidence of LGA (>90th percentile) fetuses
in overgainers of all BMI categories, and the almost “mirror image” of increased inci-
dence of SGA (<10th percentile) fetuses in undergainers of all BMI categories [13].
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Fig. 2.3: Incidence (%) of LGA (a) and SGA (b) by pregravid BMI category and weight gain according
to the 2009 Institute of Medicine recommendations. Adapted from Tul et al. [13].

As described in the Introduction, heavily restricted weight gain during pregnancy was
used in older times to decrease the risk of dystocia (difficult birth). It was known that
in terms of LGA and macrosomic neonates, it is better to undergain than to gain weight
appropriately or to overgain weight during pregnancy. Indeed, the trend shown in
Fig. 2.3 for LGA babies is the same for the trend of macrosomic (>4,000 g) babies, but
needless to say that it is the fetal weight and not the maternal weight gain that may
cause dystocia.

The other side of the coin is the ill effect of gaining too little on the development
of SGA infants and as Fig. 2.3 shows, in terms of SGA, it is much better to overgain
than to gain weight appropriately or to undergain weight during pregnancy. This
statement, however, seems true for all BMI categories except for the obese mothers
in whom even undergaining results in the same frequency of SGA neonates. The data
shown in Fig. 2.3 relates to births at >38 + 0 weeks [13]. It is thus unknown if weight
gain patterns are associated with SGA or growth-restricted fetuses delivered at less
than 38 weeks. In contrast, a recent Irish study reviewed the current evidence on ges-
tational weight gain [23] and called into question the advice that pregnant women are
given regarding gestational weight gain and their lifestyle before, during, and after
pregnancy. This conclusion was based on the weak epidemiological associations

- printed on 2/10/2023 8:37 PMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

22 — Section I: Planning for pregnancy

between excessive weight gain and aberrant fetal growth, mainly in obese women [23].
It seems that the truth, as always, is somewhere in the middle. Thus, undergaining
and overgaining are better than appropriately gaining in terms of LGA and SGA births,
respectively. Put differently, gaining weight during pregnancy as recommended by
the IOM was significantly associated with an increased likelihood of SGA infants com-
pared with overgainers and of LGA and macrosomia compared with undergainers.
This information suggests that a tailored approach rather than strict adherence to the
IOM recommendations may be more useful. For example, pregnant women at risk of
SGA might benefit from dietary intervention that would cause overgaining whereas
those at risk of LGA might from undergaining. Thus, the recommended weight gains
might prove useful in the subgroups of pregnant patients who are at risk to have SGA
or LGA babies.

2.8 How useful is weight gain management in pregnancy?

Based on the various considerations discussed above, one might conclude that the
IOM recommendations are unrealistic because all surveys suggest that only one-third
of the expecting mothers actually had an appropriate weight gain. In other words,
two-thirds of the pregnant population should undergo strict or stricter dietary control
to comply with the optimal weight gain range.

To explore this statement further, it is advisable to look at another practical point,
namely, the evidence that interventions that might affect weight gain are useful. A
recent study by the International Weight Management in Pregnancy Collaborative
Group evaluated the adequacy and effectiveness of the methodological designs
implemented in dietary intervention trials for overweight and obesity during preg-
nancy [24]. Large methodological variability existed in dietary interventions aimed
to control weight gain and improve outcomes suggesting a lack of consensus that
restricts the ability to convert evidence into clinical guidelines [24]. This conclusion
probably explains why some authors from this Collaborative Group were unable to
find in earlier studies the effect of gestational weight gain on lowering the incidence
of adverse outcomes [18, 25].

Although most studies related to candidates for weight gain management focus
on pregravid obese women, lean mothers have other concerns mainly related to a
higher incidence of preterm and very preterm births and, consequently, a higher inci-
dence of low and very low birth weight infants [26].

2.9 Therisk of weight gain management in pregnancy

Whereas adherence to guidelines for underweight and normal weight women may be
straightforward and somewhat less restrictive compared with overweight and obese
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women, it is unknown how many women at the upper limit of the normal range will
turn overweight or obese as a result of implementing the recommended weight gain.

At the other end, Kapadia et al. [27,28] questioned whether it is safe to recom-
mend gestational weight gain below the 2009 guidelines in obese women (i.e., weight
loss rather than weight gain). Their systematic review found that undergainers had
higher odds of preterm birth and SGA but, on the bright side, they enjoyed lower odds
of LGA, gestational hypertension, PET, and cesarean birth rates. Despite this seem-
ingly advantageous approach, the authors were cautious by stating that weigh gain
below the guidelines cannot be routinely recommended [27,28]. The explanation for
this caveat was the increased odds of SGA and a lack of information on preterm birth.

Another concern is weight retention after birth. Mannan et al. [29] evaluated the
association between weight gain and long-term postpartum weight retention and BMI.
They referred to the IOM recommendations and evaluated the time span for weight
retention as <1year, 1to 9 years, and >15years. The authors found that undergainers
had lower weight retention than women with an adequate weight gain. Overgainers
showed a U-shaped relationship over time (i.e., a decline during the early postpartum
time span and then an increase in the following period). The authors concluded that
undergainers or overgainers may exhibit both short-term and long-term postpartum
weight imbalance. Similar conclusions were reached by Chinese researchers who
apparently looked at the same studies [30].

2.10 Epilogue

The intention of the IOM weight gain recommendations was to improve maternal and
fetal outcomes. However, the usefulness of these guidelines is, at best, controversial.
Nonetheless, the IOM weight gain range is a powerful framework and, as the myriad
publications suggest, it is a useful platform for further research to establish what is
best for our pregnant patients.

Bibliography

[1] Miller D. Pregnancy weight gain guidelines in the US — a historical overview. Doctors Lounge
Website. Available at: http://www.doctorslounge.com/index.php/articles/page/14732.
Accessed January 03, 2017.

[2] Hytten FE, Leitch I. The physiology of human pregnancy, 2nd ed. Oxford: Blackwell Scientific
Publications, 1971: 599 pp.

[3] Institute of Medicine. (US) Committee on Nutritional Status During Pregnancy and Lactation.
Nutrition during pregnancy: Part |: Weight gain. Washington, DC: National Academies Press
(US), 1990.

[4] Institute of Medicine. Nutrition during pregnancy. Washington, DC: National Academies Press,
1990.

EBSCChost - printed on 2/10/2023 8:37 PMvia . All use subject to https://ww.ebsco.conlterns-of-use



24 = Section I: Planning for pregnancy

[5] Siega-Riz AM, Viswanathan M, Moos MK, Deierlein A, Mumford S, Knaack J, et al. A systematic
review of outcomes of maternal weight gain according to the Institute of Medicine recommen-
dations: birthweight, fetal growth, and postpartum weight retention. Am ) Obstet Gynecol
2009;20:339.e1-14.

[6] Institute of Medicine. Weight gain during pregnancy: reexamining the guidelines. Washington
DC: National Academic Press, 2009.

[7] Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL. Trends in obesity among adults in
the United States, 2005 to 2014. JAMA 2016;315:2284-91.

[8] American College of Obstetricians and Gynecologists. Weight gain during pregnancy. Committee
Opinion No. 548. Obstet Gynecol 2013;121:210-2.

[9] Stein R), Haddock CK, Poston WS, Catanese D, Spertus JA. Precision in weighing: a comparison
of scales found in physician offices, fitness centers, and weight loss centers. Public Health Rep.
2005;120:266-70.

[10] Lucovnik M, Blickstein I, Verdenik I, Steblovnik L, Trojner Bregar A, Tul N. Impact of pre-gravid
body mass index and body mass index change on preeclampsia and gestational diabetes in
singleton and twin pregnancies. ) Matern Fetal Neonatal Med. 2014;27:1901-4.

[11] Fujiwara K, Aoki S, Kurasawa K, Okuda M, Takahashi T, Hirahara F. Associations of maternal
pre-pregnancy underweight with small-for-gestational-age and spontaneous preterm birth, and
optimal gestational weight gain in Japanese women. ] Obstet Gynaecol Res 2014;40:988-94.

[12] Society of Obstetricians and Gynaecologists of Canada. Clinical Practice Guidelines 239;
Obesity in pregnancy. February 2010.

[13] TulN, Bregar AT, Steblovnik L, Verdenik I, Lucovnik M, Blickstein I. A population-based
comparison between actual maternal weight gain and the Institute of Medicine weight gain
recommendations in singleton pregnancies. | Perinat Med. 2016;44:389-92.

[14] Simas TA, Liao X, Garrison A, Sullivan GM, Howard AE, Hardy JR. | Impact of updated Institute of
Medicine guidelines on prepregnancy body mass index categorization, gestational weight gain
recommendations, and needed counseling. ) Womens Health (Larchmt) 2011;20:837-44.

[15] Li C, LiuY, Zhang W. Joint and independent associations of gestational weight gain and
pre-pregnancy body mass index with outcomes of pregnancy in Chinese women: a retrospective
cohort study. PLoS One 2015;10:e0136850.

[16] Shamshirsaz AA, Haeri S, Ravangard SF, Sangi-Haghpeykar H, Gandhi M, Ozhand A, Spiel M,
Trout S, Sadowski A, Hussain N, Campbell WA, Shamshirsaz AA. Perinatal outcomes based on
the Institute of Medicine guidelines for weight gain in twin pregnancies. ] Matern Fetal Neonatal
Med. 2014;27:552-6.

[17] Ho LC, Saunders KA, Owen D], Ibrahim UN, Bhattacharya S. Are antenatal weight management
interventions effective in preventing preeclampsia? Systematic review of randomised control
trials. Pregnancy Hypertens 2012;2:341-9.

[18] Ruifrok AE, van Poppel MN, van Wely M, Rogozifiska E, Khan KS, de Groot CJ, Thangaratinam
S, Mol BW. Association between weight gain during pregnancy and pregnancy outcomes after
dietary and lifestyle interventions: a meta-analysis. Am ] Perinatol. 2014;31:353-64.

[19] Brustman LE, Langer O, Bimson B, Scarpelli S, El Daouk M. Weight gain in gestational diabetes:
the effect of treatment modality. | Matern Fetal Neonatal Med 2016;29:1025-9.

[20] Trojner-Bregar A, Blickstein I, Lucovnik M, Steblovnik L, Verdenik I, Tul N. The relationship
between cesarean section rate in term singleton pregnancies, maternal weight, and weight gain
during pregnancy. | Perinat Med 2016 44:393-6.

[21] Cedergren M. Effects of gestational weight gain and body mass index on obstetric outcome in
Sweden. Int ) Gynecol Obstet 2006;93:269-74.

[22] Crane JM, White ], Murphy P, Burrage L, Hutchens D. The effect of gestational weight gain by
body mass index on maternal and neonatal outcomes. ] Obstet Gynaecol Can. 2009;31:28-35.

EBSCChost - printed on 2/10/2023 8:37 PMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

2 How useful are the guidelines for weight gain in pregnancy? = 25

[23] O’Higgins AC, Doolan A, Mullaney L, Daly N, McCartney D, Turner MJ. The relationship between
gestational weight gain and fetal growth: time to take stock? ) Perinat Med 2013;42:409-15.

[24] Flynn AC, Dalrymple K, Barr S, Poston L, Goff LM, Rogozifiska E, et al. Dietary interventions
in overweight and obese pregnant women: a systematic review of the content, delivery, and
outcomes of randomized controlled trials. Nutr Rev 2016;74:312-28.

[25] Thangaratinam S, Rogozifska E, Jolly K, Glinkowski S, Duda W, Borowiack E, Roseboom T,
Tomlinson J, Walczak J, Kunz R, Mol BW, Coomarasamy A, Khan KS. Interventions to reduce or
prevent obesity in pregnant women: a systematic review. Health Technol Assess 2012;16:1-191.

[26] Trojner Bregar A, Blickstein I, Brzan Simenc G, Jan3a V, Verdenik I, Lucovnik M, Tul N. Perinatal
advantages and disadvantages of being underweight before pregnancy: a population-based
study. Gynecol Obstet Invest 2017;82(3):303-306. doi: 10.1159/000447557. Epub 2016 Jul 7.

[27] Kapadia MZ, Park CK, Beyene J, Giglia L, Maxwell C, McDonald SD. Can we safely recommend
gestational weight gain below the 2009 guidelines in obese women? A systematic review and
meta-analysis. Obes Rev 2015;16:189-206.

[28] Kapadia MZ, Park CK, Beyene J, Giglia L, Maxwell C, McDonald SD. Weight loss instead of
weight gain within the guidelines in obese women during pregnancy: a systematic review and
meta-analyses of maternal and infant outcomes. PLoS One 2015 10:e0132650.

[29] Mannan M, Doi SA, Mamun AA. Association between weight gain during pregnancy
and postpartum weight retention and obesity: a bias-adjusted meta-analysis. Nutr Rev
2013;71:343-52.

[30] Rong K, Yu K, Han X, Szeto IM, Qin X, Wang J, Ning Y, Wang P, Ma D. Pre-pregnancy BMI,
gestational weight gain and postpartum weight retention: a meta-analysis of observational
studies. Public Health Nutr 2015;18:2172-82.

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost - printed on 2/10/2023 8:37 PMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Sarah D. Crimmins, Julie A. Rosen, E. Albert Reece and Menachem
Miodovnik

3 The endangered intrauterine milieu: the effect
of diabetes, obesity, or both

3.1 Introduction

Today, a new epidemic is threatening to increase pregnancy complications rates: the
rising tides of obesity and diabetes. The prevalence of diabetes — most notably type 2
diabetes — and obesity has risen together over the last 20 years, causing a condition
often referred to as “diabesity.” Approximately 14% of Americans older than 20 years
are diagnosed with diabetes [1], and, for those who are pregnant, the rate is similar at
16.9% [2]. In addition, nearly 50% of reproductive age women are overweight or obese
[3]. In this chapter, we will review some of the common complications of pregnancy,
including hypertension, preterm birth, cesarean birth, stillbirth, and macrosomia, as
well as the long-term sequelae of these complications, including childhood obesity
and adult diseases of fetal origin, to determine if the primary contributing factor is
obesity, diabetes, or both.

3.2 Pathophysiology of diabetes and obesity

Under normal conditions, pancreatic beta cells produce insulin, which acts to reduce
blood glucose. Both obesity and diabetes are associated with insulin resistance [4]. In
healthy weight individuals, adipose tissue plays an important role in the storage of fuel,
as well as a pivotal role in the homeostasis of energy expenditure, appetite regulation,
glucose regulation, and immunity. Adipose tissue modulates glucose metabolism by
releasing peptides, including nonesterified fatty acids, glycerol, hormones (leptin and
adiponectin), and proinflammatory cytokines [5-7]. In individuals who are overweight
or obese, the accumulation of excess fat tissue causes increased production of inflam-
matory cytokines, excess secretion of fatty acids, and abnormal hormone signaling,
resulting in insulin resistance [8]. In addition, nutrient excess can impair inflamma-
tory signaling, increase the production of reactive oxygen species, cause mitochondrial
dysfunction, and lead to triglyceride accumulation. As the efficacy of insulin action is
reduced, pancreatic beta cells increase insulin release [9,10]. When beta cells can no
longer compensate, or a stress such as pregnancy occurs, hyperglycemia is induced [11].

Type 1 diabetes mellitus (TIDM) is a chronic autoimmune disorder characterized
by damage to the pancreatic beta cells, which leads to insulin deficiency and hyper-
glycemia. The primary treatment is insulin therapy. TIDM occurs in individuals with a

https://doi.org/10.1515/9783110487817-003

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

28 = Section I: Planning for pregnancy

genetic susceptibility in concert with environmental triggers, including viral infections
[12,13]. T1IDM is usually diagnosed in children and young adults, and was previously
called juvenile diabetes, but can occur in anyone at any age and is not related to being
overweight or obese. The prevalence, however, of overweight and obesity among US
adolescent females with TIDM is approximately 27% and 13.6%, respectively [14].

Type 2 diabetes mellitus (T2DM) involves a loss of balance between insulin sen-
sitivity and insulin responsiveness, which lead to increasing levels of glucose. The
development of T2DM involves systemic insulin resistance as well as beta cell failure.
The major contributor to T2DM is excess weight [1], secondary to excess fat tissue;
however, other predisposing factors include genetics [15], a sedentary lifestyle, and
advancing age. With the rapid increase in the rates of obesity [3,16], the incidence of
T2DM in the general population and in women of reproductive age has also increased
[17]. For example, in the United Kingdom, the prevalence of pregnant women with
T2DM has risen sharply, with an overall increase of 354% between 1995 and 2012 [18].

Gestational diabetes mellitus (GDM) is a glucose intolerance first recognized
during pregnancy. Women who develop GDM share many of the metabolic charac-
teristics of individuals with T2DM, and the overall pathophysiology is thought to be
similar. The rate of GDM has increased 23-fold between 1980 and 2010 worldwide [19].
Part of this increase in GDM incidence can be attributed to the increasing prevalence
of advanced maternal age, but a great majority of cases are secondary to the obesity
epidemic. For every 1 kg/m?, an individual’s body mass index (BMI) increases, the risk
of GDM increases by nearly 1% [20]. For individuals with a BMI greater than 40, the
risk of GDM is fivefold higher than normal weight individuals [20].

3.3 Diabesity in pregnancy and maternal complications
3.3.1 Hypertension in pregnancy

Hypertension occurs in approximately 30% of people with TIDM, 50% to 80% of
people with T2DM [21], and 40% of individuals who are obese [22]. The development
of hypertension and diabetes share common pathways: obesity, insulin resistance,
and endothelial dysfunctional play pivotal roles in the progression of both diseases
[23]. Hypertensive disorders of pregnancy include chronic hypertension, gestational
hypertension, preeclampsia, and eclampsia. These disorders complicate 5% to 10%
of all pregnancies but pose significant risks to pregnant women with diabetes, with
rates approaching 20% [22,23]. For the purposes of this discussion, we will focus on
preeclampsia.

The etiology of preeclampsia has yet to be determined, but it involves a compro-
mise of the normal adaptive vasculature of pregnancy [24]. Insulin resistance may
have a critical role in the development of preeclampsia in women with diabetes, but
also may play a role in the development of the disease in individuals with impaired
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glucose tolerance without overt diabetes. Multiple studies have demonstrated that
individuals with higher fasting insulin levels, higher fasting glucose levels, and those
in the highest quartile during diabetic challenge testing have an increased the risk
for preeclampsia in pregnancy [25,26]. In diabetic pregnancy with preexisting micro-
vascular complications, such as retinopathy or diabetic kidney disease, the risk of
preeclampsia is greater than 56.8% higher than in pregnancies without microvascu-
lar disease [27]. In individuals with renal involvement, the odds of developing preec-
lampsia are eightfold higher than in individuals without diabetic kidney disease [28].

In T1DM, preeclampsia has been linked to microvascular disease as well as glycemic
control. The risk of preeclampsia also increases with the severity and duration of TIDM.
Utilizing the combination of White’s classification and first trimester hemoglobin Alc,
Klemetti and colleagues demonstrated a step-wise increase in the risk for preeclampsia
[28]. In a study of women with T1IDM who were 16 to 20 weeks pregnant, a strong correla-
tion was found in individuals with elevated Alc (>8%) and the development of preec-
lampsia, compared with individuals with normal Alc [29]. In addition, second and third
trimester blood sugar control can significantly reduce the risk of preeclampsia, demon-
strated by observations that a normal Alc (<6%) carries an 8% risk of disease, as com-
pared with an elevated Alc (>7.5%), which carries a 23% risk of disease at 26 weeks [30].

Despite the fact that TIDM and T2DM have differing mechanisms of action, T2DM
has similar effects on the development of hypertensive disorders of pregnancy, dem-
onstrated by studies that found an 8.7% risk of preeclampsia in women with T2DM, as
compared with a 2.4% risk in women without diabetes [31]. The risk of preeclampsia
in women with GDM is lower than in individuals with TIDM and T2DM, but remain
higher than in the general population [32-34].

Obesity alone has been shown to increase the risk of preeclampsia in pregnancy.
The mechanisms by which obesity causes preeclampsia seem similar to those impli-
cated in diabetes-induced preeclampsia, wherein oxidative stress, insulin resistance,
and angiogenic factors are thought to play causal roles [35-37]. Several large popula-
tion studies have demonstrated that the overall risk of preeclampsia for all obesity
classes is twofold to threefold higher than normal weight individuals [38], and the risk
of preeclampsia doubles for each 5 to 7 kg/m?increase in prepregnancy BMI, with the
greatest risk for preeclampsia in women with a BMI greater than 40 [39] (Fig. 3.1) [40].
Taken together, these observations translate into a 30% attributable risk, or approxi-
mately 10%, for the development of preeclampsia in women who are obese [36].

In women with TIDM, there is an increased risk of disease development as BMI
category increases: 14% (BMI of 18.5-24.9), 15% (BMI of 25.0-29.9), and 18% (BMI >30)
[41]. In women with T2DM, a correlation between increased risk for preeclampsia and
each BMI category is not well defined [42]. In women with GDM, obese individuals have
an increased risk for preeclampsia when GDM is diagnosed (Fig. 3.1) [43]. In addition,
a study of 2,037 women with GDM reported that poor glycemic control (Alc > 5.9%)
and prepregnancy obesity (=30 kg/m?) conferred a twofold and ninefold increased
risk, respectively, for the development of preeclampsia [44].
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Fig. 3.1: Relationship between risk for preeclampsia, diabetes status, and BMI category. Individuals
without diabetes adapted from Ovesen et al. [46]; GDM adapted from Catalano et al. [43], and TIDM
adapted from Persson et al. [41].

The critical roles that insulin resistance and glycemic control play in the development
of hypertensive disorders in pregnancy, in both the diabetic and obese populations,
suggest that using metformin in the second trimester could reduce the risk for preec-
lampsia in both populations. In a double-masked, randomized control trial, obese
individuals (BMI >35) without diabetes given metformin from 12 to 18 weeks’ gestation
had a significantly reduced rate of preeclampsia development compared with those
not given the intervention [45].

3.3.2 Preterm birth

Preterm delivery complicates approximately 10% of all pregnancies. In pregnan-
cies complicated by T1IDM or T2DM that existed prior to conception (pregestational
diabetes), the rate of preterm delivery was higher [47] and seemed to be related
to the complications of diabetes (i.e., preeclampsia, chronic kidney disease) and
to glycemic control [27]. Conflicting data exist about the incidence of sponta-
neous premature labor in pregnancies complicated by pregestational diabetes
[48]. Studies are further confounded by the rate of iatrogenic preterm delivery.
In looking at the indication for preterm delivery, Lepercq et al. [49,50] found a
9% risk of spontaneous preterm birth and a 15% risk of indicated preterm birth
in women with pregestational diabetes. The risk factors identified for indicated
preterm birth in women with TIDM were an elevated Alc (>7%), the progression
of diabetic kidney disease, and preeclampsia. Strict glycemic control also plays
a role in reducing both spontaneous and indicated preterm birth rates in women
with T2DM. A larger number of T2DM pregnancies are delivered preterm in com-
parison to the general population; however, the preterm birth rate decreases to
5.6% in individuals with good glycemic control (Alc <6%), versus a rate of 29.6% in
those with poor glycemic control [31]. No strong associations have been observed
between GDM and preterm delivery.
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Conflicting results have been reported regarding preterm birth and maternal
obesity, possibly due to the many confounding factors that determine the length of ges-
tation, including hypertension, anemia, diabetes, and smoking status. For example, a
Swedish population study of women with live singleton births showed increased risk
of preterm delivery, especially extremely preterm delivery, with increasing BMI [51].
In contrast, Hendler et al. [52] demonstrated that obesity is inversely associated with
the rate of spontaneous preterm birth. A third study found increased preterm delivery
rates of 16.7% in women who were obese (BMI 30-39) and 20.3% in women who were
morbidly obese (BMI >40), when compared with 14.5% with women who were non-
obese; however, after accounting for confounders, obesity itself was not associated
with prematurity [53].

When looking at the combined effects of diabetes and obesity in individuals with
T1DM and obesity, the effect of obesity does not seem to change outcome. In a popula-
tion study of women with T1IDM in increasing BMI categories, there was no difference
in the rate of preterm deliveries between the overweight and obese categories [41]. In
individuals with GDM and obesity, there were higher rates of indicated preterm birth,
compared with individuals with GDM and normal weight, but no difference in the in
rates of spontaneous preterm birth [54]. In obese women with T2DM, the relation-
ship with preterm birth seems independent of obesity [55]. Thus, when looking at the
absolute risk of preterm birth in pregnancies complicated by diabetes and obesity, an
association is not clearly defined.

3.3.3 Cesarean delivery

Cesarean delivery (CD) is associated with increased maternal morbidity [56]. The CD
rate is twofold to fourfold higher in individuals with T1IDM in pregnancy than in the
general population [57-59]. The factors that most influence the rate of CD in TIDM are
suspected macrosomia, prepregnancy BMI greater than 25, and gestational weight
gain (GWG) of more than 15 kg [49]. These same factors also seem to play a role in
influencing the CD rate in women with T2DM [31] and GDM [60].

The incidence of CD in the overweight and obese population is higher in compari-
son to the normal weight population. Exactly how BMI affects CD rate is not clearly
defined; however, obesity is known to be associated with labor dysfunction (i.e.,
decreased uterine contractility, timing of cervical dilation, and duration and augmen-
tation of labor) [61,62]. Compared with the nonobese patient, there is a 1:12 excess CD
in moderately obese women and a 1:6 excess CD in severely obese women [63]. Brost
et al. [64] found that the rate of CD increases concurrently with increasing prepreg-
nancy BMI, and Robinson et al. [63] reported similar results.

When evaluating pregestational diabetes and obesity together, obesity seems to
have a more significant role in influencing the CD rate. Ehrenberg et al. [61] observed
that obesity had a dose-dependent effect on CD rates, with pregestational diabetes as
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a risk for CD remaining constant across BMI groups. However, for women with GDM,
there seems to be an elevated risk for CD when obesity is concurrent with GDM, com-
pared with obesity alone [43].

3.4 Diabesity in pregnancy and fetal and neonatal complications
3.4.1 Stillbirth

Stillbirth or fetal death is defined as involuntary loss after 20 weeks of gestation. The
causes of stillbirth include impaired placental function (abruption, cord accidents,
infection, feto-maternal hemorrhage, placental previa), fetal triggers (chromosomal
anomalies, congenital malformations, infections, and hydrops), and maternal trig-
gers (hypertension, vascular disease, advancing age, substance abuse, trauma) [65].

The prevalence of fetal deaths in women with pregestational diabetes is more
than four times greater than in women without, and the risk of infant deaths is nearly
double [66]. In the GDM population, the stillbirth rate is slightly higher than the
general population (OR: 1.25, 95% CI: 1.11-1.41) [67]. Although the causes of stillbirth
in women with GDM are unknown, congenital malformations are a common cause of
stillbirth in the pregestational diabetic population, with the most common anoma-
lies being cardiac and neural tube defects [68,69]. The higher congenital malforma-
tion rates seen in diabetic pregnancies are likely due to the altered metabolism of
nutrients, especially glucose, the major teratogen of maternal diabetes in pregnancy.
Hyperglycemia can lead to pathological conditions, which, in turn, can cause altered
gene expression and cellular damage [70,71]. Even with strict glycemic control, tran-
sient exposure to high glucose can negatively affect the developing fetus, especially
in the early stages of embryogenesis [71,72]. In addition, maternal hyperglycemia
leads to overproduction of insulin by the fetal pancreas. Fetal hyperinsulinemia has
been linked to hypoxia and cord blood acidemia, and acidemia has been associated
with stillbirth [73].

Obesity is associated with 25% of stillbirths between 37 and 42 weeks [74], and
the risk of stillbirth increases with even modest increases in BMI [75]. A BMI greater
than 40 carries a relative risk of fetal death that is two to threefold higher than in
individuals with a BMI of 20 [76]. Although the exact cause of fetal death in women
with high BMI remains unknown, and the rate of unexplained stillbirth is high in the
obese population, there is a trend between uteroplacental insufficiency, obesity, and
stillbirth [77]. In addition, the etiology of abnormal metabolism found in diabetes may
contribute to obesity-associated stillbirth.

The risk of stillbirth seems to be compounded by pregestational diabetes
and obesity due, in large part, to an increased risk for fetal growth restriction, the
single largest risk factor for stillbirth [78]. In addition, both GDM and obesity have a
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multiplicative effect on the risk for fetal death [79]. Thus, even stricter glycemic goals
need to be applied to individuals with diabesity to reduce the risk of stillbirth.

3.4.2 Macrosomia

Macrosomia is defined as a birth weight greater than 4 kg (approximately 9 lbs.) or
greater than the 90th percentile for gestational age. The primary contributors to fetal
growth stem from the mother and include maternal nutrition, pregnancy weight gain,
maternal age, parity, glucose intolerance, and maternal BMI. Macrosomia occurs in
15% to 45% of diabetic pregnancies [80] and is associated with increased maternal
body fat and altered maternal body composition. Altered maternal body composition
is also the primary reason for increased risk of birth trauma, including shoulder dys-
tocia, hypoxic ischemic encephalopathy, and nerve palsies in infants of mothers with
diabetes [81,82]. Fetuses of women with diabetes in pregnancy typically present with
a significantly larger abdominal circumference in comparison to head circumference
[83], and demonstrate a higher ponderal index (reflecting increased body weight rela-
tive to length) than fetuses of women without diabetes [84].

In women with euglycemia throughout pregnancy, the risk of macrosomia climbs
with BMI. Owens et al. [85] found macrosomic infants were born to 15.5% of normal
weight, 21.4% of overweight, and 27.8% of obese women. In a Danish population
study, macrosomia increased with BMI category (Tab. 3.1) [46]. For individuals with
a BMI greater than 40, the odds ratio of a large-for-gestational age (LGA) fetus is 3.82
(95% CI: 3.50-41.6), in comparison to normal weight individuals [40].

Poorly controlled blood glucose, as well as GWG, greatly influence fetal growth. To
examine the contribution of each factor, Ehrenberg et al. [86] looked at the attributable
risk of LGA in relationship to pregestational diabetes and obesity. They found that for
every 100 LGA deliveries, 11 could be attributed to obesity, whereas 4 were attributed
to pregestational diabetes, demonstrating that the growing number of LGA infants is
more closely related to obesity than diabetes. In women with GDM alone, the odds for a
birth weight greater than the 90th percentile increases, compared with women without
GDM, and the addition of obesity to GDM increases the odds further (Tab. 3.1) [43].

Individuals with obesity adapted from Scott-Pillai et al. [75]; GDM adapted from
Catalano et al. [43], and T1IDM adapted from Ehrenberg et al. [86].

Tab. 3.1: Relationship between risk for macrosomia, diabetes status, and BMI category.

BMI 25-29.9 BMI 30 or greater
Obesity alone [75] aOR 1.5,95% Cl: 1.3-1.6 aOR 1.9,95% Cl: 1.6-2.2
Gestational diabetes [43] aOR 4.52 aOR 5.35
Pregestational diabetes [86] aOR 5.1, 95% Cl: 2.9-8.9 aOR 4.4, 95% Cl: 2.9-6.7
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3.4.3 Childhood obesity

Maternal diabetes, BMI and GWG [87], and neonatal birth weight all influence the
risk of childhood obesity [88]. Other contributing factors to childhood obesity include
macrosomia and ethnicity [88]. No studies are available to determine the relative con-
tribution of each of these factors. However, because the prevalence of obesity is much
higher in comparison to the prevalence of diabetes, childhood obesity seems primar-
ily influenced by maternal obesity in pregnancy. One reason for this is that the supply
of nutrients that cross the placenta, either in deficiency or in overabundance, can
permanently change fetal physiology and metabolism [89].

Lindsay et al. [90] demonstrated that the rate of overweight and obesity at age 7
is significantly higher in children of women with TIDM in pregnancy, compared with
children of women without diabetes. For the offspring of women with T2DM, there
is also a higher prevalence of childhood obesity (up to age 14). Offspring of mothers
with GDM also have a significant risk of developing obesity in childhood (ages 9-11),
compared with children of mothers without GDM. However, after adjusting for current
maternal BMI, the association between GDM and childhood obesity does not remain
significant, suggesting that childhood obesity and GDM are not fully independent of
maternal BMI [91].

Studies have linked first trimester maternal BMI and obesity in children aged
3 years. In addition, a maternal BMI of 40 or greater is associated with a 28.8%
obesity rate in children aged 4 years [92]. In addition, maternal weight gain of
greater than 18.1 kg (40 Ibs.) in pregnancy is associated with a 15% increased risk of
childhood obesity [93,94]. Finally, for every 1 kg a newborn is above the mean birth
weight for gestational age, there is a 30% increased risk of being overweight in child-
hood [95].

3.4.4 In utero programming of chronic disease

According to the in utero programming hypothesis (Barker hypothesis), size at
birth is related to the risk of developing the disease later in life [96]. Although this
hypothesis originally focused on children with low birth weight and accelerated
growth in the first year, mounting evidence shows that this theory could also be
linked to children who were macrosomic [97]. The presence of TIDM in pregnancy
and GDM affects the offspring’s risk of developing T2DM, cardiovascular disease,
and stroke [98]. When comparing sibling pairs, one born prior to a diagnosis of
diabetes and one born afterward, investigators have found a significantly higher
risk of T2DM in the sibling whose in utero environment was influenced by hyper-
glycemia [99].

In the Helsinki Birth Cohort Study, associations were seen between maternal
obesity in pregnancy and later development of cardiovascular disease, coronary
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heart disease, and stroke in the offspring [100]. Interestingly, an association between
maternal BMI and T2DM in offspring was only seen in women [101].

3.5 Diabesity in pregnancy and modifiable factors

Because many of the major complications of diabesity in pregnancy are related to
uncontrolled hyperglycemia and BMI, managing glycemic control and GWG are key to
promoting a healthy pregnancy.

3.5.1 Glycemic control

Glucose values during pregnancy are best described as a continuous variable, and
the risk to the fetus increases in a direct relationship to increasing levels of maternal
glycemia [102]. For example, periconceptional hemoglobin Alc changes the risk of
stillbirth in nonanomalous fetuses of women with pregestational diabetes [66]. In
addition, well-controlled blood sugar reduces the risks of adverse pregnancy out-
comes, even as BMI increases [103]. Langer et al. [104] showed that the presence of
untreated GDM conferred a ninefold increased risk of stillbirth, neonatal macroso-
mia/LGA, neonatal hypoglycemia, erythrocytosis, and hyperbilirubinemia (the com-
posite outcome) in women with a BMI of 30 or greater, compared with women who did
not have GDM but had a BMI of 30 or greater. In addition, the use of insulin in mor-
bidly obese GDM patients (BMI >35) decreased the rate of both fetal metabolic compli-
cations and the composite outcome [105]. This demonstrates the critical nature that
glycemic control has on pregnancy outcome, and underscores that timing of treat-
ment is critical to the success of pregnancy.

3.5.2 Gestational weight gain

Approximately 40% to 50% of all pregnant women experience excessive GWG (>20 1bs.
or 9 kg) [106], and this number has been increasing [107]. In the morbidly obese (BMI
>50), excessive weight gain is associated with increased odds of pregnancy-induced
hypertension and CD, and the development of childhood obesity [87,108]. In addition,
excessive GWG is associated with increased risk of abnormal fetal growth, independ-
ent of prepregnancy BMI and GDM treatment [109]. In a prospective maternal-child
pairs study, Oken et al. [110] found that children of mothers with adequate or exces-
sive weight gain in pregnancy had fourfold increased odds of being overweight by age
3 when compared with children of mothers with inadequate GWG.

For women who are overweight or obese prior to pregnancy, restricting GWG
seems to have a positive effect on pregnancy outcomes. In individuals with BMI of

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

36 = Section I: Planning for pregnancy

30 or greater who gained less than the recommended 11 Ibs. (5 kg) [110], there was a
reduction in the risk of delivering an infant with a birth weight greater than 4,000 g,
without increasing the risk for a small-for-gestational age fetus [108].

The National Academy of Medicine (formerly the Institute of Medicine) made rec-
ommendations in 2009 for healthy weight gain pregnancy, which were stratified by
prepregnancy BMI [111]. Since their publication nearly a decade ago, the prevalence
of diabetes (which is mostly T2DM) and obesity has increased to current estimates
of 9.3% and 36.5%, respectively. As the guidelines were developed for all women,
regardless of prepregnancy diabetes and BMI status, and with the significant increase
in diabesity in the intervening years, the target GWG may need to be adjusted.

3.6 Summary

Diabetes, obesity, and diabesity have profound effects on pregnancy and pregnancy
outcomes (Fig. 3.2). The relative contributions of obesity and diabetes are different
for each pregnancy-related complication. For the women who have diabetes and who
are obese, the most important modifiable risk factor is maintaining glycemic control,
and the second is managing GWG. By controlling both blood sugar levels and weight,
women can significantly reduce their risks of hypertensive disorders in pregnancy,
macrosomia and stillbirth, and reduce long-term sequelae for their offspring. Great care
should be taken to thoroughly screen all overweight and obese patients who have not
been previously diagnosed with diabetes for any evidence of impaired glycemic control,
as this may significantly affect pregnancy outcomes. Continued careful management
of patients with TIDM or T2DM prior to pregnancy, as well as those who are at risk of
developing GDM, will also aid in reducing maternal and fetal complications.

Hypertension in pregnancy

Preterm birth

Cesarean delivery

Stillbirth

Macrosomia

Childhood obesity

Fig. 3.2: The relative contribution between obesity and diabetes to each of the selected outcomes.
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4 Adipokines and pathophysiology of pregnancy
complications

4.1 Introduction
4.1.1 Leptin

Leptin, a 167 amino acid is the product of the human leptin gene and it was first
described by Zhang et al. in 1994 [1]. This 16 kDa protein is a pleiotropic adipokine
that has been implicated in a vast array of physiologic and pathologic conditions
including: energy homeostasis, glucose metabolism, innate and adaptive immune
response, appetite, neuroendocrine function, bone metabolism, insulin resistance,
obesity, cardiovascular disease, and reproductive fitness [2]. Leptin is secreted
mainly by white adipose tissue, although not exclusively as several tissues and cells
have been demonstrated to secrete this adipokine, including the human placenta [3].
During pregnancy, the placenta contributes a substantial amount of leptin to both
maternal and fetal circulations as suggested by a dramatic decrease in circulating
concentrations of this adipokine within a few days after delivery in both mothers [4]
and neonates [5].

4.1.2 Adiponectin

Adiponectin, which was identified independently by four groups [6-9], is the most
abundant gene (AMPI) product of adipose tissue. It circulates at relatively high
concentrations [10,11] and accounts for 0.01% of the total plasma proteins. The
plasma concentrations of adiponectin are paradoxically lower in obese than in
nonobese individuals [6]. Adiponectin plays an important role in the pathophysiol-
ogy of insulin resistance and diabetes [12], atherosclerosis [13], hypertension [14],
dislipidemia [15], and angiogenesis [16]. Adiponectin circulates in human plasma
in distinct forms including: (1) low-molecular weight (LMW) trimers; (2) medium-
molecular weight (MMW) hexamers; and (3) high-molecular weight (HMW) oligom-
ers (12-18 subunits) [17]. The importance of this observation stems from the fact
that these adiponectin multimers can exert distinct biological effects [17], activate
different single transduction pathways [18,19], and may have different affinities to
the adiponectin receptors [20].

https://doi.org/10.1515/9783110487817-004
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4.2 Maternal circulating leptin and adiponectin in complications
of pregnancy

4.2.1 Maternal circulating leptin and complications of pregnancy

The association between maternal circulating leptin and preeclampsia has been
investigated extensively (Tab. 4.1). Williams et al. [21] have conducted a nested case-
control study that included 38 women with preeclampsia and 192 normotensive preg-
nant women. Blood samples were obtained between 15 and 22 weeks of gestations,
before any clinical signs or symptoms of preeclampsia were apparent. There was a
disparity in maternal serum leptin concentrations in the second trimester between
normal weight and overweight/obese women. Whereas among normal weight preg-
nant women, those with preeclampsia had a significantly higher leptin concentra-
tion than normotensive women (20.5 + 10.9 ng/mL vs. 13.6 + 6.8 ng/mL, P = 0.005, a
33% increase), such difference was not detected among overweight/obese pregnant
women with and without preeclampsia (22.3 + 7.5 ng/mL vs. 27.8 + 12.1 ng/mL, respec-
tively; P = 0.084). These results were adjusted for prepregnancy maternal BMI, fetal
gender, parity, as well as ethnic origin.

Anim-Nyame et al. [22] have conducted a longitudinal study including seven
normal pregnant women and eight patients who subsequently developed preeclamp-
sia. The investigators reported that circulating maternal leptin in women destined to
develop preeclampsia were significantly higher starting after 20 weeks of gestation.
An opposite pattern in maternal plasma leptin concentrations has been observed
after 32 weeks between the two groups: whereas in normal pregnant women there
was a decrease, patients who were destined to develop preeclampsia had a signifi-
cant increase in circulating leptin. The elevated maternal plasma leptin concentra-
tion in patients with preeclampsia were consistent with the clinical presentation of
the disease [22].

Similar findings were reported by Chappell et al. [23], who conducted a prospec-
tive case-control study in which leptin, placental growth factor, and plasminogen acti-
vator inhibitor were measured repeatedly during pregnancy in 21 women who later
developed preeclampsia and in 17 normal pregnant women. The serum leptin concen-
tration was significantly higher in the preeclampsia group than in the control (74%;
95% CI, 21%-135%). Consistent with the above-mentioned observations, numerous
cross-sectional studies have reported an association between increased maternal cir-
culating leptin and preeclampsia [24-28].

It is not clear why preeclampsia is associated with increased maternal circulating
leptin. One possible explanation is increased secretion by the placenta [24]. As the
increase in maternal circulating leptin precedes the clinical manifestations of preec-
lampsia, enhanced excretion by the kidneys seems unlikely. Similarly, the effect of
high leptin in maternal circulation and the potential contribution to the pathophysi-
ology of preeclampsia remain elusive.
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As expected, gestational diabetes mellitus (GDM) is also associated with elevated
maternal circulating leptin. Kautzky-Willer et al. [29] determined maternal plasma
leptin, insulin, and glucose in 55 patients with GDM and in 25 controls at 28 weeks
of gestation. Blood samples were taken at 10, 20, 30, 60, 120, 150, and 180 minutes
after 75 g oral glucose tolerance test conducted after overnight fast. Additional
blood samples were obtained 8 weeks postpartum. Maternal plasma leptin concen-
trations were higher in women with GDM than in normal controls (24.9 + 1.6 ng/mL
vs. 18.2 + 1.5 ng/mL; P < 0.001). In addition, there was a positive correlation
between fasting leptin concentrations and fasting glucose (r = 0.35, P < 0.01)
and fasting insulin (r = 0.38, P < 0.004). Among patients with GDM, maternal
plasma leptin was negatively correlated with insulin sensitivity index (r = -0.61,
P < 0.006) and positively correlated with pregestational BMI, BMI at blood sam-
pling, and at term.

The possible contribution of leptin to the pathophysiology of GDM was studied
by the group of Catalano in several longitudinal studies [30,31]. Kirwan et al. [30]
conducted a study in which blood samples were obtained before pregnancy, in
the first (12-14 weeks) and third (34-36 weeks) trimester from 10 normal pregnant
women and 5 women who subsequently developed GDM. Insulin resistance was
determined by the euglycemic-hyperinsulinemic clamp procedure. Using stepwise
regression analysis, the authors concluded that leptin is the second best predictor
of insulin sensitivity (after TNF-a) [30]. In a subsequent study of the same group
with a similar study design, Okereke et al. [31] determined maternal serum leptin
in the first, second, and third trimesters in five normal pregnant women and six
patients who were destined to develop GDM. Maternal serum leptin concentrations
were approximately 25% higher in patients who were destined to develop GDM than
in normal pregnant women (first trimester: 42.4 + 15.7 ng/mL vs. 34.5 + 29.3 ng/mL;
third trimester: 44.1 + 27.2 ng/mL vs. 32.2 + 26.0 ng/mL). The difference in mater-
nal circulating leptin concentrations was statistically significant only in the third
trimester. It seems, however, that the relatively small sample size precluded sig-
nificance in the first and second trimesters. Collectively, these findings suggest that
alterations in circulating leptin concentrations play a role in the pathophysiology
of GDM.

4.2.2 Maternal circulating adiponectin and complications of pregnancy

In contrast to the consensus in the literature concerning the association between high
maternal circulating leptin concentrations and preeclampsia, the evidence regarding
maternal adiponectin concentrations in the presence of preeclampsia is inconsistent:
higher [32-47], lower [48-56], and similar adiponectin concentrations [57-60] have
been reported in patients with preeclampsia compared with normal pregnant women
(Tab. 4.2).
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Tab. 4.2: Maternal circulating adiponectin in pregnant women with and without preeclampsia.

First author Control Study Trimesterat GA at Adiponectin Comment
(n) n) sampling sampling  concentrations

Ramsay [32] 30 15 3rd 35-36 Higher in PE

Naruse [33] 40 15 3rd 28-40 Higher in PE

Kajantie [34] 15 22 3rd 29-39 Higherin PE

D’Anna [48] 82 48 1st 9-13 Lower in PE Lower in patients
destined to
develop PE

Haugen [35] 23 15 3rd 33-38 Higher in PE

Hendler [36] 22 77 3rd 36-40 Higherin PE High in mild and
severe PE

Suwaki [37] 27 27 3rd 37-40 Higherin PE

Takemura [38] 14 14 3rd 35.0 + 4.0 HigherinPE Selective
increase in HMW
in PE

Lu [39] 42 38 3rd 29-41 Higher in PE

D’Anna [49] 36 36 1st 9-13 Lower in PE Lower in late-
onset than
early-onset PE

0’Sullivan [57] 10 12 3rd 36 No difference

Cortelazzi [50] 33 9 2ndand3rd 20-37 Lower in PE

Masuyama [51] 30 30 3rd 37.5+2.0 LowerinPE

Ichida [52] 81 27 3rd NA Lower in PE

Quyang [53] 20 53 3rd 37.8+0.7 LowerinPE Lower in severe
than mild PE

Nien [40] 150 59 3rd 32+3.6 Higher in PE All patients had
severe PE

Savvidou [58] 44 13 2ndand3rd 23-33 No difference

Fasshauer [41] 20 16 3rd 28.5+ 6.7 HigherinPE High HMW in PE

Nakatsukasa [42] 34 34 3rd 38.3+2.2 HigherinPE

Herse [54] 30 32 3rd 33.7+2.5 LowerinPE

Mazaki-Tovi [55] 225 111 3rd 29.3-38.9 Lowerin PE High HMW and
LMW in PE

Masuyama [105] 38 38 3rd 37.2+1.8 HigherinPE Higher in late-
but not in early-
onset PE

Mori [56] 17 15 3rd NA Lower in PE

Liu [44] 28 20 3rd 37.5-39.9 Higherin PE

Nanda [45] 300 90 1st 11-13 Higher in PE Higher in
patients destined
to develop PE

Stepan [46] 37 37 2ndand3rd 23.8-39.8 HigherinPE

Dalamaga [59] 262 106 3rd 38.2+2.8 No difference

Valdés [60] 35 10 1st 11-14 No difference

Masuyama [47] 56 56 3rd 36.4+1.0 HigherinPE

PE-Preeclampsia
GA-Gestational age
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Ramsay et al. [32] were the first to report the concentrations of adiponectin in
patients with preeclampsia (n = 15) and controls (n = 30). Third trimester (35-36 weeks
of gestation) maternal serum adiponectin concentrations were significantly higher
in patients with preeclampsia (21.6 + 8.18 ug/mL vs. 14.7 + 7.06 ug/mL; P = 0.01).
The authors described this finding as “paradoxical” because obesity and insulin
resistance, which are strongly associated with low circulating adiponectin, are
well-established risk factors for preeclampsia. The investigators propose several
explanations for this finding including exaggerated adipocyte lipolysis, a counter-
response aimed at enhancing fat utilization and attenuating endothelial damage and
decreased excretion by the kidney.

D’Anna et al. [48] have conducted a nested case-control study in which maternal
blood samples were obtained between 9 and 13 weeks of gestation. The studyincluded
a control group (n = 82) and women who subsequently developed preeclampsia (n = 34)
or gestational hypertension (n = 48). When patients destined to develop either preec-
lampsia or gestational hypertension were grouped together, the median adiponec-
tin concentration was significantly lower in these patients than in the control group
(7.6 vs. 13.0 ug/mL; P < 0.001). Importantly, a comparison between the two hyper-
tensive subgroups revealed that the median maternal plasma adiponectin was sig-
nificantly lower in patients destined to develop preeclampsia than in women who
subsequently had gestational hypertension (6.6 vs. 9.3 ug/mL; P = 0.01). When the
maternal plasma adiponectin cutoff of 6.4 ug/mL was used (mean value of lower
quartile of distribution among control patients), 25% of patients with gestational
hypertension and 47% of patients with preeclampsia had plasma adiponectin con-
centration below the cutoff compared with 7% in the control group (P < 0.001 for
both comparisons) [48].

An additional line of evidence for the relationship between adiponectin and
preeclampsia comes from genetic association studies. Saarela et al. [61] determined
the genotype for two single nucleotide polymorphisms (SNPs), SNP45 in exon 2 and
SNP276 in intron 2, in the adiponectin gene in 133 Finnish women with preeclamp-
sia and 245 normotensive controls. In addition, the authors conducted an analysis of
the pair of loci haplotype to examine the estimated haplotype frequencies of these
SNPs among the two study groups. The authors reported that the TT genotype vs. the
pooled G genotypes in SNP276 was associated with protection against preeclampsia
(odds ratio 0.27; 95% CI, 0.09-0.80).

Our group [55] has conducted a cross-sectional study to determine whether preec-
lampsia is associated with changes in circulating adiponectin multimers. The study
population included women with a normal pregnancy (n = 225) and patients with
preeclampsia (n = 111). The median maternal serum concentration of total adiponec-
tin was lower in patients with preeclampsia than in those with a normal pregnancy
(5.0 ug/mL vs. 6.4 ug/mL; P < 0.001; Fig. 4.1). Patients with preeclampsia had a lower
median serum concentrations of HMW (2.3 ug/mLvs. 3.6 ug/mL; P < 0.001; Fig. 4.1) and
LMW adiponectin (1.0 ug/mL vs. 1.3 ug/mL; P = 0.01, Fig. 4.1) than those with a normal
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Fig. 4.1: Comparison of the median serum total, HMW, MMW, and LMW adiponectin concentrations
between pregnant women with normal pregnancies and those with preeclampsia. The median
maternal serum concentration of total adiponectin was lower in patients with preeclampsia

than in those with a normal pregnancy. Similarly, patients with preeclampsia had lower serum
concentrations of HMW and LMW adiponectin than those with a normal pregnancy. The median
maternal serum concentration of MMW adiponectin did not differ between patients with
preeclampsia and those with a normal pregnancy.

pregnancy. The median maternal serum concentration of MMW adiponectin did not
differ between patients with preeclampsia and women with a normal pregnancy (1.3
pg/mL vs. 1.4 ug/mL; P = 0.7; Fig. 4.1) [55].

Differences among the two groups were not only in the absolute concentrations
of adiponectin multimers but also in their relative abundance. The median maternal
HMW/total adiponectin ratio was lower in patients with preeclampsia than in those
with a normal pregnancy (0.46 vs. 0.55; P < 0.001; Fig. 4.2). In contrast, patients with
preeclampsia had a higher median MMW/total adiponectin ratio (0.29 vs. 0.22; P <
0.001; Fig. 4.2) as well as a higher LMW/total adiponectin ratio (0.25 vs. 0.21; P = 0.009;
Fig. 4.2) than those with a normal pregnancy [55]. Of note, the various adiponectin iso-
forms cannot interchange with each other after secretion [17]. Thus, the altered regula-
tion of adiponectin multimeric complexes occurs in the adipocytes. Collectively, these
results suggest that altered function of adipose tissue is a feature of preeclampsia.

In summary, several lines of evidence support the association between altered
maternal circulating adiponectin concentrations and preeclampsia. Genetic
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Fig. 4.2: Comparison of HMW/total adiponectin MMW/total adiponectin and LMW/total adiponectin
ratio between pregnant women with normal pregnancies and those with preeclampsia. The median
maternal HMW/total adiponectin ratio was lower in patients with preeclampsia than in those with

a normal pregnancy. In contrast, patients with preeclampsia had a higher median MMW/total
adiponectin ratio as well as a higher LMW/total adiponectin ratio than those with a normal pregnancy.

predisposition and low maternal plasma adiponectin concentration that precede the
clinical stage of the disease suggest a role for adiponectin in the pathophysiology
of preeclampsia. On the other hand, preeclampsia was associated with both higher
and lower maternal circulating adiponectin concentrations than normal pregnant
women. This inconsistency in the literature may be due to differences in the study
population characteristics, definitions of preeclampsia (mild vs. severe, early- vs.
late-onset), sample size or methods by which adiponectin concentrations were deter-
mined. However, although it is possible to explain some of the discrepancies by differ-
ences in study design, the inconsistency of the results may also reflect the syndromic
nature of preeclampsia.

In contrast to the conflicting results concerning maternal circulating adiponec-
tin and preeclampsia, there is an agreement that GDM is characterized by a low cir-
culating maternal concentration of adiponectin [62-69]. This is consistent with the
findings concerning the “extra-gestation” counterpart of GDM, i.e. type 2 DM. Indeed,
polymorphisms of several adipokines including adiponectin [70-76] are associated
with insulin resistance and type 2 DM. Moreover, compared with nondiabetic indi-
viduals, patients with type 2 DM have lower concentrations of adiponectin [77-79].
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These findings laid the groundwork for the hypothesis that perturbation of adipokine
homeostasis plays a role in the pathophysiology of GDM.

Retnakaran et al. [67] classified 180 pregnant women according to the results of
their screening 50 g glucose challenge test and the 100 g oral glucose tolerance test
into three groups: (1) GDM, (2) impaired glucose tolerance, and (3) normal glucose
tolerance. The median adiponectin concentration was the lowest in the GDM group
(12.3 ug/mL, interquartile range (IQR) 7.9-16.6), highest in the normal glucose toler-
ance group (16.2 ug/mL, IQR 12.4-19.3), and intermediate in the impaired glucose
tolerance group (15.3 ug/mL, IQR 11.7-19.8; overall P = 0.0004).

Williams et al. [80] have conducted a prospective, nested case-control study to
compare maternal plasma adiponectin concentrations between patients with GDM
(n = 41) and controls (n = 70). Samples were collected at 13 weeks of gestation. The
authors used a maternal plasma adiponectin cutoff of 6.4 ug/mL (lower tertile of the
control group). As expected, the median maternal circulating adiponectin concentra-
tions were significantly lower in women who subsequently developed GDM than in
controls (4.4 vs. 8.1 ug/mL, P < 0.001). Pregnant women with adiponectin concentra-
tions <6.4 ug/mL had a 4.6-fold increased risk of GDM than those with higher concen-
trations (95% CI, 1.8-11.6, adjusted for maternal BMI).

Our group [81] has conducted a cross-sectional study to determine whether GDM
and pharmacological treatment (sulfonylurea vs. insulin) are associated with altera-
tions in maternal circulating adiponectin multimers. The study included normal
pregnancy (n = 149) and patients with GDM (n = 72). Thirty-three patients with GDM
were managed with diet alone, 17 were treated with glyburide and 22 with insulin.
The median maternal serum concentration of total adiponectin was lower in patients
with GDM than in those with a normal pregnancy (3.0 ng/mL vs. 6.0 ng/mL; P < 0.001;
Fig. 4.3). Similarly, patients with GDM had a lower median serum concentration of
HMW (1.2 ng/mL vs. 3.2 ng/mL; P < 0.001; Fig. 4.3), MMW (8.8 ng/mL vs. 1.3 ng/mL;
P < 0.001; Fig. 4.3), and LMW adiponectin (9.6 ng/mL vs. 1.2 ng/mL; P < 0.001; Fig. 4.3)
than those with a normal pregnancy.

The median maternal HMW/total adiponectin ratio was lower in patients with
GDM than in those with a normal pregnancy (0.37 vs. 0.54; P < 0.001; Fig. 4.4). In con-
trast, patients with GDM had a higher median MMW/total adiponectin ratio (0.30 vs.
0.23; P < 0.001; Fig. 4.4), and a higher LMW/total adiponectin ratio (0.32 vs. 0.21; P <
0.001; Fig. 4.4) than those with a normal pregnancy.

Patients with GDM who were managed with diet and those treated with a phar-
macologic agent (glyburide or insulin) had comparable concentrations of total, HMW,
MMW, and LMW adiponectin. The relative distribution of adiponectin isoforms was
also comparable between the two groups. Similarly, there were no differences in the
concentrations and relative distribution of adiponectin multimers between patients
who were treated with glyburide and those treated with insulin.

Collectively, evaluation of maternal circulating total adiponectin and adiponectin
isoforms in patients with GDM reveals that this condition is characterized by a pattern
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Fig. 4.3: Comparison of the median serum total, HMW, MMW, and LMW adiponectin concentrations
between pregnant women with normal pregnancies and those with GDM. The median maternal
serum concentration of total, HMW, MMW, and LMW were significantly lower in patients with GDM
than in those with normal pregnancies.

akin to type 2 DM. In addition, the reports concerning low maternal adiponectin con-
centrations in patients with GDM, as well as the dysregulation of adiponectin mul-
timers in these patients can provide a mechanistic basis for the association between
adiposity and GDM. Moreover, these findings may provide a molecular mechanism to
account for the association between GDM and its long-term complication, type 2 DM.

4.3 Summary

Women of reproductive age are increasingly affected by obesity. Importantly, obesity
is an independent and well-established risk factor for several complications of preg-
nancy including preeclampsia, fetal death, GDM, congenital anomalies, and preterm
labor. Although preconception weight loss is a laudable goal for overweight/obese
woman, many pregnancies are not planned and recommendations for lifestyle
changes aimed at reducing weight are not easily implemented. Despite the pandemic
proportions of obesity in young women, the mechanism by which adipose tissue
exerts its deleterious effect on gestation is not clear. The discovery of adipokines and
their important role in physiological and pathological conditions provides a plausible
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Fig. 4.4: Comparison of HMW/total adiponectin MMW/total adiponectin and LMW/total adiponectin
ratios between pregnant women with normal pregnancies and those with GDM. The median maternal
HMW/total adiponectin ratio was lower in patients with GDM than in those with a normal pregnancy.
In contrast, patients with GDM had a higher median MMW/total adiponectin and LMW/total
adiponectin ratios than those with a normal pregnancy.

molecular mechanism for the association between adiposity and metabolic- and
inflammatory-related diseases. Characterization of the role played by adipokines in
normal gestation and complications of pregnancy may improve the prediction and
diagnosis of metabolic-related complications of pregnancy. Moreover, the implicit
promise of such research is that the discovery of novel adipokines and new mecha-
nisms of disease will identify adipokines as a target for pharmacological interven-
tion aimed at preventing complications of pregnancy or their sequelae on the mother,
fetus, and neonate.
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5 Perinatal outcomes following bariatric surgery

5.1 Introduction

Obesity is an issue of epidemic proportions, with as much as 20% of pregnancies
affected [1-4]. Maternal obesity has implications for both maternal and fetal out-
comes including increased rates of infertility, miscarriage, gestational diabetes mel-
litus (GDM), gestational hypertension, preeclampsia, large-for-gestational age (LGA)
infants, cesarean section, and fetal morbidity and mortality [2,3]. Bariatric surgery is a
method of weight loss that has been shown to be both effective and safe. Women who
achieve weight loss using bariatric surgery before pregnancy are more likely to have
children with outcomes comparable to those of the general population rather than
those of the obese or morbidly obese cohort [4]. Despite this, each bariatric surgery
carries unique risks and benefits to maternal and fetal outcomes. This chapter will
review the existing evidence regarding the effect of bariatric surgery on maternal and
fetal outcomes and serve as a guide for providers.

5.2 Bariatric surgery overview

Bariatric surgery is a general term used to describe various types of surgical procedures
that promote weight loss. Traditionally, surgeries were classified into either malabsorp-
tive or restrictive procedures; however, a further understanding of the pathophysiol-
ogy of weight loss reveals that the mechanisms are more nuanced than previously
thought. Weight loss using bariatric surgery occurs through gastric capacity restriction,
decreased time to satiety, malabsorption, neuroendocrine changes (reduced levels
of ghrelin, and increased GLP-1), and subsequent overall behavior modification [5,6].
The most common procedures are Roux-en-Y gastric bypass (RYGB), sleeve gastrec-
tomy (SG), adjustable gastric banding (AGB), and biliopancreatic diversion/duodenal
switch (BD). RYGB represented 45% of bariatric procedures performed as of 2013. SG has
become increasingly popular and represented 37% of bariatric procedures performed
as of 2013, a nearly 600% increase since 2008. Adjustable gastric bypass represented
10% of the bariatric procedures in 2013, a marked reduction as compared with 42.3% in
2008. BD represented a mere 1.5% of bariatric procedures in 2013.

5.2.1 Roux-en-Y gastric bypass

The Roux-en-Y procedure works mainly through mechanical restriction and malabsorp-
tion (Fig. 5.1). The procedure results in considerable weight loss with approximately

https://doi.org/10.1515/9783110487817-005
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Fig. 5.1: Gastric bypass (original artwork by Dr. Michael
Gluhoded).

56.2% + 29.3% of excess body mass index (BMI) seen in the long term [7]. The procedure
may result in vitamin and nutritional deficiencies including fat malabsorption, and
deficits in fat-soluble vitamins, folate, iron, and zinc [8]. Of particular importance to
women of child-bearing age is the potential for folate deficiency, given the role of folate
in the prevention of neural tube defects. The recommendation following the Roux-en-Y
procedure includes supplementation of iron, folate, calcium, vitamin B,,, and vitamin D
[9,10]. Some studies have found no significant weight-related abnormalities follow-
ing RYGB [11,12]. However, other studies have found an increased risk of low average
birth weight and small-for-gestational age (SGA) babies among women following RYGB
[13,14]. Therefore, although the existing evidence is inconclusive, special attention
should be paid to the risk of weight-related abnormalities including SGA and intrauter-
ine growth restriction (IUGR) [15]. Importantly, studies have documented a decreased
risk of hypertensive disorders of pregnancy, GDM, and LGA babies following RYGB [16].
Furthermore, the RYGB procedure has been shown to be associated with lower postsur-
gical rates of diabetes mellitus type II (DMII) [17]. A shorter time-to-surgery from onset
of DMII was associated with an increased rate of resolution of diabetes, indicating that
earlier surgical intervention may improve overall DMII outcomes [17].

5.2.2 Sleeve gastrectomy

SG produces capacity restriction through vertical transection of the stomach [18].
The mechanism of weight loss is a combination of restriction of stomach capac-
ity and neuroendocrine changes related to satiety signaling including ghrelin and
leptin [19-21]. SG results in appreciable weight loss on par with the long- term
weight loss outcomes of RYGB [7,19]. SG is an increasingly popular procedure due
to the circumvention of the need for intestinal surgery, the relative simplicity and
sophistication of the surgery, the decreased rates of nutritional deficiencies as com-
pared with RYGB and BD, and the appreciable weight loss outcomes (Fig. 5.2) [22,23].
Studies examining pregnancy outcomes following SG are few and as such it is dif-
ficult to draw broad conclusions. The most comprehensive study performed to date
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Fig. 5.2: Gastric sleeve (original artwork by Dr. Michael
Gluhoded).

was by Ducarme et al. [24], which found no difference in risks of gestational vascu-
lar disorders or GDM, but increased risks of LGA births, preterm delivery, and low
birth weight, specifically for women who remained obese after laparoscopic sleeve
gastrectomy. However, the researchers themselves noted that the findings were
limited by the lack of a comparison group. One study, which followed the outcomes
of pregnancies in obese Korean patients following SG, found the SG procedure to
be safe, but the study was limited by sample size as only 13 participants gave birth
[25]. Another study, which looked at SG in comparison to other bariatric surgeries,
found decreased levels of B, postoperatively in all groups and lower average birth
weights among post-BD and -RYGB but not -SG; however, only 15 of the study partic-
ipants underwent SG, raising concerns that the study was underpowered to detect
various outcome measures. Overall, SG is a safe and effective method of weight loss
with likely similar maternal fetal outcomes as seen in RYGB or ABG; however, more
studies need to be performed as the existing evidence is still preliminary.

5.2.3 Adjustable gastric banding

AGB achieves weight loss mainly through gastric capacity restriction (Fig. 5.3). The
advantages of this procedure are that it is generally reversible and is not usually
associated with vitamin, protein, mineral, or other nutritional issues [26,27]. The
major disadvantages are that the procedure produces less impressive weight loss out-
comes than that of RYGB, GS, or BD, and is not associated with some of the favorable
neuroendocrine changes seen in GS [28]. As is seen in the other bariatric surgery
modalities, decreased rates of GDM, LGA, and hypertensive disorders of pregnancy
are found in post-AGB pregnancies as compared with an obese population [29-33].
The most common adverse effect related to AGB is gastrointestinal discomfort, includ-
ing reflux, nausea, and vomiting; however, more serious, yet rare, complications
include band displacement and vitamin K deficiency, both of which were related to
maternal/fetal morbidity and mortality [34,35]. No guidelines have been established
with regards to routine band adjustment during pregnancy, especially as the positive
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Fig. 5.3: Gastric banding (original artwork by Dr. Michael
Gluhoded).

benefits of weight maintenance may outweigh the adverse side effects. Band adjust-
ment during pregnancy is advised in cases of hyperemesis gravidarum, severe nausea,
vomiting, or if there are abnormal weight fluctuations [31,32,36].

5.3 Outcomes
5.3.1 Fertility

Obesity is associated with increased rates of infertility [37,38]. Weight loss has been
found to improve reproductive health outcomes [39]. As such, several researchers
have tried to establish whether the weight loss associated with bariatric surgery
would also improve reproductive outcomes including oligo/amenorrhea and infer-
tility [39-42]. Few studies have found a conclusive link. Furthermore, there are
multiple confounding factors including increased prevalence of infertility in the
prebariatric population and increased rates of obesity in the postbariatric popula-
tion as compared with average reproductive aged population. Currently there is no
established link between fertility and bariatric surgery. Although it is theoretically
likely that the weight loss associated with bariatric surgery would improve fertility
rates, more studies must be done to examine this outcome before a conclusion can
be made. At this time, it is not recommended to advise bariatric surgery solely to
improve fertility [43].

5.3.2 Contraception

While the majority of contraceptives, including long acting reversible contracep-
tives (LARC), should in theory be unaffected by bariatric surgery status, there is
concern that oral contraceptive effectiveness, including emergency contraception,
may be affected by postbariatric status [44]. This concern is based on a theoretical
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reduction in gastrointestinal absorption of oral contraceptives due to bypass of
portions of the intestines [45,46]. Several studies that examined the absorption of
oral contraceptives after bariatric surgery were either inconclusive or the results
were limited by comparison to normal weight controls [47]. Healthcare providers
should advise patients of the paucity of clear data regarding the use of oral con-
traceptives after bariatric surgery. According to ACOG, if patients wish to avoid
unintended pregnancy, a non-oral contraceptive is advised following bariatric
surgery [48,49]. Currently, no formal studies or recommendations exist for emer-
gency contraception. However, providers should take care to consider postsur-
gical BMI when advising about emergency contraceptive choice, as the efficacy
of levonorgestrel decreases as BMI increases. Currently the copper IUD and uli-
pristal acetate still remain effective options for those women whose postsurgical
BMI remains elevated, although the effect of postsurgical status on absorption of
ulipristal acetate is unknown [50].

5.3.3 Time-to-conception interval

Bariatric surgery is generally associated with an increased risk for nutritional defi-
ciencies in the postoperative period. This increased risk of nutritional deficiencies
is secondary to a catabolic period of rapid weight loss. Due to the increased risk
of micronutrient and macronutrient deficiencies, particularly folate and protein
malabsorption, there has previously been concern about the need for an extended
time-to-conception interval following bariatric surgery. Currently, the American
College of Obstetrics and Gynecologists advises patients wishing to conceive fol-
lowing bariatric surgery to wait 12 to 24 months [51]. When examining the evidence,
one study found no difference in adverse events when comparing women who con-
ceived in the first year following bariatric surgery to women who conceived after the
first year [52]. Another large, population-based study found no difference in rates of
preterm delivery or SGA [53]. Additional studies have examined maternal and fetal
risk factors and found no increase in adverse outcomes based on time-to-concep-
tion interval [54,55]. However, in a large population-based study published in 2016
by Parent et al. [56], which examined risks of premature birth and weight-related
abnormalities among other outcomes in postbariatric surgery deliveries, a time-to-
birth interval of less than 2 years was associated with increased rates of neonatal
intensive care unit (NICU) admissions (12.1% vs. 17.7%; RR, 1.54; 95% CI, 1.05-2.25),
preterm delivery (11.8% vs. 17.2%; RR, 1.48; 95% CI, 1.00-2.19), and SGA status (9.2%
vs. 12.7%; RR, 1.51; 95% CI, 0.94-2.42). Thus, further studies will be necessary to
reconcile the existing evidence in order for providers to draw definitive conclusions.
The studies included here can guide the provider in advising their patients both as
to the recommended time-to-conception interval and if the patient becomes preg-
nant before the ACOG recommended waiting period.
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5.3.4 Miscarriage

There is a paucity of studies examining the effect of bariatric surgery on miscarriage
rates. Thus far, those studies that have been performed have found no relationship
between the two factors, but the studies are few and underpowered. Furthermore,
some bariatric patients may undergo the surgery in order to address issues with
infertility relating to obesity. One study found lower rates of miscarriage among
the postbariatric population [57]. However, another larger and more adequately
powered study found no difference in miscarriage rates [58]. Although the studies
are too few and inconsistent to make a conclusive evaluation, the existing data
suggests that there is little to no relationship between bariatric surgery status and
miscarriage.

5.3.5 Preterm labor

Patient’s with BMI >30 are at an increased risk of preterm delivery [59]. Preterm
delivery complications represent a primary cause of morbidity and mortality among
children under the age of five worldwide [60]. Children that are born preterm are at
increased risk of developing cerebral palsy among other medical and developmental
outcomes [61]. Thus far, large population based studies found no apparent increase
in the risk of preterm delivery, but a shorter gestation period was noted [14,62]. Addi-
tional studies have shown an increased risk of spontaneous preterm delivery [53].
However, other studies have documented conflicting evidence and thus far a con-
sensus has not been reached regarding the data on preterm delivery rates and bari-
atric surgery [32,33,58]. A recent large population based study by Stephansson et al.
[63] initially noted no relationship between preterm delivery and bariatric surgery
status. However, in a letter to the editor published shortly after, the same group of
researchers noted that after examining an expanded cohort, a significant relationship
between the risk of preterm delivery and a history of bariatric surgery was discov-
ered. Additionally, in a large population based retrospective cohort study by Parent
et al. [56], increased rates of preterm delivery were noted when comparing deliver-
ies of nonoperative patients versus postbariatric patients, and this risk was further
increased among deliveries with an operation-to-birth interval of less than 2 years.
Further studies are warranted on this issue, especially considering the importance of
reducing preterm deliveries as a core tenet of reducing fetal morbidity and mortality.

5.3.6 Cesarean section

Maternal obesity is associated with increased rates of cesarean section [64,65]. In one
meta-analysis, researchers reported an unadjusted odds ratio of cesarean delivery of
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2.89 (95%CI 2.28-3.79) among the morbidly obese population [66]. As this popula-
tion is the most likely to benefit from bariatric surgery, it is useful to know whether
the weight loss associated with bariatric surgery has an effect on the risk of cesarean
section. Some studies have found increased crude rates of cesarean section in patients
with history of bariatric surgery [40,67]. However, these rates are likely confounded
by patient’s personal history of cesarean section, elevated postsurgical BMI, provider
bias and persistence of comorbid risk factors following bariatric surgery. In a retro-
spective study done by Weintraub et al. [70], significantly higher rates of prior cesar-
ean section delivery were reported for postbariatric patients. Yet, when crude rates
of postsurgical cesarean sections were controlled for presurgical cesarean section
status, no statistical increase was found postoperatively. In another prospective study,
rates of prior cesarean section were found to be higher in the bariatric population as
compared with the general population, but the rate of emergent cesarean section was
found to be lower as compared with controls [68]. Another study found no difference
in cesarean section rates between the postoperative population and general commu-
nity [16]. Other studies have found increased risks of cesarean section rates even after
controlling for previous cesarean section and obesity among other cofounders [40].
In summary, this seems to indicate that there may be an increased risk of cesarean
section among patients with a postbariatric status; however, increased crude rates of
cesarean section are likely confounded by presurgical cesarean section history among
other variables such as postoperative BMI. Postbariatric status is not an indication
for cesarean delivery. Physicians and other mid-level providers should examine each
case individually, but should not be influenced by postbariatric status when consider-
ing referral for cesarean section [48].

5.3.7 Hypertensive disorders of pregnancy

Obesity is linked to increased rates of hypertensive disorders of pregnancy. Because
hypertensive disorders of pregnancy are associated with increased maternal and
fetal risks [69], it is prudent to elucidate whether weight loss resulting from bariat-
ric surgery has an effect on the risk of developing these disorders. Several studies
have examined the effect of bariatric surgery status on the risk of developing hyper-
tensive disorders of pregnancy and found a decreased risk both when compared
with an obese comparison group and as compared with patients’ own preoperative
status [31,32,67].

One study, which examined the incidence of preeclampsia in patients after RYGB
found no increased risk of preeclampsia in the postbariatric surgery group com-
pared with the standard BMI group and a decreased risk compared with the obese
cohort [70]. Similar findings of reduced risk of preeclampsia were noted in studies
that examined the risk of preeclampsia and other hypertensive disorders of preg-
nancy following AGB and RYGB bariatric procedures [29].
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Select studies have found no significant difference in rates of hypertensive dis-
orders of pregnancy among postbariatric surgery cohorts as compared with an obese
patient population [70,71]. Other studies have documented higher rates of hyperten-
sive disorders of pregnancy among postbariatric surgery patients when compared
with the general population, but decreased when compared with an elevated BMI
cohort [68]. One study noted decreased rates of chronic hypertension and gestational
hypertension affecting pregnancy in the postsurgical cohort [72].

In summary, the collective evidence seems to indicate that rates of hypertensive
disorders of pregnancy are reduced following bariatric surgery as compared with an
obese population or patient’s own prebariatric surgery rates, but do not normalize to
that of the general nonobese population.

5.3.8 Gestational diabetes mellitus

Obesity and GDM have been found in multiple studies to be robustly related and the risks
for pregnancy complications seem to persist even if patients are able to attain euglycemia
[73-75]. There are a number of issues associated with GDM during pregnancy including
increased risk of shoulder dystocia, LGA infants, and hypoglycemic episodes in the post-
partum period [76,77]. Preliminary studies have indicated that weight loss may reduce
the risk of developing GDM [73]. Furthermore, weight loss resulting from bariatric surgery
may reduce the risk of developing GDM [78]. In a large study that looked at deliveries in
the Swedish Medical Birth Register, lower risks of GDM and LGA were noted in postbari-
atric surgery patients when compared with controls matched for BMI among other vari-
ables [14]. A population-based study by Sheiner et al. [40] reported higher crude rates of
GDM when patients were compared with the obese population, yet this relationship did
not persist once BMI and other confounding factors were controlled. Additional studies
confirm the finding that decreased rates of GDM are noted when postbariatric patients are
compared with an obese population [32,67]. Yet, when rates of GDM in the postbariatric
population are compared with the general population or the patient’s own preoperative
rates, the evidence was not conclusive [31,41,79]. Therefore, the rates of GDM in the post-
bariatric population are reduced when compared with an obese population; however,
they are likely higher than those found in the general population.

5.3.9 Birth weight

It is well known that maternal BMI influences fetal birth weight and that the occur-
rence of LGA infants increases as BMI increases [80,81]. Conversely, the risk for a LGA
infant decreases as maternal BMI decreases, a tenet that holds true for weight loss sub-
sequent to bariatric surgery [67]. However, rates of LGA infants born to the postbariat-
ric surgery population are still higher than those found in the general population [14].
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Furthermore, as the risk of LGA infant decreases subsequent to maternal weight loss,
the risk for SGA increases. In fact, some studies have found an elevated crude rate of
weight-related abnormalities such as IUGR and SGA [82]. An additional large popula-
tion-based study published recently also noted increased risks of SGA infants among
the postbariatric surgery cohort [66]. This risk for SGA was increased if the operation-
to-birth interval was less than 2 years. Further research is necessary to expound on
the risks and nature of fetal weight-related abnormalities, including SGA, following
bariatric surgery and to determine the significance of these outcomes if the relation-
ship is confirmed.

5.3.10 Fetal malformations

Maternal obesity is associated with fetal malformations including neural tube defects,
cardiac defects, and cleft lip/palate [83,84]. Bariatric surgery, in theory, may reduce
risks of these malformations through a reduction in BMI, yet theoretically could be
related to an increased risk due to micronutrient deficiencies [85]. After controlling
for preterm delivery and maternal age, one study found no relationship between
bariatric status and fetal malformations despite an increased crude rate of fetal mal-
formations [67]. A study by Sheiner et al. [40] also showed no relationship between
bariatric surgery and fetal malformations. This finding was confirmed by an addi-
tional study by Josefsson et al. [86], in which researchers noted that postbariatric
status had no effect on the rates of fetal malformations when compared with the
general population. The evidence thus far is reassuring for the provider when coun-
seling patients on the risks of fetal malformation [87]. However, providers should
continue to monitor patients for micronutrient deficiencies and provide appropriate
treatment. Current guidelines recommend screening and treatment for deficiencies
in folate, iron, calcium, vitamin B,,, vitamin D, and protein each trimester [48]. The
risk for fetal malformations should continue to be evaluated in light of the patient’s
postbariatric BMI. Obesity will continue to be an independent risk factor for fetal mal-
formations postoperatively as it would preoperatively [85].

5.3.11 Postpartum and fetal outcomes

Overall, postbariatric deliveries have similar fetal outcomes as compared with deliveries
in the general population. One study, which looked at postbariatric surgery deliveries
as compared with the deliveries of an obese cohort that had not undergone bariatric
surgery, found no difference in complication rates [54]. Another study by Sheiner et
al. [40] noted no differences in perinatal complications in postbariatric deliveries as
compared with the general population. Although no differences in rates of adverse
outcomes, such as perinatal mortality, postpartum hemorrhage, or Apgar scores, have
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been documented, more data is needed to elucidate the risk of preterm delivery and
SGA infants [88].

5.4 Summary

Bariatric surgery is a safe and effective way to achieve weight loss in conjunction with
nutrition and other behavior modification. Women who undergo bariatric surgery
may experience an improvement in fertility, but surgery is not advised solely to
improve fertility outcomes. Following bariatric surgery, ACOG recommends a time-
to-conception interval of 12 to 24 months. Although the evidence is mixed, a recent
study documented increased risks of preterm delivery, SGA, and NICU admissions
for time-to-birth intervals of less than 2 years. There is a theoretical risk of decreased
absorption of oral contraceptives and emergency contraception; however, no conclu-
sive studies have been performed. Postsurgical BMI is an important consideration
when recommending emergency contraception as levorgenestrel has been shown
to have decreasing efficacy at increasing BMI. In the postsurgical cohort, the risk of
developing hypertensive disorders of pregnancy, GDM, and LGA babies are lower.
However, rates of weight-related abnormalities such as SGA might be higher in the
postsurgical cohort. More research is necessary to establish the relationship between
postsurgical status and preterm birth, although recent studies suggest that the rates
may be higher. Postsurgical patients should be monitored for micronutrient deficien-
cies and repletion should be given as necessary. Band adjustment is advised for post-
AGB patients experiencing excessive nausea, vomiting, or abnormal weight gain in
pregnancy. If medical issues arise, the women’s health care provider should consult
with a bariatric surgeon for care management.
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6 Conception and obesity

6.1 Introduction

The prevalence of obesity among reproductive age women is increasing, particularly
in developed countries. The prevalence ranges from 14% to 20% and up to 60% in
some countries [1]. As a result, there is an increasing body of literature showing the
negative effects of obesity on fertility and natural conception. The effect of obesity
on artificial reproductive technologies is still unclear as study data is contradictory.
Weight loss, both by conservative means and bariatric surgery, has been also reviewed
to look at the effects on fertility.

6.2 Natural fertility

Obesity is associated with an increased risk of menstrual irregularities and anovulation
[2-4]. However, obese women with a regular ovulatory cycle still experience a lower
probability of spontaneous conception [2,3,7]. Gesink Law et al. [8] studied patients
trying to conceive their first pregnancy. They found that women with a body mass index
(BMI) of 25 to 29.9 had an odds ratio (OR) of 0.92 (95% CI, 0.84-1.01) of conceiving each
cycle whereas women with a BMI of 30 and higher had an OR of 0.82 (95% CI, 0.75-0.92).
Jensen et al. [7] also looked at couples trying to conceive their first child and found that
the OR of conceiving each cycle was 0.77 (95% CI, 0.70—0.84) when women had a BMI
>25. van der Steeg et al. [3] looked at ovulatory women in a fertility clinic and found that
women had a 4% lower pregnancy rate per kg/m? over a BMI of 29.

6.3 Pathophysiology

Ovulation and the menstrual cycle are controlled by a complex hormonal milieu.
Although not completely understood, obesity has been demonstrated to perturb
this delicate balance through several direct and indirect hormonal signals including
insulin, leptin, and adipokines. Adipose tissue is an important site of steroid pro-
duction and metabolism. Obese women have been shown to have a larger steroid
pool than normal weight women and altered delivery of androgens and estrogens to
their target organs [62]. The concentration of sex hormone-binding globulin (SHBG)
is increased by estrogens and growth hormone and decreased by insulin and andro-
gens, and the net effect leads to an overall decreased level in obese women [63]. A
reduction in SHBG leads to elevated circulating free sex steroids such as testosterone,

https://doi.org/10.1515/9783110487817-006
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dihydrotestosterone, and androstenedione [64]. Obesity leads to a state of relative
hyperandrogenism. This may have a pathophysiological effect on ovarian function
and contribute to menstrual irregularity.

One of the target organs for insulin is the ovary through the insulin receptor and the
insulin-like growth factor 1 receptor. Insulin stimulates ovarian steroidogenesis in theca
and granulosa cells, and enhances the stimulatory effect of luteinizing hormone through
luteinizing hormone receptor upregulation [65]. Insulin also acts at the level of the pitui-
tary, where it may enhance the sensitivity of the gonadotroph cells to the action of GnRH,
further enhancing the stimulation of ovarian steroidogenesis [65]. Furthermore, insulin
modulates the bioavailability of the sex steroids through inhibition of hepatic SHBG syn-
thesis [64]. Obesity, especially central obesity, induces a state of hyperinsulinemia and
insulin resistance. The most common cause of anovulatory cycles is polycystic ovarian
syndrome (PCOS). Sixty-five percent of patients with PCOS are obese and this increases
insulin resistance and hyperinsulinemia thereby worsening menstrual irregularities [5,6].

In response to systemic insulin resistance, there is a compensatory increase in
insulin secretion. The altered insulin metabolism (insulin resistance and hyperin-
sulinemia) leads to reduced SHBG and hyperandrogenemia, thereby increasing the
likelihood of menstrual and ovulatory disturbance in obese women. Poretsky et al.
[65] demonstrated that obese women who lose weight and subsequently become ovu-
latory show a decrease in insulin, and an increase in SHBG.

Leptin is a hormone secreted by adipocytes and secretion increases with food
intake and decreases with starvation. Leptin is a key signaling protein that relays to the
magnitude of the energy stores to the hypothalamus. Leptin also has a regulatory role in
reproductive function; it has stimulatory effects on the hypothalamic-pituitary-ovarian
axis at normal serum concentrations but can have inhibitory effects on folliculogenesis
and its control when levels are elevated, such as that seen during obesity [67].

Adipokines also participate in metabolic regulation and it has been reported that
some of these substances may affect reproductive function [68]. Their exact role is
unclear and more research is required to fully elucidate their role in infertility in the
obese population.

6.4 Artificial reproductive technologies

In the US, one-third of adults at their peak reproductive age are considered obese [30].
Furthermore, 12% of couples will seek out infertility services at some point during
their reproductive years [31]. Both conditions are multifactorial and of concern to the
reproductive endocrinologist.

Koning et al. [22] published a systematic review in 2014 looking at the outcomes
of assisted reproductive technology (ART) cycles in obese patients. They found 27 pri-
marily retrospective studies and pooled the ORs. When they compared overweight
and obese patients to normal weight patients, the OR of a clinical pregnancy was 0.94
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(95% CI, 0.69-1.30). The OR for a live birth was 0.90 (95% CI, 0.82-1.00). The authors con-
cluded that higher female BMIs reduce ART success rates but to a small degree and that
there may be many confounding variables requiring prospective study. Although live birth
rate is arguably the most important marker of success in an ART cycle, different studies
have looked at different primary outcomes. Vilarino et al. [23] looked at the BMI and gon-
adotropin dose needed to achieve adequate ovarian follicular stimulation in an in vitro fer-
tilization (IVF) cycle. This was a retrospective study with 752 women and 951 IVF or in vitro
fertilization - intracytoplasmic sperm injection (IVF-ICSI) cycles. They found no significant
difference between their BMI groups (normal weight, overweight, and obese) for total fol-
licle stimulating hormone (FSH) dose (p = 0.572). They also performed a linear regression
and found that being overweight (8 = 0.024, p = 0.394) or obese (f = 0.042, p = 0.144) did
not significantly correlate to FSH dose. After adjusting for the women’s age at cycle start,
the likelihood of a positive serum B-hCG result, ongoing pregnancy, or live birth was not
significantly different between normal weight, overweight, and obese women. Several
other studies have found similar results in regards to FSH dose [28,29]. At this time, there is
no consensus in regards to the effect of increasing BMI and successful ART cycles. Several
studies have shown that obesity has no effect on IVF success rates [23-25]. Many other
studies have shown that increasing BMI negatively affects IVF pregnancy rates [26,27].

The largest cohort study of BMI and IVF outcomes was recently published [33].
The authors looked at 239,127 fresh IVF cycles in the US. They found that the live preg-
nancy rate decreased with increasing BMI from 31% in normal BMI patients to 21%
in patients with a BMI of 50 and above. This was statistically significant. They also
found a statistically significant progressive decline in pregnancy rate and implanta-
tion rate with increasing BMI. Due to the study size, the authors were able to perform
a subgroup analysis of patients with PCOS. PCOS and obesity are often confounding
variables that cannot be teased apart because of limited data points. In patients with
purely PCOS-related infertility, there was a trend toward decreasing pregnancy rate
and live birth rate with increasing BMI, but it was not statistically significant. This
suggests that obesity is the cause for worsening outcomes.

Although many studies have looked at the effects of increasing BMI on outcomes
of ART cycles, there is no clear answer. There are countless factors at play when
looking at fertility, many of which we do not understand yet. Further large-scale,
nationwide studies are needed to identify all the confounding variables to estimate
the effect size of obesity.

6.5 Effects of obesity on conception
Planned artificial reproductive technologies represent a unique opportunity to study

the different elements involved in a pregnancy such as hormone levels, oocytes,
sperm, and the developing embryo and endometrium.
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The negative effect of BMI of fertility is unclear. Studies have suggested that obese
patients have decreased oocyte quality [27]. Many theories exist as to the molecular
cause, including altered follicular fluid contents [34-36] and altered microenviron-
ment oocyte/embryo metabolism [37]. Altered endometrial receptivity is also cur-
rently being investigated.

A study by Schliep et al. [32] included 721 couples undergoing their first fresh IVF
cycle and found that the relationship between female BMI and clinical pregnancy and
live birth were not statistically significant. They controlled for male and female age,
parity, and partner BMI. They also noted that female BMI was not related to fertiliza-
tion rate or embryo score.

Some researchers have hypothesized that the uterine environment and endo-
metrium are significantly affected by obesity [26,58—-60]. Studies looking at obese
women with donor oocytes eliminate the potential effect of maternal age and lower
quality of the embryo. They found significantly reduced implantation and pregnancy
rates [26,59,60]. However, Luke et al. [61] demonstrated that obese women using
donor oocytes had the same chance of conceiving as normal-weight women using
donor oocytes, but a lower chance of live birth, suggesting that the effect of obesity
on oocyte quality may be more important than the effect on endometrial receptivity.

Another frequently overlooked component in natural conception is sexual
function and sexuality. Obesity has been shown to have a negative effect on sexual
self-esteem and body image concerns [38,39]. Studies have shown an inverse relation-
ship between BMI and arousal, lubrication, orgasm, and satisfaction [40]. All these
factors lead to a decreased incidence of coitus with increasing BMI [41]. In regards to
natural conception, it is important to consider all facets of reproduction.

A new line of research is looking at the negative effects of male obesity on fertil-
ity [56,57]. Far fewer articles have been published on this topic; however, it is worth
noting given the prevalence of obesity in the general population. There is also evi-
dence that, in heterosexual couples, male BMI is positively associated with female
BMI and vice versa [32,57]. Male obesity may be an important confounding variable
in future research and it is important for clinicians to note from a health promotion
perspective.

6.6 Weight loss

Just as obesity rates have grown, so too has the booming weight loss industry. This is
due to the fact that losing weight is very challenging and the long-term maintenance
of reduced weight is extremely difficult as well. Only 15% of subjects undergoing
weight loss interventions maintain either their reduced weight or an overall reduction
of 9 to 11 kg 14 years after the initial weight loss [42].

A recent systematic review in 2014 looked at the effect of weight loss on fertil-
ity in obese patients [9]. The authors identified seven studies that used a dietary
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intervention to achieve weight loss. Four of the studies found a statistically signifi-
cant improvement in the pregnancy rate/live birth rate [10-13] whereas two reported a
nonsignificant trend to increased pregnancy rates [14,15] and only one study showed
a small decrease [16]. For example, Sim et al. [10] instituted a 3-month-long interven-
tion period and noted an average weight loss of 6.6kg. At 12 months, the intervention
group’s pregnancy rate was 48% with 23% of those being conceived naturally. The
control group pregnancy rate was 14% and none were conceived naturally. This was
a statistically significant difference (p = 0.014). Also, the intervention group took, on
average, 2.46 cycles of ART to achieve pregnancy whereas the control group took 4.33
cycles (p = 0.01). The studies also showed that weight loss was associated with regular
menstrual cycles [11,12], a reduction in the number of ART cycles needed to achieve
pregnancy [10,15], and a decrease in cancellation rates [15]. In addition, natural con-
ception rates were increased after weight loss in five of the six studies that reported
this outcome [10-13,15].

One of the only large-scale, randomized control trials (RCTs) looking at weight loss
in obese, infertile women was recently published by Mutsaerts et al. [43]. They had
822 women with a BMI of 29 or greater randomized to either 24 months of infertility
treatments or a 6-month lifestyle intervention including dieting and exercise preceding
18 months of infertility treatments. Their primary outcome was the vaginal birth of a
healthy singleton at term within the 24-month study period. In the intervention group,
27.1% achieved this marker. However, 35.2% of the control group achieved this as well.
Overall, significantly more women in the intervention group had ongoing pregnancies
that resulted from natural conception. This study demonstrates that delaying infertility
treatment, even for weight loss, can have a detrimental effect on outcomes. However,
weight loss lessens the need for ART and can lead to a healthier pregnancy and delivery.

Weight loss by diet and lifestyle interventions significantly increased pregnancy
rates by natural conception. There is also evidence that it may improve the success of
ART cycles. However, the optimal amount of weight loss is not known. Also, weight
loss takes time and elevated BMI must be balanced with increasing age and decreas-
ing ovarian reserve to determine how best to proceed to achieve a live birth.

6.7 Bariatric surgery

For years, physicians have encouraged overweight and obese patients to lose weight
through diet and exercise. The 1950s saw the birth of bariatric surgery. Initially very
complex with significant complications, bariatric surgery now includes a number of
different procedures with fewer adverse effects. As a result, the popularity of bariatric
surgery has skyrocketed. The incidence of bariatric surgery has increased by 800%
in the US between 1998 and 2005 (from 12,480 to 113,500 cases) [44]. Of all the pro-
cedures, 83% were being performed on women between the ages of 18 and 45 [44].
Bariatric surgery types include gastric banding, gastric bypass including Roux-en-Y,
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biliopancreatic diversion, and sleeve gastrectomy with varying mechanisms of action
(restriction versus malabsorption), effectiveness, and complications.

Maggard et al. [44] performed a systematic review and found six articles related to
fertility after bariatric surgery. One study (n = 298) found that after bariatric surgery,
the need for fertility treatment was low (6.7%) but exceeded that of the control group
(2.3%, p < 0.001) [47]. Three studies reported improvements in fertility by comparing
pregnancy rates before and after surgery [45,46,48]. The authors also identified six
studies that found a normalization of hormones and menstrual cycles and lessening
of PCOS following surgery [46,49,51-54]. Unfortunately, most of the studies were
observational and lacked complete data on total number of women attempting to
become pregnant and eventual pregnancy rates.

In their systematic review, Sim et al. found two case report studies looking at
ART outcomes after bariatric surgery [1718]. In the first study, four out of five women
underwent Roux-en-Y bypass surgery and one had a gastric band procedure done [17].
The average weight loss was 46 kg. They found a 100% pregnancy rate after nine IVF
cycles.

Recently, Goldman et al. [55] published a retrospective cross-sectional survey
study of 219 women. They found that different types of bariatric surgery have dif-
fering effects on reproductive outcomes. Fewer women reported menstrual cycle
irregularity after Roux-en-Y bypass surgery than before (OR = 0.21, CI = 0.07-0.61),
whereas women who underwent adjustable gastric banding did not have statistically
significant improvements in menstrual cycle regularity postsurgery; however, it was
trending in that direction. There was no significant difference in self-reported history
of infertility among the groups. Among all women, 7.2% of women before Roux-en-Y
and 4.6% of women before adjustable gastric banding reported that it took more
than 12 months for them to conceive, compared with 1.8% and 4.6% after Roux-en-Y
and after adjustable gastric banding, respectively. It is well described in the bariatric
surgery literature that physiologic changes occurring after Roux-en-Y are distinct from
those after adjustable gastric banding and involve gut hormone biology and changes
in insulin resistance, which may play a role in ovulation and fertility.

In regards to fertility, it is important to note that patients are counseled to delay
conception for the first year after surgery [19-21]. Although there is no evidence pub-
lished to support this, the theory is that the most rapid rate of weight loss occurs at
this time and it could negatively affect a pregnancy, for instance, through nutritional
or caloric deficiency. In women with low ovarian reserve, 12 months could have a
significant effect on the outcome of their ART cycles.
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7 Obesity and contraception

7.1 Introduction

The World Health Organization (WHO) recognizes sexual and reproductive health
care as a fundamental human right. Among other interventions, the WHO recom-
mends that access to comprehensive contraceptive information and services be
provided equally to all women, without discrimination [1]. Contraception enables
women to have control over their fertility, the timing of starting a family, and their
family size. Despite these recommendations and the existence of various forms of
contraception, studies show an underutilization of contraception in obese women
compared with women with normal body mass index (BMI) [2, 3]. This disparity
extends to the adolescent population, as obese teenagers are less likely to use con-
traception or receive contraceptive counseling, compared with their healthy weight
peers [4]. Whether this disparity is patient or provider-driven is unclear, but there
are several possible barriers to contraceptive use in obese and overweight women.
First, contraceptive efficacy has not been well studied in the obese population, as
most trials have excluded women who are more than 130% of the ideal body weight
[5, 6]. Some studies suggest that obesity may impair the effectiveness of hormonal
contraceptives, but more research is needed to guide physicians and patients. In
addition, medical comorbidities associated with obesity may contraindicate the use
of certain forms of hormonal contraception. However, contraception is particularly
important for women with chronic medical conditions associated with obesity, as
these women are at greater risk of developing pregnancy-related complications.
There are many safe hormonal and nonhormonal contraceptive options available
for women, and counselling should be offered to prevent unplanned pregnancy in
this population.

7.2 Combined hormonal contraceptives
The combined oral contraceptive pill, transdermal patch, vaginal ring, and injectables
are all effective forms of contraception for most women with well-established safety

profiles. However, there have been concerns raised about both the efficacy and safety
of combined hormonal contraceptive (CHC) use among obese women.

https://doi.org/10.1515/9783110487817-007
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7.2.1 Physiological differences in obese patients

Obesity may affect pharmacokinetics in many ways including the absorption, distribution,
metabolism, and excretion of drugs [7]. Obese patients may have increased drug absorp-
tion due to delayed emptying and potentially a shorter time to maximum plasma concen-
tration of a drug. Furthermore, drug distribution is known to be altered by changes in body
mass, adipose tissue, and circulating plasma proteins, with a known higher volume of
distribution for hydrophobic drugs, but less so for hydrophilic drugs such as steroids [8].

The pharmacological activity of steroids is known to be greatly affected by the level
of circulating plasma proteins, specifically, the proportion that are in the protein-bound
inactive form, compared with the free unbound form. In obesity, greater proportions of
other lipoproteins may be bound to albumin, leaving fewer hormone binding sites for
steroids. This coupled with reduced levels of sex hormone binding globulin within the
circulation results in a higher proportion of unbound hormones in the circulation [8].

Hepatic metabolism of drugs may also be altered in obesity which could lead to
increased, decreased, or unchanged metabolism depending on the enzymes affected
within the liver [8]. Renal excretion of drugs is increased with increasing BMI, likely
due to increased glomerular filtration rates [8]. The main resulting pharmacokinetic
changes in obese women taking a 20 mg ethinyl estradiol (EE)/100 ug levonorgestrel
(LNG) pill include a longer half-life and a longer time to reach steady state than normal
weight controls [9]. These changes result in a longer time to reach sufficient states
for ovulatory suppression, and therefore could lead to an increased risk of contra-
ceptive failure during combined oral contraceptive (COC) initiation or after the 7-day
hormone-free interval [7, 9]. Cherala and Edelman [10] have recommended the use of
a continuous low-dose COC without a pill-free interval or a slightly higher dose estro-
gen pill as two methods of reducing contraceptive failure in obese patients, as well as
strict adherence to dosing time intervals.

In non-oral hormonal contraceptives, delivery of hormones through parenteral
routes is less altered by obesity due to the rapid achievement of relatively constant
plasma concentrations, but obesity may still affect the steady state of drugs through
differential plasma protein binding and drug elimination [7]. Studies of serum levels
of drugs administered through various methods including the vaginal ring and the
transdermal patch and implant are inconsistent, with some showing no effect of BMI
and others showing lower plasma concentrations of hormones, but most of these
studies are limited by testing total hormone levels, rather than free unbound hormone
levels and are therefore difficult to interpret [7].

7.2.2 Efficacy

CHCs primarily achieve contraceptive efficacy by suppression of ovulation through
LH and FSH suppression at the level of the pituitary by both the synthetic progestin
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and EE. Several review articles and systematic reviews have been published review-
ing contraceptive efficacy in obese patients with unclear recommendations.

A large systematic review on the effectiveness and failure rates of CHC use by
body weight or BMI was published in October 2016 after including 15 reports, all of
fair to poor quality [11]. Three fair quality studies and one poor quality study reported
increased COC failure among a heterogeneous population of overweight and obese
women compared with normal weight women, whereas eight fair quality studies and
two poor quality studies did not find a difference. This review included the analysis
of a level II-2 study, which analyzed pooled individual data derived from seven phase
3 clinical trials between 2000 and 2012, showing a Pearl Index (number of pregnancies
per 100 women years of COC exposure) for obese COC users of 3.14 (95% CI, 2.33-4.22)
and 2.53 (1.88-3.41) for nonobese users, giving a 44% higher relative risk for preg-
nancy in obese patients compared with nonobese COC users (adjusted hazards ratio,
1.44; 95% CI, 1.06-1.95) but the absolute rates on contraceptive failure are still low
and thus these findings are of questionable clinical significance [12]. Furthermore,
multiple large prospective cohort studies of tens of thousands of women have dem-
onstrated no difference in pregnancy rates among obese and nonobese women as
measured by body weight or BMI [11].

A Cochrane review of CHC for contraception in overweight and obese women was
also published in 2016 and included 17 studies for a total of 63,813 women but focused
the analysis on 12 studies of high, moderate, or low quality results [6]. These authors
likewise summarized that the majority of studies showed no difference in pregnancy
rates between obese and nonobese women. Of the six studies of COC users included
in the analysis, four showed no difference in pregnancy rates among obese and non-
obese users, one showed a higher pregnancy risk in obese women, and one dem-
onstrated a lower pregnancy rate among obese women. The authors concluded that
there was no association between higher BMI or weight and effectiveness of hormonal
contraceptives, but that the overall quality of evidence is low [6].

Several studies have reported on the risk of pregnancy with specific COC formula-
tions and doses, but overall, the results are conflicting. Some studies have shown a
higher contraceptive failure risk among obese women using pills containing 35 pug of
EE or less whereas others did not [11]. These studies are limited by pooling of multiple
different COC formulations, making it unclear whether the type of progestin has an
effect [7]. A study of an ultra-low dose COC with only 10 pg of EE and 1.0 mg of norethin-
drone acetate did not find any clinically important differences in contraceptive failure
rates, adverse events, or bleeding profiles in women with increasing BMI, but the Pearl
Indices were 2.49, 2.32, and 1.89 for women with a BMI of <25, 25-30, and >30 kg/m?
respectively [13]. Given that oral LNG has a high level of binding to SHBG, this progestin
would theoretically be at higher risk for reduced effectiveness in obesity, although this
has not been studied [7]. Some strategies proposed to reduce the rate of contraceptive
failure in obese patients is to reduce the hormone-free interval or use a higher-dose
estrogen pill, but no studies have specifically addressed these strategies to date [7].
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Only two fair quality pooled analysis studies have reported on contraceptive
efficacy of transdermal patches in obese women [14, 15]. Body weight >90 kg was
found to be statistically significantly associated with a higher chance of pregnancy
in women taking the transdermal contraceptive patch containing EE and norel-
gestromin, although the proportion of patients at this weight was very low [14]. A
BMI higher than 30 was also found to be significantly associated with contraceptive
failure for this same transdermal patch (adjusted hazard ratio, 8.8; 95% CI, 2.5-30.5)
[11]. There were no studies identified that compared contraceptive efficacy using the
combined injectable [6, 11]. The only study to report on contraceptive failure of the
EE/ENG vaginal ring in obese women compared with nonobese women was a sec-
ondary analysis of phase 3 efficacy trials, which showed a pregnancy rate of 12% in
women in the highest decile of weight (>167 1b.) with no pregnancies reported in the
heaviest women (189-2721b.) [16].

There are major limitations to the studies of COC efficacy in obese patients includ-
ing self-reporting of body weight, a lack of data on adherence to the COC regimen, inclu-
sion of multiple different CHC formulations and dosing strategies into the analysis,
under-reporting of unintended pregnancy, and exclusion of very obese patients [7, 11].
Although most studies have not found a difference in contraceptive efficacy in obese
patients, a few studies have. Fortunately, the overall risk of contraceptive failure even
among the studies that found a significant difference was still small (<5%), and there-
fore obese women can be reassured that COC’s do provide a good form of contraception.

7.2.3 Risks and safety profile

The WHO considers CHC to have advantages that generally outweigh the theoretical
or proven risks of the drug [17]. The primary risks of CHC use include cardiovascular
risks from exogenous estrogen, including acute myocardial infarction (MI), stroke,
and venous thromboembolism (VTE) [18].

The risk of acute MI and stroke in women of reproductive age is low, regardless of
BMI [7]. Few studies have been performed on the risk of acute MI and stroke among
obese CHC users with conflicting results [18]. One large case-control study showed
no difference in the risk for acute MI and stroke, whereas another case-control study
showed a significantly increased risk of acute MI and stroke among CHC users, par-
ticularly among women with a BMI of >27.3 kg/m? [18]. One case-control study exam-
ined the risk of stroke among obese women using CHC, finding an increased risk of
stroke among CHC users, with increasing risks of stroke in patients with a higher BMI,
but this was not statistically significant [19]. In the other pooled analysis of two case-
control studies, there was no increased risk of stroke among CHC users at both normal
and high BMI categories [20].

Obesity and CHC use are both independent risk factors for VTE with a threefold
increased risk of VTE in CHC users, with rates of VTE correlating with the degree of
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obesity [7, 18]. However, it is unclear if the risks of CHC use and obesity are additive,
multiplicative, or otherwise affect VTE rates. One systematic review showed a five to
eight times increased risk of VTE in obese COC users compared with obese nonus-
ers, and 10 times the risk compared with normal weight nonusers [18]. This elevated
risk should be considered in context of a known fivefold increased risk of VTE during
pregnancy and 60-fold increased risk during the postpartum period across all BMI
categories compared with nonpregnant women [21].

Weight gain is a common concern among patients planning to use an oral con-
traceptive pill, although no clear relationship has been established between weight
gain and COC use in several studies and meta-analyses, and therefore should not be
a concern for obese patients considering using a CHC [22]. Other minor side effects
of COC that are affected by obesity include a slight increased risk of unscheduled
vaginal bleeding and reduced rates of amenorrhea in obese compared with nonobese
ultra-low dose COC users [13].

7.3 Progestin-only contraception

Progestin-only contraception (POC) has several methods of administration, including
oral, implant, injectable, and intrauterine. The mechanisms of action of POC include
suppression of ovulation, thickening of cervical mucus, and alteration of endometrial
receptivity [23-25]. From a safety perspective, POC does not increase the risk of arte-
rial or venous thrombosis, which may favor its use in the obese population.

7.3.1 Progestin-only pill

Several oral progestins are available but only one progestin-only pill (POP) is approved
for use as a contraceptive in Canada. Norethindrone 0.35 mg (Micronor) is taken daily,
with no hormone-free interval. The failure rate of the POP with perfect use in the
first year is estimated at 0.3% [26], but studies on obese women are lacking. There
is no data to suggest decreased efficacy of the POP in obese women, and the WHO
Medical Eligibility Criteria for POP do not restrict use in this population [17]. Although
more studies on efficacy are needed in the obese population, the safety profile of
the POP is advantageous. The POP has not been shown to increase the risk of VTE or
cardiovascular disease and therefore may be considered a safer alternative to COC [22].

7.3.2 Progestin implant

Progestin-containing subdermal implants are reversible contraceptives that can
provide reliable, long-acting contraception [27]. A Cochrane review of contraception
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in overweight and obese women reviewed the efficacy of progestin implants [6]. The
most studied implant was the six-rod implant containing 216 mg of LNG (Norplant),
now discontinued. Of four studies examining the rate of contraceptive failure with
the LNG implant, two showed differences in pregnancy rates by weight. One of these
studies showed that increased weight was associated with a higher pregnancy rate in
years 6 and 7 of implant use [28]. The Pearl Index was 0.86 in those >70 kg, and was
0.26 in those <60 kg (p < 0.05). The other study demonstrated higher pregnancy rates
in the fifth year of use in heavier women, although the rates for women more than
70 kg did not differ significantly from the group weighing 60 to 69 kg [29]. The two-rod
LNG implant (Norplant-2/Jadelle/Sino-implant II) contains 150 mg of LNG and has a
3- to 5-year duration of effectiveness. Three studies on the newer LNG implant found
few cases of contraceptive failure [30-32]. Due to the small number of cases, there is
insufficient evidence to determine if the efficacy of the two-rod LNG implant is affected
by weight. The etonogestrel-containing implant (Implanon/Nexplanon) contains
68 mg of etonogestrel, and has a three-year duration of effectiveness [27]. In a study
of 1,168 women using the etonogestrel implant, only one pregnancy occurred over
3 years [33]. A total of 28% of the study subjects were overweight (BMI, 25-29.9) and
35% were obese (BMI > 30). The subject who conceived with the implant had a BMI of
31 kg/m? and pregnancy occurred within 4 days of implant placement. This suggests
an undiagnosed luteal phase pregnancy, rather than contraceptive failure. Overall
the data are reassuring that contraceptive failure is rare with progestin implants in
any weight class, particularly within the first 3 years of use.

7.3.3 Progestin injectables

Depo-medroxyprogesterone acetate (DMPA) is administered by intramuscular injec-
tion, at a dose of 150 mg/mL. It is an effective contraceptive given at 3-month inter-
vals. Data on efficacy in the obese population are lacking, but existing studies do not
suggest that pregnancy rates differ by body weight [7]. A study of 846 DMPA users
reported a pregnancy rate of 0.7/100 woman-years across all weight classes, and body
weight was not found to be a significant factor [34]. However, only 5% of study sub-
jects were >80 kg, and the study was not designed to compare contraceptive failure in
obese versus healthy weight women. DMPA is sometimes avoided in the overweight
and obese population because its use has been associated with an average weight
gain of 5 Ib. in the first year of use. The association with weight gain is attributed to
appetite stimulation and a possible anabolic effect [35]. In particular, for overweight
or obese women who are trying to lose weight during the postpartum period, DMPA
may not be a good choice as it may prevent them from returning to their prepregnancy
weight [22]. Future fertility plans may also affect the decision to use this method,
as DMPA use has been associated with a delay in the resumption of ovulation and
menses [27].
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7.3.4 Progestin-containing intrauterine contraceptives

Intrauterine contraceptives (IUC) are long-acting reversible contraceptives. The
LNG-releasing intrauterine systems (LNG-IUS) have two modes of action. The first
is progestin-mediated disruption of ovulation, cervical mucus, and endometrial
receptivity. The second is mechanical interference with fertilization and implan-
tation [36]. Because the latter mechanism reduces the reliance on systemic drug
levels, body weight is unlikely to affect efficacy. A prospective randomized trial
of LNG-IUS use demonstrated good contraceptive efficacy (Pearl Index of 0.3 at
3 years of use) and no association with BMI [37]. From a technical perspective, IUC
placement in obese women may be difficult due to suboptimal visualization of the
cervix. However, such challenges can often be overcome by appropriate speculum
and instrument selection and vaginal retraction.

7.4 Emergency contraception

Emergency postcoital contraception (EC) is used to prevent unplanned pregnancy
following unprotected intercourse. Options include oral LNG, COC, ulipristal
acetate, or insertion of an IUC. Only four pooled secondary analyses of fair to poor
quality have been published on the effectiveness of emergency contraception in
obese patients, three studying LNG, and two studying ulipristal acetate [38]. Women
with obesity (BMI >30 kg/m2) were at a fourfold increased risk of pregnancy after
EC with LNG compared with normal weight women, whereas there was no statisti-
cally significant difference after ulipristal acetate use [7, 38]. Increasing the dose of
LNG emergency contraceptive to 3 mg from 1.5 mg was found to normalize the PK
parameters to that of normal weight women, and may therefore improve the efficacy
of LNG EC in obese women so that it can be considered a reasonable option [39]. The
copper IUC is still the most effective form of emergency contraception regardless of
body weight with a failure rate of 0.09% when inserted within 5 days of unprotected
intercourse [40].

7.5 Contraceptive use after bariatric surgery

Women are commonly recommended to wait 1 to 2 years after bariatric surgery before
conception due to a theoretical risk of fetal malnourishment during the rapid weight
loss following surgery [22]. However, rates of unintended pregnancy are high among
patients after bariatric surgery due to improved fertility due to weight loss, and there-
fore contraceptive counseling is important [22, 41]. Unfortunately, studies of contra-
ceptive use after bariatric surgery are limited to pharmacokinetic and poor-quality
observational studies [41].
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Although data is limited, oral contraceptive use and oral emergency contraceptive
use is generally not recommended after malabsorptive bariatric surgery procedures
such as the Roux-Y gastric bypass due to concerns with reduced absorption result-
ing in reduced COC efficacy [22, 41-43]. There are no contraindications to COC use in
women undergoing strictly restrictive procedures with no malabsorption component
such as a gastric band procedure [42]. However, there is a theoretical increased risk
of VTE in obese patients planning major surgery that involves prolonged immobiliza-
tion, in which COC use could theoretically further increase the risk of VTE during this
thrombogenic period [41].

Concerns have been raised regarding bone loss and fracture risk with DMPA
use in a women already losing bone mass from significant weight loss and nutri-
tional deficiency after bariatric surgery [41]. Studies have shown the effectiveness of
the etonogestrel subdermal implant and the LNG intrauterine device after bariatric
surgery, and therefore they are considered to be excellent contraceptive options after
bariatric surgery [22, 44].

7.6 Sterilization

Tubal ligation, bilateral salpingectomy, and hysteroscopic tubal occlusion with micro-
inserts are permanent methods of contraception that render patients sterile. They are
intended to be irreversible procedures, and patients should be counselled adequately
before consenting. Tubal ligation and bilateral salpingectomy are procedures that can
be performed abdominally (often at the time of caesarean section) or laparoscopi-
cally. The U.S. Collaborative Review of Sterilization studied 9,475 women who had
interval laparoscopic tubal sterilization and reported that obesity was an independ-
ent predictor of surgical complications (OR 1.7; CI, 1.2-2.6) [45]. Smaller cohort studies
have found an association between obesity and the incidence of surgical difficulties,
technical failure of tubal interruption, and longer operating times [46]. Studies on
hysteroscopic tubal occlusion in the obese population are lacking. However, similar
to IUC insertion, hysteroscopic microinsert placement in obese women may be more
challenging due to difficulty in visualizing and accessing the cervix.

7.7 Summary

Although concerns have been raised about the safety and efficacy of various contra-
ceptives among obese women, there are still many contraceptive options available
that provide reliable and safe methods for preventing unintended pregnancy. Obese
women should be counselled thoroughly about contraceptive options including the
risks, efficacy, and the importance of compliance. This is particularly important in
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the period following bariatric surgery, when women may be more fecund. CHCs offer
good contraceptive efficacy despite changes in steroid metabolism in obesity. The
biggest predictor of CHC failure in all patients across all BMI categories is compli-
ance, and thus the importance of compliance should be stressed to patients. There
may be lowered efficacy for obese women using the combined hormonal patch, but
the overall efficacy is still good. Obese women should be counseled about the risks
of CHC including VTE for which they are at an increased risk relative to nonobese
women, but are still at a relatively lower risk than during pregnancy and the post-
partum period. To avoid the VTE and cardiovascular risks associated with the CHC,
POC is a good option for obese patients. However, studies on the efficacy of the POP
are limited in this population. Other delivery systems of POC, including the implant,
injection, and LNG-IUS, are good options for obese women, but DMPA injection is
associated with further weight gain. Obese women are candidates to receive post-
coital emergency contraception to avoid unplanned pregnancy, but failure rates
with hormonal EC may be higher. Tubal sterilization may be more challenging in the
obese population, but should be considered if women have completed childbearing
and wish for a reliable and permanent method to prevent pregnancy.
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8 Obesity in pregnancy: a review of international
guidelines

Developed nations have witnessed growing rates of obesity across all popula-
tions over recent years [1]. This translates to higher rates of obesity in reproduc-
tive aged women and their pregnancies. Maternal obesity has therefore become
one of the most common risk factors in obstetric practice, and one of the most
important challenges in obstetric care [2]. Obesity in pregnancy is associated with
both short-term and long-term complications for mothers including miscarriage,
thromboembolism, gestational diabetes, preeclampsia, dysfunctional labor, post-
partum hemorrhage, and wound infection [1, 3-9]. Compared with women with
a normal body mass index (BMI), obesity in pregnancy is associated with higher
rates of cesarean section and lower rates of breastfeeding [9-11]. Furthermore,
adverse health outcomes are noted in the offspring of obese women such as con-
genital anomalies, stillbirth, and neonatal death [12-18]. For these reasons, various
esteemed committees from developed nations have made recommendations for the
care of obese pregnant women and their babies. In this chapter, we will outline
these recommendations to provide an understanding of the current evidence and
identify areas of agreement, discord, and limitation within the existing interna-
tional guidelines on obesity in pregnancy.

Currently, the American College of Obstetricians and Gynecologists (ACOG),
Royal Australian and New Zealand College of Obstetricians and Gynecologists
(RANZCOG), Royal College of Obstetrics and Gynecology (RCOG), and the Society
of Obstetrics and Gynecologists of Canada (SOGC) offer published guidelines for
the management of obesity in pregnancy [2, 19-21]. Each appointed committee
reviewed the literature separately and made recommendations for their specific
populations. The following themes were universally reviewed and are summarized:
definition, preconception counseling, antenatal care, intrapartum management,
and postpartum care.

8.1 Definition of obesity

The World Health Organization BMI classification system was used universally to
define obesity in pregnancy as a BMI =30 kg/m? (see Table 8.1) [22].

https://doi.org/10.1515/9783110487817-008
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Tab. 8.1: BMI and recommended weight gain in pregnancy.

BMI (kg/m?)* Suggested weight gain (kg)**
Underweight <18.5 12.5-18
Normal weight 18.5-24.9 11.5-16
Overweight 25-29.9 7-11.5
Obese class | 30-34.9 5-9
Obese class Il 35-39.9 5-9
Obese class Il 240 5-9

* World Health Organization BMI references [22].
** |nstitute of Medicine on weight gain in pregnancy [34].

Maternal weight (kg) and height (m) at the first antenatal visit, or prepregnancy, if
known, were recommended as the best measure of preexisting obesity [2, 19-21]. Of
note, the SOGC guidelines included women who were 110% to 120% of their ideal
body weight or >91 kg (200 1b.) as alternative criteria to the definition of obesity,
as some regions in Canada do not routinely collect maternal height as part of the
antenatal record, thus not permitting the calculation of BMI [21, 23].

The prevalence of obesity in pregnancy ranged from 11% to 50% across the devel-
oped nations reported [2, 19-21]. The differences in prevalence rates could result from
variations in definitions and sampling within each population coupled with diver-
sity in national diet and exercise patterns. For instance, the SOGC report of 10.2% is
estimated from BMI data from a national survey of reproductive aged women [24],
whereas the RCOG range of 16% to 19% is extracted from large cohort studies from
two maternal centers in the United Kingdom [25, 26]. These guidelines did not specify
between overweight and obese categories, so one can assume that they are refer-
ring to obese women alone given their low prevalence compared with the RANZCOG
prevalence of 50% when overweight and obese women were combined [27]. ACOG
reported the prevalence of obesity in women of reproductive age (20-39 years) in
the United States at 58.5% but not the prevalence of obesity in pregnancy, which is
difficult to compare with the previous studies [28, 29]. Overall, we can extract that
there is a general increase in the rates of obesity across all reported populations, with
at least 1 in 10 women identified with the risk factor of obesity in pregnancy.

8.2 Preconception counseling

All guidelines recommend identification of obesity prior to conception with encour-
agement and support of sustainable lifestyle changes [2, 19-21]. Primary care appoint-
ments are recognized as the optimal setting for identification of weight issues in
reproductive aged obese women [30], as well as thorough counseling of potential
adverse maternal and fetal outcomes in pregnancy (see Tables 8.2 and 8.3). If obesity
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is identified, a nutritional consultation should be offered prior to conception as
weight loss prior to pregnancy has been reported as the most effective intervention to
improve medical comorbidities [31]. RANZCOG and ACOG briefly discussed the impli-
cations of bariatric surgery as a method for weight loss, with recommendations for
specialized advice given the rapidly evolving data in this area, as well as consultation
with a nutritionist to help identify nutritional deficiencies and evaluate the need for
iron, folate, vitamin D, and calcium

vitamin supplementation such as vitamin B

due to issues with absorption [32].

122

Tab. 8.2: Maternal complications associated with obesity in pregnancy.

ACOG RANZCOG RCOG SOGC
Hypertensive disorders Increased 5%-10% OR2.1-3.3 OR 2.38-3
of pregnancy
Gestational diabetes Increased 3%-7% OR 2.4-3.6 OR2.6-4
Thromboembolism Increased Increased OR9.7 -
Slow labor progression Prolonged first stage - Increased -
Shoulder dystocia - Increased  2.9-3.14
PPH - Increased OR1.4-2.3 -
Assisted birth - 5%—-8% - -
Cesarean delivery Increased 45%-52% OR2.05 OR1.5-3.1
Emergency C/S - - OR 1.8-2.0 -
C/S associated Increased (consider higher - Increased Increased

complications

VBAC*

Maternal death

dose of prophylactic
antibiotics)

Inverse relationship
between BMI and success
rates of VBAC

Greater rates of composite
morbidity for class IlI
obesity undergoing VBAC

Low
success
rate

Increased

Low success rate

Greater risk for
uterine rupture
during trial of
labor

Low success
rate

* VBAC, vaginal birth afte

r cesarean section.

Tab. 8.3: Fetal/neonatal complications described with obesity in pregnancy.

ACOG RANZCOG RCOG SOGC
Spontaneous abortion OR1.2 - - OR 1.2
Recurrent >3 OR 3.5
Congenital abnormalities OR1.2-2.2 - OR1.6 Increased
Preterm birth <37 weeks - 9%-11% OR 1.2 -
gestational age
Small-for-gestational Increased 13%-19% - -

age (customized)
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Tab. 8.3: (continued)

ACOG RANZCOG RCOG SOGC

Macrosomia >4,000 g Increased 9%-11% OR2.4-3.1 OR 1.4-2
Macrosomia >4,500 g OR2-2.4
Neonatal mechanical - 7%-10% - -
ventilation
NICU admission - - OR 1.3-1.5in BMI -

>35 kg/m? advised

to give birth in an

obstetric unit*
Stillbirth OR 1.4 Increased OR2.1 OR 2.79
Perinatal death OR1.16 1%-2% OR2.6 -
Childhood and Increased - Increased -

adolescent obesity

* NICE clinical guideline No. 55.

8.3 Antenatal care

Standard antenatal care is recommended for obese women with particular attention
to focused maternal and fetal surveillance based on assessments of risk. Recommen-
dations for weight gain are an important piece that was touched on similarly by all
groups. Studies have reported that women who gained the recommended amount of
weight in pregnancy, regardless of BMI, had fewer adverse outcomes [33]. All guide-
lines referenced the Institute of Medicine gestational weight gain guidelines for recom-
mendations of appropriate weight gain based on prepregnancy BMI (see Table 8.4)
[34]. Weight loss during pregnancy is not recommended by the RANZCOG and ACOG
guidelines given concerns regarding higher incidence of small-for-gestational age

fetuses and associated adverse outcomes [2, 19, 35-37].

Tab. 8.4: Recommendations for antepartum, intrapartum, and postpartum care.

ACOG RANZCOG RCOG SOGC
Identification of Yes Yes Yes Yes
obesity
Recommendation Yes Yes Yes Yes
for exercise
Nutritional consult Yes Yes Yes Yes
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ACOG

RANZCOG

RCOG

SOGC

Nutritional
supplementation
(preconception)

Bariatric surgery

H1N1 vaccination

Antenatal facilities:

appropriate bariatric

equipment

Early GDM testing
Referral to
anesthesia
Antenatal

thromboprophylaxis

(LMWH)

Preeclampsia
surveillance

Antenatal aspirin

No
recommendation

May require
additional
nutritional
supplementation

No
recommendation
Yes

Yes
Yes

Risk should
be evaluated
individually

No
recommendation

No
recommendation

5 mg/day folic
acid

10 mg/day
vitamin D for BMI
230 kg/m?

Reduction in
maternal risks
with a possible
increase in IUGR;
may require
additional
supplementation
Yes

Yes
Yes
Yes

No data

Yes

No
recommendation

5 mg/day folic
acid

For BMI >30
kg/m? at least
1 month before
conception

No
recommendation

No
recommendation
Yes

Yes
Yes

Assessed at first
visit. Should

be considered

in accordance
with Green Top
Guideline No. 37*
In accordance
with the PRECOG,
2004**

Should be
considered

when BMI 230
kg/m?2 and one
more moderate
risk factor. In
accordance to
NICE Guideline
Development
Group***

No
recommendation

No
recommendation

No
recommendation
yes

Yes
yes

Risk should
be evaluated
individually

No
recommendation

No
recommendation
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Tab. 8.4: (continued)

ACOG RANZCOG RCOG SOGC
Limitations of Yes No No Yes
fetal anatomic and recommendation recommendation
weight assessment
Postpartum LMWH Yes No Recommended Individual risk
recommendation when BMI 235 assessment

kg/m?2 and one
additional risk
factor. If two

or more, then
compression
stockings in
addition to LMWH

* Green Top Guideline No. 37 — women with BMI 230 kg/m? who also have two or more additional
risks factors for thromboembolism should be considered for low molecular weight heparin (LMWH)
prophylaxis in the antenatal period. Prescribed doses should be appropriate for maternal weight.
This should be started as early in pregnancy as practical. Allwomen receiving LMWH should
usually continue prophylactic doses of LMWH until 6 weeks postpartum, at which time a postnatal
risk assessment should be made. All women with a BMI 240 kg/m? should be offered postnatal
thromboprophylaxis regardless of their mode of delivery.

** Pre-eclampsia Community Guideline (PRECOG), 2004 — women with BMI 235 kg/m? and who also
have at least one additional risks factor for preeclampsia should be referred early in pregnancy for
specialist input in their care.

*** NICE Guideline Development Group — women with more than one moderate risk factor (obesity,
first pregnancy, maternal age >40 years, family history of preeclampsia, multiple pregnancy) may
benefit from taking aspirin at 75 mg daily from 12 weeks of gestation until delivery.

There is much discrepancy with respect to recommendations for supplementation
for obese women in pregnancy. With respect to folic acid supplementation, studies
have demonstrated obese women to have upward of a twofold increase in neural tube
defects, with a dose—response noted [38]. Given this elevated risk, RANZCOG and
RCOG recommend high dose preconception folic acid supplementation of 5 mg daily
for women with a BMI 230 kg/m? with continuance through the antenatal period [2,
20]. However, ACOG and SOGC simply acknowledge the elevated risk without recom-
mendation for additional supplementation [19, 22]. The SOGC guideline explains that
current evidence is inconclusive in terms of whether folic acid provides protective
effects for obese women and whether a higher dosage would reduce the risk com-
pared with that of a lean woman [22, 39]. The Folic Acid Supplementation Guideline
released by the SOGC in 2015 does not classify obesity as a risk factor for neural
tube defects that would require adjustment in dosage from the standard of 0.4 mg
daily; however, they acknowledge that this deserves further consideration [40].
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RANZCOG and RCOG further recommend vitamin D supplementation at 10 mg daily,
whereas there is no mention of vitamin D in ACOG and SOGC despite similar ecosys-
tems [2, 20, 41]. RANZCOG is the only guideline to recommend iodine supplementa-
tion (150 pg daily) [42] and HIN1 vaccination antenatally for obese women [43].

All guidelines outline that proper maternal surveillance can only be achieved with
appropriate equipment (including blood pressure cuffs and scales) calibrated for the
obese population [2, 19-21]. They acknowledge the increased maternal risks as detailed
in Tab. 8.2, which should be communicated to the patient and screened for routinely.
With respect to preeclampsia, all guidelines recommended close monitoring of blood
pressure at obstetrical visits with the appropriate cuff and further work-up with labora-
tory screening as necessary. The RCOG guideline goes on to recommend monitoring
according to PRECOG, which outlines visits every 3 weeks from 24 to 32 weeks’ gesta-
tion, followed by every other week minimum until delivery [44]. Furthermore, the RCOG
guideline is unique in recommending the use of low-dose aspirin (75 mg daily) during
pregnancy if more than one risk factor is present according to the NICE guidelines for
the prevention of gestational hypertension and preeclampsia [45]. All guidelines recom-
mend early screening for gestational diabetes mellitus with an oral glucose tolerance
test, with repeat screens between 24 and 28 weeks if initially negative [2, 19-21].

There was no consensus on prophylaxis for venous thromboembolism in obese
women. RCOG refers to the Clinical Green Top Guideline No. 37 for venous throm-
boembolism guidance, which recommends antenatal prophylaxis with LMWH for
women with a BMI 230 kg/m? and two additional risk factors for thromboembolism
[46]. A 1-week course of postpartum thromboprophylaxis is recommended regardless
of the mode of delivery for women with a BMI 240 kg/m?, and women >30 kg/m? with
one persisting thrombotic risk factor [46]. SOGC and ACOG recommend LMWH in
the antenatal period on an individually assessed basis [19,21]. All guidelines recom-
mended weight-based dosing if LMWH is used [46].

Adverse health outcomes are noted in the offspring of obese women such as con-
genital anomalies, stillbirths, and neonatal death [12-18]. All guidelines acknowledge
the difficulty of ultrasound surveillance in the obese patient given suboptimal visuali-
zation. However, repeat examinations are often necessary in 12% to 20% of patients in
whom fetal anatomical structures are still poorly visualized [47-49]. The SOGC guideline
recommends deferring the anatomy exam until 20 to 22 weeks of gestation to allow
further structural development for better visualization [21]. The remaining guidelines
simply acknowledge the decreased detection of congenital anomalies in the obese patient
[2, 19-20]. The RANZCOG guideline recommends serial growth ultrasound examinations
as symphysis-fundal height measurements are difficult to interpret in obese patients [2].
SOGC, on the other hand, states that ultrasound is not superior to clinical examination,
and therefore no serial ultrasounds are required for growth alone [50]. Lastly, although
obese women are at higher risk of stillbirths, all guidelines agree that there is no evidence
showing improvements in pregnancy outcomes with antepartum surveillance, and there-
fore no formal recommendations are made for health care providers [2, 19-21].
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8.4 Intrapartum

There are a few considerations for intrapartum care in the obese pregnant. First,
all guidelines recommend having an experienced team available for management,
as well as appropriate equipment for maternal and fetal monitoring in labor and
surgical procedures [2, 19-21]. The SOGC guideline recommends that intrauter-
ine pressure catheters be available given that contractions are often difficult to
assess on tocometry [21]. Furthermore, all guidelines recommend having longer
instruments available for cesarean section [2, 19-21]. Second, all guidelines rec-
ommend an anesthesia consult for obese patients as they are at a higher risk of
anesthetic complications including re-siting of epidurals, epidural failure, aspira-
tion, difficult intubation, and postoperative atelectasis [51-54]. At this assessment,
potential difficulties with regional and/or general anesthesia can be acknowledged
and addressed.

With respect to labor management, both ACOG and RCOG do not recommend
induction based on obesity alone. ACOG recommends allowing for a longer first
stage of labor before moving to a cesarean section as a prolonged first stage is
common in obese women. Aside from recognizing the consideration of shoulder
dystocia by SOGC and RANZCOG, there are no further recommendations from the
guidelines for management of labor alone. Trial of labor after cesarean section
(TOLAC) requires individual counseling based on risk factors and chance of success
[20, 55]. All guidelines discussed that TOLAC are less successful in the obese patient,
with greater risk of morbidity [55]. With respect to cesarean section, obese women
are at increased risk of requiring surgical intervention and of subsequent wound
infection than women of normal BMI [9, 10]. RCOG and ACOG recommend antibi-
otic prophylaxis for surgery without weight-based dosage as there is no evidence to
support that higher doses lead to fewer infections [56]. RCOG recommends suturing
of the subcutaneous space to help prevent collections in an effort to decrease post-
operative wound infection [56].

8.5 Postpartum

There are important considerations for obese women in the postpartum period
including venous thromboembolism prophylaxis, breastfeeding, and weight loss
that should be addressed by the health care provider team. Similar to antepartum
venous thromboembolism prophylaxis, SOGC and ACOG recommend individualized
assessment given that studies are inconsistent in terms of benefit [19, 21]. RCOG
refers to the Green Top Guideline, which recommends thromboprophylaxis for
1 week in all women with BMI 40 kg/m? regardless of mode of delivery. For women
with a BMI 230 kg/m? and one persisting risk factor, thromboprophylaxis for 1 week
is recommended, and if two or more risk factors are evident, then the addition of
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compression stockings is advised [46]. Weight-based dosing is advised for all obese
women [46].

Breastfeeding rates are lower and challenges are common in the obese popula-
tion [11], and consensus was seen across guidelines in recommendation of support in
the postpartum period by nursing or lactation consultants.

Weight loss should be addressed after delivery with behavioral interventions
using diet and exercise. All guidelines recommend providing information and
support to patients in this endeavor, as interpregnancy weight loss in obese women
may decrease the risks for mother and baby in a subsequent pregnancy [2, 19-21].

8.6 Conclusions

In summary, our review of four major national guidelines shows consensus for the

following important recommendations regarding obesity in pregnancy (Table 8.4):

1. Identification of obesity prior to conception is advised. A nutritional consultation
should be offered to all overweight or obese women and they should be encour-
aged to follow an exercise program.

2. Patients should be informed of the potential maternal complications related to
high BMI (pregnancy induced hypertension and preeclampsia, gestational diabe-
tes, thromboembolism, and death).

3. Patients should be informed of the increased fetal complications correlated with
high BMI (macrosomia, preterm birth, small-for-gestational age, spontaneous
abortion, stillbirth, congenital abnormalities, perinatal death). Fetal abnormali-
ties are more difficult to detect in obese patients due to suboptimal visibility.

4. Weight gain in pregnancy should follow the Institute of Medicine’s guidelines
to help prevent adverse outcomes. Gaining more weight than recommended is
associated with macrosomia, labor augmentation, gestational hypertension, and
neonatal metabolic abnormalities.

5. Access to appropriately calibrated monitors and instruments is important in the
surveillance of obese women in pregnancy.

6. Early testing for gestational diabetes mellitus is recommended, with a repeat
screen at 24-28 weeks if the initial result is negative.

7. An anesthesia consult is recommended given the higher risk of anesthetic com-
plications.

8. Induction of labor in patients with high BMI should not be recommended in the
absence of other obstetric or medical indications.

9. Patients should be informed of an increased delivery and postpartum complica-
tions, especially increased rates of cesarean section, wound infection, and low
success rate of VBAC.

10. Postpartum counseling and support regarding breastfeeding and weight loss is
important.
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Areas of debate that require further investigation include:

1. Terminology and definitions of clinical parameters including prevalence rates of
obesity in pregnancy were inconsistent and made comparisons between groups
difficult. An effort should be made for consensus.

2. The efficacy of higher dosage of folic acid supplementation in preventing neural
tube defects.

3. Prophylaxis for venous thromboembolism is recommended on individual
assessments based on most guidelines. An effort should be made for further
standardization.

Overall, the management of obesity requires sustainable interventions ranging from
population-based public health and economic initiatives to individual nutritional,
behavioral, and surgical practices. Management should begin during preconception
and continue through the postpartum period. Given the higher incidence of maternal
and neonatal complications in obese women, it is important that all health care pro-
viders providing maternity care are aware of the strategies for minimizing the identi-
fied risks in an effort to provide optimal care for this growing population. Given the
rapidly evolving literature in the field of obesity in pregnancy, a timely review of these
guidelines will be necessary to reflect the standard of care.
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9 Diet and the obese pregnant patient

9.1 Introduction

Worldwide, the prevalence of obesity has reached epidemic proportions. The
European Peristat Database and World Health Organization (WHO) identified mater-
nal obesity rates in Europe ranging from the highest (25.2%) in the United Kingdom to
the lowest (7.1%) in Poland. Furthermore, low-income and middle-income countries
have experienced major changes in diet and physical activity patterns, with increased
consumption of processed, energy-dense food groups and an overall transition to a
sedentary lifestyle. The result is a progressive energy and nutrient imbalance, leading
to a global shift from undernutrition to overnutrition and micronutrient deficiencies.
The Developmental Origins of Health and Disease (DoHaD) hypothesis underlined
that early prenatal exposures strongly affect subsequent risk of obesity and noncom-
municable diseases throughout epigenetics modifications realizing as early as the per-
iconceptional period, when gametogenesis and embryogenesis take place [1]. Thus,
maternal obesity, nutritional exposures, and excessive weight gain are also major
contributors to obesity and metabolic disturbances in the offspring. This means that
early modifications of maternal lifestyle and nutrition could strongly affect short-
term and long-term health outcomes, further interrupting the intergenerational effect
on cardiovascular and metabolic risk profile in the offspring [2].

9.2 Maternal nutritional needs in pregnancy

A healthy pregnancy strongly depends on prepregnancy diet and body composition,
as well as on nutrients consumed during pregnancy [3]. We define nutrition as the
intake of food essential for optimal growth, function, and health. Good nutrition is
defined as a well-balanced diet, providing all necessary nutrients in optimal amounts
and proportions, whereas poor nutrition is defined as unbalanced diet in which all
or some components are defective or excessive [4]. Adequate nutritional counseling,
including dietary manipulations aiming to modify the body mass index as appro-
priate and to improve micronutrient intake, is essential to meet pregnancy needs,
ensure adequate fetal growth and affect future health of the offspring [5, 6]. Unless
prepregnancy nutrition is poor or inappropriate, macronutrient and energy intake do
not substantially change during pregnancy compared with the nonpregnant state. In
particular, energy intake should not increase during the first trimester of pregnancy,
whereas an increase of 340 and 452 kcal/day is recommended in the second and third
trimesters, respectively, to ensure adequate fetal growth and fat deposition [7]. Protein
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needs increase during the second half of pregnancy to account for increased tissue
formation for the fetus, placenta, and maternal tissues. Overall, the recommended
increase in protein intake is 10 to 25 g/day above the prepregnancy recommendation
of 60 g/day. As for the nonpregnant woman, fats should represent 15% to 30% of the
overall energy intake. Because polyunsaturated fatty acid (PUFA) status (especially
omega-3 fatty acid status) declines during pregnancy and is essential for fetal brain
development, PUFA intake should be maintained or increased by consuming one to
two meals per week of oily fish. Table 9.1 shows the main characteristics of a healthy
dietary pattern during pregnancy (so-called Mediterranean or “Prudent diet”).

Tab. 9.1: Healthy dietary pattern during pregnancy.

Food group Recommendation

Fruit and vegetables At least five portions/day (400 mg)

Free sugars <10% total energy intake (possibly <5%)

Fats <30% total energy intake

Saturated fats <10% total energy intake

PUFA 6% to 10% total energy intake, one to two portions of oily fish/week
Salt <5 g/day, iodized salt

Conversely, micronutrient intake should substantially increase during pregnancy.
Inadequate micronutrient intake during pregnancy has been associated with preterm,
low birth weight, or small-for-gestational age babies in industrialized countries as
well [8]. Insufficient iodine intake in pregnancy is considered the leading cause of
preventable mental impairment. Nutrients of concern during pregnancy include iron,
folate, vitamin B,,, calcium, vitamins A and D, and zinc. Currently, supplementation
efforts are focused on the provision of iron, folic acid, iodine, calcium, and multiple
micronutrient formulations. International organizations have advocated routine iron
and folic acid supplementation for all pregnant women. Current recommendations
for pregnancy include supplementation with a standard daily dose of 30 to 60 mg
of elemental iron and 400 pg of folic acid to reduce the risk of neural tube defects,
anemia, and low birth weight, starting preconceptionally and continuing throughout
pregnancy. The WHO recommends that in populations in which calcium intake is low,
women receive 1.5 and 2.0 mg of elemental calcium per day from 20 weeks of preg-
nancy until the end of pregnancy to prevent preeclampsia. Current global guidance
recommends iodine supplementation in pregnant and lactating women in settings in
which large proportions of the population do not have access to iodized salt (single
annual dose of 400 mg or a daily dose of 250 jg). Recent evidence suggests that mul-
tiple micronutrient supplements could be the option of choice in countries with high
incidence of low birth weight or small-for-gestational age babies because the benefits
on birth outcomes seem to outweigh those observed with iron and folic acid alone.
Table 9.2 summarizes the current supplementation guidelines for pregnant women.
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Tab. 9.2: Summary of supplementation guidelines.

Micronutrient Supplementation dosage Target population

Iron 30-60 mg All pregnant women

Folic acid 400 pg All pregnant women, starting 3 months before
5 mg (high risk population) conception

lodine 250 pg/day lodine deficient areas

Vitamin D 600 Ul/day Darkly pigmented skin, low or no sun

exposure, obesity, vitamin D <30 ng/mL

Calcium 1.5-2.0 mg High risk for preeclampsia, low calcium intake

Vitamin B, , 2.6 ug/day Vegetarian/vegan diet

DHA 200 mg/day High risk of preterm birth

9.3 Diet and low-grade inflammation in obese pregnancy

Pregnancy is considered a natural inflammatory state in which inflammatory
cytokines have a pivotal role in placental function throughout pregnancy. Of inter-
est, in early pregnancy, coordinated release of interleukin IL-10 and IL-11 regulate
trophoblast differentiation and invasion, being therefore crucial in the establish-
ment of pregnancy [9]. Moreover, pregnancy is a state of profound metabolic changes
characterized by increased fat mass, insulin resistance, and mild hyperlipidemia in
which phospholipids, total LDL and HDL cholesterol, and triglycerides significantly
increase [10]. Potentially, these metabolic changes become pathologically exacer-
bated by pregestational obesity, leading to increased risks of short-term and long-
term adverse outcomes [11]. In this regard, maternal obesity has been associated with
several maternal, perinatal, and long-term adverse outcomes, including gestational
hypertension and diabetes, preterm delivery, congenital anomalies, and impaired
fetal growth (Fig. 9.1) [2].

Obesity is a well-known chronic low-grade inflammation state, characterized
by raised concentrations of inflammatory markers in the systemic circulation [12].
Significantly increased concentrations of inflammatory cytokines have been detected
in maternal plasma and placenta of obese pregnancies, probably stimulated by end
toxin, lipids, reactive oxygen species, or oxidized lipids released by the adipose tissue
[13, 14]. The preexisting chronic low-grade inflammation in obese women initiates
a cascade of events leading to inflammatory environment in uteri, significant accu-
mulation of placental macrophages and increased production of proinflammatory
cytokines and adipokines (i.e., IL-6, leptin, TNF-a, monocyte chemotactic protein 1,
and TLR4) [15]. Finally, uncontrolled placental inflammation leads to impaired pla-
cental function, increased free fatty acid delivery to the fetus, mitochondrial dys-
function, and altered fetal growth and development [16]. TNF-a, used to simulate the
inflammatory milieu of obesity in animal models, decreases trophoblast mitochon-
drial respiration in a sexually dimorphic manner [17]. This reduction in placental
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Infertility

Maternal nutritional Reduced live births from ART (-68%)
exposures from Miscarriage (OR 1.31)

preconception to early Stillbirth (OR 2.19)

post-natal life Congenital anomalies

% — LGA babies (OR 2.09)

Macrosomia (OR 3.23)
. GDM (OR 2.94)
Preeclampsia (OR 3.87)
CS(RR2.26)
Extremely early preterm birth (OR 1.93)
Post-partum haemorrhage, venous
— thromboembolism, delayed and
7 | shortened breastfeeding

Maternal morbidity (persistent obesity,
hyperlipidaemia, type 2 diabetes,

Pregnancy

Post-partum

ischaemic heart disease, hypertension,
stroke)

Long-term

Increased risk of non-communicable
diseases in the offspring

Fig. 9.1: Short-term and long-term outcomes associated with maternal obesity [2]. ART, assisted
reproductive technology; LGA, large-for-gestational age; GDM, gestational diabetes mellitus; CS,
cesarean section; OR, odds ratio.

mitochondrial respiration in pregnancies complicated by maternal obesity could
compromise placental function, further explaining the increased susceptibility to
fetal demise in obese late gestation [18].

Diet is an important regulatory factor of immune response. There is considerable
evidence to suggest that overnutrition leads to immune-activation due to suscepti-
bility to an inflammatory condition. Therefore, optimal nutrition is required for a
healthy immune balance [19].

9.3.1 Macronutrients, micronutrients, and low-grade inflammation

Carbohydrates are a main dietary energy source and can be evaluated according to
glycemic index (GI) and glycemic load (GL) values. Large cross-sectional studies have
shown a positive association between dietary GI and inflammatory cytokines, includ-
ing plasma adiponectin and C-reactive protein (CRP). Instead, whole grain intake
seems inversely associated with markers of inflammation [20].

Saturated fat acid stimulates inflammatory response by a pathway involving Toll-
like receptors (TLR), a class of pattern recognition receptors that play a crucial role in
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the innate immune system. Saturated fat acids also stimulate proinflammatory mech-
anisms through the TLR-independent pathway by producing reactive oxygen species,
finally leading to the release of IL-1 [21].

The omega-6 (n-6) PUFA and omega-3 (n-3) PUFA families are precursors of eicos-
anoids, which play an important role in the immune response. A number of reviews
reported the anti-inflammatory mechanisms of n-3 PUFA [22]. The down-regulation
of proinflammatory cytokines in adipose tissue such as TNF-qa, IL-6, and CRP is an
example. Furthermore, the EPA and DHA were found to inhibit the TLR-4 signal-
ing pathway [23]. Alpha-lipoic acid (ALA) is a mitochondrial PUFA with antioxidant
function. Animal models showed that ALA significantly enhances the capacity of
the insulin-dependent glucose transport system and inhibits the TNF-a pathway
[24]. Human studies confirmed that ALA reduces body weight in obese subjects [25],
plasma nonesterified fatty acid concentrations, and plasma levels of interleukin-6
and plasminogen activator-1 [26].

A recent randomized intervention trial on the inflammatory state in obese indi-
viduals revealed that total protein and meat protein intake were positively asso-
ciated with inflammation, whereas neither vegetable- nor fish-derived proteins
were found to influence the inflammatory status [27]. Current evidence for spe-
cific effects of single vegetable and fruit varieties is not convincing whereas a high
overall intake of vegetables and fruits seems to be associated with a lower state of
inflammation [28].

A recent study shows the association between maternal macronutrient intake
and markers of inflammation in lean pregnant women [29]. Selenium, copper,
zinc, manganese, vitamins C and E are antioxidant micronutrients found to
reduce oxidative stress associated with obesity, preeclampsia, and intrauterine
growth restriction.

9.3.2 Dietary patterns and low-grade inflammation

Many studies suggest that healthy eating patterns are associated with lower concen-
trations of markers of chronic low-grade inflammation. The Mediterranean diet has
been inversely associated with markers of inflammation (circulating IL-6 and CRP),
as well as markers of endothelial dysfunction [30, 31]. Large intervention studies
strongly suggest that Mediterranean diets can lead to reductions in chronic low-grade
inflammation and improvement in endothelial function, thereby offering cardiopro-
tective effects. Cross-sectional studies suggest that a vegetarian-style diet can lower
chronic inflammation compared with an omnivorous diet, but bias related to lifestyle
other than diet, such as physical activity, smoking behavior, and socioeconomic class
should be considered [32]. Whole grain intake and fish consumption have been “dose-
dependently” associated with lower inflammation markers, including CRP, IL-6, and
TNF-a concentrations [20, 33].

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

116 —— Section I: Planning for pregnancy

9.4 Nutritional recommendations in obese pregnancy to
improve pregnancy outcomes

Maternal obesity is characterized by insulin resistance, hyperglycemia, hyperlipi-
demia, and a low-grade chronic inflammation, which in turn have been documented
to influence nutrient availability and transfer to the developing fetus [34]. Research
focused on the effects of dietary and lifestyle interventions to limit gestational weight
gain among overweight or obese women. The Institute of Medicine recommends a
weight gain of 5 to 9.1 kg in obese pregnancies [7]. The diet should be tailored for
women of different classes of obesity by recommending a nutrient-dense caloric
intake in the range of 2,000 to 2,500 kcal/day. Despite recommendations, conclusive
evidence on the effects of interventions limiting gestational weight gain on birth out-
comes are lacking and controversial [35-37].

Consumption of carbohydrates with low GI has been associated with reduced
postprandial hyperglycemia. Furthermore, a low GI diet has been associated with
improved weight loss through potential effects on hunger and energy intake [38]. It is
known that maternal hyperglycemia is associated with increased placental transfer
of glucose, resulting in fetal hyperglycemia, increased insulin production and finally
increased insulin-mediated fetal growth. Therefore, reducing maternal hyperglycemia
could potentially modulate fetal growth and development. Nevertheless, a systematic
review on the influence of lowering dietary GI in nondiabetic pregnancies reported
controversial results, showing both reduced risk of large-for-gestational age infants
and increased risk of small-for-gestational age infants [39]. Until larger scale inter-
vention trials are not completed, a low GI diet should not replace the current dietary
recommendations. Fatty acids represent important fuel substrates for obese preg-
nant women who demonstrated increased reliance on lipid metabolism to meet the
energy requirements of pregnancy [40, 41]. Increased consumption of dietary fibers
and reduced saturated fat intake could improve maternal insulin resistance [42] and
substantially contribute to the reduction in high birth weight, following antenatal
dietary and physical activity advices [35]. Moreover, high maternal PUFA intake has
been associated with a reduction in early childhood adiposity and improved body
composition [43, 44].

These reports highlight the potential effect of relatively modest changes in
maternal diet quality on in utero growth, birth weight, and future childhood adipos-
ity. Recently, in the UPBEAT randomized controlled trial (Pregnancies Better Eating
and Activity Trial), pregnant obese women were randomly assigned to receive a
diet/physical activity intervention or standard antenatal care [45]. The dietary inter-
vention aims to promote a healthier pattern of eating, but does not aim to restrict
energy intake, focusing mainly on achieving two dietary goals: a reduction in dietary
GL (50 unit reduction) and a reduction in saturated fat intake (<10% of energy). In the
intervention group, GI was reduced, as was mean intake of total energy, carbohydrate,
saturated fat, and total fats whereas protein and fiber intake was increased. To reduce
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saturated fat intake participants were encouraged to use low-fat dairy products and
replace fatty meats and meat products with lean meat or fish. The trial suggests that
only a complex intervention addressing both diet and physical activity in obese preg-
nant women is effective in improving diet quality and lifestyle, reducing gestational
weight gain, and decreasing surrogate measures of maternal body fatness. However,
the intervention did not prevent the development of gestational diabetes nor change
the incidence of large-for-gestational age infants. Although gestational diabetes was
not prevented, the behavioral intervention has the potential to reduce the risk of
obesity and adverse metabolic risk in the child, because excessive gestational weight
gain, high maternal fat mass, and increased GL are all associated independently with
greater adiposity in the offspring, potentially through epigenetic pathways [46, 47].

9.5 Epigenetics in obese pregnancy

Nutrition plays a major role in maternal and child health, and dietary interventions
in pregnancy have been shown to influence maternal, fetal, and infant health, with
relevant effects across future generations (Fig. 9.2). Epigenetic processes, includ-
ing DNA methylation or histone acetylation, describe heritable changes in gene
expression not mediated by alterations of the DNA sequence [48], but suscepti-
ble to environmental influences, including nutrition, inflammation, lifestyle, and

Maternal obesity >

* Increased nutrient supply with micronutrient unbalance \

¢ Placental and systemic oxidative stress and inflammation
e Altered hormone and growth factors availability

Altered fetal
growth and

Maternal
hypertensive and

development AN ”V/}b o metabolic disorders
S . 3:7,77
S8, Sty
. . . N /7@1“ 8e,
* Epigenetic programming \\\/c% '7@\%
of metabolic genes \\fdeS

Higher risk of metabolic
syndrome in adult life

Intergenerational
effect

Fig. 9.2: The intergenerational cycle of obesity.
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nonmodifiable characteristics (i.e., age and gender) [49]. Macro- and micronutrients
affect the availability of methyl donors, substrates, and transcription factors, which
are direct regulators of DNA stability and gene expression. In this way, nutrients are
able to influence the complex biological pathways involved in gametogenesis, embry-
ogenesis, as well as in placental and fetal growth, not only with short-term effects
on pregnancy outcome as previously seen but also affecting future health status by
permanently modulating gene expression [50].

Such in utero perturbations may alter developmentally plastic systems and
predispose the fetus to noncommunicable diseases in later life (Fig. 9.3) by com-
promising physiological thresholds of energy balance regulation [51-53]. As exten-
sively described, obesity induces a chronic, low-grade intrauterine inflammation
with overexpression of maternal cytokines and nutrient imbalance [54, 55]. Chronic
exposure to energy surplus, hormones, and growth factors in utero may potentially
increase susceptibility to chronic diseases. Considerable animal models illustrated
that maternal diet (i.e., high-fat or Western style diet) can program an obesogenic
phenotype through epigenetic changes of metabolic control genes that play central
roles in body composition and metabolism [56, 57]. A proposed mechanism explain-
ing the increased adiposity is a permanent state of hyperphagia in offspring exposed
to overnutrition in utero possibly through programming of central pathways involved

Non communicable diseases
(Diabetes, hypertension,
cardiovascular disease, obesity)

Obesity
Hyperlipidemia
Hyperglycemia
Insulin resistance

Aberrant
growth trajectory|

Abnormal intrauterine
metabolic environment
Potential Epigenetics
modification

Neonatal insulin
resistance

Continues through
Early metabolic adolescence into Childhood obestiy
syndrome, PCOS adulthood

Fig. 9.3: The vicious cycle of noncommunicable diseases.

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

9 Diet and the obese pregnant patient = 119

in appetite control [58]. In this context, a balanced maternal diet high in fruit and
vegetables is beneficial for both the mother and developing child. Furthermore, sup-
plementation of antioxidants to the maternal diet may decrease adiposity and glucose
intolerance in the offspring [59].

9.6 Conclusions

It is increasingly clear that obesity is already programmed in utero at an early stage of
development, and inflammation and oxidative stress, as a result of maternal obesity,
play important roles. Obese mothers are at risk of delivering large babies who become
obese during childhood and adulthood, and subsequently obese parents, thus
creating a vicious intergenerational effect. Interventions based on diet alone and
mixed interventions resulted in a reduction of gestational weight gain, whereas no
effect was found on birth weight and outcome. However, no data are available on
long-term effects.
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10.1 Introduction

In 2014, 6.1 million women in Canada (46.2%) self-identified as overweight or obesity,
which was an increase of 4.9% from 2003 [1]. Pregnant women with obesity have a
higher risk of maternal and fetal complications [2]. Fortunately, a moderate weight
loss of 5% to 10% in nonpregnant women has been shown to improve metabolic
conditions associated with obesity [3], and has the potential to improve maternal
and fetal outcomes during pregnancy [4]. However, greater amounts of weight loss
may be needed to decrease the risk of certain fertility procedures, such as in vitro
fertilization [5].

10.2 Treatment options for obesity

The cornerstone of weight management is lifestyle intervention, which includes
increasing physical activity and decreasing caloric intake [3]. However, there is
considerable interindividual variability in response to lifestyle interventions
(range: 2%-13% of initial body weight loss) [6, 7], and patients are often unable
to maintain their weight loss over the long-term [7-9]. Despite the modest weight
loss, many trials have demonstrated significant metabolic benefits from lifestyle
interventions, including improved renal function [10,11] and decreased blood
sugars [12-14]. Greater effects on weight loss and maintenance can be achieved
with medication and surgery. Pharmacotherapy is recommended as an adjunct to
lifestyle intervention for the treatment of overweight and obesity in patients with a
BMI =30 kg/m? or a BMI 227 kg/m? with comorbidities [3]. Bariatric surgery is also
an alternative option for patients with a BMI 240 kg/m? or a BMI =35 kg/m? with
comorbidities [3].

It is important to note that the treatment recommendations below focuses on
weight loss and weight loss maintenance related to pregnancy planning (nonpregnant
women), and are not treatments during pregnancy. There are no approved pharma-
cotherapy options for weight management during pregnancy nor is surgery recom-
mended during pregnancy. Contraceptive methods should be used when taking these
medications and medications should be stopped prior to planned pregnancy, with
adequate time for the medication to clear the system.

https://doi.org/10.1515/9783110487817-010
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10.3 Pharmacotherapies

Within Canada, there are two main pharmacotherapies used to treat overweight or
obesity: orlistat and liraglutide 3.0 mg. Additional pharmacotherapies are available
throughout the world, and some of these agents are being considered for approval in
Canada.

10.3.1 Orlistat

Orlistat (Xenical) is currently recommended for weight reduction and weight loss
maintenance in many countries, including Canada [15]. It was approved by Health
Canada in 1999 [15]. Orlistat is taken in conjunction with a hypocaloric diet and exer-
cise regimen during or up to 1 hour after meals, three times per day at 120 mg [15].
Orlistat decreases caloric intake by blocking lipase activity, which prevents approxi-
mately 30% of dietary fat from being broken down into free fatty acids and results in
them being excreted in the feces rather than absorbed in the intestine [16].

Several large-scale randomized control trials have evaluated the efficacy of orl-
istat in weight reduction in populations with overweight and/or obesity [17, 18], as
well as type 2 diabetes (T2D) [19]. After approximately 1 year of treatment, patients
taking orlistat lost significantly more weight than those taking the placebo [17-19]. In
populations with T2D, patients lost an average of 6.2% [19] and patients without T2D
lost 5.8% [18] to 8.5% [20] of their initial body weight.

Side effects are primarily gastrointestinal in nature and include loose fatty stools,
oily spotting, and fecal incontinence [15]. These adverse effects may decrease rates
of patient compliance. A meta-analysis suggests that those taking orlistat were at a
1.59-fold greater risk of dropping out of the study due to side effects compared with
those taking the placebo [21]. Orlistat has also been associated with rare cases of liver
damage and failure [15].

10.3.2 Liraglutide 3.0 mg

Liraglutide 3.0 mg was approved to be prescribed for weight reduction by Health Canada
in 2015 [22]. Liraglutide 3.0 mg is a glucagon-like peptide-1 (GLP-1) receptor stimulator.
GLP-1is secreted naturally by the body when glucose or fat is ingested, signaling satiety
through various mechanisms [23]. GLP-1 can bind to receptors in the hypothalamus,
which suppresses appetite [24], and can also reduce gastric emptying thereby slowing
the digestion of food and lessening postprandial surges in blood glucose [25].
Large-scale randomized control trials called the Satiety and Clinical Adiposity —
Liraglutide Evidence in Non-diabetic and diabetic people (SCALE) trials have explored
the efficacy of liraglutide 3.0 mg as an adjunct lifestyle intervention for weight
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management. Two of these trials examined the use of liraglutide 3.0 mg in addition
to a hypocaloric diet and physical activity for 56 weeks in populations with moderate
obesity with [26] or without [27] T2D. Patients with T2D lost 6.0% [27] and patients
without T2D lost 8.0% [26] of their initial body weight taking liraglutide 3.0 mg.

Side effects for liraglutide 3.0 mg tend to be gastrointestinal in nature, such as
nausea, vomiting, diarrhea, and constipation [26, 27]. Due to the use of liraglutide as a
T2D medication, unsurprisingly, hypoglycemic episodes have also been reported [26, 27].

10.3.3 Options available outside of Canada

There are several other medications for weight management available in the United
States, but these are not currently available in most of the worldwide market.
These options include a phentermine and topiramate combination, a bupropion and
naltrexone combination, and lorcaserin. The latter two medications are currently
under review for approval in both Canada and Europe.

Briefly, the mechanisms for these weight loss medications are as follows: phenter-
mine is a sympathomimetic agent that exerts anorectic effects [28]. Topiramate is a
neurostabilizer prescribed for seizures and migraines, and the exact mechanism of
action for weight reduction remains unclear [28].

Bupropion is a weak dopamine, norepinephrine-dopamine reuptake inhibitor
that is currently prescribed as an antidepressant and smoking cessation aid [29].
Naltrexone is an opioid receptor-antagonist and is currently indicated for opioid and
alcohol dependence [30]. These medications are thought to work by stimulating the
release of anorexic hormones from the proopiomelanocortin (POMC) neurons in the
hypothalamus while inhibiting the release of hormones responsible for inactivating
these anorectic effects [31].

Lorcaserin is a selective serotonin (5-hydroxytryptamine 2C) receptor agonist [32].
This serotonin receptor is found in many locations of the brain, most notably the hypo-
thalamus, and activation of this receptor in the hypothalamus increases satiety [32].

In comparing the weight loss reported from phase 3 trials examining the efficacy
of these three weight reduction pharmaceuticals as an adjunct to lifestyle intervention
in populations with overweight and obesity, phentermine/topiramate seems to result
in the greatest weight loss (9.8%) [33], followed by bupropion/naltrexone (8.1%) [34],
and then lorcaserin (5.81%) [35].

10.4 Considerations for medication cessation before
attempting to become pregnant

Weight loss is not recommended for women during pregnancy [4], thus all women
should discontinue the use of these medications before attempting to conceive or once
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pregnancy becomes known. Although little to no human data exists, accidental expo-
sure to these medications during pregnancy has suggested that some may be associated
with pregnancy complications. For example, in a study examining the outcomes of 109
pregnancies exposed to orlistat, three of the babies were born with congenital abnor-
malities [36]. Additionally, research examining the effects of taking topiramate during
the first trimester of pregnancy found that it is associated with a 5.4 times greater risk of
children being born with a cleft lip [37]. The phentermine/topiramate combination has
arisk evaluation and mitigation strategy program as a result of the high risk of orofacial
clefts in the third trimester of pregnancy [38]. Healthcare professionals should consider
the half-life of the medication in question, and can check-in with a pharmacist or pro-
grams such as Motherisk in Canada to ensure that sufficient time has passed for the
medication to have left the patient’s system prior to recommending planned pregnancy.

10.5 Bariatric surgery

Bariatric surgery has the best long-term success in the amount of weight lost, and
weight loss maintained compared with existing alternatives [39]. Nonetheless, there are
potential adverse effects [40], complications [39, 41, 42], and lifelong dietary changes,
including vitamin supplementation [43], which are required. Bariatric surgery is rec-
ommended for patients with obesity who have been unsuccessful with other weight
management options. Roux-en-Y gastric bypass is currently the most common proce-
dure performed worldwide (45%), followed by sleeve gastrectomy (45%), and adjust-
able gastric banding (10%) [44]. For images related to these procedures, please see
Chapter 5 of this textbook.

10.5.1 Roux-en-Y gastric bypass

During a Roux-en-Y gastric bypass, a small portion of the stomach is used to create a
15-mL pouch, which is attached to the jejunum to bypass the remaining portion of the
stomach and start of the small intestine [39]. The mechanism by which this procedure
reduces weight goes beyond the physical restriction of the size of the stomach. There
are often alterations in key hunger hormones such as ghrelin and GLP that result in
patients having decreased hunger [39].

The American Society for Metabolic and Bariatric Surgery suggest that the rate
of mortality from this procedure is rather low, ranging from 0.2% to 0.5% in expert
centers [39]. Results from several studies suggest an average weight loss ranging from
68% to 77% of excess body weight within the first year [45-47]. Beyond the amount
of weight loss associated with this procedure, there are many comorbidities that may
be improved or even resolved by the Roux-en-Y gastric bypass such as T2D, hyperten-
sion, and obstructive sleep apnea [39, 45, 47].
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10.5.2 Sleeve gastrectomy

During sleeve gastrectomy, a bougie of approximately 32-36F is used to size the
sleeve, and then the stomach is stapled to the new smaller size [48]. Research suggest
that there may be even greater reductions in ghrelin levels from this procedure than
the Roux-en-Y gastric bypass, which may contribute to the weight loss experienced
by patients who have had this procedure [49]. A significant weight loss ranging from
38% to 70% of excess weight can be expected 12 months following surgery [49-51].
A report from the American College of Surgeons suggest that patients have low rates
of complications from sleeve gastrectomy, with 5.6% experiencing complications
within 30 days of their procedure, and only 0.2% of patients dying [42].

10.5.3 Adjustable gastric banding

During gastric banding, a small pouch is created using the upper stomach [39]. This
restriction of the stomach decreases the amount of food a patient can consume as well
as slows food transportation [39]. A silicone band that contains a balloon is used to
create this pouch to allow for band adjustment should pouch dilatation occur [39].

In 2003, gastric banding was the second most popular bariatric surgery procedure
and accounted for 25.6% of bariatric surgeries performed worldwide [44]. However,
this procedure is being abandoned in favor of those with better long-term outcomes.
The gastric band is not as effective for weight loss, and has a high rate of reoperation
compared with gastric bypass or sleeve gastrectomy [39, 42].

10.6 Considerations post-surgery prior to attempting
to become pregnant

There are clear guidelines regarding when patients should try to conceive following
bariatric surgery. During the first year to 18 months following bariatric surgery, the
amount of food a patient can eat is severely restricted, and the patient is typically
still losing significant amounts of weight [39, 52]. Therefore, patients should wait
a minimum of 18 months following any type of bariatric surgery before trying to
conceive.

Research has also examined the rate of complications during pregnancy in
women who have had bariatric surgery. Women who have had bariatric surgery have
lower rates of maternal complications such as gestational diabetes and hypertension
compared to women with obesity; however, women who have had bariatric surgery
may have a slightly higher risk of cesarean delivery [52-54]. Furthermore, due to
the potential complications of malabsorption following surgery, vitamin and iron
supplementation may be even more important than in other pregnancies, and should
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be prescribed during pregnancy in addition to the supplements that women who have
had bariatric surgery are already taking [52].
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11 Maternal obesity and medical complications

11.1 Introduction

The prevalence of obesity in females in their reproductive years has skyrocketed in
recent decades, an effect that is in evidence globally. In parallel with the increase
in adult obesity, there has also been an alarming increase in the rates of childhood
obesity over the last few decades. The World Health Organization’s (WHO) report on
Ending Childhood Obesity documents that the prevalence in all age groups (infant,
childhood, and adolescent) is increasing; there are an estimated 42 million children
under the age of 5 who are overweight or obese. There are more overweight/obese
children in low- and middle-income countries than in high-income countries, with a
rate of increase in these areas being 30% more than in developed nations. The WHO
emphasizes the importance of reducing rates of childhood obesity. As girls enter their
reproductive years, coupled with the already high rates of adult onset obesity, there
is increasing awareness of the potential effects on pregnancy outcomes, both from a
fetal and maternal perspective.

The fact that many obstetric societies worldwide have developed specific guide-
lines regarding the optimal management of obese women in the preconception and
antenatal periods is proof of the growing need for health care workers to be skilled
in the management of their specific needs. Being overweight or obese is associated
with a higher risk of diabetes (both pregestational and gestational), chronic hyperten-
sion and preeclampsia, and venous-thromboembolic disease. These conditions are
addressed in more detail in separate chapters. In this chapter, other medical condi-
tions that are important to address when managing obese women will be reviewed,
such as cardiac and respiratory conditions. There is also a growing body of literature
suggesting that these women are at higher risk of dying in pregnancy when compared
with women with a normal body mass index (BMI).

11.2 Obesity and increased risk of mortality

The recent increase in rates of obesity worldwide over the last few decades has had a
major effect on the health of individuals, as well as increasing socioeconomic costs.
Obesity is associated with chronic medical conditions such as diabetes, hypertension
and dyslipidemia, all of which in turn contribute to atherosclerotic diseases such as
ischemic heart disease and stroke. In addition, obesity is associated with an increased
risk of certain malignancies such as breast cancer (postmenopausal), colon, and pan-
creatic cancer. As such, obesity is now recognized as an independent risk factor for
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mortality. Population studies have demonstrated a trend toward increased risk of
death; as the level of obesity increases in adults, so too does the risk of death. In a
large prospective study in the United States in overweight and obese men and women
between the ages of 50 and 71, there was an overall trend toward increased mortality
across all ages and ethnic groups, even when correcting for preexisting disease and
smoking [1]. In Canada, a similar study of 10,725 adults from the Canadian Fitness
Survey demonstrated that the relative risk of mortality was almost threefold higher in
class II and III obesity, when compared to the general population, corrected for age,
gender, smoking, and alcohol [2].

11.3 Increased mortality in obese pregnant women

Increased weight may carry a significant risk of death compared with normal
weighing individuals. Evaluating maternal mortality with accuracy can be challeng-
ing at the best of times. Systems for effective data collecting are often lacking. In 2013,
the WHO estimated that 289,000 women still die annually in pregnancy or afterward.
Rates of maternal mortality globally have declined by nearly 50% in the last 20 years,
with most of this gain occurring in developing nations. However, maternal mortality
in many developed nations has mostly stabilized, with maternal mortalities ratios
of fewer than 15 deaths per 100,000 pregnancies; in some countries such the United
States, rates have doubled in the same period.

In several analyses, obesity has been shown to be one of the risk factors for mor-
tality in pregnancy. In the Eighth report of the Confidential Enquiries into Maternal
Deaths in the United Kingdom [3], information on BMI was available in 87% of all
mortalities occurring between 2006 and 2008. Of these women, 49% were either over-
weight or obese, in stark contrast to the estimated prevalence of obesity in women of
reproductive age of approximately 24%. An astounding 78% of the women who died
of venous thromboembolism had a high BMI. Another important cause of death was
found to be cardiac disease, of which 61% were either overweight or obese. Prevalence
of obesity among women who died from suicide, hemorrhage, and sepsis were not
higher than expected.

In a national cohort in the United Kingdom using two data sources (the Centre
for Maternal and Child enquiries maternal database and the United Kingdom
Obstetric Surveillance System database),100 cases of maternal death due to preg-
nancy-specific causes were identified. Conditions that were examined included
amniotic fluid embolism, eclampsia, antenatal pulmonary embolism, acute fatty
liver of pregnancy, and antenatal stroke. Cases of fatal events were compared with
women who survived the events. Women with a BMI greater than 30 were found to
have an almost threefold increased risk of death in the years 2006 to 2008 [4]. The
correlation was also seen for other periods, but the findings were not statistically
significant.
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In the United States, national data are lacking, but there is evidence for a
correlation between maternal obesity and mortality in pregnancy. In the state of
Michigan, a retrospective analysis of maternal mortality between 2004 and 2006 was
conducted [5]. There were a total of 384,765 births recorded in the state, with a total
of 205 women dying in pregnancy, of which 61 were concluded to be a direct result
of pregnancy. Thirty-six of these deaths occurred in obese women, which was higher
than the estimated expected rate of 17 based on the rates of obesity among women
of reproductive age in Michigan. There were 25 deaths among nonobese women,
indicating a threefold increased risk of mortality among obese women, similar to
the risk established by the British cohort. Stated differently, the maternal mortalities
ratio was 34/100,000 for obese women compared with 9/100,000 in the nonobese.
The most common cause of death was cardiovascular disease and diabetes, adding
to the evidence that this is a major problem in pregnancy. Postpartum hemorrhage
and sepsis together accounted for another 40% of deaths. Similarly, in a retrospective
review of mortality and “near-miss” morbidity among 25,837 pregnancies between
1995 and 2001 in a single center in New York, there were 8 deaths and 84 near-misses
identified. Race and ethnicity were the strongest predictors of an adverse event; of the
medical factors identified, obesity was associated with a threefold increased risk [6].

Medical complications due to obesity in pregnant women are seen worldwide,
and obesity is recognized as a contributing factor in developing nations as well.
In Africa, the prevalence of obesity in pregnant women is increasing; for instance,
in Tanzania, rates of obesity (as defined by BMI documented in the first trimester)
increased from 2.4% to 7.3% over a 9-year period [7]. Methods of reporting weight
can vary: in a systematic review, if using first trimester or prepregnancy weight, rates
of obesity across African countries varied between 9% and 18%, whereas rates in
the third trimester ranged between 14% and 50% [8]. This study demonstrated that
obese pregnant women across Africa were more likely to experience complications in
pregnancy, including wound infection, gestational diabetes, hypertensive disorders,
hemorrhage, hospitalization, and urinary tract infections. There was a trend toward
increased risk of mortality among obese women that wasn’t statistically significant,
but it should be noted that very few of these studies actually reported on maternal
mortality. This emphasizes the need for more studies.

The mechanism by which weight affects obstetric morbidity and mortality needs
to be further examined. Generally, the risks of obesity in adults are manifested over
the course of decades rather than months, and are mediated indirectly through devel-
oping chronic medical conditions. It is hypothesized that the combination of obesity,
plus delaying childbearing until later in life, increases the prevalence of medical
conditions prior to pregnancy, which can lead to maternal and fetal complications.
Even though pregnancy itself is a relatively short time frame in a woman’s life, the
metabolic and vascular changes of pregnancy increase the likelihood of developing
new onset conditions, such as diabetes, hypertension, and venous thromboembolic
diseases.

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

134 — Section I: Planning for pregnancy

11.4 Obesity and medical complications
11.4.1 Cardiac disease

Pregnancy is inherently a physiologic stress for all women. The cardiovascular
changes are impressive: as early as 5 to 8 weeks after conception, blood volume
starts to increase, and does so progressively until the late second trimester, with a
net change of 40% to 50% compared with the nonpregnant state. As a consequence,
cardiac output must necessarily increase by a similar amount, reaching a peak at the
same time, and then remaining at that high level plateau until delivery. This change
in cardiac output is facilitated by an increase in heart rate and a decrease in afterload
pressures; systemic vascular resistance decreases due to hormonal effects in reduc-
ing systolic blood pressure, plus the redirection of blood through the new placental
vascular bed.

In addition to the above changes in the cardiovascular system, pregnancy also is
a hypercoagulable state, with increased risk for both arterial and venous thrombotic
events. Procoagulant factors increase gradually in pregnancy, and the gravid uterus
causes compression of the inferior vena cava, both of which conspire to increase rates
of venous thrombosis. Presumably, from an evolutionary standpoint, this developed
to prevent hemorrhage at the time of labor and delivery, but does conspire to increase
the risk of venous thromboses. Unfortunately, arterial events, although overall rare
in pregnancy, also do occur three to four times more frequently when compared with
age-matched nonpregnant women.

The time of labor and delivery is associated with further hemodynamic changes:
with each uterine contraction, there is an “auto-bolus” of 300 to 500 mL of blood back
into the systemic circulation. The cardiac compensation is to increase stroke volume;
cardiac output, which is already increased compared with the nonpregnant state,
increases by a dramatic 50% with each contraction. Additional cardiovascular stress-
ors include an increase in blood pressure due to pain, as well as blood loss. Estimates
of blood loss for vaginal deliveries are typically 300 to 400 mL, and for caesarean sec-
tions, it could be 500 to 800 mL; however, in obesity, there may be an increased risk of
postpartum hemorrhage compared with women who are of normal weight.

After delivery, relief of compression of the inferior vena cava then leads to a
further increase in venous return. The ongoing increase in cardiac output results in
an increase in renal perfusion and subsequent diuresis. All of the above vascular
alterations resolve postpartum, eventually returning to normal 4 to 6 weeks later.

As a result of the above physiological changes, pregnant women often develop
symptoms that are very similar to heart disease: shortness of breath, fatigue, and
decreased exercise capacity are frequent complaints. Other expected changes include
mild pedal edema, a systolic murmur that is physiologic due to the increased blood
flow, and an S3 heart sound from increased blood volume. Objective cardiac tests
are also affected by normal pregnancy: the electrocardiogram may show a leftward
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shift in the axis, especially closer to term when the uterus is pushing up against the
diaphragm. The echocardiogram often shows an increase in left ventricular mass and
left ventricular dilation. Brain natriuretic peptide, also known as B-type natriuretic
peptide (BNP) levels are not affected by pregnancy.

In the obese pregnant woman, evaluating for actual cardiac disease can be
especially challenging because the physical exam becomes difficult in many ways.
As arm circumference increases, even the basic assessment of blood pressure can
be problematic. With increasing arm circumference, larger sizes of blood pressure
cuffs are needed, occasionally needing a thigh cuff. Assessing for jugular venous
distension can be hampered by increased neck circumference. Precordial ausculta-
tion for heart sounds and murmurs is impeded by the chest wall thickness. Periph-
eral edema is often exaggerated in these women. Finally, objective evaluation with
echocardiogram can also be technically difficult as clear images may be challenging
to obtain.

The overall risk of acute coronary syndrome (ACS) is low, estimated to be 3 to 6
per 100,000 pregnancies, but as discussed earlier, heart disease is now consistently
the most common indirect cause of mortality in pregnancy. The proportion of deaths
due to congenital heart disease and valvular disease is decreasing but the rates of
acute myocardial infarction are increasing. Women who are obese may already have
atherosclerotic disease as they enter pregnancy. Traditional causes of atherosclerotic
disease, such as chronic hypertension, smoking, diabetes, and hyperlipidemia play
important roles in the pathogenesis of vascular heart disease. Advanced maternal age
and preeclampsia are also independent risk factors. Given the increased physiologic
stress that pregnancy and the puerperium exerts on the cardiovascular system, and
the fact that women are delaying childbearing until later in life, obese women may be
at particular risk for ACS.

Pregnancy-related myocardial ischemic events can occur at all time points in
pregnancy and postpartum. In addition to a ruptured atherosclerotic plaque as the
classic cause of the ACS, coronary dissection and coronary vasospasm need to be con-
sidered in the differential diagnosis in the pregnant woman, no matter what their
BMI is. Spontaneous coronary rupture is more common in pregnant compared with
nonpregnant women, and is thought to be related to a weakening of the vessel wall
due to hormonal changes; ACS caused by spontaneous coronary rupture occurs most
commonly during labor and delivery or shortly thereafter. Coronary vasospasm may
be associated with ergotamine administration.

The diagnostic criteria for acute myocardial infarction in pregnancy and post-
partum are no different than the general population: the triad of the presence of
chest pain, abnormal electrocardiogram, and elevated cardiac biomarkers, should
alert health care workers to the possibility. Preeclampsia can lead to an elevated
troponin level, but clinicians should still suspect and evaluate for myocardial
ischemia. For ST segment elevation myocardial infarction, pregnant women should
be referred for immediate diagnostic angiogram and primary percutaneous coronary
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intervention. This approach is preferred over thrombolysis, as it can also evaluate
for possible coronary dissection. Bare metal stents should be chosen over drug-
eluting stents because the latter has not been evaluated in pregnancy, and would
require long-term dual antiplatelet therapy, which should ideally be avoided in preg-
nancy. Recombinant tissue plasminogen activator should be reserved only for cases
of life-threatening ischemia or if percutaneous coronary intervention is not avail-
able; recombinant tissue plasminogen activator does not cross the placenta, but can
lead to significant bleeding in the placental vasculature. Non-ST segment elevated
ischemia should also be evaluated by coronary angiogram, whereas stable angina
can be monitored clinically during pregnancy. Radionuclide testing is not recom-
mended to avoid the potential fetal effects of radiation, and because there is an alter-
native test (i.e., angiogram).

Aspirin and beta-blockers are considered safe in pregnancy. The treatment of
coronary artery disease in pregnancy otherwise differs from nonpregnancy in a few
respects. There is a paucity of data on the safety of clopidogrel; hence, it should be
used after stenting only, and for the shortest amount of time possible. ACE inhibitors,
angiotensin blockers, and direct renin inhibitors are teratogenic and cannot be used.
The effect of glycoprotein IIb/Illa inhibitors and ticagrelor are unknown and should
be avoided.

Obese women who are already known to have coronary disease may seek medical
advice regarding pregnancy. In an international registry of 1,321 women undergoing
pregnancy with a variety of different types of heart disease, 2% (or 25) had ischemic
heart disease [9]. These women were older, and were more likely to have metabolic
disease. All women survived, although there was a higher rate of prematurity, growth
restriction, and low APGAR scores; this may be related to the higher maternal age,
and other exposures such as smoking, medications, and others.

Whether pregnancy itself increases the risk of heart disease is an intriguing ques-
tion. Several studies have shown that women who develop a “maternal-placental
syndrome,” such as preeclampsia and/or fetal growth restriction, are at an increased
risk of vascular heart disease. Women who develop early-onset preeclampsia seem to
be at particularly high risk. Women who are obese are more likely to develop preec-
lampsia, and are more likely to have metabolic disease, and so it would be plausible to
anticipate that obese pregnant women are at higher risk for future heart disease. The
British Women’s Heart and Health Study showed an interesting correlation between
parity, the risk of obesity, and the risk of heart disease [10]. In both men and women,
waist to hip ratio increased as the number of children increased; but when controlled
for socioeconomic status, smoking, and alcohol, the correlation was no longer seen in
men, whereas it remained for women. Hence, it would seem that pregnancy itself may
increase the risk of heart disease. This raises the importance of aggressive lifestyle
modification in the postpartum or inter-pregnancy period to blunt the development
of heart disease.
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11.4.2 Respiratory disease

Pregnancy alters pulmonary function in anatomic and functional aspects, regardless
of body habitus. First, the upper airways become hyperemic and hence symptoms
of nasal obstruction and epistaxis occur commonly. The diaphragm is progressively
pushed upward by the enlarging uterus, typically by approximately 4 cm, although
diaphragmatic excursion remains constant. The thoracic cage expands outward by
approximately 2 cm in anteroposterior and transverse diameters. The elevation of
the diaphragm diminishes residual volume and respiratory reserve volume, and so
functional residual capacity (FRC) is reduced. Minute ventilation increases by 30% to
50%, and most of this is accommodated by a change in tidal volume by approximately
40%; this increase in respiratory drive is mediated by the central effect of progester-
one on the medulla. Pregnancy has no effect on forced expiratory volume in 1 s, forced
vital capacity or flow rates, nor does it affect lung compliance.

Obesity can have a marked effect on lung mechanics, and is often further com-
pounded by the effects of pregnancy. In nonpregnant obese individuals, spirometry
confirms that as BMI increases, lung volumes do decrease: forced expiratory volume
in 1s, forced vital capacity, and FRC are all reduced. In those with a BMI greater than
40, total lung capacity and residual volume can also be affected.

Putting the two conditions of obesity and pregnancy together, the most impor-
tant net effect is the lack of compliance due to the increased weight of the chest wall.
These women need to compensate by increasing their respiratory rate. Spiromet-
ric data in obese pregnant women are limited but it seems that FRC and expiratory
reserve volume decrease more dramatically with even modest increases in the BMI.

Common respiratory conditions that occur with increasing weight include
obstructive sleep apnea (OSA), obesity hypoventilation syndrome, and asthma. OSA is
characterized by repetitive narrowing and/or occlusion of upper airways during sleep,
leading to reduced airflow and hypoxemia, poor quality sleep and sympathetic activa-
tion, and is mostly a disorder of the overweight/obese. Understanding the prevalence,
course, and effects of OSA in pregnancy is still evolving. Many of the normal physio-
logic changes that occur in pregnancy (narrowing of the nasal passages, edema of the
airways, and increased ventilator drive), can worsen preexisting OSA. In a prospec-
tive study of 105 pregnant women (obese and nonobese), sleep disordered breathing
occurred in 10.5% of women in the first trimester, and increased to 26.7% in the third
trimester [11]. Increasing maternal age and obesity were the strongest predictors. In a
prospective study of 175 pregnant obese women who underwent in-home portable pol-
ysomnogram (sleep study) testing, 14% were found to have OSA; these women were
older, had a higher BMI (46.8 vs. 38.1, p = 0.002), and were more likely to have asthma
and chronic hypertension. There were six severe complications in all women, includ-
ing two maternal deaths; one woman in the OSA group had intrapartum cardiac arrest
during caesarean section, and one without OSA had an amniotic fluid embolism [12].
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This would suggest that pregnant women with OSA are at higher risk of complica-
tions. In a large, national database study in the US between 1998 and 2009, the diag-
nosis of OSA was seen to increase over time [13]. Women with OSA were more likely
to develop pregnancy-specific conditions such as preeclampsia/eclampsia, and more
worrisome still, were found to have a fivefold increased odds of dying in hospital,
when adjusted for age, ethnicity, income, and medical comorbidities. Reporting of
fetal risks in small case series included prematurity, stillbirth, and growth restric-
tion; however, these outcomes may be a consequence of preeclampsia rather than the
direct effect of nocturnal hypoxemia itself.

There are many practical challenges when it comes to OSA. One of the difficulties
is in the poor performance of screening questionnaires in identifying such women in
pregnancy. When compared with polysomnography in 100 pregnant women between
26 and 39 weeks of gestation, the sensitivity and specificity using the Berlin question-
naire was 35% and 63%, respectively [14]. Second, the gold standard test is an overnight
in-laboratory polysomnogram that is costly and not necessarily readily available. In-home
testing is still under evaluation; it is likely accurate in moderate-severe disease, but data
in pregnancy is still in its infancy. A pragmatic approach is to screen high-risk obese
women who have diabetes or hypertension, as well as those who snore or report daytime
somnolence. These women should be referred for in-laboratory polysomnography.

Management of OSA in pregnancy is mainly by way of continuous positive airway
pressure (CPAP). It should be noted that there have been no studies demonstrating
that treatment prevents adverse fetal or maternal outcomes. There are no pharmaco-
logic treatments for this condition; modafanil has been used to treat daytime sleepi-
ness in nonpregnant individuals. Its use in pregnancy is not recommended, as safety
data is lacking. Limiting weight gain in pregnancy should be emphasized; weight loss
should be emphasized postpartum as an effective adjunctive method of reducing the
severity of disease. Surgical approaches such as uvulopalatopharyngoplasty can be
effective for mild to moderate disease, but given the surgical risk, is not really a viable
option in pregnancy.

11.4.3 Hepatobiliary disease

Other medical conditions that are more likely to occur in obese pregnant women
include higher rates of cholelithiasis. Pregnancy itself is acknowledged as a state that
favors the formation of gallstones, and it seems that being obese accentuates that
risk: in an analysis of 128 northern plains pregnant women in the United States, data
were collected at 14 and 26 weeks of gestation, and 4 weeks postpartum. Three condi-
tions were found to increase the risk of gallstone attacks during pregnancy/postpar-
tum: a known history of gallstones prior to pregnancy, elevated BMI, and decreased
physical activity [15]. In another prospective study of 3,254 women who were screened
for sludge and gallstones in pregnancy, an overall incidence of the development of
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new stones, new sludge or else progression from sludge to stones was 10.2%. Prepreg-
nancy obesity was found to be very strongly correlated with cholelithiasis, with an
odds of 4.45 times higher compared to women with normal weight. Other risk factors
were parity and HDL levels [16]. Therefore, overweight and obese women who develop
upper abdominal pain should be given particular consideration for having cholelithi-
asis, sludge, or cholecystitis.
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12.1 Introduction

Worldwide, there continues to be a rapid increase in the incidence of overweight and
obesity. In 2014, more than 1.9 billion adults aged 18 years and older were overweight.
Of these, more than 600 million adults were obese, as defined by a body mass index
(BMI) of >30 kg/m?, according to the World Health Organization (WHO).

Being overweight or obese are major risk factors for cardiovascular diseases, dia-
betes, musculoskeletal disorders, and some cancers (including endometrial, breast,
and ovarian). Another important challenge of obesity for healthcare providers is the
effect on obstetrical ultrasound. In this chapter, we will review some of the important
aspects on the topic.

12.2 Overweight and obesity in pregnancy

In pregnancy, BMI is calculated using prepregnant weight or the weight measured
during the initial visit at the prenatal care provider. In the United States, the incidence
of obesity in pregnancy has increased over the past two decades [1] with 32% of white
women and 59% of black women being affected. Slightly lower rates have been reported
in the UK and in Germany where 25% of women are obese [2]. The problem was once
considered to affect only high-income countries, but now seems to be dramatically on
the rise in low- and middle-income countries as well [2].

12.3 Obesity and being overweight and the increased risk
of congenital anomalies

For overweight and obese women, increased weight gain between pregnancies and
excess gestational weight gain are all associated with an increased risk for maternal and
fetal complications [3-6], including stillbirths [78]. The association between maternal
and fetal pregnancy complications and the degree of obesity was clearly demonstrated
in a retrospective study reviewing over a quarter of a million pregnancies [9].

Obesity is also proven to heighten the risk for several fetal malformations includ-
ing neural tube defects and heart defects. This is covered in detail in Chapter 13. These
risks are summarized in Tab. 12.1 [10]. A significant increased risk for neural tube
defect (OR, 1.87) was described with the strongest correlation for open spina bifida

https://doi.org/10.1515/9783110487817-012

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

144 — Section Il: Pregnancy management

(OR, 2.24) [10]. The incidence of congenital heart defects is doubled in fetuses of obese
women [11], and the higher the BMI, the higher the incidence of the malformations.
A relative risk of 1.18 was observed with a BMI of >29 kg/m? and 1.40 for BMI >35 kg/m?.
For severe cardiovascular defects, the adjusted OR was 1.69.

Tab. 12.1: Risk of congenital anomalies in maternal overweight and obesity (adapted from Stothard
etal. [10]).

Anomaly 0dds ratio (OR) 95% Cl
Spina bifida 2.24 1.86-2.69
Cardiovascular 1.3 1.12-1.51
Cleft lip and palate 1.20 1.03-1.40
Anorectal atresia 1.48 1.12-1.97
Hydrocephaly 1.68 1.19-2.36
Limb reduction 1.34 1.03-1.73
Gastroschisis 0.17 0.10-0.30

A large study examining the associations between prepregnancy BMI and congenital
heart defects found an increased risk in the overweight and adipose groups compared
with the nonobese women showing an odds ratios for all congenital heart defects of
1.16, 1.15, and 1.31 for overweight status, moderate obesity, and severe obesity, respec-
tively [12]. Phenotypes that were associated with elevated BMI included conotruncal
defects (e.g. Tetralogy of Fallot), total anomalous pulmonary venous return, hypo-
plastic left heart syndrome, right ventricular outflow tract defects (pulmonary valve
stenosis), and septal defects.

The reason for the higher fetal malformation incidence is not yet fully understood.
One possible cause might be the metabolic abnormalities of obesity, as the increased
serum insulin, triglycerides, uric acid, and endogenous estrogens, may have the same
teratogenic effect as with maternal insulin-dependent diabetes [13]. Another explana-
tion could be the folic acid supplementation dose that is needed to reduce the inci-
dence of neural tube defect (NTDs) in the normal-weight pregnant woman that may
be insufficient in the overweight and obese pregnant woman [14].

12.4 Obesity and being overweight as a significant cause
of failed ultrasound examinations

Despite the tremendous advances in ultrasound technology since its introduction and
its worldwide availability, obesity and being overweight in pregnancy are considered as
significant causes of failed examinations due to inadequate diagnostic information [15].
The fact that visualization of fetal anatomy is decreased with increasing BMI was well
recognized soon after the introduction of high-resolution ultrasound technology [16].
Since then, several studies have come to a similar conclusion.
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In the FaSTER (First and Second Trimester Evaluation of Risk) trial, the detection rate
of congenital anomalies in obese and overweight pregnant women was significantly
decreased (by 30%) when compared with the normal population [17]. Another study
also demonstrated the reduced detection rate of fetal anomalies in obese women
with a detection rate of 66% in women with a normal BMI compared with 25% in
morbidly obese women [18]. More recently, it has been shown that being overweight
and obese is associated with a 23% reduced detection rate of congenital when com-
pared with normal weight pregnant women [15]. In another study, optimal visuali-
zation of the fetal four-chamber and outflow-tract views was achieved in less than
50% of morbidly obese women, compared with almost 90% in nonobese women
[19]. It has been shown that obesity is the main cause of missed prenatal diagnosis
of fetal transposition of the great arteries and that obese patients with suboptimal
prenatal scans may benefit from reassessment of fetal cardiac anatomy and/or from
referral for fetal echocardiography [20]. The inadequate sonographic visualization
of fetal organ structures is not necessarily improved by the use of high-end ultra-
sound technology [21].

12.5 Technical tips to overcome the challenge

In this section, we will provide a selection of important steps we feel are suitable and
helpful to overcome the challenges when scanning a technically difficult pregnant woman
and achieve a comprehensive routine second trimester anatomy screening examination.

An essential component when scanning a patient with a thick abdominal pannus
is the frequency of the transducer. Low-frequency transducers are more efficient as
they allow for improved penetration and thus improve the ability to image the fetus.
The thicker adipose layer can cause absorption and reflection with a negative effect
on the transmission of sound waves resulting in decreased visualization of fetal organ
structures [16]. By using preprocessing and postprocessing filters such as harmonic
imaging [22], compound imaging, and speckle reduction filters, it is sometimes pos-
sible to improve the diagnostic information (see Fig. 12.1) [23-26].

Fig. 12.1: lllustrative images of potential
advantages of advanced technology such as
harmonic imaging to improve image resolution.
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The signal and image quality can be improved by reducing the distance between the
transducer and the fetal anatomical structure to be examined. Elevating and retract-
ing the pannus toward the patient’s head and locating the transducer below the pannus
will result in improved scan conditions as in Figures 12.2A and B.

(b)

Fig. 12.2: (A) Imaging the fetal heart through the abdominal pannus provided limited details.
(B) Scanning below the abdominal pannus provides good anatomic detail.

Because the abdominal adipose tissue tends to accumulate in the area between the
umbilicus and the pubis on the midline, the iliac fossae, similar to the area just above
the symphysis and the umbilical region, are less prone to fat accumulation and can
serve as acoustic windows. As shown in Fig. 12.3, some radiologists therefore recom-
mend to ask the patient to lie in the left or right Sims position (whichever assures an
optimal access to the uterus) almost to the point of being prone, with the upper leg
flexed at the knee and the lower leg extended. This shifts the pannus and the preg-
nant abdomen onto the examining table and enables to scan the patient from the
flank and from the side of the uterus, with the transducer aimed ventrally [27].

Fig. 12.3: Super obese patient in the Sims
position. The abdominal transducer is over the
iliac fossa, which is used as an acoustic window.
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Using the endovaginal transducer with a narrower field of view through the umbilical
region as in Fig. 12.4 can be of benefit providing clearer images [28, 29]. Paladini [30]
reported improved fetal heart visualization (for fetuses in breech presentation) when
a filled maternal urinary bladder is pushing the uterus cephalad, which enables the
examination of the fetal heart transumbilically.

Fig. 12.4: Using the endovaginal transducer with
a narrower field of view through the umbilical
region.

Delaying the initial survey until 20 weeks of gestation may improve the capacity to
complete the examination in a single visit [31] A recent study found no relationship
between gestation and completion of the second trimester routine anatomy scan, sug-
gesting that delaying the anomaly scan to 20 + 6 weeks (or even beyond) would not
provide a solution to reducing the requirement for repeat scans [32].

Obese and overweight women required more attempts to complete the anomaly
scan. Additionally, spending more time (10 additional minutes) for scanning, as well
as moving the fetus so that the back is in a posterior or lateral position may improve
the scan results [33]. One should bear in mind that studies on factors affecting fea-
sibility and quality of second trimester ultrasound scans in obese pregnant women
were mainly conducted in tertiary referral centers, and therefore may not reflect com-
munity experience.

In response to repetitive stress injury concerns, new ultrasound transducers
have been designed that are lightweight and easy to hold to reduce operator fatigue.
A highly flexible and optimal transducer balance adds to scanning comfort during
extended or difficult exams that are common with technically challenging patients.
However, it is sometimes necessary to use increased pressure on the transducer
toward abdomen to reduce the depth of insonation.

It is of great importance that prior to the scanning of the obese patient, a clear
and sensitive discussion of the expectations for the ultrasound should take place,
reviewing potential scan constraints, association between abdominal thickness and
impaired acoustic window, and consequent increased risk of missing fetal malfor-
mations. With increasing maternal BMI, decreased detection of anomalous fetuses
using either standard or targeted ultrasonography is decreased by at least 20% when
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compared with normal weight [18, 34]. A fulsome discussion prior to the examina-
tion will result in more realistic expectations for the patient and her family, and may
potentially reduce future conflicts and lawsuits [18, 35-37].

At our institution, we do not routinely obtain a written consent for the above-
mentioned issues, but rather have the discussion and document areas of concern,
such as the distance between the maternal skin to the intrauterine region of interest.
This way, we are able to document the degree of obesity and effect on ultrasound
quality as shown in Fig. 12.5. We also recommend that a detailed explanation of the
anticipated effect of obesity on the reduction in the detection rate of congenital anom-
alies be included in the ultrasound report.

KKEarly TiS0.5 MI1.1

* Diet 7.86cm

Fig. 12.5: Distance between the maternal skin to the intrauterine region of interest.

12.6 Conclusion

Increasing rates of worldwide obesity present a multifaceted challenge to healthcare
providers. One of the major challenges of obesity in obstetrics is the challenge in pro-
viding accurate images and interpretation of findings for prenatal ultrasound scans.
Taking into consideration the increased risk of congenital anomalies in obese and
overweight pregnant women, and the difficulties of detecting common anomalies in
this population, we believe that all obese pregnant women should be advised of these
challenges and that providers consider referral to a center that is experienced in this
type of scanning if the ultrasound results are unsatisfactory.
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13 Fetal anomalies in obese women

13.1 Introduction

Worldwide, the prevalence of obesity has doubled since the 1980s. Thirty-nine percent
of adults are overweight and 13% are obese [1]. It is therefore not surprising that the
incidence of maternal obesity in pregnancy is also on the rise. In Canada, the rate of
obesity among women of reproductive age was 15% to 20% in 2014 [2]. Fifteen percent of
obese pregnant women will be morbidly obese (body mass index (BMI) >40 kg/m?) and
2% will be superobese (BMI >50 kg/m?) [3]. The maternal obstetric risks of obesity are
well-known and include gestational diabetes, hypertension, sleep disordered breath-
ing, cesarean section, failed anesthesia, and venous thromboembolism [4]. From the
fetal perspective, the increased incidence of macrosomia and ensuing shoulder dys-
tocia is the most feared complication. The risk of prematurity, fetal anomalies, and
intrauterine death is also increased.

The aim of this chapter is to review the current knowledge regarding the associa-
tion between maternal obesity and fetal anomalies, and to describe how obesity may
limit the detection and therapy of such anomalies.

13.2 Maternal obesity and incidence of fetal anomalies

Fetal anomalies occur in 2% to 3% of pregnancies overall, yet increasing evidence is
available showing that obesity is an important independent risk factor. A recent sys-
tematic review, summarizing 12 studies looking at the incidence of fetal neural tube
defects in relation to maternal weight [5], showed a 70% increase in the risk of fetal
neural tube defects in obese women when compared with normal weight women (odds
ratio (OR) 1.7; 95% confidence interval (95% CI) 1.34-2.15). A clear weight-dependent
trend could be seen as overweight women had a smaller risk increase (OR 1.2; 95% CI
0.99-1.49) than women with severe obesity (OR 3.1; 95% CI 1.75-5.46). Strikingly, and
for still unclear reasons, the effect seems to be more pronounced for spina bifida than
for anencephaly [6].

Similar to what is seen for spina bifida, a systematic review of fetal heart defects
in obese women [7], excluding those with pregestational diabetes, demonstrated an
increased risk of fetal cardiac anomalies with increasing maternal BMI. This is in line
with the finding that the population risk of fetal heart defects over the last decade
increased almost in parallel with the incidence of obesity [8]. The OR for a fetal cardi-
opathy in overweight women is 1.08 (95% CI 1.02-1.15), when compared with normal
weight women. Obese women have an OR of 1.15 (95% CI 1.09-1.21), and severe obesity
is associated with an OR of 1.39 (95% CI 1.31-1.47).

https://doi.org/10.1515/9783110487817-013
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Besides spina bifida and heart defects, increased risk of cleft lip and palate, iso-
lated cleft palate, anorectal atresia, omphalocele, limb reduction, and hydrocepha-
lus have been observed [6]. In contrast, the risk of gastroschisis seems to be lower
in the obese gravida.

At present, the underlying reason for the increased incidence of certain anoma-
lies is still unclear. Certainly, an increased prevalence of undiagnosed type II diabetes,
and its associated metabolic dysregulation could play a role [9]. Additionally, there is
evidence that the incidence of malnutrition and resulting micronutrient deficiencies
are increased in maternal obesity [10]. Indeed, a higher BMI is associated with lower
serum folate levels, independent of intake [11]. Moreover, obese women may be nutri-
ent-deficient due to diet lacking a variety of macronutrients as well micronutrients.

Given our lack of understanding of the disease process, it is still unclear how we
can prevent these anomalies. Increasing folic acid intake may not be the preferred
strategy as studies have shown that folic acid supplementation does not decrease
the risk of neural tube defects in an obese population to the same extent that was
seen in the normal weight population [12]. Another strategy might be to encourage
women to lose weight before pregnancy. Indeed, a large study comparing pregnancies
of women who underwent bariatric surgery (n = 9,587) with morbidly obese women
(n = 221,580) showed a trend toward a lower incidence of fetal anomalies (OR 0.74;
95% CI 0.52-1.04) [13] in the bariatric surgery group. Whether this is a truly causal
relationship is unclear at present.

Further research into the link between obesity and fetal anomalies and into
methods of prevention is certainly required. These studies, however, are difficult
because although the above-mentioned increased ORs are compelling, the overall
incidence of fetal anomalies remains low. As a consequence, large numbers are
needed to demonstrate statistically (and clinically) significant benefit from interventions.

13.3 Screening and prenatal diagnosis of fetal anomalies
in obese women

13.3.1 Aneuploidy screening

The higher incidence of fetal anomalies in the obese population certainly raises the
question of screening and treatment. It is clear that routine prenatal ultrasound is more
challenging in obese women. Starting in the first trimester, dating a pregnancy is more
difficult due to the abdominal adipose pannus [14]. This leads to an increased number
of underestimated crown-rump lengths and hence incorrectly dated pregnancies.
Similarly, more complex first trimester measurements, including nuchal translucency
measurement and assessment of the nasal bone [15], become more difficult. As a con-
sequence, the need for conversion from transabdominal examination to transvaginal
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imaging in the first trimester almost doubles (from 23% to 42%), and the incidence of
incomplete nasal bone exams increases from 2% to 12% [15] when comparing an obese
population to a group of women of normal weight. Moreover, failure to obtain a reliable
nuchal translucency (NT) measurement in the first scanning session in class III obese
women is 22% rather than the usual 2% in normal weight women [16]. Even with
repeat measurements, scanning in obese women will result in up to 12% failing to
receive a valid measurement, thereby limiting the usefulness of first trimester screen-
ing in this population [16]. Nevertheless, when a valid nuchal translucency measure-
ment can be achieved, and when this is combined with serum markers (PAPP-A and
free B-hCG), the false-positive and false-negative detection rates for Down syndrome
seem to be similar in the obese and the normal weight population [17].

It is worth noting that a higher maternal BMI does lead to lower PAPP-A and free
B hCG levels due to a dilutional effect of the higher maternal blood volume [18], and
as such these markers need to be adjusted for maternal weight. This becomes espe-
cially relevant when screening for trisomy 18 [17] as a combination of low PAPP-A
and low free  hCG would significantly increase the risk of a false-positive test for
this condition. In screening for trisomy 21, on the other hand, a low PAPP-A (which
would increase the risk of trisomy 21) would be counterbalanced by a low free f-hCG
(which would decrease the risk of trisomy 21), thereby not affecting the final risk
significantly [17].

Aneuploidy screening in the second trimester of pregnancy, by a “genetic sonogram”
aimed at identifying soft markers is similarly hampered by maternal obesity. A sec-
ondary analysis of the results of the FaSTER trial shows that the risk of “missed” soft
markers is higher in obese women, thereby leading to a higher risk of missed prenatal
diagnoses of aneuploidy [19].

Unfortunately, noninvasive prenatal aneuploidy screening using cell-free fetal
DNA (NIPT) in maternal serum does not overcome the problem of more difficult ultra-
sound-based aneuploidy screening. Indeed, the incidence of a low fetal DNA fraction
in maternal blood and hence an unreliable NIPT result is significantly increased in
obese women. This is probably the consequence of a combination of a higher mater-
nal blood volume [18] and a higher maternal adipocyte cellular turnover rate. The
latter results in large amounts of maternal cell-free DNA being shed into the circula-
tion and hence a decrease in the fetal fraction of circulating cell-free DNA [20]. A fetal
fraction below the clinically used threshold of 4% is seen in 1% of women weighing
less than 70 kg, but in 10% of women weighing more than 110 kg and in up to 25%
of women weighing more than 130 kg [21]. A repeat blood draw at a later gestational
age can sometimes overcome this technical problem, but the chance of a successful
second test is still as low as 30% in women more than 120 kg [22].

Ultimately, these lower detection rates of fetal aneuploidy result in a higher risk
of delivering a baby with trisomy 21 and this should be discussed with obese women,
ideally preconceptionally or prior to initiating aneuploidy screening [23, 24].
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13.3.2 Fetal anomaly screening

The limitations for fetal aneuploidy screening also apply for second trimester fetal
anomaly screening. Maternal serum screening for open spina bifida and abdominal
wall defects using alpha-fetoprotein is less sensitive in the obese gravida and requires
adjustment for maternal weight [25]. Moreover, there is clear evidence that comple-
tion of a fetal anatomy screen by ultrasound is more difficult and less successful in the
obese population than in a normal weight group. A study of more than 10,000 women
showed that complete visualization of all 10 components of a fetal anomaly screen
in one single visit was feasible in 72% of women with a BMI of less than 25 kg/m? but only
in 68%, 57%, 41%, and 30% of overweight women, class I, class II, and class III obese
women, respectively [26]. The organ systems most at risk of suboptimal assessment
are the fetal heart (Fig. 13.1) and spine [27, 28], which are also the organ systems that
are at higher risk of anomalies in obese women.

(€)] (b)

Fig. 13.1: Axial view of the fetal chest and heart at 12 weeks of gestation in a gravida with BMI
35 kg/m2: (a) transabdominal; (b) transvaginal. Note the significant increase in resolution by using
the transvaginal approach.

As a consequence of the lower completion rate of fetal anatomy screening ultra-
sounds, the risk of missed anomalies is higher [29, 30]. The detection rate of fetal
anomalies reaches a low of 25% in class III obesity, compared with 66% in normal
weight women after a standard screening exam [29]. Even in experienced hands,
obese women undergoing a targeted organ screening will only achieve a 75% anomaly
detection rate, compared with a 97% detection rate in normal weight women [29].
Additionally, the poorer image resolution increases the risk of a false-positive diagnosis,
especially for fetal heart defects [19].
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Different strategies have been suggested to improve the detection rate of fetal
anomalies in obese women. Current ultrasound technology allows for considerable
image optimization. Judicious use of tissue harmonic imaging [31], speckle reduction
software, compound imaging, and Doppler ultrasound [32] can certainly increase
image quality. Once the image has been optimized, the sonographer should try to
image the fetus through areas with the least adipose tissue. It is clear that maternal
adipose tissue tends to accumulate in the lower abdomen, at the level of the pannus.
Therefore, avoiding this area is key. Different strategies include scanning through the
suprapubic area underneath the pannus, or accessing the uterus from the maternal
inguinal or periumbilical areas. Access through the flank or inguinal region can be
facilitated by positioning the patient in lateral decubitus position [33]. Some authors
prefer a transumbilical approach with a transvaginal probe, after filling the umbili-
cus with ultrasound gel [34]. Finally, waiting for spontaneous filling of the maternal
bladder, which elevates the fetus, may be helpful as this will bring the fetus in closer
reach of a transfundal ultrasound approach [32].

Given the need for a combination of image optimization and choosing the most
appropriate ultrasound approach, sonographer expertise plays a crucial role in obtain-
ing adequate images. Assigning more senior staff can triple the chance of achieving
the required images when compared with junior staff [35]. One should nevertheless be
careful not to overload experienced sonographers as the risk of repetitive strain injury
is considerable among sonographers [36]. Fortunately, if regular breaks are imple-
mented and observed, the risk of repetitive strain injury is not higher among those
scanning obese women compared with those scanning normal weight patients [37].

If the above described methods are insufficient to achieve complete imaging,
another logical approach would be to repeat the ultrasound examination at a later
gestational age. A study by Hendler et al. [38] shows that when anatomy screening
ultrasound is repeated for suboptimal visualization at the initial attempt, adequate
visualization will be achieved in almost 99% of repeat exams in the normal weight
population. In the obese population, however, imaging will still be suboptimal in 10%
to 20% [38]. Moreover, by postponing completion of fetal anomaly screening, and
thereby postponing detection of possible fetal anomalies, management options and
especially the option of termination of pregnancy in the presence of severe anomalies,
may be affected in some countries. An alternative approach, which overcomes the risk
of late diagnosis, would be to perform an early fetal anatomy ultrasound, either in the
late first trimester (12-13 weeks of gestation) [39,40] or in the early second trimester
(15-16 weeks of gestation) [41]. Some organ systems, including the spine, limbs, and
heart, will already be sufficiently developed for (at least a partial) assessment at this ges-
tational age. Moreover, this early in pregnancy, a transvaginal ultrasound with higher
resolution probes is often still an option and allows the probe to be brought closer to
the fetus (Fig. 13.2).
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Fig. 13.2: Incidence of suboptimal imaging of cardiac structures at the 20-week anatomy ultrasound
per BMI class. Adapted from Pasko et al. [27].

Finally, if all the above methods are insufficient, choosing an alternative imaging strategy
by means of magnetic resonance imaging (MRI) may be a solution. Non-contrast-enhanced
MRI is considered safe for fetal imaging [42], and is less affected by the maternal
structures surrounding the fetus. MRI, however, is still limited by maternal abdominal
circumference as the maximal diameter, even of the newer magnets, is only 70 cm.
The table typically has an upper weight limit of approximately 250 kg [43]. “Open”
MRIs may be less limited by abdominal circumference and are more patient-friendly
yet high-end devices allowing 1.5 Tesla scans are not widely available yet.

13.4 Invasive procedures and fetal therapy in obese women

For some fetal anomalies, further fetal investigation by invasive genetic testing (amnio-
centesis or chorion villus biopsy; CVS) or fetal therapy is an option. As these procedures
are often done under ultrasound guidance, poor imaging due to obesity may make the
procedure more difficult and hence increase failure and complication rates.

In the only large study looking into complication rates after amniocentesis and
CVS, class III obesity (BMI >40 kg/m?) was associated with a doubling of the risk of
fetal loss after the procedure when compared with normal weight women (OR 2.2; 95%
CI 1.2-3.9) [44]. This was most likely due to the higher need for multiple needle inser-
tions in this group. In this study, obesity was not associated with a higher loss rate
after transvaginal CVS.
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The potential effects of obesity on open fetal surgery for spina bifida are unknown,
as all protocols for this procedure have thus far considered a BMI of <35 kg/m? as a
crucial selection criterion [45]. Theoretically, maternal abdominal adiposity could
hamper uterine and fetal exposure and thereby complicate the procedure. Moreover,
obesity could affect the maternal safety of the general anesthesia required for the
procedure. Within the 25 to 35 kg/m? BMI-range, however, overweight and obesity
does not seem to be a significant predictor of adverse short-term obstetric outcome
[46]. We are aware of two ongoing studies investigating an expansion of the inclu-
sion criteria for open fetal therapy to women with a BMI between 35 and 40 kg/m?
(www.clinicaltrials.gov — NCT02664207 and NCT02509377).

Little is known regarding the effect of obesity on outcomes of fetoscopic proce-
dures or on complication rates of fetal shunting procedures or intrauterine needle
procedures. Current literature seems to support the concept that, although obesity
can make procedures more difficult [47], it does not seem to affect fetal outcomes
significantly [48].

13.5 Conclusion

In summary, maternal obesity significantly increases the risk of fetal anomalies,
through as yet unknown mechanisms. Detection of these anomalies by routine ultra-
sound screening is suboptimal, even in expert hands, and obese women should be
counseled about the limitations of ultrasound. New imaging strategies should be
explored in an attempt to increase the yield of fetal anomaly screening in this high-
risk population. Further studies looking at the effect of obesity on invasive fetal diag-
nosis and therapy are needed.
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14 The professional responsibility model of obstetrics
ethics: implications for the management of obesity
during pregnancy

14.1 Introduction

The management of obesity during pregnancy presents daunting challenges to obste-
tricians, as documented in the other chapters in this volume. Clinically, the most
important objective is to mitigate the complications of obesity for pregnant, fetal,
and neonatal patients during a current as well as future pregnancy. Modifying the
pregnant patient’s behavior is essential but often very difficult to achieve. Persuad-
ing pregnant patients is an obvious tool that has significant ethical dimensions. This
chapter addresses these ethical dimensions by identifying the implications for the
management of obesity during pregnancy of the professional responsibility model of
obstetric ethics [1, 2].

We begin with an account of the professional responsibility model of obstetric
ethics. We will then demonstrate its application to the management of obesity during
pregnancy.

14.2 The professional responsibility model of obstetric ethics
14.2.1 Key concepts from medical ethics

The professional responsibility model of obstetric ethics draws on key concepts
from medical ethics. Medical ethics is the disciplined study of morality in medicine.
Medical ethics undertakes this study by asking specific questions: What does it mean
to say that a physician is a professional? What obligations do physicians owe their
patients, healthcare organizations, and society? What obligations do patients owe
their physicians, healthcare organizations, and society? What obligations do health-
care organizations owe their patients, healthcare professionals, and society? What
obligations do societies have to physicians, patients, and healthcare organizations?

Medical ethics should not be confused with the many sources of morality in a plu-
ralistic society. These include, but are not limited to, law, the world’s religions, ethnic
and cultural traditions, families, and personal experience. Professional medical ethics
seeks to bridge these differences and identify the obligations of physicians to their
patients in all global cultures and national settings.

The first step in doing so is to recognize that professional medical ethics is secular.
This recognition was achieved in the eighteenth century European and American
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Enlightenments [3]. Secular professional medical ethics makes no reference to deity
or deities or to revealed tradition, but to what reasoned, evidence-based discourse
requires and its products. At the same time, secular professional medical ethics is
not intrinsically hostile to but respectful of religious beliefs. Therefore, ethical prin-
ciples and virtues should be understood to apply to all physicians, regardless of their
personal religious and spiritual beliefs and regardless of their nationality or place
of practice [4]. The advantage of secular medical ethics is that it is transreligious,
transcultural, and transnational.

The traditions and practices of medicine constitute an obvious source of morality
for physicians. These traditions provide an important reference point for professional
medical ethics because they are based on the obligation to protect and promote the
health-related interests of the patient. This obligation tells physicians what morality in
medicine ought to be, but only in very general, abstract terms. Providing a clinically
applicable account of that obligation is in clinical practice the central task of profes-
sional medical ethics, using ethical principles [2, 4]. We start with ethical principles that
play a central role in professional medical ethics, beneficence and respect for autonomy.

In ethics, generally, the ethical principle of beneficence requires one to act in a
way that is reliably expected to produce a greater balance of benefits over harms in the
lives of others [2, 4]. In professional medical ethics, this principle requires the physi-
cian to seek a greater balance of clinical over clinical harms in the lives of patients
[2]. The task of beneficence-based clinical judgment is to reach reasoned judgments
about the appropriate balance of clinical goods and harms in a particular clinical
situation, such as the decision to perform a cesarean delivery for the management of
fetal macrosomia in an obese pregnant patient. On the basis of the best available evi-
dence, beneficence-based clinical judgment identifies the clinical benefits that can be
achieved for the patient based on the competencies of medicine. The clinical benefits
that medicine is competent to seek for patients are the prevention and management
of disease, injury, disability, loss of functional status, and unnecessary pain, distress,
and suffering, and the prevention of premature or unnecessary death. Pain and suf-
fering become unnecessary when they do not result in achieving the other goods of
clinical care, e.g., allowing a woman to labor without effective analgesia [2].

In beneficence-based clinical judgment, pregnancy is not a disease. It is instead
a clinical condition: a naturally occurring biological process that creates risks of
disease, injury, disability, loss of functional status, and unnecessary pain, distress,
and suffering. As a consequence, the clinical management of the clinical condition of
pregnancy comes under beneficence-based clinical judgment.

The ethical principle of nonmaleficence requires the physician not to cause harm.
This is sometimes treated as an absolute, allowing no exceptions. This is a common
mistake; nonmaleficence is best understood as expressing the limits of beneficence-
based clinical judgment. This ethical principle is also known as Primum non nocere or
“first do no harm.” This commonly invoked dogma is really a Latinized misinterpre-
tation of the Hippocratic texts, which emphasized beneficence while avoiding harm
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when approaching the limits of medicine to maintain or improve the patient’s condition
or to alter the course of disease or injury [2, 4]. Nonmaleficence should be incorpo-
rated into beneficence-based clinical judgment: when the physician approaches the
limits of beneficence-based clinical judgment, i.e., when the evidence for expected
clinical benefit diminishes and the risks of clinical harm increases, then deliberative
beneficence-based clinical ethical judgment requires the physician to proceed with
great caution. The physician should be especially concerned in such clinical circum-
stances to prevent serious, far-reaching, and irreversible clinical harm to the patient.

This ethical principle requires the physician to empower the pregnant woman to
make informed decisions about the management of her pregnancy. The most important
way that physicians fulfill this obligation is to identify medically reasonable alternatives
to the pregnant woman and to identify alternatives that, although technically possible,
are not reliably judged to be medically reasonable. “Medically reasonable” means that
there is a beneficence-based clinical judgment that a form of clinical management or
intervention has a reliable evidence base for expected net clinical benefit. There is no
ethical obligation to offer a technically possible alternative that does not meet this
test for being medically reasonable.

14.2.2 The professional responsibility model

The professional responsibility model of obstetrics ethics is designed to guide obste-
tricians in responsibly managing ethical challenges in clinical practice and research
[2]. For example, directive counseling for fetal benefit in the management of obesity
during pregnancy must take account of obligations to the pregnant woman, which
creates the possibility of conflict between the physician’s recommendation and a preg-
nant woman’s autonomous decision to the contrary. Such conflict is best managed
preventively through the informed consent process as an ongoing dialogue through-
out a woman’s pregnancy, augmented as necessary by negotiation and respectful per-
suasion [2, 5]. Respectful persuasion is based on an appeal to the pregnant woman’s
values, such as achieving a good outcome for her pregnancy, make recommenda-
tions based on those values, and respond to refusal with engaged dialogue aiming at
having the pregnant woman reconsider her refusal.

This approach to obstetric ethics is known as the professional responsibility model
of obstetric ethics [1, 2]. The professional responsibility model provides a powerful
antidote to the rights-based reductionism that characterizes much of the literature on
obstetric ethics. This oversimplification of obstetric ethics occurs when the only or over-
riding ethical consideration is the rights of either the pregnant woman or the fetus.

Rights-based reductionism is best illustrated by the abortion controversy. One
extreme asserts that fetal rights always override the rights of the pregnant woman.
This is fetal-rights reductionism. Termination of pregnancy at any gestational age or
for any reason is impermissible, regardless of whether the pregnancy is voluntary
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or not or viable [6]. The other extreme asserts that the pregnant woman’s rights always
override fetal rights. This is maternal-rights reductionism. Termination of pregnancy
is therefore permissible at any gestational age and for any reason that is important to
the pregnant woman [7, 8].

Rights-talk is initially appealing because of the simple dichotomy at its heart: one
either has rights or one does not and, if one does, others must respect one’s rights.
This simple dichotomy is simplistic and does not withstand close clinical ethical scru-
tiny. There is unavoidable controversy about the nature and limits of both fetal and
women’s rights. Such rights are based on many factors, including cultural, political,
and religious beliefs that do not lend themselves to compromise and are outside of the
physician-patient relationship.

Consider the simplistic claim that a pregnant woman has unconditional rights
to control what happens to her body. The claim ignores a fundamental question:
should this right be understood to come with limits or with no exceptions throughout
the entire pregnancy? Professional integrity sets justified limits on the preferences of
patients [9, 10], pregnant patients included. For example, a distraught woman who is
34 weeks pregnant reports that her husband has deserted her and insists on induced
abortion immediately. The professional responsibility model requires her obstetrician
not to implement her request because feticide is ruled out by the obstetrician’s benef-
icence-based obligation to protect the life of this fetal patient. The obstetrician should
therefore recommend against feticide and explain that no conscientious obstetrician
should implement her request. There are many such circumstances in which a pregnant
woman’s request for an induced abortion should not be implemented unquestioningly.

By contrast, consider the simplistic claim that the fetus has an unconditional
right to life or to complete gestation. The presence of a fetal anomaly incompatible with
life belies such claims as lacking scientific and clinical foundation because medicine
has no capacity to correct such anomalies. Such claims lack an authoritative foun-
dation in either religion or philosophy. There is no single authoritative perspective
from which the incompatible differences of these diverse views on fetal rights can be
resolved [2]. To insist on an unconditional right to life or to complete gestation there-
fore has no place in professional obstetric ethics.

The existence of maternal-rights reductionism approach in the literature is well
documented in the context of intrapartum management. This approach asserts an
unconditional right of the pregnant woman to control her body in all aspects of the
management of pregnancy: “...the moral and legal primacy of the competent, informed
pregnant woman in decision making is overwhelming” [11]. Another expression of
this approach at first seems to be nonreductionist. Its authors acknowledge patient
safety as a “first-order issue” [6] and support what they call “restrictive guidelines”
based on protecting the life and health of pregnant women [6]. The proponents of
this seemingly nuanced approach, however, abandoned it in favor of the maternal
rights reductionism model when they asserted: “Crucially, even when restrictive
guidelines are warranted, the rights of pregnant women to bodily integrity must be
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maintained” [7]. Some express this approach explicitly, e.g., that “women have fully
endowed rights that do not diminish with conception, nor progressively degrade
as pregnancy advances to viability and birth” [7]. The woman’s rights reductionism
approach has been used to claim the right of pregnant women to have a clinically non-
indicated cesarean delivery [12, 13]. Another example is the assertion of the pregnant
woman’s autonomy as an “unrestricted negative right,” i.e., an unconditional right
to noninterference with refusal of cesarean delivery: “autonomy is an inter-relational
right—ultimately, there is no circumstance in which someone should be brought to an
operating room against their will” [14].

Rights-based reductionism has no place in professional obstetric ethics because
it unacceptably distorts the professional nature of the relationship of an obstetrician
to his or her patients. The professional obligations of the obstetrician originate in the
ethical concept of medicine as a profession.

The concept of medicine as a profession was introduced into the history of medi-
cine by Drs. John Gregory (1724-1773) of Scotland and Thomas Percival (1740-1804) of
England. This concept requires the physician to make three commitments: (1) becoming
and remaining scientifically and clinically competent; (2) protecting and promoting the
health-related and other interests of the patient as the physician’s primary concern and
motivation; and (3) preserving and strengthening medicine as what Percival called a
“public trust,” a social institution that exists primarily for the benefit of society not its
members (in contrast to the concept of medicine as a merchant guild) [15].

In the professional responsibility model of obstetric ethics, obstetricians have
beneficence-based an autonomy-based obligations to the pregnant patient and benef-
icence-based obligations to the fetal patient [1, 2]. The beneficence-based obligation
of the obstetrician is to make evidence-based clinical judgments about diagnostic and
therapeutic measures that are medically reasonable because they are reliably expected
to result in a greater balance of clinical goods over clinical harms for the pregnant or
fetal patient. The obstetrician then empowers the pregnant woman’s autonomy by
offering or recommending medically reasonable alternatives in the informed consent
process. When the condition for being medically reasonable is met, the alternative
should be offered, along with the other medically reasonable alternatives. Some-
times, the evidence clearly supports one alternative as clinically superior to others
or as the only medically reasonable alternative. In such clinical circumstances, the
physician should recommend this alternative to the pregnant woman. Sometimes, the
evidence clearly supports an alternative as not medically reasonable. In such clinical
circumstances, the physician should not offer this alternative to the pregnant woman
and should recommend against it should the pregnant woman ask about it.

Patients exercise their capacity for autonomous decision-making in response
to alternatives that are offered or recommended by the physician in the informed
consent process. The capacity for autonomous decision making has three components:
(1) absorbing and retaining information about her condition and the medically reason-
able diagnostic and therapeutic responses to it; (2) understanding that information,

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

166 —— Section II: Pregnancy management

i.e., evaluating and rank-ordering those responses and appreciating that she could
experience the risks of treatment; and (3) expressing a value-based preference [16].
The physician has a role to play in each of these. They are, respectively: (1) to recog-
nize the capacity of each patient to deal with medical information and not to under-
estimate that capacity, provide information (i.e., disclose and explain all medically
reasonable alternatives) and recognize the validity of the values and beliefs of the
patient; (2) not to interfere with but, when necessary, to assist the patient in her evalu-
ation and ranking of the medically reasonable diagnostic and therapeutic alternatives
for managing her condition; and (3) to elicit and implement the patient’s value-based
preference [4].

14.3 Implications for the management of pregnancy complicated
by obesity

From the perspective of the professional responsibility model of obstetric ethics,
the informed consent process should be seen as one of the tools for modifying
behavior before, during, and after pregnancy. This process begins with educating
obese patients about the risks of pregnancy and how these risks might be reduced.
Educating some patients may motivate them to change. For most patients, more
than education will be needed. Respect for autonomy rules out interfering with
patient’s decisions as well as coercion, which is interference accompanied by a
threat. Between these two poles are frank communication and persuasion.

Frank communication means being clear about the ill effects for pregnant, fetal,
and neonatal patients of poor dietary control during pregnancy in an obese patient.
These risks should not be sugarcoated. At the same time, communication about reduc-
ible risk should be respectful. The human central nervous system learns by repetition,
which means that a single educational session is less likely to have durable effect than
repeated educational sessions. This approach can try the patience and good nature of
the obstetrician, especially when the patient is recalcitrant to behavior modification.
The professional responsibility model reminds the obstetrician not to let these psycho-
logical challenges diminish a core commitment of the model, to keep the patient’s inter-
ests systematically primary and self-interest systematically secondary.

Making evidence-based recommendations is obviously supported by the ethical
principle of beneficence. Making evidence-based recommendations is also supported
by the ethical principle of respect for autonomy because recommendations empower
the pregnant patient by signaling to her the obstetrician’s commitment to her health
and that of her fetus and future child. It is therefore a mistake to think that directive
counseling in the form of making recommendations is not compatible with the ethical
principle of respect for autonomy. When the evidence is as it is in the case of dietary
modification for obese patients, making recommendations is mandated by the profes-
sional responsibility model. It is therefore unprofessional to adhere to a nondirective
approach in such clinical circumstances.
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Directive counseling regarding intrapartum management for maternal or fetal benefit
when the evidence is clear will be discussed in the other chapters in this volume.
Given the evidence-based controversies that these chapters document, obstetricians
should be especially careful in evaluating evidence and tempering the strength of
recommendations accordingly. In beneficence-based clinical judgment, the stronger
the evidence for maternal or fetal benefit, the stronger the professional responsibility
to make recommendations and explain their evidence base. The weaker the evidence,
the stronger the professional responsibility to present medically reasonable alterna-
tives and respect the pregnant woman’s informed decision. This approach balances
beneficence-based obligations to the fetal patient against beneficence-based and
autonomy-based obligations to the pregnant woman. Such balancing also recognizes
that a pregnant woman is obligated only to take reasonable risks of medical interven-
tions that are reliably expected to benefit the fetal and neonatal patient [2].

14.4 Conclusion

The professional responsibility model of obstetric ethics is an essential component of
the management of obesity during pregnancy. This chapter helps the obstetrician to
fulfill his or her professional responsibility to this at-risk patient population by iden-
tifying the clinical implications of beneficence-based obligations to pregnant, fetal,
and neonatal patients and of autonomy-based obligations to the pregnant patient.
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15.1 Scope of the problem

Obesity has already been recognized as an epidemic. According to the World Health
Organization, obesity has more than doubled in the last three decades, with more
than 600 million obese adults worldwide, which translated into 13% of the entire
adult population in 2014 [1]. Data recently published by the Organization of Economic
Cooperation and Development reported that 24% of adult females were obese in
2014 [2]. According to Statistics Canada, since 2003, there has been an increase in
female obesity from 14.5% to 18.7%, whereas the rate of overweight women remained
stable at 27.5% [3]. In the United States, the prevalence of overweight and obesity
is substantially greater, with more than a third of the adult population classified as
obese, of which 34.4% are women of reproductive age [4]. It had been previously
reported that maternal obesity is associated with pregnancy complications [5-11]
such as gestational diabetes mellitus (GDM), hypertensive disorders, fetal over-
growth, and labor complications. The Institute of Medicine (IOM) issued recommen-
dations regarding gestational weight gain (GWG) in 1990, which were revised almost
two decades later, in 2009 [12]. These guidelines do not differentiate between classes
of obesity, and recommend GWG of 11 to 20 lb. (5-9 kg) for women with a singleton
gestation and body mass index (BMI) of 30 kg/m? and above (Tab. 15.1). These recom-
mendations also do not advocate for gestational weight loss, although it is stated that
further research is needed.

Tab. 15.1: Recommendations for total and rate of weight gain in pregnancy.

Prepregnancy Total Total weight Rates of Rates of

BMI weight gain (range  weight gain weight gain
gain inlb.) in second and in second and
(rangein third trimes-  third trimester
kg) ter (mean kg/ (mean kg/

week) week)

Underweight <18.5 kg/m? 12.5-18 28-40 0.51 1

Normal weight ~ 18.5-24.9 kg/m? 11.5-16 25-35 0.42 1

Overweight 25-29.9 kg/m? 7-11.5 15-25 0.28 0.6

Obese >30 kg/m?2 5-9 11-20 0.22 0.5

Note: Adapted from Institute of Medicine [12] “Weight gain during pregnancy:

guidelines”.

https://doi.org/10.1515/9783110487817-015
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15.2 Gestational weight loss among obese patients

The question remains whether gestational weight loss (GWL) may reduce maternal and
neonatal complications among obese parturients. To answer this question, a causal rela-
tionship (rather than merely an association) between obesity and pregnancy complica-
tions must be demonstrated. If this is the case, losing weight to reduce complications
would have a biological plausibility. The pivotal study of Villamor and Cnattingius [13]
lends support to this claim, as they studied the effect of interpregnancy weight change
on pregnancy complications in more than 150,000 women, in which each woman served
as her own control during two consecutive pregnancies. They found that compared with
women who had minimal BMI change, those who gained three BMI points or more had
a higher prevalence of preeclampsia, gestational hypertension, GDM, cesarean deliver-
ies (CD) and large-for-gestational age neonate (LGA, birth weight >90% centile). This
study demonstrated that higher BMI underlies pregnancy complications, thus precon-
ception weight reduction may be associated with decreased risk. However, will weight
reduction during pregnancy be associated with the same risk reduction? Beyerlein et
al. [14] performed a retrospective cohort study of more than 700,000 deliveries to evalu-
ate the association between GWL and pregnancy outcomes stratified by BMI category.
They found that the proportion of women with GWL increased with increasing BMI.
They also found that GWL was associated with approximately 40% lower risk for preec-
lampsia and 25% to 35% lower risk for LGA among class 2 and 3 obese patients, and a
25% to 35% lower risk for nonscheduled CD among overweight and class 1 and 3 obese
patients. Additionally, GWL was associated with preterm delivery (PTD) among normal-
weight and overweight women (adjusted odds ratio (aOR) 2.7 and 1.4, respectively), and
with small-for gestational age (SGA) infants among all but the class 3 obese patients.
They concluded that the association of GWL with a decreased risk of pregnancy com-
plications seems to be outweighed by increased risks of prematurity and SGA in all but
obese class 3 mothers. Another retrospective cohort study published by Bogaerts and
associates [15] investigated the effect of GWL on pregnancy outcomes. They included
only live births at term, reaching a cohort of more than 510,000 women. They calculated
the risk of adverse outcomes by GWL categories (e.g., greater GWL, 5 kg or more; lesser
GWL, 0-5 kg) in each class of obesity, adjusted for parity, gestational age, and maternal
age. In their cohort, 4.7% of women lost weight during pregnancy. Similar to the find-
ings of Beyerlien et al. discussed previously, they too reported that the higher the BMI,
the greater the proportion of women with GWL—3.2% in the obesity class 1 category,
7% in the obesity class 2 category, and 13.4% in the obesity class 3 category (p = 0.003).
GWL was found to be associated with decreased incidence of gestational hypertension
among obese class 1 patients (aOR 0.31 and 0.46 for greater than 5 kg GWL and 0-5 kg
GWL, respectively), lower risk of emergency CD among obese class 2 patients (aOR 0.24
and 0.50 for greater than 5 kg GWL and 0-5 kg GWL, respectively), and a lower rate of
macrosomia and LGA in all obese patients (ranging from aOR 0.15 to aOR 0.79). Con-
trary to Beyerlein’s study, they did not find an association between GWL and SGA. Yet,
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because only term deliveries were included, they could not examine the prevalence of
PTD among the GWL population.

A population-based cohort study by Marie Blomberg [16] aimed at estimating
whether GWL or low GWG according to the 2009 IOM recommendations among obese
patients was associated with adverse outcomes. She also found the same association
between BMI and proportion of women with GWL: with 4.1%, 7.9%, and 14.6% expe-
riencing GWL in the obesity classes 1, 2, and 3 categories, respectively. The results of
this study demonstrated that GWL was associated with a decreased risk for CD (OR
0.76, 95% CI 0.65-0.89; OR 0.66, 95% CI 0.54—0.82; and OR 0.77, 95% CI 0.60—-0.99
for obesity classes 1, 2, and 3, respectively) and LGA (OR 0.73, 95% CI 0.58-0.92;

Number Adjusted OR Adjusted OR
Outcome of studies (95% Cl) (95% Cl) 12(%)
Primary Outcomes
SGA (<10 percentile) 5 1.76 (1.45, 2.14) * 56
LGA (>90™" percentile) 5 0.57 (0.52, 0.62) ¢ 0
Secondary Outcomes
Macrosomia (>4000 g & >4500g) 2 0.58 (0.38, 0.89) - 0
LGA (>97t" percentile) 1 0.64 (0.54, 0.76) - NA
Cesarean birth 3 0.73(0.67, 0.80) 4 0
Shoulder dystocia 1 0.82(0.49,1.37) S NA
Preeclampsia 1 0.82(0.66,1.02) _ NA
Gestational diabetes mellitus 1 0.88(0.62, 1.25) — NA
Induction of labor 1 0.92(0.73, 1.15) -+ NA
Postpartum hemorrhage 2 0.93(0.78,1.12) 0
NICU admission 2 0.98 (0.81, 1.19) l 0
Operative vaginal delivery 2 1.06 (0.83, 1.37) | 43
Apgar score (<7 at 5 minutes) 2 1.08 (0.81, 1.44) l 0
Fetal distress 1 1.12(0.63, 1.98) — NA
SGA (<3" percentile) 2 1.62 (1.19, 2.20) > 0
Low birth weight (<2500 g) 1 1.68 (1.10, 2.57) —— NA
—t F—t—+ —
01 02 05 1 2 5 10
GWG within guidelines Weight loss

Fig. 15.1: Adapted from Kapadia et al. [18] “Weight loss instead of weight gain within the guidelines
in obese women during pregnancy: a systematic review and meta-analyses of maternal and infant
outcomes”.
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OR 0.54, 95% CI 0.40-0.72; and OR 0.64, 95% CI 0.46—0.90 for obesity classes 1, 2, and
3, respectively), with an increased risk for SGA (OR 2.14, 95% CI 1.56-2.95; and OR 2.34,
95% CI 1.15-4.76 for obesity classes 1 and 3, respectively). This study did not report
gestational age at delivery.

Contrary to these findings, Durie et al. [17] studied the effect of GWG and GWL in
a retrospective cohort study of approximately 74,000 women. In their cohort, 1.5% of
women experienced weight loss. Net weight loss was not associated with a reduction
in the risk of CD, LGA, or GDM, nor with SGA.

In 2015, Kapadia and associates [18] published a systematic review and
meta-analysis regarding weight loss during pregnancy among obese women. Their meta-
analysis included six trials, all of which were retrospective cohort studies. They con-
cluded that GWL was associated with a lower risk of LGA (aOR 0.57, 95% CI 0.52-0.62),
macrosomia (aOR 0.58, 95% CI 0.58-0.89), and CD (aOR 0.73, 95% CI 0.67-0.80). They
also found that GWL translated to a higher of SGA (aOR 1.76, 95% CI 1.45-2.14) (Fig. 15.1).

15.3 Gestational weight loss in GDM patients

As for GDM and GWL, only limited data exist. Katon and colleagues [19] evaluated the
effect of losing weight among overweight and obese individuals after the diagnosis of
GDM. Their cohort included only 322 women, but almost 20% lost weight during their
pregnancy. They reported that GWL was associated with lower birth weight among
overweight but not obese mothers. A larger retrospective cohort study aimed to inves-
tigate the association of GWL among the overweight and obese patients diagnosed
with GDM [20]. The study population consisted of more than 26,000 women with
GDM with BMI of 225 kg/m?, of which 5.2% experienced GWL. Overweight and obese
patients with GWL experienced less CD (aOR 0.86, 95% CI 0.75—-0.98), macrosomia
(aOR 0.66, 95% CI 0.53-0.83), LGA (0.63, 95% CI 0.52-0.77), and NICU admissions
(aOR 0.51, 95% CI 0.27-0.95) with the cost being a higher risk for PTD prior to 34 weeks
of gestation (aOR 1.71, 95% CI 1.23-2.37) and SGA (aOR 1.69, 95% CI 1.32-2.17).

15.4 Risks of gestational weight loss

According to these studies, GWL is associated with a decreased risk for certain out-
comes, with the cost of increasing the risk of SGA, and perhaps PTD. Yet, we need
to ask ourselves two important questions: first, is GWL associated with a potential
harm other than potential SGA and PTD? Second, are interventions aimed at reduc-
ing weight during pregnancy effective? The 2009 IOM guidelines summarized the
risks of fasting in pregnancy [12]. Reviewing the evidence, a pregnant woman is more
prone to develop ketonuria and ketonemia during prolonged fasting of 12 to 18 h as
the result of physiological changes that occur during pregnancy, and this tendency
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increases among diabetic patients. Because most interventions and dietary plans
consist of regular calories intake, usually with primary and secondary meals, the risk
of prolonged fasting in this setting, resulting in ketonuria or ketonemia, is minimal.

15.5 Interventions aimed at reducing weight in pregnancy

As for the second question, Dodd and colleagues [21] performed a randomized trial
aimed at determining the effect of dietary and lifestyle interventions during pregnancy
on the outcomes of pregnancies among overweight and obese women. They recruited
more than 2,000 patients between 10 and 20 weeks’ gestation, with BMI of 25 kg/m? and
above, half of whom received consultation regarding their lifestyle and dietary habits.
Although no difference was detected in the rate of LGA infants, the risk of birth weight
exceeding 4,000 g was significantly lower in the intervention group (adjusted relative
risk 0.82, 95% CI 0.68—0.99). They calculated that 28 women needed to receive the inter-
vention to prevent one case of macrosomia. Thangaratinam and associates [22] per-
formed a systematic review regarding interventions to reduce or prevent obesity in preg-
nant women. In their review, they included 88 studies, of which 40 were randomized
and 48 nonrandomized, regarding interventions aiming at weight reduction among
overweight and obese gravidas. Interventions were demonstrated to result in approxi-
mately 1kg less of GWG, less preeclampsia (RR 0.74, 95% CI 0.59—0.92) and shoulder dys-
tocia (RR 0.39, 95% CI 0.22-0.70), with no differences in SGA or other adverse maternal,
fetal, or neonatal outcomes. The authors concluded that dietary and lifestyle interven-
tions result in less GWG and pregnancy complications, yet the included studies varied
greatly in their design, interventions, compliance, and more. Additionally, this study
did not specifically report the risks or benefits of GWL per se. Furber and colleagues [23]
summarized the lack of evidence regarding GWL in obese women in the conclusion of
their Cochrane review: “There are no trials designed to reduce weight in obese pregnant
women. Until the safety of weight loss in obese pregnant women can be established,
there can be no practice recommendations for these women to intentionally lose weight
during the pregnancy period. Further study is required to explore the potential bene-
fits, or harm, of weight loss in pregnancy when obese before weight loss interventions
in pregnancy can be designed. Qualitative research is also required to explore dietary
habits of obese pregnant women, especially those who are morbidly obese”.

15.6 Conclusion
In conclusion, gestational weight loss is more frequent as maternal BMI increases.

Gestational weight loss may have benefits such as lower rate of macrosomia, LGA,
and the need for a cesarean delivery, yet it may also be associated with SGA and PTD.
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It is not clear whether interventions specifically aimed at reducing weight in preg-
nancy will have a benefit concerning pregnancy outcomes. Additional research is
needed to elucidate the exact association between gestational weight loss and preg-
nancy outcomes and the value of intervention programs.
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16 Obesity and hypertension

16.1 Introduction

Obesity and hypertension are two growing health concerns facing contemporary
obstetric practice. The prevalence of obesity, defined as prepregnancy body mass
index (BMI) of >30 kg/m?, is increasing and now affects more than 30% of repro-
ductive-aged women in the United States. The prevalence of preexisting hyperten-
sion among pregnant women is similarly increasing, and now affects up to 5%
of pregnancies (of which 30%-35% are also complicated by obesity) [1]. Even in
industrialized countries, hypertension is the leading cause of maternal mortality
and accounts for 16% of maternal deaths [2]. With the increase in prevalence of
both obesity and chronic hypertension, as well as the increase in other comorbidi-
ties such as pregestational diabetes and renal disease that is seen in this group of
women, the management of the obese hypertensive pregnant patient has become
one of the biggest challenges for an obstetrician [1, 3]. This chapter aims to outline
the pathophysiology and mechanisms that could explain the relationship between
obesity and hypertension in the obstetric setting, describe the maternal and fetal/
neonatal concerns specific to the hypertensive obese patient, and suggest management
strategies based on published evidence.

16.2 Epidemiology

When compared with men, premenopausal (nonobese) women are relatively pro-
tected against developing hypertension due to the effects of estrogen. However,
this is not the case with obese premenopausal women who seem to be at a consid-
erably higher risk of developing hypertension compared with age-matched obese
men [4].

In addition, there is strong epidemiological evidence showing an association
between prepregnancy obesity and the development of hypertensive disorders of
pregnancy (HDPs) (Tab. 16.1) [3]. In a study of singleton pregnancies among women
without prepregnancy chronic disease, the relative risk of HDP in women with Class 1,
Class II, and Class III obesity (Tab. 16.2) was 2.34 (95% confidence intervals (CI)
2.20-2.49), 2.78 (95% CI 2.56-3.01), and 3.55 (95% CI 3.26-3.86), respectively [5].

https://doi.org/10.1515/9783110487817-016
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Tab. 16.1: Hypertensive disorders of pregnancy [37].

Type Definition

Chronic hypertension Hypertension? that predates pregnancy

Gestational hypertension Hypertension after 20 weeks of gestation (in absence of
preeclampsia)

Preeclampsia-eclampsia Hypertension and proteinuria® or, in the absence of proteinuria,

new-onset hypertension with the new onset of any of the
following: thrombocytopenia (platelet <100,000/pL), impaired
liver function (elevated blood levels of liver transaminases to
twice the normal concentration), the new development of renal
insufficiency (elevated serum creatinine >1.1 mg/dL or a doubling
of serum creatinine in the absence of other renal disease),
pulmonary edema, or new-onset cerebral or visual disturbances

Preeclampsia superimposed Chronic hypertension in association with preeclampsia

on chronic hypertension

aSystolic blood pressure 2140 mmHg and diastolic blood pressure 290 mmHg.

b Defined as =300 mg per 24-h urine collection (or this amount extrapolated from a timed collection
or protein/creatinine ratio (each measured as 20.3 mg/DL) and dipstick reading of 1+ (used only if
other quantitative methods are not available).

Tab. 16.2: Classes of obesity [15].

Class BMI (kg/m?)
Class | 30-34.9
Class Il 35-39.9
Class Il 240

Although obesity has been shown to be an independent risk factor for both gesta-
tional hypertension (adjusted odds ratio (aOR) 2.91; 95% CI 2.76-3.07) [6, 7] and preec-
lampsia (aOR 3.16; 95% CI 2.96-3.35) [8], a Norwegian cohort study suggests that
obesity is a stronger predictor of gestational hypertension than of preeclampsia [9].
In addition, although the reasons remain unknown, there is evidence to suggest that
obese multiparous women are at a higher risk for preeclampsia when compared with
multiparous women of normal BMI, a relationship which is absent when comparing
obese primigravida to their normal-weight counterparts [6].

16.3 Pathophysiology
The relationship between obesity and hypertension is multifactorial, with diet, genet-

ics, epigenetics, and environmental factors described as contributors. For example,
obesity-associated hypertension can develop due to lack of exercise, development of
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insulin residence, pathology of the sympathetic nervous system, dysfunction of the

renin-angiotensin-aldosterone system, kidney damage, and inappropriate activation

of immune and inflammatory pathways [4, 6].

Although there is strong epidemiological evidence associating obesity and HDPs,
conclusive cellular and molecular mechanisms are yet to be proposed. A number of
hypotheses have been proposed:

A. A proinflammatory state — There is evidence to suggest that the increase in the
body’s adipose content triggers a number of inflammatory pathways in the white
adipose tissue, plasma, and the placenta. The proinflammatory state of obesity
has been thought to be the underlying mechanism behind the association of
obesity and gestational hypertension and preeclampsia [10].

B. Cytokines — Tumor necrosis factor-a (TNF-a) and interleukin 6 (IL-6): TNF-a is a
vital contributor to trophoblast implantation as well as placental development. It
is hypothesized that variation in the levels of TNF-a in obesity compromise pla-
cental vasculature, lead to shallow trophoblast implantation of spiral arteries,
and jeopardize fetal-placental circulation and therefore may play a role in the
development of preterm preeclampsia [11]. Adipose tissue is an important contrib-
utor to circulating levels of IL-6, another cytokine that may explain the increased
risk of preeclampsia among the obese population. IL-6 is found at higher levels
in both obese patients and those with preeclampsia. With IL-6 playing a role in
inflammation-induced vascular damage, higher levels in obese patients may alter
placental wall function leading to preeclampsia [12].

C. Fetal size — Obese women have higher numbers of large-for-gestational age (LGA)
babies [11, 13]. Increased fetal size creates a mismatch between the fetal demand
on the placenta and the placental supply thereby resulting in uteroplacental
ischemia, which may contribute to the increased risk of preeclampsia [13]. There-
fore, the association between obesity and preeclampsia may be mediated by the
higher risk of carrying an LGA fetus.

16.4 The effect of obesity and hypertension on pregnant women
and their offspring

In addition to the increased odds of developing gestational hypertension [7] and
preeclampsia [14], and higher rates of cesarean deliveries [5], the obese hyperten-
sive patient is at increased risk for short-term and long-term adverse outcomes
in their offspring. The relationship between obesity, hypertension, and offspring
health is complex. Prepregnancy obesity is commonly associated with an increased
risk of high birth weight (>4,000 g; OR 2.00; 95% CI 1.94-2.18) and fetal macroso-
mia (>4,500 g; 3.23; 95% CI 2.39-4.37) [3]. Indeed, when compared with women with
normal BMI, the relative risk of having an LGA baby increases from 1.52 (1.45-1.58)
for overweight women to 2.32 (2.14-2.52) for those with Class III obesity [5]. Yet, obese
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women with hypertension exhibit varying degrees of placental insufficiency resulting
in reduced placental vascularity and blood flow, putting them at an increased risk
for developing superimposed preeclampsia, fetal growth restriction, preterm delivery,
placental abruption, transient tachypnea of the newborn, sepsis, and intensive care
unit admission [1, 5, 11]. These sometimes opposing signals regulating placental func-
tion may contribute to the diversity of short-term and long-term outcomes observed in
offspring born to pregnant obese women.

Maternal adipokines such as IL-6, TNF-a, leptin, and adiponectin link maternal
adipose tissue metabolism to placental function and along with metabolic hormones
have a direct effect on placental function by modulating placental nutrient transport.
Nutrient delivery to the fetus, which is regulated by a complex interaction includ-
ing insulin signaling, cytokine profile and insulin responsiveness, modulated by adi-
ponectin and IL-1B could explain, at least in part, some of the fetal growth effects seen
in these pregnancies.

In addition to the development of pregnancy complications, changes in placen-
tal function seen in obese patients may also be involved in linking maternal obesity
to long-term health risks in the infant, including obesity and metabolic disease and
making them susceptible to neuropsychiatric and cognitive disorders in later life [11].

16.5 Management strategies
16.5.1 The prepregnancy period

Although weight-control interventions during pregnancy have some effect on reducing
maternal and offspring complications, this effect is limited. It is therefore recommended
that the focus for intervention should move to the preconception and postpartum periods
[15]. Most of the health professionals surveyed in the United Kingdom thought the onus
for prepregnancy management should be on primary health care providers; however, the
primary care professionals felt they were seldom involved in preconception care. Given
that most women do not actively seek the help of health care providers in this regard, while
planning pregnancies, it has been suggested that prepregnancy management should
involve a broader social movement that generates bottom-up mobilization of communi-
ties and individuals to create demand, coupled with a top-down approach from policy ini-
tiatives to provide supply of services. However, there are no current guidelines to suggest
which preconception health programs and interventions are of benefit to women and
their infants, and a Cochrane systematic review was not able to make any recommenda-
tions as no randomized trials were identified [16]. The implementation of preconception
interventions in practice is challenging and constitutes the biggest gap in evidence
with regard to the management of obesity and hypertension. In an attempt to address
this gap, an integrated approach comprising pregnancy prevention, planning, and
preparation, involving more than the primary health care sector and adopting an
ecological approach to risk reduction that addresses personal, societal, and cultural
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influences has been suggested [15]. Based on behavioral theory that individual capac-

ity to act and community empowerment have a reciprocal relation, with empowered

communities creating empowered citizens and vice versa, the focus should move to
mobilizing communities and individuals to create a demand for obesity prevention
policies and better access to good food for women of childbearing age. A commu-
nity that generates consensus puts pressure on politicians to respond to voters and
on commercial organizations to cater to their customers. Community mobilization,
identification of political opportunities, definition of common goals, followed by sus-
tained collective action to generate popular demand for policies and political actions
that support preconception health and address the challenge of obesity, has been
suggested as the only true way of meeting the challenge of prepregnancy reduction of
weight-control interventions.

Until this is achieved, the following interventions have been recommended in the
prepregnancy period from a practical point of view:

A. Lifestyle interventions for weight control — These include interventions based on
diet, physical activity, and a combination of both. Women with a BMI higher than
35 are recommended to obtain advice from a dietician. Compliance with diet and
physical activity is better prior to pregnancy than during pregnancy and novel
web-based platforms have shown high compliance and usability, with users
showing improvements in dietary and lifestyle behaviors [17].

B. Medical interventions — Obese women enter pregnancy in a state of increased
insulin resistance, which raises the possibility that drugs such as metformin
could be used as adjunct therapy to improve insulin sensitivity and the pattern
of fetal growth. However, randomized trials in obese women without preexisting
diabetes have not shown a beneficial effect on the development of gestational
diabetes, gestational weight gain, or adverse fetal/neonatal outcomes.

C. Invasive procedures — Bariatric surgery comprises surgical weight-loss methods,
the most common of which include Roux-en-Y gastric bypass (malabsorptive),
sleeve gastrectomy (restrictive), and adjustable gastric banding (restrictive) [18, 19].

Epidemiological evidence suggests that bariatric surgery reduces the risk of obese
women developing HDPs, including preeclampsia, by as much as 75% after bariatric
surgery [20-23]. A meta-analysis similarly showed that bariatric surgery could reduce
the risk of preeclampsia by one half (OR 0.45; 95% CI 0.25-0.80). The relationship
was maintained in subgroup analysis which compared (1) pregnancies with mater-
nal obesity postbariatric surgery to those without bariatric surgery and (2) mothers
who have had a pregnancy both before and after bariatric surgery (OR 0.20; 95% CI
0.08-0.51) [24].

Bariatric surgery has also been shown to reduce the risk of developing an LGA
fetus (OR 0.40; 95% CI 0.2-0.8) [24, 25]. Due to the hypothesized relationship between
LGA and preeclampsia described earlier, this may explain at least part of the reduction
in the risk of developing preeclampsia among postbariatric pregnancies. On the other
hand, however, there is evidence to suggest an increased risk for small-for-gestational

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

182 —— Section Il: Pregnancy management

age (SGA) fetuses after bariatric surgery (OR 1.93; 95% CI 1.52-2.44) [24]. Reduced rates
of LGA and increased rates of SGA are thought to be associated with poor maternal
nutrition status because of postbariatric surgery malabsorption issues, inadequate
nutrition, and/or dietary restrictions. Therefore, for obstetrical patients that have
previously undergone bariatric surgery, special attention has to be paid to maternal
nutrition status as well as fetal growth.

16.5.2 Prepregnancy counseling

Health care providers should seize the opportunity to discuss the above strategies for
weight loss prior to planning a conception. In addition, the following routine advice
is extremely relevant in the context of obesity and hypertension:

A. Assessment of baseline renal and cardiac function — In women with long-stand-
ing chronic hypertension of five or more years, an echocardiogram should be per-
formed to assess global heart function as well as left ventricular function [1]. It is
also good practice to establish baseline renal function, including assessment for
proteinuria and serum creatinine levels.

B. Optimization of blood pressure (BP) and antihypertensive medications — All medi-
cations should be reviewed and consideration should be given to discontinu-
ing medications that are potentially teratogenic such as angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, renin inhibitors, and mineralo-
corticoid receptor antagonists unless there is compelling reason such as the
presence of proteinuric renal disease. Stopping these medications could result
in the deterioration of renal function and a consultation with a nephrologist
and a maternal-fetal specialist to discuss the pros and cons of continuing these
medications versus using alternate medications such as labetalol, nifedipine,
and methyldopa, should be encouraged. Time should be allowed for optimizing
BP on the new medications prior to planning conception.

C. Folic acid supplementation — Given the higher rates of congenital malformations
in obese patients and some suggestion that hypertension might increase the risk
further, folic acid supplementation should be commenced at least 3 months prior
to planning a conception.

16.5.3 The antepartum period

Management in the antepartum period involves the following:

16.5.3.1 Weight management in pregnancy
Although obese women have increased odds of developing gestational hypertension
regardless of gestational weight gain [26], a prospective population-based cohort study of
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245,526 singleton term pregnancies in Sweden showed that obese women with low ges-
tational weight gain (<8 kg) had lower odds of developing preeclampsia (aOR 0.52; 95%
CI 0.42-0.62), cesarean sections (0.81, 0.73-0.90), instrumental deliveries (0.75, 0.63—
0.88), and LGA births (0.66, 0.59-0.75) [27]. Systematic reviews and meta-analyses
have suggested that interventions in pregnancy are successful in reducing gestational
weight gain (0.97 kg, 0.34-1.6 kg), the risk of preeclampsia (RR 0.74, 0.59-0.92), and
shoulder dystocia (RR 0.39, 0.22-0.70) [28]. Dietary interventions are the most effec-
tive, also resulting in a reduction in the risk of gestational hypertension (RR 0.30,
0.10-0.88) and preterm birth (RR 0.68, 0.48—0.96). The effect of diet and physical
activity in pregnancy on gestational weight gain is consistent irrespective of BMI
category and has a positive effect on clinical outcomes including cesarean section
rates and the outcomes of labor induction. There is no evidence of harm as a result of
dietary and physical activity based interventions in pregnancy.

A substantial body of published work identifies the components of effective diet and
lifestyle interventions, but the challenge is in engaging pregnant women to improve their
diets and lifestyles. However, it must be remembered that the effect of interventions in preg-
nancy is still more limited than lifestyle interventions instituted in the preconceptual period
[15]. Although highly motivated at this point of time, women cite physical inconvenience,
the limitations of being pregnant, and the lack of time for noncompliance with interven-
tions, especially physical activity during pregnancy [29]. The use of web-based platforms
[17] to promote diet and lifestyle improvement could show promise in pregnancy too.

16.5.3.2 Pharmacology

(A) Metformin — As mentioned earlier, although metformin should theoretically
improve insulin sensitivity and result in improved pregnancy outcomes, rand-
omized trials in obese women without preexisting diabetes do not show a benefi-
cial effect on the development of gestational diabetes, gestational weight gain, or
fetal/neonatal outcomes [15].

(B) Probiotics — Probiotics have been suggested because of their potential beneficial
effects on the gut microbiome, resulting in modification of lipopolysaccharides
and insulin sensitivity. The results of a randomized trial suggested that probiotic
administration from the first trimester until the end of breast-feeding alongside
dietary intervention helped to reduce the development of gestational diabetes
in these women [30]; however, these findings have not been replicated in other
studies. A more recent randomized trial did not show any improvement in glyce-
mic status following a 4-week course of probiotics [31].

(C) Multivitamins — A study conducted by Griffith University, Australia that
included 2,261 lean, overweight, and obese women as part of the Environ-
ments for Healthy Living Project showed that first trimester multivitamin/
mineral use was associated with a 62% (95% CI 16%-92%) reduced risk of
developing preeclampsia among obese women [32]. The study concluded that
multivitamins may be beneficial in reducing the incidence of preeclampsia in
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general, and especially in women that are overweight and obese. It must be
noted, however, that these findings were specific to the Australian population
studied and may not be generalizable in other settings.

(D) Low-dose aspirin — Chronic hypertension and BMI >30 are both independent risk
factors for developing preeclampsia (Tab. 16.3) and warrant the initiation of low-
dose aspirin prior to 16 weeks of gestation to prevent preeclampsia and other pla-
centally mediated problems in pregnancy [33, 34].

Tab. 16.3: Screening for preeclampsia before 16 weeks of gestation based on clinical risk factors
(from D’Souza and Kingdom [38]).

Major risk factors Moderate risk factors

— Prior preeclampsia — Prior placental abruption

- Known antiphospholipid syndrome — Prior stillbirth

- Known type 1 or type 2 diabetes mellitus — Prior fetal intrauterine growth

— Chronic hypertension restriction

— Assisted reproductive therapy in the current — Maternal age >40 years
pregnancy — Nulliparity

— Prepregnancy or early first trimester — Multifetal pregnancy
BMI >30 kg/m? — Known chronic kidney disease

— Known systemic lupus
erythematosus

Women should be considered at increased risk for developing preeclampsia if they have one major
risk factor, or at least two moderate risk factors

(E) Antihypertensive therapy — As mentioned earlier, consideration should be given
to changing potentially teratogenic antihypertensive medications such as angio-
tensin-converting enzyme inhibitors, angiotensin receptor blockers, renin inhibi-
tors, and mineralocorticoid receptor antagonists to medications such as labetalol,
methyldopa, and nifedipine.

16.5.3.3 Maternal and fetal surveillance

This should follow the guidelines set by the American College of Obstetricians

and Gynecologists’ Hypertension in pregnancy guidelines [37]. A summary of these

guidelines include:

(A) Home BP monitoring is suggested for those with chronic hypertension. BP should
be maintained between 120 and 160 mmHg systolic and 80 and 105 mmHg dias-
tolic. Antihypertensive medications should be administered if BP is greater than
160 mmHg systolic or 100 mmHg diastolic.

(B) Close monitoring for severe features of HDP (Tab. 16.4) is recommended, with serial
assessment of maternal symptoms and daily fetal movement, twice-weekly BP
measurement and weekly assessment of platelet counts and liver enzymes.
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Tab. 16.4: Severe features of HDP (any of these findings) — from ACOG [37].

— Systolic BP of 160 mmHg or higher or diastolic BP of 110 mmHg or higher on two occasions at
least 4 hours apart while the patient is on bed rest

— Thrombocytopenia (platelet count less than 100,000/mL)

— Impaired liver function as indicated by abnormally elevated blood concentrations of liver
enzymes (to twice normal concentration), severe persistent right upper quadrant or epigastric
pain unresponsive to medication and not accounted for by alternative diagnoses or both

— Progressive renal insufficiency (serum creatinine concentrations greater than 1.1 mg/dL or a
doubling of the serum creatinine concentration in the presence of other renal disease)

— Pulmonary edema

— New-onset cerebral or visual disturbance

(C) In the absence of severe features, two to four weekly ultrasound scans to assess
fetal growth and well-being should be undertaken. If there is evidence of fetal
growth restriction, feto-placental assessment that includes umbilical artery
Doppler velocimetry as an adjunct antenatal test is recommended.

(D) The decision to hospitalize for maternal and/or fetal indications should be
individualized.

16.5.3.4 The decision to deliver

The decision to deliver should be based on the presence of features of severe hyperten-

sion, gestational age, stability of the mother and fetus, and whether or not antenatal

corticosteroids have been administered. The amount or change in amount of proteinu-
ria should not be a consideration while planning delivery. In summary,

A. Inthe presence of gestational hypertension or preeclampsia without severe features,
expectant management until 37 weeks is suggested. Beyond 37 weeks, delivery rather
than continued observation is suggested, even in the absence of severe features.

B. Ifthe presence of severe features of HDP and those with unstable maternal or fetal con-
dition, delivery is recommended beyond 34 weeks, soon after maternal stabilization.

C. Under 34 weeks, with stable maternal and fetal conditions, it is recommended
that antenatal corticosteroids be administered for fetal lung maturation and con-
tinued pregnancy be undertaken only at facilities with adequate maternal and
neonatal intensive care resources. In the event of unstable maternal or fetal con-
dition, delivery should be expedited regardless of whether antenatal corticoster-
oids have been administered.

D. Presence of severe features of HDP prior to fetal viability warrants delivery after
maternal stabilization with no attempt at expectant management.

16.5.4 Labor and delivery

The mode of delivery should be determined by fetal gestation, fetal presentation, cervi-
cal status, and maternal and fetal conditions. Intrapartum monitoring and anesthesia
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— wherever the clinical condition permits, neuraxial analgesia and anesthesia (either
spinal or epidural) are recommended. Even with severe features, invasive hemody-
namic monitoring is not routinely recommended, and the decision should be indi-
vidualized. Magnesium sulfate for seizure prophylaxis is only recommended if the BP
is >160 mmHg systolic and 110 mmHg diastolic.

16.5.5 The postpartum period

16.5.5.1 Thromboprophylaxis

Both obesity and hypertension are risk factors for postpartum thromboembolism and
consideration should be given to thromboprophylaxis after both vaginal and espe-
cially cesarean delivery.

16.5.5.2 Monitoring for postpartum preeclampsia

Discharge instructions should be exhaustive and include warning signs for the
development of severe features of hypertension. In case of the development of
severe features, magnesium sulfate is indicated [37].

16.5.5.3 Lifestyle modifications for weight loss

Contrary to the lack of evidence in the preconception period, there is some evidence
to guide lifestyle modifications in the postpartum period. Systematic reviews [35, 36]
of randomized trials concluded that postpartum interventions were successful with
some suggestion that the combination of diet and physical activity with an element
of supervision or professional support was the most effective intervention for weight
loss. However, the most effective time during the postpartum period for intervention
is unclear as is the point between pregnancies at which weight loss might be most
beneficial for the mother and her future offspring.

16.5.5.4 Breast-feeding

Exclusive breast-feeding increases the probability of returning to prepregnancy
weight and BMI in the postpartum period, but its effectiveness as a weight-loss strat-
egy postpartum seems to depend on the timing of measurements and whether or not
the mother breast-feeds exclusively.

16.5.5.5 Follow up

Given the eight-to-ninefold increased risk for cardiovascular disease in later life,
these women should be followed by yearly assessment of BP, lipids, fasting blood
sugar, and BMI assessment [37].
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17 Venous thromboembolism in the obese
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17.1 Background and epidemiology

Venous thromboembolism (VTE) remains among the leading causes of maternal mortal-
ity in the developed world [1, 2]. VTE can take the form of deep vein thrombosis (DVT),
pulmonary embolism (PE) or more rarely, cerebral vein thrombosis (CVT) [2]. Although
the third trimester and the first three weeks postpartum convey a higher risk of an event
[3, 4], the risk of VTE in the first and second trimesters remains significant [5].

The incidence of VTE in pregnancy stands at 5.4 events/10,000 pregnancies
antenatally, 7.2/10,000 peripartum, and 4.3/10,000 postnatally [6]. This converts to
a fivefold higher risk of VTE antepartum compared with the nonpregnant state, and
a fourfold higher risk of DVT and 15-fold higher risk of PE postpartum as compared
with antepartum [7].

The reported mortality rate of pregnancy-related VTE ranges between 0.79 and
1.1 per 100,000 deliveries [2, 8], with the most recent report of the Confidential Enquir-
ies into Maternal Deaths in the UK (CEMD-UK) registering 18 VTE-related deaths
(16 following PE and two following CVT) [2], and a Canadian report linking 17%
(55 of 324) of maternal deaths between 1981 and 2004 to pregnancy-related PE [9].

VTE in pregnancy is potentially preventable through timely institution of throm-
boprophylaxis [2], as it is often heralded by readily identifiable risk factors [2, 10].
VTE risk has been noted to be 38% higher after age 35 and 64% higher in the African
American population (compared with other races) [8]. Medical conditions were also
significantly associated with an increased risk of VTE as follows: hypertension, odds
ratio (OR) 1.8; obesity, OR 4.4; sickle cell disease, OR 6.7; heart disease, OR 7.1; lupus,
OR 8.7; antiphospholipid antibody syndrome, OR 15.8; previous thrombosis, OR 24.8;
and thrombophilia, OR 51.8 (38.7-69.2) [8]. Pregnancy-related factors and complica-
tions of pregnancy were likewise shown to increase risk of VTE as follows: multiple
gestation, OR 1.6; anemia, OR 2.6; hyperemesis, OR 2.6; disorders of fluid/electrolyte/
acid-base balance, OR 4.9; antepartum hemorrhage, OR 2.3; postpartum infection,
OR 4.1; postpartum hemorrhage, OR 1.3; transfusion, OR 7.6 [8].

Obesity in particular has been recognized by the most recent report of the
CEMD-UK as the principal contributor to the risk of VTE in pregnancy, with 12 of
16 women who died as a result of VTE observed to have an elevated body mass
index (BMI) [2]. In a national matched case-control study utilizing the UK Obstetric
Surveillance System, 70% of women with antenatal PE had a recognizable risk factor
for VTE, with a BMI in the obesity range (>30 kg/m?) noted in 28% [11]. A recent
systematic review found a doubling of risk for VTE in the obese patient (OR of 2.33;
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95% CI1.68-2.34) [12]. Additionally, a gradient response for the risk of VTE and obesity
has been observed, with morbidly obese patients (BMI >40 kg/m?) at greater risk than
those with a BMI of 30 to 40 kg/m? [13]. Furthermore, risk factors seem to have an
additive effect on the degree of risk [10].

These findings are all the more concerning given the continued increase in the
rate of prepregnancy obesity (BMI >30 kg/m?) from 13% in 1994 to 22% in 2003 [14],
with predictions that as the worldwide prevalence of obesity increases, the incidence
of VTE will also increase in parallel [15].

17.2 Pathogenesis of VTE

Virchow’s triad (comprised of venous stasis, hypercoagulable blood, and vascu-
lar damage) as the evoking mechanism for VTE has been well accepted [16]. The
normal, physiological changes of pregnancy have the capacity to affect all three
of these domains. Venous stasis is exacerbated with advancing gestation through
progesterone-mediated venodilation, venous compression of the pelvic veins by the
gravid uterus, and anatomic compression of the left iliac vein by the right iliac artery
that crosses it [17]. This latter element explains the preponderance of VTE for the
left lower extremity [15, 18]. Additionally, a shift within the coagulation pathway in
favor of hypercoagulability is induced in anticipation of blood loss during parturi-
tion; reflected by the increase in procoagulant factors (fibrinogen and factors V, IX,
X, and VIII), decrease in anticoagulant activity (reduction in protein S and increase
in activated protein C resistance), and decrease in fibrinolytic activity (increase in
plasminogen activator inhibitor type 1 and 2 and reduction in tissue plasminogen
activator), leading to enhanced thrombin generation and diminished clot dissolu-
tion [17]. The risk for VTE in light of the hypercoagulable state of pregnancy is further
increased in those with congenital or acquired thrombophilia [8]. Finally, vascular
damage of pelvic vessels is induced during vaginal delivery, and more so during
assisted delivery or cesarean section [17].

In addition to these pregnancy-related alterations, the elements of the
Virchow’s triad are further affected by obesity. The increased abdominal fat content
and chronically elevated intra-abdominal pressure may limit venous return [15]
beyond the reduction already exerted by the gravid uterus. Difficulties with mobility
and altered gait may result in relative immobility [15], compromising venous return
and increasing VTE risk.

Furthermore, the recognition that adipose tissue is highly metabolically
active, releasing substances such as interleukin-6, plasminogen activator inhibi-
tor-1, tumor necrosis factor-a, and tissue factor [19], creating proinflammatory,
prothrombotic, and hypofibrinolytic effects [10], as well as enhanced oxidative
stress and endothelial dysfunction, compounding the risk of a thromboembolic
event [20].
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17.3 Prevention of VTE in obese pregnant women

Current guidelines recommend that patients at risk for VTE receive prophylactic anti-
coagulation when the estimated risk of VTE is considered to be greater than 1% [18].
Although obesity alone is not considered an indication for antenatal thromboprophy-
laxis [18, 21, 22], the compounding effect of multiple risk factors on the risk of VTE
must be considered. In particular, the finding by Jacobsen et al. [23] that pregnant
women with a BMI of >25 kg/m? who were immobilized antenatally had a markedly
greater risk of VTE (aOR 62.3; 95% CI 11.5-338.0). Various professional organizations
have developed recommendations for thromboprophylaxis against VTE in pregnancy
that reflects these considerations [18, 21, 22, 24].

Low-molecular weight heparin (LMWH) has replaced unfractionated heparin
(UFH) as the preferred anticoagulation agent in pregnancy [18, 21, 22, 24], as dis-
cussed under the section Choice of treatment agent. Table 17.1 delineates the pro-
posed weight-based doses for LMWH prophylaxis. Initial or current pregnancy weight
is used for calculation of the prophylactic dose [21]. Although some guidelines rec-
ommend absolute prophylactic doses [18], with a caveat that doses may need to be
adjusted at extremes of body weight [22, 24], others suggest weight-based dosing [21],
given the observation that some obese women who experienced a PE antenatally were
receiving prophylactic doses of LMWH recommended for women of lower weight [11];
although these weight-based doses are not evidence-based [21].

Tab: 17.1: Weight-based dosing of LMWH.

Indication Weight (kg) Agent (administered subcutaneously)
Enoxaparin (mg) Dalteparin (units) Tinzaparin (units)
Prophylactic <50 20 mg daily 2,500 units daily 3,500 units daily
[21] 50-90 40 mg daily 5,000 units daily 4,500 units daily
91-130 60 mg daily 7,500 units daily 7,000 units daily
131-170 80 mg daily 10,000 units daily 9,000 units daily
>170 0.6 mg/kg 75 units/kg daily 75 units/kg daily
Therapeutic 1 mg/kg bid or 200 units/kg daily 175 units/kg daily
[18, 24] 1.5 mg/kg daily or 100 units/kg bid

17.4 Clinical manifestations of VTE

A raised index of suspicion for the signs and symptoms of VTE is vital for prompt
investigation and management, which may in turn diminish mortality [25]. This aim,
however, is hampered by the overlap of the typical symptoms of VTE (particularly
leg swelling, dyspnea, tachypnea, and tachycardia), with the nonspecific complaints
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often reported by individuals experiencing an uncomplicated pregnancy [26], and
even more frequently by pregnant obese patients [25], at times resulting in a delay of
diagnosis [27].

Unilateral leg swelling and pain (particularly in the left leg) are more sugges-
tive of DVT [28], and may be accompanied by local tenderness and warmth, and
sometimes leukocytosis [25]. More specific features, such as recent immobilization,
calf asymmetry of >3 cm (with calf circumference measured 10 cm below the tibial
tuberosity), or swelling of one entire leg [29] should prompt investigation. Likewise,
atypical symptoms, including abdominal pain, or isolated pain in the groin, flank, or
buttock may also be seen and should not be dismissed, given the higher frequency of
isolated iliac vein thrombosis in pregnancy [30]. The most common symptoms of PE
include shortness of breath and chest pain, followed by cough, syncope, and hemop-
tysis [29, 31]. Increased jugular venous pressure and cardiovascular collapse have also
been noted [29]. The symptoms of PE may be present in the absence of or in addition
to symptoms of DVT [29].

In the absence of a specific contraindication, once suspicion of VTE exists, thera-
peutic anticoagulation should be initiated pending confirmatory investigations [17].

17.5 Diagnostic modalities

Diagnosis of VTE in pregnancy requires a modification of standard VTE testing, as
prediction rules and algorithms are extrapolated from the nonpregnant population
and remain unvalidated in pregnancy [17, 18]. Diagnostic VTE algorithms for nonpreg-
nant patients often call for inclusion of a D-dimer level, a marker with high sensitivity,
but low specificity [32]. Interestingly, D-dimer levels do not seem to be affected by BMI
[33]. However, in the context of pregnancy, the interpretation of D-dimer is hindered
by its normal, physiologic increase [34]. Although some suggest the D-dimer may
have a role in the evaluation of VTE in pregnancy given its high negative predictive
value [35], others caution that further validation is necessary before its incorporation
[30]. Current guidelines discourage the use of clinical prediction rules or sole reliance
on negative D-dimer results (without objective investigations/imaging) for exclusion
of VTE in pregnancy [18].

17.6 Deep vein thrombosis

The approach for the diagnosis of VTE in pregnancy is shown in Fig. 17.1. Compres-
sion ultrasound (CUS) of the proximal venous system is the imaging modality of
choice for the diagnosis of DVT in pregnancy [30], particularly given its noninvasive
nature and the absence of radiation exposure [36]. Ultrasound examination targeted
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to visualize areas from the iliac vein to the popliteal vein [18, 25, 37], including
Doppler assessment of blood flow in the iliac vein (which is noncompressible),
is vital given the higher incidence of iliac vein DVT [38]. Although a single CUS
negative for DVT has been shown to have a negative predictive value of 98.9%
(95% CI 95.5-99.8) in pregnant and postpartum women [36], current recommenda-
tions suggest a repeat CUS within 7 days [18]. Where absence of flow is noted in the
iliac vein, suggesting obstruction, an MRI could be considered to further delineate
the findings [18].

Suspected DVT

Compression ultrasound of entire proximal venous system from iliac
to popliteal vein and Doppler examination of external iliac vein

DVT DVT not Consider MRl if isolated

diagnosed diagnosed iliac vein DVT is suspected
based on symptoms and

| Doppler examination of

Repeat above ultrasound external iliac vein

examination within 7 days

|
DVT diagnosed | DVT not diagnosed |

| Clinical follow-up |

Fig. 17.1: Proposed algorithm for the diagnosis of DVT in pregnant women (from Chan et al. ) Obstet
Gynaecol Can 2014;36(6):527-53) [18].

17.7 Pulmonary embolism

The approach for the diagnosis of PE in pregnancy is shown in Fig. 17.2. When a PE
is suspected based on respiratory symptomatology, evaluation for a DVT should
still be carried out [18, 30, 39]. When a DVT is confirmed, therapeutic anticoagula-
tion is indicated as it would be for a PE, and confirmation of a PE may not be neces-
sary, permitting the avoidance of radiation exposure inherent to imaging modalities
for the diagnosis of PE [30, 39]. When CUS is negative for DVT or is unavailable,
diagnostic imaging in the form of ventilation/perfusion (V/Q) scan or computer
tomographic pulmonary angiography (CT-PA) will be required for the diagnosis of
PE [18, 39].
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Suspected PE

| Bilateral ultrasound examination of lower extremity*

DVT DVT not
diagnosed diagnosed
I I

Start
treatment VQscan

I I
| Normal | |Non-diagnostic| High probability
I

I |
High/moderate

Low pretest T

pretest t
Serial Spiral CTA PE
ultrasound scan ¥ diagnosed
exams of lower
extremity*

* Bilateral US should include examination of the iliac veins with Doppler manoeuvers
t Pretest determined by clinician’s subjective assessment
¥ Modification in spiral CT protocol should be considered for pregnant patients

Fig. 17.2: Proposed algorithm for the diagnosis of PE in pregnant women (from Chan et al. ] Obstet
Gynaecol Can 2014;36(6):527-53) [18].

The fetal dose of radiation has been reported as 0.01 mGy for CT-PA and 0.12 mGy for
the perfusion portion of the V/Q scan; corresponding with estimates of fatal malig-
nancy to 15 years of age of <1/1,000,000 and 1/280,000, respectively [40]. Although
CT-PA is advantageous to the fetus, it is worth considering that the levels of fetal
radiation for both modalities are well below the accepted safety thresholds, reflect
extremely low absolute risks, and are not associated with teratogenicity [41]. In con-
trast, the radiation dose to the maternal breast has been reported at 10 mGy for CT-PA
versus 0.28 mGy for the perfusion part of a V/Q scan, translating to 40 times the dose
at a sensitive time of breast tissue proliferation [40], raising concerns of increased
lifetime risk of breast cancer [30, 39].

Considering that significantly fewer pregnant women with suspected PE will have
nondiagnostic V/Q scans in comparison to the nonpregnant population (likely owing
to less concomitant respiratory disease) [42], V/Q scans provide an attractive option
for imaging of pregnant women suspected of PE, particularly when only the perfu-
sion portion of the V/Q scan is performed. Indeed, preferential utilization of V/Q over
CT-PA in these circumstances has been endorsed and imbedded in current guidelines
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[18, 39]. However, when lung pathology is present (increasing the risk of a nondiag-
nostic V/Q scan), proceeding straight to CT-PA may be prudent. The most appropriate
modality can be clarified by first requesting a chest X-ray (CXR), with subsequent per-
fusion portion of a V/Q scan if CXR is negative, or CT-PA instead if CXR is positive [39].

17.8 Cerebral vein thrombosis

Although CVT is encountered more rarely than DVT and PE, with a documented
incidence of 0.01% to 0.04% [18]. In a case-control study, obesity (BMI >30 kg/m?)
in women was found to be associated with CVT (with an adjusted odds ratio (aOR)
of 3.50; 95% CI, 2.00-6.14), whereby oral contraceptive use increased the risk even
further (aOR 29.26; 95% CI, 13.47-63.60) [43]. Pregnancy, particularly the third tri-
mester and the puerperium, has likewise been found to be a risk factor for CVT [44].
Characteristic symptoms include diffuse, increasingly more severe headache, and
occasionally “thunderclap” headache, which may be the sole manifestation [45].
Headache may be accompanied by papilledema and sometimes diplopia, as a result
of sixth nerve palsy [44]. Seizures, altered level of mentation, and focal deficits are
also commonly seen [46]. Computed tomography (CT) without contrast will often be
normal despite the presence of CVT [44]. Time-of-flight magnetic resonance venog-
raphy is the imaging modality of choice for the diagnosis of CVT [47], particularly in
pregnancy, as it does not require contrast and eliminates concerns with respect to
exposure to ionizing radiation used in CT venography. Once diagnosed, therapeutic
anticoagulation, as described below for VTE in pregnancy should be initiated [18].

17.9 Management of acute VTE
17.9.1 Choice of treatment agent

LMWH is currently considered to be the first-line treatment for VTE in pregnancy, with
UFH remaining an option if LMWH is unavailable or contraindicated [18, 22, 24, 39].
Both agents enhance antithrombin’s activity (including anti-factor Xa and anti-factor
Ila activity), decrease continued thrombus formation, and permit fibrinolysis of the
existing thrombus [17]. Neither LMWH nor UFH cross the placenta [48, 49]. The safety
and efficacy of LMWH for treatment of VTE in pregnancy has been demonstrated in
a systematic review [50], particularly in relation to the lower risk of heparin-induced
thrombocytopenia (HIT), osteoporosis, and bleeding, favoring LMWH as compared
with UFH [50-52]. Although no cases of HIT have thus far been reported in pregnant
patients receiving LMWH [50], in the setting of HIT or allergy to UFH/LMWH, hepara-
noids (i.e., danaparoid and fondaparinux), which do not cross-react with HIT antibod-
ies, may be administered in pregnancy in consultation with a hematologist [53, 54].
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Warfarin, a vitamin K antagonist, crosses the placenta and given the risks of
embryopathy, fetal loss, and fetal bleeding [55-57], it should not be used for the treat-
ment of VTE in pregnancy, except under exceptional circumstances [18, 22]. Avoid-
ance of novel anticoagulation agents such as oral direct thrombin inhibitors (i.e.,
dabigatran) and anti-Xa inhibitors (i.e., rivaroxaban, apixaban) is likewise recom-
mended, as there is no data on their use in pregnancy [18, 22, 24].

In view of the potential hemorrhagic complications, thrombolytic therapy
(streptokinase, r-tPA, urokinase) in pregnancy should be reserved strictly for cases
of massive, life- or limb-threatening VTE, or ones characterized by hemodynamic
instability [18, 24, 39, 58, 59].

The role of vena cava filters in pregnancy is likewise limited. These can be consid-
ered in the setting of acute VTE where labor is imminent or where anticoagulation is
contraindicated by significant bleeding [18, 60-62].

17.9.2 Anticoagulation dosage and duration

Therapeutic LMWH is weight-based and the recommended treatment doses in preg-
nancy for the most commonly used formulations are presented in Tab. 17.1.

Physiologic changes in pregnancy, including expansion of maternal blood volume
nearing 50% by the third trimester, enhancement of glomerular filtration with conse-
quently higher renal excretion, and intensification of protein-binding, affect the phar-
macokinetics of UFH and LMWH [63]. Twice-daily dosing has been suggested by some
to maintain therapeutic anticoagulation levels [18, 39]. Yet uncertainty with respect
to the need for twice daily dosing remains, as some studies have questioned its lack of
superiority to once-daily dosing [64], and a population study of the pharmacokinetics
of LMWH in pregnancy demonstrated that the half-life of enoxaparin is prolonged as
pregnancy advances, supporting the use of once-daily dosing [63]. Although some
current guidelines suggest twice-daily dosing [18, 39], others mention the possible
utility of twice-daily dosing but leave open the option of once-daily LMWH adminis-
tration [22, 24].

Similarly, the need for anti-FXa monitoring in pregnancy has been questioned,
as adjustment of LWMH to maintain specific anti-FXa targets has not been shown
to affect outcomes in pregnant women with VTE [65]. Given the costs of the assay,
inconsistency between assays, and lack of correlation of laboratory levels with clini-
cal events, one guideline labels anti-FXa monitoring controversial [18], another sug-
gests it is hard to justify [5], and a third does not recommend it except at extremes of
weight or in complex circumstances such as renal impairment [39].

Anticoagulation treatment for acute VTE in pregnancy should continue for the
length of the pregnancy and for at least 6 weeks postpartum, and for a total duration
of at least 3 months [18, 24, 39]. Either LMWH or warfarin may be used postpartum
and both are compatible with breast-feeding [18, 24, 39].
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17.9.3 Peripartum management of anticoagulation

Prophylaxis should be halted at the onset of 1abor, or in the case of planned induction
of labor or cesarean section, the last dose should be taken the day before [15, 18, 39].
It is recommended that patients being managed with therapeutic anticoagulation have
a planned delivery [15, 18]. Neuraxial anesthesia may be administered safely 12 hours
following a prophylactic dose of LMWH and 24 hours after a therapeutic dose [66].

If the VTE was diagnosed 2 to 4 weeks prior to delivery, LMWH should be
transitioned to intravenous UFH during labor, as this minimizes the length of time
anticoagulation is interrupted [18, 24]. Neuraxial anesthesia may be placed 4 hours
after discontinuation of IV UFH, when aPTT returns to normal [18].

17.9.4 Re-initiation of anticoagulation postpartum

LMWH should be re-initiated 4 to 6 hours following vaginal delivery and 6 to 12 hours
following cesarean section [22], and at least 4 hours following removal of the epidural
catheter [66]. A prophylactic dose of LMWH may be given at that time once hemostasis
is satisfactory, and followed by a therapeutic dose 24 hours later, as indicated [18].
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18.1 Introduction

Despite the alarming prevalence of obesity worldwide, current efforts to mitigate the
adverse effects of obesity and its comorbidities by behavior modification or dietary
restriction have produced mixed results [1-3]. Importantly, these treatment challenges
extend to women of reproductive age, a population in which overweight and obesity
are increasing [4]. In countries such as Canada and America, more than 30% of
women of reproductive age are estimated to be obese [4—6]. Prepregnancy overweight
and obesity, and increasingly even normal weight, are also associated with exces-
sive gestational weight gain and postpartum weight retention [7, 8]. Left unresolved,
maternal obesity and postpartum weight retention have long-term implications for
the health of the mother and that of her child [9]. The lack of progress in reducing the
incidence and burden of obesity suggests that the mechanisms driving its pathogen-
esis have yet to be fully elucidated. Furthermore, it is likely that a new approach is
needed for early identification of girls and women at-risk for metabolic compromise,
and for the development of new therapies that target modifiable factors on the causal
pathway to obesity and its comorbidities. Emerging evidence suggests that the gut
may be a potential mediator of obesity and provide new insights into the pathogen-
esis and treatment of the disease.

18.2 The gut as a gatekeeper of health

Obesity is a complex disease and there are many factors that are associated with
weight. These include (epi)genetics, nutrition, environment, behavior, and physiol-
ogy (including normal physiologic adaptations permissive of increased adipose depo-
sition, such as pregnancy). Gut bacteria (microbiota) may be another factor underly-
ing obesity onset and additionally explain relationships between host genetics, the
environment, and the obese phenotype.

It should not be surprising that there is renewed interest in the gut and its role in
health and disease states. The gastrointestinal system and its resident microbes are
critical for nutrient production, metabolism, and uptake [10, 11]; development and
function of gut epithelial cells [12]; metabolism of drugs [13, 14]; and development
and activity of the immune system [12]. Recent evidence has linked microbiota in the
gut and their collective genomes/gene products (the microbiome) to human health,
where shifts in microbial community structure and function (dysbiosis) are associated
with diseases such as obesity and type 2 diabetes (T2D) [15-19]. Changes in diet can
also affect the host’s gut microbiome [20, 21], and an individual’s nutritional history
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likely has a profound effect on establishing the community of gut bacteria that reside
and persist there [22, 23]. Collectively, these observations have led to the development
of a new concept “MicrObesity”, which aims to understand the contributions of the
gut microbiome to host metabolism and energy storage [24].

18.2.1 Contributions of the gut microbiome to obesity onset in the nonpregnant state

The precise contributions of gut microbiota to the regulation of weight and meta-
bolic function of the host are not well understood. This may in part be due to the
vast number and diversity of bacteria that inhabit the gut. New estimates place the
number of bacterial cells in the human gut to be only slightly more than our total
number of human cells, and reveal that gut bacterial concentrations are similar in
obese and nonobese individuals [25]. Yet, to fully appreciate the influence of gut
microbes on health, one must look beyond bacterial types and numbers and assess
what these microbes are in fact doing by studying their function at the genetic and
metabolic levels. This is a daunting task, for there are more than 3 million microbial
genes in the human gut microbiome [26] (compared with the ~20,000 genes in the
human genome), and we do not yet know the extent to which functional redundancy
is built in to the gut microbiome. The result is a complex ecosystem that behaves like
an organ and whose dynamic nature can affect not only the local environment in
which these microbes reside (and thus, the function of the microbes themselves) but
also distal tissues and organs in the host. In fact, gut microbes may modify the per-
meability of key tissue barriers [27-29], and it has been estimated that up to one-third
of blood metabolites have bacterial origin [30, 31], highlighting the expansive reach
microbes can have throughout the body.

Despite the complexity of the gut microbiome and its interactions with the host,
research over the last decade has begun to reveal that gut microbes participate in
key pathways linked to metabolic dysfunction and obesity onset: inflammation, fat
storage, and insulin resistance. It is recognized that bacteria are critical for immune
system regulation and that inflammation in the gut may influence that in the periph-
ery [32]. Obesity [33, 34] and T2D [35, 36] are associated with chronic systemic low-
grade inflammation. Bacterial endotoxins (lipid components of the cell wall of Gram-
negative bacteria) are considered key activators of inflammatory pathways in these
diseases. Endotoxin levels have been shown to increase with a high-fat diet, and
they initiate inflammation and weight gain in animals [37]. In obese humans, altered
composition of the gut microbiome, characterized by reduced bacterial diversity
and increased abundance of proinflammatory bacteria, is associated with increased
inflammation in the gut and periphery compared with nonobese subjects [38]. It has
thus been proposed that the gut microbiome should be thought of as an immune
system [39], functioning to maintain physiologic homeostasis in the host, but at
times, activating immune pathways that underlie many noncommunicable diseases.
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Gut microbes also permit fat deposition in the host and have increased capacity to
utilize energy [16, 40]. The mechanism through which this occurs is being investigated
in detail and broadly involves altered communication between the gut and peripheral
sites critical for maintaining host energy balance. In brief (reviewed by Geurts et al.
[41] and Musso et al. [42]), the gut and its resident microbes sense signals from the
environment, including nutrients, metabolites, hormones, and inflammatory factors.
In response, the gut signals, through the circulation and afferent nerves, to organs
that regulate food intake and energy expenditure, namely, the brain, liver, adipose
tissue, and muscle [41, 42]. Crucially important to energy balance may be the ability
of gut bacteria to metabolize complex carbohydrates indigestible by human intestinal
enzymes. Bacteria that can ferment these carbohydrates produce simple sugars and
short-chain fatty acids (SCFAs; namely, acetate, propionate, and butyrate), the latter
of which are readily available for intestinal absorption and serve as substrates for
different metabolic processes [43]. Butyrate is a source of energy for epithelial cells in
the colon, whereas acetate and propionate are taken up by the portal circulation and
are used in cholesterol synthesis or hepatic gluconeogenesis and lipogenesis, respec-
tively [43]. SCFAs provide excess energy to the host, and can regulate fat storage and
further nutrient absorption [40, 44, 45]. In humans and animals, obesity is associated
with a microbiome enriched in bacteria that enhance these fermentation processes,
in part, rendering the microbiome more effective in producing SCFAs and harvest-
ing energy, which may underlie adipose tissue expansion and obesity onset [15, 16].
Therefore, dietary substrates consumed by the host are important not only for deter-
mining host nutritional status but also for feeding the resident microbes that influ-
ence host nutrient availability and metabolism.

Another factor that may be critical to energy balance regulation and link these
processes with immune and microbial systems is the adipokine leptin [46]. Independ-
ent of obesity, leptin concentrations increase following acute phase cytokine stimu-
lation, endotoxin challenge, and bacterial infection [37]. Additionally, experimental
models have shown that leptin deficiency [15], or the absence of the leptin receptor
[47], result in an obese phenotype, low-grade inflammation, and gut microbial dys-
biosis. Leptin resistance in the brain [48] or at peripheral sites [49], key features of
obesity, may be regulated in part by gut microbes, and changing the types of microbes
present in the gut can reduce inflammation, which may improve leptin sensitivity [49,
50]. Importantly, new evidence has revealed that leptin plays a direct role in regulat-
ing the composition of the gut microbiome independent of food intake by the host
[51]. Whether gut microbes can directly influence inflammatory signals in the brain
that regulate central leptin resistance [52] remains to be determined. Thus, interac-
tions between leptin and the gut microbiome may offer new insights into the etiology
of obesity.

Although it is difficult to isolate the effects of gut microbes on host glucose metab-
olism and insulin sensitivity independent of changes in adiposity, a growing body
of evidence indicates that the microbiome does play a role in glucose control [42].
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Impaired glucose tolerance and insulin sensitivity and T2D have all been associated
with higher bacterial endotoxin levels [37, 53, 54]. More specifically, gut microbial dys-
biosis, including a decrease in the abundance of bacteria that produce butyrate, has
been observed in human and animal models of insulin resistance and diabetes [17, 18,
55]. One small intervention study has even shown that fecal transfer from lean donors
to insulin-resistant men with metabolic syndrome improves muscle insulin resistance
in recipient men, associated with increased gut microbial diversity and abundance
of butyrate-producing bacteria [56]. The mechanisms through which gut microbes
may confer an insulin-resistant phenotype in the host are slowly being uncovered
(reviewed in detail by Musso et al. [42] and Caricilli and Saad [57]). These include
microbial interactions with the environment (namely, dietary substrates consumed
by the host) and with the intestinal barrier (including factors that govern intestinal
permeability, hormone production, and gene expression) to activate inflammatory
and stress pathways that contribute to the onset of insulin resistance.

18.3 Expanding the pregnancy narrative to include the microbiome

Major physiologic adaptations that occur with normal pregnancy resemble pheno-
types associated with metabolic dysfunction in the nonpregnant state. For example,
inflammation in the maternal peripheral circulation and in the local environments
of the uterus and placenta is altered with advancing gestation in normal pregnancy
[58, 59]. Pregnancy is also characterized by an increase in maternal fat deposition
[60], and as gestation advances, the increased fat stores are distributed at visceral
rather than subcutaneous sites [61]. This parallels the increases seen in periph-
eral leptin [62] and lipid [63] concentrations with advancing gestation in normal
pregnancy. Furthermore, early pregnancy is associated with maternal insulin
sensitivity, whereas late pregnancy is characterized by insulin resistance [64, 65].
Collectively, these physiologic shifts are required to provide more resources to the
rapidly developing fetus and placenta, and to provide the mother with energy and
nutrients essential for parturition and lactation [66]. In contrast, elevated maternal
BMI is associated with an increase in proinflammatory biomarkers in the maternal
circulation and an activation of proinflammatory pathways in the placenta [67].
Throughout pregnancy, overweight and obese women have greater fat stores in all
anatomic sites compared with normal weight women, but gestational measures of
the abdominal fat index (a surrogate for visceral fat) indicate that it increases to
a lesser degree across pregnancy in overweight and obese than in normal weight
women [61]. This may in part be explained by the common observation that over-
weight and obese women gain weight more slowly during pregnancy than women
with a normal prepregnancy BMI. Consistent with this, in overweight and obese
women, leptin levels are higher, but increase to a lesser degree (as do peripheral
lipid levels [63]), over the course of pregnancy than in normal weight women [62].
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Interestingly, the concentration of leptin per kilogram of maternal body weight has
been observed to decrease in overweight and obese women, but increase in normal
weight women, with advancing gestation [62], suggesting that although leptin gen-
erally circulates in the body at levels proportional to body fat, there may be addi-
tional mechanisms that regulate leptin levels in the overweight or obese woman
during pregnancy. Beyond the fact that prepregnancy overweight and obesity can
situate mothers on a path towards increased inflammation and decreased insulin
sensitivity [33, 68], and put these women at increased risk for gestational diabetes
[69], these metabolic conditions also have consequences for the developing fetus,
including earlier and greater delivery of nutrient substrates and proinflammatory
factors through the placenta [70].

18.3.1 The gut microbiome and maternal adaptation to pregnancy

If gut microbes modify blood metabolites, these, and other signals originating from
the gut, can thus target not only maternal tissues but also the placenta and fetus.
We therefore must consider that the maternal gut microbiome represents a third
genome, actively participating in the adaptation to pregnancy and the programming
of fetal development. Although limited evidence points to a role for gut microbes in
pregnancy-associated physiologic changes, it is likely that the interactions that occur
between the environment, host physiology, and the microbiome in the nonpregnant
state also exist in pregnancy. It has been shown that normal pregnancy alters the
gut microbiome, where the abundance and diversity of microbes in the maternal
gut change with advancing gestation, including a reduction in the abundance of
butyrate-producing bacteria [71]. The maternal gut microbiome in the first trimester
of pregnancy more closely resembles that of a nonpregnant individual than that of a
woman in the third trimester [71]. The third trimester microbiome is characterized by
reduced bacterial diversity compared with the first trimester microbiome [71], similar
to the microbial dysbiosis seen in overweight, obese, and inflammatory phenotypes
[55, 72, 73], and the composition of this late pregnancy gut microbiome seems to be
maintained at least until 1 month postpartum [71, 74]. Elegant experiments using
germ-free mice (mice that do not have a microbiome of their own) have aimed to deter-
mine what these microbial changes mean for normal pregnancy. In these studies,
stool (and hence, the microbiome) from pregnant women collected either in the first
or third trimester was transferred to germ-free mice [71]. Mice that received the third
trimester stool showed increased adiposity and insulin insensitivity compared with
first trimester recipients [71]. Collectively, these data suggest that gut microbes may
be permissive of the normal metabolic changes that occur in pregnancy, namely,
increased adipose deposition and insulin resistance with advancing gestation, and
may therefore aid the mother in meeting the increased energy requirements for preg-
nancy, parturition, and lactation.
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Late pregnancy is also a time of increased inflammation [58, 59], and gut microbes
may be active participants in these proinflammatory processes. Biomarkers of intestinal
inflammation are present in stool from third trimester pregnant women [74], and induce
a small inflammatory response in germ-free mice [71]. Experimental models that influ-
ence maternal weight have found significant relationships between the abundance of
specific bacteria in the maternal gut microbiome at the end of pregnancy and circulat-
ing, or small intestinal, proinflammatory cytokine and chemokine concentrations [75].
These relationships are similar to those seen in nonpregnant obese individuals where
increased inflammation has been observed locally and peripherally, and is associated
with changes in levels of potentially proinflammatory gut bacteria [38].

Therefore, as in the nonpregnant state, immune, endocrine, and metabolic
signals of pregnancy may converge at the gut. Resident microbes may be necessary
for the physiologic changes that occur with normal pregnancy, and consequently rep-
resent a new entity that must be considered to comprehensively understand maternal
adaptation to pregnancy.

18.4 MicrObesity in pregnancy

Given the established links between gut microbial dysbiosis and metabolic diseases in
the host, and that the gut microbiome likely plays a role in normal physiologic adap-
tations to pregnancy, it is natural to wonder what effect prepregnancy overweight or
obesity have on the maternal gut microbiome. Studies are under way to answer this
question. One of the earliest (that did not benefit from next generation sequencing
that is commonplace today) found that as in normal weight women, the composition
of the gut microbiome changed from the first to third trimester in women who were
obese before pregnancy [76]. Furthermore, the abundance of bacteria representa-
tive of the Firmicutes phyla was higher in overweight stool, as were Staphylococcus
and Bacteroides, and although there were no differences in gestational weight gain
between normal weight and obese women in this cohort, women with excessive gesta-
tional weight gain had altered composition of their gut microbiomes [76]. These data
are consistent with reports of changes in specific types of bacteria in the nonpregnant
obese individual [16, 19], and also suggest a role for these obesogenic maternal gut
microbes in energy balance and inflammatory processes in pregnancy.

More recent data have shown direct relationships between metabolic biomarkers
in overweight and obese women in early pregnancy and abundance and types of their
gut microbes. In this cohort, compared with overweight women, obese women had
higher fasting glucose, HOMA-IR, insulin, C-peptide, leptin, gastroinhibitory poly-
peptide, and resistin concentrations in early pregnancy (<16 weeks gestation) [77].
Obese women also had reduced microbial richness in early pregnancy compared with
overweight counterparts, and abundance levels of key bacterial phyla and families
were found to be different between overweight and obese women [77]. Importantly,
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there was no difference in the composition of the maternal gut microbiome in early
pregnancy in women who developed gestational diabetes compared with those who
did not [77]. There were, however, significant associations between abundance of spe-
cific gut microbes and levels of hormones involved in glucose metabolism (including
insulin, C-peptide, and HOMA-IR), energy metabolism (including leptin, ghrelin, and
resistin) and lipid metabolism (including triglycerides, VLDL and HDL cholesterol) [77].
Early assessment of the composition (and function) of the maternal gut microbiome
may thus prove a valuable prognostic tool for adverse outcomes in later pregnancy.

It is important to reiterate that host diet, rather than adiposity or weight, may be the
principal driver of gut microbial dynamics. This is also true in pregnancy, evidenced by
studies that have begun to disentangle the effects of diet and weight on the composition
and function of the maternal gut microbiome [78, 79]. Female mice fed a high-fat diet
before and during pregnancy, but not females that were calorically restricted and exhib-
ited weight faltering in pregnancy, were observed to have reduced microbial richness
and altered microbial abundance levels in late pregnancy compared with control-fed
and calorically restricted mothers [79]. These changes were independent of maternal
weight, as high-fat fed mothers did not weigh more than controls, but may be related to
leptin, as the abundance of specific bacterial taxa was associated with peripheral leptin
concentrations at the end of pregnancy [79]. Collectively, these data are consistent with
structural and functional changes in the maternal gut microbiome seen in other high-
fat feeding experimental models [80]. In a primate model of maternal high-fat nutri-
tion, females fed a high-fat diet became either sensitive to its effects, and developed
obesity and insulin resistance, or were resistant to its effects, and remained lean [78].
The composition of the gut microbiomes of the high-fat diet-resistant and lean females
were essentially indistinguishable from each other, but both were different from the
microbiome composition (microbial abundance and diversity) of control-fed females
[78]. Sustained high-fat diet intake over multiple pregnancies further confirmed the
strength of the effect that diet, rather than weight, had in restructuring the maternal
gut microbiome, and suggests that long-term changes in maternal dietary intakes may
be a mechanism through which permanent shifts in the microbial community can occur
[22]. There is also increasing interest in the role of dietary probiotics and prebiotics on
human health. For example, one study in normal weight pregnant women revealed
that perinatal probiotic supplementation reduced the incidence of gestational diabetes
[81]. Although there are limited data on microbiome-targeted interventions to improve
adverse pregnancy outcomes associated with maternal overweight and obesity, two
ongoing clinical trials aim to determine whether maternal probiotic consumption in
obese women during pregnancy can improve the health of the pregnancy, including
measures of excessive gestational weight gain, glucose homeostasis and birth weight,
through effects on the maternal gut microbiome [82, 83]. Therefore, nutrition coun-
seling, including attention paid to the consumption of prebiotics or probiotics, may
be beneficial for overweight and obese women before conception and in the perinatal
periods beyond helping them adhere to gestational weight gain guidelines.
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18.4.1 Implications of maternal obesity and gut microbial dysbiosis

The reduced microbial richness seen in obese, nonpregnant individuals has been asso-
ciated with greater weight gain over time [55]. This may be important to bear in mind
when considering prepregnancy BMI, as a woman entering pregnancy overweight or
obese may have a gut microbiome that predisposes to greater gestational weight gain.
Although such putative relationships in pregnancy require further study, the observa-
tion that many overweight women gain more than the recommended amount of weight
during pregnancy [7] suggests that interventions that can modify the gut microbiome
could be a target for weight management not only before but during pregnancy. Further-
more, given that the postpartum maternal gut microbiome seems to reflect that in late
pregnancy, and proinflammatory markers have been measured in late pregnancy stool,
a pro-obese or proinflammatory microbiome in the antenatal period (a consequence
or driver of maternal obesity) may persist postnatally, exaggerating the postpartum
inflammatory state [58] and contributing to the increased risk of postpartum weight
retention [84] and T2D [85] seen with maternal overweight and obesity.

Although outside the scope of this chapter, mounting evidence reveals that a bidi-
rectional communication system exists between microbes in the gut and the brain,
establishing a brain-gut-microbiota axis [86, 87]. The mechanisms regulating this com-
munication are complex and include the host’s metabolic, immune, and (neuro)endo-
crine systems [86, 87]. The brain-gut-microbiota axis is likely to play a role in pregnancy,
including neuroendocrine processes such as hypothalamic-pituitary-adrenal axis func-
tion [86], and may also have implications for maternal mental health, as it does in
nonpregnant individuals [87]. Obese mothers are at increased risk for depressive symp-
toms in the antenatal and postpartum periods [88]. It is therefore intriguing to specu-
late that obesity-associated changes in the maternal gut microbiome could contribute to
altered maternal hypothalamic-pituitary-adrenal axis function and the pathogenesis of
maternal depression and anxiety. Interventions that target the gut microbiome to prevent
or manage maternal obesity may also have positive effects on maternal mental health.

It should also be noted that restructuring of microbial niches with normal preg-
nancy is not limited to the gut, but also occurs in the vagina [89] and in breast milk
postpartum [90, 91]. Furthermore, spatially distinct microbial communities have been
shown to be similar, suggesting that microbiota can spread through the circulation
[92-94]. The composition of the maternal gut and vaginal (and possibly placental
[94]) microbiomes in late pregnancy will have implications for the types of microbes
seeded in the newborn during delivery and the infant during breastfeeding [95, 96].
Changes in these maternal microbial niches, a result of maternal obesity, metabolic
dysfunction, and/or inflammation, may influence the initial colonizers in the infant
gut, and the microbes that persist there [87]. As such, these early microbial cues can
have a profound effect on the infant, shaping its own immune and metabolic systems.
It is well documented that maternal obesity is a risk factor for suboptimal fetal and
infant development, including earlier and greater weight gain in fetuses and infants,
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and increased risk for obesity and T2D from childhood to adulthood [66, 97, 98]. An
obesogenic maternal gut microbiome may establish a suboptimal gut microbiome in
the infant [78, 99, 100] that is also primed for increased energy harvest and permissive
of increased adipose tissue deposition. Additionally, maternal obesity and endocrine
status at delivery have been associated with reduced microbial diversity and altered
composition of the breast milk microbiome [91], thereby influencing the community
of microbes the infant is exposed to through breastfeeding. Therefore, the early life
infant gut microbiome, established through interactions with the mother and the per-
inatal nutritional environment, may represent an underexplored link between mater-
nal obesity, postnatal catch-up growth, and later obesity risk in children [98].

18.5 Conclusions and future perspectives

Research over the last decade has confirmed a role for the gut microbiome in the patho-
genesis of obesity and its comorbidities in the nonpregnant state. However, the extent
to which changes in the gut microbiome precede obesity, are a result of it, or both, is not
definitively known. More recent studies have provided insight into the contributions of
gut microbes to physiologic adaptations that occur with normal pregnancy. The mecha-
nisms through which the gut microbiome is permissive of obese and pregnant pheno-
types seem to be similar. Although the data are more limited, maternal obesity is also
associated with gut microbial dysbiosis, which may extend to other microbial niches
including the vagina, placenta and breast milk. This will have implications for maternal
perinatal health, pregnancy outcomes, and development of the fetus and infant.

Although more work needs to be done to clarify the role of diet and metabolic
status before and during pregnancy in shaping the gut microbiome, the development
of new therapies that harness the modifiable nature of the gut microbiome may hold
great promise for obesity prevention and management before pregnancy and in the
perinatal periods. Furthermore, early assessment of the structure and function of the
maternal (or prepregnancy) gut microbiome may allow us to predict which women are
at risk for undesirable pregnancy outcomes including excessive gestational weight
gain, postpartum weight retention, and risk for gestational and type 2 diabetes, and
intervene early to correct these adverse health trajectories. Recognizing the impor-
tance of the gut to the pathogenesis of obesity and pregnancy adaptations provides a
window of opportunity to reduce the incidence and burden of obesity in pregnancy
and affect the life-long health of mothers and their babies.
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19 Obesity and the risk of stillbirth

19.1 Introduction

Stillbirths are a devastating event, affecting the physical, emotional, and social
integrity of a family and their community [1]. The terminologies regarding fetal deaths
and stillbirths are a source of great confusion leading to a great lack of uniformity in
publications and reports on perinatal death in various countries.

There are more than 35 classification systems for perinatal mortality [2-4], and there
is no international consensus on which one to use. The Stockholm Classification of still-
birth, which is exclusive for stillbirths, consists of 17 groups of causes of death and allows
for one primary and several associated causes if needed. There is also a probability level
(definite, probable, or possible) assigned to the diagnoses in this classification system [3].

The World Health Organization (WHO) defines “fetal death” as death of a fetus
prior to complete expulsion from the mother, irrespective of the duration of preg-
nancy [5]. Although many Western countries including Canada, the United States, the
United Kingdom, and Australia [6, 7] use a cutoff of >20 weeks to define stillbirth,
the WHO uses the definition of a demised fetus of 1,000 g or more at birth, or after
28 completed weeks of gestation, or attainment of at least 35 cm crown-heel length
to allow international comparability.

Although in recent years, there has been a growing body of literature regarding
stillbirths, it is clear that there is still a substantial gap in knowledge [8, 9]. The WHO
reported 2.6 million stillbirths worldwide in 2015, a daily rate of 7800 stillbirths per
day. Rates of stillbirth range from as high as 42 per 1,000 deliveries in Nigeria, to as
low as 2.1 per 1,000 deliveries in Japan [9]. The Every Newborn Action Plan has the
stillbirth target at 12 per 1,000 births or less by 2030 [10].

A recent Lancet series, although demonstrating a constant annual rate reduction of
2%, compared with a previous Lancet series [11], also emphasized that this annual rate
reduction is much lower than the one demonstrated in maternal and pediatric mortalities.

Numerous studies attempting to identify risk factors, and more so modifiable risk
factors, have pointed toward an increased body mass index (BMI) as an important risk
factor for stillbirths [11-21]. This is true for both developed and developing countries, as it
is across the spectrum of socioeconomic and ethnic groups within these countries [22-24].

Although some studies recognized a BMI of 30 as the cutoff for associated risk
of stillbirth, others show a more complex and continuous association. In a systemic
review and meta-analysis of more than 16,274 stillbirths, Aune et al. [25] found that
for every five-unit increase in maternal BMI, there was a 1.24 relative risk for stillbirth.
Yao et al. [26] have shown, in a cohort of more than 2.6 million women, a dose-
dependent relationship between overweight, obesity, and stillbirth throughout
gestation and more so at term. In that study, BMI and stillbirth followed a linear
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association throughout the gestation for all BMI groups, but for category III and BMI
of 50 or more, an exponential one at term (see Fig. 19.1).

9
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8 Overweight
—o— Class |
—o— Class Il
7 —o— Class Il
—o— BMI 250

Risk of stillbirth (per 1,000 ongoing pregnancies)

20 22 24 26 28 30 32 34 36 38 40 42
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Fig. 19.1: Risk of stillbirth and BMI Class.

The big question is of course — will timely induction of labor result in a better outcome?
Although there are no guidelines, many obstetricians do implement specific protocols
for induction of labor for pregnant women with obesity (covered elsewhere in this text).

19.2 Pathophysiology of stillbirth in pregnancies affected
by obesity
The mechanisms underlying the cause of stillbirth are likely numerous and a number

of key risk factors associated with obesity may play an important role, including hyper-
tension in pregnancy, gestational diabetes, and increased rate of congenital anomalies.

19.2.1 Increased risk for preeclampsia

Obesity increased the risk for hypertensive morbidity and preeclampsia in multi-
ple reports [27-32]. Increased inflammatory stress and dyslipidemia are likely to be
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two main causes [33] O’Brien et al. [34], in a systematic review, found this to be a
dose-dependent association. In this review of 13 cohort studies including nearly 1.4
million women, the risk of preeclampsia doubled with each 5 to 7 kg/m? increase in
prepregnancy BMI. Increased BMI is a risk for both preterm and term preeclampsia
[35]. Preeclampsia, in its severe form, has been long shown to have a causal relation-
ship with stillbirths [12, 36-38]. In an 11-year cohort study of 1,089 stillbirths, from
singleton pregnancies at gestational age >22 + 0 in the Stockholm population, Storm-
dal Bring et al. [39] found that preeclampsia is more prevalent in the preterm stillbirth
group than in the term/post term group, implying that the association may correlate
with severity of preeclampsia.

19.2.2 Increased risk for gestational diabetes mellitus

The prevalence of gestational diabetes mellitus (GDM) is significantly higher in obese
women than in the general obstetrical population [40-42], and the risk increases
with increasing maternal weight and BMI [43-46]. This correlation of increasing
weight with increased risk of type 2 diabetes and GDM is related to the increase in
insulin resistance in the obese state [47], superimposed on the endocrine effects of
the placenta. Insulin-resistant states in pregnancy are associated with a higher risk
of intrauterine fetal demise [48-53].

Although the increased risk for preeclampsia and GDM definitely contributes to
the increased risk for stillbirth, changes in contemporary obstetrics, in particular,
timely induction of labor, have probably mitigated their effect.

19.2.3 Increased risk of congenital anomalies

Research regarding maternal obesity and fetal anomalies is complex, both due to
the heterogeneity of the birth defects studied, and the inconsistency in BMI catego-
ries [54, 55]. Block et al. [56] found an increased risk of birth defects with increased
BML. In their retrospective study from the Florida Birth Defect register, they reviewed
more than one million births, from which 44,629 had at least one of 27 birth defects,
including one composite outcome of any birth defect. Newborns affected with triso-
mies were excluded from analysis. Patients were divided into six BMI categories. In
this large data set, overweight women were more likely to have delivered an infant
diagnosed with “any birth defect.” Compared with normal-weight women, obese
women experienced increased odds of giving birth to a child with a number of birth
defect outcomes: cleft lip with and without cleft palate, cleft palate without cleft lip,
diaphragmatic hernia, endocardial cushion defect, obstructive genitourinary defect,
pulmonary valve atresia and stenosis, pyloric stenosis, rectal and large intestinal
atresia/stenosis, and spina bifida without anencephaly, tetralogy of Fallot (TOF),

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

218 = Section Il: Pregnancy management

transposition of the great arteries, ventricular septal defect (VSD), and “any birth
defect.” Dose dependent relationship we observed between prepregnancy BMI and
five congenital heart defects: hypoplastic left heart syndrome, pulmonary valve
atresia/stenosis, TOF, transposition of the great arteries, and VSD. A similar dose-
response association was also observed for cleft palate without cleft lip, diaphrag-
matic hernia, hydrocephalus without spina bifida, pyloric stenosis, and rectal and
large intestinal atresia/stenosis.

The complexity of these associations was highlighted in the findings of Carmichael
et al. [57]. This study examined the independent and combined effects of overweight
or obese maternal BMI and low diet quality on risks of 32 types of structural birth
defects. Twenty thousand cases were reviewed with 8,617 controls. Results indicated
an association of elevated (overweight or obese) BMI alone, or lower diet quality
alone, with 16 of the studied birth defects, with the authors stating that prepregnancy
obesity and low diet quality are both important but complex factors that are associ-
ated with risks of several birth defects.

An anomaly-based approach yielded an association between increased BMI and
specific cardiac anomalies [58], hydrocephalus [54, 59], recto-anal anomalies [60],
renal anomalies [61], and neural tube defects [62].

19.3 Underdetection of congenital anomalies

Although it has been shown that obesity is associated with an increased risk of congenital
anomalies, the technical difficulties in imaging this patient population cannot be ignored
as a contributor to the underdetection of anomalies. The absorption of sound beam by
subcutaneous tissue leads to signal attenuation and decreased image clarity [63, 64].

The effect of the decreased quality of imaging on detection rate has been
subject to numerous studies [65-70]. Best et al. [71] reviewed 132,885 live births, with
3,096 cases of congenital anomalies from the Northern Congenital Abnormality
Survey. This study found cardiovascular anomalies to be the most common postnatal
finding, but the least likely to be detected prenatally. Detection rates decreased sig-
nificantly with increasing BMI category for all anomalies.

The higher incidence and lower detection rates of congenital anomalies with
higher BMI may both affect the increased risk of stillbirths in this population due to
lack of identification of the fetus at risk.

19.4 Limitations of aneuploidy screening
Routine screening methods including first trimester screening and Integrated Prena-

tal Screening are based on the combination of a nuchal translucency scan and serum
screening, both limited by increased BMI. The failure rate of nuchal translucency has
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been shown to be as high as 23% in the class III BMI group [72], and though not part
of the formal risk calculation, nasal bone detection studies have shown that mater-
nal obesity increases the chance of inadequate assessment [73]. Serum screening,
although adjusted to BMI [74, 75], may be highly affected by small changes in reported
maternal weight, further limiting the accuracy of aneuploidy screening [76].

High BMI also affects noninvasive prenatal testing, both by increasing the failure
rate [77-79] and by increasing the false negative rates [79]. Higher failure rates have
been found in all gestational ages, as reported by Yared et al. [80]. In this retrospective
cohort study, 565 patients undergoing noninvasive prenatal testing were included.
Maternal weight at initial screening was used, and obesity was defined as a BMI of
>30 kg/m?. Although maternal age, race, ethnicity, and gestational age at the time
of screening were comparable between those women who had successful tests and
those who had test failures, the failure rate increased dramatically as BMI increased,
with a failure rate of 7.1% at a BMI of 28 to 29.9 kg/m? increasing to 50.0% at a BMI of
>40 kg/m?.

19.5 Fetal growth restriction

Another pathway linking obesity with of the increased risk of stillbirth is the incidence
and difficulty in diagnosis of growth restriction. Maternal obesity has been found to
be associated with a higher incidence of small-for-gestational age newborns [81, 82],
whereas contrary to findings regarding limitations of ultrasound in anomaly detec-
tion, some studies reported that BMI did not affect the accuracy of growth estimation
both in singleton and twin pregnancies [83, 84].

This impaired growth is most likely mediated by placental dysfunction. In
addition to the aforementioned pathways linking obesity with preeclampsia, insulin
resistance and the associated hyperinsulinemia may interfere with early placental
growth and development [83, 85].

Furthermore, changes in glucose uptake and utilization, in lipid transport and
metabolism, and in amino acid transport have been studied extensively in numerous
animal models, and to a lesser extent in human studies [86]. These diverse changes
share a common pathway; the proinflammatory milieu found with increased BMI.

These changes are not yet well understood but may be considered immediate
factors in the processes leading to the increased risk of stillbirth associated with
obesity.

19.6 Summary

Obesity is clearly a major contributor to stillbirth, particularly in countries with a
“Western” lifestyle and diet, but also in large Asian populations currently facing an
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increasing diabetes epidemic. Obesity affects the inflammatory status, metabolism,
placental function, and embryogenesis. Future research is urgently needed to better
define the exact pathophysiologic pathways and, where possible, preventative strategies.

Obesity is theoretically both a preventable and curable condition. Prepregnancy
counseling of obese women contemplating pregnancy, with appropriate involve-
ment of allied health staff, is of pivotal importance if we hope to decrease the disease
burden and pregnancy risks. Obesity must therefore be recognized as a real disorder
for which prepregnancy counseling is indicated. Education of the patients and the
general practitioners is a key ingredient of this strategy.
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20 Induction of labor in the obese patient

20.1 Induction of labor in obese women

In developed countries, obesity represents one of the major challenges of modern
medicine. Obesity prevalence has dramatically increased in the last decades showing
a significant effect on women of reproductive age as well as on perinatal outcomes. In
the Unites States, the incidence of obesity among pregnant women is estimated to be
between 18.5% and 38.3% [1] and the recent Canadian Guidelines of Obesity in Preg-
nancy report an estimated obesity rate between 11% and 21% [2]. An increased body
mass index (BMI) is associated with a significant greater likelihood of developing ges-
tational diabetes, hypertensive disorders, postdates pregnancy, and fetal macrosomia
as well as twice the rate of cesarean section compared with women with normal BMI
[1, 2]. As a consequence, higher rates of induction of labor are required as women with
gestational diabetes are often offered to be delivered at 38 to 39 weeks and women
with hypertensive complications in pregnancy deliver by induction of labor between
34 and 37 weeks according to the severity of the disease [3]. Wolfe et al. [4] observed
a progressively increased rate of induction of labor in association with the class of
obesity; the rate of induction of labor results were 30.4%, 32.5%, and 34% in obese
patients who belonged to class I (BMI = 30-34.9 kg/m?), II (BMI = 35-39.9 kg/m?),
and IIT (BMI > 40 (BMI > 40 kg/m?), respectively, compared with an average induction
of labor rate of approximately 23% of the general population.

20.2 Higher rate of failure of induction of labor in obese women

A large-scale study addressing the effect BMI has on induction of labor reported
that in a cohort of more than 80,000 women, obesity was associated with induction
failure rates twice as high as compared with normal weight controls (40.0% vs. 25.9%,
respectively, p < 0.022) [4]. The rate of cesarean section followed by an induction of
labor was found to be progressively higher according to the obesity class: 20.2%
and 24.2% for women with obesity class I and II, respectively, and 31.6% for women
with BMI from 40 to 50 kg/m?. Obese patients with BMI >60 kg/m? presented a rate
of cesarean section once induced of 63.2% and of 77.8% if nulliparous [4, 5]. Induc-
tion of labor failure rate observed in obese women was associated with lower start-
ing Bishop score and was compounded by higher failure rates in obese women with
Bishop score <3 [6]. However, in a multivariate logistic regression analysis, BMI was
found to independently affect the rate of cesarean section after induction of labor
when adjusted for other well-known factors such as advanced maternal age, fetal
macrosomia, parity, gestational age, gestational weight gains, and cervical dilatation
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at admission [7]. The same study showed that even for a population considered as
ideal candidates for an induction of labor such as multiparae with a favorable cervix
at admission, BMI represented a crucial factor in determining the success of trial of
labor (Tab. 20.1) [7].

Tab. 20.1: Rate of failure of induction (CS) according to BMI class, parity, and admission cervical
dilatation. Adapted from Ronzoni et al. [7].

Parity Dilatation BMI, BMI, BMI, BMI,
(cm) underweight normal weight overweight overweight
P=0 <1 35.5% (44/124) 38.7% (734/1,894) 51.4% (330/642) 61.4% (237/386)
>1 16.1(10/62) 27.6% (217/787) 30.4% (75/247) 36.0% (49/136)
P>0 <1 12.2%(7/57) 9.2%(73/792) 15.4% (46/299) 16.3% (36/220)
>1 0% (0/69) 4.2% (38/902) 5.2% (17/329) 9.9% (17/171)

20.3 Different labor patterns in obese women

The onset of parturition in obese woman is frequently delayed compared with normal
weight women. Obese women are, in fact, almost twice as likely as normal weight
woman to have a prolonged pregnancy especially when there is a BMI of >35 kg/m?
or higher [8]. Even after the spontaneous onset of labor, obese women present a pro-
longed and altered labor curve requiring a longer time period to achieve 6 cm cervical
dilatation compared with normal weight women [9]. An impairment in the myometrial
contractility with less Ca?* flux in obese women compared with normal-weight women
has been hypothesized as a possible mechanism involved in a prolonged first stage of
labor and excessive blood loss in obese women [10]. Despite a decreased myometrial
contractility, myometrial oxytocin receptor gene expression seems to be independent
of BMI at the time of delivery [11]. It has been hypothesized that the normal parturition
pathway is mainly altered by the characteristic metabolic dysregulation with changes
in circulating hormones and free fatty acids [12]. Both leptin and cholesterol, which
are significantly increased in obese women compared with normal weight pregnant
women, have been proposed for the mechanisms behind the impaired contractility of
the obese myometrium. In obese individuals and in pregnant women, in fact, there
is an excess of adipose tissue resulting in altered expression patterns of leptin [13].
Leptin has been shown to decrease the influx of calcium ions into uterine
smooth muscle [14]. Similarly, elevated levels of cholesterol have also been associ-
ated with decreased calcium influx in the myometrium [15]. The inhibition of calcium
influx by both elevated leptin and cholesterol results in an antagonist effect against
oxytocin, which normally causes myometrial contractions by releasing calcium from
intracellular stores [10, 15]. Moreover, leptin stimulates prostaglandin E2 (PGE2) release

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost -

20 Induction of labor in the obese patient =—— 229

from the placenta and adipose tissue through inflammatory signaling pathways [16].
Chronically elevated PGE2 in late pregnancy among obese women has been shown to
decrease the sensitivity of maternal tissues to PGE2 during labor activation, a finding
that has been documented clinically [17] and is supported by the known elevated
PGE2 in obesity [18]. Thus, the chronic inflammatory state of obese women could
negatively affect functional progesterone withdrawal and PGE2 activation. Leptin is
also thought to play a role in inhibiting the cervical ripening by disrupting in vitro
collagen degradation by matrix metalloproteinases and cervical cell apoptosis [19, 20]
as well as stimulating the cervical collagen synthesis [19, 21]. Furthermore, high levels
of circulating leptin in the second trimester have been demonstrated to inhibit fetal
membrane weakening through decreased membrane apoptosis [20], leading to the
inhibition of spontaneous rupture of membranes in obese women [22].

The clinical manifestations of this antagonistic effect include increased rates of
postdates pregnancies, dysfunctional and prolonged labor patterns, and an increased
rate of cesarean delivery in obese pregnant women.

20.4 Different responses to induction agents in obese women

Despite a well demonstrated different labor pattern in obese women compared with
normal weight women, the consequences of obesity on cervical ripening have not
been extensively studied and no guidelines about the dosage and duration of cervi-
cal ripening are known in the case of obesity. Only a few studies have specifically
investigated the different responses of obese women to different medical induction
methods. However, no studies have addressed the effect of mechanical induction
methods on successful vaginal delivery in obese women.

Gauthier et al. [23] found that the failure rate of the first attempt at cervical ripen-
ing with the dinoprostone tampon was 1.6 times higher among obese patients com-
pared with normal weight patients and the rate of cesarean section was two times
higher in obese patients even after the administration of a second induction agent.
Moreover, the length of labor in obese women who received the dinoprostone tampon
was 5 hours longer compared with normal weight woman [23].

In another study, BMI >25 kg/m?, nulliparity, low Bishop score, cervical length
and the onset of uterine contractions were found to be independent predictors of
failure of response to PGE2 when used for the induction of labor [24].

Suidan et al. [25] compared labor outcomes in obese women who underwent induc-
tion of labor with vaginal dinoprostone (10 mg) or misoprostol (either 25 pg vaginally or
50 pg orally). Obese women induced with misoprostol achieved a more successful cer-
vical ripening, resulting in a lower cesarean section rate compared with obese women
who underwent induction of labor with dinoprostone. This result was confirmed when
adjusted for gestational age, parity, birth weight, and indication for induction and
no differences in the rates of complications at delivery, such as necessity of emergent
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cesarean delivery, infection, or NICU admission, were found comparing the two groups.
In addition, when the administration mode was considered for misoprostol, no differ-
ences were found between the group who received oral versus vaginal misoprostol in
achieving a successful cervical ripening and vaginal delivery [25].

Lassiter et al. [26] found that women with higher BMIs required more doses of
misoprostol during induction of labor compared with normal weight women. Pevzner
et al. [27], in a secondary analysis during a multicenter double-blind, randomized
trial (Misoprostol Vaginal Insert Trial), evaluated the duration, characteristics, and
outcomes of labor for different BMI categories. Obese women who achieved a suc-
cessful vaginal delivery had a longer labor compared with lean women, with a differ-
ence of more than 4 hours found when severely obese women (BMI >40 kg/m?) were
compared with normal weight women [27]. This is despite the fact that an obese BMI
makes a woman more likely to not achieve active labor and have a higher rate of cesar-
ean delivery for a failed induction that resulted in 29.8% and 36.5% in obese class I-1I
(BMI 30-39.5 kg/m?) and obese class III (BMI >40 kg/m?) women compared with a
cesarean section rate of 21.3% in normal weight women [27]. Interestingly, women
with elevated BMI required higher maximum doses of oxytocin and for longer time
periods compared with nonobese women in the case of vaginal delivery or eventual
cesarean delivery for induction failure [26-29].

20.5 Induction of labor in specific maternal medical
conditions in obese women

Obesity is associated with a threefold increased risk of maternal preeclampsia and
an increased risk of cesarean delivery [30]. Robinson et al. [31] evaluated the effect
of maternal obesity on the mode of delivery among women undergoing an induction
of labor for the diagnosis of preeclampsia. Based on multivariable logistic regression
modeling, for every 5-unit increase in maternal BMI, a 16% increase in the odds of
cesarean delivery was found in obese women with preeclampsia [31].

In a cohort of twin pregnancies requiring induction of labor, Park et al. [32]
analyzed the predictive value of BMI, Bishop score, and sonographic measurement
of cervical length for predicting successful labor induction. Only elevated BMI was
associated with failure to achieve active labor after 24 hours of induction of labor.
Obese women carrying a twin pregnancy showed an 82% rate of failure of induction
within 24 hours.

Given the higher rate of failed labor induction resulting in a cesarean delivery,
obese women are more likely to be potential candidates for a trial of labor after a
cesarean section. It is well known that both obesity and induction of labor negatively
affect a successful trial of labor after cesarean delivery [33, 34]. Chauhan et al. found
that less than 15% of morbidly obese women with a prior cesarean delivery had a
successful vaginal delivery. However, among the women who underwent induction
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of labor, none of them achieved a vaginal birth and more than half of them had
infectious morbidity [35].

20.6 Excessive gestational weight gain in obese
women requiring induction of labor

Excessive gestational weight gain (GWG) represents an additional negative predictive
factor affecting a successful induction of labor and achieving vaginal delivery [36, 37].
In a population of women undergoing induction of labor for post dates, women
gaining more than 12 kg showed an 8% increase in unsuccessful induction of labor
by not achieving a vaginal delivery within 24 hours of beginning the induction [37].
Moreover, in case of induction of labor, an increased risk of cesarean section of 13%
and 8% was found for every 5 kg in maternal weight gained and for every 1-unit
increase in maternal BMI, respectively [36].

20.7 Conclusion

Considering the significant effect of elevated BMI on failed induction of labor rate, in
particular in morbidly obese women, the management of obese women during preg-
nancy should be focused on minimizing the development of medical complications
such as gestational hypertension and gestational diabetes in an attempt to reduce the
indications for an induction of labor.

Furthermore, appropriate counseling, ideally preconceptionally and at the
start of pregnancy regarding appropriate weight gain, nutrition, food choices, and
physical activity, is necessary [2]. When an induction of labor is indicated, obstetric
providers should make every attempt to increase the success of a labor induction in
obese women, including being cognizant of the prolonged labor course and elevated
required doses of oxytocin, and consider induction with misoprostol rather than
dinoprostone [38]. Finally, in women with obesity well beyond class III and multiple
risk factors for failing a trial of labor, there may be a role for individualized counseling
and discussion of a planned cesarean delivery.
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21 Analgesia and anesthesia for the obese parturient

21.1 Introduction

Obesity in pregnancy is of particular concern to the obstetric anesthesiologist
owing to its potential for significant maternal morbidity and mortality. In a recent
nationwide study, the prevalence of obesity was found to be five times higher
among women who sustained cardiac arrest during hospitalization for delivery in
Canada when compared with those who did not have a cardiac arrest [1]. Data from
the Confidential Enquiries into Maternal Deaths in the UK and Ireland between
2012 and 2014 showed obesity to be associated with high odds of maternal deaths,
with 33% of women who died being classified as obese and 18% being classified as
overweight [2].

Despite the use of various efforts to combat obesity, its prevalence among women
of child-bearing age is steadily increasing. Recent data from the National Centre for
Health Statistics, United States, found that among women who delivered in 2014,
25.6% were overweight and 24.8% were obese [3]. With an increasing number of obese
parturients in our labor wards, there is a proportional increase in demand on health
care systems and health care practitioners alike.

Obesity during pregnancy carries with it an increased risk of both maternal and
fetal complications (Tab. 21.1). An in-depth knowledge of the physiological changes
and comorbidities associated with the obese pregnant woman is essential to the
obstetric anesthesiologist looking after these high-risk patients to minimize morbid-
ity and mortality.

Tab. 21.1: Maternal and fetal complications associated with obesity.

Maternal complications Fetal complications
Hypertension Miscarriage
Preeclampsia Shoulder dystocia
Gestational diabetes Macrosomia
Thromboembolic events Congenital abnormalities
Obstructive sleep apnea Stillbirth

Postpartum hemorrhage Birth trauma

Assisted vaginal delivery Neonatal death

Cesarean delivery
Postoperative infection

https://doi.org/10.1515/9783110487817-021
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21.2 Definition of obesity

At present, there is no definition of obesity specific to pregnancy; however, the
most clinically relevant definition is based on the body mass index (BMI) [4].
A pregnant woman is classified as overweight when her BMI is 25 to 29.9 kg/m?, and
obese when her BMI is 30 kg/m? or greater. Obesity can then be categorized as Class 1
(BMI 30-34.9 kg/m?), Class 2 (BMI 35-39.9 kg/m?), and Class 3 (BMI >40 kg/m?) with
additional subgroups in this category (see Tab. 21.2). It is important to establish the
BMI of pregnant women as early as possible. The American College of Obstetricians
and Gynaecologists recommends checking the BMI at the first prenatal visit. This is to
allow for the expected increase in body weight during pregnancy due to an increase
in the size of the fetus, blood volume, placenta, and amniotic fluid. Early identifi-
cation of obese women also allows for early nutritional counseling, intervention,
and attempts to minimize the complications associated with obesity. BMI should
be tracked throughout pregnancy and obese women with a BMI > 30 kg/m? should
be advised to gain no more than 5 to 9 kg during their pregnancy as per recent
National Research Council guidelines [5]. Studies have shown that this target can
prove difficult with more than 50% of obese women gaining weight during pregnancy
in excess of current recommendations [6].

Tab. 21.2: Obesity classification.

Classification BMI (kg/m?)
Normal 18.5-24.9
Overweight 25-29.9
Obese
Class 1 30-34.9
Class 2 35-39.9
Class 3 >40
- Morbid obese 40-49.9
— Superobese >50

21.3 Physiological changes of pregnancy and their
anesthetic implications in the obese parturient

Several physiological changes occur during pregnancy with obesity often resulting
in further limitation of the already stretched physiological reserve (Tab. 21.3). These
changes can have a significant effect on the conduct of anesthesia in the obese
parturient.
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Tab. 21.3: Physiological changes of pregnancy and anesthetic implications in obese parturients.

Physiological changes of the obese parturient

Anesthetic implications

Respiratory
Reduced chest wall compliance
Increased O, consumption
Increased V/Q mismatch
Cardiovascular
Left ventricular hypertrophy

Intra-abdominal hypertension causing aortocaval
compression

Gastrointestinal
Higher incidence of gastric reflux, hiatus hernia,
and delayed gastric emptying

Coagulation system
Procoagulopathic state

Endocrine system
Increased incidence of diabetes and gestational
diabetes

Increased ventilation requirements
Increased O, requirements
Decreased time to desaturation

Increased incidence of hypertension,
peripartum cardiomyopathy, and arrhythmias
Exaggerated bradycardia and hypotension on
supine position

Increased risk of pulmonary aspiration on
induction of anesthesia

Timing of neuraxial techniques difficult if on
antithrombotic agents

Difficult peripartum glucose control
Fetal macrosomia

21.3.1 Respiratory system

I. Increased work of breathing: Significant energy is required during ventilation
to move the increased weight of the chest and abdominal wall in obesity. Chest
wall compliance can be reduced by up to one-third of normal in obesity [7]. In
contrast to women who increase their minute ventilation during pregnancy by
increasing their tidal volume, obese individuals with reduced chest wall compli-
ance increase their minute ventilation by increasing their respiratory rate, thus
avoiding diaphragmatic fatigue.

II. Poor oxygenation: Obese parturients use a significantly higher percentage of total
oxygen consumption when compared with nonobese controls during respiration
even during quiet breathing [8]. Any weight gain during pregnancy further exac-
erbates this. Furthermore, an increased ventilation-perfusion (V/Q) mismatch is
seen in obesity with ventilation occurring in the more compliant nondependent
portion of the lung and perfusion occurring in the dependent portion of the lung.
Oxygenation further deteriorates when the patient is in the supine or Trendelen-
burg position.

III. Changes in lung volumes: Both pregnancy and obesity are independently asso-
ciated with significant changes in lung volumes. Both result in a reduction in
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the expiratory reserve volume, residual volume, and functional residual capacity
(FRC). Intuition would lead us to believe that these changes are exacerbated in
the obese parturient; however, this has been shown not to be the case. In obese
pregnant women with reduced FRC in the prepregnancy state, further reduction
in FRC during pregnancy is generally not significant [9]. As pregnancy progresses,
the gravid uterus pushes the diaphragm in the cephalad direction and this may
result in the closing volume becoming greater than the FRC with resultant alveo-
lar collapse and thus significant V/Q mismatch. This phenomenon is unique to
the obese pregnant women and can be further exacerbated by lying in the supine
or Trendelenburg position [10].

Consequences of the respiratory physiological changes of obese parturients
include:

— Decreased time to desaturation during periods of apnea [11].

- Increased O, requirements [12].

— Greater ventilator pressures required during positive pressure ventilation.

— Increased incidence of postoperative atelectasis.

21.3.2 Cardiovascular system

I. Both obesity and pregnancy independently result in an increase in blood volume
and cardiac output (CO). The increase in CO is a result of both an increase in
stroke volume and heart rate. In obese patients, there is an increase in preload as
well as afterload, which results in left ventricular hypertrophy [13]. This is in con-
trast to nonobese patients who have an increased preload but decreased afterload
and an increase in left ventricular diameter but not wall thickness.

II. Obese parturients are also more prone to hypertensive disorders, the risk being
three times more in those over BMI of 30 kg/m? as compared to normal weight
women [14].

III. Upon lying in the supine position, obese women are more prone to aortocaval
compression syndrome due to the extra abdominal weight on the inferior vena
cava impeding venous return.

Consequences of the cardiovascular physiological changes include:

— Increased incidence of peripartum cardiomyopathy as a result of an increase
in CO around the time of delivery. This occurs when patients with limited
reserve cannot tolerate this increase in cardiac demand [15].

— Increased incidence of serious arrhythmias, especially around the time of
delivery [16]. This is a result of a hypertrophied myocardium and also
increased levels of catecholamines during labor.

— Increased incidence of hypotension and bradycardia upon lying in the
supine position due to aortocaval compression.
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21.3.3 Gastrointestinal system

In both the obese and nonobese population, there is a delay in gastric emptying
during labor, thus putting these patients at risk of Mendelson’s syndrome (aspira-
tion pneumonitis) if they were to proceed to general anesthesia. Obesity carries with
it additional risk factors, which include an increased incidence of hiatus hernia [17],
gastroesophageal reflux [17], gastroparesis from diabetes mellitus [18], difficult bag
mask ventilation [19], and difficult intubation [20].
Consequences of the gastrointestinal physiological changes include:
— Anincreased risk of aspiration pneumonitis during induction or extubation of
general anesthesia due to the associated risk factors, in addition to a higher
rate of both operative delivery and failure of neuraxial techniques in the obese
population.

21.3.4 Coagulation system

Venous thromboembolism is the leading cause of direct maternal mortality [1]. Obesity
potentiates all aspects of Virchow’s triad putting this cohort of patients at particular
risk for thromboembolic events in the peripartum period.

Consequences of the coagulation changes include:

— Obese patients are more likely to be commenced on low-molecular weight
heparin or similar medications in the later stages of pregnancy to reduce the
incidence of thromboembolic events [21]. These medications may interfere
with the placement or removal of an epidural catheter or spinal insertion if
the interval between the administration of anticoagulants and neuraxial
procedure is short.

— There is also a risk of postpartum hemorrhage if anticoagulants are not stopped
prior to delivery.

21.3.5 Endocrine system

Patients with a BMI >40 kg/m? are about seven times more likely to have diabetes
mellitus than those with a normal BMI [22]. The incidence of gestational diabetes
mellitus is also increased in the obese parturients.
Consequences of the endocrine changes include:
— Difficult blood glucose control in the peripartum period.
— Increased incidence of fetal macrosomia [23] leading to a higher rate of assisted
and operative delivery requiring anesthetic intervention.
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21.4 Obstructive sleep apnea and the obese parturient

Obstructive sleep apnea (OSA) is characterized by recurrent partial or complete
episodes of upper airway obstruction during sleep leading to hypoxemia, hypercar-
bia, and a poor sleep pattern. Obesity and OSA are closely related, with obesity being
a significant risk factor for the development of OSA [24]. There should be a high index
of suspicion for undiagnosed OSA in all obese parturients.

The exact prevalence of OSA among the pregnant population has yet to be fully
ascertained; however, results of a recent small prospective cohort study suggested the
prevalence to be approximately 8.4% in the first trimester and up to 19.7% in the third
trimester for all BMI groups [25]. This number is very concerning as it is greater than
the incidence in the general population. Often, OSA is underdiagnosed in pregnancy
leading to undertreatment and related complications.

The repeated episodes of hypoxemia seen in OSA can lead to both endocrine and
metabolic disturbances, which may result in both maternal and fetal side effects.
Potential maternal side effects of OSA include an increased risk of severe maternal
morbidity [26], preeclampsia and gestational hypertension [27], gestational diabetes
[28], and preterm delivery [29]. The effects of OSA on the fetus are as of yet unclear
with studies having conflicting results. Some studies attribute OSA to fetal heart
decelerations [30]; however, other studies have failed to repeat these results and
found no correlation between OSA and fetal heart rate changes [31].

Screening tools such as the STOP-BANG [32] and Berlin questionnaires [33], which
are used to detect the presence of OSA in the general population, are poorly predic-
tive in pregnancy [31]. The low sensitivity and specificity yield of these questionnaires
almost makes them obsolete, although they seem to improve as the pregnancy pro-
gresses. The development of OSA questionnaires specific to pregnancy is an evolving
area of current research. Facco et al. [34] have demonstrated greater sensitivity and
specificity using a four-variable prediction rule, which incorporates the presence of
frequent snoring and chronic hypertension as well as age and BMI. Larger validation
studies are required to identify the exact maternal characteristics associated with OSA
and incorporate them into a questionnaire that will reliably detect OSA in the obstetric
population. If there is a suspicion of OSA, formal testing in the form of an overnight
polysomnogram should be undertaken to detect and categorize the severity of OSA.

With regard to treatment modalities for OSA, there are currently no pregnancy-
specific guidelines and the approach to treatment of OSA in pregnancy is similar to
that in the general population. Indeed, there is no evidence at present that the treat-
ment has any effect on maternal or neonatal morbidity; however, it is suggested that
all women with moderate to severe OSA should be treated. The mainstay of treatment
is nocturnal continuous positive airway pressure (CPAP), which is generally effective
and well tolerated but often compliance rates fall to less than 50% [35]. Other meas-
ures that can be taken include avoiding excessive weight gain during pregnancy and
sleeping in the lateral recumbent or head elevated position.
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Extra care during the intrapartum and postpartum period should be under-
taken for patients with documented or suspected OSA. Neuraxial techniques are
favored for these patients who require a cesarean delivery and indeed siting an
early epidural for labor should be considered. Avoiding concomitant administra-
tion of systemic opioids and sedatives, which may cause respiratory depression, is
of paramount importance. Adequate monitoring of all patients including those who
received neuraxial opioids should be undertaken due to the possibility of delayed
respiratory depression. CPAP devices should be continued and supplemental oxygen
given if hypoxemia is observed. The latest American Society of Anesthesiologists’
(ASA) guideline suggests at least 24 hours of monitoring in high-risk patients who
receive neuraxial opioids [36].

21.5 Anesthesia and perioperative care of the obese parturient

The most important component of caring for the obese parturient during labor or
operative delivery is good communication between the various healthcare provid-
ers, including midwives, obstetricians, and anesthesiologists. Ideally, the patient
should have been seen in a preanesthesia consultation clinic and an anesthetic plan
be formulated to best suit the anticipated mode of delivery. Potential difficulties such
as those with palpating intervertebral spaces, accessing airway or veins, monitor-
ing with regular-sized blood pressure (BP) cuff, and the presence of OSA, should be
flagged early. Ultrasound-guided intravenous (IV) access and invasive BP monitoring
may be required. On arrival to the labor ward, early involvement of anesthesia should
be undertaken.

21.6 Labor and vaginal delivery

Neuraxial analgesia is considered the best option for labor analgesia in the obese
patient. Given that there is a higher incidence of fetal macrosomia [23] in this
population, it is imperative that adequate analgesia is provided to facilitate vaginal
delivery. Also, the incidence of conversion to operative delivery is up to 33% in obese
parturients [37]; hence, having a functional epidural in-situ allows the cesarean
delivery to be done with epidural top-up, thus avoiding a general anesthetic and the
inherent risks associated with it.

Early establishment of epidural analgesia is highly recommended in the obese
population due to the increased incidence of difficult insertion, epidural failure,
and the need to re-site epidural catheters. The incidence of failed labor analgesia
requiring a repeat neuraxial procedure in obese parturients is reported to be up
to 42% [38] and multiple attempts at catheter insertion or manipulation are not
uncommon.
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21.6.1 Ultrasound use for epidural placement

Technically, siting the epidural is more difficult in the obese parturient and adequate
measures should be undertaken to optimize conditions and improve success rate.
The sitting position is preferred and time should be spent to optimize the position
with possibly the aid of a positioning device, which is commercially available (see
Fig. 21.1). Prepuncture neuraxial ultrasound (see Fig. 21.2) may be beneficial in this
group of patients to improve success. Studies have shown that the use of prepunc-
ture ultrasound in obese parturients facilitated the identification of the correct lumbar
interspace more accurately than palpation [39], accurately predicted the depth to the
epidural space, and resulted in increased success and ease of performance [19]. Poor
visualization and underestimation of the depth to the epidural space are possible due
to the deep location of the ligamentum flavum and a greater degree of subcutaneous
tissue compression by the ultrasound transducer, respectively. However, it should be
noted that the visibility in the paramedian sagittal plane is likely to be superior to that
in the transverse median plane. The estimates of ultrasound-determined distance to
the epidural space in both these planes are comparable to each other and can be used
interchangeably [40]. For accurate measurement of the depth and avoidance of under-
estimation from tissue compression, it may be advisable to release the pressure on
the transducer after obtaining an optimized image. If the ultrasound-predicted depth
to the epidural space is longer than 8 cm, a longer needle should be considered [41].

Fig. 21.1: Patient positioned for combined spinal
epidural in the operating room using epidural
positioning device. Written consent from patient
obtained for this image.
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Fig. 21.2: Spinal ultrasound image in obese parturient. (A) Scanning in transverse approach;
(B) scanning in paramedian longitudinal approach. Vertical dotted line represents the depth to the
epidural space.

Once the epidural space has been identified, the catheter should be threaded to leave
at least 5 to 7 cm length in the epidural space. This will help reduce the likelihood
of epidural catheter migration. Confirmation of correct epidural catheter is again
essential and we would advocate the use of either the Tsui test [42] (epidural elec-
trical stimulation test) or a local anesthetic test dose to confirm correct placement
prior to administrating a loading dose through the catheter. During the labor process,
the adequacy of analgesia should be constantly evaluated and there should be a low
threshold to re-site the epidural catheter if analgesia is suboptimal.

21.6.2 Choice of interspace

With regards to what is the ideal interspace for the placement of epidural catheter in
the obese population, we feel siting at a higher interspace than the traditional L3/L4
level is more advantageous. Technically, in this population, the higher lumbar inter-
spaces are easier to puncture and the depth to the epidural space is shorter, thus allow-
ing the operator to use normal length needles. Also, at this level, there is less catheter
movement thus reducing the incidence of epidural catheter dislodgement. Having an
epidural sited in the upper lumbar region also provides an adequate coverage of the
dermatomal levels and superior anesthesia if the patient was to proceed to an opera-
tive delivery. This is because the obstetricians most often use either a higher Pfannen-
stiel incision than traditional or perform a classical uterine incision.

21.6.3 Dural puncture

The incidence of inadvertent dural puncture with epidural needle is higher in the
obese population [43]; approximately four times that of the nonobese population.
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However, the progression to postdural puncture headache seems to be less [44]. This is
thought to be because obese parturients have an increased intra-abdominal pressure,
thus reducing the leakage of cerebrospinal fluid through the dural puncture site. If the
dura is accidently punctured, the operator can consider threading the catheter into the
subarachnoid space and use a continuous spinal for analgesia. We do not routinely
opt for this during labor because of the possibility of excessive motor block, unpredict-
ability, lack of experience, and poor evidence to support its use, but instead elect to
re-site the epidural, unless the epidural placement was technically very challenging.

21.7 Cesarean delivery

Central neuraxial blockade is the anesthetic technique of choice in obese parturients,
as long as there are no contraindications. Despite an increase in the rate of cesar-
ean deliveries over the last three decades, there has been a decline in overall mater-
nal mortality [45]; this has largely been attributed to the increased use and safety of
regional anesthesia. Here, we will discuss general considerations for both regional
and general anesthesia and also the specific considerations for each technique for
obese parturients (see Tab. 21.4).

Tab. 21.4: Anesthetic considerations for obese parturients.

Neuraxial anesthesia General anesthesia

—  Early placement of epidural —  Consider aspiration prophylaxis

—  Use positioning device for optimal patient -  Position on TROOP pillow
positioning

—  Site epidural catheter in high lumbar —  Optiflow for pre- and apneic oxygenation
interspace

—  Use ultrasound guidance —  Prepare for difficult airway, consider awake

fiber-optic intubation if difficulty anticipated

—  Test epidural catheter location with Tsui test Consider multimodal analgesia including

or local anesthetic test dose regional blocks

—  Review regularly for adequacy of analgesia, —  Extubate awake, sitting upright, and when
replace as soon as deemed inadequate adequate tidal volumes achieved

-  Consider a combined spinal epidural - Monitor for postoperative respiratory
anesthesia for cesarean delivery depression

Note: General considerations for both regional and general anesthesia.

21.7.1 Positioning

Regardless of the mode of anesthesia used, all obese parturients should be posi-
tioned on a bariatric table in a ramped up position with left uterine displacement.
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The ramped position can be achieved with either the use of a commercially available
positioning device such as the TROOP pillow (see Fig. 21.3) or by the use of blankets.
Either way, the aim is to achieve horizontal alignment of the external auditory meatus
and the sternal notch. This position has been shown to improve laryngoscopic view
in morbidly obese patients [45] while also conferring benefit in terms of improving
hemodynamic and respiratory parameters during the cesarean delivery. Another con-
sideration is to carefully retract the often large panniculus in such a way so as not to
cause any hemodynamic or respiratory compromise. We suggest to perform vertical
and cephalad retraction, which has been shown to reduce the risk of hypotension and
hypoxemia. An additional advantage of the ramped up position is the prevention of
gastroesophageal reflux.

Fig. 21.3: Patient positioned on TROOP pillow showing optimal intubating conditions with horizontal
alignment of the external auditory meatus with the sternal notch. Written consent from patient
obtained for this image.

21.7.2 Monitoring

Adequate monitoring of the obese parturient during cesarean delivery is essential but
often challenging. Appropriately sized cuffs must be used for accurate noninvasive
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BP measurements. A forearm cuff may be used, which has shown to have a good
correlation with upper arm readings [46]. In certain instances, where there are any
comorbidities such as cardiac disease or there is a potential risk for bleeding, invasive
monitoring in the form of an arterial line may be indicated.

21.7.3 Intravenous access

Secure IV access is essential for the safe delivery of anesthesia. The advent of ultra-
sound has made this easier in those patients who have poor venous access. At least
two large-bore IVs should be secured prior to the commencement of anesthesia.

21.7.4 Aspiration prophylaxis

Pulmonary aspiration prophylaxis should be considered in all obese patients regard-
less of the mode of delivery. The routine use of sodium citrate, H, antagonists, and
proton pump inhibitors is well established and studies have shown that adminis-
tration of these medications significantly reduces the risk of having an intragastric
pH < 2.5 [47]. In our center, in addition to the above-mentioned medications, we
routinely administer metoclopramide, which we feel confers an added benefit;
however, the evidence for this intervention is limited [47]. The use of gastric ultra-
sound to rule out a full stomach may also be considered in this population as
standard fasting times may not necessarily mean an empty stomach, especially
in laboring women. This is a very current and ongoing area of research, and in
our experience, has proven very useful in identifying those with stomach con-
tents despite complying with current Canadian Anesthesiologists’ Society fasting
guidelines [48].

21.7.5 Regional anesthesia

Various regional anesthetic techniques may be used for cesarean deliveries in obese
women. These include, spinal (single shot or continuous), combined spinal epidural
(CSE), or epidural. In general, if the patient has a good functioning labor epidural
catheter, this can be topped up to achieve surgical anesthesia; otherwise, a technique
that involves a spinal component is preferred.

21.7.6 Single shot spinal

Spinal anesthesia is an excellent choice for cesarean delivery as it delivers a fast,
reliable, and dense block with superior operating conditions. It also facilitates the
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administration of intrathecal opioids for sustained postoperative analgesia. However,
in morbidly obese populations, the surgery is often prolonged, and inability to extend
the duration of the block with a single shot technique limits its use. Exaggerated ceph-
alad spread of local anesthetic in the intrathecal space of obese patients, resulting in
a high block with conventional doses, is a highly debated subject in the literature.
Studies using magnetic resonance imaging have shown reduced lumbar cerebrospi-
nal fluid volume due to increased abdominal pressure in obese nonpregnant sub-
jects possibly from the inward movement of soft tissue in the intervertebral foramen,
resulting in diminished dilution of anesthetic and a high block [49]. However, these
effects do not seem to be apparent in clinical practice. Lee et al. [50] have shown that
the effective dose (ED95) of bupivacaine for cesarean deliveries in obese parturients
is the same as in nonobese parturients. Thus, reducing the spinal dose of local anes-
thetic in obese patients is not warranted and may even increase the risk of inadequate
anesthesia.

21.7.7 Continuous spinal anesthesia

This technique offers all the advantages of a single shot spinal with the added
benefit of being able to titrate the dose for greater hemodynamic stability and
prolong the duration of the block by repeated top-ups. Despite these advantages, its
use is limited by the high incidence of postdural puncture headache, as well as the
risk of failure and need for supplemental analgesia in 9% to 24% of patients [51].
Another reported complication associated with continuous spinal anesthesia
is cauda equina syndrome. Rigler et al. [52] reported four cases of cauda equine
syndrome after continuous spinal anesthesia. It was initially suggested that the
microcatheters themselves could be the cause due to maldistribution of anesthetic
agent; however, subsequent studies implicated the slow flow rate of very hyperbaric
solutions and subsequent pooling in the sacral area as the cause. At present, there
are no commercially available continuous spinal kits in Canada; however, in other
countries, the available kits (Wiley Spinal®) consist of a 23G catheter over a 27G
atraumatic pencil tip needle, thus reducing but not eliminating the incidence of
postdural puncture headache. To date, studies are limited on the use of this tech-
nique in routine obstetric practice and further studies are needed to see what role,
if any, this technique has. In emergent situations, some authors may even consider
the use of deliberate dural puncture with a Tuohy needle followed by intrathe-
cal catheter placement, as it is often easier to identify the intrathecal space with
a large-bore Tuohy needle and thus induce anesthesia quickly in morbidly obese
women [53]. In our institution, we do not advocate the routine use of continuous
spinal catheters; however, if there is an inadvertent dural puncture with a Touhy
needle, we opt to thread the catheter approximately 3 to 5 cm into the intrathecal
space and use this for anesthetic coverage.
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21.7.8 Epidural

An epidural catheter that has been functioning well during labor can be topped up
to achieve surgical anesthesia for cesarean delivery; however, the use of an epidural
as a sole technique is not routine for elective cesarean deliveries. In the event of an
emergency, we prefer topping up the epidural catheter with 5 to 10 mL local anesthetic
in the labor room, so that adequate block can be quickly achieved with additional
5 to 10 mL local anesthetic top-up in the operating room and general anesthesia
can be avoided. An epidural does allow for a slow gradual top-up, thus limiting the
hemodynamic effects, which may be desirable in certain patients such as those with
cardiac disease. An advantage of epidural catheter is that it allows for prolonged
postoperative analgesia, which is beneficial for early recovery in these patients.

21.7.9 Combined spinal epidural

A CSE, in our view, is the best way to manage the obese parturient for a cesarean
delivery. A CSE confers the benefit of a spinal while also having the ability to extend
the duration of surgical anesthesia if the procedure is prolonged. There is also the
ability to provide excellent postoperative analgesia with the epidural catheter, which
can reduce the incidence of respiratory complications in this high-risk group. If there
is a concern of the possibility of a high block or excessive sympathetic block with a
spinal, the intrathecal dose of local anesthetic can be reduced and anesthesia titrated
up slowly through epidural top-up. One concern with a CSE approach is the potential
failure of the epidural component when the effect of the spinal wears off. However,
the incidence of epidural failure when a needle-through-needle technique is used
is much less than when an epidural is placed alone [54]. Some institutions suggest
a double-segment technique with placement of spinal in the L3/4 interspace and a
high lumbar or low thoracic epidural. This technique may be useful if a very high
supraumbilical or midline incision is used by the operator. To date, there is no evi-
dence to support one method over another and the technique used is often based on
local experience. In our institution, we have very good communication with the sur-
geons and a detailed plan is formulated for each patient. With the aid of devices such
as the self-retaining elastic abdominal retractor (MOBIUS™), high supraumbilical or
midline incisions are generally not required and we find we can provide adequate
anesthesia with a lumbar needle-through-needle CSE technique.

21.7.10 General anesthesia

Every effort should be made to avoid general anesthesia for cesarean delivery in the obese
parturient as it is associated with significant morbidity and potential mortality [55].
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However, if deemed necessary, certain principles must be adhered to in order to
provide a safe anesthetic.

21.7.11 Airway

All obese pregnant patients should be regarded as having difficult airways. The inci-
dence of difficult intubation in the obstetric population is between 1.3% and 16.3%
[56], and the incidence of failed intubation up to 1 in 390 [57]. The incidence of
difficult or failed intubation is likely to be even higher in the case of obese parturients.
In addition, these patients are often difficult to bag mask ventilate and can easily end
up into a “can’t intubate, can’t ventilate” scenario. A properly sized laryngeal mask
airway could be life-saving in these situations. If a neuraxial technique is deemed to
be contraindicated, then steps to maximize the success of tracheal intubation should
be undertaken. It is important to properly position the patient in the ramped posi-
tion with left uterine displacement as discussed before. Consideration for awake
fiber-optic or video laryngoscope-assisted intubation should be undertaken. A dif-
ficult airway cart, appropriate size supraglottic device and skilled assistance should
be readily available. Two anesthesiologists with experience in difficult airway man-
agement should be present. In case of failure, the anesthetist should be familiar with
algorithms for managing difficult airways in the obstetric patient such as those set out
by the Difficult Airway Society (DAS) [58].

21.7.12 Preoxygenation and apneic oxygenation

Good preoxygenation in this population is essential to try and prolong safe apnea
time after the administration of muscle relaxant. Desaturation in the obese parturient
can occur very precipitously, often occurring in less than 40 seconds of apnea even
after adequate preoxygenation. Various methods of preoxygenation can be used
such as tidal volume ventilation with 100% oxygen for 3 minutes or eight maximal
inspiratory breaths. Another concept that is becoming popular is apneic oxygenation
using high-flow nasal oxygenation with a device such as Optiflow™ system (Fisher
and Paykel Healthcare Ltd., Panmure, Auckland, New Zealand). Devices such as this
deliver O, at flow rates of up to 70 L/min and can significantly prolong the safe apneic
period by maintaining oxygenation. In a recent study, the safe apnea time in a patient
with a BMI of 54 kg/m? was prolonged to 5 minutes [59]. This extended safe apnea
time may be life-saving in a difficult airway scenario. In our practice, we have started
considering the use of an Optiflow device in morbidly obese patients undergoing a
cesarean delivery, particularly for general anesthesia. DAS guidelines also advocate
the use of gentle bag and mask ventilation (maximum inflation pressure <20 cm H,0)
before tracheal intubation after the administration of induction drugs to minimize
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desaturation and to allow an estimation of the likelihood of successful ventilation
should a situation of difficult or failed intubation arise [58].

21.7.13 Induction and maintenance of anesthesia

Induction of general anesthesia should be achieved with drugs that suit the hemo-
dynamic profile of the patient. Doses should be calculated using lean body weight
as opposed to total body weight or ideal body weight, which are likely to overdose
and underdose the obese parturient, respectively. Equations to calculate lean body
weight such as the Boer formula [60] have limitations at extremes of obesity; however,
more accurate equations from Janmahasatian et al. [61] have recently been devel-
oped, which are more suited to the obese parturient. In any case, a rapid sequence
induction will be required unless there is a plan for awake fiber-optic intubation.
Propofol and succinylcholine are the most common agents used to induce anesthesia.
In our practice, we routinely use fentanyl as part of our induction, as we believe it
confers a better hemodynamic profile during induction with minimal effects on the
fetus [62]. Remifentanil could alternatively be considered to obtund pressor response
[63]. Rocuronium can be used for neuromuscular blockade if there is a contraindi-
cation to succinylcholine. In this incidence, it is imperative that the neuromuscular
reversal agent sugammadex be available in case immediate reversal is required in
the event of difficult intubation/ventilation. Nerve stimulators should be used to
monitor neuromuscular blockade. Maintenance of anesthesia is generally done with
a mixture of volatile anesthetic mixed with nitrous oxide. Another option is to use
total IV anesthesia with propofol and remifentanil. Use of bispectral index monitor
can help ensure adequate depth of anesthesia. Long-acting hydrophilic opioids such
as morphine or hydromorphone could be administered for postoperative analgesia. To
minimize the use of systemic opioids, nonsteroidal anti-inflammatory drugs, aceta-
minophen, intraperitoneal instillation of local anesthetic, or transversus abdominis
plane block should be considered for postoperative analgesia.

21.7.14 Intraoperative ventilation

Intraoperative ventilation and oxygenation can prove difficult in the obese parturi-
ents. High FiO, requirements are not uncommon and this is often accompanied by
high driving pressures to overcome the reduced compliance of the chest wall. This
puts these patients at an increased risk of lung trauma and postoperative pulmonary
complications. The optimal way to ventilate obese patients is currently unknown;
however, this is currently under investigation in a large international multicenter
clinical trial [64]. In general, a lung-protective mode of ventilation should be used
with low tidal volumes based on ideal body weight and starting with low positive
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end-expiratory pressure levels, which can be titrated upward to improve oxygenation
if required.

21.7.15 Extubation

Extubating an obese parturient at the end of surgery is a critical stage and also a time
when major complications can occur. In a recent report [65], it was noted that maternal
mortality most often occurred during emergence and recovery, highlighting how crucial
this particular period of anesthesia is. Extubation in the obese parturient should only
take place when the patient is fully awake, alert, and obeying commands with adequate
minute ventilation. If there are any doubts about the adequacy of ventilation prior to extu-
bation, either from inadequate reversal of muscle relaxation or excessive narcotization,
then the patient should remain intubated with a secure airway until it is safe to do so.

21.7.16 Postoperative analgesia and respiratory monitoring

Adequate analgesia is of the upmost importance so as to ensure early mobilization
and reduce the incidence of pulmonary and thromboembolic complications. Post-
operative analgesia will almost always take the form of opioid medications through
neuraxial or systemic routes. Given that the incidence of diagnosed and occult OSA is
high in this patient group, extended monitoring of respiratory parameters should be
undertaken. Patients known to have OSA that use nocturnal CPAP should continue to
use this in the postoperative period. If systemic opioids are to be used, they should be
used in conjunction with a multimodal analgesic regimen and the dose of opioid be
reduced as sensitivity to systemic opioids is common in this population group.

Regional analgesia techniques should be used whenever possible so as to reduce
the use of systemic opioids [66] and to minimize the likelihood of adverse outcomes
in patients at increased perioperative risk from OSA. Our recommended analge-
sic regimen consists of the use of either intrathecal fentanyl 10 pg and epimorph
100 pg, or epidural fentanyl 50 to 100 pg and epimorph 2.5 mg. Often, an epidural
catheter is left in place postoperatively for 12 hours and an infusion of bupivacaine
0.0625% to 0.125% with fentanyl 2 ug/mL is administered at the rate of 5 to 10 mL/h.
We also use nonopioid analgesic adjuncts such as acetaminophen and diclofenac. If
general anesthesia is administered, patient-controlled analgesia with either morphine
or hydromorphone at standard doses should be considered.

Morbidly obese patients or those with associated OSA should be monitored in
high-acuity care units. As per ASA standards [36], patients should undergo monitoring
for adequacy of ventilation (e.g., respiratory rate, depth of respiration), oxygenation
(e.g., pulse oximetry when appropriate), and level of consciousness for a minimum
of 24 hours after neuraxial morphine administration. The monitoring should be
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performed at least once per hour for the first 12 hours, followed by at least once every
2 hours for the next 12 hours. After 24 hours, frequency of monitoring should be dic-
tated by the patient’s overall clinical condition and concurrent medications. CPAP
use should be considered and supplemental oxygen administered as needed to main-
tain acceptable arterial oxygen saturation.

21.8 Postoperative complications

Postoperative complications are common in obese parturients and hence their care
should not end directly postpartum but should extend into the days after delivery.
Some of the commonly encountered complications are listed below.

21.8.1 Postpartum hemorrhage

There is a high incidence of postpartum hemorrhage in the Class III obese population
[67, 68]. This increased risk is seen in spontaneous vaginal deliveries, instrumental
deliveries, and cesarean deliveries. In addition to an increased challenge to the opera-
tor to control hemorrhage, this group also poses a significant challenge to the anes-
thesiologist who may need to convert to a general anesthetic in an emergent situation
to secure the airway and achieve a better hemodynamic control.

21.8.2 Thromboprophylaxis

Thromboembolic events are one of the leading causes of direct maternal mortality
[2]. Adequate prophylaxis should be undertaken in the form of low-molecular weight
heparin and the dose used should be weight-adjusted to ensure adequate dosing in this
group. Timing of dosing should be discussed between the surgical and anesthesia teams
to factor in the timing of neuraxial technique and catheter removal. According to the
latest guidelines of the American Society of Regional Anesthesia and Pain Medicine,
neuraxial anesthesia should be avoided for at least 10 h to 12 h after prophylactic and
24 h after therapeutic dosing of low-molecular weight heparin. Subsequent administra-
tion of low-molecular weight heparin should commence after at least 2 h of epidural
catheter removal or 6-8 h postoperatively [69].

21.8.3 Infection
The incidence of postpartum infection is significantly high in the obese parturient.

The risk of postoperative endometriosis is almost three times higher in obese than in
normal weight parturient [70]. Postcesarean wound infection is almost doubled with
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every five-unit increment in BMI [71]. Both surgeons and anesthesiologists need to
be vigilant to ensure adequately timed and dosed antibiotic administration. In our
practice, we ensure preincision antibiotic dosing and adjust according to the patient’s
weight. We routinely dose 3 g of Cefazolin for morbid obese parturients to ensure
adequate serum and tissue levels of antibiotic.

21.9 Summary

— The incidence of maternal obesity and its associated complications is
increasing at an alarming rate and poses a significant challenge to the obstetric
anesthesiologist and allied health staff.

— A multidisciplinary team approach and careful antepartum anesthetic planning
is required to formulate the optimal conduct of anesthesia for the chosen mode
of delivery.

- When possible, a neuraxial technique should be considered for both labor
analgesia and surgical anesthesia for cesarean delivery.

- Ifageneral anesthetic is required for the obese parturient, specific considerations
and principles must be adhered to in order to deliver a safe anesthetic.

— The risk of OSA must be evaluated and suspected in all obese parturients and
steps taken to minimize complications associated with it especially in the
postoperative period.

— Postoperative complications are more common in the obese parturient and
adequate analgesia, antibiotic prophylaxis and thromboprophylaxis are
required to minimize complications.
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22.1 Introduction

The care of pregnant women with increased body mass index (BMI) is increasingly
pertinent as a subject of discussion and planning for all healthcare services, as obesity
is a growing health problem globally. Nursing care of the bariatric pregnant, laboring,
or postpartum patient requires consideration of a number of factors related not just
to the medical issues of the patient but also to the psychological concerns as well as
the facility resources, accessibility issues, and preparedness of the interprofessional
team—nurses, obstetrics/midwifery, anesthesia, lactation specialists, and learners.
This chapter is intended to give a general overview of these considerations in the
context of this population.

As with all our patients, underlying the experience of the pregnant bariatric
patient are the many experiences that she has already had in her life or in relation to
her healthcare. It is well documented that this population have experienced stigma-
tization related to their habitus and health [1]. Weight bias in healthcare contributes
to feelings of humiliation, neglect, and can have an enormous effect on the patient’s
experience. Paradoxically, this may negatively affect a woman’s physical and psycho-
logical health during the healthcare encounter. Some examples of care elements that
would understandably contribute to these sensitivities might be the use of inappro-
priate or unsuitable equipment (unsteady scales for those with high BMI; blood pres-
sure cuffs or hospital gowns that are not sized appropriately), healthcare spaces that
are unaccommodating (chairs/doorways lacking adequate width) and importantly
staff, visitor, and/or family language and demeanor that creates an unwelcoming and
discriminatory environment. The healthcare team must develop an awareness of this
to provide a helpful and healing environment. Having a skilled and knowledgeable
team with easy access to appropriate equipment and standardized approaches to care
can facilitate a seamless experience and will normalize the patient’s care in a way
that inspires confidence and minimizes conflict and complication [2].

22.2 Antenatal considerations

Assessing risk is a key factor in planning. Thus, identification of medical conditions
such as chronic hypertension, type 2 diabetes, obstructive sleep apnea, depres-
sion, and cardiac or respiratory conditions is crucial as all can be exacerbated by

the additional demands of the pregnancy and postpartum periods. The requirement

https://doi.org/10.1515/9783110487817-022
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for access to specialized, skilled personnel who can manage these conditions in
the context of a pregnancy or postpartum mother is a key element to providing safe
and effective care. Consulting services, in addition to anesthesiology, may include
dieticians and bariatric medicine specialists, obstetrical medicine, hematology,
endocrinology, cardiology, diagnostic imaging, psychiatry, neonatology, and wound
care specialists. In our tertiary level institution, we have access to these providers
who have specific expertise in these areas as they relate to pregnancy.

Antenatal assessment may generate the need for testing such as polysomnography
(sleep studies), pulmonary function, and cardiac and renal testing to ensure optimal
pregnancy and in-hospital care. Occasionally, an unexpected health event in labor or
during pregnancy may prompt the need for urgent assessment, for example, a cardiac
event in a young woman with elevated BMI.

On the other hand, the automatic categorization of the pregnant patient as
medically complex solely due to her high BMI carries with it the risk of increased
medical surveillance and intervention that might not be medically indicated, and
possibly decreased options for birth that might be available with alternative types of
surveillance. The team is obliged to consider all indications for intervention and offer
all opportunities for elements of a normal birth experience. Having quick access to an
interdisciplinary team with expertise, as well as access to specialized equipment and
adequate spaces, allows for a more seamless and simpler transition to an emergent
situation. In all cases, the awareness of potential for need will underlie the quick
initiation of a higher level of care, if the need arises.

In our institution, we offer a specialized antenatal clinic for the bariatric popula-
tion, which focuses on comprehensive screening and care planning for both mother
and fetus. A “BMI checklist” (Fig. 22.1) can serve as a prompt and may facilitate com-
munication of important results, such as pregestational diabetes parameters, ECG
and echocardiogram reports, and serial fetal growth readings.

Standardization of the patient record in the flow sheet may trigger appropri-
ate specialist referrals and can record ongoing information such as the use of con-
tinuous positive-airway pressure, initiation of prophylactic anticoagulation, notes
regarding challenging peripheral intravenous access and the resulting plan, as well
as appropriate blood pressure cuff size (thigh cuff, for example) and location for
optimal and consistent assessment of blood pressure recordings (in some cases,
radial rather than upper arm blood pressure readings may be the only realistic
option available on an ambulatory basis). This information can direct the team in
their effort to address each issue early in the pregnancy. It will also support consist-
ency across caregivers and across the continuum of care, thereby optimizing safety
and the patient experience.

Our specialized antenatal clinic is directed by maternal fetal medicine and sup-
ported by bariatric medicine. The bariatric medicine physician works simultaneously
with the maternal fetal medicine team in the same physical setting with the support of
a pregnancy dietician. The aim of this weekly collaboration is to continuously support
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Checklist for High BMI Obstetric Patient Care Planning:

Patient Name

MOUNT SINAI HOSPITAL 3.
Jaseph and Wolt Lebvic Health Complex ™

MRN

ANTENATAL:

Blood Pressure monitoring
Arm/forearm/leg

O Anesthesia

O Dietician

O Bariatric Medicine
O Haematology

O Endocrine

O Cardiology

O Neonatology

O Clinical Nurse Speci

Cuff size

Cardiac testing RESULTS
O ECG
O ECHO

O Pulmonary Function tests RESULT

O Sleep Apnea Testing RESULT
Need for CPAP

GCT RESULTS
O Early
O 26w

GTT

Hgb Alc

Consults: DATES: PLAN:
O OB Medicine

alist

Fig. 22.1: The BMI checklist.
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optimal nutrition and weight management throughout pregnancy and into postpar-
tum care. This post discharge opportunity can be a wonderful addition to the holistic
care planning that occurred in the pregnancy and offers a follow-up solution that may
have a big effect on the long-term maternal and neonatal health.

The role of the advanced practice nurse in caring for the complex pregnant
patient is multifaceted. Care-planning with the patient and her family is one aspect
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of the role, and can ensure that all elements of care are communicated. The benefits
of having an advanced practice nurse who follows a patient along the continuum of
her care, and communicates her interactions with the patient, can clearly support
not only the healthcare team but also the patient by offering some anticipatory guid-
ance and allowing for full patient involvement in the care planning process. Frontline
nursing will use the plan to anticipate the individual and equipment needs of the
patient to create an experience of well-coordinated, thoughtful, and empathetic care.
Frontline nursing can also use the plan to communicate to the intrapartum and post-
partum interdisciplinary team, the specific planning that the antepartum team and
the patient have already negotiated.

Even when that plan of care cannot be fulfilled completely, out of medical or
safety necessity, the opportunity to have these discussions and create something
that speaks for the patient and family secures the role of the patient as a part of
the team and as an active contributor to her own care. A written plan of care, that
a patient can carry, and which also is incorporated into the legal health record of
the patient, promotes transparency of the team communications, as well as self-
efficacy for the patient. Along with a medical and obstetric history, the plan will
consider all the medical and psychosocial issues that have been discussed with
the patient over the course of her pregnancy. Each issue and the related decision-
making is recorded to create a level of understanding for the patient’s choices and
provider counseling for the entire team. The discussions with the patient support
her understanding of the position the team might take under certain circumstances.
In the case of unplanned events, the patient will have some background knowledge
regarding her management and potential risks, and the team will know to circle
back with the patient and family at the earliest opportunity so that debriefing on
some level can occur.

22.3 Accessibility

Additionally, the care planning for the bariatric population requires that the institu-
tion be committed to being an accessible facility. Such a commitment requires that
the facility accommodate the bariatric patient in terms of equipment capacity needs
as well as spaces that allow for wider equipment to maneuver. Antenatal clinics must
have appropriate scales, wider and appropriate weight-bearing seating, examining
tables with stepping stools as well as accessible spaces that will accommodate the
patient who must mobilize with a walker or bariatric wheelchair (see Fig. 22.2) due
to the added pregnancy challenges. The hospital may need to consider acquisition
of designated bariatric equipment such as wider stretchers, hospital beds and oper-
ating tables (with extenders, see Fig. 22.3) that not only support the added weight
but also offer the added comfort and safety of a wider surface. In some cases, the
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additional risk of skin breakdown related to increased weight or vulnerable tissues in
the setting of edema or diabetes, specialized therapeutic surfaces are recommended.
An accessible, barrier-free washroom in the women’s and infants’ units will include
additional hand rails for patients with mobility challenges. Showers are ideally
single-level entry and toilets have the added support underneath (see Fig. 22.4) rather
than being wall mounted. In addition, hospital gowns that can accommodate the
fuller figure of the gravid bariatric patient will be available and blood pressure cuffs
that are in larger sizes will be in all rooms.

(a) (b)

Fig. 22.2: The bariatric wheelchair (a) and standard wheelchair (b) for comparison.

Fig. 22.3: Operating room bed extenders.
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Fig. 22.4: Bariatric inpatient bathroom with pedestal
toilet.

22.4 Intrapartum care planning

Planning for the obese gravida in the labor ward prompts several points of consideration:
A. Labor monitoring will include fetal heart rate monitoring and may require longer

B.

belts or other methods to attach them to the maternal abdomen.

Ideally, the patient will have consulted with obstetric anesthesia prior to admission
to the labor ward and consideration to the approach of regional anesthesia
would have been discussed (reviewed in Chapter 21). In cases where peripheral
intravenous access will be challenging or impossible, we will arrange for the
patient to have a peripherally inserted central catheter line placed to ensure safe
accessibility. Ensuring that longer spinal, epidural and combined spinal/epidural
kits are available may save time in urgent situations. Our labor unit is equipped
with several portable ultrasound machines to facilitate placement of neuraxial
anesthesia (as well as the preoperative assessment of the maternal abdominal
pannus to gauge level of abdominal entry for cesarean entry). Difficult airway
trays as well as the Troop Elevation™ pillow [3] are easily located in the operating
room suite.

Use of the intrauterine pressure catheter may be indicated more frequently as
uterine activity may not be easily palpated through the maternal abdominal
wall. As it is often the case that the patient may be undergoing induction of labor
for medical reasons or having augmentation for slow progress in labor, both of
which are more common in the obese gravida, we have noted greater utilization
of intrauterine pressure catheter devices in our unit.

In the operating room, having an operating room table with appropriate capacity
should be predetermined. Our labor and delivery operating room tables are
equipped with an inflatable patient transfer device (Hovermatt™) [4] under
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the linens will avoid any last minute delays in the surgery. This device offers an
air-assisted lateral transfer that supports the patient safely and comfortably and
protects the caregivers in the transfer process.

E. Ourinstitution has assembled a specialized bariatric cesarean section tray with
specially sized instruments (see Fig. 22.5) and utilizes a disposable retractor
device (the Mobius™, for example) [5] for complex cases. Devices such as the
Traxi™ retractor [6] can be used to elevate the pannus during cesarean section.

Fig. 22.5: Surgical instruments from the BMI C-section kit: extra-large Dever retractor (a); extra-large
Malleable retractor (b).

Following skin closure, we use a negative pressure wound therapy system (one
example is the PICO™ system) [7] that can be applied after the surgical site is closed
to facilitate wound closure and healing potential.

Awareness of availability and use of equipment will be a great comfort to the
nurses and other team members who are providing care. This, in turn, will mini-
mize the patient’s discomfort, anxiety, and sensitivity to her situation and will
increase her confidence in the care she is receiving. Attention to this level of detail
is necessary in the provision of safe care as well as care that is patient-focused and
nonjudgmental.

F. Nursing time management requires thought as the laboring patient with increased

BMI may require additional surveillance related to fetal monitoring (i.e., hands-

on placement of the Doppler to ensure adequate detection in light of maternal
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pannus) and uterine activity monitoring (frequently slow labors are identified
and it can be difficult to palpate contractions manually). Mobility in labor may
be compromised or may be a safety concern with the high-BMI patient. Labor
dystocia is a common occurrence and coupled with the monitoring challenges
and potential for shoulder dystocia in second stage can result in a lower threshold
for decision-making around cesarean birth. Additional nursing support would be
welcomed in the care of this laboring mother, to assist with mobility, surveillance,
and positioning of the patient in the case of shoulder dystocia or transfer to the
operating room for surgical intervention.

If anesthesia is not initiated until arrival in the operating room, significant time may
be needed for this procedure. The technical challenges in initiating neuraxial anes-
thesia are often chosen over a general anesthetic procedure, given the potential for
airway and ventilation problems. Anesthesia itself can take up to an hour or more
of the operating room time. Positioning for the surgery and final assessment of the
patient, with determination of approach, including decisions regarding skin incision
can also take some time, especially if the obstetric team is different from the physi-
cian who counseled the patient in pregnancy. The surgery itself is slower given the
additional tissue and the added technical challenges. Nursing presence and support
throughout these steps is central to the care of the patient and functioning of the labor
and delivery team.

22.5 Postpartum care

After the birth, the patient may require closer monitoring with one-to-one nursing
care, and anesthesia availability. This is especially true of the bariatric patient with a
history of obstructive sleep apnea. Postoperative pain management can require extra
attention. Although not always the case, the additional need for pain medication in
the postoperative period, if not well addressed, can have implications for the patient’s
ability to take on infant care as well as her mobility. Disposition of the patient as well
as pain management challenges increase the length of stay of the patient and contrib-
ute to general delays in the flow of patients through the labor and delivery setting.
Breastfeeding presents specific challenges in women with increased BMI [8, 9].
During the postpartum period, medical comorbidities and the associated care needs
can delay discharge as can the added nursing care challenges associated with breast-
feeding support. Polycystic ovarian syndrome, a condition that is common in the bari-
atric population, can have implications for the experience of breastfeeding. Often,
positioning of the infant at the breast can present a difficult task. Encouragement
and support for skin to skin care, frequent feeding, and frequent breast stimulation
and emptying will optimize breastfeeding. Lactation consultant support while in
hospital and after discharge can sustain breastfeeding efforts. Given the associations
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between breastfeeding and the lowered incidence of diabetes and obesity in child-
hood [10], the additional time and effort in establishing and sustaining breastfeeding
in this population is a public health priority.

Lastly, women with a high BMI are known to have a higher incidence of post-
partum depression. Risk assessment and referral early in pregnancy can offer
reassurance. The role of nursing and perinatal social work is important in assisting in
the identification of women at risk as well as ensuring appropriate follow-up with a
psychiatric provider, counselor, or family physician.

22.6 Summary

Care of the pregnant, laboring, or postpartum bariatric patient can present many
challenges to the resources of an institution. This chapter has attempted to outline
some of the general considerations and special challenges with the bariatric popula-
tion that can benefit from a specialized process for care, with specific reference to the
role of nursing as a part of the interdisciplinary team. This outline is summarized in
Tab. 22.1. Therole of the advanced practice nurse in care coordination is also addressed
as a possible solution to the communication issues that are especially prevalent when
many team members are involved in a patient’s and family’s care.

Tab. 22.1: BMI pregnancy care coordination summary.

1. General concerns in caring for the high BMI population

a. Accessto
i.  Personnel with training—ultrasonography anesthesia, surgeon, endocrine, OB medicine,
hematology, maternal and fetal cardiac assessment, interventional radiology, wound care
ii. Facilities and equipment—space requirements, mobility requirements, special
equipment needs
iii. Respectful care—the sensitivities we express in our care
b. Added risks with increased BMI
i.  Comorbidities—CHTN, type 2 diabetes, OSA, cardiac/respiratory challenges, PCOS,
mobility challenges, depression
ii. Fallrisk
iii. Peripheral IV access
iv. Fetal health surveillance—U/S and FHR monitoring in labor
v. Risk of wound dehiscence and infection
vi. Intrapartum and postpartum pain issues
vii. Breastfeeding—PCOS and specialty care r/t habitus
viii. Stigma and psychosocial concerns
1. Depression risk
c. Timeissues
i.  Anticipated length of time
1. Intrapartum for anesthesia, surgery, labor
2. LOS r/t wound, breastfeeding challenges, sleep apnea
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Tab. 22.1 (continued)

2. Preconception planning
a. Infertility
b. Counseling
c. Weight optimization
d. Fetalrisks
i. Folic acid supplementation
3. Prenatal care and planning
Consults
Ultrasound scanning
Cardiac assessment
Sleep apnea assessment
. Pulmonary function testing
.Early gestational diabetes testing
i. GCTin first trimester
ii. HgAlc
4. Intrapartum care
a. Obstetrical challenges
i. Birth options
1. Accommodation of birth planning requests for mobility, hydrotherapy, room (intra- and
postpartum)
ii. Intrauterine pressure monitoring and FHR monitoring in labor
iii. Labor dystocia
b. Nursing
i. Monitoring challenges, mobility challenges
ii. Team notification/communication
iii. Needs for gown, BP cuff, monitoring belts
iv. OR table and Hovermatt
v. PICO negative pressure system
c. Anesthesia
i. GERD prophylaxis
ii. Intravenous access
iii. Neuraxial vs. GA
1. Epidural needles, portable U/S for imaging of back
2. Troop pillow
3. Difficult airway tray and Glidescope
iv. Pain management
d. Cesarean births
i. Incision planning—location and closure, negative pressure system
ii. Other equipment needs—special BMI tray C/S instruments including Mobius
5. Postpartum care
a. LOSin L&D considerations with anesthesia
b. Mobility
c. Infection risk and pain management
d. VTE prophylaxis for in-hospital
e. Endocrine management

®man oo
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Tab. 22.1 (continued)

f. HTN follow-up
g. Breastfeeding support
h. Wound care
i. Psychosocial
j. Fetal—macrosomia, hypoglycemia
6. Discharge planning
a. Medical—depending on comorbidities
i. Wound—delayed removal of staples/negative pressure system
b. Breastfeeding—ongoing support
c. Psychosocial support

Bibliography

[1] Mulherin K, Miller Y, Barlow F, Diedrich P, Thompson R. Weight stigma in maternity care:
women’s experiences and care providers attitudes. BMC Pregnancy Childbirth 2013;13(19).

[2] Centre for Maternal and Child Enquiries/Royal College of Obstetricians and Gynaecologists.
Management of women with obesity in pregnancy. 1-29, March 2010.

[3] Troop Elevation Pillow (Accessed April 7, 2017 at http://www.mercurymed.com/product-category/
troop-elevation-pillows-and-accessories/).

[4] Mobius (Accessed April 7, 2017 at http://www.coopersurgical.com/Products/Detail/
ob-mobius-self-retaining-c-section-retractor).

[5] Hovermatt (Accessed April 7, 2017 at http://www.hovermatt.com/).

[6] Traxi (Accessed April 7, 2017 at http://clinicalinnovations.com/portfolio-items/
traxi-panniculus-retractor/).

[7] PICO (Accessed April 7, 2017 at http://www.smith-nephew.com/key-products/
advanced-wound-management/pico/).

[8] Garner C, Ratcliff S, Devine C, Thornburg L, Rasmussen K. Health professionals experiences
providing breastfeeding related care for obese women. Breastfeed Med 2014;9(10):503-9.

[9] Amir L, Donath S. A systematic review of maternal obesity and breastfeeding intention,
initiation and duration. BMC Pregnancy Childbirth 2007;7:9.

[10] Yan ). Liu L, Zhu Y, Huong G, Wang P. The association between breastfeeding and childhood

obesity: a meta-analysis. BMC Public Health 2014;14:1267.

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



EBSCChost - printed on 2/10/2023 8:37 PMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Yair Sagi and Cindy Maxwell
23 Cesarean delivery in women with obesity

23.1 Introduction

Cesarean delivery (CD) is one of the most common surgical procedures in the United
States [1]. Pregnant women with obesity have unique risks that may affect their
need for and outcome from CD. Obesity places pregnant women at increased risk for
CD and complications such as hypertensive disorders, diabetes, macrosomia, and
stillbirth [2-6].

A review of 11 cohort studies reported that the risk of CD increased by 50% in
women with a body mass index (BMI) of 30 to 35 kg/m? and more than doubled in
women with a BMI >35 kg/m? as compared with women with a normal BMI [7]. The fre-
quency of wound complications following CD ranges from 3% to 17% [8-13]; however,
in women with morbid obesity, it is as high as 30% [14]. Finally, wound complica-
tions are a burden for the patient, her family, and the health care system; one study
estimated that a post discharge wound complications costs on average an additional
$3,000 US dollars [15].

As is true for any abdominal surgery, CD presents unique challenges in obese
women. There is the question of how urgent the procedure is and how a delay might
affect the fetal outcome, for example. The steps taken during the surgical planning
may have a direct effect on the rates of intraoperative and postoperative complica-
tions such as endometritis, wound complications (infection, separation, hematoma,
seroma, and fascial dehiscence), and bladder and bowel injury.

23.2 Prophylactic antibiotics

CD increases the risk of infection compared with vaginal birth by fivefold to 20-fold.
Surgical site infection (SSI) rates after CD are estimated to be as high as 7% to 20%
[16]. These can be attributed mainly to two major factors: unscheduled CD and mater-
nal obesity. Obesity alone may increase the likelihood of the development of an SSI
after CD by threefold to fivefold, whereas obese parturients are up to three times more
likely to require a CD than no obese control subjects.

There are many reasons why obese parturients experience these increased
risks. Increased rates of medical comorbidities (e.g., diabetes mellitus, hyperten-
sion, preoperative skin breakdown, intertriginous infection) can directly affect the
healing process. Obesity is associated with longer operative times and higher blood
loss. Due to greater depth of subcutaneous adipose tissue, tissue perfusion can be
compromised, inhibiting proper tissue oxygenation, delivery of immune cells and

https://doi.org/10.1515/9783110487817-023
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subsequently reduced ability to prevent and respond to infection. Furthermore,
prophylactic antibiotics have lower tissue concentrations in obese patients [9, 17, 18].

The prophylactic use of antibiotics in women undergoing CS[Q1] has been shown
in randomized controlled trials (RCTs) to reduce the incidence of wound infection
(RR 0.39; 95% CI 0.32-0.48), puerperal endometritis (RR 0.38; 95% CI 0.34-0.42), and
serious maternal infectious complications (RR 0.31; 95% CI 0.19-0.48) [19]. When
administered before skin incision, as opposed to intraoperatively following umbilical
cord clamping, it has been shown to decrease puerperal endometritis (RR 0.59; 95%
CI 0.37-0.94) [20], with a nonsignificant trend toward a reduction in wound infection.
The appropriate dosing of prophylactic antibiotics, specifically for the obese obstetric
population, has been studied recently. The most common antibiotics used are the first
generation cephalosporins, especially cefazolin 1 or 2 g intravenously (IV) given 30 to
60 minutes prior to skin incision [16].

Few data exist regarding the optimal dose specific to obesity in pregnancy. Most
studies suggest the administration of at least 2 g of cefazolin 60 minutes before the
operation, although this dosage may be insufficient in women with increased BMI
[21]. A recent prospective cohort study evaluating the effects of obesity on tissue con-
centrations after a prophylactic 3 g of IV cefazolin doses at the time of CD. The tissue
concentration was compared with that of historic control subjects who had received
a 2 g dose. Higher adipose tissue concentrations of cefazolin were observed after the
administration of the 3 g prophylactic dose. On the other hand, a multicenter retro-
spective cohort study in 2015 showed that administration of the higher 3 g dose of
cefazolin did not reduce SSIs in obese pregnant women undergoing CD [22].

The pharmacokinetics of antibiotic metabolism is important and may differ in adi-
posity and therefore more studies are needed to determine the optimal antibiotic dosing.

23.3 Skin incision

Lower abdominal transverse skin entry (Pfannenstiel) is generally favored for the
normal weight woman undergoing a nonemergent CD. However, the optimal skin inci-
sion type for the obese woman is unknown.

There are no randomized clinical trials comparing the risks and benefits of skin
incision type (vertical or transverse) for CD in obese women. The choice of skin inci-
sion for CS in obese patients is still a matter of controversy, as mixed findings have
been reported in observational studies. Current practice is largely based on surgeon
or institutional preference [23].

In pelvic surgery, low transverse or Pfannenstiel skin incisions give adequate
exposure while providing a good cosmetic result, but this may not be the case when
the abdominal pannus is significant in size. Furthermore, the incision will be covered
over by the large pannus postoperative, which interferes with wound healing and
physical integrity of the incision. It is a common practice to apply pressure dressings
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to lessen postoperative bleeding below the skin incision, yet this may impair wound
healing by compromising tissue circulation and perfection and may cause fat necrosis
below the incision. Alternatively, a vertical incision could be used. There are healing
concerns with this approach as well, as these incisions typically need to be long to
have adequate exposure and may result in greater tension in keeping the wound
edges together. To avoid the dissection of thickened layers of adipose tissue below
the umbilicus, a supraumbilical vertical incision could be an alternative approach.
However, this type of incision requires careful anesthetic planning given the higher
level of entry and dermatomes affected.

Another option is the transverse supra-pannus incision and can be considered
appropriate if the pannus displaced the umbilicus downward to the level of the pubic
symphysis when standing. To choose the best level of incision, using an ultrasound
can be helpful to assess adipose thickness. A transverse cutaneous incision is fol-
lowed by standard entry into peritoneal cavity, and generally a transverse lower
uterine incision. The subcutaneous fat layer tended to be less thick than the pannus,
and surgical exposure and access to the lower uterine segment is not compromised by
the alternative skin approach [23, 24].

In a US hospital cohort of 239 patients with BMI >35 kg/m? undergoing their first
CD, a vertical skin incision was associated with higher risk of wound complications
requiring reopening of the incision (OR 12.4; 95% CI 3.9-39.3) when compared with a
transverse incision [8]. A similar study of 623 women with BMI >35 kg/m? undergo-
ing primary CD showed that vertical skin incisions were associated with a fourfold
risk of infection and wound separation [25]. On the other hand, a large US retrospec-
tive cohort of 3,200 women with BMI >40 kg/m? undergoing primary CD reported a
significantly lower rate of wound complication with vertical skin incision, including
infection, seroma, hematoma, evisceration, and fascial dehiscence (OR 0.32; 95% CI
0.17-0.62) [6, 26]. In conclusion, there is conflicting evidence on the benefits of verti-
cal versus transverse skin incisions for CD in obese women and therefore an RCT is
necessary to clarify this clinical dilemma.

23.4 Uterine incision

Uterine entry may pose challenges depending on the surgical approach and fetal
position. Making the traditional lower uterine transverse incision can pose a risk if
there are inadvertent lateral extensions of the incision downward, particularly in the
setting of the macrosomic fetus or late second stage CD. Repair of such extensions
is complicated by inadequate exposure with the maternal pannus and the depth of
pelvic cavity and place the mother at risk for hemorrhage, blood transfusion, bladder
and ureter injuries, and even cesarean hysterectomy. Our approach has been to use a
sharp, crescentic opening that stays well above the uterovesical peritoneal reflection
to minimize the chance of downward extension.
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To enhance the surgical exposure, self-retaining retractors (both reusable and
disposable such as the Mobius™ retractor) can facilitate the retraction process and
delivery of the baby. Additionally, specialized extra-large retractors organized for
such cases may be of benefit to the surgical team (see Fig. 22.5 in Chapter 22).

23.5 Closure of peritoneum

A Cochrane review in 2014 concluded that there was no difference in terms of postop-
erative adhesion formation, but a significant reduction in the operative time in cases
where the peritoneum was not closed, as compared with closure of both peritoneal
layers. In addition to the reduction in operative time, hospital stay and wound infec-
tion rates were also decreased [27]. That being said, our practice has been to routinely
close this layer to minimize the intra-abdominal contents from being extruded and
complicating the subsequent closure of the peritoneum, keeping in mind that the
patients are generally awake for surgery, there is tremendous intra-abdominal pres-
sure and the reduction in the uterine size just after delivery contribute to the bowel
obscuring the operative field.

23.6 Closure of the subcutaneous tissue layer and drain placement

There is robust evidence that in the general CD population, if the subcutaneous
tissue layer exceeds 2 cm, closure of the subcutaneous layer is recommended. A
meta-analysis of six studies has shown that this measure decreases wound compli-
cations by 34%, particularly seroma formation [28]. Our practice is to re-approximate
the tissue with multiple layers of interrupted rapidly absorbable sutures to close the
dead space.

RCTs evaluating CD performed in the general population have found no differ-
ence in the incidence of wound complications or any other maternal morbidity when
subcutaneous drains are left in place [29, 30].

In a prospective case control study conducted in Egypt evaluating 118 women
with a BMI >32 kg/m? undergoing CD with a Pfannenstiel incision, no difference in
wound dehiscence or hematoma formation was found with the placement of subcu-
taneous drains [31]. However, in a retrospective US cohort of 194 patients with a BMI
>50 kg/m? undergoing CD, the use of subcutaneous drains was associated with an
increased risk of wound complication (OR 2.3; 95% CI 1.23-4.38) [14]. A multicenter
RCT in the US, including 280 women with >4 cm of subcutaneous thickness under-
going CD, were randomized to subcutaneous layer closure alone or in combination
with subcutaneous suction drainage. The incidence of composite wound morbidity
(subcutaneous or fascial dehiscence, seroma, hematoma, and abscess) was similar
in both groups [32].
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In summary, current evidence does not support the use of subcutaneous drainage
to reduce the incidence of wound complication.

23.7 Closure of the skin

Choice of closure continues to vary among clinicians, with the most common choices
being absorbable subcuticular suturing and nonabsorbable metal staples. The litera-
ture available on skin closure methods is inconclusive.

A systematic review identified eight RCTs evaluating these two options, and
found similar incidences of wound complication, pain, and cosmetic results [33]. This
study investigated a general population and was not able to observe the effect of BMI.
[Q2] In contrast, two RCTs among women with BMI >30 kg/m? showed that subcu-
ticular closure reduced the risk of postoperative wound complication. However, when
wound complications were analyzed for the effect on disruption as compared with
infection, infection was not affected by method of closure.

More recently, a meta-analysis from 2015 by Mackeen et al. [34] compared skin
closure with absorbable subcuticular suture versus metal staples and found that
sutures decreased wound morbidity. Wound complications occurred 51% less fre-
quently in patients closed with sutures as compared with those closed with staples.
This benefit persisted even when data were stratified into obese and nonobese BMI
categories.

In conclusion, recent literature shows that suture closure of transverse skin
incisions significantly decreases wound morbidity, specifically wound separation,
without significant differences in pain, patient satisfaction, or cosmesis.

23.8 Wound dressing

Maintenance of wound closure is a challenge as excessive suture tension, infection,
diabetes mellitus, peripheral vascular disease, use of steroid or immunosuppressive
drugs, and smoking may delay proper closure [35].

Conventional dressing consisting of sterile dry gauzes, topical antimicrobial
dressing, and more recently, negative pressure wound therapy (NPWT) may be used
to enhance healing.

Although itis not part of the current guidelines, NPWT has emerged as an accepted
technique in contemporary wound management [36] and has become increasingly
popular over the last two decades, particularly for the treatment of pressure and post-
traumatic wounds, diabetic leg ulcers, and skin grafts [36—42].

The NPWT is comprised of two units: a therapy unit, which delivers a constant
negative pressure by means of a pump, and a dressing, which is a self-adhesive system.
It requires sealed edges to achieve its effect, and reduces lateral tension and tissue
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edema. This results in increased blood circulation, decreased edema, enhanced gran-
ulation tissue formation, and reduced bacterial colonization. Moreover, NPWT acts by
stimulating cell-mediated immune response and fibroblast viability, migration, and
proliferation within 48 hours after its application. Two commonly used systems are
the PICO™ and Prevena™ dressings. Patients can be safely discharged with these
dressings in place [43, 44].

Two RCTs and two observational studies demonstrated faster wound closure and
a higher percentage of treatment success with NPWT [45]. Meta-analysis also favored
NPWT regarding decrease in wound size [42].

The use of NPWT for wound dehiscence and infection in CD patients requires
further study. A case series of three patients with superficial wound dehiscence after
CD showed full wound healing after 25 to 41 days of treatment, with no reported
complications [16].

23.9 Anesthesia for the obese woman undergoing CD

This topic is covered in detail in Chapter 21.

23.10 Venous thromboembolism prophylaxis

This topic is covered in detail in Chapter 17.

23.11 Conclusion

Careful predelivery assessment in addition to planning with other relevant caregiv-

ers is essential for the management of the obese pregnant woman. Both the American

College of Obstetricians and Gynecologists and the Society of Obstetricians and Gynae-

cologists of Canada recommend a multidisciplinary approach.

Key things to remember:

A. Additional time for patient positioning and surgical setup

B. Additional time allocation for anesthesia placement

C. Perioperative antibiotics

D. Thoughtful approach to skin entry, specialized instruments for retraction and
wound dressing

E. Postpartum venous thromboembolism prophylaxis, which must be coordinated
with the anesthesia team

F. Consider early wound assessment (i.e., in 2-4 weeks postdelivery) to monitor for
complications
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24 Vaginal delivery in the obese patient

24.1 Introduction

Maternal obesity presents several specific challenges to the labor and delivery process,
including compromised myometrial contractility, prolonged labor, and challenges in
monitoring. While acknowledging the unique risks faced by obese parturients, health
care providers should take an evidence-based approach, wherever possible, to the
intrapartum care of this population. Interventions without demonstrated benefit may,
in fact, subject patients to harm. This is especially true as obese women undergoing
cesarean delivery are at increased risk for anesthetic, infectious, and thromboembolic
complications [1].

24.2 Altered uterine contractility

Biochemical and clinical studies both point to derangements of uterine contractility
in obese pregnant women. This principle underlies many of the obstetrical complica-
tions that occur more frequently among obese patients [2].

In one study, female rats that were fed a high-fat, high-cholesterol diet demon-
strated altered expression of several myometrial contractile-associated proteins. Myo-
metrial strips from these rats also produced asynchronous contractions of variable
amplitude during ex vivo studies, whereas rats that were fed a control diet exhibited
stronger and more consistent contractions [3].

Myometrial biopsies from women undergoing elective cesarean delivery show a
decline in myometrial activity, measured in vitro, with increasing body mass index
(BMI). Human adipocytokines, a term representing a group of secretory products from
adipose tissue, are also thought to affect myometrial contraction. Leptin and apelin
concentration are both found to be elevated in obese patients. In vitro studies of myo-
metrial strips exposed to each of these adipocytokines demonstrate a strong inhibi-
tory effect on myometrial contractility [4, 5].

Furthermore, in the human uterus, ether-a-go-go potassium channels suppress
contraction amplitude and duration. Beta inhibitory protein normally reduces this
suppressive activity to achieve longer duration of uterine action potentials and con-
tractions. However, increasing BMI has been associated with decreased beta inhibi-
tory peptide, lending further support to the notion of impaired uterine contractility
in obese women [6].

These findings are corroborated by clinical outcomes, as obesity is associated
with prolonged labors and increased rates of cesarean delivery [7].

https://doi.org/10.1515/9783110487817-024
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24.3 Management of the first stage of labor

Obesity seems to have a more marked effect on the first stage of labor than the
second. It has been noted in multiple observational trials that obese women are
more likely to have a prolonged first stage of labor [9, 10]. In particular, progress
between 4 cm and 6 cm dilatation is significantly slower among pregnant women
with BMI higher than 30 [10, 11]. The Consortium on Safe Labor examined detailed
labor and delivery information from more than 118,000 eligible live, term singleton,
cephalic deliveries in the United States [11]. Figures 24.1 and 24.2 depict the labor
curves for nulliparas and multiparas, respectively, according to BMI. Overall, both
nulliparous and multiparous women demonstrated prolongation of the first stage
of labor with increasing BMI. Women with BMI higher than 40 required an average
of 7.7 hours to achieve full dilatation, compared with 5.4 hours for women with BMI
less than 25 [11].
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Fig. 24.1: Labor curves in nulliparas by BMI [11].

Obesity is associated with a significantly increased risk for cesarean delivery in
the first stage of labor [12], primarily due to a higher incidence of labor dystocia/
failure to progress [13]. Soni et al. [14] found that, in comparison to women with
a BMI of <25, women with BMI greater than 35 were significantly more likely to
require cesarean delivery after oxytocin augmentation for arrest of dilatation
(69.6% vs. 11.4%).

In one large Swedish observational study, the odds ratios for cesarean delivery for
ineffective uterine contractility were 2.14, 2.72, and 3.98 for class I, II, and III obesity,
respectively (see Tab. 24.1) [13].

printed on 2/10/2023 8:37 PMvia . Al use subject to https://ww.ebsco.confterms-of-use



24 Vaginal delivery in the obese patient =——— 281

104 [ ---<25.0
------ 25.0-29.9
30.0-34.9
8 35.0-39.9
T|—>=40
E
&
5
= 6
]
a
44 ==
2 T T T T T T T T T T
0 1 2 3 4 5
Time (hr)

Fig. 24.2: Labor curves in multiparas by BMI [11].

Tab. 24.1: Definition of classes of obesity.

Category BMI (kg/m?)
Underweight <18.5
Normal weight 18.5-24.9
Overweight 25.0-29.9
Class | obesity 30.0-34.9
Class Il obesity 35.0-39.9
Class lll obesity* >40.0

*, Morbid obesity is usually defined as BMI >40.0 or BMI >35.0 with severe, obesity-related
morbidity. Adapted from Erlanger & Henson, 2008; “Gastrointestinal surgery for severe obesity:
National Institutes of Health Consensus Development Conference Statement,” 1992) [75].

These findings have led many to question whether the standard management of
labor should be altered to accommodate labor patterns that are expected to differ
from those characterized by Friedman [15]. Given the proposed inhibitory effects of
leptin on myometrial contractility, Wuntakal et al. [16] advocates for the early use of
oxytocin augmentation to achieve five contractions in 10 minutes.

The Society of Obstetricians and Gynaecologists of Canada (SOGC) updated its cli-
nical practice guideline for the management of spontaneous labor at term in healthy
women in 2016 [17]. This guideline recommends that in a low-risk, nulliparous woman,
cervical dilation after 4 cm as slow as 0.5 cm/h should be considered normal [17].
When oxytocin augmentation is required, the SOGC states that “a minimum of 4 to
6 hours of adequate uterine activity may be required to have the desired response” [17].
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When oxytocin is used in response to arrested dilatation, women with BMI
greater than 35 require significantly more oxytocin [14]. The American College of
Obstetricians and Gynecologists recommends that, as long as there is reassuring
maternal and fetal status, cesarean delivery should only be performed for active
phase arrest if (a) there is at least 6 cm cervical dilatation and (b) there is no progress
despite membrane rupture and either 4 hours of adequate contractions (i.e., >200
Montevideo units) or 6 hours of inadequate contractions [18].

It should be noted that obese women have an increased incidence of diffi-
cult vaginal examinations (OR 8.9) [19]. Under ideal circumstances, determination
of cervical dilatation and effacement is subjective. In the case of a difficult vaginal
examination, it may be necessary to place the patient in lithotomy position [19].
Furthermore, it may be advisable to minimize the number of different examiners to
optimize the reliability of the assessment.

24.4 Management of the second stage of labor

In contrast to the dysfunctional patterns seen in the first stage of labor, obesity
does not seem to be associated with an increased risk for dystocia in the second
stage of labor. In fact, Carlhall et al. [9] noted the duration of the second stage of
labor to be significantly shorter among obese nulliparous singletons in spontane-
ous labor, relative to normal weight women. One must take into account, however,
that significantly more obese women had nonelective cesarean deliveries already
in the first stage. It does seem, however, that based on large observational studies,
obese women are not at increased risk of second stage cesarean delivery [20, 21].

24.5 Intrapartum monitoring

The SOGC recommends intermittent auscultation for “fetal surveillance during labor
for healthy women without risk factors for adverse perinatal outcome” [22]. In women
who are morbidly obese, the SOGC further suggests that “intrapartum electronic fetal
surveillance may be beneficial” [22]. Although intermittent auscultation is a reasonable
option in overweight and nonmorbidly obese women, an observational study in a
Canadian academic health sciences center noted that women with increasing BMI were
significantly less likely to receive intermittent auscultation at any point during labor
(75.0% for BMI 18.5 to 24.9 vs. 64.4% for BMI 25.0 to 29.9 vs. 40.0% for BMI >30.0) [23].
It could not be determined in this study as to what extent the decreased use of intermit-
tent auscultation in patients of higher BMI might be related to technical challenges of
transducing the fetal heart rate through a thicker abdominal wall or maternal pannus,
or to perceived risk for adverse perinatal outcome. The authors similarly could not glean
whether the decreased use of intermittent auscultation might be independently associ-
ated with increased interventions in overweight and obese patients [23].
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As obesity presents technical challenges for intermittent auscultation, continu-
ous external fetal monitoring also has decreasing reliability with increasing BMI,
especially when BMI is greater than 40 [24]. Similarly, morbidly obese patients are
more likely to receive internal fetal monitoring during labor [19]. Abdominal-fetal
electrocardiography is an emerging technology not commonly available at the time of
this publication. Unlike continuous external monitoring, it does not seem to show a
decline in reliability with increasing maternal BMI [24, 25], and this may evolve as an
improved method of noninvasive fetal monitoring for obese patients.

Contractions are usually monitored with external tocodynamometry and manual
palpation of the maternal abdomen. These techniques may not provide adequate moni-
toring of uterine contractions in obese patients where there is increased subcutaneous
fat, thicker abdominal wall, and, possibly, a pannus [19, 26]. Therefore, an intrauterine
pressure catheter, although not recommended for routine use, may be beneficial where
a patient’s contraction pattern cannot otherwise be reliably assessed. In particular,
where there are concerns about labor progress, intrauterine pressure catheters accu-
rately measure uterine contractility, which can inform the health care provider whether
the patient has an adequate contraction pattern (i.e., 200 Montevideo units) [17].

Electrohysterography, which measures uterine electrical activity from the surface
of the maternal abdomen, correlates well with readings from intrauterine pres-
sure catheters [27, 24]. This represents a promising new technology for noninvasive
monitoring of uterine contractions in the obese.

24.6 Fetal overgrowth and shoulder dystocia

Fetal overgrowth is typically characterized by the terms “large for gestational age”
(=90th percentile) or “macrosomia,” which is usually defined as birth weight greater
than 4,000 g [28]. A systematic review and meta-analysis including more than 214,000
deliveries of large-for-gestational age infants and more than 13,000 macrosomic infants
solidified the association between obesity and fetal overgrowth. Specifically, BMI >30.0
was associated with a statistically significantly increased risk of large for gestational
age (OR 2.423), birth weight greater than 4,000 g (OR 2.014), and birth weight greater
than 4,500 g (OR 3.009) [28]. However, it was not possible to control for maternal diabe-
tes in this meta-analysis. In a large retrospective analysis of more than 287,000 births,
women with BMI >30 had a significantly increased risk of having a large-for-gestational
age infant (OR 2.36), even after controlling for maternal diabetes [29]. Another observa-
tional study also noted an increased risk for birth weight greater than 4,000 g and 4,500
g (OR 1.58 and 1.87, respectively) among patients with BMI >50.0 compared with lean
controls. This relationship was independent of gestational diabetes [30].

Several studies have noted an increased incidence of shoulder dystocia in obese
patients. One Swedish population-based cohort study including 3,840 women with
BMI >40 noted a significantly increased risk of shoulder dystocia when compared
with lean controls (OR 2.14) [31]. However, this was not adjusted for birth weight or
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gestational diabetes, both known to contribute to shoulder dystocia [32]. A Canadian
population-based cohort study noted that women with BMI >50.0 were at signifi-
cantly higher risk of shoulder dystocia compared with normal weight patients (OR
1.51), even after controlling for gestational diabetes or macrosomia [30]. Conversely,
a retrospective observational study that sought to identify the independent effects
of obesity, gestational weight gain, and gestational diabetes, did not find a signifi-
cant association between shoulder dystocia and obesity [33]. In general, it is not
clear that obesity presents an independent risk factor for shoulder dystocia [8, 34].
Regardless, whether or not obesity is independently associated with shoulder dys-
tocia, health care providers must be prepared for a greater incidence in the obese
population.

Clinicians have sought to estimate the risk of shoulder dystocia by estimating
fetal size. Fetal growth, however, is also more difficult to assess in obese patients.
The accuracy of symphysis fundal height measurement declines with increasing
maternal obesity [35]. Although it was thought that routine fetal growth assessment
by ultrasound might be helpful, it has not been shown to confer significant benefit.

Despite improved ultrasound technology, the images obtained in obese patients
are of generally lower quality because adipose tissue negatively affects the propaga-
tion of sound waves [37]. A prospective study comparing estimated fetal weight within
48 hours of delivery with birth weight demonstrated significantly increased absolute
error with increasing BMI. Normal weight patients had an average absolute error of
106.97 g, compared with 248.82 g, 308.31 g, and 446.00 g for class I, class II, and class
III obesity, respectively [37]. Another study examined third trimester estimated fetal
weight with use of the gestation-adjusted projection method to estimate birth weight
in obese women with singleton pregnancies [38]. Overall, ultrasound measurement
tended to overestimate the birth weight of smaller infants and to underestimate the
birth weight of larger infants. Ultrasound generally had low sensitivity and positive
predictive value for birth weight of more than 4,000 g, although the specificity was
high (see Tab. 24.2) [38]. Furthermore, the accuracy of ultrasound estimated fetal
weight declines with advancing gestational age, particularly in patients with BMI >25,
and with increasing fetal weight [39].

Tab. 24.2: Diagnostic accuracy of GAP method to predict birth weight at more than 4,000 g. Patients
with BMI 35.1 to 39.9 were not included in the study [38].

BMI (kg/m?)
Test characteristic
30-35 40-50 >50
Sensitivity (%) 40.0 72.2 25.0
Specificity (%) 93.4 96.1 95.5
Positive predictive value (%) 45.5 76.5 42.9
Negative predictive value (%) 91.9 95.2 90.4
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There is concern that false positive ultrasound findings of macrosomia may put pati-
ents at risk for unnecessary obstetrical interventions. In a retrospective cohort study,
patients who had an estimated fetal weight of more than 4,000 g, but had birth weight
between 3,500 and 4,000 g, were significantly more likely to have a cesarean delivery
than patients with birth weights between 3,500 and 4,000 g but without the prenatal
diagnosis of macrosomia [41].

It is unclear that obstetrical interventions for presumed macrosomia will prevent
shoulder dystocia. Approximately 25% to 50% of deliveries complicated by shoulder
dystocia occur in patients with birth weight less than 4,000 g, and most macrosomic
fetuses will not have shoulder dystocia [42, 43]. Most cases of shoulder dystocia will
not be associated with long-term injury. Brachial plexus injury complicates between
4% and 16% of deliveries with shoulder dystocia [44, 40]; however, the majority will
resolve without permanent dysfunction [44].

A randomized controlled trial demonstrated that induction of labor between
37 and 38 + 6 weeks gestation for estimated fetal weight greater than the 95th percen-
tile significantly decreased the incidence of shoulder dystocia without increasing the
rate of cesarean delivery [45]. However, there is no evidence that such a policy would
have a significant effect on fetal morbidity.

Despite the limitations of antenatal assessment of fetal weight, the risk of
shoulder dystocia does increase significantly with increasing macrosomia; 13% of
deliveries of infants greater than 5,000 g will be complicated by shoulder dystocia [43].
Although they have identified the level of evidence supporting their recommenda-
tion is of low quality, the American College of Obstetricians and Gynecologists rec-
ommends primary cesarean delivery when estimated fetal weight exceeds 4,500 g
in diabetic patients or 5,000 g in nondiabetic patients, but does not recommend
routine fetal biometry [18]. The Royal College of Obstetricians and Gynaecologists
supports consideration of primary cesarean delivery in diabetic patients only with
estimated fetal weight greater than 4,500 g, citing the large numbers needed to treat
to prevent one brachial plexus injury in nondiabetic patients [46].

24.7 Operative vaginal delivery

There is no clear association between obesity and operative vaginal delivery. An anal-
ysis from the prospective Norwegian Mother and Child Cohort Study revealed a small
but significantly increased incidence of vacuum-assisted vaginal delivery among
women with prepregnancy BMI greater than 40 (OR 1.5) [47]. Another prospective
observational study of more than 16,000 patients revealed a significant association
between BMI >35, but not BMI 30 to 34.9, and operative vaginal delivery, although the
OR was only 1.7 [48]. Neither Sebire et al.’s [29] large Swedish cohort study nor the
Canadian All Our Babies Cohort study [49] demonstrated any significant difference
in the rate of operative vaginal delivery among obese patients. It is not possible to
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determine to what extent provider bias or comfort with operative vaginal delivery in
obese patients may explain these variable results [49].

24.8 Obstetrical trauma

Higher birth weight and operative vaginal delivery are both independent risk factors
for perineal tears, particularly obstetrical anal sphincter injuries (OASIS) [50].
However, obesity is not clearly associated with increased perineal lacerations,
and may be protective against OASIS. In a retrospective cohort study of 5,569 term
vaginal deliveries, obesity was not associated with having any perineal laceration
versus no laceration, and there was no association between BMI and OASIS [50].
In another retrospective analysis of more than 210,000 primiparous deliveries in
Sweden, obesity was associated with a small but significant increased risk of first-
and second-degree perineal tears (OR 1.32 when BMI >35). Conversely, obesity was
protective against OASIS in a dose-dependent fashion. In multivariate analysis,
the odds ratios for OASIS were 0.84 for BMI 30.0 to 34.9 and 0.70 for BMI >35 [51].
A case control study including 605 OASIS cases noted a significantly decreased
incidence of OASIS in women with BMI >30 (OR 0.75). The risk of OASIS was
further reduced in patients with BMI >40.0 (OR 0.52) [52]. Crane et al. [30] found
no association between BMI >50 and OASIS.

24.9 Post-dates pregnancy

Obese women are more likely to have post-dates pregnancy, with odds ratios
between 1.26 and 1.69 in large observational studies [53-55]. The risk of prolonged
pregnancy is even further increased with morbid obesity (OR 2.27 compared with
normal BMI) [56]. This may be a product of the inhibitory effect of adipocytokines
on myometrial contractility [57]. Furthermore, proinflammatory cytokines are
thought to play an important role in triggering local prostaglandin synthesis [10],
and obese women demonstrate inflammatory upregulation, including elevated
C-reactive protein [58].

Most obese women with post-dates pregnancy will still deliver vaginally. Arrow-
smith et al. [56] noted in a large observational study that 61.3% of obese nulliparas
and 90.1% of obese multiparas delivered vaginally after induction of labor for post-
dates pregnancy.

24.10 Induction of labor

Obese women undergo induction of labor more often than lean controls [29, 49, 59].
In the latter Canadian cohort study by Vinturache et al. [49], 49% of obese patients
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were induced, compared with 28.8% of their normal weight population. Crane et al.
[30] noted that 39% of women with BMI >50 were induced versus 30% of lean
controls. This can be explained, at least in part, by increased incidence of post-dates
pregnancy [54], hypertension, and diabetes [60].

Patients with an unfavorable cervix typically receive some form of cervical ripen-
ing to reduce the chance of cesarean delivery [61]. Obese patients may be less likely
to achieve a favorable cervix. An observational study by Gauthier et al. [62] noted
that obese women with a Bishop score of <3 undergoing cervical ripening with PGE2
vaginal inserts or gel were significantly less likely to achieve a Bishop score of 6 after
one dose compared with normal weight, parity-matched controls. Obese women also
received significantly more PGE2 (mean number of PGE2 administrations 1.4 vs. 1.2),
but the clinical significance of such a difference is unclear. Moreover, a secondary
analysis of the Misoprostol Vaginal Insert Trial (a randomized trial of misoprostol and
dinoprostone) demonstrated that, after adjusting for race, parity, and treatment allo-
cation, women with BMI 30 to 39.9 and >40 were significantly less likely than women
with BMI less than 30 to deliver within 24 hours (OR 0.75 and 0.52, respectively) [63].

In keeping with the increased incidence of failure to progress in the first stage
of labor, inductions are more likely to fail in obese patients [63]. The risk of failed
induction increases with increasing BMI. Gunatilake et al. [60] noted that 39.7% of
nulliparous women with BMI 40 to 50 who were induced beyond 34 weeks with a sin-
gleton pregnancy eventually had cesarean delivery. This increased to 65% for BMI 50
to 60 and 77.8% for BMI >60. Arrest of labor and failed induction of labor accounted
for 64% of the cesarean deliveries in that study [60]. Among multiparas, obesity
was not an independent predictor of cesarean delivery [60]. This study was some-
what limited in sample size. As there were only 19 subjects with BMI >60, the authors
cautioned that their findings required validation [60]. Pevzner et al. [63] similarly
found that the incidence of cesarean delivery after cervical ripening and induction
of labor was 21.3% for women with BMI less than 30, but increased to 29.8% for BMI
30 to 39.9 and to 39.9% for BMI 40 or higher.

Having highlighted these concerns, contemporary large population-based cohort
studies suggest that induction of labor does not increase risk for cesarean delivery
relative to expectant management [64]. A large, retrospective cohort study compared
induction of labor of patients with BMI >30 at 37, 38, and 39 weeks gestational age
with expectant management. Elective induction of labor at 37 and 39 weeks (com-
pared with expectant management) was associated with a significantly decreased
risk of cesarean delivery among nulliparous women (OR 0.55 and 0.77, respectively)
[66]. Multiparous women who had elective induction of labor at 38, 39, and 40 weeks
similarly had a decreased risk of cesarean delivery. It was not possible to control for
cervical status in that study [66]. Elective induction of labor at 37 to 39 weeks was also
associated with a significantly decreased risk of macrosomia, without a significant
change in shoulder dystocia or brachial plexus injury [66]. This study is limited by its
retrospective nature, and major societies have not endorsed such a policy of elective
induction, but this provides interesting direction for future research.
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24.11 Vaginal birth after cesarean

Trial of labor after a previous cesarean delivery is associated with a small increase in
perinatal mortality and major maternal complications (i.e., uterine rupture, hyster-
ectomy, operative injury), although the absolute risks are small [67, 68]. Patients who
have a failed trial of labor are subject to the greatest risk of major complications [67],
and obese patients attempting vaginal birth after cesarean (VBAC) are at increased
risk for failed trial of labor compared with normal weight patients. In a retrospective
analysis of 510 eligible patients attempting VBAC, only 54.6% of obese patients had a
successful VBAC compared with 70.3% of patients with normal BMI [69].

The risks associated with VBAC seem to increase with increasing obesity. In another
prospective observational study of term singletons attempting VBAC, 15.2% of normal
weight women had failed trial of labor, compared with 29.9% of patients with BMI 30.0
to 39.9 and 39.3% of patients with BMI >40.0 [70]. Chauhan et al. [71] performed a pro-
spective observational study of 30 women weighing greater than 300 lb. who attempted
VBAC; only four patients (13%) had a successful VBAC. Another observational study of
patients with BMI >50.0 noted a 35% (9/26) rate of successful VBAC [72].

Obese patients attempting VBAC are at increased risk for emergency cesarean deliv-
ery; in addition, the interval from decision to delivery is generally longer in obese patients
[26]. A retrospective study of 826 emergency cesarean deliveries at a Canadian tertiary
level hospital showed that the decision-to-incision and decision-to-delivery intervals
were both increased by an average of 4.5 minutes among obese versus nonobese patients.
The majority were nonetheless delivered in less than 30 minutes in both groups [73].
Because the mean difference for the two intervals was equivalent, this suggests that the
increased time required to carry out a cesarean delivery in obese patients is related to
patient transportation and anesthetic preparation rather than surgical time [73]. However,
another observational study noted that increasing BMI was associated with significantly
increased time from skin incision to infant delivery [74].

When counseling an obese patient about VBAC options, health care providers
should communicate the increased risks of failed VBAC, particularly in the morbidly
obese, and the associated risks for complications. This counseling should also take
into account the capabilities of an individual center to provide emergency cesarean
delivery to obese patients who may require extra time and resources for transporta-
tion, anesthesia, and surgery. It would be reasonable for such considerations to sway
some patients and health care providers toward elective repeat cesarean delivery, par-
ticularly in the morbidly obese patient.

24.12 Planned cesarean delivery

Given the increased risk for failure to progress and other complications faced by
obese patients, in addition to the added morbidity of an emergency (versus elective)
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cesarean delivery, some have suggested planned primary cesarean delivery for some
obese patients. Crane et al. [30] noted a 31.7% primary cesarean delivery rate in
an observational study of patients with BMI >50.0. In another observational study
comparing outcomes of women with BMI >50.0 planning vaginal versus cesarean
delivery, 30.5% of those who had planned a vaginal delivery required cesarean
delivery [72]. There was a trend towards decreased major maternal morbidity (a com-
posite of haemorrhage, thromboembolism, septicaemia, septic shock, and/or admis-
sion to an intensive care unit) amongst the planned vaginal delivery group, although
there were no differences in anesthetic complications, wound complications, or
neonatal morbidity [72]. These findings should be interpreted with caution, as the
groups were not randomized.

In the absence of evidence supporting planned cesarean delivery for obesity,
such a broad policy should not be recommended, even for extreme BMI. However,
the relationship between obesity, labor, and delivery is especially complex when one
takes into account other complicating factors that are associated with obesity (e.g.,
preeclampsia, gestational diabetes, macrosomia). The effect of obesity and related
conditions should be discussed with the obese patient seeking vaginal delivery well
before the onset of labor. The clinical approach should be individualized, respecting
the autonomy of the patient who may be faced with difficult decisions.
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