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Foreword

It is always a challenge when one sets out to write about the topic as wide as bariat-
ric surgery. This is because it is not just about the surgery that determines the suc-
cess of the procedure. For a successful outcome, one must understand about the 
chronic multifactorial disease of obesity, the health burden to the individual and 
health stakeholders and how to manage the patient in the long term.

This book sets out to consolidate on the management of the nutritional and meta-
bolic complications of bariatric surgery. It is appropriate timing as the numbers of 
bariatric surgery performed globally continue to increase to meet the demands of 
the obesity epidemic. Furthermore, since the turn of the century with the easy adop-
tion of minimally invasive surgical techniques, bariatric surgery has been estab-
lished to be safe and effective for the management of obesity. Bariatric surgery not 
only results in meaningful and sustained weight loss over the medium to long term 
but also effective in reversing or improving obesity-related risks and complications 
in patients, including type 2 diabetes and hypertension.

Whilst highly effective, bariatric surgery is not without risks and complications. 
Over the last 2 decades, bariatric surgery has been extensively studied in clinical 
trials and RCTs; its mechanism on gut physiology has been systematically studied 
and refined. Nutritional deficiencies and metabolic complications in the long term 
have emerged as significant concerns. The timing of this book to consolidate the 
existing literature about nutritional and metabolic complications of bariatric/meta-
bolic surgery along with their management is perfect. It will serve as a good refer-
ence for all the bariatric and metabolic surgical teams around the world.

October 2020 Lilian Kow
President- International Federation for Surgery of Obesity  

and Metabolic Surgery (IFSO)
Adelaide, Australia 
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Foreword

“The entirety of my career has been dedicated to the same purpose as the team of 
dedicated and gifted practitioners who have curated this book”. The complexity and 
variation of how different people react to bariatric/metabolic surgery is indeed a 
pertinent topic and needs to be addressed with expertise. In my experience and 
ordeal in this field, so far I have not come across any other informative book on this 
subject. Anyone who is concerned with the rising issue of obesity knows how cru-
cial it is to acquire and collect case studies and factual data about the hormonal 
shifts, metabolic complications and nutritional deficiencies involved post-surgery in 
order to understand issues in the context of every distinctive patient. Upon the rec-
ommendation of the editors of this book Management of Nutritional and Metabolic 
Complications of Bariatric Surgery came to me as a delight. It is by far one of the 
most comprehensive and meticulously curated books in the field of bariatric nutri-
tion. This book comprises analyses and expert opinions from globally renowned 
practitioners. It starts off with the basics of what obesity is, to every aspect of the 
surgery, from the impact and drawbacks of the same. Upon reading it, I came across 
detailed chapters backed up with authentic researched data: from neurological, car-
diovascular and gastrointestinal complications to psychological changes and recur-
ring morbidities post-surgery. I highly recommend this book and it definitely 
deserves the spotlight. I am sure it will be extremely beneficial for studying diverse 
cases in the future to ensure the safety and proper care of every patient who comes 
to us with hope.

Best regards

Manish Khaitan 
President- Obesity & Metabolic Surgery Society of India (OSSI)  

Nobesity Bariatric & Metabolic Surgery Centre at KD Hospital 
Ahmedabad, India



xi

Preface

The idea of this book has been conceived over endless cups of mostly coffee, con-
sumed in the breaks between lectures attended and courses conducted at various 
conferences over the last couple of years. Based as we all were in different cities, it 
was these conferences that provided a meeting point for many, many informal dis-
cussions about the common but less often described challenges our patients faced in 
the postoperative periods. All those stolen minutes built up to hours of wonder about 
the astonishing range and frequency of neurological complaints post-bariatric sur-
gery. Technology was put to good use when we eagerly forwarded images of rashes 
seen, speculated on their variable aetiology and shared the intricacies of reaching a 
diagnosis. All of this eventually led us to develop the concept of this book, which 
was precisely what we were seeking in the give and take of our discussions.

As surgeons we spend so much time focusing on the technical aspects of surgery. 
We have lectures and books devoted to a single surgery type with a thousand varia-
tions in technique. We spend hours in the operating room mastering those nuances. 
We debate about limb lengths and number of ports and staplers. But beyond the 
operating table, we see our patients live with the permanently altered gastrointesti-
nal systems that we have so meticulously sculpted, and we see the consequences of 
those alterations, mostly good, but sometimes bad and rarely grievous. This book is 
an attempt to take a close look at those lived consequences in their entirety. For 
instance, the hair loss that is such a common sequel of weight loss can be devastat-
ing for some patients undergoing it. Musculoskeletal and neurological issues that 
crop up can be debilitating for some. In other words, we wanted to create a reference 
book to cover all the metabolic and nutritional complications and sequelae (com-
mon or rare) that may occur post-bariatric surgery.

In our quest for this comprehensive knowledge, we were fortunate to have access 
to and be able to approach so many professionals in the international bariatric com-
munity, both surgeons and non-surgeons, dedicated to the care of patients suffering 
from obesity, especially post-bariatric surgery. Nearly every author is a teacher, 
mentor, colleague or a friend to one or all of us. It was a great pleasure as editors to 
reach out to each author to request their contribution. It was an even greater pleasure 
to read through the chapters, filled as they are with information that accrues from 
the authors’ tremendous clinical experiences, backed by evidence-based research. 
We are extremely thankful to each and every author in this book for their 
contribution.
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Each of the editors has his or her own special interest in metabolic and nutritional 
aspects of bariatric surgery. Dr. Sarfaraz Baig and Dr. Pallawi Priya are bariatric 
surgeons based in Kolkata, India. They have previously co-authored the book 
Nutrition, Obesity and Bariatric Surgery which covers the nutritional care in obe-
sity and post-bariatric surgery. Dr. Aparna Govil Bhasker is a bariatric and laparo-
scopic surgeon based in Mumbai, India. She is also the course director of “Advanced 
Bariatric Nutrition Course”. Dr Nimisha Kantharia is a bariatric and laparoscopic 
surgeon based in Mumbai, India, and has always had a keen interest in nutrition of 
surgical patients, and now specifically in relation to obesity. Ms. Mariam Lakdawala 
and Ms. Milioni Shah Sancheti are both Registered Dieticians and Bariatric 
Nutritionists, practising in Mumbai. They are also co-directors of the “Advanced 
Bariatric Nutrition Course”, along with Dr. Bhasker. It is an immense interest in the 
postoperative care and well-being of the post-bariatric patients that binds all of us 
together.

We hope that with this book, we have created a reference manual for health pro-
fessionals involved with patients with obesity and bariatric surgery, that would help 
in improving the follow- up of these patients.

With best regards,
Editors

Mumbai, India Nimisha Kantharia 
Mumbai, India  Aparna Govil Bhasker 
Kolkata, India  Sarfaraz Baig 
Kolkata, India  Pallawi Priya 
Mumbai, India  Miloni Shah Sancheti 
Mumbai, India  Mariam Lakdawala  
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1The Disease That Is Obesity

James Senturk and Scott Shikora

Worldwide obesity has nearly tripled since 1975. Most of the 
world’s population live in countries where overweight and 
obesity kills more people than underweight.

– World Health Organization

1.1  Introduction

Obesity may be best understood in the healthcare milieu as a chronic disease, with 
multiple contributing factors and multiple downstream consequences for individual 
health and longevity. More technically, however, obesity can be described as a phe-
notype that arises from a complex and dynamic interplay between an individual’s 
inherited metabolic and neurohormonal predispositions and his or her environment 
[1]. For diagnostic and epidemiologic purposes, the disease is defined as an excess 
of body fat, which itself is characterized by a body mass index (BMI) of greater than 
or equal to 30 kg/m2 for the western population and greater than or equal to 27 kg/
m2 for Asian population [2, 3].

The use of BMI for the measurement and tracking of obesity in the United States 
has been ongoing since the 1960s [4]. The usefulness of this metric rests on the rela-
tive ease of its calculation and its well-validated correlation with body fat [5]. As the 
field of obesity research has grown, other metrics including the distribution of body 
fat and the increasingly noted effects of gender, racial, and ethnic background on the 
morbidity associated with obesity have gained traction [6]. Indeed, BMI has been 
shown to discriminate against on the basis of muscle mass, gender, age, and certain 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4702-1_1&domain=pdf
https://doi.org/10.1007/978-981-33-4702-1_1#DOI
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ethnic groups including Asians and African Americans [7]. Anthropometric and epi-
demiologic tools continue to evolve, particularly with the rapid expansion of large- 
scale genetic analyses [8]. Nevertheless, at the present time, BMI alone remains 
well-correlated with obesity-associated morbidity and mortality and is an effective 
tool for both diagnosis and screening [9].

The classification of obesity as a disease is not trivial. While a BMI cutoff may 
offer a rapid diagnosis, the absence of a consistent and coincident set of signs, 
symptoms, or impairments stands at odds with more traditional definitions of dis-
ease [10]. Conversely, it has been argued that the broad burden of untoward meta-
bolic and cardiovascular outcomes associated, at least longitudinally if not 
concomitantly, with obesity should substantiate its status as a disease [11, 12]. 
Indeed, the latter is the position taken by The Obesity Society. Formalized in 2012, 
a special committee from the group argued that labeling obesity a disease was both 
appropriate and necessary for the “benefit [of] the greater good by soliciting more 
resources into prevention, treatment, and research of obesity; encouraging more 
high-quality caring professionals to view treating the obese patient as a vocation 
worthy of effort and respect’ and reducing the stigma and discrimination heaped on 
many obese persons [13].”

1.2  The Epidemiology of Obesity in 2019

Over the past two decades, there has been a wealth of academic writing on the epi-
demiology of obesity both in the United States and worldwide. Particularly in the 
developed world, the widespread dissemination and adoption of electronic medical 
and public health records, and information gathering has become both increasingly 
objective and facile. Whereas studies at the beginning of the millennium relied on 
in-person, mail, electronic, or telephone surveys, more recent work has drawn from 
population-based data sources [14–17].

Two large and authoritative studies that have laid the groundwork for the current 
prevalence and trends in obesity in the United States are the Behavioral Risk Factor 
Surveillance System (BRFSS) and the National Health and Nutrition Examination 
Survey (NHANES). The former suggested at the turn of the millennium that obesity 
prevalence in the Unites States had already reached 20% and is seen as a bellwether 
for the public health community at the time [18]. Investigators from the NHANES 
group have subsequently released regular reports on the subject. A recent study 
examining nearly 30,000 adults over a 10-year period reported the sobering finding 
that the age-standardized prevalence in obesity had climbed from 33.7 to 39.6%.

Globally, a study examining the records of 19 million adults 18 years of age or 
older across 186 countries that comprise 99% of the world’s population concluded 
that the global prevalence of morbid obesity was 0.64% in men and 1.6% in women 
[14]. Of these, 18.4% (nearly 120 million people) lived in high-income English- 
speaking countries, which also harbored 27.1% (50 million people) of the world’s 
severely obese (BMI ≥ 35 kg/m2). Conversely, those populations with the largest 
proportions of underweight people were found in large countries in Asia and 
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sub-Saharan Africa. When examining trends over a 40-year period, the authors 
observed that populations from middle-income countries including China, Russia, 
and India saw increases in the prevalence of obesity that rivaled the United States’ 
in 2014. “[In 40 years,] we have transitioned,” the authors conclude, “from a world 
in which underweight prevalence was more than double that of obesity to one in 
which more people are obese than underweight, both globally and in all regions 
except parts of sub-Saharan Africa and Asia” [14].

1.3  Causes of Obesity

The root causes of obesity on both an individual level as well as with an eye toward 
the progress of human societies are the subjects of substantial bodies of work that 
are impossible to encompass in a single text. Nevertheless, it is axiomatic in any 
discussion centered on disease to visit the prevailing contemporary theories regard-
ing its causative factors. There is no question that the twentieth century bore witness 
to an unprecedented pace of technological advancement that transformed the pro-
duction and distribution of food into an industry unlike that ever before seen in 
human history [19]. Naturally, as developed and developing societies churned out 
the machinery and logistical enterprises to all but squash famine, new realities came 
to light almost in concert. With increased mechanization, the extent of labor neces-
sary to grow, harvest, and deliver foods declined while the availability of nourish-
ment was all but guaranteed [20, 21]. The rise in the prevalence of obesity across 
societies has closely followed these enabling changes in logistics, technology, and 
agriculture [22]. Similarly, dietary patterns and food environments have not been 
immune to these radical shifts. Increased portion sizes, added fats, sweeteners, 
refined sugars, and low-cost, high-energy foods coupled with the rise of prepared 
foods and a decline of home-cooked meals have together crafted the obesogenic 
landscape of the modern period [23–27]. It would be remiss to omit the reality that 
the socioeconomically disadvantaged are disproportionately vulnerable to these 
trends [28, 29]

As the availability of low-cost, high-calorie food has grown exponentially, 
caloric expenditure has declined. Work has become increasingly sedentary and, in 
developed nations, labor-intense occupations have either been outsourced elsewhere 
or completely automated [12]. On the whole, there has been a trend toward decreased 
physical activity, both with regards to daily occupation as well as time spent away 
from employment [30–32]. With the increasing popularity of such conveniences as 
telecommuting and ready access to on-demand entertainment, these trends are 
expected to continue with increasing awareness and participation of an at-risk public.

Lastly, it is difficult to overlook the contribution of heritable factors to obesity. 
Genetics is likely to account for the documented heritability of obesity seen in twin 
studies, as well as the psychosocial factors that contribute to the individual relation-
ship with food environments [8, 33, 34]. As is the emerging paradigm for the over-
whelming majority of human diseases, there is not likely to be a single gene-single 
phenotype correlate, but rather a broad array of genetic, transcriptomic, noncoding, 

1 The Disease That Is Obesity



4

and epigenetic factors that predispose a given individual to excess adiposity and 
ultimately obesity [35–38]. While potential racial and ethnic determinants of obe-
sity have been pursued as a corollary to these heritable predispositions, such demo-
graphic variables have been difficult to study outside of the United States and, when 
looked at within the U.S. population, are often challenging to dissociate from asso-
ciated socioeconomic variables [39–42].

1.4  Consequences of Obesity

The consequences of obesity on physical well-being are well-studied and have been 
the foundation upon which public health campaigns have been built. There are obvi-
ous direct consequences, including a heightened risk of early diagnosis, early devel-
opment of complications and death from pulmonary disease, chronic kidney disease, 
liver disease, and cardiovascular disease, including diabetes, hypertension, heart 
attack, stroke, and heart failure [43, 44]. By conservative estimates, population stud-
ies have suggested a 30% increase in mortality for every 5 kg/m2 increase in BMI 
above 25 [45, 46]. The severity and even the presence of those cardiovascular mor-
bidities associated with obesity and their attendant mortality risks are offset by 
weight loss, strengthening these long-observed associations [47, 48].

Practically speaking, obesity can have untoward consequences for the delivery of 
what might otherwise be standard medical care. Obesity in pregnancy confers added 
risk to both the fetus and mother [49]. Imaging studies carried out on patients with 
obesity may be limited on account of artifactual findings with increased adiposity 
and certain equipment may not be able to accommodate the habitus of severely 
obese patients [50]. The provision of anesthesia in the setting of morbid obesity, 
particularly in the critically ill, often requires additional expertise and awareness of 
technical challenges (e.g., mechanical ventilation, vascular access) [51]. In this 
population, morbid obesity has been shown to be an independent risk factor for 
death, particularly in surgical patients[52]. On a fundamental level, physical exams 
are both difficult and often inaccurate in the obese patient, challenging the delivery 
of both routine and emergency care [53–56]. Truly, all aspects of medical care are 
more complicated. A list of potential challenges in caring for obese patients is pro-
vided in Table 1.1.

Mental well-being is similarly taxed by those with excess body fat. There is a 
long-studied and documented reciprocal relationship between depression and obe-
sity [57]. Obesity has been associated with a spectrum of psychiatric disorders, 
including bipolar disorder, social phobias, and panic attacks, independent of under-
lying physical illnesses [58]. The relationship between obesity and suicidal ideation 
continues to draw much attention [59].

It is not surprising that the costs borne by individuals with obesity are often enor-
mous, not least because of their burden of comorbid illness but also due to the 
potential for superimposed depression, anxiety, and associated limitations in the 
ability to care for oneself [60]. Individuals with obesity are often targets of bias and 
stigma, which negatively influence employment prospects and professional 
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progress [61, 62]. Obesity has been associated with higher sick leave and disability 
usage, which only adds to the stigma [63].

On a grander scale, the price of obesity to society can be staggering. Nearly a 
decade ago, investigators in the United States concluded that obesity-related costs 
amounted to nearly $150 billion (up from $75 billion from 5 years prior), with a 
combined total of 42% financed by government insurance programs (Medicare and 
Medicaid) [64]. Similar work from the European Union, though more dated, sug-
gests costs at roughly 33 billion € from the previous decade. Buried in these figures 
are indirect costs, which include exercise programs, food provisions, equipment, 
and multispecialty clinics. These data alone highlight the importance of cost control 
in measuring the success of programs that aim to prevent or treat obesity.

1.5  Discussion

Obesity has rightfully been referred to as “the disease of the twenty-first century” 
[12]. As familiarity with obesity and its consequences has evolved from what may 
have historically been considered mere “corpulence,” the resources leveraged 
against obesity have increased dramatically. Obesity is now in the crosshairs of 
multiple medical specialties and societies. Physicians and surgeons alike have com-
mitted entire careers to serve patients afflicted by this disease. Importantly, research 
into the causative factors and the natural history of obesity have pushed the needle 
toward earlier and earlier screening and intervention. Childhood and adolescent 
obesity are now considered fundamental public health concerns worldwide [65].

Cultural and dietary habits have been historically difficult to change, all the more 
so when there is uncertainty or equipoise with regards to cause, effect, and urgency 
[66]. As researchers continue to dissect out cultural attitudes, practices, and food 
relationships that have and continue to contribute to obesity, so too is the public 
consciousness expected to grow aware of its dangers. Already in the United States 

Table 1.1 Challenges associated with the delivery of medical care in the obese population

Bedside care Diagnostic studies Treatment
•  Challenging or 

nondiagnostic physical 
exams

•  Inaccurate trauma 
surveys and burn 
assessments

•  Effacement of 
anatomic landmarks

•  Unreliable prostate, 
rectal, and female 
pelvic assessments

•  Inadequate turning and 
repositioning when 
bed-bound

•  Size and weight limits of 
conventional scanners (CT, 
MRI)

•  Decreased accuracy of 
ultrasonography and 
cross-sectional imaging

•  Lower diagnostic yield of 
noninvasive cardiac testing

•  Difficulty in airway and 
vascular access in critical care 
and perioperative settings

•  Compromised surgical 
ergonomics and exposure

•  Unpredictable pharmacokinetics 
and implications for drug dosing

•  Increased risk of death and 
major morbidity after surgery
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and other high-income countries, the rate of increase in BMI since 2000 has been 
slower than in preceding decades, a finding that has been attributed to both a grow-
ing and increasingly visible public health enterprise [14]. It is not difficult to imag-
ine far-reaching social programs that encourage healthy relationships with food and 
prioritization of physical fitness, for example. Unfortunately, the acceptance and 
adoption of such programs are less predictable. Therefore, the prevention of obesity 
remains a challenging goal.

Treating obesity, on the other hand, is clearly the focus of much healthcare atten-
tion and expenditure in 2019. There has been a wide and rapid expansion in the role 
of surgery in obesity in the past two decades, to which this volume calls attention. 
By affording individuals with obesity the opportunity to see decrements in their 
BMI and offset the deleterious metabolic and cardiovascular sequelae of obesity, 
surgery holds the promise of a “reset.” Patients have the opportunity to engage in 
healthier dietary and lifestyle habits that may otherwise have been out of reach due 
to poor functional status [67]. Surgery alone, however, is neither sufficient for long-
term weight control in the individual nor an appropriate approach to the population-
wide treatment of obesity. Although outside the scope of this chapter, the costs, 
risks, adverse outcomes, and recidivism associated with obesity surgery together 
mandate that the field of bariatrics remains multidisciplinary. The old saying, “It 
takes a village” certainly applies to the care of the obese patient, which is best 
served by collaboration among multiple specialists including dietetics, endocrinol-
ogy, surgery, and psychology.

1.6  Conclusion

Obesity is a disease of the twenty-first century that remains a problem with broad 
ramifications throughout the world. The causes of obesity are complex and continue 
to elude attempts at management at the level of populations. Individuals with obe-
sity sustain numerous negative physical and psychological consequences and both, 
the costs and challenges associated with their care are significant. Managing obesity 
requires the involvement of multiple professionals from multiple disciplines. 
Additionally, the importance of social awareness and public health measures cannot 
be overstated.

Key Points
• Obesity can be described as a phenotype that arises from a complex and dynamic 

interplay between an individual’s inherited metabolic and neurohormonal pre-
dispositions and his or her environment.

• Although Body Mass Index has long been used to predict obesity, other param-
eters such as body composition, waist–hip ratio are being recognized as better 
measures of adiposity.

• The rise in the prevalence of obesity across societies has closely followed these 
enabling changes in logistics, technology, and agriculture. Socioeconomically 
disadvantaged are disproportionately vulnerable to these trends.

J. Senturk and S. Shikora
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• Majority of the world’s obese and morbidly obese population reside in high- 
income countries. However, current trends suggest alarmingly increasing obesity 
rates in middle-income countries as well.

• Trends over a 40-year period show that populations from middle-income coun-
tries including China, Russia, and India have seen increases in the prevalence of 
obesity that rivaled the United States’ in 2014.

• By conservative estimates, population studies have suggested a 30% increase in 
mortality for every 5 kg/m2, increase in BMI above 25.

• By affording individuals with obesity the opportunity to see decrements in their 
BMI and offset the deleterious metabolic and cardiovascular sequelae of obesity, 
bariatric surgery holds the promise of a “reset.”

• Surgery alone, however, is neither sufficient for long-term weight control in the 
individual nor an appropriate approach to population-wide treatment of obesity.

• Last but not the least—“It takes a village” to take care of the patient with obesity.
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2.1  Introduction

Obesity has become an important public health problem. Its prevalence has progres-
sively increased worldwide [1] to an extent that it is now a significant problem not 
only in affluent societies but also in developing countries [2–5].

Accurate assessment of total body fat requires sophisticated technology which is 
not readily available on a large scale [6, 7]. Consequently, the World Health 
Organisation (WHO) adopted body mass index (BMI), which is calculated by divid-
ing the body weight in kilograms (kg) by the square of the height in metres (m), as 
a surrogate measure of total body fat [3]. BMI correlates fairly well with the per-
centage of body fat in the young and middle-aged people among whom obesity is 
most prevalent [6, 7]. According to this index, obesity is defined in the case of BMI 
value equal to or greater than 30 kg/m2 in the western population and 27.5 kg m2 in 
the Asian population.

Several large studies have demonstrated increased mortality above this threshold 
of BMI.  In the Framingham study, a prospective cohort study, male and female 

A thorough knowledge of the associated co-morbid conditions 
of clinically severe obesity is warranted for every health care 
professional interested in bariatric therapy.
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non- smokers aged 40 years who suffered from obesity lived 5.8 and 7.1 years less 
than their non-obese counterparts [8]. Another study by Fontaine et al. which used 
data from the National Health and Nutrition Examination Survey (NHANES I and 
II) and the NHANES III Mortality Study found a marked reduction in life expec-
tancy in young adults with obesity compared to non-obese adults.

However, apart from total body fat, the pattern of fat distribution has great rele-
vance. Excess visceral fat, also referred to as central obesity, has a stronger associa-
tion with cardiovascular disease than subcutaneous fat which is deposited mainly 
around the hips and buttocks [9]. Central obesity produces a characteristic body 
shape that resembles an apple and thus is also referred to as “apple-shaped” obesity 
as opposed to “pear-shaped” obesity in which fat is deposited on the hips and but-
tocks. This distribution is also reflected in the waist circumference and Waist: Hip 
Ratio (WHR) [10].

The INTERHEART study, similarly to other studies, showed that hip fat distribu-
tion assessed by hip circumference had a negative predictive effect on myocardial 
infarction (MI) whereas waist fat distribution assessed by waist circumference was 
associated with high rates of MI [9].

Body fat distribution, assessed using magnetic resonance imaging in leading 
research institutions, and its effects on mortality and morbidity is currently a topic 
of scientific research.

The reason for the increased mortality in obesity is related to the great burden of 
its associated co-morbidities [11]. It has been demonstrated that obesity treatment 
and especially bariatric surgery can heal or improve most of the associated diseases 
and, as a consequence, can increase life expectancy. As a consequence, co- 
morbidities in combination with BMI have been placed at the basis of the indication 
for bariatric surgery. In 1991 the Consensus Statement of the NIH Consensus 
Development Conference codified the first universally accepted guidelines for sur-
gery for obesity and weight-related disease [12]. They asserted that a candidate for 
surgery for obesity and weight-related diseases is a patient suffering from obe-
sity with:

 1. BMI >40 kg/m2

 2. BMI >35 kg/m2 in the presence of specific co-morbidities:
• Hypertension
• Ischemic heart diseases
• Type 2 diabetes (T2DM)
• Obstructive sleep apnea syndrome
• Obesity syndrome/hypoventilation (Pickwickian syndrome)
• Non-alcoholic fatty liver disease and steatohepatitis
• Dyslipidemia
• Gastroesophageal reflux diseases
• Venous stasis diseases
• Severe urinary incontinence

M. De Luca et al.
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These inclusion criteria for bariatric surgery have been adopted by multiple other 
national guidelines as well [13].

This chapter aims to elucidate the main co-morbid conditions of clinically severe 
obesity.

2.2  Impaired Glucose Tolerance and Diabetes Mellitus

There is currently no controversy that obesity is associated with impaired glucose 
tolerance or type 2 diabetes mellitus. Insulin resistance is advocated as the underly-
ing mechanism.

The association of obesity with diabetes has been demonstrated in several stud-
ies. In one of the biggest cohort studies, in which 84,941 female patients were fol-
lowed up for 16 years, there were 3300 new cases of diabetes mellitus. Importantly, 
the study revealed that overweight or obesity were the main predictors of type 2 
diabetes mellitus [14]. In men, there were similar findings from the Health 
Professional follow-up study. A 60.9% age-adjusted relative risk of developing dia-
betes was found in those with a BMI ≥ 35 kg/m2 in comparison to those with BMI 
<23 kg/m2 [15].

There is strong and consistent evidence that obesity management can delay the 
progression from pre-diabetes to type 2 diabetes [16, 17] and may be beneficial in 
the treatment of type 2 diabetes [18, 19]. In overweight and obese patients with type 
2 diabetes, mild and sustained weight loss has been shown to improve glycaemic 
control and to reduce the need for glucose-lowering medications [18–20]. Small 
studies have demonstrated that in patients with obesity and type 2 diabetes more 
extreme dietary energy restriction with very-low-calorie diets can reduce HbA1c to 
<6.5% (48  mmol/mol) and fasting glucose to <126  mg/dL (7.0  mmol/L) in the 
absence of pharmacological therapy or ongoing procedures [21]. Weight loss-
induced improvements in glycaemia are most likely to occur early in the natural 
history of type 2 diabetes when a still reversible β-cell dysfunction exists but insulin 
secretory capacity remains relatively preserved [22].

A substantial body of evidence has now accumulated, including data from sev-
eral randomised controlled clinical trials, demonstrating that bariatric surgery 
achieves superior glycaemic control and reduction of cardiovascular risk factors in 
patients suffering from obesity with type 2 diabetes as compared with other life-
style/medical interventions [23]. It is obvious that for surgery, to be effective, it 
should be coupled with optimal medical treatment and lifestyle adjustment [24].

The superiority of bariatric surgery in the treatment of diabetes holds from the 
economic point of view as well. Indeed, according to the analysis conducted by the 
International Federation of the Surgery of Obesity and Metabolic Disorders (IFSO), 
bariatric surgery is cost-effective and, in some instances, a cost-saving approach for 
the management of patients suffering from obesity and T2DM [24]. With a mild 
degree of evidence (level 2), a different efficacy of each bariatric procedure in 
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improving glycaemic control has emerged. Diabetic obese patients undergoing bil-
iopancreatic diversion/duodenal switch (BPD/DS) achieve the greatest rate of 
T2DM resolution when compared to other surgical procedures. Gastric Bypass 
(GBP) and Sleeve Gastrectomy (SG) have a similar short- to mid-term effectiveness 
on the improvement of glycaemic control, while the anti-diabetic effects of 
Laparoscopic Adjustable Gastric Banding (LAGB) are lower [24].

Based on this accrued evidence, several organisations and government agencies 
have expanded the indications for metabolic surgery to include patients with inad-
equately controlled type 2 diabetes and BMI as low as 30 kg/m2 (27.5 kg/m2 for 
Asians) [24, 25]. Even IFSO stated that there was a level 1 of evidence that surgery 
for obesity and weight-related diseases had an excellent short and mid-term risk/
benefit ratio in patients with class I obesity (BMI 30–35  kg/m2) suffering from 
T2DM and/or other co-morbidities.

The benefits of surgery can also be encountered in patients with T1DM and mor-
bid obesity. Even if no recovery of the ß-cell function itself is expected, patients 
with obesity and T1DM are likely to experience a reduction in the daily insulin 
requirements as a result of the decrease in insulin resistance that is seen after weight 
loss. Positive effects on other weight-related diseases are a reasonable expectation 
as well [24].

2.3  Hypertension

The data available so far shows a strong association between obesity and hyperten-
sion. In one large cohort study of 82,473 participants, BMI was positively associ-
ated with hypertension at age 18 and midlife. There was also a marked increase in 
the risk of developing hypertension with weight gain [26]. In the Framingham study, 
the relative risk of hypertension in overweight men and women were 1.46 and 1.75, 
respectively, even after age adjustment [27]. In the same study, weight reduction in 
women with obesity aged 18 or older, reduced the risk of hypertension.

Recently, waist circumference (WC) has been considered as a reliable marker in 
assessing obesity and the risk of hypertension. When WC and BMI were compared 
as continuous variables in the same regression model, WC was found to be a better 
predictor of obesity-related hypertension, than BMI [28]. Moreover, WC is com-
paratively easier and faster to apply than BMI, which requires a weighing scale and 
subsequent calculation of the index.

Several pathophysiological mechanisms are believed to be at the basis of the 
association between obesity and hypertension. The most convincing one is the 
increase of the circulating plasmatic volume as a consequence of the reduced clear-
ance of the Atrial Natriuretic Peptide (ANP); indeed, the physiologic inactivation of 
this hormone by fat tissue seems to be impaired by hyperinsulinemia and insulin 
resistance. Moreover, hyperinsulinemia is responsible for hyperplasia of the muscu-
lar layer of arterioles with a consequent increase of peripheral vascular resistance. 
Another possible explanation of hypertension is that hyperinsulinemia and insulin 
resistance impair endothelial function and the production of nitric oxide (NO). This, 
in turn, results in peripheral vasoconstriction.
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2.4  Heart Disease

There is unequivocal evidence that there is an increased risk of coronary artery dis-
ease (CAD) in obesity. In the Asian Pacific Cohort Collaboration study in which 
more than 300,000 participants were followed up, there was a 9% increased inci-
dence of ischaemic heart disease for every unit change in BMI. Increased risk of 
CAD was also found in the Framingham and Nurses Health Studies [27–29]. Indeed, 
obesity and in particular “central obesity” is associated with hypertriglyceridemia, 
decreased HDL and increased LDL levels; atherogenesis and consequent coronar-
opathy are also triggered by hypertension and impaired glucose tolerance.

Obesity can be associated with congestive heart failure (CHF). When the risk of 
heart failure (HF) was evaluated in the Framingham study, it was twofold higher in 
the group with obesity than in the non-obese group [30]. The increase of the body 
mass requires a bigger left ventricular ejection volume. This leads to an eccentric 
left ventricular hypertrophy which progressively becomes insufficient and decom-
pensated, and CHF becomes clinically overt at this point.

Paradoxically, the analysis of the data retrieved from the Framingham study 
shows that a higher BMI is associated with longer survival in patients with conges-
tive heart failure (CHF). In a retrospective analysis of 7767 patients with CHF who 
were categorised into 4 BMI ranges including obesity (BMI > 30 kg/m2), there was 
reduced overall mortality within higher BMI groups in an almost linear trend. After 
further analysis, overweight and obese patients had a hazard ratio of 0.88 compared 
to healthy weight patients (taken as the reference group) whereas underweight 
patients with stable CHF had a 1.21 risk of death when they were compared to the 
same reference group [31]. The reason for this so-called “obesity paradox” is not 
clear. Probably other concomitant cardiovascular diseases linked to obesity may 
have led to the diagnosis of HF in its earlier stages, thus reducing the risk of death 
from CHF. On the other hand, the results of cardiopulmonary testing in overweight 
and healthy weight patients suffering from CHF were found to be similar [32, 33]. 
Therefore, the explanation of the paradox remains still unclear.

Considering the well-known noxious effects of obesity and the incomplete 
understanding of the mechanism of this “paradox”, treatment of obesity is still rec-
ommended to reduce CHF associated mortality. Elucidating the mechanism of this 
paradox is still an area of scientific research.

On this aforementioned basis, it’s simple to understand why weight loss induced 
by surgery is associated with a reduction in the incidence of major cardiovascular 
events, including myocardial infarction and stroke. As stated by the IFSO commis-
sion in 2016, cardiovascular event reductions after weight loss are more relevant in 
patients with a high cardiovascular risk [24]. There is also evidence that the resolu-
tion of obesity is associated with improvement of functional status and symptoms in 
patients with pre-existing ischemic heart disease or heart failure; however, the 
effects on long-term prognosis are not known [24].

Weight loss after bariatric surgery is associated with regression or improvement 
of early structural markers of atherosclerosis (carotid intima-media thickness, bra-
chial flow-mediated dilation, and coronary artery calcium score) [24]. A lower 
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degree of evidence exists about the issue of heart transplantation in the population 
with obesity. Preliminary results regarding this issue suggest that, in patients with 
severe obesity and end-stage heart failure, bariatric surgery may be useful as a 
bridge to successful heart transplantation [24].

2.5  Dyslipidemia

Dyslipidemia, consisting of reduced high-density lipoprotein (HDL) and increased 
triglycerides, is associated with obesity [34]. The underlying mechanism is largely 
due to insulin resistance. Very low-density lipoprotein (VLDL) clearance in plasma 
is dependent on the rate of hepatic synthesis and catabolism by the lipoprotein 
lipase, an enzyme that is also involved in the synthesis of HDL [34, 35]. In obesity, 
insulin resistance is associated with the increased hepatic synthesis of VLDL and 
impaired lipoprotein lipase function [36].

There is evidence that dyslipidemia, in obesity, can occur even in the absence of 
insulin resistance. In 1998, Gary et  al. showed a significant association between 
obesity, particularly central obesity, and dyslipidemia after adjustment for insulin 
resistance.

2.6  Cerebrovascular Disease

Currently, available evidence shows that the risk of haemorrhagic and ischaemic 
stroke is increased in men with obesity. In women this association holds as far as 
ischaemic stroke is concerned; haemorrhagic stroke, on the other hand, lacks cor-
relation with obesity. In the Korean prospective study involving 234,863 men who 
were followed up for 9 years, a significant positive association was found between 
BMI and the risk of ischemic stroke; in the case of haemorrhagic stroke, a “J-shaped” 
association was found, showing that its risk increased more than that of ischaemic 
stroke at the upper and lower extremes of BMI [37].

In a prospective study of 39,053 participants (all women) who were followed up 
for an average of 10 years, 432 strokes occurred. 307 were ischaemic, 81 haemor-
rhagic and 4 undefined. In obese subjects (BMI > 30 kg/m2), the hazard ratios (95% 
CI) for total stroke, ischaemic stroke and haemorrhagic stroke were 1.5 (1.16–1.94), 
1.72 (1.30–2.28) and 0.82 (0.43–1.58), respectively.

The reason for the different risk of haemorrhagic stroke between men and women 
with obesity is not fully understood and is under the scrutiny of the scientific 
community.

It is noteworthy that, central obesity (where fat is preferentially distributed 
around the trunk) is important in predicting mortality after stroke. In the Israel heart 
disease study, stroke mortality was predicted by central obesity alone, indepen-
dently of BMI, hypertension, diabetes and socioeconomic status [38].
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2.7  Metabolic Syndrome

According to the National Cholesterol Education Program’s Adult Treatment Panel 
III (NCEP: ATP III), the metabolic syndrome is defined when at least 3 of the fol-
lowing 5 features are present: (1) waist circumference above 40 inches for men and 
above 35 inches for women, (2) triglycerides above 150 mg/dL, (3) HDL choles-
terol below 40 mg/dL for men and 50 mg/dL for women, (4) blood pressure above 
130/85 mmHg, (5) fasting glucose above 100 mg/dL.

Insulin resistance, which leads to an abnormal lipid and glucose metabolism, 
appears to be at the basis of metabolic syndrome [39]. This syndrome was initially 
believed to be an independent risk factor of cardiovascular disease; however, this 
has recently been challenged as the sum of the combined risk factors at the basis of 
the metabolic syndrome does not outnumber the sum of individual factors [40].

A moderate (level 2) level of evidence exists that bariatric surgery can achieve 
greater improvement in each component of the Metabolic Syndrome compared with 
non-surgical weight loss therapies [24].

2.8  Pulmonary Diseases

Several studies have linked obesity and obstructive sleep apnea (OSA). In the 
Wisconsin Sleep Cohort study, obesity showed a strong association with OSA [41]. 
In another study, increased neck circumference, which correlates with obesity, had 
a strong connection with obstructive sleep apnea [42]. The mechanism responsible 
for OSA in obesity is the external compression by the fat tissue on the airways with 
consequent narrowing of their lumen [43].

Asthma is another condition that is likely to occur in obesity. There is evidence 
that obesity increases the risk of asthma. In one prospective multicentre study, the 
prevalence of asthma was observed to increase in patients with obesity. Indeed, in 
recent clinical research, 75% of the patients who sought medical care for asthmatic 
respiratory distress were reported to be either obese or overweight [44]. The mecha-
nism linking obesity and asthma is chronic systemic inflammation driven by 
increased inflammatory cytokines and chemokines, and other adipocytes-derived 
factors [45]. In turn, the chronic inflammation increases airway hyper-responsive-
ness which is typical of asthma.

The association of Obstructive Sleep Apnea Syndrome (OSAS) and asthma with 
obesity requires an accurate assessment of the respiratory function before surgery; 
instrumental investigations such as chest X-ray, pulmonary function tests, arterial 
blood gas are mandatory [24]. If the diagnosis of sleep apnea syndrome is suspected 
nocturnal oximetry or polysomnographic examination is suggested to assess 
whether a respiratory therapy device such as C-PAP (Continuous Positive Airways 
Pressure), should be used peri-operatively [24].
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In 2016, IFSO implemented in its Position Statements the results of several stud-
ies demonstrating that bariatric surgery for obesity may result in resolution or 
improvement of (OSAS) and significant improvement of asthma management, 
defined as symptoms, level of lung function, and use of medication in asthmatic 
patients.

2.9  Gastrointestinal Diseases

A great part of the epidemiological studies to date have found an association 
between obesity and increased risk of Gastroesophageal Reflux Disease (GERD). In 
one large cross-sectional population study, which was part of a randomised trial, 
involving 10,537 subjects, the adjusted odds ratios for heartburn and acid regurgita-
tion in obese patients were 2.91 (95% CI 2.07–4.08) and 2.23 (95% 1.44–1.99) 
respectively, compared with those with normal BMI. Recent evidence from a meta- 
analysis involving data from studies between 1966 and 2004 has demonstrated that 
obesity is significantly associated with GERD, oesophageal cancer and erosive 
esophagitis and that the severity of these disorders increases with increasing 
weight [46].

Another gastrointestinal disease that has been linked to obesity is cholelithiasis. 
Data from the literature shows that females with a BMI of more than 45 kg/m2 had 
a sevenfold increase in the risk of gallstone disease compared to those with a BMI 
of less than 24 kg/m2 [47].

Consequently IFSO, in 2016, issued the grade B recommendation to perform 
cholecystectomy during bariatric surgery for patients with biliary symptoms or 
patients with gallstones documented during pre-operative ultrasonography [24].

Liver disease is a common feature in the obese population, in the form of the so- 
called Non-Alcoholic Fatty Liver Disease (NAFLD). NAFLD consists of a spec-
trum of disease manifestations that have in common the absence of excessive 
alcohol consumption. On one end of the spectrum, there is simple steatosis, also 
referred to as non-alcoholic fatty liver (NAFL) disease. Patients with simple steato-
sis or NAFL just have steatosis without histologic evidence of hepatocellular injury. 
At the other end of the spectrum, there is Non-Alcoholic Fatty Liver Steato-Hepatitis 
(NASH) which combines steatosis and hepatocellular injury and which may be 
associated with hepatic fibrosis also. Prognosis changes dramatically whether 
patients have NASH or non-NASH disease. It is generally accepted that patients 
with simple steatosis progress very slowly, if at all. On the other hand, patients with 
NASH are more likely than the non-NASH group to have progressive liver disease 
and can experience complications such as cirrhosis and HCC. There is probably a 
wide range of factors that predispose patients to progress from simple steatosis to 
NASH; however, the exact rate of progression is unknown. Lebovics and Rubin, in 
their recent review of NAFLD, report a 20% rate of conversion from simple steato-
sis to NASH over a 15-year follow-up [48, 49]. Some genomics studies to date, have 
implicated genetic factors associated with the progression of NAFLD, although 
these factors lack clinical application at the moment. It is also interesting to note 
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that while hepatic injury induced by NASH is similar to that seen in patients with 
alcoholic liver disease, NASH does appear to progress more slowly and is less 
severe on histology than steatohepatitis caused by alcohol [50, 51]. Indeed, over a 
relatively short period of follow-up, only 2% of NASH patients on average pro-
gressed to decompensated liver disease and cirrhosis [52, 53]. Once cirrhosis devel-
ops in NASH patients, their overall prognosis appears to be dismal. The clinical 
course of patients who had NASH-related cirrhosis was found by Ratziu et al. to be 
similar to those with cirrhosis from hepatitis C [54].

It is accepted by most experts that while patients with steatosis alone are not at 
risk for HCC, patients with cirrhosis from NASH are at risk for HCC. So far, the 
exact pathogenesis of NASH-related HCC remains unclear although experts do 
agree that age and advanced fibrosis are established risk factors for HCC in 
NASH. Even if there are variations from study to study on the overall incidence of 
NASH-related HCC, there is consistent evidence that the risk of HCC is lower than 
hepatitis C-related cirrhosis. For example, Yatsuji et al. calculated an incidence of 
HCC of 11.3% in 5 years for patients with cirrhosis secondary to NASH; which is 
lower than the incidence of HCC in patients with hepatitis C-related cirrhosis [55].

Recent reports indicate that weight loss induced by surgery could be beneficial 
for NASH although the lack of randomised clinical trials precludes a precise assess-
ment of this benefit. As a consequence of this mild level of evidence (level 2), IFSO 
issued a grade B recommendation that weight loss after bariatric surgery could pro-
vide improvement or resolution of non-alcoholic fatty liver disease (NAFLD) and 
non-alcoholic steatohepatitis (NASH) [24].

2.10  Reproductive Disease

Obesity has a detrimental effect on female fertility [56]. In women over the age of 
18 whose BMI is higher than 32 kg/m2, the relative risk of anovulatory cycles and 
consequent infertility is 2.7 times higher [57]. For women having ovulatory cycles, 
the chance of conceiving a child is decreased by 5% for every BMI-unit increase [58].

The reasons for the decreased fertility are multiple and include higher leptin and 
lower adiponectin levels. Additionally, the production of steroids in the ovaries is 
compromised and in association with the elevated insulin levels, this leads to an 
inhibition of the sex hormone-binding globulin synthesis by the liver and hyperan-
drogenemia [59]. Reduced fertility is also due to the higher incidence of polycystic 
ovary syndrome (characterised by anovulation, hyperandrogenism and a polycystic 
ovary) in women with obesity [60]. Weight loss in women with polycystic ovary 
syndrome, obtained by lifestyle therapy, pharmacological therapy and surgery for 
obesity, improves spontaneous ovulation and pregnancy rates [61]. Since weight 
loss improves the chances of conception, it has to be considered the first-line ther-
apy for women with this condition [62]. This grade B recommendation was issued 
by IFSO in the context of 2016 Position Statements with a level 2 of evidence; in 
particular, IFSO members pointed out that weight loss as a treatment for infertility 
should be considered in the first line regardless of the presence or absence of 
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polycystic ovary syndrome and that weight loss could be achieved by lifestyle ther-
apy, pharmacologic therapy or surgery.

There are other reproductive complications of obesity that can occur during 
pregnancy and labour. These include gestational diabetes, macrosomia, dystocia 
and increased rates of caesarean sections [63].

In addition to the effects on female reproductive physiology, obesity also has an 
impact on male reproduction [64]. MOSH or Male Obesity Secondary Hypogonadism 
is a well-known entity. The detailed effects of obesity on reproductive physiology 
are discussed in another chapter.

2.11  Psychosocial and Psychiatric Problems

Obesity in the affluent society has been associated with several untoward outcomes 
in terms of psychosocial or socioeconomic well-being. Women with obesity, for 
example, were found to be more likely to drop out from school, had a 20% lower 
chance of getting married, earned lower salaries in comparison to females who were 
not overweight [65]. However, the cause–effect relationship can be either way since 
socioeconomic status can be responsible for obesity and viceversa [66].

Overt psychiatric disorders have been linked to obesity. These disorders include 
schizophrenia and schizoaffective disorders, psychosis, bipolar disorder, substance 
abuse disorders, eating disorders (Bulimia, BED, and NES), neurocognitive disor-
ders and personality disorders. Treatment with certain psychotropic medications, 
including antipsychotics and mood stabilisers, previous psychiatric hospitalisations, 
as well as a history of suicide attempts or other self-injurious behaviours also are 
widely considered risk factors for poor post-operative outcomes. Some of these 
conditions, in particular severe, uncontrolled psychosis, bipolar disorder, and sub-
stance abuse are widely considered contraindications to surgery [67–69].

Minor mental health problems such as mood and anxiety disorders are very com-
mon; they are considered negative predictors for the outcome of surgery for obesity, 
but not a contraindication for treatment, provided the patient is receiving appropri-
ate mental health treatment [24].

2.12  Osteoarthritis

Osteoarthritis (OA) is strongly associated with obesity. In the Framingham cohort 
study, data from 1420 participants indicated that obesity was an important indepen-
dent risk factor for OA after adjustment for age, physical activity and levels of uric 
acid [70].

The mechanism of OA has been attributed to direct chronic strain on the joints 
related to the overweight. However, some authors have raised the hypothesis that 
non-mechanical aetiologies may contribute to OA in obesity because the same 
changes of OA present in weight-bearing joints have also been demonstrated in 
non- weight bearing joints. There is growing evidence that dysregulation of 
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adipokines (hormones from adipose tissue) such as adiponectin, visfatin and 
resistin may trigger OA, suggesting that osteoarthritis may be a systemic disease 
in obesity [71, 72].

2.13  Cancer

There is considerable evidence of an association between obesity and some cancers 
[73]. These include cancer of the gallbladder, oesophagus (adenocarcinoma), thy-
roid, kidney, uterus, colon and breast [74, 75]. In the USA, 14% of cancer deaths are 
attributed to obesity; this percentage reaches 20% in female individuals.

This link has further been strengthened by the observation that a reduced inci-
dence of cancer and reduced mortality from cancer is registered after weight loss 
[76, 77]. It was estimated that the hypothetical correction of the excess weight in 
the US population [78] would have been able to prevent about 900,000 can-
cer deaths.

So far, the underlying mechanism linking these cancers to obesity is not clear. In 
the case of uterus and breast cancers, it is thought to be the higher oestrogen levels 
synthesised from adipose tissue [79, 80].

Considering that there are no randomised clinical trials on this topic, IFSO attrib-
uted a grade C level to the statement that surgery for obesity can reduce the inci-
dence of some malignancies and the mortality related to them [24].

2.14  Conclusions

Obesity is an epidemic disease not only affecting industrialised societies but also 
developing countries. It is associated with a reduced life expectancy because of the 
great burden of associated diseases. These can affect virtually every organ from 
cardiovascular to the respiratory, reproductive and gastrointestinal system. 
Metabolism is also negatively affected by obesity as demonstrated by the high prev-
alence of diabetes, dyslipidemia and endocrine pathologies. Even several psychoso-
cial and psychiatric diseases have been pathogenetically linked to obesity. Moreover, 
there is growing evidence that obesity increases the likelihood of some cancers; this 
is far from being a sheer statistical connection because several scientific studies 
have demonstrated a clear pathogenetic mechanism connecting obesity and cancer.

Most of these pathologies can regress or at least improve with weight loss inter-
ventions and especially with bariatric surgery. Thus, these co-morbidities and their 
resolution represent, along with BMI, a keystone in the indication for bariatric sur-
gery. Moreover, the presence of these diseases can modify the operative risk and, as 
a consequence, careful pre-operative evaluation is required and, when possible, 
optimisation of the patient. Last, but not least, post-operative results, weight loss 
included, can be affected by the pre-existing pathologies; patients operated on for 
obesity should be followed up on a patient-tailored rather than a standardised 
schedule.
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For all these above-mentioned reasons, it is important for every healthcare pro-
fessional involved in the therapy for obesity to have a thorough knowledge of these 
diseases.

Key Points
• The resolution or improvement of co-morbidities has to be considered as another 

goal of bariatric surgery and must be given the same importance as weight loss 
in its outcomes.

• Excess visceral fat, also referred to as central obesity, has a stronger association 
with cardiovascular disease than subcutaneous fat.

• Weight loss-induced improvements in glycaemia are most likely to occur early in 
the natural history of type 2 diabetes when a still reversible ß-cell dysfunction 
exists and insulin secretory capacity remains relatively preserved.

• In the Asian Pacific Cohort Collaboration study in which more than 300,000 
participants were followed up, there was a 9% increased incidence of ischaemic 
heart disease for every unit change in BMI

• Available evidence shows that the risk of haemorrhagic and ischaemic stroke is 
increased in men with obesity.

• For women having ovulatory cycles, the chance of conceiving a child is decreased 
by 5% for every BMI-unit increase

• A moderate (level 2) level of evidence exists that bariatric surgery can achieve 
greater improvement in each component of the Metabolic Syndrome compared 
with non-surgical weight loss therapies.

• Obesity treatment and especially bariatric surgery can heal or improve most of 
the diseases associated with obesity and as a consequence can increase life 
expectancy.

• According to the analysis conducted by the International Federation of the 
Surgery of Obesity and Metabolic Disorders (IFSO), bariatric surgery is cost- 
effective and, in some instances, a cost-saving approach for the management of 
patients suffering from obesity and T2DM.
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3.1  Introduction

Obesity is defined as a condition with abnormal or excessive fat accumulation that 
poses a risk to health [1]. In the last 30 years, globalization has lifted millions out of 
poverty, hunger and infectious disease. While this has led to significant improve-
ment in the quality of lives of common people, the same social and economic shifts 
have also led to an increase in waistlines. The prevalence of obesity has doubled 
between 1980 and 2014 worldwide [2]. Developing countries like India and China 
are at the brink of an obesity epidemic today [3].

A person is classified as being affected by clinically severe obesity when their 
body mass index (BMI) is greater than 40 kg/m2 (37.5 for Asians), or they are more 
than 100 pounds over their ideal body weight. Additionally, individuals who have a 
BMI of 35 kg/m2 (32.5 for Asians) or greater with an existing co-morbidity (i.e. 
diabetes, hypertension, etc.) are also classified as being severely obese [3]. Even 
moderate obesity is hazardous for health as it is associated with a number of health 
issues like type II diabetes mellitus, high blood pressure, dyslipidaemia, lung dis-
ease, liver disease, varicose veins, arthritis, cancers, cardiovascular diseases, gall-
bladder stones, hernias, etc. Paradoxically, although obesity is viewed as a state of 
overnutrition, patients suffering from obesity suffer from a number of nutritional 
deficiencies and obesity represents yet another spectrum of malnutrition.

The aim of this chapter is to provide an overview of the:

• Prevalence of pre-existing nutritional deficiencies associated with obesity
• Causes of nutritional deficiencies in individuals suffering from obesity
• An overview of the physiology of various nutrients in the body
• Signs and symptoms of nutrient deficiencies

 (a) Management of pre-operative nutritional deficiencies

3.2  Obesity: A State of Malnutrition

Malnutrition is defined as a condition that develops when the human body does not 
receive adequate quantities of energy-providing nutrients (protein, carbohydrates 
and fats), vitamins, minerals and water required for normal tissue and organ growth 
[4]. Though obesity is considered to be a state of “overnutrition”, paradoxically in 
the past few years, malnutrition has become the new synonym of obesity due to its 
association with various nutritional deficiencies. There are multiple reasons for 
this paradox such as easy availability of processed and packaged foods at a low 
price, increased consumption of empty calorie and energy-dense foods, sedentary 
lifestyle, altered metabolism leading to poor bioavailability of nutrients [5], pro-
longed use of certain medications, food preferences [6] and obesity-associated 
inflammation [7].
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3.3  Causes of Nutritional Deficiencies in Individuals 
Suffering from Obesity

An energy imbalance created as a result of excessive energy intake in relation to 
energy expenditure forms the pathophysiological basis of obesity in the majority of 
cases. At the same time, the quality of food consumed is equally important and must 
not be overlooked [8]. Nowadays, there is an increase in the consumption of pro-
cessed foods which are generally low in vitamins and minerals. Increased intake of 
less nutritious food has been shown to proportionately decrease the intake of unpro-
cessed nutritious food like fruits, vegetables, whole grains and legumes and protein- 
rich foods [9]. In developing countries like India, the dependence on less nutritious 
processed foods is more, as these foods are comparatively less expensive than the 
unprocessed nutritious foods. This holds true for many other parts of the world 
as well.

Obesity leads to a state of inflammation in the human body. Excess adipose tis-
sue leads to the release of pro-inflammatory cytokine - interleukin 6 (IL-6) which 
may in turn lead to low-grade systemic inflammation [10]. Chronic inflammation 
causes increased hepcidin release in liver and fat tissue which inhibits iron 
absorption.

Obesity also leads to defective storage and bioavailability of certain nutrients. 
For example, it causes a deficiency of Vitamin D due to its sequestration in adipose 
tissue. This could also apply to other lipophilic vitamins. In a study that was done to 
assess micronutrient deficiencies in obese subjects undergoing a Low-Calorie Diet 
(LCD), a negative correlation was observed between lipophilic vitamins and body 
fat at baseline and a significant increase in serum Vitamin D concentrations follow-
ing an LCD suggesting the release of the stored vitamin D during weight loss [11].

The risk of small intestinal bacterial overgrowth (SIBO) characterized by an 
excessive/abnormal growth of Gram-negative aerobic and anaerobic bacteria in the 
proximal small bowel [12] has shown to increase by 11 times in patients with obe-
sity as compared to non-obese patients and is independent of small bowel transit 
time, gastric pH and small bowel pH [13]. An increase in the count of Firmicutes 
and a decrease in the Bacteroidetes bacterial group have been observed in the gut of 
individuals with obesity [14]. These may lead to better and more efficient energy 
extraction from food and also cause low grade inflammation [15].

In individuals with obesity, who are already at risk of developing Non-Alcoholic 
Fatty Liver Disease (NAFLD), SIBO further adds up to its risk and severity. This 
was supported by a recent study, in which bacterial overgrowth was more frequent 
in patients with clinically severe obesity as compared to normal-weight subjects and 
was associated with severe steatosis [16].

In addition to liver disease, hypothyroidism and the use of diuretics in this popu-
lation also add to nutritional deficiencies.

3 Pre-existing Nutritional Deficiencies Associated with Obesity
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Vegetarianism is another reason that could lead to inadequate intake of certain 
nutrients due to their reduced bioavailability in plant sources. This is a concern 
especially in the Indian population wherein 35% of the population is vegetarian 
[17]. A vegetarian diet, being rich in fibre and antioxidants, has shown to be ben-
eficial in reducing the risk of non-communicable diseases [18]. However, it has 
been observed that vegetarians as compared to omnivores are deficient in certain 
nutrients and thus their requirement of supplementation is higher pre- 
operatively [19].

Patients suffering from obesity are also frequently on some or the other form of 
self-supervised low-calorie diet, thus increasing their susceptibility to micronutrient 
deficiencies. In a recent study, obese subjects (n = 32) underwent a low-calorie for-
mula diet covering their dietary reference intake (DRI) for a period of 3 months. At 
baseline and after 3 months their micronutrient levels were assessed, it was found 
that even more subjects were deficient in certain micronutrients after 3 months of 
diet intervention, suggesting that their demands are higher than the normal weight 
population. The possible reasons for this could be metabolic alterations during the 
period of weight loss, unequal distribution of lipophilic compounds, enhanced oxi-
dative stress induced by the excess adipose tissues and electrolyte imbalance due to 
fluid changes in the body [11].

Low micronutrient levels can also be attributed to the volumetric dilution factor 
as obesity causes expansion of the total body water in the extracellular compart-
ment [20].

Lastly, micronutrient deficiencies and excessive caloric intake disturb the normal 
biochemical pathway which leads to the accumulation of toxic by-products result-
ing in further weight gain or development of associated metabolic diseases [11].

3.4  An Overview on Physiology of Various Nutrients 
in the Body

3.4.1  Iron

Iron is an active part of haemoglobin in red blood cells and is also a constituent of 
the muscle protein myoglobin and a variety of proteins that speed up chemical reac-
tions within the body. Once iron is absorbed from the food it is carried in the blood 
via the transport protein transferrin. Much of this is transported to the bone marrow 
where it is used for haemoglobin formation. Extra iron is then stored in the liver in 
the form of ferritin and hemosiderin.

The cause of iron deficiency in individuals with obesity could be attributed to 
multiple factors such as a state of chronic inflammation in response to the excessive 
amounts of fat tissues, dilution effect due to increased plasma volume [21], poor 
food choices and vegetarianism.

Hepcidin—is a protein and a key regulator for the entry of iron in blood circula-
tion. Its levels are higher in individuals with obesity and are linked to subclinical 
inflammation; which may reduce iron absorption and blunt the effects of iron forti-
fication. Increased pro-inflammatory cytokines, such as leptin, interleukin-6 (IL-6), 
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C-Reactive Protein (CRP) stimulate hepcidin production by the liver and adipose 
tissues. Hepcidin excess has been suggested to decrease dietary iron absorption and 
increase iron sequestration from reticulo-endothelial macrophages [22].

Thus, low iron status in overweight individuals may result from a combination of 
nutritional (reduced absorption) and functional (increased sequestration) iron defi-
ciency [23]. In addition to poor absorption, nutritional deficiency could also be due 
to poor dietary choices, vegetarianism and poor access to foods rich in iron.

The absorption of iron is influenced by many other factors. Absorption of 
ingested iron increases in proportion to an increase in the body’s need. For example: 
blood loss during an injury, accident or during pregnancy.

There are two sources of iron: Heme iron and non-heme iron. The absorption of 
heme form is much better than the non-heme form of iron.

The following factors would enhance the absorption of non-heme iron:

• Gastric acid is required to increase the solubility of iron and favours the ferrous 
form of iron.

• Vitamin C, when consumed with the source of iron, increases the solubility of 
iron in the duodenum.

• Citric acid or citrus juices and fruits, at acidic pH absorption of iron is better. 
Commonly seen at the proximal small intestine.

The following factors reduce the absorption of iron:

• Tannic acid, as from tea
• Antacids of any type
• Calcium and phosphate salts taken as medicine

Dietary sources of iron: All types of meat contains heme iron, bajra, poha, green 
leafy vegetables.

Signs and symptoms of iron deficiency: General fatigue, breathlessness, giddi-
ness, dimness of vision, anorexia, koilonychia, glossitis, stomatitis, palpitation and 
decreased physical activity

Prevention of these symptoms is dietary changes and proper supplementation

3.5  Calcium and Vitamin D

Calcium and phosphorus are best known for their contribution to the strength of the 
skeleton, body metabolism, muscle activity and functioning of nerves. Factors that 
influence the amount of calcium in the blood are likely to influence the phosphorus 
levels as well. Parathyroid hormone (PTH) and vitamin D play a very important role 
in calcium regulation. Vitamin D promotes calcium absorption from the small 
intestine:

• It works with PTH to increase the mobilization of calcium from the bones to 
the blood.
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• PTH and vitamin D together help renal reabsorption of calcium.
• PTH increases urinary excretion of phosphorus. In turn, a drop in serum phos-

phorus levels results in an increase in serum calcium levels.

Normally the amount of PTH released is affected by calcium levels. A low cal-
cium serves as a stimulus for the release of PTH. As soon as the calcium level rises, 
the secretion of PTH ceases temporarily.

Obesity is associated with vitamin D deficiency, hyperparathyroidism and sec-
ondary hypercalcemia [24]. Vitamin D deficiency is seen in approximately 57–94% 
of individuals suffering from obesity [25].

Exposure to sunlight is the only known source of vitamin D. Cultural and social 
taboos on clothing in some regions may limit the exposure to sun.

A vegetarian diet also limits dietary intake of vitamin D. Poor nutrition and a 
sedentary lifestyle have led this deficiency to be an epidemic. The availability of 
Vitamin D fortified foods has increased, but lack of awareness and less affordabil-
ity makes it difficult to access these foods. Fortification of staple foods with vita-
min D may prove to be a more viable solution towards attaining vitamin D 
sufficiency.

Individuals suffering from obesity have low plasma concentrations of 
25-hydroxyvitamin D [25(OH) D], which is associated with increased plasma con-
centrations of parathyroid hormone. It has been proposed that production of the 
active vitamin D metabolite 1, 25-dihydroxy vitamin D increases in high BMI indi-
viduals and this, in turn, exerts negative feedback control on the hepatic synthesis of 
1, 25-dihydroxy vitamin D. It has also been suggested that the metabolic clearance 
of vitamin D may increase in obesity, possibly with enhanced uptake by adipose 
tissue. Although the explanation for the increased risk of vitamin D deficiency in 
obesity is unknown, it has been postulated that individuals suffering from obesity 
may avoid exposure to solar ultraviolet (UV) radiation, which is indispensable for 
the cutaneous synthesis of vitamin D3. If the increased risk of vitamin D deficiency 
in obesity were the result of a primary alteration or a direct consequence of obesity 
itself then a rational intervention could be instituted [24]. As vitamin D is fat- soluble 
and is readily stored in adipose tissue, it could be sequestered in the larger body 
pool of fat of individuals suffering from obesity. It is observed that blood vitamin 
D3 concentrations increased in both the obese and non-obese subjects after expo-
sure to an identical amount of UV-B irradiation. Further, the alteration of the vita-
min D endocrine system in obese subjects is characterized by secondary 
hyperparathyroidism which is associated with enhanced renal tubular reabsorption 
of calcium and increased circulating 1,25(OH)2D.

Dietary sources of Vitamin D: Milk and milk products, fatty fish, like tuna, 
mackerel, salmon, fortified food with vitamin D, beef liver, egg yolk, few grains, 
beans and lentils.

Signs and symptoms of vitamin D deficiency: Fatigue, bone and back or joint 
pain, impaired wound healing, bone loss, hair loss, muscle pain, rickets, tetany, 
osteomalacia, osteoporosis.
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3.6  Water Soluble: B-Vitamins

All the B-Vitamins play a very crucial role in various haematological and neurologi-
cal functions in the body. Elevated levels of homocysteine as a result of low levels 
of folic acid and Vitamin B12 is said to be an independent risk factor for oxidative 
stress and cardiovascular diseases [26].

There is a lot of variation in vitamin B status across different countries and this 
is mainly due to the differences in the level of food fortification. It could also be due 
to food choices and supplementation [27]. Chronic alcoholism is another factor that 
can lead to Vitamin B1 and folate deficiency by interfering with its active transport 
across the intestinal wall and causing its excretion in urine [28–30].

Folic acid has a low storage capacity and is found in leafy vegetables, whole 
meat products and legumes. Similarly, thiamine (Vitamin B1), a coenzyme involved 
in many biochemical pathways, is stored in small amounts in skeletal muscles, liver, 
kidney, heart and brain and can get depleted within a week. Whereas vitamin B12 
found in meat, eggs and milk products has comparatively more storage capacity, 
hence a deficiency would suggest a low intake over a long period of time [31].

The availability of thiamine is limited to yeast, whole grains, beef, lean pork and 
legumes. It gets destroyed easily in an alkaline environment (pH > 8), at high tem-
perature and when consumed with ethanol- or thiaminase-containing foods like caf-
feinated or decaffeinated tea/coffee, raw fish and shellfish [4]. Pre-operative 
thiamine deficiency was seen in 29% of 379 patients, in which the deficiency was 
higher in African American (31%) and Hispanics (47%) compared to the Caucasian 
population (7%) [32]. Another study observed low levels of thiamine in 47 (15.5%) 
out of 303 patients undergoing bariatric surgery. Another observation made in this 
study was that none of the patients with pre-operative thiamine deficiency devel-
oped neurological manifestation post bariatric surgery. This was attributed to their 
pre-operative protocol for thiamine supplementation. Since the incidence of thia-
mine deficiency is higher post bariatric surgery due to recurrent episodes of vomit-
ing and is associated with irreversible neurological sequelae, it is very important to 
correct it pre-operatively [4].

A recent study revealed that B12 deficiency is observed in one-fifth of the popu-
lation suffering from obesity and is positively correlated with BMI [21]. While the 
prevalence of Vitamin B12 deficiency has been reported to be 18% pre-operatively 
in patients suffering from obesity [9, 33], in India it is found to be as high as 56.7% 
[6]. Vitamin B12 deficiency if not corrected can lead to pernicious anaemia [21].

3.7  Fat-Soluble Vitamins: Vitamin A, E and K

Fat-soluble vitamin deficiency is more commonly observed post malabsorptive sur-
geries. The antioxidant vitamins  - A (beta-carotene and retinol) and E (alpha- 
tocopherol) have shown to be deficient in both children and adults suffering from 
obesity. Pre-existing Vitamin A deficiency of 14% has been reported in adults 
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undergoing bariatric surgery [34]. Screening for Vitamin E and K is discounted in 
the bariatric population owing to the lack of data on pre-operative deficiencies. A 
study reported 2.2% (n = 89) Vitamin E deficiency in patients undergoing bariatric 
surgery [35].

3.8  Zinc

Zinc is the second most prevalent trace element found in the human body and is 
crucial for normal cell function and metabolism. It also functions as an antioxidant 
and regulates immune function, taste and appetite [36]. Studies have suggested that 
zinc deficiency was present in 28% of the patients pre-operatively.

Dietary sources of zinc: Beef, chicken, fish, liver, wheat germ, and whole grains.

3.9  Management of Pre-operative Nutritional Deficiencies

Micronutrient deficiencies can contribute to the risk of developing many obesity- 
associated diseases if not assessed and corrected in a timely manner. Vitamin D 
deficiency has been shown to increase the risk for diabetes, cardiovascular diseases 
and several types of cancers [32, 37]. Zinc deficiency can lead to the development 
of certain types of cancers [38, 39] and could promote both acute and chronic liver 
diseases [40].

Nutritional deficiencies, if not detected and corrected pre-operatively, have also 
been shown to have a great impact on the post-operative morbidity and mortality 
[41]. As per the ASMBS guidelines, pre-operative investigations including nutri-
tional assessment are mandatory for a bariatric surgery candidate [42]. Unfortunately, 
these tests are being carried out in less than 25% of the population undergoing bar-
iatric surgery [43].

Given below is the list of tests that may be advised to patients undergoing bariat-
ric surgery.

Blood tests Radiological Others
Complete blood count Chest X-ray PA View Upper GI endoscopy with 

H. pylori testing
Kidney function tests ECG Pulmonary function test
Sr. uric acid 2-D Echocardiography Polysomnography (Sleep 

study)
Liver function test USG abdomen and pelvis
Fasting and post prandial blood 
sugars

Bilateral venous colour 
doppler of lower limbs

Fasting and post prandial insulin 
levels

Liver elastography

Fasting and post prandial 
C-peptide levels
Glycosylated haemoglobin 
(HbA1c)
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Blood tests Radiological Others
Lipid profile
Blood group
Coagulation profile
HIV, HCV, HBsAg (Elisa)
Thyroid profile
Serum PTH
Serum ionized calcium
Serum homocysteine
Serum folic acid
Serum vitamin B 12
Serum vitamin D 3
Serum iron studies
Urine routine and microscopy/
microalbuminuria, urinary calcium

Nutritional parameters in the above list help us to identify the nutritional status 
of the patient and in case of deficiencies supplement them in the pre-surgery period.

Given below is the supplementation protocol in case of nutritional deficiencies 
before undergoing bariatric surgery:

Nutrient
Cut-offs at which 
supplementation is initiated Supplement dosage

Vitamin D < 30 ng/mL
< 10 ng/mL

Vitamin D3 injection 3 lakh units 
intramuscular - Stat
Vitamin D3 injection 6 lakh units 
intramuscular - Stat

Vitamin B12 < 300 pg/mL Injection Cyanocobalamin 
1000 mcg + 100 mg thiamine intramuscular - 
Stat [44]

Calcium Sr. Calcium <8.8 mg/dL
Or
Ionized calcium  
< 1.12 mmol/L

Calcium citrate 1000 mg per oral once daily

Iron profile Sr. Iron <65 μg/dL (For men)
Sr. Iron <50 μg/dL (For 
women)
Or
Hb < 10.0 g/dL

Injection Ferric  carboxymaltose 500 mg in 
250 mL NS over 3 h IV - Stat

Folic acid < 3 ng/mL Folic acid 5 mg per oral daily
Total protein, 
serum albumin

Total protein < 6.5 g/dL
Sr. Albumin < 3.5 g/dL

Patients are advised to be on a high protein 
diet for 7–14 days pre-operatively as per their 
clinical profile

The pre-operative investigations include only vitamin B12 and vitamin B9 (folic 
acid). Other B vitamin tests are expensive and their dietary reference intake is com-
paratively lower. B vitamins being water-soluble do not cause toxicity when taken 
in excess. Thus, in addition to vitamin B12, we suggest that patients must be 
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supplemented empirically with vitamin B6 (pyridoxine—50–100 mg), vitamin B1 
(thiamine—100 mg), d-panthenol (50 mg), vitamin B3 (nicotinamide—100 mg), 
etc. to ensure good nutritional status pre-operatively.

Assessment of fat-soluble vitamins—Vitamin A, E and K is not done pre- 
operatively as the deficiency of these nutrients is not commonly observed in the 
population suffering from obesity. Also, post-operatively the deficiency of these 
vitamins is seen more often after mal-absorptive procedures like bilio-pancreatic 
diversion due to fat malabsorption.

3.10  Conclusion

The rise in the incidence of obesity has led to a proportionate increase in the number 
of bariatric surgeries. Nutritional deficiencies are not only a common concern post 
bariatric surgery but are seen commonly in the pre-operative phase. It has been 
observed that a nutritionally sufficient patient recovers faster as compared to a 
patient with a poor nutritional status. Thus, pre-operative nutritional screening is 
crucial for identifying the nutritional deficiencies. These deficiencies must be cor-
rected in the pre-surgery phase with adequate supplementation to ensure a smooth 
post-operative recovery, better weight loss outcomes and decreased morbidity and 
mortality.

Key Points
• Although obesity is viewed as a state of overnutrition, patients suffering from 

obesity paradoxically suffer from a number of nutritional deficiencies. Obesity 
represents another spectrum of malnutrition.

• Increased intake of less nutritious food has been shown to proportionately 
decrease the intake of unprocessed nutritious food like fruits, vegetables, whole 
grains and legumes and protein-rich foods.

• Chronic inflammation causes increased hepcidin release in liver and fat tissue 
which inhibits iron absorption in patients suffering from obesity.

• Obesity leads to defective storage and bioavailability of certain nutrients like 
Vitamin D and other lipophilic vitamins.

• The risk of small intestinal bacterial overgrowth (SIBO) characterized by an 
excessive/abnormal growth of Gram-negative aerobic and anaerobic bacteria in 
the proximal small bowel is said to be 11 times higher in patients suffering from 
obesity.

• Nutritional deficiencies if not detected and corrected pre-operatively, have 
shown to have a great impact on the post-operative morbidity and mortality

• Nutritionally sufficient patients recover faster after bariatric surgery as com-
pared to patients with a poor nutritional status

• Nutritional deficiencies must be corrected in the pre-surgery phase with ade-
quate supplementation to ensure a smooth post-operative recovery, better weight 
loss outcomes and a decreased morbidity and mortality (Table 3.1).
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4Bariatric Procedures: Anatomical 
and Physiological Changes

Almino Cardoso Ramos, Hugo V. Coca Jimenez Carraso, 
and Eduardo Lemos De Souza Bastos

4.1  Introduction

Obesity is a chronic, multifactorial, disease with increasing incidence and preva-
lence, especially in countries with western lifestyles [1, 2]. Although dietary con-
trol, regular physical activity and/or drug therapy have been considered as the first 
line of therapeutic approach, bariatric surgery seems to be the most effective 
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approach for patients with higher body mass index (BMI) and/or with associated 
comorbidities. Studies comparing medical and surgical treatment in individuals 
with clinically severe obesity have shown better results in short, medium, and long 
term in favor of the surgical approach in terms of sustained weight loss, control of 
comorbidities, reduction in major macrovascular events and mortality [3–7].

Since the 1950s, several surgical procedures have been proposed to achieve the 
desired weight loss and control of comorbidities [8]. Roughly, they are categorized 
as predominantly restrictive, predominantly malabsorptive, and mixed procedures 
(combination of both). However, this classification is merely didactic, since only 
gastric restriction and/or nutrient malabsorption appear to be inaccurate to provide 
a full explanation of all successful outcomes attributed to most bariatric procedures 
currently in use. It has now been recognized that anatomical alterations directed at 
restricting the amount of food or reducing the absorptive intestinal surface are less 
relevant than substantial changes in neural and endocrine signaling pathways com-
monly seen after bariatric surgery [9–16].

Therefore, it is more appropriate to anatomically classify the bariatric proce-
dures into two groups, according to the absence or presence of small bowel diver-
sion. In the first group (without intestinal bypass), Laparoscopic Adjustable Gastric 
Band (LAGB), Vertical Banded Gastroplasty (VBG), and Laparoscopic Sleeve 
Gastrectomy (LSG) are well-fitted. Examples of the second (with intestinal bypass) 
are Roux-en-Y Gastric Bypass (RYGB), One-Anastomosis Gastric Bypass 
(OAGB), Biliopancreatic Diversion (BPD—Scopinaro’s Surgery), Biliopancreatic 
Diversion with Duodenal Switch (BPD-DS), Single-Anastomosis Duodenoileal 
Bypass with Sleeve Gastrectomy (SADI-S), Ileal Interposition, Transit Bipartition 
and Jejunoileal Bypass (JIB). Currently, some of these techniques are no longer 
being used, for example, VBG and JIB. Still, there is a wide range of operative 
techniques, each procedure with its peculiarity in relation to the technical design 
and mechanism of action. Some procedures are time-honored, such as RYGB, 
while some new procedures are emerging and gaining acceptance among patients 
and surgeons, such as LSG and OAGB.

With or without small bowel diversion, surgical bariatric procedures modify the 
anatomy of the digestive system and have an impact on entire gastrointestinal (GI) 
physiology, by restricting the food intake, altering the digestive and absorptive pro-
cess, changing the GI hormones, motility, microbiota balance, neural signaling 
among other lesser-known mechanism. In addition, bariatric surgeries can strongly 
alter the regulation of hunger/satiety in the central nervous system, change food 
preferences and taste, and modify energy expenditure [9, 17–19]. All these postop-
erative changes can be summarized in the so-called BRAVE effect, i.e., Bile flow 
alteration, Reduction of gastric size, Anatomical gut rearrangement and Altered 
flow of nutrients, Vagal manipulation, and Enteric and adipose hormones modula-
tion [20].

Although most of these physiological changes are part of the therapeutic purpose 
and therefore expected, they can also cause adverse effects such as food intolerance, 
nutritional deficiencies, chronic abdominal pain, diarrhea, flatulence, dumping syn-
drome, gastroesophageal reflux disease, small intestinal bacterial overgrowth, 
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among others [21–32]. Occasionally, adverse events can be clinically severe and 
impair the quality of life. In these situations, the attempt to restore normal anatomy 
may sometimes be the only viable therapeutic option. The changes caused by the 
adjustable gastric band (AGB) are completely reversible by simply withdrawing the 
device. LSG and BPD-DS are not subject to reversal, as both include partial gastrec-
tomy. While it is technically feasible to restore the original food transit after RYGB 
and OAGB, since nothing is removed, the restoration includes new GI anastomoses. 
The anatomical configuration of the gastrointestinal tract is not completely normal 
and therefore, neither is the physiology.

Therefore, it is essential to know the anatomical and physiological changes 
caused in the digestive system by the different bariatric procedures. For under-
standing the expected outcomes and for the immediate recognition of their possible 
adverse events. In this chapter, only the anatomical changes associated with the 
most common bariatric procedures performed around the world will be addressed- 
LSG (45.9%), RYGB (39.6%), LAGB (7.4%), OAGB (OAGB) (1.8%), and 
BPD-DS (1.1%) [33], here sorted according to absence or presence of small bowel 
diversion.

4.2  Anatomical Changes of Procedures Without Small 
Bowel Diversion

4.2.1  Laparoscopic Adjustable Gastric Band

The LAGB is a restrictive procedure that consists of placing a silicone band around 
the upper stomach, very close to the cardia (Fig. 4.1). When left in place, the device 
provides a significant reduction in gastric capacity by creating a superior pouch of 
reduced size (10–20  mL) and a luminal narrowing that slows the emptying of 
ingested food to the lower portions of the stomach. Through a connection tube and 
a subcutaneous access port, it is possible to perform adjustments to the internal 
diameter of the device in order to manage the level of restriction and the emptying 
speed of the upper gastric pouch. LAGB is a completely reversible procedure, and 
the simple removal of the device totally restores the original anatomy and physiol-
ogy of the GI tract.

4.2.2  Laparoscopic Sleeve Gastrectomy

The LSG is the fastest growing bariatric procedure in recent years, preferred by both 
surgeons and patients mainly due to excellent results in terms of weight loss, control 
of obesity-related comorbidities, and quality of life, which is achieved through a 
faster, technically less demanding surgical procedure [33, 34]. In addition, the 
absence of intestinal bypass preserves the original absorptive surface, significantly 
reducing adverse events related to nutrient malabsorption, which is a common con-
cern associated with bypass procedures.

4 Bariatric Procedures: Anatomical and Physiological Changes
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The operative technique can be summarized in the removal of about 70–80% of 
the stomach by means of stapled vertical gastrectomy, which includes a small part 
of the antrum, a large part of the body, and the entire gastric fundus (Fig. 4.2). The 
pylorus is preserved, and therefore, the gastric emptying mechanism is kept intact. 
The only anatomical change is a reduction in the size of the gastric reservoir, which 
is approximately 100–150 mL capacity. This single, “simple” anatomical alteration 
(partial gastrectomy), however, can cause deep modifications in the functioning of 
the entire digestive system. Because of a partial gastrectomy, LSG is an irreversible 
bariatric procedure.

Fig. 4.1 Schematic drawing showing AGB in place. (a) Deflated band (“open”); (b) subcutaneous 
access port; (c) inflated band (“closed”)
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4.3  Anatomical Changes in Procedures with Small 
Bowel Diversion

4.3.1  Roux-en-Y Gastric Bypass

A small pouch based on lesser gastric curvature is constructed in the upper stomach 
through linear staplers, excluding about 95% of the stomach. The alimentary path-
way is reconstructed in Roux-en-Y fashion, using alimentary and biliopancreatic 
limbs, connected to each other by distal enteroenterostomy (Fig. 4.3). The alimen-
tary limb usually is about 100–120 cm long, through which only food mixed with 
saliva and minimal gastric juices flow down. On the other hand, within the biliopan-
creatic limb (50–150 cm in length) only gastric and biliopancreatic secretions flow 
without food. Thus, the ingested food only meets gastric and biliopancreatic secre-
tions after enteroenterostomy, in the common channel. The length of the common 
channel varies according to the total length of the small bowel since the surgeons 
usually work with fixed lengths of only the alimentary and biliopancreatic limbs. 

Fig. 4.2 Schematic 
drawing representative of 
the final surgical aspect of 
LSG highlighting the 
removed stomach, 
remaining only a long 
gastric tube (the Sleeve 
itself). The entire gut is 
kept untouched
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Therefore, the anatomic configuration of RYGB provides a reduced gastric capacity 
(20–30 mL), along with an exclusion of the stomach (95%), duodenum and a vari-
able length of the jejunum (usually 50–150 cm). This causes a restriction, in addi-
tion to substantially altering the neurohormonal signaling of the GI tract and 
modifying the well-tuned processes of digestion and absorption. Although RYGB is 
prone to induce some nutrient deficiencies (mainly due to duodenal bypass), the 
malabsorptive component itself is generally mild.

4.3.2  One-Anastomosis Gastric Bypass

The OAGB was originally described in the early 2000s and is a procedure with 
principles similar to RYGB, but technically simpler and faster. The procedure 
involves the creation of a long and narrow pouch (“Sleeve-like”) based on the lesser 

Fig. 4.3 Schematic 
drawing representative of 
the final surgical aspect of 
RYGB with small, vertical 
gastric pouch, Roux-en-Y 
reconstruction, and longer 
common channel
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curvature of the stomach, followed by end-to-side anastomosis between the gastric 
pouch and the small bowel approximately 150–200 cm distal to the duodenojejunal 
flexure (angle of Treitz). Unlike the RYGB, there is not an alimentary limb, but 
rather afferent and efferent loops, since the reconstruction of the food transit occurs 
following the Billroth II design (Fig. 4.4). The capacity of the gastric reservoir is 
diminished (more than LSG, but less than RYGB), and the entire duodenum and the 
first 150 to 200 cm of the small bowel (jejunum) are bypassed.

The OAGB has been usually reported as a hypo absorptive procedure with a 
higher incidence of diarrhea, steatorrhea, deteriorated liver parameters, and nutri-
tional adverse events [35, 36], although the amount of small bowel diversion is very 
similar to RYGB with long limbs. Thus, the pivotal anatomical and perhaps also 
physiological difference with RYGB is the absence of an alimentary limb 
(Roux-limb).

Fig. 4.4 Schematic 
drawing representative of 
the final surgical aspect of 
OAGB with long gastric 
pouch and Billroth II type 
reconstruction
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4.3.3  Biliopancreatic Diversion with Duodenal Switch

Rarely performed today, BPD-DS is a chiefly malabsorptive procedure. Recently, a 
new single-anastomosis-based BPD-DS design (Single-Anastomosis Duodenoileal 
bypass with Sleeve Gastrectomy—SADI-S) represents a current attempt to reduce 
side effects and provide a technical simplification [37, 38].

Usually described as a “malabsorptive” procedure, BPD-DS includes both 
restrictive and malabsorptive components. The restriction is due to a Sleeve gastrec-
tomy. A linear stapled transection of the duodenum immediately after the pylorus is 
performed and the food transit is reconstructed by means of an end-to-side, hand- 
sewn Roux-en-Y duodenoileostomy. Enteroenterostomy is then performed at a dis-
tance of 50–120 cm from the ileocecal valve. The final configuration of the small 
bowel diversion in the BPD-DS (as well as the classic BPD and SADI-S) is longer 
alimentary and biliopancreatic limbs and shorter common channels (Figs. 4.5, 4.6 

Fig. 4.5 Schematic 
drawing representative of 
the final surgical aspect of 
BPD-DS with sleeve 
gastric pouch, post-pyloric 
Roux-en-Y reconstruction, 
and short common channel
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and 4.7). The length of the common channel (how short it is left) predominantly 
defines the degree of malabsorption and can be a factor for the severe and some-
times uncontrollable adverse effects.

4.4  Physiological Changes on GI Tract After 
Bariatric Procedures

The anatomical changes brought about by the various procedures also induce 
changes in the physiology of the digestive system in different ways and to different 
degrees. Bariatric surgery targets various organs and systems beyond the GIT, 
including the central nervous system, liver, pancreas, adipose tissue, and muscle, 
among others, impacting the whole metabolism of the human body. Profound 

Fig. 4.6 Schematic 
drawing representative of 
the final surgical aspect of 
classic BPD (Scopinaro’s 
Surgery) with partial 
gastrectomy, large 
horizontal gastric pouch, 
and short common channel
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metabolic alterations occur that go beyond physical restriction and involve food 
preferences, taste perception, and changes in hunger/satiety control signaling. In 
addition, digestion and absorption of nutrients is also affected. Apart from the 
restriction and malabsorption factors, these changes are mediated through neural 
pathways and substances like leptin, ghrelin, insulin, cytokines, and several gut-
derived hormones, among others. Even in procedures considered purely restrictive, 
such as LAGB, the efficacy of weight loss may be associated with neurohormonal 
mechanisms [18, 19, 39–41].

In spite of the available literature, the actual impact of bariatric procedures on the 
physiology of the digestive system is far from completely understood and needs to 
be studied further.

4.5  Food Intake

In general, food intake is reduced following bariatric surgery. The impact on food 
intake starts from the cephalic phase itself. Hormones like ghrelin, insulin, and gas-
trin are released in response to the thought, sight and/or smell of food [19, 42]. Soon 

Fig. 4.7 Schematic 
drawing representative of 
the final surgical aspect of 
SADI-S with sleeve gastric 
pouch, post-pyloric 
(duodenoileal) end-to-side 
single anastomosis, and 
short common channel
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after bariatric procedure, patients usually show a significant reduction in fasting and 
postprandial ghrelin levels. However, these low levels appear not to be sustained in 
the long term. Therefore, although the significant drop in serum ghrelin may be 
contributory in the weight loss immediately after bariatric surgery, this may not 
have the same relevance in weight loss maintenance.

Return to baseline levels may also be implicated in recidivism in the long term. 
In this sense, the surgical impact of LSG on ghrelin levels seems to be more consis-
tent and durable than RYGB, since most ghrelin secreting cells are irreversibly 
removed by the operation (gastric fundus) [12, 43–45]. However, it remains open to 
debate as the incidence of weight regain after LSG has been shown to be 
significant.

Changes in appetite, food preferences, and taste perception may also diminish 
food intake postoperatively, impacting on weight loss. An increased preference for 
low-sugar and low-fat diets have been frequently observed after bariatric procedures 
[46]. The exact underlying mechanism of this remarkable modification in food pref-
erences and palatability is poorly understood since self-reporting is the most com-
mon method used to record food preferences after bariatric surgery, which gives 
inconsistent and less than reliable findings [47–50]. Interestingly these changes do 
not appear to be strongly related to the type of bariatric procedure. In addition, 
modification in chewing time should be also considered as a contributing factor in 
reducing food intake. Although dependent on the dental state and the type of food 
ingested, bariatric patients tend to increase chewing, especially for solid foods [51].

Given the reduced gastric capacity resulting from bariatric procedures, meal 
sizes are proportionally reduced after bariatric procedures [52]. However, in addi-
tion to the restriction, postoperative food intake reduction is also known to be related 
to an expressive shift in the signaling of the hunger/satiety neuronal center due to 
increased levels of GI satiety hormones, such as pancreatic polypeptide (PP), pep-
tide YY (PYY), glucagon-like peptide 1 (GLP-1) and 2 (GLP-2), gastrin, secretin, 
obestatin, vasoactive intestinal polypeptide (VIP), gustducin, oxyntomodulin 
(OXM) and glucose-dependent insulinotropic polypeptide (GIP) [53]. Although it is 
a common effect of almost all procedures, changes on hunger/satiety center medi-
ated by digestive substances seem to be more profound after diversionary procedures.

4.6  Gastric Emptying: Digestive Motility

Upper GI motility may also play a role in the pathophysiology of obesity, since 
accelerated gastric emptying may decrease the satiety time and consequently pro-
mote greater food intake. Therefore, it is interesting to evaluate the behavior of 
gastric emptying and upper GI motility after bariatric procedures. Esophageal motor 
dysfunction and dilation by emptying scintigraphy, esophageal dysmotility by 
manometry, and signals of esophagitis by upper endoscopy are the most common 
methods employed to clinically evaluate gastric emptying. Although GI motility can 
also be investigated by methods such as the migrating motor complex and 
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postprandial motor pattern, the relationship between abnormalities usually found 
and clinical symptoms remains uncertain [54, 55].

Gastric emptying seems to be normal or accelerated after LSG (and probably 
also after BPD-DS). Although this acceleration in emptying of gastric sleeve may 
compromise the perception of postprandial satiety to some extent, a rapid delivery 
of the ingested food may also promote greater release of satiety gut hormones, such 
as GLP-1, contributing to the efficacy of the procedure [56]. Notwithstanding, it 
remains controversial whether the amount of antrectomy and Sleeve calibration 
influence weight loss. Another source of concern regarding the emptying of gastric 
sleeve is the occurrence of the dumping syndrome. Although believed to be less 
prevalent, mainly due to preservation of the pyloric sphincter, symptoms perceived 
as dumping may occur after LSG, depending on the type of food ingested [57]. The 
pathophysiology of this late dumping is probably linked to increased release of 
several enteric hormones such as neurotensin, VIP, GIP, and GLP-1, inducing disor-
dered GI motility and hypoglycemia.

As for RYGB (and probably also OAGB), the major concern about gastric pouch 
emptying is indisputably the dumping syndrome. The pathophysiology of the early 
dumping observed after RYGB appears to be related to the absence of pylorus as a 
valve regulating gastric pouch emptying rather than increased motility [58]. At the 
same time, the rapid delivery of food ingested in the small bowel (alimentary limb 
and common channel) can co-produce symptoms of late dumping [32]. In this sense, 
calibrated gastroenteroanastomosis can mimic the barrier normally caused by the 
pylorus, providing greater stasis of the food ingested within the gastric pouch, 
increasing the feeling of satiety, possibly decreasing the occurrence of early dump-
ing, and ultimately contributing to the postoperative weight loss after RYGB [59].

In AGB, as expected, several esophageal abnormalities associated with impaired 
gastric emptying are observed, depending on the amount of insufflation/deflation of 
the device. This dysmotility may be related to the mechanical barrier caused by the 
narrow lumen that separates the upper and lower gastric chambers when the device 
is in place. In some situations, the severity of disorders and symptoms of the upper 
digestive system may need withdrawal of the band, and some sequelae can persist 
in the long term [54].

4.7  Digestion and Absorption

The major alterations in the digestive and absorptive processes are related to the 
gastric volume reduction and length of bypass. The digestion begins in the mouth 
during chewing by mixing the food with the saliva. The salivary flow behavior fol-
lowing bariatric surgery is somewhat controversial, but there is some evidence to 
suggest that it remains unchanged after RYGB [60]. Gastrin and cholecystokinin 
(CCK) are homologous hormone systems that act synergistically in gastric acid 
secretion and in gastric and gallbladder emptying. Gastrin is released by G-cells 
located primarily in the gastric antrum and duodenum to stimulate the secretion of 
gastric acid by the parietal cells of the stomach and enhance gastric motility. Gastrin 
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may impact on insulin secretion via gastrin receptors in the islet of the pancreas 
[61]. As one would expect, serum levels of gastrin are generally suppressed after 
techniques that provide wide gastric and duodenal exclusion, such as RYGB. The 
impact of LSG with preserved antrum on gastrin secretion appears to be lower, or 
even absent [62]. In turn, CCK behaves controversially. It is synthesized and 
secreted by I-cells localized in the duodenal mucosa, helps in satiety, and inhibits 
gastric motility and emptying. After LSG, given the non-exclusion of the food bolus 
from the lumen of the duodenum, CCK levels appear to be normally increased [63]. 
Paradoxically, similar observations have been noted after RYGB. Other factors for 
CCK release like parasympathetic signaling may be implicated in the increased 
levels of CCK following bariatric procedures with duodenal exclusion, like RYGB, 
OAGB, and BPD-DS [53, 61]. Pancreatic juice containing several enzymes is 
released into the duodenum in response to chime along with bile and helps in the 
digestion of proteins, carbohydrates, and lipids. The major enzymes are lipase (lipid 
decompositions in fatty acids and glycerol), trypsin (break proteins in minor frag-
ments), and pancreatic amylase (starch decomposition). The secretion of these 
enzymes and their actions are usually impaired in procedures with small bowel 
(duodenum) diversion, such as RYGB, OAGB, and BPD-DS, impairing the absorp-
tion of these macronutrients.

The overall absorptive capacity of the digestive system is mainly due to the 
integrity of the small bowel, including the duodenum. In procedures without small 
bowel diversion, such as AGB and LSG, the absorptive surface remains intact, and 
therefore, limited change in the absorption is expected postoperatively. Nutritional 
deficiencies observed after exclusive gastric procedures such as LSG can be due to 
reduced food intake (mechanical restriction and/or early satiety), food intolerance 
(vomiting), and/or changes in the regulation and release of digestive enzymes. 
Surgical procedures with intestinal diversion can additionally lead to impaired 
absorption of macro and micronutrients, depending on the extent of the intestinal 
bypass. The larger the bypassed area, the greater is the impairment in the absorptive 
process. In this regard, malabsorptive procedures, such as BPD-DS and distal 
RYGB (longer alimentary and/or biliopancreatic limbs and shorter common chan-
nels) are more commonly associated with postoperative nutritional disorders. 
Severe, and sometimes clinically uncontrollable, nutritional disorders represent the 
high biological cost associated with this group of procedures for a greater efficacy 
in weight loss and control of comorbidities [64–67]. According to the recent litera-
ture, OAGB has also been associated with a higher rate of hypoalbuminemia and 
anemia [36, 68, 69]. However, regardless of small bowel diversion, all types of 
bariatric procedures can virtually cause nutritional deficiencies, each due to specific 
reasons [70].

Although specific deficiencies are expected according to the gut segments 
bypassed, due to disruption of the digestive sequence, additional deficiencies of 
macro- and micronutrients can manifest.

Micronutrients are essential dietary factors that are needed in minimal amounts 
to support various biochemical pathways and metabolic processes in the human 
body and include trace elements (chromium, copper, manganese, selenium, and 
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zinc), essential minerals (calcium, iodine, iron, and magnesium), fat-soluble vita-
mins (vitamins A, D, E, and K) and water-soluble vitamins such as thiamine (vita-
min B1), riboflavin (vitamin B2), niacin (vitamin B3), pantothenic acid (vitamin 
B5), pyridoxine (vitamin B6), biotin (vitamin B7), folic acid (vitamin B9), cobala-
min (vitamin B12), and ascorbic acid (vitamin C). In turn, macronutrients are nutri-
ents that provide daily energy and make up the structure of the human body and are 
therefore required in large quantities. Major components are proteins, fats, carbohy-
drates, and also water. The most common micronutrients deficiencies with clinical 
significance after bariatric procedures, especially after small bowel diversion, are 
related to iron (iron-deficiency anemia), vitamin B12 (pernicious anemia), folates 
(macrocytic anemia), thiamine (neurological commitment), and calcium and vita-
min D (osteoporosis/fractures). In turn, protein malnutrition is the most common 
macronutrient deficiency associated with patients undergoing bariatric surgery 
[28, 71–74].

4.8  Micronutrient Deficiencies

Bariatric techniques that include either gastric resection or gastric exclusion, such 
as LSG and RYGB, respectively, may lead to hypochlorhydria and reduction in the 
intrinsic factor. Reduction of gastric acid decreases the bioavailability of vitamin 
B12 from food, while the quantitative reduction of gastric intrinsic factor may sig-
nificantly compromise the absorption of B12 in the distal ileum. The result of these 
two mechanisms can be a low rate of serum vitamin B12. In addition, impairment 
in the pancreatic proteases action caused by duodenal exclusion may contribute to 
poor vitamin B12 absorption. Other secondary causes of B12 deficiency may 
include food intolerance (and therefore even more drastic reduction of food intake) 
and small intestinal bacterial overgrowth. Fortunately, body storage of vitamin B12 
is substantial and clinical deficiencies usually only emerge in the late postoperative 
period (after 1 year) [28, 71, 72, 75].

A low-iron diet and chronic disease features associated with obesity predispose 
for iron deficiency and anemia in morbidly obese patients in the preoperative period. 
Post bariatric surgery, this situation may be worsened by hypochlorhydria, reduc-
tion in iron intake, and duodenojejunal bypass. The hypochlorhydria resulting from 
almost all bariatric procedures hinders the reduction of ferric iron into the absorb-
able ferrous form, reducing iron uptake. In addition, food intolerances, especially 
for red meat, maybe a relevant factor for low oral iron intake. Finally, poor adher-
ence to dietary guidelines and recommended supplementation may also reduce the 
luminal amount of iron available to be absorbed. Thus, even in procedures without 
small bowel diversion, such as LSG, there may be deficiencies in serum iron avail-
ability, albeit to a lesser extent [76]. However, techniques that bypass the primary 
site of iron absorption (duodenum), such as RYGB, OAGB, and BPD-DS, signifi-
cantly increase the incidence of clinical or laboratory deficiency of iron, especially 
in menstruating women [77].

A. C. Ramos et al.



55

Folic acid is a micronutrient primarily absorbed in the duodenum and proximal 
jejunum. Although widely present in several types of foods, folate storage in the 
liver is generally not sufficient for more than 2–3 months of consumption. Folate 
deficiency has been associated with macrocytic anemia in patients following bariat-
ric surgery, mainly after procedures with small bowel diversion (RYGB, OAGB, 
and BPD-DS). Poor intake can also be blamed as a source of deficiency after AGB 
and LSG. On the other hand, high serum levels of folic acid in the postoperative 
period may also occur and have been considered as a marker of small intestinal 
bacterial overgrowth following bariatric surgery [71, 74].

Thiamine deficiency is a worrisome nutritional complication after bariatric sur-
gery, since this co-enzyme is essential for the metabolism of carbohydrates and 
amino acids, and in the reactions that produce energy (Krebs cycle). In addition, 
cerebral metabolism is highly dependent on thiamine. The major consequence of 
thiamine deficiency is beriberi, a clinical syndrome featured by psychiatric, neuro-
logic, cardiac and/or gastrointestinal manifestations. The hallmark of neurological 
commitment associated with low levels of thiamine is the paresthesia of the hands 
or feet, motor impairment, or loss of balance soon after 1–3 months after bariatric 
surgery (“bariatric beriberi”). The presence of small intestinal bacterial overgrowth 
should always be considered when oral thiamine supplementation is not resolutive 
[78]. In addition, symptoms of Wernicke’s encephalopathy or acute psychosis 
should be considered medical emergencies. Although thiamine can be absorbed 
throughout the small bowel (jejunum and ileum), an efficient absorptive process is 
also dependent on the duodenal mucosal enzymes [28, 71]. Thus, techniques with 
duodenal bypass may be more prone to the development of thiamine deficiency, 
such as RYGB [79]. However, reduced food intake, supplementation non- adherence, 
and especially recurrent vomiting also appear to be important factors, since thia-
mine deficiency has been reported after LSG as well [80].

Vitamin D is a prohormone steroid that has two main sources: skin (in response 
to ultraviolet radiation) and dietary. Intestinal absorption occurs primarily in the 
small bowel with an efficiency of approximately 50% in the normal digestive sys-
tem and is facilitated by bile salts. After its synthesis or absorption, vitamin D is 
metabolically activated in the liver to form 25-hydroxyvitamin D (25OHD), and 
then into the kidney to generate the active circulating metabolite, 1,25-dihydroxy 
vitamin D (1,25(OH)2D), or calcitriol. Vitamin D is an essential modulator of cal-
cium metabolism, maintaining adequate calcium and phosphate levels required for 
bone formation by promoting absorption in the intestines [81]. Based on this, low 
sunlight exposure, reduced food intake, and decrease in the gut absorptive surface 
are considered pivotal causes of post-bariatric vitamin D deficiency. The major 
impact of vitamin D deficiency is the decrease in calcium absorption, secondary 
hyperparathyroidism, hypophosphatemia, and increased bone turnover. Altogether, 
these alterations usually result in lower bone mineral density and can lead to the 
development of skeletal disorders, notably osteopenia, osteomalacia, and osteopo-
rosis. Therefore, bariatric patients undergoing techniques that combine restriction in 
food intake with a significant decrease in the small bowel absorptive area (distal 
RYGB, OAGB, and BPD-DS) are more likely to exhibit impairment in the 
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metabolic availability of vitamin D and, hence, the development of clinical features. 
In turn, calcium plays a crucial role in numerous biological processes, ranging from 
muscle contraction and blood clotting. Adequate intestinal absorption is essential 
for calcium acquisition and bone is the major calcium reservoir. Resorption is a 
physiological pathway in maintaining calcium homeostasis, closely regulated by 
the parathyroid hormone. When calcium absorption is declined and serum levels 
drop (due to low intestinal absorption related to hypochlorhydria, poor consumption 
of calcium-containing foods, and/or vitamin D deficiency), excessive resorption is 
triggered, generally at the expense of decreasing bone density mineralization and 
acceleration of bone remodeling, probably increasing the risk of osteoporosis and 
bone fractures mainly in unsupplemented situations [28, 71, 72, 74, 82, 83]. After 
LSG, where anatomical small bowel absorption area is not compromised, preopera-
tive suboptimal levels (both calcium and vitamin D) plus postoperative restricted 
dietary intake may probably be the reasons for clinical deficiencies.

4.9  Macronutrient Deficiencies

Protein malnutrition is the principal macronutrient deficiency after bariatric surgery 
and is a major source of concern in the postoperative period since, unlike carbohy-
drates and fat, protein is not stored in the human body. Protein deficiencies may 
have a very broad clinical presentation ranging from mild laboratory hypoalbumin-
emia to generalized edema and death. Thus, protein malnutrition following bariatric 
surgery should be inspected periodically by serum albumin levels, which can accuse 
difficulties in protein uptake long before the arising of more serious clinical fea-
tures. The incidence of postoperative hypoproteinemia depends on the type of bar-
iatric surgery, being relatively smaller after restrictive procedures without intestinal 
bypass (AGB and LSG) and greater after procedures with a malabsorptive compo-
nent. Notoriously, the greater the small bowel bypass the greater the risk of protein 
malnutrition [72, 84–86]. Pathogenesis is most commonly related to malabsorption 
due to bypassing segments of the small bowel where the protein is absorbed primar-
ily (duodenum and proximal jejunum). To a lesser extent, limitation in food intake, 
substantial decrease in pepsinogen levels, and reduction of pancreatic secretion of 
proteolytic enzymes may also be unfavorable factors for digestion and protein 
absorption [18]. Dietetic counseling with increased protein intake in the daily diet 
and oral supplementation are the most effective management to prevent post- 
bariatric hypoproteinemia. If this fails consistently, reversion of the malabsorptive 
component of the surgery may be lifesaving in selected cases.

Fat uptake mainly depends on biliary and lipolytic enzymes released by the gall-
bladder and pancreas, which are primarily regulated by CCK. In bariatric proce-
dures with small bowel diversion (RYGB, OAGB, and BPD-DS), dietary fats 
(triglycerides, phospholipids, cholesterol) remain almost intact until reaching the 
common channel (or distal segments of efferent limb, in case of OAGB). Later lip-
ids breakdown with delayed formation of micelles strongly limiting the amount of 
fat available for absorption in the small bowel. Hence, undigested fat goes to the 
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large intestine and produces fat malabsorption and steatorrhea. Although uncom-
mon, this pathophysiology can be present even after procedures that comprise a 
weaker malabsorptive component, such as RYGB [87].

Although bariatric procedures can alter carbohydrate digestion and absorption, 
mainly due to the limited action of the pancreatic amylase to convert polysaccha-
rides into oligosaccharides present in small bowel diversion techniques, deficiencies 
are virtually nonexistent, as this essential macronutrient is absorbed in the entire 
gut. Absorbed carbohydrates are stored in the liver and skeletal muscle as quickly 
available glycogen to serve as a major source of energy for body metabolism and, 
most importantly, for the brain and red blood cells. In addition, in the face of inad-
equate carbohydrate substrate (low food intake and/or some degree of malabsorp-
tion), fat and protein are broken down through gluconeogenesis to provide nutritional 
substrate for the brain and red blood cells. Thus, carbohydrate deficiency is always 
preceded by a marked loss of fat mass and severe protein deficiency [18].

Based on these expected adverse effects common to almost all types of bariatric 
procedures, periodic clinical and laboratory screening for nutritional deficiencies 
and, if needed, targeted and standardized supplementation both for macro and 
micronutrients, are recommended. A more intensive surveillance is recommended 
after malabsorptive procedures. In the long term, it is even admissible that small 
bowel adaptive mechanisms would attenuate mainly macronutrients deficiencies in 
post-bariatric patients.

4.10  Enterohormones

Undoubtedly, the growing understanding of the postoperative behavior of entero-
hormones may be considered as one of the major advances in bariatric surgery in 
recent years. These sets of knowledge gave rise to the principles of so-called meta-
bolic surgery and anchored new pharmacological drugs for the clinical treatment of 
obesity and T2DM.  Liraglutide, a glucagon-like peptide 1 agonist (GLP-1), is a 
prime example.

Fasting and postprandial levels of several enterohormones are significantly 
altered after bariatric surgery, with a well-documented impact on the hunger/satiety 
regulation and metabolic control in bariatric patients. Although all obesity- 
associated metabolic diseases may be positively affected, the incretin-mediated 
T2DM outcomes have been the most addressed to date.

The incretin effect is a very old concept in which the oral glucose administration 
promotes greater insulin secretion compared to a similar parenteral infusion [88, 
89]. The insulinotropic gut-derived factors that could be responsible for this 
enhancement in insulin secretion after oral/enteral glucose intake were then denom-
inated as incretins. Thus, the incretin effect is an amplification of insulin secretion 
driven by incretins and is recognized as the major mechanism for normal glucose 
tolerance. As expected, this effect is greatly reduced or totally missing in obese 
diabetic patients and the restoration of this physiological effect is one of the goals 
sought by bariatric procedures. To date, only glucose-dependent insulinotropic 

4 Bariatric Procedures: Anatomical and Physiological Changes



58

polypeptide (GIP) and GLP-1 fulfill the definition of an incretin hormone in humans. 
GIP and GLP-1 are produced by specialized enteroendocrine K- and L-cells, respec-
tively. K- and L-cells are sensitive to mainly macronutrients (carbohydrates, fats, 
and proteins). By responding more to the nutrient uptake than to the presence in the 
gut lumen, increased enterohormones levels may accurately indicate the arrival of 
such nutrients into the bloodstream [90].

GIP was the first incretin identified and was initially nominated as a gastric 
inhibitory polypeptide, given its ability to delay gastric emptying (satiety hormone). 
Later, GIP was renamed to glucose-dependent insulinotropic polypeptide after rec-
ognition of its action as an enhancer of insulin secretion by the pancreas. GIP is 
secreted mainly by enteroendocrine K-cells, found at higher density in the duode-
num. It was recognized that GIP alone could not fully explain the incretin effect 
commonly observed after bariatric surgery, since impairment of endogenous GIP 
activity attenuates but does not abolish the incretin effect. Given its controversial 
profile after bariatric procedures, with scarce data after procedures like LSG, the 
relevance of GIP in mediating weight loss and incretin effect remains to be better 
determined and therefore has currently been undervalued [53, 91, 92].

GLP-1 is undoubtedly the most powerful incretin associated with bariatric sur-
gery [93]. This gut hormone is primarily secreted by enteroendocrine L-cells, which 
increase in number toward the distal small bowel, being also numerous in the large 
intestine [91, 92]. GLP-1 is a satiety hormone that delays gastric emptying, increases 
insulin release, and decreases glucagon production. Although fasting GLP-1 levels 
do not markedly change after bariatric surgery, postprandial levels of GLP-1 
increase significantly after most bariatric procedures [93]. RYGB (and other proce-
dures with small bowel bypass and hence, functional gut shortening such as OAGB 
and BPD-DS) have exhibited high postprandial levels of GLP-1, coinciding with 
high rates of glycemic control in diabetic patients. Indeed, bariatric surgery pro-
vides an expressive increase in GLP-1 release, normalizing the attenuated incretin 
effect generally presented in diabetic patients. The higher and earlier the stimulation 
of ileal L-cells by luminal content (secretions, bile salts, and foods), the greater the 
release of GLP-1. Thus, dramatically elevated postprandial levels of GLP-1 were 
measured after RYGB (10–20 times higher than normally observed in healthy peo-
ple with original digestive tube) [11, 58], a phenomenon also observed after BPD-DS 
[94] but not after LAGB [95]. These high levels substantially contribute to both 
weight loss (suppression of appetite) and glucose homeostasis (incretin effect) [11]. 
After LSG, GLP-1 also rises, but at slightly lower levels [45, 58, 96]. Faster gastric 
emptying and lower small bowel transit time have been indicated as the key mecha-
nism for sustained post-Sleeve stimulation of ileal L-cells, rising the GLP-1 levels 
and subsequently activating the ileal brake [56, 97, 98].

In addition to the well-documented effects of incretins (GIP and GLP-1), a pleth-
ora of enterohormones have also their fasting and postprandial profile significantly 
changed after bariatric surgery. Glucagon-like peptide 2 (GLP-2) is produced by 
enteroendocrine cells and also by neurons in the central nervous system. Intestinal 
GLP-2 is derived from proglucagon and co-secreted by L-cells along with GLP-1 
upon nutrient uptake [11]. The main recognized action of GLP-2 in the digestive 
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system is to promote intestinal villi hypertrophy and to downregulate apoptosis. In 
general, the post-bariatric GLP-2 profile has sparked little interest to date and there-
fore has been rarely addressed. After RYGB, high postprandial levels of GLP-2 
have already been observed and interestingly correlated with aspects of satiety regu-
lation [53, 99]. Oxyntomodulin (OXM) is an anorexigenic peptide also derived from 
proglucagon and co-secreted with GLP-1 by enteroendocrine L-cells. OXM appears 
to reduce hunger, food intake, and ghrelin levels, as well as decrease gastric acid 
secretion and GI motility (satiety hormone). Although high levels of OXM have 
been observed shortly after RYGB [100] no OXM-specific receptor has yet been 
well identified, and its relevance in bariatric outcomes remains to be better deter-
mined [19, 53]. Peptide YY (PYY) is also released by enteroendocrine L-cells in the 
distal small bowel and colon in response to feeding. In the bloodstream, PYY is 
converted to PYY(3-36), its active form. PYY(3-36) appears to be a satiety hor-
mone, since circulating levels usually increase in the postprandial period, leading to 
a delayed gastric emptying, reduced insulin production, and altered GI motility. 
However, the major target of PYY(3-36) is the central regulation of appetite, reduc-
ing food intake. Serum levels of PYY(3–36) appear to be enhanced postprandially 
following bariatric surgery, regardless of procedure (RYGB, LSG, and BPD-DS). 
However, a better understanding of the PYY(3-36) physiology is still needed to 
establish the real impact of this enterohormone on weight loss and metabolic con-
trol after bariatric surgery [19, 53, 94, 101, 102].

In summary, the release of enterohormones and the interaction between them is 
profoundly altered after bariatric surgery, assuming a pivotal place in weight loss 
and improvement/remission of obesity-related comorbidities, and even surpassing 
in relevance the role of classic restrictive and malabsorptive mechanisms.

4.11  Gut Microbiota

As gut microbiota disarray has often been associated with obesity and its metabolic 
comorbidities [103, 104], there also has been a rising interest in gut microbiota 
behavior following bariatric surgery since some studies have suggested that gut 
microbial communities play a key role in mediating beneficial effects attributed to 
bariatric procedures, whether in relation to weight loss or to metabolic control 
[105–107]. The list of the gut microbiota modifications after bariatric surgery is 
already very long, but it is still far from complete or fully understood, since few 
studies have specifically addressed this relevant topic in humans at present. The 
increased relative abundance of the phylum Proteobacteria (class 
Gammaproteobacteria; genera Escherichia, Klebsiella, and Enterobacter), as well 
as an increase in members of the phylum Bacteroidetes and a general decrease in 
members of the phylum Firmicutes, are the major changes commonly observed 
[105, 108], regardless of the procedure.

The relevance in assessing the species Escherichia coli in studies involving gut 
microbial changes after bariatric surgery comes from the fact that it constitutes part 
of the “core microbiome,” that is, bacterial species that can be found in most gut 
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microbiota profiles of healthy individuals. Also, Escherichia coli is recognized by 
its high translocation ability which may impact chronic systemic inflammatory 
response. In turn, the assessment of the Bacteroidetes/Firmicutes ratio takes a lead-
ing role in the studies of gut microbiota after bariatric surgeries because these phyla 
correspond to about 90% of the gut microbial community [104, 109–111]. Although 
the profile of higher levels of several species in the Gammaproteobacteria class and 
lower levels in species belonging to Firmicutes phylum seem to be sustainable in the 
long term [112], the investigations that address the stability of microbial profile 
after bariatric surgery are still sturdy.

Interestingly, some studies involving morbidly obese individuals submitted to 
bariatric surgery have shown changes in gut microbiota profile soon after 3 months 
of surgery, therefore, long before the final weight loss [113, 114]. This finding is in 
agreement with prompt metabolic improvement usually observed after bariatric sur-
gery, since gut microbial balance has been recognized as a hallmark of the host’s 
health status [115–117]. In general, technical designs of bariatric surgeries appear 
to be a favoring factor to commonly observed changes in the gut microbial com-
munities. These functional changes may be influenced by drastic changes in food 
intake, either in quantity or in quality/preferences [118, 119]. Thus, the intestinal 
microbiota would be forced to conform to this new pattern of food consumption. In 
addition, changes in luminal pH, nutrient supply, motility, and increased oxygen 
concentration in the small bowel can be implicated in the arising of a new micro-
biota profile, which would ultimately represent no more than an adaptation to the 
new anatomic and physiological configuration of GI tract.

Not surprisingly, most studies on changes in gut microbiota following bariatric 
surgery involve RYGB, the most traditional bariatric procedure worldwide and also 
the most commonly performed until very recently. This procedure may increase the 
richness of gut microbiota, especially the bacteria belonging to Proteobacteria 
[113]. Although the exact mechanism is still unclear, factors such as the luminal pH 
and modifications in the nutrient supply can be pivotal. On the other hand, few stud-
ies have addressed the postoperative gut microbial behavior after LSG to date. 
Notwithstanding, some data available have shown that LSG also affects both the 
microbiota profile and gut permeability [106, 120, 121]. The exact underlying 
mechanism also remains poorly understood, but, as expected, the LSG appears to 
provide a different and less pronounced impact on microbiota balance than proce-
dures with small bowel diversion, such as RYGB and duodenojejunal bypass [106, 
121, 122]. Even so, the alterations in gut microbiota after LSG appear to go beyond 
dietary restriction and consequent fat mass loss [123, 124]. Food preferences, 
decrease in energy intake, and alterations in GI motility may be underlying factors.

4.12  Conclusion

The anatomy and physiology of the digestive system are markedly altered after 
bariatric surgery. Most of these changes are expected and are the therapeutic target 
of surgical interventions, having a positive impact on obesity and related 
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comorbidities. The same anatomical and physiological changes may also be the 
source of severe adverse effects following bariatric surgery. Therefore, all profes-
sionals involved in the surgical treatment of morbid obesity should be thoroughly 
familiar with the anatomical and physiological changes caused by a variety of pro-
cedures, to help them recognize the therapeutic targets as well as deal with the pos-
sible adverse outcomes.

Key Points
• Bariatric surgery brings about changes in the GI system by means of Bile flow 

alteration, Reduction of gastric size, Anatomical gut rearrangement and Altered 
flow of nutrients, Vagal manipulation, and Enteric and adipose hormones 
modulation.

• Changes in appetite, food preferences, taste perception and chewing time may 
diminish food intake postoperatively, impacting weight loss. An increased prefer-
ence for low-sugar and low-fat diet have been frequently observed after bariatric 
procedures.

• Gastric emptying time is reduced after sleeve gastrectomy and BPD-DS.
• Late dumping, commonly seen after the diversionary procedures, is also 

reported after Sleeve gastrectomy, probably secondary to accelerated gastric 
emptying. It is related to the increased release of several enterohormones such 
as neurotensin, VIP, GIP, and GLP-1, inducing disordered GI motility and 
hypoglycemia.

• A decrease in absorption is due to hypochlorhydria, decreased Intrinsic Factor, 
reduction in absorptive surface due to division, billow alteration, and reduced 
intestinal transit time.

• Increased delivery of nutrients to the distal intestine leads to increased levels of 
enterohormones like GLP1, GIP, PYY, and oxyntomodulin leading to an incre-
tin effect.

• An increase in members of the phylum Bacteroidetes and a general decrease in 
members of the phylum Firmicutes are the commonly observed major changes in 
the gut microbiome. The changes precede the weight loss and are seen as soon as 
3 months after the surgery. These changes have been observed in some studies 
after LSG as well.
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Our Food should be our Medicine & our Medicine should be 
our Food!

Hippocrates

5.1  Introduction

For about three decades now, bariatric surgery remains the most effective way to 
achieve sustainable relief from morbid obesity and metabolic syndrome [1].

Because of the proven efficacy and absence of equally effective medical alterna-
tives, number of  bariatric and metabolic surgeries are increasing  worldwide. 
According to the IFSO global registry, 634,897 surgeries were performed in the 
year 2018 [2].

The efficacy of bariatric surgery comes from its restriction and malabsorption 
components as well as with neurohormonal modulation.

However, the efficacy of bariatric surgery does not come without side effects. 
Low food intake coupled with the elimination of large portions of the stomach and 
intestines have the potential to produce multiple nutritional deficiencies. These defi-
ciencies can be minimised with a proper procedure selection, diligent supplementa-
tion and strict follow-up with adherence to diet and lifestyle modifications. 
Therefore, a knowledge of the incidence of deficiencies with different procedures 
and their treatment is compulsory for any bariatric centre. Additionally, early 
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identification of the problem as mentioned in the previous chapter is important to 
reduce the morbidity and financial burden that a sustained and/or progressive defi-
ciency state may lead to.

It needs to be emphasised that bariatric surgery is still an evolving science and 
much remains to be understood about the physiological changes that happen after 
different surgeries. While some deficiencies are a direct result of malabsorption due 
to exclusion of the absorption site, some may have a more indirect mechanism. For 
example, reduction in intrinsic factor due to stomach resizing leads to decreased 
absorption of vitamin B 12.

Strict surveillance, data collection, and reporting are important to understand 
nutritional deficiencies and pave the way for better and clearer guidelines for future 
patients.

5.2  Mechanism of Deficiency

Most bariatric surgeries involve reduction of stomach volume with or without proxi-
mal intestinal bypass. Gastric volume reduction brings about significant caloric 
reduction. Reduced quantity of food can lead to many deficiencies depending on the 
quantity and quality of food intake.

Stomach volume reduction is responsible for a decrease in hydrochloric acid and 
Intrinsic Factor (IF) secretion. This contributes to decreased absorption of iron and 
vitamin B12.

The proximal intestine is responsible for the absorption of water-soluble vita-
mins as well as bivalent anions such as Iron, Zinc, Magnesium and Calcium 
(Fig. 5.1). Exclusion of these areas in malabsorptive procedures like RYGB, OAGB, 
SADI and BPD-DS leads to deficiencies of minerals like Fe, Ca, Zn, Se, Cu, Mg and 
water-soluble vitamins like Vitamin B1, B6 and Folate.

Other factor that influences the absorption of micronutrients after bariatric sur-
gery is the alteration of the chemical nature of the chyme. This happens due to:

 1. Altered gastric pH—frequently seen after bariatric procedures due to decreased 
acid-producing gastric surface.

 2. Unsatisfactory protein breakdown in the stomach—due to decreased acid 
and pepsin.

This explains why micronutrients may be malabsorbed even after sleeve gastrec-
tomy where the gastrointestinal continuity is not disturbed.

In addition, studies on sleeve gastrectomy have shown that there is accelerated 
gastric emptying and small bowel transit which may lead to further malabsorptive 
effect of the procedure [3].

Water-soluble vitamins are not stored in the body. Therefore, their deficiencies 
are visible early in the postoperative period unless supplemented. This may be 
compounded if there is significant vomiting. Of note is vitamin B1 which can be 
deficient in the early postoperative period and produce neurological complications 
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as early as a month after bariatric surgery if there is postoperative nausea and vom-
iting [4].

Deficiencies of fat-soluble vitamins are less pronounced after bariatric surgery 
since they are stored in the body and are absorbed in the distal intestine as well (not 
bypassed in most procedures). However, the altered conditions for digestion due to 
diversion of the proximal intestine and fat malabsorption may lead to their defi-
ciency as well. Clinically, vitamin D and A deficiency states are seen commonly after 
bariatric surgery. This is particularly  important after diversionary procedures like 
BPD-DS and OAGB. Some patients may develop de novo intolerance to meat and 
lactose further impacting adequate nutritional assimilation.

5.3  Macronutrients

Protein-Energy malnutrition, although not so common, is a real risk in patients who 
undergo diversionary bariatric procedures. The incidence of severe hypoalbumin-
emia defined as serum albumin <3 mg/dl has been seen in upto 5.9% in OAGB 

Fig. 5.1 Site of absorption 
of various micronutrients
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patients compared to 2.9% in SG and 2.2% in RYGB [5]. Higher rates of PEM have 
been seen with increasing BP limb with upto 0.6% of patients needing revision 
surgery for malnutrition in OAGB with BP limb >250 cm [6].

To prevent PEM, it is recommended that patients should be supplemented with 
at least 60 g of protein/d or at least 1–1.5 g/kg body weight, whichever is higher. 
While most PEM may be treated on an outpatient basis with increased protein sup-
plementation and close follow-up, some patients may present with an inability to eat 
due to either a GI problem like reflux, vomiting or extreme malnutrition leading to 
loss of appetite. These patients may need inpatient treatment with parenteral nutri-
tion, correction of electrolytes, and correction of any anatomical factors amenable 
to surgical treatment (hiatus hernia, GERD, distal obstruction). Some patients may 
need a reversal of the procedure if they are not able to maintain their nutrition enter-
ally after initial optimisation. It must be mentioned here that patients needing a 
reversal of the procedure are usually nutritionally poor and not good candidates for 
surgery. They should be optimised with parenteral nutrition, a feeding gastrostomy/
jejunostomy before the surgery.

Fat malabsorption is relatively common after diversionary procedures and pres-
ents as steatorrhea (faecal fat >7 g/day), diarrhoea and increased flatulence. If not 
treated in time, it can contribute to a deficiency of fat-soluble vitamins as well as 
essential fatty acids deficiency (EFAD). EFAD presents with symptoms overlapping 
with Zinc and other micronutrient deficiencies. Any patients coming with scaly der-
matitis, hair loss, hair colour changes with or without elevated LFTs, and thrombo-
cytopenia should be asked for a history of steatorrhoea. A triene: tetraene ratio 
should be done for biochemical confirmation of EFAD. It is recommended that at 
least 10% of the dietary calories be given as fat and 2–4% from linoleic acid to 
prevent EFAD. Food rich in essential fats such as nuts should be encouraged.

If a deficiency is diagnosed for patients taking an oral diet, encourage vegetable 
oils, condiments, nuts and nut butters rich in EFA. For PN-dependent patients, lipid 
injectable emulsion should be increased [7].

5.4  Micronutrients

Micronutrient deficiencies are relatively more common, (Table 5.1) and therefore 
need to be actively sought for and screened. Table 5.2 gives the current ASMBS 
recommendations for micronutrient screening in post-bariatric patients.

The reports prior to 2010 with RYGB, BPD-DS and OAGB with 200 cm or more 
biliopancreatic limb show a higher rate of deficiencies. Recent reports comparing 
the outcomes with different BP limb lengths in OAGB have shown that a limb 
length more than 150 cm does not offer any benefit with weight loss or comorbidity 
resolution but increases the nutritional deficiencies [6, 8]. Since then, there has been 
a trend to use lower limb lengths with OAGB including at the authors’ centre. 
Additionally, bariatric surgeons have realised the need for diligent supplementation 
leading to decreased deficiency rates.
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Table 5.1 Commonly observed nutritional deficiencies after different bariatric procedures

Nutrient LSG (%) RYGB (%) OAGB (%)
Thiamine 0 12 –
Folate 10–20 15 –
Pyridoxine 0–15 0
Cobalamine 10–20 30–50 6.2–29.8
Vitamin A 10–20 10–50 9.4–31.2
Vitamin D 30–70 30–50 6.2–28.1
Vitamin E 0–5 10 –
Vitamin K 0 0 –
Iron 15–45 25–50 12.5–76.7
Zinc 7–15 20–37 –
Copper 10 10 –
Selenium 2% 3–46% –

Ref:
Via MA, Mechanick JI. Nutritional and Micronutrient Care of Bariatric Surgery Patients: Current 
Evidence Update. Curr Obes Rep. 2017;6(3):286–296
Hassan Zadeh M, Mohammadi Farsani G, Zamaninour N.  Selenium Status after Roux-en-Y 
Gastric Bypass: Interventions and Recommendations. Obes Surg. 2019;29(11):3743–3748
Papamargaritis D, Aasheim ET, Sampson B, le Roux CW. Copper, selenium and zinc levels after 
bariatric surgery in patients recommended to take multivitamin-mineral supplementation. J Trace 
Elem Med Biol. 2015

Table 5.2 Deficiency symptoms and screening recommendations for various micronutrients

Nutrient Deficiency symptoms Screening recommendation
Vitamin A Night blindness, 

xerophthalmia, 
developmental defects

Patients should be screened for vitamin A 
deficiency within the first postoperative year, 
particularly those who have undergone BPD/DS, 
regardless of symptoms
Vitamin A should be measured in patients who 
have undergone RYGB and BPD/DS, particularly 
in those patients with evidence of protein–calorie 
malnutrition

Vitamin D 
and calcium

Calcium levels are highly 
regulated. So no short-term 
effects. Numbness, 
tingling of hands and 
fingers, muscle cramps, 
convulsions, osteopenia

Routine post-BMS screening of vitamin D status 
is recommended for all patients

Vitamin E Loss of coordination, 
muscle weakness, 
generalized feeling of 
unwellness, vision 
problems, hair and skin 
changes

Screen if symptomatic

Vitamin K Coagulation defects Screen if symptomatic

(continued)
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Table 5.2 (continued)

Nutrient Deficiency symptoms Screening recommendation
Thiamine 
(B1)

Beriberi, enlarged heart, 
neurological dysfunction 
(confusion, irritability, loss 
of memory), muscular 
weakness and GI tract 
affected. Anorexia, weight 
loss

Routine screening is recommended in high-risk 
patients such as those with postoperative nausea/
vomiting, African Americans, poor follow-up, 
females, SIBO, concomitant illnesses such as 
cardiomyopathy
If signs and symptoms or risk factors are present 
in post-BMS patients, thiamine status should be 
assessed at least during the first 6 months, then 
every 3–6 months until symptoms resolve

Folate Neural tube development 
impaired and perhaps other 
birth defects. 
Megaloblastic anaemia, 
fatigue, difficulty in 
concentration, heart 
palpitations, shortness of 
breath, neural tube defect

Routine post-BMS screening of folate status is 
recommended in all patients.
Special attention in women of childbearing age

Vitamin B12 
(Cobalamin)

Megaloblastic anaemia, 
fatigue, neurological 
disorders (numbness, 
tingling), weakness

Routine post-BMS screening of vitamin B12 
status is recommended for all patients
More frequent screening (e.g. every 3 months) is 
recommended in the first post-BMS year, and 
then at least annually or as clinically indicated 
for the at-risk patient (patients on nitrous oxide, 
neomycin, metformin, colchicine, PPIs, and 
seizure medications)

Iron Impaired physical work 
performance, especially in 
endurance exercises
Anaemia

Routine post-BMS screening of iron status is 
recommended within 3 months after surgery, and 
then every 3–6 months until 12 months, and 
annually for all patients

Zinc Growth retardation, loss of 
appetite, impaired immune 
function. Hair loss, 
diarrhoea, impotence, taste 
abnormalities, mental 
lethargy

Post-RYGB and post-BPD/DS patients should be 
screened at least annually for zinc deficiency
Screen if anaemia without iron deficiency or in 
the presence of chronic diarrhoea
Screen if any of the deficiency symptoms are 
present

Copper Normocytic, hypochromic 
anaemia, leukopenia, and 
neutropenia, osteoporosis, 
neurologic and psychiatric 
defects, motor defects, 
heart enlargement, skin 
changes

Screen if symptomatic

Selenium Keshan disease 
(cardiomyopathy), 
Kashin-Beck disease 
(endemic 
osteoarthropathy), 
cretinism, immune system 
dysfunction, infertility in 
men, hypercholesterolemia

Screen if symptomatic
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Apart from restriction and diversion, Small intestinal bacterial overgrowth 
(SIBO) and food intolerance can alter the absorption of nutrients. They should be 
suspected if there are complaints of persistent foul-smelling diarrhoea and bloating. 
Patients should be treated with antibiotics, pancreatic enzyme supplementation and 
probiotics. A hydrogen breath test may be useful to diagnose SIBO.

Little is known about the deficiency rates after relatively newer bariatric proce-
dures like SADI, SADI-S, Ileal transposition.

Early results have shown deficiencies of Vitamin A (7.3–44%), Vitamin D 
(48.4–50%), B12 (0–8%) and ferritin (17.5%) at 1 year after SADI-S [9, 10].

5.5  Clinical Manifestation

Clinical examination and manifestation of micronutrient deficiency have been cov-
ered comprehensively in the previous chapter. Table 5.2 gives a summary of clinical 
symptoms and screening recommendations for different nutrients.

The symptoms and signs of nutritional deficiencies are often vague and overlap-
ping. Deficiency of one nutrient can indicate a poor diet, absorption or compliance 
and can be a surrogate marker for multiple deficiencies. Therefore, for any suspi-
cion of deficiency a comprehensive panel of the investigations as mentioned in 
Table 5.3 should be done.

Table 5.3 Various tests to measure micronutrient deficiencies

Nutrient Routine tests Additional parameters
Vitamin D Total Serum 25-hydroxyvitamin D 

level
Decreased serum phosphorus, 
increased alkaline phosphatase, 
increased serum PTH, decreased 
urinary calcium

Thiamine 
(B1)

Whole blood (erythrocyte) levels of 
Thiamine diphosphate

Decreased RBC transketolase, 
increased pyruvate

Folate Serum levels below 3 ng/ml. 
Erythrocyte folate levels below 
140 ng/ml

Urinary FIGLU (formiminoglutamic 
acid), normal serum and urinary 
MMA, increased serum total 
Homocysteine

Vitamin B12 
(Cobalamin)

Plasma/serum B12. Serum 
homocysteine >13 μmol/L

Increased serum and urinary MMA 
(methylmalonic acid), increased 
serum total Homocysteine

Calcium Serum calcium is not a good indicator 
of its deficiency since its value is 
tightly controlled

Screen with tests described in panel 
for vitamin D

Iron Ferritin <20 ng/ml, Serum iron 
<50 mcg/dl, TIBC >450 mcg/dl, 
Transferrin saturation <20%, 
peripheral smear

Decreased serum iron, higher TIBC

Copper Serum blood copper levels (<70 mcg/
dl), 24 h urine copper (<15 U), blood 
ceruloplasmin (<22.9 mg/dl)

Erythrocyte superoxide dismutase 
activity
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5.6  Lab Tests

ASMBS recommendations for routine screening of nutrients and frequency of 
screening are mentioned in Table 5.2. The surveillance is more frequent in the first 
2 years with all bariatric procedures and follow-up is usually good till this time. 
However, after 2 years, a significant number of patients start falling out of the fol-
low- up loop. Therefore, it is important to actively follow-up with these patients to 
prevent accruing deficiencies.

Important points to remember regarding the interpretation of lab tests:

 1. Serum thiamine responds to dietary supplementation but is a poor indicator of 
body stores. RBC transketolase is a better indicator of its deficiency.

 2. Serum vitamin B6 values may be altered in diabetes. Consider checking B6 lev-
els in unresponsive anaemia.

 3. Serum B12 levels may miss deficiencies in 25–30% of cases. Consider testing 
for methylmalonic acid (MMA) and homocysteine if there is a suspicion of defi-
ciency and serum B12 levels are low normal.

 4. Serum folate is representative of dietary intake more than body stores. RBC 
folate is a more sensitive marker of deficiency. Also, excessive folate supplemen-
tation can mask vitamin B12 deficiency while the neurological symptoms persist.

 5. Haemoglobin and haematocrit levels may be normal with low body stores of iron 
and low levels signifying stage 3 or 4 anaemia. Ferritin is an acute-phase reactant 
and its levels may be elevated in the presence of infection or inflammatory state.

 6. To assess for vitamin D deficiency state—a complete panel including serum 
phosphorus (reduced), alkaline phosphatase (increased), PTH (increased) should 
be done. Of note is the fact that serum calcium levels can be low or normal in the 
presence of vitamin D deficiency.

 7. As vitamin A levels are routinely not done, it is important to actively look for 
ocular and skin findings. Levels should be checked at the earliest suspicion.

 8. Although vitamin E deficiencies are uncommon, serum levels alone may not be 
representative of the deficiency states. Plasma α-tocopherol to plasma lipids 
(0.8 mg/g total lipid) should be used in the presence of hyperlipidaemia.

 9. No reliable tests exist to determine zinc status and serum zinc levels are most 
commonly used. Serum zinc levels should be interpreted in accordance with 
serum albumin levels since albumin is the primary binding protein for zinc. Zinc 
supplementation can precipitate copper deficiency and therefore copper should 
be supplemented along with zinc.

5.7  Supplementation

The supplementation doses [11] are mentioned in Table 5.4.
It may be easy to underestimate the nutritional deficiencies after LSG. However, 

many studies have confirmed the malabsorptive nature of the procedure [12] and 
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Table 5.4 Prophylactic and therapeutic doses of various micronutrient

Nutrient 
(vitamin/
mineral)

Post-BMS supplementation

Prevention Repletion
Vitamin B1 12 mg/day

At Risk: 50–100 mg/day
Oral: 100 mg until resolution
IV: 200–500 mg/3–5 days; followed by 
250 mg/3–5 days; followed by 100 mg/day 
orally till resolution
IM: 250 mg/3–5 days or 100–250 mg/month
*Simultaneous administration of phosphorous, 
potassium and magnesium

Vitamin 
B12

Oral: 350–500 mcg
Nasal spray: As directed
Parenteral (IM/
SQ):1000 mcg/month

Patients with B12 deficiency: 1000 mcg/day to 
achieve normal levels

Folate Oral: 400–800 mcg/day from 
MV
For childbearing women: 
800–1000 mcg

Patients with folate deficiency: 1000 mcg/day
Above 1 mg/day doses are not recommended

Calcium LAGB/LSG/RYGB: 
1200–1500 mg/day
BPD/DS: 1800–2400 mg/day

LAGB/LSG/RYGB: 1200–1500 mg/day
BPD/DS: 1800–2400 mg/day

Vitamin A LAGB: 5000 IU/day
LSG/ RYGB: 5000–10,000 
IU/day
BPD/DS: 10,000 IU/day

Without corneal changes, oral dose: 10,000–
25,000 IU/day, until improvement
With corneal changes, IM dose: 50,000–
100,000 IU/day for 3 days followed by 
50,000 IU/day for 2 weeks
*also evaluate for iron and copper deficiency

Vitamin E 15 mg/day 100–400 IU/day 
Vitamin K LAGB/LSG/RYGB:90–

120 μg/day
BPD/DS: 300 μg/day

Acute malabsorption, parenteral dose: 10 mg/
day
Chronic malabsorption: Oral dose:1–2 mg/day 
and Parenteral dose:1–2 mg/week

Vitamin D D3 dose: 3000 IU/day to 
maintain D, 25OH levels 
>30 ng/ml

D3 dose: 2000–6000 IU/day or
D2 dose: 50,000 IU/1–3 times/week
*D3 is more potent than D2

Iron LAGB/LSG:18 mg/day from 
MV
RYGB/BPD/DS and 
menstruating women: 45–60 
mg/day (all sources)

Oral: 150–200 mg/day to 300 mg/2–3 times/
day of elemental iron
*Divided doses separate from calcium 
supplements, acid-reducing medicines and 
phytates/polyphenols
*IV infusion if not responded to oral therapy

Zinc LAGB/LSG: 8–11 mg/day
RYGB: 8–11 mg to 16–22 
mg/day
BPD/DS: 16–22 mg/day
*To minimise copper 
deficiency: supplement with 
1 mg of copper/8–15 mg zinc

60 mg/day (needs further evaluation)
*Repletion doses should not precipitate copper 
deficiency

(continued)
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significant nutritional deficiencies have been noted. Additionally, a reduced intake 
can produce a deficiency of almost any nutrient in the absence of a balanced diet.

Although intestinal adaptation takes place over a period of approximately 2 years 
after the bariatric surgery, it is often insufficient. It cannot be stressed enough that 
all bariatric patients should be counselled preoperatively regarding the requirement 
for lifelong nutritional supplementation in addition to a nutritious diet.

It should be noted that even with therapeutic doses, deficiencies are difficult to 
correct in the postoperative period. Additionally, many pre-existing deficiencies 
exacerbate in the postoperative period [13]. This is probably because it is difficult to 
correct deficiencies after bariatric surgery which reduces the ingestive and absorp-
tive potential of the gut. Therefore, potential bariatric patients should not only be 
screened for pre-existing deficiencies but also corrected religiously before surgery.

Although there exists a recommendation for prophylactic supplementation doses 
for widely performed bariatric procedures, the repletion doses have to be tailored to 
the deficiency status, and efficiency of enteral supplementation. Frequently, paren-
teral supplementation is needed as the oral supplementation is inadequate due to 
poor absorption from the GI tract.

In the absence of adequate data about the less commonly performed procedures 
like SADI, SADI-S, ileal interposition, it is difficult to make nutritional recommen-
dations for the same. According to the authors, it may be safe to supplement these 
patients according to the recommendation for diversionary procedures [11] 
(Table 5.4) until the time more is known on the subject.

Key Points
• Bariatric surgery by its very nature of alteration of GI anatomy induces nutri-

tional complications, both macronutrients (protein and fat mainly) and micronu-
trients (vitamins and minerals).

• The mechanism of deficiencies is multifactorial—restricted calorie intake, 
decreased absorption and biological.

• All bariatric procedures produce nutritional complications but diversionary pro-
cedures such as RYGB, OAGB, BPD-DS, SADI-S create more pronounced effects.

• Lifelong surveillance in terms of clinical evaluation and laboratory tests is criti-
cal to prevent and treat nutritional deficiencies.

Table 5.4 (continued)

Nutrient 
(vitamin/
mineral)

Post-BMS supplementation

Prevention Repletion
Copper LAGB/LSG: 1 mg/day

RYGB: 1–2 mg/day
BPD/DS: 2 mg/day
*Copper Gluconate/Copper 
Sulphate supplement sources 
recommended

Mild to moderate deficiency with low 
haematological indices, Oral dose: 3–8 mg/day 
(copper gluconate/copper sulphate) until the 
normal index
Severe deficiency, IV: 2–4 mg/day for 6 days 
until normal serum level

Adapted from: Parrott J et al. ASMBS Integrated Health Nutritional Guidelines For The Surgical 
Weight Loss Patient- 2016 Update: Micronutrients
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• Clinical evaluation is important to pick-up subtle signs and symptoms of defi-
ciencies and prevent complications.

• Lab tests should be interpreted carefully and serum markers of deficiencies alone 
cannot be accepted as evidence of normalcy.

• One nutrient deficiency should be seen as a surrogate marker of widespread 
malnutrition.

• Supplementation is lifelong and multivitamin–multimineral tablets should be 
checked for adequacy based on current guidelines. Protein intake is frequently 
suboptimal and effort should be made to improve its intake especially in the early 
postoperative period.

• Once a deficiency is detected in the follow-up, it should be corrected aggres-
sively and promptly by therapeutic doses to prevent dangerous complications 
such as PEM and neurological complications. Other conditions that contribute 
to malnutrition such as SIBO, surgical complications (stenosis, obstruction, her-
nia) should be excluded. Eating behaviour can also be influenced by reflux, vom-
iting and alteration of taste and bowel habit, and should be addressed 
simultaneously.

5.8  Case Reports

5.8.1  Case 1

A 55/F with BMI 45 and hypertension had a sleeve gastrectomy 3 weeks back. She 
presented with recurrent vomiting and dysphagia to the clinic. She was feeling weak 
and complained of dribbling of saliva. On examination, she was confused and had 
diplopia.

How would you approach the case?
Answer
The Differential diagnoses are:

 1. Cerebrovascular accident
 2. Mechanical obstruction due to incisural stenosis/torsion
 3. Thiamine deficiency

Check:

 1. MRI brain
 2. CECT with oral contrast/barium series to exclude incisural stenosis
 3. Upper GI endoscopy
 4. Serum thiamine

Serum thiamine 12.2 ng/ml (reference range 10–64 ng/ml) MRI, CECT and 
UGE normal.
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What is the diagnosis?
Answer
Wernicke’s encephalopathy
How do you treat the case?
Inj Thiamine 100–300 mg/day IV once daily till the patient shows improvement. 

At the time of discharge, oral thiamine 600 mg/day is administered till the patient 
recovers fully.

5.8.2  Case 2

A 38-year-old lady with BMI 62 had an OAGB-MGB done a year ago complaining 
of weakness.

She gives a history of breathlessness on exertion. A hemogram advised by her 
family physician showed a haemoglobin of 7.8 g/dl.

How would you approach the case?
Answer
Anaemia can be multifactorial in a post-bariatric patient. We follow the follow-

ing protocol for a workup and treatment of anaemia (Fig. 5.2)
There was no history of any GI bleed. Investigations revealed low haemoglo-

bin. Peripheral smear showed microcytic hypochromic cells. On further prob-
ing, the patient agreed to stopping iron tablets due to constipation and metallic 
taste. How would you treat this patient?

Microcytic

Evidence of blood loss?
(Malena, bleeding PR,

Stool OBT, REticulocytosis)

Work up
accordingly

Work up for Iron deficiency
(Serum Iron, TIBC, Ferritin)

Therapeutic
supplementation
as per guidelines

No Iron deficiency

Work up for Cu deficiency

Rule out
hemoglobinopathies/chronic

disorders

Iron deficiency

Therapeutic
supplementation as per

guidelines

No evidence
of blood loss

NormocyticMegaloblastic/mixed

Work up for B12 and
folate deficiencies.

Rule out alcohol
abuse/liver disease

Rule out chronic
disease/bone

marrow disorders

Fig. 5.2 Flowchart for diagnosis and management of anaemia in a post-bariatric patient
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Answer
This patient has an intolerance to oral iron. She needs to be supplemented with 

1 g of IV iron supplementation. In patients who can tolerate oral iron, 150–200 mg 
of elemental iron daily and up 300 mg 2–3 times a day can be prescribed. These 
patients need to be monitored every 3 months for their iron states as described 
earlier.

Is there a need for folic acid and vitamin B12 supplementation along with 
iron if the serum values of the above nutrients are normal?

Answer
Yes. Rapid hemopoiesis may precipitate the deficiency of these nutrients.
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6Clinical Examination of a Post-bariatric 
Surgery Patient

Sarfaraz Baig, Pallawi Priya, and Manjari Agarwal

Listen to your patient. He is telling you the diagnosis!

—William Osler

6.1  Introduction

Bariatrics is an evolving science and by nature of the surgery itself, patients are at 
risk of developing several nutritional, metabolic and psychosocial problems. Most 
of them, if not caught and treated on time, may have the potential to lead to irrevers-
ible damage [1, 2]. Hence, early diagnosis is of paramount importance.

Outpatient follow-ups are a great opportunity to closely examine the patient. A 
thorough history and physical examination can help us to diagnose most complica-
tions in their early stages.

Although there are guidelines available on how to examine patients before and 
after bariatric surgery [3], the need for a protocol-based clinical pathway remains 
unfulfilled. The purpose of this chapter is to provide a sample protocol for the clini-
cal evaluation of a patient who has undergone bariatric/metabolic surgery. The pur-
pose of such an evaluation is to assess the response to surgery and look for signs of 
any nutritional, metabolic or psychosocial issues.

The clinical evaluation comprises of history, examination, and laboratory tests. 
The following provides a general overview of the history and examination of a bar-
iatric patient. Laboratory tests have been covered in another chapter and therefore, 
will not be discussed here.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4702-1_6&domain=pdf
https://doi.org/10.1007/978-981-33-4702-1_6#DOI
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6.2  History

History of a patient before bariatric and metabolic surgery (BMS) focuses on the 
evaluation of eating behaviour, motivation for a lifestyle change, associated comor-
bidities, weight loss attempts, substance abuse and activity levels. In comparison, 
evaluation after surgery focuses on weight loss, adaptation to new diet and lifestyle, 
gastrointestinal symptoms, symptoms of nutritional deficiencies/metabolic compli-
cations, changes in effect as well as changes in pre-existing comorbidities.

Table 6.1 describes the salient points in history taking in a patient after bariatric 
surgery.

History starts by noting the weight loss of the patient. Weight loss, if more than 
expected, can be a warning signal regarding possible protein–energy malnutrition 
(PEM). This is particularly important in case of malabsorptive procedures like 
OAGB, BPD-DS and SADI-S.

Table 6.1 Salient points in history taking of bariatric patients

Diet
Food recall Food diary/24 or 72-h recall Assessment of nutritional adequacy of diet

Assessment of eating patterns
Food 
tolerance

Intolerance to supplements, especially 
protein supplements and meat may be 
problematic

Eating 
disorders

Binge eating/ grazing/ loss of 
control

Continued psychological counselling may 
be needed to overcome eating disorders 
which may prevent achievement of the 
lifestyle and weight loss goals

Surgical problems
Wounds Healing/discharge/lump
GI 
symptoms

Nausea/vomiting/reflux/dumping/
diarrhoea/steatorrhoea/anorexia

Comorbidities
History of change in medication 
requirement, well-being, and 
achievement of near-physiological 
parameters

Comment on no change, resolution, 
remission, relapse

Social
Stress Stress producing factors which 

may come in the way of lifestyle 
goals

Knowledge Problems with food preparation/
cultural or social misconceptions

Financial Problems with the purchase of 
required food, supplements

Others
Substance 
abuse

Smoking/alcohol/other addictions

Activity Activity level
Mood
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Dietary history starts with a recall that indicates the quality and quantity of food 
intake with special emphasis on protein intake. Patients are asked if they are eating 
quickly or taking water with food. Any food intolerances are noted. Frequently, 
bariatric patients may have meat or lactose intolerance that may hamper the protein 
intake. Binge eating, grazing, mindless eating and emotional eating are assessed 
preferably by the psychologist. Sometimes, the relatives of the patient may help to 
answer these questions as some patients lack insight into their own behaviour.

Many comorbidities improve after surgery leading to a change in medications. 
For example, many patients will be off medications for diabetes immediately after 
surgery. Some may require a reduction of medications. It is important to note the 
blood glucose trends after surgery so that the physician can appropriately titrate the 
dose of anti-diabetic medications. Diseases such as dyslipidaemia, chronic liver 
disease, chronic renal disease, obstructive sleep apnea, cardiac conditions and 
arthritis may also need a change in the treatment protocol. History should be focused 
on the same. We ask the patients to maintain a chart of their comorbidity-related 
manifestations (fasting blood glucose, blood pressure, pain, reflux) to make the nec-
essary adjustments in medications.

There is literature to suggest that addictions or substance abuse may increase 
after bariatric surgery [4]. Hence, it is important to note the consumption of alcohol 
and status of other addictions after surgery. There is increasing awareness regarding 
food addiction, especially sugar-sweetened beverages (SSBs) and should be looked 
for. Behaviour is one of the most important reasons for weight regain and therefore 
incorporating a psychologist in the team may go a long way in assessing and man-
aging the patient.

Some studies have noted a higher incidence of suicides in bariatric patients [5]. 
Hence, the assessment of mental health is important. Patients who have a pre- 
existing history of depression, anxiety and other mental health issues should be 
monitored more closely. Psychologists and psychiatrists should be a part of a bariat-
ric team and their help should be sought whenever appropriate.

People who routinely do some physical activity have been found to experience 
less weight regain [6] compared to sedentary people. It is important to encourage 
exercise, sports and other physical activities with the understanding that different 
patients have different levels of performance.

Some patients may complain of various gastrointestinal symptoms. Many of 
them may signify a problem that needs early evaluation and intervention.

Table 6.2 on signs and symptoms of deficiencies of micronutrients is useful to 
remember and gives an overview of what to look for specifically in a patient from 
the nutritional perspective after bariatric surgery.

Table 6.3 provides a list of symptoms to be asked for and their potential causes. 
From a clinical application point of view, Table 6.3 is more important than Table 6.2. 
It is important to understand what issue a particular symptom represents rather than 
learning the deficiency signs alone.

Nausea and vomiting are common post-operative issues in gastrointestinal sur-
gery. It is of special importance in bariatrics, as prolonged and untreated vomiting 
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Table 6.2 Symptoms of various nutritional deficiencies after bariatric surgery

Thiamine (B1) Neuropsychiatric: aggression, hallucination, confusion, ataxia, 
nystagmus, paralysis of motor nerves of eyes

Riboflavin (B2) Anaemia, dermatitis, stomatitis, glossitis
Niacin (B3) Diarrhoea, confusion, dermatitis, ataxia
Pantothenic acid 
(B5)

Depression, infections, orthostatic hypotension, paraesthesia, foot drop, 
gait disorders

Pyridoxine (B6) Dermatitis, neuropathy, confusion
Folic acid (B9) Weakness, weight loss, anorexia
Cobalamine (B12) Depression, malaise, ataxia, paraesthesia
Ascorbic acid (C) Malaise, myalgia, gum disease, petechiae
Biotin (B7) Loss of taste, seizure, hypotonia, ataxia, dermatitis, hair loss
Vitamin A Night blindness, itching, dry hair
Vitamin D and 
calcium

Arthralgias, depression, fasciculation, myalgia

Vitamin E Anaemia, ataxia, motor speech disorder, muscle weakness
Vitamin K Bleeding disorder
Iron Fatigue, shortness of breath, chest pain, anaemia, hair loss, koilonychia
Zinc Skin lesions, nail dystrophy, alopecia, glossitis
Copper Anaemia
Selenium Dyspnea, fatigue, leg swelling, cardiomyopathy

Table 6.3 Clinical significance of common symptoms after bariatric surgery

Symptoms Significance
Nausea/vomiting Poor eating behaviour, nutritional deficiencies, surgical 

complications (stenosis/internal hernia/ulcer/reflux)
Diarrhoea Malabsorption, SIBO (small intestinal bacterial growth), dumping
Steatorrhoea Malabsorption, poor dietary choice
Bloating Poor food choice, obstruction
Black stools Stapler line bleed, anastomotic ulcer
Abdominal pain Stones, ulcers, obstruction, internal hernia
Heartburn and reflux May induce anorexia, check for consumption of smoking/alcohol
Giddiness and falls Dehydration, nutritional deficiencies, neuropathy, dumping, 

postural hypotension, hypoglycemia
Constipation Lack of dietary fibre
Hair loss Nutritional deficiencies (protein, iron, zinc, Biotin, EFA)
Taste alteration Biotin
Weakness Exclude dehydration, dumping, anaemia, autonomic deficiency, 

micronutrient deficiency, psychological reasons, protein–energy 
malnutrition and neurological cause (DAMPEN—see below)

Dribbling of saliva/
double vision/gait issues/
paraesthesia

Neuropathy—deficiencies of Thiamine, copper, B12, Guillain- 
Barre syndrome

Knee/back and ankle 
pain

Osteopenia, vitamin D and calcium
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may lead to potentially serious complications. Untreated, it can precipitate dehydra-
tion, acute renal failure, thiamine deficiency and neuropathy. Effort should be made 
to ascertain if this is due to surgical complications such as stenosis or obstruction. 
The quantity and nature of vomitus, eating behaviour (eating too fast, overeating, 
inadequate chewing, eating and drinking together) and the precipitating factor may 
point to the aetiology.

Reflux may be a pre-existing problem or can develop de novo after surgery. It has 
been commonly associated with fried food, caffeine, smoking, alcohol and inade-
quate chewing. Higher incidence of reflux has been reported with sleeve gastrec-
tomy [7]. Reflux can be distressing and influences eating behaviour and therefore, 
weight loss. It is important to elicit this history and plan treatment for the same.

Patients may develop diarrhoea or steatorrhoea after bariatric surgery. History on 
the quality of stools should identify and differentiate between the two since the 
implications and management of the two are different (Fig. 6.1). Prompt addressal 
is crucial to prevent nutrition and electrolyte disturbances. Constipation is also seen 

Fig. 6.1 Evaluation of 
diarrhoea in a post-
bariatric patient
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frequently and may be due to lack of fibre in diet or nutritional deficiencies such as 
vitamin D and Thiamine.

Giddiness can be because of dumping syndrome, orthostatic intolerance, dehy-
dration or malnutrition. Careful history regarding the precipitating factors (food, 
position or decreased water intake) may indicate the cause of the symptom. If the 
symptom is precipitated by high carbohydrate food, dumping syndrome is a strong 
possibility. If it is brought about by standing from a lying down position, orthostatic 
intolerance should be suspected.

Other neurological symptoms such as double vision, abnormal gait, paraesthesia, 
dribbling of saliva, stuttering speech and confusion may indicate an impending neu-
rological complication. Early diagnosis and treatment make a huge difference to the 
outcome as with time some neurological damages become irreversible. The timing 
of the neurological symptoms guides to the diagnosis. Early presentations are usu-
ally due to pressure on the nerves during surgery. Meralgia paresthetica is an exam-
ple of the same. Wernicke’s encephalopathy and Beri-Beri are also seen in the early 
post-operative course since thiamine is not stored in the body and a history of early 
non-responsive emesis is usually present in these cases. Guillain-Barre-like syn-
drome may also occur that present with paraparesis. Late neurological complica-
tions are usually due to deficiencies of copper, vitamin B12, vitamin E and folate.

Abdominal pain may be mild to severe and should not be neglected. This may be 
due to gallstones, kidney stones, ulcers, intestinal obstruction and internal hernia. 
The last two are seen in procedures involving infra colic compartment. A high index 
of suspicion should be present to detect internal hernia in time to prevent cata-
strophic complications.

Hair loss is common after bariatric surgery. It may be very distressing to the 
patient, especially if prior counselling was not adequate. The nutritionist should 
have a detailed dietary history from these patients and must be sure regarding the 
compliance to supplementation. Patients who present in the first year after surgery 
should be reassured regarding its self-limiting course.

Back and hip pain are common and these non-specific complaints in the patients 
with obesity and those after bariatric surgery are easily overlooked. Clinicians need 
to differentiate between back pain due to bad posture versus a back pain due to ver-
tebral collapse/fracture. The latter is an indication of bone loss and is usually a silent 
complication with some patients presenting suddenly with hip and spine fractures 
[8]. Identifying symptoms of cord compression—problems in evacuating urine and 
stool—is important to identify the critical patients.

Weakness is a very important symptom and at some point in time, many patients 
complain about it after having bariatric surgery. They may call it “weakness”, 
“fatigue” or “not feeling well”. It is important to take a detailed history to exclude 
an organic cause. We use the mnemonic “DAMPEN” in our centre to remember the 
causes and to ask relevant questions to ascertain it.

• Dehydration
• Dumping
• Anaemia
• Autonomic insufficiency
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• Micronutrient deficiency
• Psychological
• Protein–Energy malnutrition
• Neurological

With any bariatric surgery, food intake becomes drastically low and raises doubts 
in the patient and their family members about the adequacy of nutritional fulfilment. 
These patients may sometimes complain of weakness, which may be psychological 
and need reassurance.

Somatic neuropathy is a significant cause of weakness. The typical history is of 
post-surgery emesis that led to weakness, dribbling of saliva, poor gait and dou-
ble vision.

Autonomic insufficiency [9] is increasingly recognized as a potential cause of 
orthostatic intolerance in patients after bariatric surgery, which is interpreted as 
weakness. These patients also complain of giddiness on standing up from a sitting 
position.

Many patients with dumping syndrome who experience post-prandial giddiness 
report it as weakness. Elaboration of the symptoms brought on by sugary food/
drinks, can clarify the diagnosis in these cases.

Deficiencies such as vitamin D, iron, folate and B12 are also important nutri-
tional causes of weakness that need clinical and laboratory evaluations for 
confirmation.

It is recommended that each centre creates its own checklists and protocols to 
make a note of these points. Tables 6.1 and 6.3 are the standard proformas followed 
at our centre.

6.2.1  Scoring Systems

Although not a part of any guidelines, scoring systems help track the outcomes in 
an objective way. BAROS, BQLI, and GIQLI are commonly used scoring systems 
to assess the outcomes of bariatric surgery. We suggest that any of these scores be 
used routinely for ease of audit, outcome assessment and comparison. In addition, 
pre-operative scores like ABCD and DiaRem may help in the assessment of comor-
bidity resolution.

6.3  Examination

The purpose of the examination of post-bariatric surgery patients is to know the 
response to the surgery and to find out any postsurgical complications. While BMI 
and anthropometry are important at each follow-up, a complete head-to-toe exami-
nation as well as a complete systemic examination is essential and should not be 
omitted. Table 6.4 gives a comprehensive view of the examination of a post-bariat-
ric patient.
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Table 6.4 Points to note in clinical examination of a post-bariatric patient

Anthropometry
Height
Weight
BMI
Waist circumference
Hip circumference
WHR
BCA (Body composition 
analysis)
Head-to-toe examination
Examination To look for Significance
Hair Texture, alopecia May indicate deficiencies of protein, 

iron, zinc, EFA
Eyes Xerophthalmia

Bitot’s spots
Vitamin A deficiency

Tongue Glossitis
Angular cheilitis

May indicate deficiencies of B 
complex vitamins

Gums Ulcers
Bleeding

Oral mucosa Aphthous ulcers
Aphthous stomatitis

B complex deficiency

Nails Brittle nails
Koilonychia
Poikilonychia

Iron deficiency

Skin Acanthosis
Hyperkeratosis plantaris
Striae
Intertrigo
Chicken skin
Xerosis
Phrynoderma
Acrodermatitis 
enteropathica
Leg ulcers and abscesses
Hyperpigmentation
Necrotic dermatitis
Erythema nodosum like 
lesions

These may be pre-existent in a patient 
suffering from obesity
May indicate deficiencies of B12, A, 
D, C, zinc, selenium, iron
Altered skin immunity with 
deposition of immune complexes

Limbs Oedema
Phrynoderma
Lipodermatosclerosis

Protein, selenium deficiency
May indicate deficiencies of vitamin 
A, B complex, E, EFA

Cardiovascular examination
Heart sounds
Orthostatic hypotension Autonomic insufficiency
Neurological examination
Sensations—touch, 
vibration, proprioception
Motor power
Tendon jerks
Eye movements

Neuropathy (deficiency of B12, B1, 
copper), Guillain-Barre syndrome
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Anthropometric evaluation requires a measuring tape and a weighing scale suit-
able for obese patients. For measuring the waist-hip ratio, it is important to note that 
the waist is measured at the midpoint between the lower margin of the last palpable 
ribs and top of the iliac crest and the hip is measured around the widest portion of 
the buttocks.

Body composition analyser is a good add-on to assess the fat, muscle and skel-
etal mass of the patient. These may be helpful for prognostication and comparison 
during follow-up. Fat loss is more important to assess than weight loss since muscle 
loss is a disadvantage after bariatric surgery—also known as sarcopenia. Sarcopenic 
obesity is known to increase after bariatric surgery and carries higher morbidity and 
mortality [10]. Preservation of fat-free mass has also been shown to be beneficial in 
preventing weight regain [11]. Therefore, it is important to know the ratio of fat loss 
vs muscle loss after BMS as a part of the follow-up and fat-free mass loss, which is 
excessive or protracted. Dagan et al. [12] studied patients who underwent sleeve 
gastrectomy and showed progressive fat-free mass loss after the first 6 months (fol-
lowing which it stabilizes) should warn the clinician to take action. Bariatric centres 
should have a Body Composition Analysis (BCA) machine and measure fat mass 
and fat-free mass and not rely entirely on body weight as an outcome parameter.

Having a plan for doing a general examination helps. We prefer going from head 
to toe to keep from missing any important findings.

We look for alopecia in the scalp. Some authors have reported impetigo-like 
lesions in the scalp [13] that may signify malnutrition.

Eyes are inspected for xerophthalmia and Bitot’s spots that indicate vitamin A 
deficiency. Oral cavity examination may show glossitis, cheilitis, stomatitis, aph-
thous ulcers all of which may signify vitamin B deficiencies. Nails may show brit-
tleness, ridges, spoon shape and may indicate iron deficiency. Face and neck are 
examined for skin lesions such as acanthosis.

Upper limb examination involves examination of nails, looking for skin lesions 
and blood pressure measurement. Blood pressure should be measured both in the 
erect and supine position to pick up orthostatic intolerance. Enough time should be 
given before measuring blood pressure at these positions to allow for hemodynamic 
equilibrium.

Examination of legs can give valuable information. Many patients with obesity 
have oedema that may be due to weight-related poor circulation, right heart failure 
or protein deficiency. Lipodermatosclerosis is a specific condition seen typically in 
patients with obesity due to venous hypertension and stasis. There is a combination 

Table 6.4 (continued)

Abdomen
Skin redundancy May indicate the need for 

abdominoplasty. Can interfere with 
gait

Hepatomegaly
Splenomegaly May indicate portal hypertension
Ascites Can indicate worsening liver disease, 

malnutrition
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of swelling, pigmentation and induration of legs and is frequently misunderstood as 
cellulitis. Usually, with bariatric surgery, this condition resolves and it should be 
noted in the follow-up visits. Deep venous thrombosis (DVT) is a sinister complica-
tion and may present with calf swelling and tenderness.

Nutritional deficiencies produce an array of skin lesions and a general dermato-
logical examination offers an excellent opportunity to detect these. The common 
skin lesions that have been reported in the literature are xerosis, phrynoderma, acan-
thosis, acrodermatitis enteropathica, leg ulcers and abscesses, hyperpigmentation, 
necrotic dermatitis and erythema nodosum-like lesions. The last two are manifesta-
tions of altered skin immunity. Figures 6.2, 6.3, 6.4 and 6.5 show examples of vari-
ous skin lesions that may present after bariatric surgery.

It is important for clinicians dealing with post bariatric surgery patients to exam-
ine all parts of the body and diagnose these skin lesions. It is also crucial to have 
complete exposure on examination since skin lesions such as phrynoderma are hid-
den behind the elbows.

There are many skin lesions that are present in patients with obesity and it is vital 
to know them and not confuse them with post-bariatric dermatological complications. 

Fig. 6.2 Lipodermato-
sclerosis
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They are acanthosis, hyperkeratosis plantaris, striae, intertrigo and chicken skin. 
Amongst these, acanthosis usually improves after bariatric surgery in the majority.

Psoriasis, a skin disease, has been shown to be associated with obesity [14] and 
most patients show resolution of these lesions after surgery although some aggrava-
tion has also been reported [15]. It is useful to remember that zinc deficiency can 
lead to skin eruptions in the form of psoriasiform dermatitis [16]. As we can appre-
ciate, a bariatrician needs to diagnose a wide array of skin lesions and seek the help 
of a dermatologist wherever necessary.

Abdomen is checked superficially for any port site hernias, pre-existing paraum-
bilical and incisional hernia, intertrigo, lower abdominal cellulitis and distended 
abdominal veins. Deep palpation is done to detect any hepatomegaly, splenomegaly 
or tenderness. Many of these findings pre-exist in patients with obesity undergoing 
bariatric surgery and should be observed for resolution or non-response.

The respiratory system is assessed by noting the rate of breathing, orthopnea and 
lung sounds. Many post bariatric surgery patients have obstructive sleep apnea pre-
operatively and their assessment should be a part of examination at each visit. These 
patients are also prone to pneumonia and pulmonary embolism, something that can 
be picked up by chest auscultation.

Fig. 6.3 Xerosis
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Fig. 6.4 Acanthosis 
nigricans

Fig. 6.5 Iron stains 
in teeth
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The awareness for neurological examination needs to be stressed. There is 
increasing evidence suggesting that the neurological complications after bariatric 
surgery are not as uncommon as thought earlier [17]. The examination should 
involve evaluation of mental status, sensorimotor functions, position and vibration 
sense and eye movements to pick up optic neuropathy, encephalopathy, radiculopa-
thy, myelopathy, peripheral neuropathy, and myopathy. This also implies that the kit 
to perform a neurological examination should be available in the bariatric 
OPD. Picking up the subtle signs and early referral/treatment should be the goal 
rather than waiting for full-blown neuropathies that take weeks to months to reverse, 
with frequent permanent residual damages.

Key Points 

• Follow-up visits are the appropriate station for picking up post- bariatric nutri-
tional and metabolic problems. A clinician (bariatric surgeon, nutritionist, psy-
chologist, and a physician) must have the necessary knowledge to enable him or 
her to look for the relevant symptoms and signs.

• Clinical evaluation should include detailed history regarding weight loss, comor-
bidity resolution, gastrointestinal symptoms, neurological symptoms, pain and 
weakness. Examination should be head to toe. Anthropometric examination 
should include body composition analysis. Blood pressure measurement should 
be in both supine and erect positions. Neurological examination should include 
a complete sensorimotor and cranial nerve evaluation. Therefore, a neurological 
examination kit should always be available in a bariatric clinic.

• Many problems cannot be confirmed biochemically in the lab, therefore the 
importance of clinical examination cannot be overemphasized.

• Complications can be prevented if we can pick up and treat the subtle signs 
before their full-blown clinical state sets in. Centres should have their own stan-
dard checklists for clinical evaluation.

• Rarely, some cases of neuropathy, refractory anaemia, fractures, leg drop, car-
diomyopathy, liver failure, skin lesions, pigmentation, psychiatric disturbances 
remain unexplained signifying the lack of knowledge on the subject. A complete 
clinical evaluation and documentation should be the appropriate starting point 
to take this science forward.

Case Examples
Case 1a

A 22-year-old girl with BMI 48 and no other coexisting comorbidities apart from 
a feeling of low self-esteem, presents 6 months after bariatric surgery with hair loss 
from the scalp that is very worrisome to her. How would you approach the case? 
(Fig. 6.6).

Answer

• Reassurance
• Ensure compliance to diet and supplements
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Comments
Alopecia after bariatric surgery is common and parallels the weight loss curve. 

It is usually observed between 3 and 9 months after surgery following which the 
hair fall usually stops and returns to normal within months.

However, it is important to ensure compliance with a high protein diet and nutri-
tional supplements during this period.

Case 1b
The same patient returns at 2 years with persistent alopecia. What will 

you do now?
Answer
Ask for

 1. Dietary recall
 2. Compliance with supplements

Check

 1. Albumin
 2. Iron, ferritin, transferrin, TSAT
 3. Zinc

Give

 1. Iron and zinc supplements
 2. Protein supplements—whey/casein
 3. Essential fatty acids—nuts/supplements

Comments
Alopecia at 2 years is a matter of concern. Patients are distressed and are 

unhappy with the situation. Protein and iron deficiencies are the commonest known 

Fig. 6.6 Alopecia

S. Baig et al.



97

causes of the condition. Evidence in the literature suggests that there is an associa-
tion between low iron+zinc levels with alopecia but not with individual levels [16].

Biotin, though a popular supplement used for the condition, does not have any 
convincing evidence in its favour [17].

Prevention seems to be the most important management strategy. Ensuring com-
pliance with a good diet and supplements, especially in the initial phase of follow-
 up after bariatric surgery is vital.

Case 2
A 45-year-old lady with a history of RYGB done 7 years ago presented with a 

sudden onset back pain after having to lift a vacuum cleaner from her closet. AP and 
lateral radiographs advised by the family physician showed a compressed fracture 
at L2 (Fig. 6.7). On asking further, she gave the history of stopping her multivitamin 
supplements after taking them irregularly for 3 years.

How would you approach the case?
Answer
The differential diagnoses are:

 1. Bone loss secondary to vitamin D and calcium deficiency
 2. Spinal disease such as Tuberculosis

Check

 1. Urinary calcium
 2. Serum Vitamin D
 3. Alkaline phosphatase
 4. Serum PTH
 5. DEXA scan

Fig. 6.7 Compression 
fracture due to 
osteoporosis (Pic credits: 
Dr. Keshav Goel, Sr. 
Consultant, Dept. of 
Orthopaedics, Park 
Hospital Karnal)
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Bone density test revealed a spine T score of −2.63 and hip T score of −2.09. 
Serum PTH levels, urinary calcium levels and bone alkaline phosphatase were 
raised. Serum vitamin D was 4.63 ng/dL.

What is the diagnosis?
Answer
It is an osteoporotic fracture secondary to calcium and vitamin D deficiency 

compounded by perimenopausal status and non- compliance to recommended 
supplementation.

Would you do serum calcium levels?
Answer
Serum calcium level, although an indicator, is a poor indicator of total body 

calcium and a poor predictor of bone health.
How would you treat this patient?
Answer
Orthopaedic referral
Vitamin D supplementation up to 6000 IU/day, or 50,000 IU 1–3 times a week till 

levels become normal.
1200–1500 mg/day of calcium supplementation
Case 3
A 60-year-old gentleman who had a BPD-DS done 2.5 years ago presents in the 

OPD. He has lost 80 kg from his preoperative 150 kg weight and is still losing 
(Fig. 6.8). The nutritionist had seen him at 2 years and was happy with the progress 
and the fact that he had reached his ideal body weight. At 2.5 years, he presented to 
the clinic with weakness, inability to walk, swollen legs, exertional breathlessness 
and passing foul-smelling, oily stools. How would you approach the case?

Answer
This is a case of protein–energy malnutrition post-bariatric surgery. The alarm 

should have been raised when the patient showed 100% EWL or muscle mass was 
more than 20% of weight loss in the follow-up. The patient should be admitted, 
nutritional parameters assessed and replacement to be instituted immediately. The 

Fig. 6.8 Cachexia in a 
malnourished post- 
bariatric patient
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patient may require hydration, electrolyte correction, blood transfusion, enteral and 
parenteral nutritional supplementation and multivitamin infusion. This should be 
monitored till the patient shows signs of recovery. A bariatric surgeon should be 
consulted for considering a reversal of the procedure and restoration of normal 
gastrointestinal anatomy.

The patient was actively treated with nutritional support. He developed 
acute respiratory distress, neurological symptoms and cardiac arrhythmia at 
the end of the second week. What may be the cause of the condition?

Answer
This may be a case of Refeeding syndrome. This happens if the calorie replace-

ment is too rapid in a malnourished patient. In order to create ATP, certain minerals 
like potassium, phosphate and magnesium can decrease substantially in the serum 
leading to cardiorespiratory and neurological symptoms.

The treatment is to increase the caloric replacement slowly with the monitoring 
and correction of these electrolytes.

Case 4
A 32-year-old vegetarian, lady with BMI 42 Kg/m2 and infertility underwent a 

Roux en Y Gastric Bypass. She became pregnant a year later against medical advice. 
She was not compliant with nutritional supplementation.

Fig. 6.9 Phrynoderma
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Three months after childbirth, she presented with weakness. On examination, 
she had this skin lesion (Fig. 6.9). What is this?

Answer
This is phrynoderma, a hyperkeratotic papular skin lesion usually observed in 

the extensor aspect of limbs, shoulders and buttocks. It represents severe malnutri-
tion with a strong association with deficiencies of vitamins E, B, A and essential 
fatty acids. These patients need aggressive nutritional supplementation.
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7.1  Introduction

Prevalence of bariatric surgery is on increasing trend all over the globe due to sus-
tainable weight loss, improvement in quality of life, and comorbidity resolution. 
Therapies for obesity can be divided broadly into four groups: behavioural (primar-
ily diet and exercise), drugs, devices (intragastric balloon), and surgery. The compli-
cations of bariatric surgery include gastrointestinal complications, venous 
thromboembolism, and nutritional complications. The overall complication rate is 
low ranging from 0.29% to 0.78% [1], which is similar to most elective abdominal 
operations like cholecystectomy. The reported common early complications include 
leak, bleeding, obstruction, venous thromboembolism while the late complications 
include internal hernias, dumping, nutritional deficiencies, and gastro-oesophageal 
reflux. In this chapter, we will discuss the common metabolic GI complications 
specific to each procedure. Hormonal and physiological changes following bariatric 
surgery are covered in another chapter and therefore, will not be discussed here. The 
delayed and long-term surgical complications like Internal hernia, obstruction, ste-
nosis etc. will also not be discussed as the focus of the book is on metabolic compli-
cations. Additionally, liver complications, nesidioblastosis, and nutritional 
complications have been discussed in other chapters and will not be discussed.

The stomach is a slave that must accept everything that is given 
to it, but which avenges wrongs as slyly as does the slave.

—Émile Souvestre

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4702-1_7&domain=pdf
https://doi.org/10.1007/978-981-33-4702-1_7#DOI
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The metabolic GI complications after bariatric surgery are summarised in 
Table 7.1.

Table 7.1 shows the commonly seen metabolic complications after various bar-
iatric surgeries.

7.2  Reflux

The prevalence of gastroesophageal reflux disease (GERD) is 10–20% in normal 
population as compared to 37–72% in patients with obesity [2]. In general, weight 
loss brings about a decrease in intra-abdominal pressure leading to a decrease in 
GERD. However, after bariatric surgery, depending on the procedure patients can be 
at an increased or decreased risk of GERD.

7.2.1  Adjustable Gastric Band

Functional or anatomical obstruction due to band can lead to oesophageal dilatation 
and ineffective motility. This can happen either because of overtight bands or large 
bites of food being stuck up in the pouch above the band. Patients with oesophageal 
dilatation present with reflux-like symptoms [3]. These symptoms require band 
deflation/band removal and conversion to a sleeve gastrectomy or a Roux en Y gas-
tric bypass (RYGB) to maintain weight loss.

Table 7.1 Gastrointestinal and Metabolic complications of Bariatric surgical procedures

AGB SG RYGB OAGB
Nutritional complications + + + +
Reflux + + − +

Nausea + + + +
Vomiting + + + +
Marginal ulcers − − + +

Oesophagitis + + + −
Barrett’s oesophagus + + + −
Diarrhoea − + + +

Steatorrhoea − − + +

Constipation + + + +
Early dumping syndrome − + + +

Late dumping − − + +

SIBO − − + +

Liver dysfunction − − + +

Gallstones + + + +
Alteration in taste − + + +

De novo food intolerance − + + +

Nesidioblastosis − − + +

AGB Adjustable Gastric Banding, SG Sleeve Gastrectomy, RYGB Roux-en-Y Gastric Bypass, 
OAGB One Anastamoses Gastric Bypass, SIBO small intestinal bacterial over-growth
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7.2.2  Laparoscopic Sleeve Gastrectomy (SG)

GERD is known to decrease following RYGB, but its incidence after SG is contro-
versial. In a systematic review, four studies showed an increase in incidence of 
GERD and seven studies found a decrease in GERD postoperatively [4]. At our 
institute, we found that GERD improved following SG as assessed by symptom 
questionnaire as well as endoscopy. De novo GERD was seen in some patients on 
scintigraphy, however, that might not be pathologically significant because of a 
reduction in total acid amount after sleeve [5]. Some patients have an improvement 
in their reflux symptoms. Possible mechanisms include accelerated gastric empty-
ing, decreased total acid production, and reduced intrabdominal pressure due to 
weight loss. In a recent metanalysis, there was a slight trend towards an increase in 
GERD but a definitive conclusion could not be made. The results of oesophageal 
function tests and 24 h pH monitoring also yielded conflicting results in different 
studies [2]. There are various mechanisms that might be responsible for de novo 
GERD after SG. In a single centre study a triphasic response to GERD after SG was 
observed [6]. In the first year after SG, reflux increased probably due to disruption 
of angle of His, incompetence of sling fibres at cardia (these fibres are transacted 
during LSG), decreased tone of lower oesophageal sphincter, decreased distensibil-
ity of stomach, and increased intragastric pressure. Second year onwards, the reflux 
is decreased due to weight loss and a decrease in intra-abdominal pressure. In 
another paper, the same authors have [7] demonstrated a 22% incidence of post-SG 
GERD after 1 year, which came down to 3% after 3 years. However, with time, a 
neofundus is formed. Neo fundus occurs when a part of fundus is left behind at the 
level of left crus, which results in a conical sleeve with narrowing at mid-body 
region leading to weight regain and a mid-stomach functional stenosis leading to a 
second peak in GERD [6]. This can predispose the patients undergoing SG to 
develop GERD [8]. Other anatomical factors like twisting of sleeve causing a func-
tional obstruction as well as incisural stenosis can cause reflux. We strongly believe 
that a missed hiatal hernia might be an important factor for persistence/development 
of symptoms of GERD (Fig. 7.1).

Despite this, not all patients develop GERD following sleeve. A common notion 
that sleeve leads to worsening of reflux should be considered with caution. 
Precautions such as avoiding narrowing at incisura, not leaving any fundus behind 
the left crus, and selecting proper bougie size should be undertaken during surgery. 
A low threshold should be maintained for dissection of hiatus on suspicion during 
laparoscopy and for repairing any concomitant hiatal hernia. There is also a need to 
standardize the technique of sleeve gastrectomy to decrease the incidence of GERD 
following it.

Most patients who develop GERD can be managed by dietary modification, pro-
ton pump inhibitors (PPIs), and prokinetics. Endoscopy and a contrast study should 
be done to rule out mechanical causes or a missed hiatal hernia. Patients with symp-
toms unresponsive to medical management as well as severe nocturnal symptoms 
require conversion to RYGB.  In our experience post-SG, we have encountered 
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GERD (Fig. 7.2) due to remnant fundus which got twisted, twisting of sleeve in 
mid-part due to dense adhesions with the left lobe, and hiatus hernia with excessive 
posterior fundus. All these patients were converted to RYGB.

7.2.3  One Anastomosis Gastric Bypass (OAGB)

One anastomosis gastric bypass is usually associated with biliary reflux. It is defined 
as the presence of bile in the gastric pouch and into the oesophagus with/without 
symptoms of gastroesophageal reflux disease (GERD). The occurrence of GERD 
correlates with a gastric pouch shorter than 9 cm in length and with the presence of 

Fig. 7.1 Hiatal hernia 
after dissection which was 
missed initially

Fig. 7.2 Reflux after LSG
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preoperative GERD [9]. Usually, 10–12 cm length of the gastric pouch is recom-
mended [9]. It can be identified by clinical findings through validated question-
naires [10]. In a study by Tolone et  al., 15 patients underwent oesophagogastric 
junction function evaluation by endoscopy, 24  h pH-impedance monitoring, and 
high-resolution impedance manometry performed both preoperatively and 1 year 
after surgery. No patient reported heartburn or de novo regurgitation postopera-
tively. On endoscopy at 1 year no patient had oesophagitis or biliary gastritis. There 
was no difference in manometric features and patterns after surgery, whereas gastro-
esophageal pressure gradient (GEPG) and intragastric pressures (IGP) were statisti-
cally diminished [11]. On the contrary, laparoscopic sleeve gastrectomy (SG) 
showed a high-pressure gastric pouch with gastroesophageal reflux [12].

The correct anatomical configuration including creating a long and narrow pouch 
without any twist at gastrojejunostomy site is necessary. In addition, we take an 
anti-reflux stitch at top of gastrojejunostomy site to align anastomosis vertically and 
hence preventing bile reflux. Gastric and/or oesophageal symptomatic bile reflux is 
quite rare (0–0.7%) in OAGB [13, 14]. Chevallier et  al. had reported that seven 
patients following OAGB presented with intractable biliary reflux. They were re-
operated after a mean of 23 months when the mean BMI was 25.7 kg/m2. All patients 
got cured of intractable bile reflux after conversion to a Roux en Y gastric bypass [13].

Dietary and lifestyle modifications, PPIs (40 mg twice a day for 6 months), and 
sucralfate (1 g before every meal and before bedtime for 3 months, followed by 1 g 
before bedtime for another 3 months) [15]. If conservative treatment fails, a revi-
sional surgery is advised with conversion to either RYGB or Braun side-to-side 
anastomosis between the afferent and the efferent limb about 15–20 cm beyond the 
gastro-jejunal anastomosis [16].

7.3  Barret’s Oesophagus and Adenocarcinoma

Reflux can further complicate the long-term course of sleeve gastrectomy patients 
as it can predispose to Barrett’s oesophagus (BE). Limited literature is available in 
regard to the incidence of BE in post-sleeve gastrectomy patients. The incidence of 
BE has been reported with a wide range, varying from 1.2% to 17.2% in recent stud-
ies [17–19]. However, the authors did not follow the strict criteria to take a biopsy 
at least 1 cm above the gastro-oesophageal junction, which might have resulted in a 
falsely positive Barrett’s. A biopsy within 1 cm of he gastroesophageal junction can 
have normal gastric mucosa, which is misinterpreted as BE [20].

Since BE is a known premalignant condition, it is imperative that adequate stud-
ies should be performed to formulate guidelines for its screening and treatment. 
There have been three case reports of oesophageal adenocarcinoma following 
SG. However, preoperative endoscopy was performed only in one of them. [21–23]. 
In another case report oesophageal adenocarcinoma developed on a pre- existing BE 
(diagnosed on preoperative endoscopy), 3 years after SG [24]. These are rare case 
reports in literature considering the number of sleeve gastrectomies performed all 
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over the globe. Moreover, preoperative endoscopy was done only in one patient and 
other two cases might already have an underlying dysplasia. De novo/worsening of 
GERD may be avoided by proper preoperative evaluation of reflux symptoms and 
intraoperative precautions, keeping in mind that the benefits of sleeve gastrectomy 
far outweigh its potential complications.

After OAGB, there are serious concerns not only regarding the symptomatic bili-
ary reflux (BR) into the stomach and the oesophagus [25, 26], but also the increased 
risk of malignancy after OAGB [27, 28]. BR is known to cause histological changes 
in oesophagus and gastric pouch, secondary to acute and chronic inflammatory 
changes in oesophageal and gastric mucosa. These changes might progress to pre-
malignant condition, Barrett’s oesophagus [29]. Under the influence of constant 
BR, Barrett’s oesophagus can progress to an incomplete intestinal metaplasia (type 
III) instead of complete intestinal metaplasia (type I), which has a higher risk of 
gastro-oesophageal cancer development [30]. We recently reported probably the 
first case of adenocarcinoma of oesophagus involving gastro-oesophageal junction 
following OAGB within 2 years of surgery [31] (Fig. 7.3).

7.4  Nausea and Vomiting

Nausea and vomiting after SG can be due to anatomical or functional causes. The 
most common site for anatomical stenosis after SG is at the incisura angularis. The 
common causes being inappropriate placement of bougie and oversewing of staple 
line, especially when it is done without a bougie in place. Functional stenosis can 
also occur due to a twist in the sleeve. Twisting usually occurs due to excessive trac-
tion on anterior/posterior wall of the stomach when firing the stapler. The twist can 
be localized at an area between body and antrum or along the full length of sleeve 
resulting in a spiral sleeve. Diagnosis of anatomical stenosis can be made by endos-
copy; however, the diagnosis of functional stenosis is difficult as the endoscope can 
easily negotiate the twist. CT scan with three-dimensional reconstruction is best to 
diagnose spiral sleeve [32]. Endoscopic balloon dilatation is the first line of 

Fig. 7.3 Endoscopic 
image of growth in lower 
oesophagus (left) and 
Positron Emission 
Tomography (PET) 
showing increased uptake 
in lower oesophageal 
growth (right)
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treatment requiring multiple sessions over several weeks. Patients are kept on a 
liquid diet, ensuring adequate calorie intake and nutritional supplementation. Failure 
of endoscopic treatment and long segment stricture requires conversion to RYGB, 
which is considered the gold standard for this complication.

Anastomotic Stricture An anastomotic stricture post-RYGB can happen due to 
anastomotic tension, ischemia, and subclinical leaks. Patients with stricture usually 
present with dysphagia, nausea, vomiting, and painless post-prandial regurgitation. 
Upper gastro-intestinal endoscopy (UGIE) is required for confirmation of diagno-
sis. Table 7.2 gives a classification for the degree of anastomotic stricture.

Treatment includes endoscopic balloon dilatation to at least 15 mm in the first 
sitting to decrease the recurrence rate by the use of through-the-scope (TTS) bal-
loon catheters [33]. They lead to circumferential dilatation and gradual expansion of 
stenosis and thus prevent excess pain and minimizes the risk of perforation. In 95% 
of cases, obstruction is relieved by two separate sessions of dilatation [34], however, 
re-stenosis may occur in 3% of these patients [35]. Patients not responding to endo-
scopic therapy even after four sessions of balloon dilatation are candidates for surgi-
cal revision of Gastro-jejunal (G-J) anastomosis, which is required in less than 0.4% 
cases [36].

To prevent stenosis after OAGB, an anastomotic size of ≥2.5 cm is highly rec-
ommended. We perform an anastomotic size of 5–6 cm. This complication can be 
managed by pneumatic endoscopic dilations successfully or conversion to laparo-
scopic Roux en Y gastric bypass if endoscopic dilatations fail.

7.5  Marginal Ulcers

Marginal ulcer is characterized by the development of mucosal erosion at the gas-
trojejunal (G-J) anastomosis, usually on the jejunal side as it does not have the acid 
buffering capacity of the duodenum and hence becomes vulnerable to ulcer forma-
tion [37]. Reported incidence of marginal ulcers is variable, ranging from 0.6 to 
16% [38, 39] after RYGB. Marginal ulcer rate is lower following OAGB (0.5–4%) 
[40]. In a systematic review of 11 studies (1 RCT, 5 prospective, 5 retrospectives) 
were analyzed; of which 1174 patients underwent RYGB and 767 patients under-
went MGB-OAGB.  Marginal ulcer was reported in 7/362 (1.9%) of RYGB and 
15/523 (2.86%) of MGB-OAGB patients [41]. In our own experience, marginal 
ulcer was detected in 4/46 (13.04%) of OAGB patients all of them being asymptom-
atic. So routine surveillance by endoscopy may be recommended in all OAGB 

Table 7.2 Grades of anastomotic stricture on the basis of endoscopy

Grade: I Mild stenosis, which allows a 10.5-mm endoscope to pass
Grade: II Moderate stenosis, which allows an 8.5-mm paediatric endoscope to pass
Grade: III Severe stenosis, which allows only guide-wire to pass
Grade: IV Complete obstruction, which is non-traversable
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patients. Marginal ulcer rates and need for surgical revisions after OAGB in some 
large series and long-term follow-up papers are shown in Table 7.3.

The actual incidence is much higher than reported, as documented ulcers repre-
sent only those that are diagnosed on endoscopy, but many are treated medically 
based on symptoms without undergoing any endoscopic evaluation. Risk factors for 
development of marginal ulcer include smoking (causes mucosal ischaemia), use of 
NSAIDS (causes mucosal breakdown) and risk decreases with the use of proton 
pump inhibitors. The exact aetiology of marginal ulcers is not clear, but the possible 
mechanisms proposed are increased acid production in an oversized pouch, isch-
aemia of the pouch due to tension on roux limb, presence of Helicobacter pylori 
infection, staple line disruption, and presence of suture material within the pouch 
[42]. The use of absorbable suture instead of permanent suture was found to signifi-
cantly reduce the incidence of postoperative marginal ulcers [43] (Fig. 7.4).

7.5.1  Diagnosis

Patients with marginal ulcers usually present with abdominal pain (especially post 
prandial), nausea and vomiting, and in extreme cases with haematemesis or malena 

Table 7.3 Incidence of marginal ulcers after OAGB

OAGB series
Percentage of marginal ulcer 
reported (%) Surgical revisions

Musella et al. n-974 1.43% 4
Carbajo et al. n-1200 0.5% 0
Chevallier et al. n-1000 2% 2
Lee et al. n-1163 NA 7
Kular et al. n-1054 0.47% 0

Fig. 7.4 Endoscopic 
image of marginal ulcer 
after 1 year of 
RYGB. Ulcer is at 
2 o’clock position
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or even perforation [44]. Patel et al. reported abdominal pain (66.6%) as the most 
common presentation of marginal ulcers [45]. Upper GI endoscopy is the diagnostic 
study of choice and biopsies should be taken to evaluate for H. pylori during same 
sitting [46].

7.5.2  Management

Treatment depends on the aetiology of marginal ulcer (Fig.  7.5). For smokers, 
smoking cessation is imperative and in patients on NSAIDs, they should be stopped. 
The use of proton pump inhibitors in the immediate post-operative period, for the 
first 3–6 months, is critical from a prophylactic perspective. However, there is no 
consensus about the exact duration of usage. In the literature duration of post-oper-
ative PPI, administration ranges from 30 days to 2 years [47]. In our practice, we 
prescribe PPI for 3 months and then subsequently on the basis of symptoms. For a 
patient with documented marginal ulcer either by symptoms or on endoscopy, initial 
treatment includes the use of proton pump inhibitor and sucralfate suspension (1 g 
oral liquid/6 h) for a period of 3–6 months. For comprehensive therapy, urea breath 
test, serology, or endoscopic biopsies should be performed for H. pylori and if found 
to be positive medical eradication should be considered using two antibiotics and a 
proton pump inhibitor popularly known as triple regimen [48]. If ulcer is left 
untreated or persists despite medical treatment, it may lead to stricture formation 
and ultimately gastric outlet obstruction, which may require multiple endoscopic 
dilatations [49]. Thus, it is of utmost importance to assess whether the ulcer is 
responding to medical treatment and has evidence of healing on repeat endoscopy.

Surgical intervention is required in case of failure of medical management or if 
ulcer leads to perforation. The operative approach includes excision of the ulcer and 
revision of the gastrojejunal (G-J) anastomosis, reduction in the size of gastric 
pouch if it is oversized. If the ulcer is associated with suture material, it should be 

Fig. 7.5 Marginal ulcer in 
a female, non-smoker 
asymptomatic post 
MGB-OAGB patient
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removed and the roux limb should be mobilized if there is excess tension leading to 
mucosal ischaemia [50].

7.6  Diarrhoea

Up to 75% of patients report a change in bowel habits after bariatric surgery. 
Diarrhoea is more common after bypass procedures and is more predominant when 
there is a short common absorptive channel. This accounts for the more predomi-
nance of diarrhoea in distal RYGB as compared to proximal RYGB and Bilio-
Pancreatic Diversion (BPD) with a short common absorptive channel.

Diarrhoea can be secondary to many causes—decreased intestinal transit time, 
dumping syndrome, and small intestinal bacterial over-growth (SIBO.) Rare cases 
of gastro-colic fistulas have also been implicated in diarrhoea.

Most bypass patients report episodes of 3–4 bowel motions 2–3 times a year. 
Most of these episodes subside with diet alteration, fibre supplements, and anti-
motility medications. If associated with steatorrhoea, pancreatic enzyme supple-
mentation should be given. Associated symptoms like palpitation, dizziness, fainting 
should prompt for evaluation of dumping syndrome and should be treated with 
small non-sugary meals with a high-fibre content and avoidance of water with food. 
Non-responding foul-smelling diarrhoea should arise the suspicion of SIBO and 
should be treated accordingly.

7.7  Steatorrhoea and Pancreatic Exocrine Insufficiency

Steatorrhoea can occur both after SG and bypass surgeries. The prevalence after 
proximal and distal RYGB is around 19% and 48%, respectively. The causes include 
changes in the food and caloric content, an altered pancreatic response to the food, 
shorter time of contact of chyme with food due to bypass, degradation of the 
enzymes in Bilio-Pancreatic (BP) limb due to absence of food. The actual secretion 
from the pancreas may or may not be altered. Factors primarily decreasing the pan-
creatic output include decreased level of gastrin, cholecystokinin (CCK), and pan-
creatic polypeptide (PP) due to gastric resection, exclusion of the duodenum, and 
vagal nerve damage during dissection at the time of pouch formation. The primary 
stimulus for pancreatic secretion is a decrease in duodenal pH post meals. Decrease 
in the amount of acid reaching the duodenum de to decreased stomach volume (SG) 
and bypass of duodenum (RYGB) occurs after bariatric surgery. Additionally, ileal 
infusion of nutrients as in distal RYGB can decrease the pancreatic enzyme secre-
tion. Rarely, some patients who develop non-insulinoma pancreatic hypersecretion 
(nesidioblastosis) and are forced to undergo pancreatectomy can develop primary 
pancreatic insufficiency. Symptoms of pancreatic insufficiency include steator-
rhoea, borborygmi post meals, and weight loss. However, these symptoms are non-
specific in a post- bariatric patient. Pancreatic insufficiency is defined by symptoms 
and faecal pancreatic elastase-1 (PE-1) <200 μg/g stool or a faecal PE-1 between 
200 and 500  μg/g stool and the patient has benefited from pancreatic enzyme 
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replacement [51]. Direct stimulation testing can be done by intubating the duode-
num and measuring the pancreatic response to CCK or secretin. This is technically 
not feasible in RYGB patients. Measurement of faecal elastase is easier, however, 
patients with a normal value can still suffer from pancreatic insufficiency due to 
indirect factors discussed above. Regardless, pancreatic enzyme replacement ther-
apy is the treatment of choice. It is important to remove the acid protective coating 
over the supplements for better absorption as the acid levels in stomach post-bariat-
ric surgery are usually lower [52].

7.8  Constipation

Bowel habits after bariatric surgery is an important issue for the patient and affect 
their quality of life. Many obese individuals have a pre-existing bowel disturbance. 
In a systematic review, it was observed that the rates of faecal incontinence and diar-
rhoea were higher in obese patients compared with non-obese patients. Constipation 
rates were similar [53].

Bariatric and metabolic surgeries have been claimed to have a diverse effect on 
bowel habits. Some authors have reported higher prevalence of diarrhoea after 
RYGB and Bilio-Pancreatic Diversion-Duodenal Switch (BPD-DS) and constipa-
tion after adjustable gastric band (AGB) and sleeve gastrectomy [54, 55].

Other authors on the other hand have reported resolution of loose stools after 
RYGB [56].

These contrasting findings may be the result of heterogeneity of patient cohort, 
food habits, assessment tools, and procedure variations. Afshar et al. [57] studied 
bariatric patients prior and after their surgery with a validated food frequency ques-
tionnaire and 7 day Bristol Stool Form Scale that has been validated and found to 
correlate with whole gut transit time. RYGB, sleeve gastrectomy, and intra-gastric 
balloon were assessed. They found that the frequency of stool decreased and stools 
were more formed at a median follow-up of 6.4 months after surgery.

This increased rate of constipation after bariatric surgery may be explained by 
the decrease in dietary fibre [57] and increase in GI hormones such as Glucagon-
Like Peptide-1 (GLP-1) and Polypeptide YY (PYY) seen as an effect after surgery. 
Based on the literature and our own experience, we may opine that constipation is a 
frequent complaint of the bariatric patient. Clinicians involved in the care of bariat-
ric patients should be aware of these findings and treat constipation as and when 
required with laxatives. They should also encourage patients to increase the fibre 
content in the diet. Paying attention to these details may go a long way in improving 
the quality of life of these patients.

7.9  Dumping Syndrome

Dumping syndrome was first described by Hertz in 1913, correlating the symptoms 
with accelerated gastric emptying and the term “dumping” was coined by Mix in 1922 
[58]. It is the most common syndrome that may occur after any form of gastrectomy 
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or damage to vagus nerve during upper gastrointestinal (GI) surgeries. Dumping may 
occur in sleeve gastrectomy but is more common after gastric bypass surgery and may 
cause both gastrointestinal and autonomic symptoms. It occurs when hyperosmolar 
undigested food gets directly “dumped” from stomach pouch into the small intestine 
without being properly digested. Post RYGB, the prevalence of dumping syndrome is 
around 13% with a median follow-up of 4.5 years and is more commonly found in 
young females [59]. There are two types of dumping syndrome: Early and Late.

Early dumping occurs 10–30 min after a meal and is characterized by gastroin-
testinal symptoms such as nausea, vomiting, bloating, cramping abdominal pain, 
diarrhoea, dizziness, and fatigue. It is caused by shift of osmotically driven fluid 
from the blood vessels to the gastrointestinal lumen. Late dumping occurs 1–3 h 
after a meal and is characterized by autonomic symptoms like weakness, sweating, 
and dizziness due to rebound hypoglycaemia when insulin surge overcompensates 
for the glucose load delivered to the portal circulation, and the blood glucose level 
falls precipitously. Dumping syndrome leads to desired behaviour modification post 
RYGB that prevents individuals from consuming calorie-dense foods and thereby 
contributes to weight loss [60].

7.9.1  Diagnosis

 a) History and clinical examination: Importance of proper history and evaluation of 
signs and symptoms cannot be overlooked and it gives the first clue to the 
diagnosis.

 b) Oral glucose tolerance test: 50 g of glucose is given in water. Blood sugar, hae-
matocrit, and the pulse are then recorded at 30 min intervals for 3 h. The diagno-
sis is confirmed if there is initial hyperglycaemia followed by hypoglycaemia 
(<60 g/dl or 3.33 mmol/l) [61].

 c) Gastric emptying test: A radiotracer material is added to food to assess how 
quickly food moves through the stomach.

 d) Diagnostic Questionnaires: Sigstad Score Scale (Table  7.4) and the Arts 
Dumping Questionnaire can be used to identify clinically significant symptoms. 
Sigstad scores ≥7, after glucose intake, is considered diagnostic of dumping 
syndrome [62].

Treatment of dumping syndrome is based on delaying the gastric emptying time. 
The symptoms of early dumping are likely to resolve on its own in three months but 
if they are troublesome and affecting the quality of life then treatment includes:

 1. Lifestyle and dietary modification such as:
• Eating smaller meals—Try to eat five or six small meals a day instead of three 

large meals.
• Avoiding fluids with meals—Drink liquids either 30  min before meals or 

30 min after meals.
• Dietary changes—Eat more protein and complex carbohydrates rather than 

simple sugars. Limit high-sugar foods, such as candy, table sugar, syrup, 
sodas, and juices.
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• Increasing fibre intake—Psyllium husk, guar gum, and pectin in food delay 
the absorption of carbohydrates in the small intestine and also prolongs gas-
tric emptying time.

 2. Pharmacological management:
• Acarbose (alpha-glucosidase inhibitor)—Can be used to delay the digestion 

of carbohydrates, but its use is limited due to lack of efficacy and occurrence 
of side effects such as flatulence and diarrhoea.

• Octreotide (somatostatin analogues)—Acts by slowing the emptying of food 
into the intestine. It can be administered subcutaneously (three times daily) 
for early symptoms or intramuscularly every 2 or 4 weeks for late symptoms. 
Possible side effects include nausea, vomiting, and stomach upset [61].

 3. Surgical management:
• Surgical treatment is reserved only for severely affected patients, with intense 

and disabling symptoms, not resolved by the above measures. Possible 
options include reconstruction of a gastric reservoir, adding restrictive inter-
vention like band, insertion of a short anti-peristaltic loop. The last resort is 
the reversal of the operation [63].

7.10  Small Intestinal Bacterial Overgrowth

Small intestinal bacterial overgrowth (SIBO) is defined as an excessive number of 
bacteria (>105  CFU/ml) in the small bowel. The incidence is 2.5% in a healthy 
population; however, it increases up to 41% in patients with obesity due to impaired 
small intestinal motility. SIBO can also occur in patients post-gastric bypass sugery 
[51]. SIBO is associated with bypass procedures and is not related to weight loss as 
the rate of bacterial overgrowth is similar both before and after the restrictive 

Table 7.4 Sigstad score Pre-shock or shock +5
Loss of consciousness, fainting +4
Will lie down or sit +4
Dyspnoea +3
Physical fatigue, exhaustion +3
Sleep, listlessness, blurred vision +3
Palpitation +3
Restlessness, agitation +2
Dizziness, vertigo +2
Headache +1
Feeling hot, sweating, pallor, clammy skin +1
Nausea +1
Abdominal distension +1
Borborygmi +1
Eructation −1
Vomiting −4

A score of >7 is suggestive of dumping syndrome. A 
score less than <4 is suggestive of an alternate diagnosis
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procedures. The symptoms may be diarrhoea, malabsorption, pain abdomen, 
obstruction, or extra -digestive complaints (arthritis, dermatologic abnormalities). 
Studies have shown bacterial overgrowth in both the pouch and the remnant stom-
ach after RYGB.  Hypotheses for development of SIBO after gastric bypass are 
alteration of the anatomy, influence of proton pump inhibitors, modifications in the 
caloric intake, and dietary composition. The commonly used tests for the diagnosis 
of SIBO include hydrogen breath test with the gold standard being endoscopic sam-
pling of the bowel yielding bacterial count >105  CFU/ml. In the breath test, the 
patient is given lactulose that is fermented and the hydrogen in breath is used as a 
marker. In post-gastric bypass patients, breath test is unreliable due to exclusion of 
the part of a bowel from normal pathway. Routine endoscopy is technically not 
feasible in the bypassed bowel making aspiration and culture difficult. Moreover, 
the consequences of SIBO in post-bariatric patients are of questionable value. 
RYGB patients with and without SIBO report a similar percentage of digestive 
symptoms making the clinical significance of SIBO uncertain. The nutrients which 
escape digestion in the bowel due to SIBO can get fermented to a short- and 
medium-chain fatty acids in the colon and can theoretically increase the caloric 
uptake. However, studies have failed to prove such hypothesis.

An infection of clinical significance is Clostridium difficile-associated colitis. It 
might present in the form of protein-losing enteropathy without any signs of inflam-
mation. The diagnosis requires measurement of C. difficile toxin in the stool sam-
ples. These tests need to be evaluated carefully taking into consideration the patients’ 
symptoms to avoid treating asymptomatic carriers. The first line of treatment is 
probiotics with oral metronidazole. Oral treatment can be suspect in post RYGB 
patients due to altered anatomy and a high percentage of absorption of metronida-
zole in the small intestine. Intravenous metronidazole or vancomycin might be used 
in cases of fulminant colitis. Faecal microbiota transplant is a new treatment option 
but is not usually practiced.

7.11  Gallstones

The incidence of hepatobiliary complications after bariatric surgery is around 5.5 
cases/1000 patient years, with biliary colic amounting to three cases/100 patient 
years. Rapid weight loss (>25% of original weight) following bariatric surgery is 
one of the main factors responsible for the formation of gall stones as it results in 
higher biliary cholesterol levels. Other factors include gallbladder stasis, increased 
production of calcium, and arachidonic acid derivative with the disturbed enterohe-
patic circulation. Patients can thus present with gall stones and their complications 
including common bile duct stones, which can be difficult to manage via ERCP due 
to altered anatomy (RYGB).

Prophylactic concomitant cholecystectomy could reduce the incidence of such 
complications; however, it has been seen that concomitant surgery increases the 
perioperative morbidity as compared to bariatric surgery alone. A concomitant pro-
cedure also poses a diagnostic dilemma in case a complication such as a leak is 
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suspected in the bariatric surgery. Moreover, it is technically difficult due to visceral 
obesity, large liver size, torque, and different port placement. Overall a concomitant 
procedure has a higher rate of post-operative minor complications with a similar 
rate of severe post-operative complications (Clavien Dindo ≥IIIa) and increases the 
operative time. Prophylactic cholecystectomy should be avoided given the lower 
rate of biliary symptoms after bariatric surgery. Moreover, many of the patients who 
develop gall stones remain asymptomatic and do not require treatment. Prophylaxis 
with ursodiol at a dose of 600 mg/day for 6 months can further reduce the incidence 
with the effect lasting until 1 year [64, 65].

7.12  Taste Alteration

The taste preferences have also been found to be altered post-operatively after bar-
iatric surgery. It has been seen in a systematic review that there is decreased meso-
limbic activation to high energy foods and decreased preference for sweet and fatty 
stimuli. The taste sensitivity to sweet stimuli increases resulting in a lesser intake of 
sweets, which might also help in persistent weight loss after bariatric surgery [66].

7.13  De Novo Food Intolerance

There are reports of development of intolerance to certain food products after bar-
iatric surgery. In a study by Boerlage et al. [67] patients reported de novo intoler-
ance to a median of four food items after surgery. The most commonly reported 
items were fried products, carbonated drinks, and cakes. Intolerance to meat was 
usually associated with dysphagia. Nicoletti et al. [68] have also reported red meat 
intolerance after gastric bypass. The patients usually present with other commonly 
reported GI symptoms like nausea, vomiting, and diarrhoea. No significant impacts 
of these alterations have been noted on the nutritional profile.

7.14  Nesidioblastosis

Nesidioblastosis, also known as non-insulinoma pancreatic hypersecretion is due to 
increased beta cell–trophic polypeptides or incretins, such as glucagon-like peptide 
1, PYY, GIP, and Oxyntomodulin. The increased levels of these hormones lead to 
the hypertrophy of pancreatic beta cells. The details of this are discussed in the 
chapter on endocrine complications.

7.14.1  Portal and Mesenteric Vein Thrombosis

Although portal and mesenteric vein thrombosis are early complications after bar-
iatric surgery, there have been reports of delayed portal vein thrombosis (PVT) and 
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mesenteric vein thrombosis (MVT) [69]. A hypercoagulable state with protein C 
and protein S deficiencies, oral contraceptive pill (OCP) intake, smoking, as well as 
chronic dehydration have been implicated. Postoperative abdominal pain associated 
with nausea, vomiting, fever, and leucocytosis should arouse suspicion for venous 
thrombosis. Treatment have been attempted with unfractionated heparin, vitamin K 
antagonists, low molecular weight heparin, and thrombolytics. Bowel resection and/
or splenectomy may be required.

7.14.1.1  Bile Acid Malabsorption
Bile acids play an important role in the metabolic improvement post surgery. 
Farsenoid X receptor (FXR) and the G protein-coupled bile acid receptor (Gpbar1/
TGR5) are the targets through which bile acids suppress hyperphagia and improve 
glucose metabolism. It has been shown that the amount of circulating bile acids 
increases after SG and RYGB due to diversion of bile to mid-jejunum resulting in 
increased secretion of GLP-1. The action of bile acids through FXR allows many 
diabetic patients to stop oral hypoglycaemic drugs just after surgery even when 
there is hardly any weight loss. Improved circulation of bile acids also results in a 
change in the gut microbiome.

However, bile acid malabsorption also can occur due to altered enterohepatic 
cycle and bile acid production. Majority of the bile acids are absorbed in the ileum. 
Malabsorption can stem from a variety of causes including ileal dysfunction, such 
as after resection, ileal dysmotility, SIBO, post cholecystectomy, change in micro-
biota, or changes in food consumption. It can be idiopathic also and can result in 
irritable bowel syndrome—diarrhoeal type as seen sometimes in post-cholecystec-
tomy patients. Many patients with obesity also undergo cholecystectomy concomi-
tantly or afterwards due to gall stones. Bile acid malabsorption might be more 
common in patients with short common channel (distal RYGB or BPD), however, 
studies to support this are lacking. The diagnostic tests include faecal bile acid 
determination, radiolabelled Selenium homotaurocholic acid or the serum-C4-con-
centration measurement. These are expensive tests and difficult to apply in clinical 
practice. Treatment is relatively simpler with cholestyramine—a raisin that binds 
bile acids with up to 95% response rate [51].

7.14.1.2  Short Bowel Syndrome
Short bowel syndrome (SBS) is defined by lack of absorptive surface resulting in 
failure of intestine to absorb macro- and micronutrients to fulfil the demands of the 
body. In the most commonly performed RYGB with alimentary limb (AL) of 
100–150 cm and a Bilio-Pancreatic (BP) limb of 40–80 cm, the common channel is 
not measured. In OAGB also the common channel is not measured generally. 
Moreover, there is a constant debate regarding optimal limb lengths. The major 
causes of SBS post-bariatric surgery include intestinal herniation through the mes-
enteric defect and mesenteric thrombosis. There is no consensus on the routine clo-
sure of the mesenteric defect. There should be a high index of suspicion (pain out of 
proportion to the expected) for intestinal herniation and a low threshold for diagnos-
tic laparoscopy in such cases. Mesenteric venous thrombosis is a rare cause with 
suspected etiologies being splanchnic blood flow alteration during bariatric surgery 
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and reverse Trendelenberg position. Routine anticoagulation is usually advised 
post-bariatric surgery. Overall, SBS occurs in up to 4% of the patients post-bariatric 
surgery [70]. This might be averted by routine measurement of whole of the bowel 
length, but this also predisposes to the risk of iatrogenic bowel injury. Nonetheless, 
the initial treatment consists of conservative measures including parentral nutrition; 
surgical options are lengthening of the common channel, enteral nutrition via gas-
trostomy tube in the remnant stomach, and the last resort is restoration of normal 
anatomy or intestinal transplantation. Such patients also might have associated liver 
disease and require a liver inclusive intestinal transplant. The waiting list mortality 
for isolated intestinal transplant is lower as compared to combined transplant due to 
absence of liver disease in the former group. Isolated liver is another option in 
patients whom intestinal failure is reversible, and the transplant is required for liver 
disease. To summarize, SBS is a devastating complication requiring multidisci-
plinary approach. The initial treatment includes medical and surgical techniques to 
lengthen the bowel. Transplantation is a last resort in such patients.

Key Points 

• The late GI complications after bariatric surgery are related to altered motility, 
bile flow alteration, reduction of gastric size, anatomical gut rearrangement and 
altered flow of nutrients, vagal manipulation, and enteric and adipose hormones 
modulation.

• Commonly seen complications are Reflux, Esophagitis, Barrett’s oesophagus, 
Nausea, Vomiting, Marginal ulcers, Diarrhoea, Steatorrhoea, Constipation, Early 
Dumping syndrome, Late dumping, SIBO, Liver dysfunction, Gallstones, 
Alteration in taste, de novo food intolerance, and Nesidioblastosis.

• Most complications are mild and respond to changes in diet and pharmacother-
apy. Some like reflux, esophagitis, gallstones, and nesidioblastosis may require 
surgical intervention.
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8.1  Introduction

Bariatric surgery is a proven treatment for sustained long-term weight loss in 
patients suffering from morbid obesity. Along with a sustained weight loss, it leads 
to improvement in many obesity-related illnesses [1–4].

Adiposopathy is associated with pathophysiological effects on almost every sys-
tem in the human body including. Obesity is known to impair pulmonary function, 
which in turn increases the risk of complications after bariatric surgery. Major pul-
monary complications could be life threatening or extremely morbid in the long 
term. In addition, pre-existing obstructive sleep apnea (OSA) may increase morbid-
ity and mortality from respiratory complications in patients with obesity. 
Complications like sputum retention, atelectasis, bronchopulmonary infections, and 
pulmonary embolism may cause significant postoperative morbidity and mortality 
after an elective surgery.

The recognition and management of these conditions prior to bariatric surgery is 
important to minimize the risk of postoperative complications. Although the focus 
of the book is on metabolic or chronic complications after bariatric surgery, there 
are very few reports in the bariatric literature about the long-term complications and 
most of them are sequelae of surgical complications like fistulae, etc. In this chapter, 
we will discuss the effect of obesity on pulmonary functions, and various pulmo-
nary complications after bariatric surgery.

Just breathing can be such a luxury at times.

—Unknown
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8.1.1  Etiology and Pathophysiology of Pulmonary  
Complication in Obese

Obesity has a wide spectrum of effects on pulmonary function. Spirometry is usu-
ally normal in mild obesity. A restrictive effect is seen with increasing body mass 
index (BMI), with proportional reductions in both the forced expiratory volume in 
1 s (FEV1) and the forced vital capacity (FVC). FEV1-to-FVC ratio is either normal 
or increased [5]. Total respiratory system compliance is reduced, mainly due to a 
decrease in chest wall compliance, and due to excess fat accumulation around the 
chest and abdomen as well as increased intraabdominal pressure reducing the dia-
phragmatic movements [6].

In the morbidly obese, additional reductions in mid-expiratory flow rates have 
been observed, which may represent true airflow obstruction due to early small 
airway collapse as a result of breathing at low lung volumes [7]. Respiratory rate is 
usually increased in order to compensate for the normally depressing tidal volumes. 
Reduced expiratory reserve volume (ERV) is the most common lung function 
abnormality seen in obesity [8].

The work and energy cost of breathing is elevated in obesity. When compared to 
normal controls, patients with morbid obesity spend a disproportionately higher 
percentage of their oxygen consumption (VO2) on respiratory work during quiet 
breathing [9]. This increase in energy expenditure suggests a limited energy reserve 
and could predispose these individuals to respiratory failure in the face of an acute 
pulmonary or systemic illness.

It is unclear if obesity is an independent risk factor for asthma [10, 11] though 
obesity decreases lung volumes and increases airway resistance, which could mimic 
asthma. Obesity is also associated with increased asthma severity, increased symp-
toms of asthma, and an increase in gastrooesophageal reflux, which may exacer-
bate asthma.

8.2  Obstructive Sleep Apnea and Obesity 
Hypoventilation Syndrome

Obesity also increases the risk of OSA.  Possible mechanisms include increased 
upper airway collapsibility during sleep, increased upper airway fat deposits, nar-
row pharyngeal caliber, increased upper airway resistance and negative intratho-
racic pressure and the development of central obesity. All these factors increase the 
work of breathing during sleep, increasing the risk of nocturnal hypoventilation. 
The combination of all these factors predisposes to upper airway collapse during 
sleep and anesthesia [12, 13].

Because of the high prevalence of OSA in the obese, all patients presenting for 
bariatric surgery should be assessed for OSA. Assessment of the patient includes a 
history, examination, and testing. Screening questionnaires may be helpful in iden-
tifying those likely to have OSA. The Berlin questionnaire includes 11 questions in 
three categories and has been recently validated in the surgical population with a 
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sensitivity ranging from 68.9% to 87.2% depending on the severity of OSA [14]. 
The STOP-BANG questionnaire (an eight-question screening questionnaire related 
to snoring, tiredness during daytime, observed apnea, high blood pressure, BMI, 
age, neck, and gender) has frequently been used as a screening tool preoperatively 
in the obese. It is easy to use and score. The sensitivities of the STOP-BANG ques-
tionnaire at apnea/hypopnea index (AHI) cut-offs of 5, >15, and >30 are 83.6%, 
92.9%, and 100%, respectively [15].

Obesity Hypoventilation Syndrome (OHS) refers to the combination of awake 
hypercapnia PaCO2 >45 mm Hg in the obese patient (BMI > 30 kg/m2) after other 
causes of hypoventilation have been excluded. Sustained low baseline oxygen satu-
ration during sleep suggests the presence of nocturnal or rapid eye movement 
hypoventilation and is probably a precursor to awake hypercapnia. To formally 
monitor nocturnal hypoventilation, transcutaneous CO2 (TcCO2) is recommended 
though careful calibration is required and the majority of sleep laboratories do not 
routinely monitor Tc CO2.

Weight loss after bariatric surgery has been shown to be associated with improve-
ments in OSA, with a 10% reduction in weight shown to be associated with a reduc-
tion of 26% in AHI, and a 20% reduction in weight associated with a reduction of 
48% in AHI [16]. Despite surgical weight loss and a mean reduction of 17.9 kg/m2 
in BMI and reductions of AHI of up to 71%, it is rare for sleep apnea to completely 
resolve. Majority of patients have at least ongoing moderate OSA with a mean 
residual AHI of 15.8 events per hour of sleep.

Ongoing treatment of sleep apnea with nasal CPAP is required in the majority of 
patients, though CPAP pressure requirements may fall with weight loss. Patients 
should be informed about what is likely to occur with weight loss, with explanation 
of possible symptoms if CPAP requirements fall. If ongoing CPAP levels are too 
high, this may affect sleep quality, symptoms, and reduce compliance with 
CPAP.  Regular 3-monthly visits to the sleep physician are required to supervise 
CPAP requirements and ongoing treatment adjustments.

Surgical interventions such as uvulopalatopharyngoplasty (UVPP) are available 
to treat OSA but are generally not recommended as first-line therapy as they can 
interfere with the acclimatization and long-term adherence to CPAP therapy, which 
has demonstrably superior outcomes. In patients with mild OSA, or those intolerant 
of CPAP, mandibular advancement splints can be considered, although they are less 
effective in reducing the AHI when compared to CPAP.  Positional sleep apnea, 
especially in the supine position is quite common in patients with mild OSA and can 
be managed by avoiding supine position during sleep using the “tennis ball tech-
nique” [17], or newer position monitoring and supine alarm devices [18].

8.3  Aspiration of Gastric Acid

Patients with morbid obesity have increased risk of gastric acid aspiration. The risk 
factors contributing toward aspiration pneumonitis include presence of hiatal her-
nia, gastroesophageal reflux, increased intra-abdominal pressure, high volume of 
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gastric contents, and low pH gastric contents after fasting. Aspiration can in turn 
cause transient pneumonitis progressing to severe acute lung injury and acute respi-
ratory distress syndrome. Therefore, potential bariatric surgical patients should be 
carefully evaluated preoperatively to rule out any GERD or hiatus hernia.

8.4  Venous Thromboembolism

This is composed of two clinical entities: deep vein thrombosis (DVT) and pulmo-
nary embolism. DVT is the formation of blood clots in deep veins of pelvis or legs. 
Pulmonary embolism occurs if this clot gets dislodged and travels to pulmonary 
arteries and can be fatal.

The incidence of venous thromboembolism (VTE) including deep vein thrombo-
sis (DVT) and pulmonary embolism (PE) after bariatric surgery has been reported 
to be around 0.3–2.2% [26–31]. The occurrence of VTE is noted to be 0.88% during 
hospitalization, which increases to 2.17% at 1 month and 2.99% at 6 months post- 
bariatric surgery [32].

All patients should be evaluated for the risk of VTE after surgery. Patient-related 
risk factors include: male sex, increasing age [31, 33, 34], smoking [35, 36] previ-
ous history of DVT, preoperative weight, and BMI. Finks et al. [31] have demon-
strated that previous history of VTE was associated with four times the risk of 
postoperative VTE and every 10 units increment in BMI was associated with a 37% 
increase in VTE risk. Procedure-related risk factors for VTE include operative time 
[31, 37], procedure type, postoperative complications, and open technique [33, 34]. 
Masoomi et al. [38] have found that gastric bypass procedures carry a higher risk 
compared to other types of bariatric procedures.

Pulmonary embolism is one of the major causes of morbidity and mortality after 
bariatric surgery. There are numerous prospective studies that have shown obesity 
to be a significant risk factor for venous thromboembolism (VTE) [19, 20]. There 
are multiple factors contributing toward increased incidence of VTE in obese 
patients. These factors are increased blood viscosity, decreased concentration of 
antithrombin III, increased concentrations of fibrinogen, and plasminogen activator 
inhibitor-1 produced by adipose tissue [20–22]. In recent studies, it has been found 
that hospitalized patients as well as recently discharged patients are at high risk for 
VTE [23].

The risk of venous thromboembolism (VTE) in obesity is reported to be twice 
that of normal-weight subjects [24]. Despite the routine use of pre- and postopera-
tive coagulation prophylaxis, pulmonary embolism continues to be one of the lead-
ing causes of death following bariatric surgery. The reported incidence is between 
0.84 and 0.95%, with over a third of cases being diagnosed only after discharge and 
up to 30 days postoperatively [25]. A hypercoagulable state exists in obesity and is 
thought to be related to a combination of increased coagulation cascade activity, 
decreased fibrinolysis, and endothelial dysfunction [24]. Additional factors such as 
increased intra-abdominal pressure impairing venous circulation from legs and 
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venous stasis caused by the artificial pneumoperitoneum induced during bariatric 
surgery, also increase the risk of postoperative deep vein thrombosis and pulmonary 
embolism.

8.4.1 Prevention of VTE post bariatric surgery

 I. Early Ambulation—Early ambulation reduces venous stasis and DVT.
 II. Lower extremity compression (LEC)—LEC methods are mainly by elastic 

stockings such as graduated compression stockings or by intermittent pneu-
matic compression (IPC) as with sequential compression devices. Sachdeva 
et al. [39] have reported a 65% reduction in risk of VTE events postoperatively 
with graduated compression stockings. In a metanalysis, IPC with prophylaxis 
reduced the DVT risk by 60% [40]. The drawbacks of using LEC include occa-
sional ulcers, blisters, and skin necrosis [41]. However, these complications are 
too rare and mild to be prohibitive.

 III. Prophylaxis—There is a debate on the use of Unfractionated Heparin (UFH) 
and low molecular weight heparin (LMWH). UFH in doses of 5000–7500 IU 
subcutaneously is given 2–3 times a day [42]. However, due to an exaggerated 
response in people who are obese, the pharmacokinetics remains variable. The 
doses need to be tailored as per the patient’s partial thromboplastin time [43]. 
LMWHs are preferred chemoprophylactic agents and have several advantages 
of higher bioavailability, longer half-life, more predictable anticoagulant 
response, and lower risk of heparin-induced thrombocytopenia (HIT). Scholten 
et al. have compared two dosages of Enoxaparin—30 mg twice daily and 40 mg 
twice daily. The study concluded that the incidence of DVT was higher (5.4%) 
in the low dose group as compared to 0.6% in high dose group [44]. In the 
EFFORT trial, a randomized double-blind pilot trial comparing enoxaparin 
with fondaparinux in bariatric surgical patients, adequate anti-factor Xa levels 
were more frequent with fondaparinux (74.2%) than with enoxaparin (32.4%), 
although DVT incidence was similar in both groups [45]. The HAT Committee 
of the UK Clinical Pharmacy Association suggests a body weight-based dosage 
of 40 mg once a day for an individual <100 kg, a dosage of 40 mg twice a day 
for >100 kg, and a dosage of 60 mg twice a day for >150 kg in the NHS practice 
guidelines for doses of thromboprophylaxis.

 IV. Oral Anticoagulants for VTE prophylaxis
There is limited literature on the usage of oral anticoagulants for VTE prophy-
laxis after bariatric surgery. Bariatric procedures alter the absorption, distribu-
tion, metabolism, or elimination (disposition) of orally administered drugs via 
changes in the gastrointestinal tract anatomy, body weight, and adipose tissue 
composition. The drug disposition is unpredictable and needs individual inde-
pendent monitoring. Currently available literature recommends avoiding direct 
thrombin inhibitors in favor of Vitamin K antagonists, which can be easily 
monitored, and dose adjusted. Therapeutic anticoagulation after bariatric sur-
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gery suggests lower dose requirements of warfarin within the first month after 
surgery, with rising requirements as time from surgery increases [46].

Duration of Thromboprophylaxis AACE/TOS/ASMBS guidelines state that 
thromboprophylaxis should be started within 24 h of surgery [47]. The suggested 
VTE prevention strategies are summarized in the table below [48].

Level of risk Patients characteristics Suggested prevention strategies
Moderate 
risk

All bariatric surgical 
patients without additional 
risk factors

•  Early and aggressive postoperative mobilization.
•  Intermittent pneumatic compression
•  In hospital pharmacoprophylaxisa,b

High risk A calculated post-discharge 
VTE risk >0.4%c

Past history of DVT
Congenital or acquired 
hypercoagulable conditions
Significant chronic venous 
insufficiency

•  Early and aggressive postoperative mobilization
•  Intermittent pneumatic compression
•  In hospital pharmacoprophylaxisa,b

•  Extend post-discharge prophylaxis for 2 weeksb

Very high 
risk

A calculated post-discharge 
VTE risk >1%d

•  Early and aggressive postoperative mobilization
•  Intermittent pneumatic compression
•  In hospital pharmacoprophylaxis
•  Extended post-discharge prophylaxis for 4 

weeksb

•  Consider LMWH dose adjustment based on anti 
X a levele

•  Consider DVT screening with a duplex scan

BMI body mass index, DVT deep vein thrombosis, LMWH low molecular weight heparin, PE pul-
monary embolism, SC subcutaneous, VTE venous thromboembolism
aIn the absence of major risk or concern for ongoing postoperative bleeding requiring serial moni-
toring and/or treatment
bDose adjustment can be based on body weight. At Cleveland Clinic, the institutional practice is to 
adjust the postoperative prophylactic dose of Enoxaparin based on the BMI (40 mg SC q12h for 
BMI < 50 kg/m2 vs. 60 mg for BMI > 50 kg/m2) [30]
cVTE risk of 0.4% was chosen as a cut off-point representing a high combined sensitivity and 
specificity; this cut off-point included 20% of our study population
dVTE risk of 1% chosen as a cut off-point included 2.5% of the study population
eTarget Anti-Xa level: Peak concentration (4  h after subcutaneous injection of LMWH) of 
0.2–0.4 IU/mL [49]

 V. Inferior vena cava filters
The use of Inferior vena cava (IVC) filters in bariatric surgery is controversial 

due to complications such as filter migration and thrombosis of vena cava. There are 
studies that have suggested longer hospital stay, higher rate of DVT as well as mor-
tality with the use of IVC filters [50]. Bariatric Outcomes Longitudinal Database 
data has also shown similar results [33]. There are also studies in favor of using 
prophylactic IVC decreasing risk of PE [51–53]. Overall, the available literature 
does not support the placement of IVC filter as prophylaxis in bariatric surgery. The 
risks of placement of IVC filters need to be balanced against the favorable outcomes.
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8.4.2  Diagnosis

The most common clinical signs and symptoms of pulmonary embolism are sudden 
onset dyspnea, chest pain, fainting, syncope, hemoptysis, cough, unilateral painful 
swelling of lower or upper extremity, tachycardia or bradycardia, cyanosis, hypo-
tension, and fever greater than 38 °C. There are various clinical prediction systems 
to rule out pulmonary embolism. The goal is early detection and management to 
minimize the morbid consequences. Characteristically ECG shows a new complete 
or incomplete right bundle branch block with ST elevation or depression. However, 
the most common changes seen are sinus tachycardia and non-specific ST-T changes 
suggestive of right ventricular strain. Elevation of D-dimer and BNP (Brain 
Natriuretic Peptide), Troponin I and T are suggestive of PE.  Compression 
Ultrasonography is a bedside procedure to diagnose DVT and is highly predictive of 
PE with sensitivity of 39% and specificity of 99% [54]. Computed tomographic 
pulmonary angiography (CT-PA), Pulmonary Angiography (PA), and Ventilation 
Perfusion scan (VQ) are all highly sensitive. However, pulmonary angiography is 
the gold standard test with almost 100% sensitivity [54].

Various recommendations for prevention of VTE are recommended in Table 8.1.

8.4.3  Management

Patients with suspected acute PE should be immediately started on anticoagulants 
during ongoing diagnostic workup. Initial treatment with unfractionated heparin, 
LMWH, or fondaparinux should be continued for at least 5 days. Vitamin K antago-
nists can be started 5 days after surgery and UFH, LMWH, or fondaparinux are 
stopped only when INR levels >2 are achieved [54]. In acute pulmonary embolism, 
thrombolytic therapy is effective in thromboembolic obstruction. Streptokinase, 
urokinase, and alteplase are approved for use in PE.

8.5  Postoperative Respiratory Complications 
in Bariatric Population

Postoperative pulmonary complications (PRC) are one of the major causes of peri-
operative morbidity and mortality. The incidence reported in literature is around 
3–7.9% in general surgery [55, 56] and higher rates reported in lung surgery [57]. 
Pulmonary complications after bariatric surgery are reported to be as high as 8% 
[58]. The complications can be broadly categorized under:

• Atelectasis
• Pneumonia
• Acute respiratory distress syndrome
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PRCs contribute to increase hospital stay, financial burden, and mortality [59–
62]. Furthermore, postoperative reintubation, pulmonary edema, and atelectasis are 
predictors of adverse discharge disposition—defined as in-hospital mortality or dis-
charge to a nursing home [59].

Pulmonary edema can lead to unanticipated inpatient stays, the need for ICU 
admission, reintubation, and increased costs [63, 64].

8.5.1  Prevention of PRC After Bariatric Surgery

 Preoperative Screening
A careful preoperative screening is essential to anticipate any adverse event and 
minimize postoperative respiratory complications. Awake intubation should be dis-
cussed by the anesthetist. Preoperative CPAP therapy for OSA patients aids in better 
ventilation and during induction of anesthesia. Non-invasive ventilation (NIV) may 
be required in patients with OHS in whom CPAP therapy alone is inadequate to 
control nocturnal hypoventilation and daytime hypercapnia, rarely supplementary 
oxygen is required in order to achieve acceptable control of sleep-disordered breath-
ing [65]. The components of preoperative screening are as follows:

• Careful history taking
• Evaluation of medical records
• Physical examination

 – Airway assessment
 – Neck circumference
 – Tongue size
 – Extended Mallampati Score
 – Screening pertaining to OSA (STOPBANG/Berlin questionnaire)

Preoperative assessment is vital to identify the high risk for postoperative respi-
ratory failure and to be equipped to manage the PRC.

 Intraoperative Preventive Strategies
Obesity may cause difficult mask ventilation during induction of anesthesia [66]. 
Optimizing airway management with upright posture may be prudent in some 
patients in the preinduction stage to optimize mask ventilation [67].

After the induction of general endotracheal anesthesia, lung protective mechani-
cal ventilation strategies are used to avoid derecruitment without overdistension of 
alveoli. It is done by keeping transpulmonary pressures in the range to keep the lung 
tissue in the linear part of its local pressure–volume curve. This strategy has gained 
widespread acceptance in ICUs following large studies showing that it decreases 
morbidity and mortality in the setting of acute lung injury [68, 69]. There are studies 
that have shown protective ventilation is associated with decreased PRCs, with 
PEEP (positive end expiratory pressure) at least 5   cm H2O and a median plateau 
pressure of 16  cm H2O or less having the lowest risk of PRCs [70].
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Although high FiO2 may improve tissue oxygenation, it can impair pulmonary 
function. High FiO2 (mean of 0.79) compared with low FiO2 (mean of 0.31) was 
associated with significant, dose-dependent increases in rates of PRCs, and 30-day 
mortality in one study [71]. A laparoscopic surgical approach is beneficial for post-
operative respiratory outcomes compared to open surgery [72].

In OSA, the upper airway is more collapsible [73], and supine positioning pro-
motes upper airway collapse and doubles the AHI index compared with the lateral 
position [74]. Sitting position significantly improves the cross-sectional area of the 
retropalatal and retroglossal airways and decreases the closing pressure (indicating 
a more patent airway) compared with supine position [75].

 Postoperative Preventive Strategies
Prolonged postoperative hypoxemia can occur during recovery from surgery [76]. 
Patients receiving opioids for postoperative analgesia are particularly at risk of 
experiencing desaturation due to opioid-induced respiratory depression [77]. A 
pharmacophysiologic interaction trial showed that continuous positive airway pres-
sure compared with atmospheric pressure applied through an oronasal mask 
improved sleep-disordered breathing and ameliorated the respiratory-depressant 
effects of opioids postoperatively [78]. Proper monitoring in the PACU can decrease 
the number of ICU transfers and improves patients’ outcomes by detecting early 
signs of respiratory complications [79].

In the postoperative period, CPAP, NIV, or oxygen therapy may be required to 
minimize complications such as atelectasis and respiratory failure. Patients are 
therefore usually advised to bring their own CPAP machine and mask to hospital 
when attending surgery, so that the equipment is readily available for use in the 
postoperative period [80].

8.5.2  Management of PRC After Bariatric Surgery

 Atelectasis
Atelectasis is common during anesthesia and is frequently noted in critically ill 
patients with different underlying etiologies and pathophysiology [81]. Atelectasis 
is the loss of lung volume, either a part or all of a lung with or without mediastinal 
shift. General anesthesia in patients with morbid obesity causes atelectasis with a 
higher frequency and severity than in non-obese. Moreover, while atelectasis disap-
pears in non-obese, it persists for at least 24 h in patients with obesity. There are 
studies that suggest decreased functional residual capacity, increased alveolar–arte-
rial oxygenation gradient, high intrabdominal pressure, and ventilation–perfusion 
mismatch in patients with obesity [82–84].

The clinical presentation is small and slowly developing areas of collapse, which 
may be asymptomatic or present as a nonproductive cough. Rapidly developing 
large-scale atelectasis can present with features of hypoxia and respiratory failure. 
Physical examination reveals decreased movement in the affected lung area, dull-
ness on percussion, absent breath sounds, and deviation of the trachea to the 
affected site.
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X-rays, CT scans, and ultrasound are the investigation tools used to access and 
evaluate the degree of atelectasis. X-rays present with radiological signs of entire 
lung collapse as complete opacification of hemithorax (white out) with mediastinal 
displacement to the side of collapse. CT scans help in identification and localization 
of endobronchial lesions and differentiation of obstructive lesions from other forms 
of atelectasis. Atelectasis on ultrasound shows area of low homogeneity.

 Management
Postoperative pain interferes with spontaneous deep breathing and coughing result-
ing in decreases in FRC, leading to atelectasis. Atelectasis is managed in postopera-
tive period by a variety of lung expansion exercises including chest physical therapy, 
deep breathing exercises, incentive spirometry, intermittent positive pressure breath-
ing, and CPAP.  CPAP is useful for the management of spontaneously breathing 
patients with nonobstructive atelectasis, who are unable to breathe deeply. The aim 
is to open up collapsed alveoli to reduce shunt and improve ventilation–perfusion 
homogeneity, hence reversing hypoxemia [81].

PEEP is a core component of artificial ventilation to prevent recollapse of the 
lung, but the level of PEEP required depends on the clinical condition of the patient. 
The airway pressure above PEEP is responsible for alveolar recruitment. Early diag-
nosis and management are crucial for a good outcome.

 Pneumonia
Recurrent aspiration pneumonia is an unusual and less commonly reported compli-
cation of Laparoscopic Adjustable Gastric Banding (LAGB).  An observational 
study of 749 patients by Parikh et al. reported a 0.8% incidence of aspiration pneu-
monia [85]. A recent retrospective cohort study by Avriel et al. looked at major 
respiratory adverse events after LAGB [86]. In their study of 2100 patients who 
underwent LAGB, the most commonly reported major respiratory complications 
included aspiration pneumonia (19 patients) and pulmonary abscess (4 patients). 
The factors contributing to developing aspirations include obstructive sleep apnea, 
presence of extra-thoracic restriction, exertional dyspnea, hypoventilation syn-
drome, and GERD. While there is no established tool to help risk-stratify patients, 
a review of literature suggests that abnormal preoperative pH monitoring, pre-
existing esophageal dysmotility, and an esophageal caliber >35 mm are risk fac-
tors, and a preceding history of GERD, or hiatal hernias are inconsistent predictors 
[87, 88]. Patients who develop respiratory symptoms such as chronic cough, noc-
turnal cough, nocturnal wheeze, or symptoms of aspiration should have additional 
investigations including chest X-ray, and when necessary, high- resolution chest 
CT.  In some cases, bronchoscopy with bronchoalveolar lavage and, rarely, lung 
biopsy may be necessary to rule out interstitial lung disease and malignancy. 
Ideally, when patients develop respiratory symptoms, the band should be loosened. 
The diameter of the stoma can be adjusted by injecting or aspirating the band con-
tents via the connected port to inflate or deflate the band. Removal or partial defla-
tion of the band leads to symptom resolution in most patients. However, there can 
be irreversible complications. Aspiration pneumonia is less reported but can 
be fatal.
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 Acute Respiratory Distress Syndrome
The incidence of acute respiratory distress syndrome (ARDS) is increased in obese 
patients [89, 90]. Evaluation of the efficacy and safety of mechanical ventilation 
settings and treatments is a cornerstone of the early phase of the management of 
ARDS patients. The settings of ventilation parameters, such as PEEP, are based on 
their efficacy and tolerance. Moreover, the indication for some treatments depends 
on the severity of ARDS and these treatments will only be implemented when there 
is insufficient response to first-line treatments.

The treatment includes optimization of mechanical ventilation as the first step of 
management. Early evaluation of efficacy based on the PaO2/FiO2 ratio is necessary 
in order to discuss the relevance of neuromuscular blocking agents and of prone 
position.

8.6  Chronic Pulmonary Complications After 
Bariatric Surgery

Pancreatic fistula (PF) is a rare complication and mostly develops after pancreatic 
disorders or as a result of surgical trauma, or percutaneous radiologic procedures 
[91]. Pleuropulmonary complications of pancreatitis are rare but have been reported. 
Pancreaticopleuralfistula (PPF) could be a consequence of pancreatitis in post- 
bariatric patients.

Gastropleural Fistula
Gastropleural fistula (GPF) is a rare condition where there is a pathological com-
munication between stomach and pleural cavity and is usually a sequela of chronic 
leak. The first case of gastropleural fistula was described by Markowttz and Herter 
in 1960 [92]. It is a newer complication that should be considered in patients with 
unexplained pleural effusion after Laparoscopic Sleeve Gastrectomy (LSG).

Gastropleural fistula after bariatric surgery is infrequent. There have been some 
case reports after gastric band placement, LSG, and Laparoscopic Roux-en-Y 
Gastric Bypass (LRYGB) [93–96]. The patient usually presents with late respiratory 
complications like persistent cough, sometimes associated with liquid or food 
ingestion, hemoptysis, wheezing, pleuritic pain, and findings consistent with left 
pleural effusion or lung consolidation. Fever, leukocytosis, hypoxemia, or frank 
sepsis may be present. The proposed mechanism is suggestive of secondary to post-
operative leak that leads to abscess formation and subsequent creation of a tract 
between the stomach and the pleural cavity in GPF and a bronchus in GBF [97]. 
Diagnostic investigations include contrast swallow studies, computed tomography 
(CT), endoscopy, and bronchoscopy.

There is a debate in the literature on the management of patients with gastropleu-
ral fistulas due to the absence of guidelines and scarcity of case reports. Most reports 
show that a laparoscopic approach might yield good outcomes [8]. Conservative 
management with antibiotics, parenteral nutrition, percutaneous drainage of collec-
tions, and endoscopic therapies have been tried varying results [98, 99].
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High index of suspicion is required to identify patients with this gastropleural 
fistula and the diagnosis should be considered in patients presenting with recurrent 
respiratory infections. The patients are usually treated conservatively for recurrent 
lung infections. Surgical repair is usually required for treatment. Endoscopic clo-
sures have been reported to be successful in some cases.

Key Points 

 1. Pulmonary respiratory complications are as high as 8% after bariatric surgery.
 2. Postoperative atelectasis is less amenable to spontaneous resolution in patients 

with obesity.
 3. Pulmonary embolism is one of the major causes of morbidity and mortality after 

bariatric surgery.
 4. VTE is a life-threatening complication and correct duration of thromboprophy-

laxis post-surgery is vital in the high-risk category.
 5. The most commonly reported major respiratory complications after LAGB 

include aspiration pneumonia and pulmonary abscess.
 6. Perioperative and postoperative control of medical comorbidities, particularly 

respiratory disease, and OSA are essential for optimal outcomes.
 7. Rare cases of pleuropulmonary fistula has been reported as a sequelae of 

chronic leak.
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9.1  Introduction

Obesity and its related diseases are among the leading causes of death globally [1]. 
Non-alcoholic fatty liver disease (NAFLD) is the hepatic manifestation and main 
complication of obesity. The spectrum of this disease is broad from steatosis and 
non-alcoholic steatohepatitis (NASH) through cirrhosis and liver failure. In general, 
more than 80% of morbidly obese patients suffer from NAFLD, with 25–55% 
resulting in NASH and 2–12% resulting in fibrosis and cirrhosis [2–4]. After exclu-
sion of other forms of liver disease, the clinician needs to be able to select patients 
at risk of progressive disease, investigate them appropriately, and develop manage-
ment strategies [5, 6].

Bariatric surgery, as the most effective therapy for patients with morbid obesity 
today, provides a significant improvement in pre-existing hepatic complications, 
including NAFLD, NASH, and fibrosis accompanied by an improvement in levels 
of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma- 
glutamyl transferase (GGT) [7]. However, sometimes hepatic complications might 
develop after bariatric surgery, leading to serious complications requiring liver 
transplantation or resulting in death [8–15]. The situation was notoriously known 

Liver health is a big deal. We live in an age of toxic overload, 
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after jejunoileal and jejunocolic bypass procedures that were abandoned after 1980 
due to several metabolic and hepatic complications [8, 9]. The clinical outcomes of 
current bariatric surgical procedures have improved a great deal. However, there 
have still been some reports of patients post-bariatric surgeries presenting with 
severe hepatic complications. The reports were mainly related to Biliopancreatic 
Diversion with Duodenal Switch (BPD/DS), Roux-en-Y Gastric Bypass (RYGB), 
distal RYGB, or One Anastomosis Gastric Bypass (OAGB) [10–16].

This chapter reviews the data from the literature, with the aim of elucidating the 
hepatic complications of bariatric surgeries.

9.2  Incidence/Prevalence

The clinical spectrum of hepatic complications after bariatric surgery varies from 
elevated liver enzymes, hypoproteinemia, hyperammonemia to liver failure. The 
hepatic complications after bariatric surgery seem highly related to the amount of 
bowel not exposed to ingested food or excluded duodenum and proximal bowel, 
which is the biliopancreatic (BP) limb. Hepatic complications are rarely seen after 
restrictive surgeries, such as sleeve gastrectomy or gastric banding. The incidence 
of hepatic complications seems to increase along with the increase of BP limb or 
decrease of common channel [17–19]. One anastomosis gastric bypass (OAGB), a 
simplified single anastomosis gastric bypass, has a longer BP limb as compared to 
conventional RYGB. The weight loss was found to be better in OAGB than RYGB, 
but OAGB had a higher rate of abnormal hepatic enzyme and protein deficiency 
[20–22]. The incidence of hepatic complication according to different definitions in 
various bariatric procedures are listed in Table 9.1.

9.2.1  Elevated Liver Enzymes

Elevated liver enzymes were commonly found in the first 3 months after gastric 
bypass surgery [5, 23]. The elevation was higher after OAGB than after RYGB [17, 
18, 23]. However, most of the patients had normal liver enzymes after 6 months. In 
a recent study, patients with NASH undergoing RYGB were more susceptible to 
early transit deterioration of liver function compared to SG [24]. This is why SG is 
now recommended for patients with liver cirrhosis [25].

9.2.2  Protein Deficiency and Hypoalbuminemia

Protein–calorie malnutrition is a possible hepatic complication after gastric bypass 
or other malabsorptive procedures. The incidence of hypoalbuminemia is increased 
along with the increase of bypass limb or decrease of common channels. The 
reported incidence of hypoalbuminemia varied from 1.8% to 15% after RYGB [26–
30], 2.8–34% after OAGB [21, 29–31], 5–35% after SADI [32] and 15–50% after 
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BPD/DS [28, 33] (Table 9.1). The incidence may be even higher in the Asian popu-
lation where many patients are vegetarians [21, 29, 34].

9.2.3  Hyperammonemia

Hyperammonemia encephalopathy is a rare but a potentially devastating condition 
after bariatric surgery. A case study identified seven cases of hyperammonemic 
encephalopathy after bariatric surgery and five of these died [35]. Another study 
reviewed 20 cases of hyperammonemic syndrome after RYGB, and the outcome was 
fatal in half of them [36]. Hyperammonemia is usually associated with liver failure 
after bariatric surgery but may be found in patients without liver failure. These hyper-
ammonemic syndromes may be associated with porto-systemic shunt, genetic defect 
of urea cycle, and functional inhibition of the urea cycle by nutrient deficiency or 
bacterial overgrowth. Late-onset Carbamoyl Phosphatase Synthase 1 (CSP1) and 
Ornithium Transcarbamylase (OTC) deficiency were suspected to be the cause of 
hyperammonemic complication. The estimated prevalence of OTC deficiency in the 
general population ranging between 1/14,000 and 1/70,000 [37, 38]. However, the 
prevalence of hyperammonemia was as high as 1:1300 to 1:1400 among RYGB 
patients, about 10 times higher than the normal population [39]. The reasons for this 
are that RYGB can reduce the nutrient intake leading to catabolism and protein 
breakdown. Protein breakdown will release ammonia into blood. Associated nutrient 
deficiencies and bacterial overgrowth may further worsen the situation.

Table 9.1 Incidence of hepatic complications after various bariatric procedures

Hepatic enzyme 
elevation

Hypo- 
albuminemia

Hyper- 
ammonia

Liver 
failure

Gastric banding – 0.6% – –
Sleeve gastrectomy – 1.2% – –
RYGB (<100 cm BP) 5% 1.8–15% 0.07% –
Distal RYGB – – Case 

report
OAGB (150 cm BP) – 2% – –
OAGB (200 cm BP) 10% 2.8% – Case 

report
OAGB (250 cm BP) – 10.5–34% – Case 

report
SADI (200 cm CC) – 12–35% – –
SADI (250 cm CC) – 7.7–10.3% – –
SADI (300 cm CC) – 5% – –
BPD/DS (50 cm CC) – 15–50% – 0.21%
Jejunal bypass 
(50 cm CC)

– – – 13%

RYGB Roux-en-Y gastric bypass, BP bilio-pancreatic limb, OAGB one anastomosis gastric bypass, 
SADI single anastomosis duodeno-ileal anastomosis, CC common channel, BPD/DS bilio- 
pancreatic diversion/duodenal switch
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9.2.4  Liver Insufficiency or Failure

Liver insufficiency has been described after malabsorptive bariatric procedure, 
mainly jejunoileal bypass, with an incidence of liver failures of up to 10% [9]. In 
BPD-DS, the reported incidence of hepatic complication and protein deficiency was 
around 2.5% and 5% [32]. Incidence of liver failure after BPD has been reported 
with liver transplantation in several case series [10–13]. Hepatic failure with mortal-
ity has also been reported after OAGB [15]. OAGB was found to have higher inci-
dence of calorie–protein deficiency than RYGB due to a longer BP limb [18–24]. 
Hepatic complication after RYGB is very rare and usually associated with poor oral 
intake. Hepatic complications after RYGB were reported to be largely associated 
with preoperatively diagnosed cirrhosis, alcohol abuse, and intraoperative compli-
cations [26, 27]. However, distal gastric bypass was found to result in higher inci-
dence of hepatic complications [14]. There was no report of hepatic complications 
after pure restrictive procedures such as SG or gastric banding. On the contrary, it 
has been shown that purely restrictive procedures are feasible and effective in 
patients with pre-existing advanced liver disease [25, 39].

9.3  Symptoms of Hepatic Complication

Symptoms of hepatic complication usually are related to hypoalbuminemia caused 
by protein–calorie malnutrition, characterized by edema, anemia, hair loss, and 
asthenia. Other associated symptoms are muscle wasting, diarrhea, atrophic gastri-
tis, vomiting, anorexia, abdominal pain, etc. At the later stage of liver failure, 
patients might develop jaundice, ascites, and encephalopathy with hyperammone-
mia [40].

9.4  Diagnosis

Hepatic complication after bariatric surgery can be diagnosed initially with a nega-
tive impact on liver function. At a late stage, the patients can be diagnosed by low 
serum prealbumin or albumin, transferrin, fat-soluble vitamin, elevated serum 
ammonia, bilirubin, and deranged coagulation profile. Possible factors might be 
associated with a negative impact on liver function including preoperative diag-
nosed chronic liver disease, alcohol abuse, and intraoperative complications [26, 
27]. Liver biopsy, usually showed severe steatohepatitis, and played a nonsignifi-
cant role in the diagnosis of hepatic complications after bariatric surgery [41].

9.5  Management

According to the high prevalence of obesity worldwide and its increasing rate, 
NAFLD or NASH is the most common liver injury and it is becoming the leading 
indication for transplantation. Therefore, it is better to perform bariatric 
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surgeries for patients who have indications of NAFLD-NASH in order to subside 
it, prevent further progression to cirrhosis, and decrease the chances of needing 
liver transplant. However, malnutrition can be fatal after malabsorptive bariatric 
procedures, therefore, patients should be followed up frequently to monitor their 
liver enzymes and use of high-protein supplements must be encouraged and 
enforced.

Protein–calorie malnutrition could occur after malabsorptive bariatric proce-
dures characterized by hypoalbuminemia, edema, anemia, and asthenia. Nutritional 
assistance should be started to manage the nutritional deficiency induced by bariat-
ric surgery by itself or through bacterial overgrowth. Blind loop syndrome or small 
intestine bacterial overgrowth patients usually present with symptoms such as bloat-
ing, flatulence, abdominal discomfort, diarrhea, abdominal pain, weight loss, and 
steatorrhea. It can be recognized using the quantitative culture of the small bowel 
aspirate, 14C-d-xylose, hydrogen breath tests, or urinary or serum tests. Bacterial 
overgrowth is usually accompanied by macrocytic or microcytic anemia, lymphope-
nia, low serum prealbumin and transferrin, fat-soluble vitamin deficiencies, and 
elevated levels of serum folate and vitamin K. The management of bacterial over-
growth is based on the elimination of the underlying cause, eradication of over-
growth, and correction of nutritional deficiencies [41].

Enteral feeding is preferred to correct nutritional deficiencies after bariatric sur-
gery. Enteral route is a more physiological and immune-enhancing route as com-
pared to parenteral nutrition which can induce or aggravate steatosis and also lead 
to catheter-related complications. Pancreatic enzymes should be added to increase 
protein absorption. It seems reasonable to consider administering intravenous thia-
mine before glucose-containing solution. Other vitamins and micronutrients should 
also be given as needed. A nasogastric tube should be inserted to avoid aspiration in 
unconscious patients. Some authors advocate for gastrostomy tube insertion in the 
bypassed stomach to benefit from early digestion in the proximal bowel, reversal of 
bacterial overgrowth in the excluded digestive limb, and immune-enhancing 
capacity.

However, in patients who cannot benefit from enteral feeding due to low compli-
ance or technique difficulties, TPN with vitamins and trace elements should be 
initiated.

If patients fail to recover with this nutritional assistance, surgery should be 
undertaken to shorten or eliminate the bypassed bowel [28, 30, 31, 42]. The optimal 
time for this intervention is unclear but quick action is needed to prevent the patient 
from advanced liver failure that may lead to death [43].

9.6  Take Home Message

Although bariatric surgery usually leads to amelioration of obesity-associated 
NAFLD or NASH, sometimes it may lead to hepatic complications. Hence, all bar-
iatric surgeons must understand the risk factors, causes, and proper management of 
liver-related complications after bariatric surgery. Although, no bariatric surgeries 
are free of risks; however, the risk for hepatic complications seems to be higher after 
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malabsorptive procedures. To prevent unwanted post-bariatric hepatic complica-
tions, it is crucial to individualize patient selection and management.

Key Points 

 1. Weight loss after bariatric surgery frequently induces an improvement of non-
alcoholic fatty liver disease, non-alcoholic steatohepatitis, and fibrosis. However, 
bariatric procedures have been also associated with cases of acute liver failure 
or of chronic liver disease evolving until cirrhosis.

 2. The clinical manifestations of hepatic complications after bariatric surgery vary 
from elevated liver enzymes, hypoproteinemia, hyperammonemia to liver failure.

 3. Possible underlying mechanisms include (1) rapid and drastic weight loss, (2) 
protein–calorie malnutrition, (3) gut microbiota alteration and bacterial over-
growth, and (4) pre-existing chronic hepatic diseases.

 4. Enteral feeding is preferred to correct nutritional deficiencies after bariatric 
surgery.

 5. No bariatric surgeries are free of risks; however, the risk for hepatic complica-
tions seems to be higher after malabsorptive procedures.

 6. To prevent unwanted post-bariatric hepatic complications, it is crucial to indi-
vidualize patient selection and management.
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10Renal Complications After Bariatric 
Surgery

Rickesha Wilson and Ali Aminian

Superficially, it might be said that the function of the kidneys is 
to make urine; but in a more considered view one can say that 
the kidneys make the stuff of philosophy itself.

—Homer Smith

10.1  The Relationship Between Obesity, Diabetes, 
and Renal Disease

The pandemic crisis of obesity has worsened over the last several decades. Obesity 
increases the risk of diabetes and hypertension and is often part of a larger public 
health crisis known as the metabolic syndrome [1]. The metabolic syndrome can 
have a detrimental impact on an individual’s renal function. The literature estimates 
that in 14–30% of those with chronic kidney disease (CKD), obesity plays a patho-
genic role and a fifth of these patients have at least stage II obesity [2, 3]. Furthermore, 
epidemiological investigations have demonstrated the correlation between each 
component of the metabolic syndrome and increased risk of developing CKD. The 
overall metabolic health of an individual is more indicative of the risk of CKD 
development as evidence points out that metabolically healthy individuals with obe-
sity have lower risk of CKD development than metabolically unhealthy individuals 
without obesity [4]. Obesity has also been found to increase the risk of nephrolithia-
sis and renal cell cancer [3]. Mechanisms by which obesity leads to renal dysfunc-
tion include obesity-mediated hypertension, insulin resistance, glomerular 
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hypertrophy, activation of the renin–angiotensin–aldosterone system, inflammation, 
and adipocytokine dysregulation [3].

Obesity affects the kidney through a process known as obesity-related glomeru-
lopathy (ORG, Fig. 10.1). Obesity causes hemodynamic changes at the level of the 
glomerulus by reducing preglomerular vascular resistance and increasing the glo-
merular filtration rate (GFR). This results in glomerular hyperfiltration, known to be 
a major cause of ORG [5]. The resultant glomerular hypertension leads to glomeru-
lomegaly, mild effacement of podocytes, stretching of the microvasculature in this 
region, and eventual microalbuminuria. The pathologic findings of ORG are focal 
segmental glomerulosclerosis (FSGS) lesions in the perihilar region, mesangial and 
tubular cell lipid deposits, and podocyte effacement from glomerular hypertrophy. 
In patients with obesity without diabetes, diabetic-like renal changes have been 
found, focal mesangial sclerosis and thickening of tubular and basement mem-
branes [6].

Fig. 10.1 Obesity-related glomerulopathy. Hemodynamic alterations in obesity: primary dilata-
tion of the afferent arteriole and variable constriction of the efferent arteriole via activation of 
angiotensin II (Ang II) and aldosterone contribute to increases in single nephron plasma flow, 
glomerular intracapillary hydrostatic pressure, and filtration rate. The major driver of afferent arte-
riolar dilatation is unknown, but deactivation of tubuloglomerular feedback via increased proximal 
tubular salt reabsorption and decreased delivery to the macula densa likely has a role. A host of 
factors, including Ang II, the renal sympathetic nervous system, insulin, an increase in post- 
glomerular oncotic pressure due to increased filtration fraction, and mechanosensors of tubular 
flow rates, mediate the increased tubular reabsorption of sodium. The increase in filtrate flow 
(single nephron filtration rate) in turn promotes glomerular capillary wall stretch tension, glomeru-
lomegaly, and maladaptive podocyte stress leading to obesity-related glomerulopathy and focal 
segmental glomerulosclerosis. AT1R type 1 angiotensin II receptor, TGF-β, transforming growth 
factor β, TGF-βR TGF-β receptor. Adapted with permission from Nat Rev Nephrol 12, 
453–471 (2016)
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Obesity-related hyperfiltration may also be impacted by increased glucose and 
sodium absorption in the proximal convoluted tubules via the sodium–glucose 
cotransporter proteins (SGLT1 and SGLT2). Obesity can cause a decreased sodium 
load at the distal tubule, and feedback to the macula densa promotes afferent arteri-
ole vasodilation and subsequent glomerular hyperfiltration. Inhibitors of SGLT2 
have been shown to reduce albuminuria and GFR, giving further credence to the 
hypothesis of a renal tubular origin of ORG [7, 8].

The most common clinical manifestation of obesity-related renal disease is pro-
teinuria, which can be, but is usually not, detected in the nephrotic or massive range 
(>3.5 g/day and >20 g/day, respectively) [9, 10]. There is likely a slow progression 
of proteinuria over time and metabolic compensation is allowed that limits the 
development of nephrotic syndrome (hypoalbuminemia, edema, and hyperlipid-
emia). Potential mechanisms responsible for ORG-specific differences from 
nephrotic syndrome may be increased hepatic synthesis of albumin over time and 
also tubular handling of filtered proteins that may change in the setting of hyperfil-
tration [5]. This clinical distinction in ORG is important for clinicians to be aware 
of when patients with obesity are detected to have proteinuria for the most accurate 
diagnostic and therapeutic interventions. Furthermore, studies have shown that 
renal biopsies at the time of bariatric surgery reflect ORG-lesions even without 
clinical manifestations of proteinuria or renal derangements [11].

10.2  Early Postoperative Complications

Acute kidney injury (AKI) can complicate the postoperative course after metabolic 
surgery, and its incidence is approximately 1% [12]. The etiology of perioperative 
AKI after bariatric surgery is multifactorial in the obese population and individuals 
with pre-existing hypertension, diabetes, and renal disease are at increased risk of 
perioperative AKI [13–15]. There is a three- to sevenfold increase in postoperative 
AKI in patients undergoing noncardiac surgery with obesity compared to individu-
als without obesity [16]. Morbidity and mortality following bariatric surgery in the 
setting of acute renal dysfunction, especially for severe cases requiring dialysis sup-
port, is increased by 6.5-fold [17, 18].

A study published by Hanipah et al. in 2018 explored the incidence of postopera-
tive AKI in 42 of their 4722 metabolic surgery patients along with the major causes 
and long-term effects on renal function. Acute kidney injury occurred due to prere-
nal causes in 88% of patients and renal causes in 12%. Nine patients (21%) required 
hemodialysis support in the postoperative period due to septic shock (n = 7), bleed-
ing (n = 1), and worsening pre-existing CKD stage 5 (n = 1). Median follow-up was 
28 months and 90% had a return to baseline renal function. Of the four patients who 
had abnormal renal function at follow-up, three had CKD stages 4 and 5 prior to 
surgery and required permanent dialysis, and one developed CKD stage 3 postop-
eratively due to short gut syndrome after multiple surgeries. This study concluded 
that most patients have a return to normal baseline renal function after postoperative 
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AKI, however, those with pre-existing renal disease are at high risk for persistent 
renal dysfunction [12].

Koppe et  al. compared the incidence of AKI in bariatric surgery patients 
(n = 2643) compared to a matched, nonsurgical cohort (n = 2595) using a large, 
prospectively maintained database in the United Kingdom. This study found a low 
incidence of AKI (five events) within the first 30 days following surgery and a pro-
tective effect of bariatric surgery compared to controls beyond 30 days during the 
3-year follow-up period [19].

A multicenter study based out of Australia evaluated 590 bariatric surgery 
patients who were admitted to the intensive care unit (ICU) postoperatively. This 
study found that patients who developed AKI in the ICU (17%), had increased peak 
plasma creatinine concentrations, hospital and ICU lengths of stay compared to 
those ICU patients without AKI. While most of these AKI episodes (76%) were 
mild, a single episode of AKI in the ICU postoperatively was associated with higher 
long-term mortality [13].

Appropriate management of postoperative AKI in the bariatric and metabolic 
surgery population involves early identification of renal dysfunction, aggressive 
hydration with intravenous fluids for prerenal causes such as dehydration, bleeding, 
and hypovolemia from sepsis. Prompt treatment for infectious etiologies and septic 
shock is also warranted to avoid multiorgan dysfunction and further metabolic 
derangements that make renal function worse. Renal causes of AKI such as rhabdo-
myolysis and contrast nephropathy should also be treated expectantly.

10.3  Nephrolithiasis

Obesity is a known risk factor for nephrolithiasis. Different metabolic surgery pro-
cedures are also associated with nephrolithiasis to varying degrees: purely malab-
sorptive procedures (22–28%), Roux-en-Y gastric bypass (RYGB) (7–13%), and 
lowest in restrictive procedures [SG and adjustable gastric banding (ABG)] 
(Fig. 10.2) [20]. Time to renal stone development after bariatric surgery ranges from 
1.5 to 3.6 years [21–23]. Prior history of stones before surgery increases the risk of 
postoperative stone development compared to those without a history (42% vs. 
14%, respectively, HR > 4.1, p < 0.0001) [24]. De novo stone formation after RYGB 
in those with no prior stone history ranges from 3 to 8% [23, 25].

Several components are at play in the pathogenesis of nephrolithiasis after meta-
bolic surgery—namely hypovolemia, hyperoxaluria, hypocitraturia, aciduria, and 
supersaturation of the urine with calcium oxalate [26, 27]. Oxalate is an endogenous 
byproduct of amino acid metabolism and is absorbed by the stomach, small intes-
tine, and colon. Its absorption is increased in malabsorptive states and secondary 
enteric hyperoxaluria (urinary excretion of >40–45  mg/day) develops due to 
increased absorption of oxalate from the intestine—inflammation and bile salts pro-
mote mucosal permeability. Calcium usually binds oxalate and is excreted in the 
stool. However, due to the presence of non-absorbed fatty acids binding calcium in 
enteric hyperoxaluria in malabsorptive states, more oxalate is available downstream 
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in the colon to be passively absorbed into the bloodstream and eventually filtered 
and excreted by the kidneys [28, 29].

Malabsorptive procedures (RYGB, jejunoileal bypass, and biliopancreatic diver-
sion with duodenal switch) have the highest rate of nephrolithiasis, postoperatively. 
In the Rochester Epidemiology Project, all patients who underwent an RYGB had 
higher urinary oxalate levels, and those who developed renal stones had the highest 
levels along with supersaturation of calcium oxalate. The number of other types of 
renal stones does not change significantly (hydroxyapatite, struvite, and uric acid) 
[24]. The makeup of the colonic flora can also have an impact on the clearance of 
luminal oxalate. Oxalobacter formigenes (O. formigenes) is a Gram-negative anaer-
obe found to be associated with lower urinary oxalate levels [30]. After malabsorp-
tive surgery, the alteration in the gut microbial flora that reduces O. formigenes in 
addition to increased fecal fat content can promote increased oxalate absorption and 
lead to a higher incidence of nephrolithiasis [30, 31].

Hypocitraturia after metabolic surgery is less common than hyperoxaluria with a 
24–63% incidence in the literature [20]. Citric acid is a weak acid made endoge-
nously from the tricarboxylic acid cycle and also comes from fruits and vegetables 
in the diet. Its dissociated anion is citrate, which forms soluble complexes with 

Fig. 10.2 Risk of new-onset nephrolithiasis after bariatric surgery. The risk of incident stones was 
greater after RYGB or malabsorptive bariatric procedures compared with that of matched obese 
controls. Patients with restrictive procedures were not at increased risk. Adapted with permission 
from Kidney International (2015) 87, 839–845
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calcium in the urine and prevents precipitation of calcium oxalate and calcium 
phosphate. In acidosis, the mitochondrial use of citrate increases, leading to 
increased renal absorption and hypocitraturia of <320 mg/day. Assuming a 2-L uri-
nary output daily and normal urine pH and potassium levels, 640 mg/day is the 
urine citrate in normal, healthy individuals [32].

Obesity is associated with hypercalciuria, which also promotes stone formation. 
RYGB has been associated with hypocalciuria and this can exert a protective effect 
on stone formation by preventing supersaturation of calcium oxalate in the urine. 
Valezi and colleagues demonstrated in 151 RYGB patients that one-fifth of those 
with hypercalciuria preoperatively had none postoperatively [33]. Urinary volume 
decreases significantly after metabolic surgery and is a major driver of urinary crys-
tallization. One study found the average drop in 24-h urine volume to go from 1.8 L/
day to 1.4 L/day, and this is consistent with other findings of a sustained decrease in 
volume from 2100 mL/day to 750 mL/day [34, 35]. Aciduria promotes uric acid 
supersaturation and uric acid stones but these are a less common occurrence after 
metabolic surgery compared to calcium oxalate stones, 1.5% vs. 94%, respec-
tively [24].

The jejunoileal bypass in the 1970s proved to be littered with complications and 
was eventually abandoned with a 28% risk of nephrolithiasis and a 9% risk of renal 
insufficiency according to a 15-year longitudinal study [36]. The now more com-
monly performed metabolic surgeries have a varied risk of nephrolithiasis (Fig. 10.2) 
[24]. Extensive gastrointestinal bypass procedures have a documented higher risk of 
nephrolithiasis compared to restrictive procedures. A retrospective database review 
of 4639 patients following RYGB compared to matched obese controls revealed a 
7.65% vs. 4.63% nephrolithiasis risk (odds ratio of 1.71) and a mean time to devel-
oping renal stones of 1.5 years [37]. There is an increase in stone risk also with more 
distal RYGB procedures [21]. Lieske and colleagues prospectively matched 762 
bariatric patients with obese controls with similar baseline nephrolithiasis incidence 
of 4% and 4.2%. The development of new stones tripled in the bariatric group post-
operatively to 11.1% vs. 4.3% at a mean follow-up of 6 years. Baseline stone type 
in these two groups was largely calcium oxalate 73% vs. 65% and increased post-
operatively to 94% calcium oxalate. In patients undergoing malabsorptive proce-
dures, those at highest risk for stones are also at highest risk for CKD (hazard ratio 
of 1.96, p < 0.03), although this distinction is not detected when all bariatric proce-
dure types are combined [24].

Restrictive procedures have demonstrated a much lower risk of nephrolithiasis 
compared to malabsorptive procedures, and that risk approaches that of nonsurgical 
matched obese controls [24, 38]. Semins and others have demonstrated that AGB 
patients have an even lower incidence, 1.49% vs. 5.97% that is consistent beyond 
2.5 years [39]. Restrictive procedures also are associated with hypovolemia, but this 
effect is likely countered by the hypocalciuria and the low stone risk is main-
tained [20].

Mitigation and management of nephrolithiasis can be achieved to improve 
patient outcomes. Hyperoxaluria can be managed with a low-fat diet that would 
decrease the fatty acid load and promote calcium oxalate binding. A low oxalate diet 
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and calcium supplementation would also decrease the oxalate load in the gut and 
decrease the incidence of hyperoxaluria. Adequate daily hydration keeps urinary 
volume closer to baseline levels and decreases the risk of crystallization and super-
saturation of calcium oxalate in the urine [40]. Hypocitraturia can be treated with 
potassium citrate salts and also calcium citrate, which increases urinary citrate lev-
els, increases hypercalciuria, and also increases the calcium load in the intestinal 
lumen to bind oxalate. Probiotics could potentially repopulate the gut flora with 
oxalate reducing species, such as O. formigenes.

Procedural interventions are mainly shockwave lithotripsy and ureteroscopy as 
reported by Matlaga and colleagues. In this study, 355 RYGB patients who devel-
oped urinary calculi in the treatment cohort were more likely to undergo shockwave 
lithotripsy (1.75% vs. 0.41%) or ureteroscopy (2.11% vs. 0.58%). The odds ratios 
for RYGB patients to develop stones and subsequently need procedures were 1.71 
and 3.65, respectively [37].

Further opportunities exist for advancing our knowledge of the mechanisms for 
nephrolithiasis and preventing this risk in metabolic surgery patients. The SLC26 
gene family encodes oxalate transport proteins in the intestines that may have 
altered function following RYGB. Risk stratification preoperatively of patients at 
highest risk for nephrolithiasis can be implemented and influence the recommended 
and chosen procedure type [32].

10.4  Safety of Bariatric and Metabolic Surgery in Patients 
with Chronic Kidney Disease

The stage of CKD does not significantly affect 30-day mortality, but there is a posi-
tive correlation between stage of renal dysfunction and postoperative complica-
tions, albeit low [41]. Thirty-day mortality for patients with ESRD range from 0.4 
to 0.7% [42, 43]. The impact of varying degrees of renal dysfunction on short-term 
bariatric surgery outcomes was studied by Saleh and colleagues [44]. Using the 
American College of Surgeons National Surgical Quality Improvement Program 
database, over 64,000 patients were retrospectively evaluated with varying degrees 
of CKD based on estimated GFR (eGFR): stage I (61.7%), stage 2 (32%), stage 3 
(5.3%), and stages 4 and 5 (1%). There was an increasing trend in overall and major 
complications with increasing renal insufficiency, however, there was no statistical 
significance. There was only a significant difference in the RYGB group who had 
stage I vs III renal disease for overall complications and stage I vs IV for major 
complications (p < .001).

Cohen and others conducted one of the largest retrospective cohort studies [45] 
using the Metabolic and Bariatric Surgery Accreditation and Quality Improvement 
Program to determine the effect of CKD and ESRD on short-term postoperative 
outcomes in bariatric surgery. Using matching techniques to account for differences 
in patient characteristics, they evaluated 323,034 bariatric surgery patients without 
CKD, 1694 with CKD, and 925 with ESRD. There was an increase in 30-day reop-
eration rate with an odds ratio of 2.25 and 3.1 for CKD and ESRD, respectively, and 

10 Renal Complications After Bariatric Surgery



154

an increased mortality rate with an odds ratio of 11.59 for ESRD patients. Also, men 
with CKD had higher readmission rates compared to men without CKD, while 
women in both groups had similar rates in this category. Overall adverse outcomes 
were considered low at less than 15% and bariatric surgery was still deemed safe for 
patients with CKD and ESRD. The mortality rates for those with renal disease were 
comparable to those in the literature without bariatric surgery. This study was reflec-
tive of the current trends in bariatric surgery with approaches being minimally inva-
sive and the majority of patients in each group undergoing SG. It was limited by the 
lack of delineation in renal dysfunction between patient groups and the limited data 
from the database not capturing specific parameters such as creatinine levels and 
proteinuria [45].

A longitudinal population-based study of Medicare beneficiaries who underwent 
bariatric surgery from 2006 to 2016 compared the postoperative outcomes of those 
with and without ESRD [46]. Over the course of the study period, there was a 9-fold 
increase in patient volume and an 1.5-fold increase in ESRD prevalence. Readmission 
rates and length of stay were higher for those with ESRD than those without. During 
this time there was also a surge in the number of SG procedures from less than 1% 
to 84%. This study captures the current trends in procedure type across the country 
and captures a large proportion of the ESRD community that is served by Medicare.

Metabolic and bariatric surgery is safe in select patients with CKD and should 
not be perceived as a contraindication for surgery. There is a slightly higher risk for 
early postoperative complications in patients with CKD but long-term evidence 
shows a benefit in overall renal function.

10.5  Considerations in Transplant Candidates/Recipients

Obesity increases the risk of CKD and eventually contributes to development of 
ESRD [47]. As defined by the United States Renal Data System (USRDS), ESRD 
patients are formally registered to receive hemodialysis or transplantation as a form 
of renal replacement therapy [48]. The incidence of ESRD at the end of 2016 
according to the USRDS was 1887 per million individuals and the two primary 
causes were diabetes and hypertension. Obesity is the most preventable risk factor 
in ESRD and 60% of affected individuals are either overweight or obese [49, 50]. 
Renal transplantation for ESRD patients have clear benefits, however, many patients 
with class III or higher obesity are not able to be listed for transplantation due to the 
associated relative and absolute contraindications at some institutions (BMI greater 
than 35 and 40, respectively) [51, 52].

Bariatric surgery serves as an effective bridge to transplantation for ESRD 
patients who are unable to be listed due to class III or higher obesity, and this is a 
more reliable weight loss strategy than nonoperative management [53]. A registry- 
based study from a single center in Florida by Modanlou et  al. reported that 72 
obese patients (BMI 38 ± 12) who underwent bariatric surgery had an average time 
to activation on the transplant list of 16 ± 13 months (n = 72) and an actual time to 
transplantation from bariatric surgery of 17 ± 11 months (n = 29) [53]. Al-Bhari 
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et  al. at a single center in Florida retrospectively reviewed the outcomes of 16 
patients on hemodialysis who underwent bariatric surgery from 1998 to 2016. 
Median follow-up was 2.8 years (range 1–10), preoperative BMI was 48 ± 8 kg/m2 
and postoperative BMI was 31  ±  7  kg/m2 with an average percent excess body 
weight loss of 62 ± 24%. At the time of publication, four patients (25%) had under-
gone renal transplantation at 4.3  ±  1.4 years post-bariatric surgery, five patients 
were currently listed, five patients were still not listed due to persistent comorbid 
conditions, and two patients died due to comorbidities. Waiting times for transplan-
tation in the bariatric surgery population continue to be due to a shortage of organs 
and regional factors such as pretransplantation work up [54].

Transplant recipients who are obese have a higher risk of posttransplant diabetes, 
surgical site complications, delayed graft function, and higher mortality due to 
obesity- related comorbidities [55, 56]. Remission or mitigation of obesity-related 
comorbidities through metabolic surgery can improve outcomes for renal transplant 
recipients.

10.6  Risk Reduction After Metabolic Surgery

Improving the major risk factors of CKD through metabolic surgery can signifi-
cantly address the global health and economic strains that ESRD carries. Long-term 
evidence demonstrates that metabolic surgery significantly reduces the overall risk 
of renal dysfunction in patients with significant metabolic risk factors.

The investigators of the STAMPEDE trial published their long-term 5-year 
results after randomizing patients with T2D to receive either medical therapy or 
RYGB or SG. The primary endpoint of glycated hemoglobin less than 6% without 
diabetes medications was met by 5% of participants in the medical cohort versus 
29% in the surgical cohort [57]. In addition to improved glycemic control, patients 
who underwent metabolic surgery had a significant decrease in the use of medica-
tions for diabetes, hypertension, and dyslipidemia. These long-term results suggest 
that the overall metabolic improvement with surgery compared to medical therapy 
alone leads to reduced risk of eventual renal dysfunction that the metabolic syn-
drome causes.

In the prospective, matched Swedish Obese Subjects study, patients with obesity 
and diabetes who underwent bariatric surgery compared to usual care experienced 
higher rates of diabetes remission, which subsequently correlated to reduced inci-
dence of microvascular complications after 15 years. When analyzing these out-
comes based on glycemic status, surgery was found to have the greatest risk 
reduction among participants with prediabetes compared to usual care. In those 
with prediabetes who underwent surgery, the risk of renal microvascular complica-
tions was reduced even among those who develop diabetes during follow-up [58].

Aminian and colleagues evaluated 131 patients with diabetes and the impact of 
RYGB on the long-term risk reduction of various end-organ complications using 
various risk prediction models. Median follow-up was 6 years after RYGB, and 
excess weight loss was 60.7  ±  25.1% with a diabetes remission rate of 61%. 
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Significant percentages of patients had other metabolic syndrome components to 
fall within appropriate range at follow-up according to the American Diabetes 
Association criteria: glycated hemoglobin (85%), LDL (73%), and blood pressure 
(63%). The predicted relative risk reduction for cardiovascular disease (CHD, 
Stroke, and PVD) was 27% and for moderate–severe chronic kidney disease was 
45% [59, 60].

Other studies have also documented strong evidence for the remission of meta-
bolic syndrome components. Adams and colleagues report a 62% diabetes remis-
sion after RYGB at 6 year follow-up [61]. The Swedish Obese Subjects study after 
10-year follow-up found improved recovery for diabetes, hypertriglyceridemia, low 
HDL, hypertension, and hyperuricemia with metabolic surgery [62]. Brethauer 
et al. who investigated 217 patients with diabetes after metabolic surgery also found 
a diabetes remission rate of 50%, improvement in 34%, and no change in 16%. The 
usual normo-albuminuria to albuminuria transition rate of 2–4% per year reported 
in the literature, was less than 1% per year after metabolic surgery in this small 
study. Regression of established diabetic nephropathy was seen in approximately 
half of patients [63, 64].

Reducing the incidence of microvascular complications from diabetes are criti-
cal outcomes to measure the efficacy of metabolic surgery compared to medical 
therapy. A large multicenter-matched cohort study retrospectively evaluated adults 
with T2D and severe obesity. There were 4024 patients who had bariatric surgery 
compared to 11,059 nonsurgical controls. The surgical cohort demonstrated a lower 
incidence of composite microvascular disease as well as nephropathy at 1, 3, 5, and 
7 years after the index date. Specifically, at 5 years, incident composite microvascu-
lar disease and nephropathy was 59% lower with surgical treatment [65].

Similarly, another large, retrospective, matched-cohort study from the Cleveland 
Clinic Health System compared metabolic surgery and usual care for patients with 
T2D and obesity. The primary outcome was incidence of extended major adverse 
cardiovascular events (MACE): all-cause mortality, coronary artery events, cerebro-
vascular events, heart failure, nephropathy, and atrial fibrillation. Patients who 
underwent metabolic surgery had a 40% reduction in MACE (hazard ratio, HR, of 
0.61) and a 60% reduction in risk of nephropathy (HR 0.40) in 8 years (Fig. 10.3) [66].

Studies have also shown that metabolic surgery reduces the risk of CKD, stage 3 
or higher, from progressing to kidney failure. Funes et al. reported a risk reduction 
of 70% at 2 years and 60% at 5 years [67]. These studies demonstrate the profound 
impact that metabolic surgery has on obesity-related renal dysfunction when com-
pared to medical therapy. Substantial and sustained weight loss accounts for much 
of the metabolic, hemodynamic, and neurohormonal changes that occur after meta-
bolic surgery. However, there is growing evidence that some of these significant 
changes are weight independent [68–70]. The risk reduction that metabolic surgery 
affords to individuals with obesity and metabolic risk factors makes this treatment a 
powerful tool going forward to treat and prevent chronic diseases that affect the 
kidneys and other organ systems.
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10.7  Improvement of Kidney Function After 
Metabolic Surgery

There is a close relationship between obesity and albuminuria, a marker of kidney 
damage defined as a urinary albumin-to-creatine ratio (UACR) of greater than 
30 mg/g. Albuminuria is also a known risk factor for renal and cardiovascular dis-
ease but is linked to obesity independent of other comorbidities [64, 71].

A systematic review and meta-analysis by Upala and colleagues evaluated 15 
observational studies assessing the effect of bariatric surgery on patients with dia-
betic nephropathy. The results from this meta-analysis revealed a significant reduc-
tion in UACR (−6.6 mg/g of creatinine) and a reduction in albuminuria (−55.76 mg 
in 24 h) after bariatric surgery with short-term follow-up [72].

Young and colleagues retrospectively evaluated the long-term changes of UACR 
in 101 patients with preoperative diabetes and albuminuria. The median UACR 
decreased from 80 mg/g prior to surgery to 30 mg/g at last follow-up (61 months). 
Along with significant weight reduction and glycemic control, albuminuria resolved 
in 77% of these patients and improved in 51% [73].

The STAMPEDE trial reported its 5-year renal outcomes. There was a significant 
decrease in UACR only in the sleeve gastrectomy group compared to medical 

Fig. 10.3 Kaplan-Meier curve of the cumulative incidence of nephropathy at 8 years. Adapted 
with permission from JAMA. 2019;322(13):1271–1282
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therapy. There was a significant decrease in both creatinine and GFR from baseline 
among participants in the RYGB and SG cohorts, not demonstrated in the medical 
therapy cohort. There was no significant change in albuminuria status at 5 years 
between the three treatment groups, although, more participants in the surgical 
groups had albuminuria at baseline that resolved by 5-year follow-up [57].

To assess whether remission of diabetes is related to improvement in eGFR, 
proteinuria, and risk for CKD, Friedman et al. performed a large, multicenter, pro-
spective cohort study of over 700 bariatric surgery participants (from the Longitudinal 
Assessment of Bariatric Surgery-2 study) with T2D with 5-year follow-up. This 
study found that partial or complete remission of diabetes was associated with 
improvement in albuminuria and stabilization of CKD risk. There was negligible 
change in eGFR, however, even after excluding those with hyperfiltration. A higher 
baseline eGFR was associated with increased odds of diabetes remission, while this 
association was not found for baseline UACR [74].

Using glomerular filtration rates to measure the effect of bariatric surgery on 
kidney function can be less reliable than UACR due to significant variation in GFR 
values due to obesity-related hyperfiltration [75]. A large, retrospective, matched- 
cohort study from Kaiser Permanente Southern California’s patient registry evalu-
ated patients with CKD, stages 3 and 4, before and after bariatric surgery (n = 714) 
and compared them to a group of nonsurgical controls (n = 714). The primary end-
point was change in eGFR over a median 3-year follow-up period. There was a 
significant increase in eGFR in surgery patients compared to controls (9.84 mL/
min/1.73 m2 greater) and also in those undergoing RYGB compared to SG (6.60 mL/
min/1.73 m2 greater) [76].

MicroRNAs (miR) are endogenous RNAs that regulate gene expression through 
silencing the translation of mRNAs. They have emerged as a viable biomarker in 
several disease states due to their stability in biofluids and simple detectability 
through PCR and other platforms. At the urinary level, miRNAs have been detected 
in immunoglobulin A nephropathy and bladder cancer. A longitudinal, prospective 
study of 24 bariatric surgery patients (compared to obese and healthy controls) 
revealed that miR 192, mi200a, and mi200b were upregulated in urine following 
bariatric surgery with a profile reflecting controls with obesity preoperatively to 
healthy controls over 100 days postoperatively. Obesity and diabetes share a similar 
mechanism in the development of CKD through epithelial-to-mesenchymal transi-
tion (EMT). MicroRNAs 192 and those in the 200 family inhibit EMT by down-
regulating ZEB1 and ZEB2 and consequently decreasing collagen deposition in the 
extracellular matrix [77]. Continuing research into reliable markers to measure kid-
ney function will further establish metabolic surgery’s impact on renal function.

10.8  Conclusions

There is mounting evidence that metabolic and bariatric surgery has a beneficial 
impact on renal function for at-risk patients with obesity and metabolic disease. 
Risk of postoperative complications such as acute kidney injury and nephrolithiasis 
may be higher in those with baseline renal dysfunction, however, metabolic surgery 
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remains a safe option for this population. Furthermore, long-term evidence is favor-
able for metabolic surgery reducing the risk of microvascular complications from 
obesity and diabetes. Select patients awaiting transplantation may also benefit from 
metabolic surgery to reduce waiting times and reduce the relative contraindications 
related to obesity. Several markers are available to assess and follow renal function 
in and beyond the perioperative period to monitor at-risk patients and their response 
to surgery. The high-risk patients with pre-existing advanced CKD, multiple comor-
bidities, and advanced age are at risk for developing renal dysfunction and must be 
monitored closely.

Key Points 

 1. Mechanisms by which obesity leads to renal dysfunction include obesity-medi-
ated hypertension, insulin resistance, glomerular hypertrophy, activation of the 
renin–angiotensin–aldosterone system, inflammation, and adipocytokine 
dysregulation.

 2. Obesity affects the kidney through a process known as obesity-related 
glomerulopathy.

 3. The most common clinical manifestation of obesity-related renal disease is 
proteinuria.

 4. Appropriate management of postoperative AKI in the bariatric and metabolic 
surgery population involves early identification of renal dysfunction, aggres-
sive hydration with intravenous fluids for prerenal causes such as dehydration, 
bleeding, and hypovolemia from sepsis.

 5. De novo kidney stone formation after RYGB in those with no prior stone history 
ranges from 3 to 8%.

 6. Metabolic and bariatric surgery is safe in select patients with CKD and should 
not be perceived as a contraindication for surgery.

 7. There is a slightly higher risk for early postoperative complications in patients 
with CKD but long-term evidence shows a benefit in overall renal function.

 8. Bariatric surgery serves as an effective bridge to transplantation for ESRD 
patients who are unable to be listed due to class III or higher obesity, and this 
is a more reliable weight loss strategy than nonoperative management.

 9. Remission or mitigation of obesity-related comorbidities through metabolic 
surgery can improve outcomes for renal transplant recipients.

 10. Metabolic surgery reduces the risk of CKD, stage 3 or higher, from progressing 
to kidney failure.
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SG Sleeve gastrectomy
SHPT Secondary hyperparathyroidism
T2DM Type 2 diabetes mellitus
TSH Thyroid stimulating hormone
VBG Vertical banded gastroplasty
VIP Vasoactive intestinal peptide

11.1  Introduction

Adipose tissue is not simply a site for energy storage. It is an active endocrine organ 
and a major regulator of metabolism. Adipocytes are endocrine cells. They release 
hormones, including leptin and adiponectin, which have effects on major organs 
that participate in the regulation of metabolism. Further, adipocytes have receptors 
for many hormones, including epinephrine and insulin, which allows for extensive 
cross-communication with other organs and subsequent effect on metabolic homeo-
stasis [1].

In the right environment, susceptible individuals accumulate fat mass (adipos-
ity). The outdated concept of overweight and obesity as defined by thresholds of 
body mass index has given way to a more contemporary view. With adiposity there 
are changes to function and structure of adipocytes and adipose tissue (including 
vasculature, nerves, and connective matrix). Adipocytes, like any other cells in the 
body, may become diseased. Adipose tissue as a whole may become diseased too. 
Analogous to ophthalmopathy, cardiomyopathy, nephropathy, neuropathy, and 
encephalopathy, there is also adiposopathy. Adiposopathy includes changes in adi-
pocyte cytology and function, and changes in adipose tissue anatomy, distribution, 
and function, which then contribute to metabolic derangements (Table  11.1). 
Adiposopathy, or “sick fat,” is an endocrine disease, and is the primary treatment 
target to correct the metabolic and endocrine derangements of overweight or obesity 

Table 11.1 Anatomical and functional changes of adipose tissue in adiposopathy

Anatomical changes Functional changes
Adipocyte hypertrophy
Growth of adipose tissue beyond its vascular 
supply
Increased number of adipose tissue immune cells
    •  Macrophage ring structures surrounding 

dying adipocytes
Ectopic fat deposition (in other body tissues)
Heterogeneous adipose tissue distribution
    •  Visceral adiposity linked to metabolic 

diseases

Impaired adipogenesis and adipocyte 
hypertrophy
Adipocyte lipolysis in excess of 
lipogenesis
•  Increased free fatty acids
Pathogenic adipose tissue endocrine 
responses
•  Hypoadiponectinemia
•  Hyperleptinemia
Pathogenic adipose tissue immune 
responses
•  High levels of inflammatory markers
Pathogenic crosstalk between fat and other 
organs
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[2–5]. Bariatric endocrinology is the sub-sub-specialty of endocrinology that deals 
with adiposopathy as an endocrine disease [6].

Adiposopathy helps to explain why not all patients with adiposity develop meta-
bolic and endocrine complications. Those individuals whose adipose tissue remains 
functionally intact with a gain in fat mass do not develop metabolic or endocrine 
complications. Conversely, individuals with adiposopathy are unable to compensate 
and have progression of disease. Cardiovascular events (i.e., myocardial infarction 
and cerebrovascular accident), and damage to other organs (i.e., hepatic cirrhosis 
from non-alcoholic steatohepatitis) are the ultimate complications of this disease 
process over time. It is optimal to intervene as early as possible in the natural history 
of adiposopathy (Fig.  11.1). Adiposopathy also explains why some individuals 
develop metabolic and endocrine derangements at varying degrees of adiposity.

Overweight
& Obesity

IFG
Vascular

Event

Dysmetabolic
Syndrome

Pre-
Diabetes

CV Risk
Factors

Primary

Primary

PREVENTION

Primary

Tertiary

Tertiary

Quaternary

Primary

© MNCOME

Secondary

Secondary

Secondary

Healthy Adiposopathy
DM-2

Dyslipidemia
Hypertension

Fig. 11.1 Prevention of cardiovascular disease. The accumulation of fat mass leads to changes in 
adipose tissue function and the development of an inflammatory milieu. The top bar indicates the 
progression from healthy adipose tissue to progressively worsening adiposopathy. Adiposopathy is 
etiological in the progression of the disease processes that eventually lead to organ damage. A 
vascular event implies long-standing disease. Treating a patient after a vascular event makes this a 
primary intervention and represents a lack of prevention. Interventions to modify known cardio-
vascular risk factors as a primary intervention make treatment of vascular events secondary inter-
vention. Interventions to modify the risk factors of the known cardiovascular risk factors make 
treatment of a vascular event a tertiary intervention. Early intervention to preserve a healthy life-
style and prevent the development of overweight, obesity, and adiposopathy makes treatment of a 
vascular event a quaternary intervention. Early intervention prevents, or at least significantly 
delays a vascular event. The corollary to this is that primary prevention of vascular events starts 
with the implementation of a healthy lifestyle early in life. Abbreviations: DM-2 type 2 diabetes 
mellitus, IFG impaired fasting glucose, MNCOME Minnesota Center for Obesity, Metabolism and 
Endocrinology, PA. © Copyright Minnesota Center for Obesity, Metabolism and Endocrinology, 
PA (MNCOME)
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The best approach to the management of overweight, obesity, and adiposopathy 
is to regard them as any other chronic disease. Chronic diseases may be treated, 
managed, and controlled. They may go into remission. Chronic diseases, however, 
are not curable. Each patient needs to understand that weight management, and 
monitoring for complications of the disease continuum, are both for life. Treatment 
should be individualized and designed to address the duration and severity of dis-
ease [6–8].

Most patients accomplish effective weight loss with medical treatment. Bariatric 
surgery should be reserved for patients whose disease is refractory to medical man-
agement, and the burden of disease warrants a more aggressive approach [9]. 
Referral to bariatric surgery must underscore that this is not a cure for overweight, 
obesity or adiposopathy. Patients need to understand that the benefit of bariatric 
surgery carries implicit risks.

Bariatric surgery improves the endocrine and metabolic derangements that 
develop with weight gain and adiposopathy (Table 11.2) [10]. Bariatric surgery is 
also an effective treatment for the medical problems that result from overweight, 
obesity, and adiposopathy (Table  11.3) [11]. Treatment for adiposopathy, over-
weight, or obesity should be ongoing after bariatric surgery. Most patients need re- 
intervention with pharmacotherapy to prevent weight regain, and to promote weight 
loss beyond what surgery may provide. Chapter 21 addresses weight regain after 
bariatric surgery.

Life-long monitoring of patients for the development of complications of bariat-
ric surgery is required. In addition, monitoring for the development or re- 
development of the underlying complications of overweight, obesity, and 
adiposopathy is also necessary. As an example, in the United Kingdom by the end 
of 7 years of follow-up, 4.3% of bariatric surgery patients and 16.2% of matched 
controls had type 2 diabetes mellitus (T2DM). The incidence of T2DM was 28.2 per 
1000 person-years in controls and 5.7 per 1000 person-years in bariatric surgery 
patients. The adjusted hazard ratio was 0.20 (95% CI 0.13–0.30, p < 0.0001) [12]. 
The weight loss and metabolic improvements achieved with bariatric surgery sig-
nificantly decreased the risk of diabetes, but did not eliminate it. Chapter 22 
addresses this subject further.

This chapter will address endocrine and metabolic complications of bariatric 
surgery. This chapter will not address endocrinology and metabolism subjects dealt 
with in other chapters of this textbook. (Nutritional deficiencies are covered in 
Chap. 23, and reproductive complications are covered in Chap. 15).

11.2  Incidence of Endocrine and Metabolic Complications 
of Bariatric Surgery

The incidence of endocrine and metabolic complications following bariatric surgery 
varies widely. The type of bariatric surgery procedure, and the time elapsed after the 
procedure, each determine the incidence of endocrine and metabolic complications. 
Malabsorptive procedures are more likely to cause endocrine problems than 
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Table 11.2 Changes in metabolic parameters with the bariatric procedures most commonly done

Procedure
Malabsorptive Restrictive Mixed
Bilio-pancreatic 
diversion duodenal 
switch

Adjustable 
gastric 
banding

Vertical 
sleeve 
gastrectomy

Roux en-Y 
gastric 
bypass

Excess weight loss 82% 44% 66% 50%
Mean weight loss 30–40% 15–30% 20–30% 25–35%
BMI change −18 −7.1 −10.9 −16.7
Diabetes remission 98% 59% 81% 78%
Dyslipidemia remission 99% 36% 67% 61%
Hypertension remission 83% 56% 78% 66%
Energy expenditure n/a ↓ ↓ ↑
Ghrelin ↓↓ ↓→↑ ↓↓ ↓→↑
Glucagon like peptide-1 ↑ →↓ ↑ ↑
Peptide YY ↑ ↑ ↑ ↑
Oxyntomodulin ↑ → ↑ ↑
GIP ↓ → →↑ ↓→↑
Cholecystokinin n/a n/a → →
Pancreatic polypeptide ↓ → → →
Amylin n/a → → ↓
Glucagon secretion ↑ n/a n/a ↓→↑
Postpandial insulin secretion ↑ →↓ ↑ →↓
Hepatic insulin sensitivity ↑ ↑ ↑ ↑
Muscle insulin sensitivity ↑ ↑ ↑ ↑
Plasma glucose ↓ ↓ ↓ ↓
Hemoglobin A1c ↓3.8% ↓1.8% ↓2.9 ↓2.9%
Glucose effect Weight-

independent
Weight-
dependent

Weight-
independent

Weight-
independent

Triglycerides ↓ ↓ ↓ ↓
LDL-C ↓ ↓↑ ↓ ↓
HDL-C → → ↑ ↑
Visceral fat mass (Waist 
circumference)

↓ ↓ ↓ ↓

Resistin n/a ↑ ↓ →
Leptin ↓ ↓ ↓ ↓
Adiponectin ↑ ↑ → ↑
Leptin to adiponectin ratio ↓ ↓ ↓ ↓
Thyroid hormone 
requirements

↓ ↓ ↓ ↓

Testosterone levels in men ↑ ↑ ↑ ↑
Estrogen to testosterone ratio 
in women

↑ ↑ ↑ ↑

Multiple arrows denote equivocal data
BMI body mass index, GIP glucose-dependent insulinotropic polypeptide, HDL-C high density 
lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, n/a no data available
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restrictive procedures. It is not possible to predict which individual patient may 
develop endocrine problems after a bariatric procedure. Therefore, regardless of the 
published incidence data, reviewed below, each patient needs a pre-operative assess-
ment of glycemia, calcium and bone metabolism, thyroid function, and the gonadal 
axis. Each patient also needs education, best delivered by a team of healthcare pro-
fessionals, so there is a clear understanding of the benefits and risks of bariatric 
surgery, including endocrine and metabolic complications. After bariatric surgery, 
education and monitoring are necessary on an ongoing basis [13].

Nutritional and vitamin deficiencies in patients after malabsorptive surgeries 
develop from lack of adherence to meal planning and nutritional supplementation 
recommendations over time [9]. Nutritional deficiencies are the subject of Chap. 5.

11.2.1  Incidence of Derangements of Calcium Metabolism

Vitamin D deficiency is prevalent throughout the world [14]. In Boston, 
Massachusetts, USA, serum 25-hydroxyvitamin D (25(OH)D) plasma concentra-
tions of 30 nanograms per milliliter (ng/mL) or less, are found in 64% of healthy 
adults. One-third of adults have 25(OH)D levels of 20 ng/mL or less [15]. Decreased 
intestinal calcium absorption due to vitamin D deficiency causes a drop in the 
plasma calcium concentration. The parathyroid hormone (PTH) plasma concentra-
tion goes up secondary to the drop in plasma calcium. Eucalcemia is maintained by 
the multiple actions of elevated PTH, which makes secondary hyperparathyroidism 
common and actual hypocalcemia less common.

Derangements of calcium metabolism are prevalent in patients who have had 
bariatric surgery. In 80 patients who had surgery in France, 10 years after biliopan-
creatic diversion with duodenal switch (BPD-DS) 78% of the patients maintain a 
BMI < 35. At the same 10-year mark, vitamin D levels are normal in 35.4% of 
patients, the rest having low levels. The low level of vitamin D coupled with a short 
gut and hindered calcium absorption causes secondary hyperparathyroidism (SHPT) 

Table 11.3 Outcomes of bariatric surgery on metabolic, endocrine, and atherosclerotic diseases

Obesity-related endocrine disease Outcome after bariatric surgery
Cardiovascular disease 82% risk reduction
Diabetes mellitus, type 2 82–98% resolved
Dyslipidemia 63% resolved
Dysmetabolic syndrome 80% resolved
Gout 72–77% resolved
Hirsutism in women 75–79% resolution
Hypertension 52–92% resolved
Mortality from diabetes mellitus, type 2 92% reduction
Mortality from heart disease 56% reduction
Non-alcoholic fatty liver disease 37% resolution
Polycystic ovarian syndrome 100% resolution of menstrual irregularity
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in 62% of patients [16]. A study of 1436 Canadian patients had similar results, 
where 68.6% of patients had SHPT 5 years after BPD-DS [17]. The prevalence of 
SHPT was higher than the prevalence of low vitamin D, which reached a plateau at 
15.5% 36 months after surgery. This is a strong indicator that the decreased length 
for absorption of the gut plays a major role in the development of SHPT, regardless 
of vitamin D status. The prevalence of hypocalcemia was 26.9% 2 years after sur-
gery [17].

Data on 1470 patients who had bariatric surgery in Taiwan shows that the overall 
prevalence of SHPT is 21.0% before bariatric surgery [18]. Multivariate analysis 
shows that vitamin D level is the only independent predictor of SHPT before sur-
gery. The prevalence of SHPT increases after bariatric surgery.

• 1 year after surgery the prevalence of SHPT is:
 – 35.4% overall
 – 50.6% for One anastomosis gastric bypass (OAGB)
 – 33.2% for Roux-en-Y gastric bypass (RYGB)
 – 25.8% for laparoscopic adjustable gastric banding (LAGB)
 – 17.8% for sleeve gastrectomy (SG)

• 5 years after surgery the prevalence of SHPT is:
 – 63.3% overall
 – 73.6% for SAGB
 – 56.6% for RYGB
 – 38.5% for LAGB
 – 41.7% for SG

Serum PTH at 1 year after surgery correlated with decreased BMI and weight 
loss. Multivariate analysis showed that age, sex, calcium level, and bypass proce-
dure were independent predictors of SHPT after surgery [18].

11.2.2  Incidence of Bone Density Loss and Fracture Risk

Weight loss causes bone mineral density loss [19–21]. Following bariatric surgery, 
this bone mineral density loss places patients at higher risk for fractures [22]. In 
Olmsted County, Minnesota, USA, with a median follow-up of 7.7 years, 79 sub-
jects from a cohort of 258 patients who had bariatric surgery between 1985 and 
2004, had 132 fractures. This represented a 2.3-fold increase in fracture risk [23]. In 
Quebec, Canada, 12,676 patients who had bariatric surgery between 2001 and 2014 
had a higher risk of fracture compared to control patients with obesity after a mean 
of 4.4 years of follow-up. Fracture risk was highest after BPD-DS [24].

Taken together, the prevalence of hypovitaminosis D, hypocalcemia, SHPT, bone 
mineral density loss, and increased fracture risk warrant an aggressive approach to 
the preservation of calcium homeostasis and bone integrity in patients with obesity 
who have bariatric surgery.
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11.2.3  Incidence of Hypoglycemia

On the other hand, the incidence of hypoglycemia is much lower. In a Swedish 
nationwide cohort of 5040 patients who had gastric bypass surgery between 1986 
and 2006, the incidence of hypoglycemia was as low as 0.2%. The rate of hospital-
ization for hypoglycemia and other related diagnoses, including confusion, syn-
cope, epilepsy, and seizures was two- to sevenfold higher in gastric bypass patients, 
compared to matched controls. There was no hypoglycemia after vertical banded 
gastroplasty (VBG) or LAGB.  The absolute risk of hypoglycemia in this study 
underestimates the incidence of hypoglycemia because it excluded outpatient epi-
sodes from the analysis [25].

In a study at Catholic University in Rome, 120 patients were randomized 1:1 to 
RYGB or SG and followed for a year. Of these, 117 patients (93%) completed the 
12-month follow-up. Reactive hypoglycemia was detected in 14% of SG patients 
and 29% of RYGB patients (p = 0.079) [26]. Daily hypoglycemic episodes during 
continuous glucose monitoring did not differ between groups (p = 0.75). Four of 59 
RYGB subjects (6.8%) had 1–3 hospitalizations for symptomatic hypoglycemia. 
There were no hospitalizations for hypoglycemia in patients who had an SG [26].

The incidence of hypoglycemia at the Geisinger Health Systems was studied in 
a cohort of 1206 patients without preoperative diagnoses of T2DM or hypoglycemia 
[27]. One-hundred fifty eight patients had a diagnosis of hypoglycemia, a glucose 
less than 60 milligrams per deciliter (mg/dL), or documentation of the use of medi-
cations to treat hypoglycemia (13%). Only 8 of the 158 patients had severe hypogly-
cemia, defined as a glucose of <40  mg/dL, need for emergency room care, or 
hospitalization. This is the only study to date that documented that hypoglycemia 
risk over 5 years after surgery is higher in patients whose preoperative hemoglobin 
A1c was under 5.5%, body mass index (BMI) was under 39 kilograms per meter2 
(kg/m2), and percent of excess weight loss (EWL) was 75% or more [27].

11.2.4  Incidence of Derangements of the Thyroid Axis

Weight loss after bariatric surgery causes a fall in the thyroid-stimulating hormone 
(TSH) level, which reflects a decreased need for thyroid hormone [28–33]. Patients 
with hypothyroidism requiring treatment with thyroid hormone need a reduction of 
the thyroid dose after bariatric surgery.

11.2.5  Incidence of Changes in the Gonadal Axis

Overweight, obesity, and adiposopathy impair fertility in both men and women [34, 
35]. Bariatric surgery improves fertility and increases the likelihood of an unintended 
pregnancy [36–38]. In 2016, the Centers for Disease Control included bariatric sur-
gery within the past 2 years as a risk for adverse health events in pregnancy [39]. 
There is no data on the prevalence of undesired pregnancy after bariatric surgery.
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11.3  Adverse Endocrine and Metabolic Sequelae After 
Bariatric Surgery

Table 11.4 lists the major endocrine and metabolic complications of bariatric sur-
gery. Disorders of glycemia and calcium metabolism are more likely after malab-
sorptive procedures. All bariatric procedures lead to increased fertility and decreased 
thyroid hormone requirements.

11.4  Pathophysiology of the Enlisted Adverse Sequelae

11.4.1  Pathophysiology of Calcium and Bone Metabolism

Calcium intake is frequently inadequate to meet calcium needs after bariatric sur-
gery [40].

Table 11.4 Endocrine complications of malabsorptive weight loss surgeries (Roux-en-Y, sleeve 
gastrectomy, biliopancreatic diversion, and biliopancreatic diversion with duodenal switch)

Endocrine complication
Highest 
prevalence Testing needed

Monitoring 
frequency

Vitamin D deficiency 64% 25-Hydroxyvitamin D Baseline, every 2 
months until stable, 
and then annually

Hypocalcemia 27% Total plasma calcium
Total protein
Phosphorus
24-h urinary calcium

Baseline, every 2 
months until stable, 
and then annually

Secondary hyperparathyroidism 74% at 5 
years

Parathyroid hormone Baseline, every 2 
months until stable, 
and then annually

Metabolic bone disease 30% DEXA scan Baseline, yearly 
until stable, then 
every 2 years

Reactive hypoglycemia 29% Mixed meal glucose 
tolerance test
Glucose (fingerstick)
CGMS if available

As needed

Severe hypoglycemia with 
neuroglycopenia

7% Glucose and c-peptide 
during episode

As needed

Increased fertility (may lead to 
undesired pregnancy)

Not 
reported

Log of menses 
(women)
Total testosterone 
(men)

Baseline and 
annually

Decreased thyroid hormone 
requirements in patients with 
corrected hypothyroidism

100% Free T3, Free T4, TSH Baseline, every 6 
weeks until stable, 
and then annually

Abbreviations: DEXA dual energy X-ray absorptiometry, CGMS continuous glucose monitoring 
system, T3 triiodothyronine, T4 tetraiodothyronine, TSH thyroid stimulating hormone
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Bariatric procedures that decrease the receptive capacity of the stomach will 
result in decreased exposure of ingested calcium salts to the acid of the stomach. 
This is especially so following RYGB, where most of the stomach is removed from 
the alimentary canal. The acidity of the stomach contributes to the solubilization of 
calcium salts, and bypassing the stomach contributes to calcium malabsorption 
[41–43].

Bariatric procedures that result in a shortened alimentary canal limit the absorp-
tive capacity of the gut for calcium. In addition to a decreased absorptive surface, 
there is also a shortened time for absorption to happen. Competition for absorption 
with other cations further decreases calcium absorption. Coupled with the prevalent 
hypovitaminosis D, calcium absorption from the intestine decreases [44–46]. 
Figure 11.2 illustrates the major mechanisms involved in the decreased intestinal 
calcium absorption following malabsorptive bariatric surgeries.

Fig. 11.2 Decreased calcium absorption after malabsorptive procedures. Following bariatric sur-
gery calcium absorption is impaired. The red area in the left panel represents the partial gastrec-
tomy that is part of the BPD-DS procedure. The major mechanisms involved are (a) decreased 
gastric acid exposure limiting solubilization of calcium salts; (b) decreased length of small intes-
tine for absorption of calcium (including competing cation absorption), also leading to a decreased 
time for calcium absorption; and (c) decreased activity of 1, 25-dihydroxy-vitamin D. Additionally, 
most patients have inadequate calcium intake over time. Abbreviations: BPD-DS biliopancreatic 
diversion with duodenal switch, RYGB Roux-en-Y gastric bypass, MNCOME Minnesota Center 
for Obesity, Metabolism and Endocrinology, PA. © Copyright Minnesota Center for Obesity, 
Metabolism and Endocrinology, PA (MNCOME)
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Hypocalcemia due to decreased intestinal calcium absorption stimulates the 
secretion of PTH from the parathyroid glands, resulting in SHPT [17, 18, 47, 48]. 
SHPT returns the plasma calcium concentration to normal. The effects of SHPT 
include increased calcium reabsorption from the renal tubules, with an associated 
phosphaturic effect. In addition to returning calcium to the circulation directly, the 
lower plasma phosphate decreases the formation of calcium phosphate, increasing 
the plasma calcium indirectly. SHPT also leads to increased activity of the renal 
hydroxylase that converts 25(OH)D to 1,25 dihydroxy-vitamin D (1,25(OH)2D). 
Through the activation of vitamin D, SHPT indirectly increases intestinal calcium 
absorption [49].

SHPT causes increased bone resorption, which frees calcium from bone stores. 
Over time, continuous bone resorption accelerates bone mineral density loss and 
increases fracture risk [21, 49–51]. The development of primary hypogonadism, 
leading to the menopause, worsens the bone mineral density loss in women after 
bariatric surgery [52]. The use of contraception that suppresses gonadal function 
leading to estrogen deficiency (i.e., progesterone only products), should be avoided 
in premenopausal women after bariatric surgery.

Figure 11.3 Summarizes the pathophysiology of calcium metabolism after bar-
iatric surgery.

11.4.2  Pathophysiology of Glucose Metabolism

Immediately after RYGB, before a patient with T2DM experiences weight loss, 
first-phase insulin secretion, and hepatic insulin sensitivity increase [53]. Blood glu-
cose levels drop within 48 h after SG and RYGB [54]. Patients with insulin- requiring 
T2DM prior to surgery have an 87% reduction in their total daily insulin require-
ments by postoperative day 2 [55]. These dramatic changes in glycemia, irrespec-
tive of fat mass, are due to multiple effects of bariatric surgery (Table 11.2). Patients 
have an increased risk of hypoglycemia after malabsorptive bariatric surgeries.

The dumping syndrome, which affects more than 15% of patients after bariatric 
surgery, includes the following symptoms:

• Abdominal cramping and diarrhea
• Nausea and vomiting
• Flushing
• Hypotension
• Tachycardia
• Lightheadedness (and syncope)

The dumping syndrome occurs following the ingestion of simple carbohydrates 
without the anatomy to slow absorption (i.e., bypassing the pyloric sphincter) [56, 
57]. Sugar in the small intestine causes an osmotic overload and fluid shifts into the 
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intestinal lumen leading to watery diarrhea. The small intestine releases vasoactive 
intestinal peptide (VIP), gastric inhibitory polypeptide (GIP), and glucagon-like 
peptide-1 (GLP-1) in response to the presence of nutrients in the gut. These enteric 
hormones vasodilate the splanchnic vessels drawing volume away from the periph-
eral circulation. A decrease in peripheral circulating volume is the cause of the 
tachycardia and eventual hypotension [56, 58]. This “early dumping syndrome” is 
common after RYGB and generally occurs within minutes to 1 h after the ingestion 
of calorie-dense foods, especially refined sugars and fats [59].

Postprandial or reactive hypoglycemia is part of the dumping syndrome. [56–58, 
60, 61] The small intestine releases GIP and GLP-1. As elevated glucose levels 
reach the pancreatic islets, they stimulate the beta cells to release insulin. GLP-1 
boosts the release of insulin. Both insulin and GLP-1 inhibit glucagon release from 

Fig. 11.3 Pathophysiology of derangements of calcium metabolism. Following bariatric surgery, 
there are significant changes to calcium homeostasis. (a) Intestinal absorption of calcium is 
decreased. (b) This causes a fall in the plasma calcium. (c) Hypocalcemia stimulates the secretion 
of parathyroid hormone, which will return calcium levels to normal. (d) SHPT increases bone 
resorption, freeing calcium into the circulation. Over time this causes bone mineral density loss 
(osteomalacia). (e) In the kidneys parathyroid hormone increases calcium reabsorption and pro-
motes phosphaturia. This adds to the plasma calcium directly, and indirectly by lowering the mass 
effect of phosphate on calcium. Parathyroid hormone increases the activity of the renal hydroxy-
lase that converts 25(OH)D to the activated 1,25(OH)2D. Activated vitamin D increases intestinal 
calcium absorption, which adds to the plasma calcium. Abbreviations: 1,25 (OH)2D 1,25 
Dihydroxy-vitamin D, 25(OH)D 25-hydroxy-vitamin D, SPTH secondary hyperparathyroidism, 
MNCOME Minnesota Center for Obesity, Metabolism and Endocrinology, PA. © Copyright 
Minnesota Center for Obesity, Metabolism and Endocrinology, PA (MNCOME)
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the alpha cells, which are downstream in the islet circulation. The result is an exag-
gerated insulin release in excess of need. Insulin levels remain high even as glucose 
levels go down past normal. This hyperinsulinemic hypoglycemia is clinically man-
ifested about 1–3 h after meal ingestion and usually develops months to years after 
surgery [26, 62–64]. The American Society for Bariatric and Metabolic Surgery 
(ASBMS) issued a position statement on this subject in 2017. In contrast to the 
“early dumping syndrome,” hyperinsulinemic hypoglycemia is what historically 
was termed “late dumping syndrome.”

Severe hypoglycemia after bariatric surgery is uncommon. In this situation, 
patients develop neuroglycopenia, which can cause cognitive impairment, loss of 
consciousness, or seizures 1–3  h after ingesting simple carbohydrate [65–67]. 
Neuroglycopenia is not present when fasting, and this is a distinction from patients 
with insulinoma where fasting hypoglycemia is common [68]. Neuroglycopenia 
may occur in association with physical activity and is associated with hypoglycemia 
unawareness due to loss of adrenergic and cholinergic symptoms [59].

Noninsulinoma pancreatogenous hypoglycemia syndrome (NIPHS) includes 
neuroglycopenic symptoms and mimics the clinical presentation of insulinoma. 
However, neuroglycopenia develops 2–4 h after ingestion of meals, and imaging 
studies of the pancreas are negative for a pancreatic mass. Histologically, the pan-
creas in these patients shows islet hypertrophy and nesidioblastosis [68, 69].

11.4.3  Pathophysiology of the Thyroid Axis

A healthy hypothalamic–pituitary–thyroid axis adjusts thyroid hormone production 
to meet needs. Patients with a normal thyroid axis prior to surgery are ensured a 
continued euthyroid state.

Autoimmune thyroiditis is common and therefore it is the most common thyroid 
problem in patients who undergo bariatric surgery. For most patients their disease is 
evolving. The stage of thyroid gland destruction determines the need to replace 
thyroid hormone at the time of bariatric surgery. One-fifth of patients undergoing 
bariatric surgery already require thyroid hormone replacement [28]. The scant lit-
erature on thyroid function after bariatric surgery is consistent in documenting a 
drop in TSH [32, 70]. The pathophysiology behind this observation is not yet 
defined.

11.4.4  Pathophysiology of Gonadal Axis

A discussion of the pathophysiological changes of the gonadal axis with obesity or 
with bariatric surgery is beyond the scope of this chapter, and is complex [34, 35]. 
Men with hypogonadotropic hypogonadism due to obesity will return their gonadal 
axis to normal after bariatric surgery. Women with polycystic ovarian syndrome 
(PCOS; which is largely due to adiposopathy and insulin resistance affecting ovar-
ian function), or with hypogonadotropic hypogonadism due to obesity, will return to 
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normal after bariatric surgery. For both men and women, there is increased fertility 
after surgery.

11.5  Diagnosis

In 2008, we authored the first guideline for the perioperative nutritional, metabolic, 
and nonsurgical support of the bariatric patient [71]. This was a joint effort of the 
American Association of Clinical Endocrinologists and the American Society for 
Metabolic and Bariatric Surgery. The newest revision of the guideline is now avail-
able and is a valuable reference to have along with this textbook.

11.5.1  Diagnosis of Derangements of Calcium 
and Bone Metabolism

All patients should have baseline measurements of total calcium, total protein, 
25(OH)D, phosphorus, and PTH prior to any malabsorptive procedure (Table 11.4) 
[9]. We recommend close monitoring of 25(OH)D, total calcium (with concomitant 
total protein), phosphorus, and PTH every 2 months until PTH levels are normalized 
on two consecutive draws. Patients should then be encouraged to maintain their 
calcium and vitamin D intake, and repeat measurements may then be made annually.

A baseline measurement of bone mineral density with dual-energy X-ray absorp-
tiometry (DEXA) should be done prior to any malabsorptive procedure. Any subse-
quent DEXA scans should be done on the same densitometer, by the same technician 
if possible, to allow for direct comparisons to baseline [72, 73]. A repeat DEXA 
scan 1 year after surgery establishes which patients have had rapid bone loss, and 
would require close observation over time [72, 73].

11.5.2  Diagnosis of Derangements of Glucose Metabolism

All patients undergoing bariatric surgery should have baseline hemoglobin A1c, 
fasting glucose, and fasting insulin or c-peptide levels documented. Glycemic mea-
sures should be part of the ongoing management of all patients because some will 
develop or redevelop hyperglycemic derangements [12]. Patients with symptoms of 
hypoglycemia should be tested for this (Table 11.4).

Any patient who had a malabsorptive procedure, who now has symptoms consis-
tent with reactive hypoglycemia, but not neuroglycopenia, should be provided with 
a glucose meter. Self-monitoring of capillary glucose by fingerstick sampling and 
food logging provides documentation of the temporal relationship of meals to 
symptoms, and the level of glycemia with symptoms. For most patients with post-
prandial hyperinsulinemic hypoglycemia medical nutrition therapy (MNT) will cor-
rect the symptoms [59, 65, 74].

Patients who have persistent symptoms despite nutritional intervention should 
undergo a mixed meal glucose tolerance test. Testing should be done in a facility 
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with expertise, where personnel are prepared to assist any patient who develops 
severe hypoglycemia during the test period. Although the mixed meal contains pro-
tein, carbohydrate, and fat, the carbohydrate content is not standardized. Most 
mixed meal tests will include 40–75 g of carbohydrate [75, 76].

The conventional oral glucose tolerance test, where a patient ingests 75  g of 
soluble glucose and plasma glucose is measured at intervals up to 4 h post ingestion, 
is not recommended in patients who had malabsorptive bariatric surgery. The glu-
cose load may precipitate the dumping syndrome during testing and is otherwise not 
well tolerated [75].

Where insulinoma or NIPHS is suspected, patients should be admitted to the 
hospital for observation and testing. Whipple’s triad is:

 1. The presence of neuroglycopenia
 2. A concomitant low plasma glucose (less than 50 mg/dL)
 3. Resolution of the symptoms with glucose treatment [77–79]

Patients who meet the criteria for Whipple’s triad are considered to have verified 
hypoglycemia, and an etiology for it should be defined. NIPHS is a diagnosis of 
exclusion (factitious or iatrogenic causes, dumping syndrome, and insulinoma are 
excluded). Plasma glucose is required to avoid the pitfalls of capillary testing. A 
c-peptide level should always be drawn with the plasma glucose [80, 81].

Imaging of the pancreas is needed to exclude an insulinoma. This includes an 
ultrasound of the pancreas (transabdominal, endoscopic, and/or intraoperative), and 
computerized tomography with thin slices through the pancreas. Negative imaging 
excludes insulinoma. Selective calcium stimulation of the arterial supply of the pan-
creas helps define a gradient of insulin release, and can guide a partial pancreatec-
tomy to ameliorate symptoms in NIPHS [82].

11.5.3  Diagnosis of Derangements of the Thyroid Axis

All patients undergoing bariatric surgery should have baseline thyroid function tests 
documented, including free T3, free T4, and thyroid-stimulating hormone (TSH). In 
patients with a family history of thyroid disease, or with a goiter on physical exami-
nation, we recommend documentation of thyroid peroxidase and thyroglobulin anti-
bodies. Pre-existing thyroid abnormalities of structure or function should lead to 
closer follow-up of the thyroid status of these patients after surgery (Table 11.4) [83].

11.5.4  Diagnosis of Derangements of the Gonadal Axis

All patients undergoing bariatric surgery should have a thorough sexual history 
documented. If there is sexual dysfunction a baseline set of gonadal hormones 
should be done.
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11.6  Management

A multidisciplinary team approach results in the best care of patients with adipo-
sopathy, overweight, or obesity [6, 8, 84–86]. This holds true for patients whose 
disease warrants bariatric surgery [11, 13]. The team approach to patient care 
ensures that patients receive the knowledge they need to make decisions about 
their health, and that options are discussed at a level that is educationally, linguis-
tically, and culturally appropriate for each patient. MNT is essential to good out-
comes in bariatric surgery patients. The team should include registered dieticians, 
nurse educators/coaches, psychologists, and physicians or physician extenders 
[6]. A major goal is to maintain patient engagement, to avoid sequelae of bariatric 
surgery, or complications that develop over time, that may go undiagnosed and 
untreated.

11.6.1  Management of Derangements of Calcium 
and Bone Metabolism

The prevalence of SHPT makes it necessary to monitor and adequately supplement 
vitamin D and calcium in all patients who have had bariatric surgery, especially 
malabsorptive procedures [16, 18]. Calcium citrate supplementation allows for bet-
ter absorption of calcium than calcium carbonate in the absence of gastric acid [87]. 
The total daily elemental calcium dose from all sources for patients who had 
BPD-DS is 1800–2400 mg. For all other patients, the total daily elemental calcium 
dose from all sources is 1500 mg [9, 72]. Calcium supplementation in multiple daily 
doses that add up to the needed total daily elemental calcium dose is necessary. 
Large oral doses at once overcome the absorptive capacity of the gut for calcium 
and result in the passage of the ingested calcium without absorption. The goal of 
treatment is to optimize intestinal calcium absorption to avoid the development of 
SHPT [87, 88].

Oral bisphosphonates are contraindicated in patients who had a malabsorptive 
procedure with a stomach resection because they require the acidity of the stomach 
for absorption. They are contraindicated in patients who had a restrictive procedure 
because the tablets may cause ulcerations. Intravenous bisphosphonate therapy 
should be considered for patients with documented bone mineral density loss [72, 
83]. Other treatments for low bone mineral density may be considered as needed 
(i.e., denosumab). Consideration should be given to the use of estrogen replacement 
in women who transition to a postmenopausal state (primary hypogonadism) as a 
means to preserve bone mineral density.

11.6.2  Management of Derangements of Glucose Metabolism

MNT for patients after bariatric surgery is best provided by registered dieticians 
with expertise in overweight, obesity, adiposopathy, and the metabolic and 
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endocrine complications of the various bariatric procedures. MNT should include 
recommendations for meals with low-carbohydrate, low-glycemic index, adequate 
protein, and heart-healthy fats. Patients should restrict alcohol and caffeine intake. 
Most patients with post-bariatric surgery hypoglycemia will respond to MNT [59, 
83, 89].

Continuous glucose monitoring is now an important tool in the management of 
patients with hypoglycemia after bariatric surgery. Self-awareness of the glucose 
level in response to meals helps most patients modify their meal plan to prevent 
hypoglycemia [90–92].

Pharmacological interventions that help treat hypoglycemia from NIPHS after 
bariatric surgery include [93, 94]:

• Decreased glucose absorption from the intestine by blockade of intestinal 
disaccharidases.
 – acarbose, 50–100 mg three times a day, with each meal, [94, 95]

• Inhibition of insulin release from the beta cells in the pancreas
 – diazoxide, 50 mg two times a day, [96]
 – octreotide, 100 mcg two times a day, subcutaneously, [97–99]
 – calcium channel blockers (i.e., verapamil, 80 mg two times a day; nifedipine, 

120 mg/day), [95, 100]
• Modulation of insulin release by the beta cells in the pancreas

 – GLP-1 receptor agonists, (i.e., liraglutide, 1.2–1.8  mg a day, subcutane-
ously) [101].

Gastric feeding through a gastric tube placed into the gastric remnant reverses 
the hypoglycemia in NIPHS, and has been advanced as a treatment option. This also 
serves to document that nutrient delivery alterations are the major cause of NIPHS, 
and not a change in pancreatic islet mass [102].

Reversal of the bariatric procedure should be done for any patient who continues 
to have neuroglycopenia that cannot be managed medically. This is mostly appli-
cable to patients who had RYGB. Since reversal of RYGB effectively cures hypo-
glycemia, this also favors a non-pancreatic cause of severe hypoglycemia [103, 
104]. Therefore, partial or total pancreatectomy should be reserved for rare recalci-
trant cases [59, 68, 81, 83].

11.6.3  Management of Derangements of the Thyroid Axis

Thyroid function should be followed closely in all patients with pre-existing thyroid 
disease. Levothyroxine dosing needs adjustments to normalize TSH values, and to 
keep the TSH at the low end of its reference range. It is expected that weight loss 
will decrease thyroid needs, and the dose of levothyroxine will need to be adjusted 
down. However, many patients will have progression of their autoimmune thyroid-
itis over time, with loss of endogenous thyroid hormone production. The levothy-
roxine dose will need to be increased in these patients. Decreased absorption of 
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levothyroxine in malabsorptive procedures is possible. Liquid forms of levothyrox-
ine may improve absorption after malabsorptive procedures, and benefit patients 
with swallowing difficulties after bariatric surgery [83]. Softgel levothyroxine may 
also be considered for these patients [83].

11.6.4  Management of Derangements of the Gonadal Axis

Women with overweight or obesity, of reproductive age with intact anatomy, should 
be advised that their fertility status will improve with weight loss and correction of 
adiposopathy. Bariatric surgery could lead to an unintended pregnancy, and coun-
seling to prevent this is necessary [83]. Women with PCOS reach bariatric surgery 
with years of irregular or absent menses. They will resume normal menses after 
bariatric surgery, and should be prepared to deal with them.

Men with pre-existing hypogonadotropic hypogonadism have a rise in the circu-
lating testosterone with weight loss and reversal of adiposopathy. This translates 
into increased libido and improved erectile function after bariatric surgery. Men 
should be counseled about these changes, and be forewarned about possible unin-
tended pregnancy.

Key Points 

• Bariatric endocrinology deals with derangements of structure and function of 
the adipocyte as an endocrine cell, and adipose tissue as an endocrine organ. In 
addition to adiposity, overweight and obesity lead to adiposopathy. Adiposopathy 
then contributes to derangements of metabolism that are the complications of 
this disease.

• Weight loss, in addition to reducing adiposity, treats adiposopathy. This is true 
both with medical and surgical weight loss.

• Bariatric surgery is an effective treatment of overweight, obesity, and adipo-
sopathy in patients whose disease is refractory to medical management.

• Bariatric procedures carry a significant risk of metabolic and endocrine compli-
cations, which falls under the scope of practice or bariatric endocrinology. 
SHPT and NIPHS are two situations where a bariatric endocrinology team 
should be included in the care of patients.

• All patients with overweight, obesity, and adiposopathy benefit from a team 
approach to medical care that includes ongoing medical nutrition therapy, 
coaching to achieve effective behavior modification for a healthier lifestyle, and 
pharmacotherapy to treat complications of surgery but also to allow for ongoing 
weight loss beyond what surgery can accomplish.

References

 1. Gonzalez-Campoy J. Hormonal regulation of energy balance and energy stores. In: Gonzalez- 
Campoy JM, et  al., editors. Bariatric endocrinology. Switzerland: Springer International; 
2018. p. 37–58.

 2. Bays HE, Gonzalez-Campoy JM.  Adiposopathy. In: Friedberg E, et  al., editors. New- 
opathies. Singapore: World Scientific; 2012. p. 105–68.

J. M. Gonzalez-Campoy et al.



183

 3. Bays HE, Gonzalez-Campoy JM, Henry RR, et al. Is adiposopathy (sick fat) an endocrine 
disease? Int J Clin Pract. 2008;62(10):1474–83. Epub 2008/08/07.

 4. Christofides E, Gonzalez-Campoy J. Adiposopathy. In: Friedberg E, et al., editors. Bariatric 
endocrinology. Switzerland: Springer International; 2018. p. 99–120.

 5. Gonzalez-Campoy J.  Bariatric endocrinology, adiposopathy, and disorders of regional fat 
distribution. AACE Clin Case Rep. 2017;3(4):e387–e90.

 6. Gonzalez-Campoy JM, Richardson B, Richardson C, et  al. Bariatric endocrinology: prin-
ciples of medical practice. Int J Endocrinol. 2014;2014:917813. Epub 2014/06/06.

 7. Gonzalez-Campoy JM.  The birth of bariatric endocrinology and the coming of age of 
obesity medicine. US Endocrinol [Internet]. 2016;12(1):10-1. https://doi.org/10.17925/
USE.2016.12.01.10.

 8. Gonzalez-Campoy J.  Bariatric endocrinology. In: Gonzalez-Campoy JM, et  al., editors. 
Bariatric Endocrinology. Switzerland: Springer International; 2018. p. 1–18.

 9. Mechanick JI, Apovian C, Brethauer S, et al. Clinical Practice Guidelines for the Perioperative 
Nutrition, Metabolic, and Nonsurgical Support of Patients Undergoing Bariatric Procedures – 
2019 Update: cosponsored by American Association of Clinical Endocrinologists/American 
College of Endocrinology, the Obesity Society, American Society for Metabolic & Bariatric 
Surgery, Obesity Medicine Association, and American Society of Anesthesiologists. Endocr 
Pract. 2019. Epub 2019/11/05.

 10. Bays HE, Laferrere B, Dixon J, et al. Adiposopathy and bariatric surgery: is ‘sick fat’ a surgi-
cal disease? Int J Clin Pract. 2009;63(9):1285–300. Epub 2009/08/21.

 11. Gonzalez-Campoy J. Bariatric procedures. In: Gonzalez-Campoy JM, et al., editors. Bariatric 
endocrinology. Switzerland: Springer International; 2018. p. 413–42.

 12. Booth H, Khan O, Prevost T, et  al. Incidence of type 2 diabetes after bariatric surgery: 
population- based matched cohort study. Lancet Diabetes Endocrinol. 2014;2(12):963–8. 
Epub 2014/12/04.

 13. McMahon MM, Sarr MG, Clark MM, et  al. Clinical management after bariatric surgery: 
value of a multidisciplinary approach. Mayo Clin Proc. 2006;81(10 Suppl):S34–45. Epub 
2006/10/14.

 14. Roth DE, Abrams SA, Aloia J, et  al. Global prevalence and disease burden of vitamin D 
deficiency: a roadmap for action in low- and middle-income countries. Ann N Y Acad Sci. 
2018;1430(1):44–79. Epub 2018/09/19.

 15. Mitchell DM, Henao MP, Finkelstein JS, et al. Prevalence and predictors of vitamin D defi-
ciency in healthy adults. Endocr Pract. 2012;18(6):914–23. Epub 2012/09/18.

 16. Topart P, Becouarn G, Delarue J. Weight loss and nutritional outcomes 10 years after biliopan-
creatic diversion with duodenal switch. Obes Surg. 2017;27(7):1645–50. Epub 2017/01/05.

 17. Tardio V, Blais JP, Julien AS, et al. Serum parathyroid hormone and 25-hydroxyvitamin D 
concentrations before and after biliopancreatic diversion. Obes Surg. 2018. Epub 2018/01/13.

 18. Wei JH, Lee WJ, Chong K, et  al. High incidence of secondary hyperparathyroidism in 
bariatric patients: comparing different procedures. Obes Surg. 2018;28(3):798–804. Epub 
2017/09/19.

 19. Coates PS, Fernstrom JD, Fernstrom MH, et al. Gastric bypass surgery for morbid obesity 
leads to an increase in bone turnover and a decrease in bone mass. J Clin Endocrinol Metab. 
2004;89(3):1061–5. Epub 2004/03/06.

 20. Collazo-Clavell ML, Jimenez A, Hodgson SF, et al. Osteomalacia after Roux-en-Y gastric 
bypass. Endocr Pract. 2004;10(3):195–8. Epub 2004/08/18.

 21. Williams SE.  Metabolic bone disease in the bariatric surgery patient. J Obes. 
2011;2011:634614. Epub 2011/01/29.

 22. Saad R, Habli D, El Sabbagh R, et al. Bone health following bariatric surgery: an update. J 
Clin Densitometry. 2019. Epub 2019/09/15.

 23. Nakamura KM, Haglind EG, Clowes JA, et al. Fracture risk following bariatric surgery: a 
population-based study. Osteoporos Int. 2014;25(1):151–8. Epub 2013/08/06.

 24. Rousseau C, Jean S, Gamache P, et al. Change in fracture risk and fracture pattern after bar-
iatric surgery: nested case-control study. BMJ. 2016;354:i3794. Epub 2016/11/05.

 25. Marsk R, Jonas E, Rasmussen F, et al. Nationwide cohort study of post-gastric bypass hypo-
glycaemia including 5,040 patients undergoing surgery for obesity in 1986-2006 in Sweden. 
Diabetologia. 2010;53(11):2307–11. Epub 2010/05/25.

11 Endocrine and Metabolic Complications After Bariatric Surgery

https://doi.org/10.17925/USE.2016.12.01.10
https://doi.org/10.17925/USE.2016.12.01.10


184

 26. Capristo E, Panunzi S, De Gaetano A, et al. Incidence of hypoglycemia after gastric bypass 
versus sleeve gastrectomy: a randomized trial. J Clin Endocrinol Metab. 2018; Epub 
2018/03/29.

 27. Lee CJ, Wood GC, Lazo M, et al. Risk of post-gastric bypass surgery hypoglycemia in non-
diabetic individuals: a single center experience. Obesity (Silver Spring). 2016;24(6):1342–8. 
Epub 2016/05/27.

 28. Zendel A, Abu-Ghanem Y, Dux J, et al. The impact of bariatric surgery on thyroid function 
and medication use in patients with hypothyroidism. Obes Surg. 2017;27(8):2000–4. Epub 
2017/03/04.

 29. Julia H, Benaiges D, Molla P, et al. Changes in thyroid replacement therapy after bariatric 
surgery: differences between laparoscopic Roux-en-Y gastric bypass and laparoscopic sleeve 
gastrectomy. Obes Surg. 2019;29(8):2593–9. Epub 2019/04/27.

 30. Juiz-Valina P, Outeirino-Blanco E, Pertega S, et al. Effect of weight loss after bariatric surgery 
on thyroid-stimulating hormone levels in euthyroid patients with morbid obesity. Nutrients. 
2019;11(5). Epub 2019/05/30.

 31. Gokosmanoglu F, Aksoy E, Onmez A, et al. Thyroid homeostasis after bariatric surgery in 
obese cases. Obes Surg. 2019. Epub 2019/10/17.

 32. Neves JS, Castro Oliveira S, Souteiro P, et al. Effect of weight loss after bariatric surgery on 
thyroid-stimulating hormone levels in patients with morbid obesity and normal thyroid func-
tion. Obes Surg. 2018;28(1):97–103. Epub 2017/07/21.

 33. Zhang H, Liu W, Han X, et al. Effect of laparoscopic Roux-en-Y gastric bypass surgery on 
thyroid hormone levels in chinese patients, could it be a risk for thyroid nodules? Obes Surg. 
2017;27(10):2619–27. Epub 2017/05/05.

 34. Gonzalez-Campoy J. Gonadal dysfunction in males with overweight, obesity and adiposopa-
thy. In: Gonzalez-Campoy JM, et al., editors. Bariatric endocrinology. Switzerland: Springer 
International; 2018. p. 271–82.

 35. Gonzalez-Campoy J.  Gonadal dysfunction and infertility in women with obesity. In: 
Gonzalez-Campoy JM, et  al., editors. Bariatric endocrinology. Switzerland: Springer 
International; 2018. p. 283–92.

 36. Kominiarek MA, Jungheim ES, Hoeger KM, et  al. American Society for Metabolic and 
Bariatric Surgery position statement on the impact of obesity and obesity treatment on fertil-
ity and fertility therapy endorsed by the American College of Obstetricians and Gynecologists 
and the Obesity Society. Surg Obes Relat Dis. 2017;13(5):750–7. Epub 2017/04/19.

 37. Moran LJ, Norman RJ. The effect of bariatric surgery on female reproductive function. J Clin 
Endocrinol Metab. 2012;97(12):4352–4. Epub 2012/12/12.

 38. Legro RS, Dodson WC, Gnatuk CL, et al. Effects of gastric bypass surgery on female repro-
ductive function. J Clin Endocrinol Metab. 2012;97(12):4540–8. Epub 2012/10/16.

 39. Curtis KM, Tepper NK, Jatlaoui TC, et  al. U.S. medical eligibility criteria for contracep-
tive use, 2016. MMWR Recomm Rep/Centers for Disease Control. 2016;65(3):1–103. Epub 
2016/07/29.

 40. Duran de Campos C, Dalcanale L, Pajecki D, et al. Calcium intake and metabolic bone dis-
ease after eight years of Roux-en-Y gastric bypass. Obes Surg. 2008;18(4):386–90. Epub 
2008/02/01.

 41. Tondapu P, Provost D, Adams-Huet B, et al. Comparison of the absorption of calcium car-
bonate and calcium citrate after Roux-en-Y gastric bypass. Obes Surg. 2009;19(9):1256–61. 
Epub 2009/05/14.

 42. Sakhaee K, Pak C. Superior calcium bioavailability of effervescent potassium calcium citrate 
over tablet formulation of calcium citrate after Roux-en-Y gastric bypass. Surg Obes Relat 
Dis. 2013;9(5):743–8. Epub 2012/01/10.

 43. Kopic S, Geibel JP. Gastric acid, calcium absorption, and their impact on bone health. Physiol 
Rev. 2013;93(1):189–268. Epub 2013/01/11.

 44. Schafer AL.  Vitamin D and intestinal calcium transport after bariatric surgery. J Steroid 
Biochem Mol Biol. 2017;173:202–10. Epub 2016/12/29.

 45. Karefylakis C, Naslund I, Edholm D, et al. Vitamin D status 10 years after primary gastric 
bypass: gravely high prevalence of hypovitaminosis D and raised PTH levels. Obes Surg. 
2014;24(3):343–8. Epub 2013/10/29.

J. M. Gonzalez-Campoy et al.



185

 46. Hewitt S, Sovik TT, Aasheim ET, et  al. Secondary hyperparathyroidism, vitamin D suffi-
ciency, and serum calcium 5 years after gastric bypass and duodenal switch. Obes Surg. 
2013;23(3):384–90. Epub 2012/09/28.

 47. Switzer NJ, Marcil G, Prasad S, et al. Long-term hypovitaminosis D and secondary hyper-
parathyroidism outcomes of the Roux-en-Y gastric bypass: a systematic review. Obes Rev. 
2017;18(5):560–6. Epub 2017/03/09.

 48. Sethi M, Chau E, Youn A, et al. Long-term outcomes after biliopancreatic diversion with and 
without duodenal switch: 2-, 5-, and 10-year data. Surg Obes Relat Dis. 2016;12(9):1697–705. 
Epub 2016/07/19.

 49. Corbeels K, Verlinden L, Lannoo M, et al. Thin bones: vitamin D and calcium handling after 
bariatric surgery. Bone Rep. 2018;8:57–63. Epub 2018/06/30.

 50. Ivaska KK, Huovinen V, Soinio M, et al. Changes in bone metabolism after bariatric surgery 
by gastric bypass or sleeve gastrectomy. Bone. 2017;95:47–54. Epub 2016/11/08.

 51. Uebelhart B. Effects of bariatric surgery on bone. Joint Bone Spine. 2016;83(3):271–5. Epub 
2016/03/20.

 52. Luhrs AR, Davalos G, Lerebours R, et al. Determining changes in bone metabolism after 
bariatric surgery in postmenopausal women. Surg Endosc. 2019. Epub 2019/06/19..

 53. Martinussen C, Bojsen-Moller KN, Dirksen C, et al. Immediate enhancement of first-phase 
insulin secretion and unchanged glucose effectiveness in patients with type 2 diabetes after 
Roux-en-Y gastric bypass. Am J Physiol Endocrinol Metab. 2015;308(6):E535–44. Epub 
2015/01/30.

 54. de Oliveira LF, Tisott CG, Silvano DM, et al. Glycemic behavior in 48 hours postoperative 
period of patients with type 2 diabetes mellitus and non diabetic submitted to bariatric sur-
gery. Arquivos brasileiros de cirurgia digestiva: ABCD/Brazil Archiv Digest Surg. 2015;28 
Suppl 1:26–30. Epub 2015/11/06.

 55. Diemer DM, Terry KL, Matthews M, et al. Postoperative insulin requirements in bariatric 
surgery. Endocr Pract. 2017;23(12):1369–74. Epub 2017/10/12.

 56. van Beek AP, Emous M, Laville M, et al. Dumping syndrome after esophageal, gastric or bar-
iatric surgery: pathophysiology, diagnosis, and management. Obes Rev. 2017;18(1):68–85. 
Epub 2016/10/18.

 57. Mesureur L, Arvanitakis M. Metabolic and nutritional complications of bariatric surgery: a 
review. Acta Gastro-Enterologica Belgica. 2017;80(4):515–25. Epub 2018/03/22.

 58. Chaves YD, Destefani AC. Pathophysiology, diagnosis and treatmentof dumping syndrome 
and its relation to bariatric surgery. Arquivos brasileiros de cirurgia digestiva: ABCD/Brazil 
Archiv Digest Surg. 2016;29(Suppl 1):116–9. Epub 2016/09/30.

 59. Eisenberg D, Azagury DE, Ghiassi S, et al. ASMBS position statement on postprandial hyper-
insulinemic hypoglycemia after bariatric surgery. Surg Obes Relat Dis. 2017;13(3):371–8. 
Epub 2017/01/24.

 60. Ramadan M, Loureiro M, Laughlan K, et al. Risk of dumping syndrome after sleeve gas-
trectomy and Roux-en-Y gastric bypass: early results of a multicentre prospective study. 
Gastroenterol Res Pract. 2016;2016:2570237. Epub 2016/06/01.

 61. Berg P, McCallum R. Dumping syndrome: a review of the current concepts of pathophysiol-
ogy, diagnosis, and treatment. Dig Dis Sci. 2016;61(1):11–8. Epub 2015/09/24.

 62. Roslin MS, Oren JH, Polan BN, et al. Abnormal glucose tolerance testing after gastric bypass. 
Surg Obes Relat Dis. 2013;9(1):26–31. Epub 2012/03/09.

 63. Roslin M, Damani T, Oren J, et  al. Abnormal glucose tolerance testing following gastric 
bypass demonstrates reactive hypoglycemia. Surg Endosc. 2011;25(6):1926–32. Epub 
2010/12/25.

 64. Kim SH, Liu TC, Abbasi F, et al. Plasma glucose and insulin regulation is abnormal follow-
ing gastric bypass surgery with or without neuroglycopenia. Obes Surg. 2009;19(11):1550–6. 
Epub 2009/06/27.

 65. Honka H, Salehi M. Postprandial hypoglycemia after gastric bypass surgery: from pathogen-
esis to diagnosis and treatment. Curr Opin Clin Nutr Metab Care. 2019;22(4):295–302. Epub 
2019/05/15.

 66. Salehi M, Vella A, McLaughlin T, et  al. Hypoglycemia after gastric bypass surgery: cur-
rent concepts and controversies. J Clin Endocrinol Metab. 2018;103(8):2815–26. Epub 
2018/08/14.

11 Endocrine and Metabolic Complications After Bariatric Surgery



186

 67. Yaqub A, Smith EP, Salehi M. Hyperinsulinemic hypoglycemia after gastric bypass surgery: 
what’s up and what’s down? Int J Obes (Lond). 2017. Epub 2017/11/01.

 68. Vella A, Service FJ.  Incretin hypersecretion in post-gastric bypass hypoglycemia–primary 
problem or red herring? J Clin Endocrinol Metab. 2007;92(12):4563–5. Epub 2007/12/07.

 69. Service FJ, Natt N, Thompson GB, et al. Noninsulinoma pancreatogenous hypoglycemia: 
a novel syndrome of hyperinsulinemic hypoglycemia in adults independent of mutations in 
Kir6.2 and SUR1 genes. J Clin Endocrinol Metab. 1999;84(5):1582–9. Epub 1999/05/14.

 70. Guan B, Chen Y, Yang J, et al. Effect of bariatric surgery on thyroid function in obese patients: 
a systematic review and meta-analysis. Obes Surg. 2017;27(12):3292–305. Epub 2017/10/19.

 71. Mechanick JI, Kushner RF, Sugerman HJ, et  al. American Association of Clinical 
Endocrinologists, The Obesity Society, and American Society for Metabolic & Bariatric 
Surgery Medical guidelines for clinical practice for the perioperative nutritional, meta-
bolic, and nonsurgical support of the bariatric surgery patient. Endocr Pract. 2008;14(Suppl 
1):1–83. Epub 2008/09/06.

 72. Gagnon C, Schafer AL. Bone health after bariatric surgery. JBMR Plus. 2018;2(3):121–33. 
Epub 2018/10/05.

 73. Kendler DL, Compston J, Carey JJ, et al. Repeating measurement of bone mineral density 
when monitoring with dual-energy X-ray absorptiometry: 2019 ISCD Official Position. J 
Clin Densitometry. 2019;22(4):489–500. Epub 2019/08/06.

 74. Ohrstrom CC, Worm D, Hansen DL.  Postprandial hyperinsulinemic hypoglycemia after 
Roux-en-Y gastric bypass: an update. Surg Obes Relat Dis. 2017;13(2):345–51. Epub 
2016/11/21.

 75. Patti ME, Li P, Goldfine AB.  Insulin response to oral stimuli and glucose effective-
ness increased in neuroglycopenia following gastric bypass. Obesity (Silver Spring). 
2015;23(4):798–807. Epub 2015/03/11.

 76. Patti ME, Goldfine AB. Hypoglycaemia following gastric bypass surgery–diabetes remission 
in the extreme? Diabetologia. 2010;53(11):2276–9. Epub 2010/08/24.

 77. Himpens JM, Vilallonga R, Cadiere GB, et al. Metabolic consequences of the incorporation 
of a Roux limb in an omega loop (mini) gastric bypass: evaluation by a glucose tolerance test 
at mid-term follow-up. Surg Endosc. 2016;30(7):2935–45. Epub 2015/10/22.

 78. Z’Graggen K, Guweidhi A, Steffen R, et  al. Severe recurrent hypoglycemia after gastric 
bypass surgery. Obes Surg. 2008;18(8):981–8. Epub 2008/04/29.

 79. Abellan P, Camara R, Merino-Torres JF, et al. Severe hypoglycemia after gastric bypass sur-
gery for morbid obesity. Diabetes Res Clin Pract. 2008;79(1):e7–9. Epub 2007/09/07.

 80. Cryer PE, Axelrod L, Grossman AB, et al. Evaluation and management of adult hypoglyce-
mic disorders: an Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab. 
2009;94(3):709–28. Epub 2008/12/18.

 81. Service GJ, Thompson GB, Service FJ, et al. Hyperinsulinemic hypoglycemia with nesidio-
blastosis after gastric-bypass surgery. N Engl J Med. 2005;353(3):249–54. Epub 2005/07/22.

 82. Thompson SM, Vella A, Thompson GB, et  al. Selective arterial calcium stimulation with 
hepatic venous sampling differentiates insulinoma from nesidioblastosis. J Clin Endocrinol 
Metab. 2015;100(11):4189–97. Epub 2015/08/28.

 83. Mechanick JI, Apovian C, Brethauer S, et al. Clinical Practice Guidelines for the perioperative 
nutrition, metabolic, and nonsurgical support of patients undergoing bariatric procedures – 
2019 update: cosponsored by American Association of Clinical Endocrinologists/American 
College of Endocrinology, the Obesity Society, American Society for Metabolic & Bariatric 
Surgery, Obesity Medicine Association, and American Society of Anesthesiologists  – 
Executive Summary. Endocr Pract. 2019;25(12):1346–59. Epub 2019/11/05.

 84. Atlantis E, Langford K, Piya M, et al. Physical capacity outcomes in patients with severe 
obesity after 12 months of physician-led multidisciplinary team care: a case series from a 
public hospital clinical obesity service. Clin Obes. 2019;9(6):e12337. Epub 2019/09/03.

 85. Foster D, Sanchez-Collins S, Cheskin LJ.  Multidisciplinary team-based obesity treatment 
in patients with diabetes: current practices and the state of the science. Diabetes Spectrum. 
2017;30(4):244–9. Epub 2017/11/21.

 86. Shealy K, Wagner S, Clements J, et al. Team-based approach to obesity management. J South 
Carolina Med Assoc. 2014;110(3):98–100. Epub 2014/09/01.

J. M. Gonzalez-Campoy et al.



187

 87. Baretta GA, Cambi MP, Rodrigues AL, et al. Secondary hyperparathyroidism after bariat-
ric surgery: treatment is with calcium carbonate or calcium citrate? Arquivos brasileiros 
de cirurgia digestiva: ABCD/Brazil Archiv Digest Surg. 2015;28 Suppl 1:43–5. Epub 
2015/11/06.

 88. Alexandrou A, Tsoka E, Armeni E, et al. Determinants of secondary hyperparathyroidism in 
bariatric patients after Roux-en-Y gastric bypass or sleeve gastrectomy: a pilot study. Int J 
Endocrinol. 2015;2015:984935. Epub 2015/05/08.

 89. Suhl E, Anderson-Haynes SE, Mulla C, et  al. Medical nutrition therapy for post-bariatric 
hypoglycemia: practical insights. Surg Obes Relat Dis. 2017;13(5):888–96. Epub 2017/04/11.

 90. Wysocki M, Szopa M, Stefura T, et al. Continuous glucose monitoring in bariatric patients 
undergoing laparoscopic sleeve gastrectomy and laparoscopic Roux-En-Y gastric bypass. 
Obes Surg. 2019;29(4):1317–26. Epub 2019/02/10.

 91. Novodvorsky P, Walkinshaw E, Rahman W, et  al. Experience with FreeStyle Libre Flash 
glucose monitoring system in management of refractory dumping syndrome in pregnancy 
shortly after bariatric surgery. Endocrinol Diabetes Metab Case Rep. 2017;2017. Epub 
2018/01/06.

 92. Nielsen JB, Abild CB, Pedersen AM, et  al. Continuous glucose monitoring after gastric 
bypass to evaluate the glucose variability after a low-carbohydrate diet and to determine 
hypoglycemia. Obes Surg. 2016;26(9):2111–8. Epub 2016/01/13.

 93. Mordes JP, Alonso LC. Evaluation, medical therapy, and course of adult persistent hyperin-
sulinemic hypoglycemia after Roux-en-Y gastric bypass surgery: a case series. Endocr Pract. 
2015;21(3):237–46. Epub 2014/08/08.

 94. Valderas JP, Ahuad J, Rubio L, et  al. Acarbose improves hypoglycaemia following 
gastric bypass surgery without increasing glucagon-like peptide 1 levels. Obes Surg. 
2012;22(4):582–6. Epub 2011/12/14.

 95. Moreira RO, Moreira RB, Machado NA, et  al. Post-prandial hypoglycemia after bar-
iatric surgery: pharmacological treatment with verapamil and acarbose. Obes Surg. 
2008;18(12):1618–21. Epub 2008/06/21.

 96. Gonzalez-Gonzalez A, Delgado M, Fraga-Fuentes MD. Use of diazoxide in management of 
severe postprandial hypoglycemia in patient after Roux-en-Y gastric bypass. Surg Obes Relat 
Dis. 2013;9(1):e18–9. Epub 2011/07/05.

 97. Vilarrasa N, Goday A, Rubio MA, et  al. Hyperinsulinemic hypoglycemia after bariatric 
surgery: diagnosis and management experience from a Spanish Multicenter Registry. Obes 
Facts. 2016;9(1):41–51. Epub 2016/02/24.

 98. Myint KS, Greenfield JR, Farooqi IS, et al. Prolonged successful therapy for hyperinsulinae-
mic hypoglycaemia after gastric bypass: the pathophysiological role of GLP1 and its response 
to a somatostatin analogue. Eur J Endocrinol. 2012;166(5):951–5. Epub 2012/03/13.

 99. Ritz P, Vaurs C, Bertrand M, et al. Usefulness of acarbose and dietary modifications to limit 
glycemic variability following Roux-en-Y gastric bypass as assessed by continuous glucose 
monitoring. Diabetes Technol Ther. 2012;14(8):736–40. Epub 2012/08/03.

 100. Koklu E, Ozkan KU, Sayar H, et al. Treatment of hyperinsulinemic hypoglycemia because 
of diffuse nesidioblastosis with nifedipine after surgical therapies in a newborn. J Pediatr 
Endocrinol Metab. 2013;26(11–12):1153–6. Epub 2013/06/12.

 101. Abrahamsson N, Engstrom BE, Sundbom M, et  al. GLP1 analogs as treatment of post-
prandial hypoglycemia following gastric bypass surgery: a potential new indication? Eur J 
Endocrinol. 2013;169(6):885–9. Epub 2013/10/03.

 102. Davis DB, Khoraki J, Ziemelis M, et al. Roux en Y gastric bypass hypoglycemia resolves 
with gastric feeding or reversal: confirming a non-pancreatic etiology. Molec Metab. 
2018;9:15–27. Epub 2018/02/17.

 103. Shoar S, Nguyen T, Ona MA, et al. Roux-en-Y gastric bypass reversal: a systematic review. 
Surg Obes Relat Dis. 2016;12(7):1366–72. Epub 2016/10/26.

 104. Rao BB, Click B, Eid G, et al. Management of refractory noninsulinoma pancreatogenous 
hypoglycemia syndrome with gastric bypass reversal: a case report and review of the litera-
ture. Case Rep Endocrinol. 2015;2015:384526. Epub 2015/11/03.

11 Endocrine and Metabolic Complications After Bariatric Surgery



189© Springer Nature Singapore Pte Ltd. 2021
A. G. Bhasker et al. (eds.), Management of Nutritional and Metabolic 
Complications of Bariatric Surgery, 
https://doi.org/10.1007/978-981-33-4702-1_12

M. T. Adil (*) 
Consultant Surgeon, Department of Upper GI and Bariatric Surgery, Luton and Dunstable 
University Hospital, Luton, UK
e-mail: mdtanveer.adil@ldh.nhs.uk 

A. Askari 
Specialty Trainee, East of England Surgical Rotation, Watford General Hospital, Watford, UK
e-mail: alan.askari@nhs.net 

K. Mahawar 
Consultant Surgeon, Department of General Surgery, Sunderland Royal Hospital,  
Sunderland, UK
e-mail: Kamal.mahawar@chsft.nhs.uk

12Cardiovascular Complications After 
Bariatric and Metabolic Surgery

Md Tanveer Adil, Alan Askari, and Kamal Mahawar

The central problem in heart failure is not that patients are 
short of breath or that they retain fluid: the problem is that they 
die. Heart failure is a mortal illness, more serious than most 
malignancies.

—Arnold M. Katz, MD
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PE Pulmonary Embolism
USA United States of America
VTE Venous Thromboembolism

12.1  Introduction

Bariatric and Metabolic Surgery (BMS) is major abdominal surgery and is associ-
ated with a definite risk of post-operative cardiovascular events [1, 2]. Though BMS 
leads to an improvement in physical function, cardiovascular fitness, and reduced 
incidence of cardiac disease/events in the long term [2, 3], it is associated with a 
definite risk of cardiovascular events in the immediate post-operative period. In this 
regard, cardiovascular complications after BMS are no different from the complica-
tions following any major abdominal surgery and include Venous Thromboembolism 
(VTE), Myocardial Infarction (MI), arrhythmias, and Heart Failure (HF), but the 
demographic profile of patients undergoing BMS puts them at a substantially higher 
risk of developing these complications.

Although, majority of BMS procedures are currently performed laparoscopically 
with a relatively short anaesthetic time, surgery can still place considerable demand 
on the physiological reserves of these patients, especially if the patient develops 
major post-operative complications that can happen in approximately 3.0–5.0% of 
patients. The preoperative cardiac assessment should, therefore, attempt to deter-
mine if the patient has enough cardiac reserve for not just the procedure but also any 
major complications that might follow.

It is important to recognize that patients who undergo BMS are at a higher risk of 
cardiovascular events compared to the normal population. They are at moderate or 
high risk for developing VTE as per the American Society of Metabolic and Bariatric 
Surgeons (ASMBS) [1]. Besides, they suffer from many other associated co-morbid-
ities such as type 2 diabetes, hypertension, and obstructive sleep apnoea. These condi-
tions further increase the risk of post-operative cardiovascular complications.

12.2  Incidence/Prevalence

The reported incidence of cardiac complications like arrhythmia, MI, and HF and 
vascular complications such as DVT and PE varies in literature ranging from 0.1 to 
12% [4–8]. Of the potential cardiac complications, Atrial Fibrillation (AF) appears 
to be the most common [4].

VTE is one of the most disastrous complications after BMS, affecting 0.3–1.3% 
of patients undergoing BMS within 30 days [5, 6]. In a large nationwide cohort of 
110,000 BMS patients in France, patients with previous history of VTE, post- 
operative complications, heart failure, or open surgery appeared to be at the highest 
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risk of post-operative VTE. Furthermore, the study demonstrated that there was an 
ongoing risk of VTE beyond the initial 30 days, with rates of embolism rising from 
0.3% at 30 days to 0.5% at 90 days [5]. Another study encompassing over 73,000 
patients from the United States of America (USA) confirmed that the overall VTE 
rate is low (0.4%) and open surgery is associated with nearly a three-fold increase 
in VTE rates compared to laparoscopic bariatric surgery [7]. A meta-analysis includ-
ing over 107,000 patients across 71 studies put the thromboembolic risk at 1.2%. 
The same study put the risk of myocardial infarction at 0.4% [8].

In one study from the USA encompassing over 108,000 patients who underwent 
BMS, 116 patients (0.1%) had a cardiac event in the immediate post-operative 
period [9]. Overall, the incidence of serious cardiac complications appears to be low 
after BMS.

Though stroke has been reported following BMS, it appears to be rare [10]. 
Unfortunately, there is no high-quality data, reporting the incidence of stroke after 
BMS. The risk of stroke in patients undergoing major abdominal surgery has been 
estimated to be in the range of 0.2–0.6% [11], but in the experience of authors, it is 
much lower after BMS probably because a majority of patients undergoing BMS 
are relatively younger.

Table 12.1 summarizes the risk of various cardiovascular complications 
after BMS.

12.2.1  Mortality Risk After Cardiovascular Complication

Although cardiovascular complications are relatively uncommon in the immediate 
post-operative period, they can be life-threatening. Mortality from VTE (largely 
from PE) has been reported to be around 0.18% following BMS. This figure is sub-
stantially lower with gastric banding (0.09%) compared with sleeve gastrectomy 
(0.25%) [8]. The same meta-analysis reported a pooled mortality rate of 0.37% fol-
lowing myocardial infarction [8]. Another study reported the incidence of 

Table 12.1 Risk of various 
cardiovascular complications 
after bariatric surgery

Venous Thromboembolism Incidence
Deep vein thrombosis 0.3–3.0%
Pulmonary embolism 0.3–2.0%
Cardiac complications
Myocardial infarction 0.1–0.4%
Atrial fibrillation/
arrhythmias

2.0–12%

Heart failure <1%
Stroke 0.2–0.6%
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cardiovascular complication to be low, but associated with a significant risk of mor-
tality [12].

12.3  Pathophysiology

12.3.1  Arrhythmia

Up to 2% of obese patients will have AF before surgery and around 2–8% may go 
on to develop new-onset AF in the immediate post-operative period [13]. Older age 
group and male gender appear to be significant risk factors for new-onset AF after 
bariatric surgery and BMI appears to be less significant [13]. It is not entirely clear 
as to why bariatric patients are susceptible to new-onset AF.  It could be because 
factors predisposing to AF are common in a significant proportion of patients under-
going BMS. For example, BMS, like any major gastrointestinal surgery can cause 
fluid shifts and changes in electrolyte composition. This coupled with an increased 
sympathetic tone, poor baseline nutrition (with or without anaemia), direct fatty 
infiltration of the of cardiac myocytes, cardiac hypertrophy, intraoperative hypoten-
sion, and catecholamine release as part of the stress response to surgery may all play 
a role [14]. Furthermore, a significant proportion of patients undergoing BMS also 
suffer from hypertension which itself increases the chance of developing AF by 
70–80% [15].

12.3.2  Venous Thromboembolism

Obesity is an independent risk factor for VTE. Patients with advanced obesity such 
as those with BMI of >50 kg/m2 and those with larger waist circumferences are at 
particularly high risk due to a combination of reduced mobility and increased intra-
abdominal pressure resulting in reduced venous return and venous stasis. 
Furthermore, hypoventilation due to large truncal size and reduced venous return in 
the chest can also contribute to clot formation in the lungs. These factors combined 
with the effects of laparoscopic surgery can lead to reduced venous return and 
peripheral venous stasis in the lower extremities and predispose to peripheral venous 
thrombosis.

Furthermore, obesity also leads to hypercoagulable state and is associated with a 
higher level of pro-thrombotic agents such as fibrinogen, von Willebrand’s factor, 
and factor VII [16]. Chronic intra-vascular inflammation secondary to obesity and 
impaired fibrinolysis could also play a role. Increased adipose tissue is believed to 
lead to a systemic inflammatory state driven by adipocyte secreted inflammatory 
mediators, in particular, cytokines [17].

Obesity is also associated with a significantly higher proportion of visceral fat 
which has a higher concentration of macrophages as part of the inflammatory 
response caused by adipose tissue hypoxia. This higher concentration of macro-
phages results in the activation of pro-thrombotic processes via the release of 
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inflammatory mediators such as anti-TNF, clotting factors, and interleukins. On top 
of this, there is the added inflammatory effect of the surgery itself.

12.3.3  Cardiac Complications

MI and HF are the other significant cardiac complications after bariatric surgery. 
The pathophysiology of myocardial ischaemia in post-operative patients is no dif-
ferent from that with the rest of the population. An autopsy study of 67 patients who 
died as a result of myocardial infarction found that the mechanism of infarction was 
identical in those who had undergone recent surgery (of various types) in compari-
son to those who had not had surgery recently. The most common mechanism of MI 
is one of coronary atheromatous plaque rupture, embolus, occlusion of the vessel 
followed by myocardial ischaemia, and finally muscle death.

Though BMS has been found to improve HF by approximately one half com-
pared to lifestyle modification in a study from two large Swedish registries [18], 
patients undergoing BMS with pre-existing HF are at risk of decompensation intra-
operatively and post-operatively. New-onset HF is rare after BMS. Systolic dys-
function may occur as a result of a myocardial ischaemic event, sepsis, or 
inappropriate fluid therapy, while diastolic dysfunction can be precipitated in 

Surgery Obesity

Release of inflammatory
mediators

Physiological changes in
Laparoscopy/Surgery

• Tumour Necrosis Factor
• Interleukin-6 (IL-6) release
• C-Reactive Protein (CRP)

• Reduced venous return
• Venous stasis in periphery
  due to reverse
  Trendelenburg position
• Hypoxia
• Hypotension
• Dehydration

Prothrombotic risk factors

Cardiovascular Complications

• Existing cardiac disease
• Diabetes/insulin resistance
• Hypertension
• Increase in release of
  adiposity related
  inflammatory mediators

• Arrhythmia
• Venous Thrombo-embolism (VTE)
• Myocardial Infarction (MI)
• Heart Failure

Fig. 12.1 Pathophysiology of cardiovascular complications after bariatric surgery
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patients with pre-existing hypertensive left ventricular hypertrophy or 
cardiomyopathy.

The pathophysiology of cardiac complications after bariatric surgery is illus-
trated in Fig. 12.1.

12.3.4  Cardiovascular Effect of BMS

A large review evaluating the effect of bariatric surgery on cardiac function showed 
significant improvement in atherogenesis, cardiac electro conduction, systolic func-
tion, diastolic function, and symptoms of heart failure after surgery [19]. Even 
though BMS has a small risk of various cardiovascular complications, in the long 
term it is associated with a significant improvement in cardiovascular health [20, 
21]. A study of the effect of bariatric surgery on cardiac structure and function 
showed significant improvements in the left ventricular mass index, left ventricular 
end-diastolic volume, left atrial diameter, and left ventricular ejection fraction [22]. 
The mechanism underlying this benefit is likely remodelling of the cardiac myo-
cytes and epicardial adipose tissue [20, 21]. Another large prospective nationwide 
Swedish study showed that BMS leads to a significant reduction in total and fatal 
cardiovascular events like MI and stroke compared to non-surgical controls [23].

12.4  Clinical events and Diagnosis

12.4.1  Arrhythmias

Intraoperative arrhythmias occur in approximately 3–10% of patients undergoing 
noncardiac surgery, and it can be assumed the actual incidence with bariatric sur-
gery would be similar [24]. However, most of these are transient and clinically 
insignificant. Narrow and broad complex QRS complexes are quite common and 
often associated with pre-existing heart disease or metabolic derangements. The 
two most significant arrhythmias are AF and prolonged QT interval.

AF is the most common arrhythmia observed after bariatric surgery [4]. 
Uncontrolled AF can lead to more serious forms of rhythm abnormalities such as 
ventricular arrhythmias and can predispose to embolization of clots from the heart 
to other organs such as the lungs and the brain. Obesity and obesity-related co- 
morbidities such as diabetes, hypertension, dyslipidaemia, and electrolyte abnor-
malities are known risk factors for repolarization disturbances, and prolonged QT 
interval [25].

A new-onset cardiac arrhythmia, especially AF, after BMS should lead one to 
suspect an intra-abdominal complication. Along with sinus tachycardia, AF in a 
previously healthy patient is often an early sign of staple line leak after sleeve gas-
trectomy (SG), or anastomotic dehiscence and bowel obstruction after gastric 
bypass. Therefore, any abdominal discomfort in association with AF after BMS 
should prompt urgent imaging/ laparoscopy as appropriate. Most patients with AF 
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in the absence of intra-abdominal complications would remain asymptomatic. 
However, those with pre-existing diastolic dysfunction or hypertension can deterio-
rate rapidly and become haemodynamically unstable.

12.4.2  Venous Thromboembolism

Venous thromboembolism (VTE) after bariatric surgery is estimated to occur in 
approximately 0.3% patients within 7  days, 1.9% within 30  days, 2.1% within 
90 days, and 2.1% within 180 days of bariatric surgery [26]. Risk factors identified 
for VTE after bariatric surgery are male gender, older age, higher BMI, longer oper-
ating time, type of procedure (higher following gastric bypass and duodenal switch 
compared to the gastric band), pre-existing chronic heart failure, renal disease, lung 
disease and alcohol abuse. A study of 27,818 patients undergoing BMS identified 93 
patients (0.33%) with VTE, including 51 patients (0.18%) with pulmonary embo-
lism (PE) [27]. Risk factors for VTE in this study were male gender (odds ratio 
(OR) 2.08), operating time more than 3  hours (OR 1.86), BMI category (per 
10 units) (OR 1.37), and procedure type (reference adjustable gastric band): duode-
nal switch (OR 9.45), laparoscopic gastric bypass (OR 3.97), open gastric bypass 
(OR 6.48), and sleeve gastrectomy (OR 3.50) [27]. Another study identified alcohol 
abuse (OR 8.7), renal failure (OR 2.3), congestive heart failure (OR 2.0), and 
chronic lung disease (OR 1.4) as additional risk factors [27].

The diagnosis of VTE requires a high index of clinical suspicion. The two-level 
Wells score (Tables 12.2 and 12.3) serves as a useful guide to establish the risk of 
VTE and is recommended by National Institute for Health and Care Excellence 
(NICE) [28, 30, 31].

Table 12.2 Two-level DVT Wells score [28, 29]

Clinical feature Points
Active cancer (treatment ongoing, within 6 months, or palliative) 1
Paralysis, paresis, or recent plaster immobilization of the lower 
extremities

1

Recently bedridden for 3 days or more or major surgery within 12 weeks 
requiring general or regional anaesthesia

1

Localized tenderness along the distribution of the deep venous system 1
Entire leg swollen 1
Calf swelling at least 3 cm larger than asymptomatic side 1
Pitting edema confined to the symptomatic leg 1
Collateral superficial veins (non-varicose) 1
Previously documented DVT 1
An alternative diagnosis is at least as likely as DVT −2
DVT likely 2 points or more
DVT unlikely 1 point or less
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Unilateral calf or thigh pain, leg swelling, and redness are the usual clinical fea-
tures of deep venous thrombosis (DVT). The usual symptoms and signs of PE are 
chest pain, dyspnoea, palpitations, cough, and in severe cases it may be associated 
with syncope and haemodynamic collapse. D-dimer, although typically elevated in 
acute VTE, may be unreliable early after BMS due to low specificity. However, it 
does have a role in the diagnosis of late VTE after BMS and carries a sensitivity of 
95% and specificity of 50% in the diagnosis of DVT and PE [29].

Compression duplex ultrasound is the imaging modality of choice for the diag-
nosis of DVT and has largely superseded other modalities such as doppler and inva-
sive techniques like contrast venography. For PE, the imaging modality of choice is 
the computed tomographic pulmonary angiogram (CTPA) due to its high sensitiv-
ity, non-invasive nature, easy availability, and simpler reporting system. CTPA has 
largely replaced other modalities such as invasive pulmonary angiography, 
ventilation- perfusion scan, chest X-ray, thoracic ultrasonography, and magnetic 
resonance angiography in clinical practice. According to a study comparing CTPA 
with ventilation-perfusion radionuclide lung scan, CTPA offered superior sensitiv-
ity (94.1% versus 80.8%), specificity (93.6% versus 73.8%), positive predictive 
value (95.5% versus 82%) and negative predictive value (96.2% versus 75.9%) than 
ventilation-perfusion scan [32]. In patients with allergy to contrast or with renal 
impairment, ventilation-perfusion SPECT or planar scans can be considered as an 
alternative.

12.4.3  Myocardial Ischaemia and Infarction

MI can be defined as myocardial injury with clinical evidence of myocardial isch-
aemia, rise and/or fall of cardiac troponin value with at least one value above the 
99th percentile and at least one of the following—symptoms of myocardial isch-
aemia, new ischaemic ECG changes, development of pathological Q waves, imag-
ing evidence of new loss of viable myocardium, new regional wall motion 
abnormality in a pattern consistent with ischaemic aetiology, or identification of 

Table 12.3 Two-level PE Wells score [28, 29]

Clinical feature Points
Clinical signs and symptoms of DVT (minimum of leg swelling and 
pain with palpation of the deep veins)

3

An alternative diagnosis is less likely than PE 3
Heart rate > 100 beats per minute 1.5
Immobilization for more than 3 days or surgery in the previous 4 weeks 1.5
Previous DVT/PE 1.5
Hemoptysis 1
Malignancy (on treatment, treated in the last 6 months, or palliative) 1
PE likely More than 4 points
PE unlikely 4 points or less
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coronary thrombus by angiography or autopsy [33]. Perioperative MI can be diffi-
cult to diagnose.

Two distinct mechanisms of perioperative MI are identified—(1) acute coronary 
syndrome (Type 1 MI), and (2) imbalance in the myocardial oxygen supply-demand 
(Type 2 MI) [34]. Type 1 MI is often predisposed by tachycardia and hypertension, 
both of which are fairly common in perioperative bariatric settings due to catechol-
amine and cortisol surge during surgery along with increased endogenous proco-
agulants, decreased anticoagulants, and decreased fibrinolysis that predominates in 
the perioperative setting. Type 2 MI is precipitated by tachycardia, hypotension, 
hypertension, anaemia, hypoxia, and hypercarbia. It presents as silent ischaemia 
with ST-depression more common than ST-elevation. According to studies, 
ST-elevation occurs in <2% of post-operative cardiac events and is a rare accompa-
niment of perioperative MI [33, 35]. In a bariatric setting, however, the incidence of 
STEMI (ST Elevation Myocardial infarction) is expected to be higher due to obesity 
and co-existent co-morbidities such as diabetes, dyslipidaemia, and hypertension. 
The rise in cardiac troponin levels has been found to occur after prolonged, transient 
ST-depression with peak troponin levels corroborating with the duration of 
ST-depression [36].

Chest pain, as a classical symptom of MI, is unreliable in the perioperative set-
ting due to the presence of confounding variables, such as the use of analgesics. A 
pooled data analysis found chest pain to occur in only 14% of patients with periop-
erative MI [37]. Common clinical findings suggestive of perioperative MI are per-
sistent hypotension, nausea, and diaphoresis. Diagnosis is aided by post-operative 
ECG changes such as ST-depression (non-ST elevation myocardial infarction or 
NSTEMI), or ST-elevation (ST-elevation myocardial infarction or STEMI), left 
bundle branch block, and pathological Q waves. Biomarker assay with cardiac tro-
ponin as a standard fourth-generation assay is usually sufficient to establish the 
diagnosis of perioperative MI. Fifth-generation highly sensitive assays for cardiac 
troponin can be used to detect more subtle elevations suggestive of MI. According 
to the VISION study, cardiac troponin measurement of at least 20 ng/L in men and 
14  ng/L in women was significantly associated with 30-day mortality [38]. 
Transoesophageal echocardiography shows segmental wall motion abnormalities 
highly sensitive and specific for myocardial ischaemia and is integral to the moni-
toring of perioperative MI. Once a diagnosis of perioperative MI is established, all 
patients should probably undergo coronary angiography and be looked after under 
an expert cardiologist. Coronary angiography can differentiate Type 1 MI from 
Type 2 MI in the setting of NSTEMI. Type 1 NSTEMI and STEMI would require 
invasive intervention that can be guided only by coronary angiography.

12.4.4  Heart Failure

HF, as a complication after bariatric surgery, almost universally occurs in patients 
with a pre-existing cardiac disease such as coronary artery disease, pre-existing HF, 
valvular heart disease, hypertension, tachyarrhythmias, and anaemia. It is 
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precipitated by intraoperative stress, inappropriate fluid management, or myocardial 
ischaemia. It can be defined as a clinical syndrome characterized by typical symp-
toms, such as breathlessness, swelling, and fatigue, and signs such as peripheral 
oedema, pulmonary crepitations, elevated jugular venous pressure, and cardiogenic 
shock in advanced cases. The diagnosis is supported by chest X-ray, electrocardio-
gram, echocardiography, and biomarkers. Signs of HF on chest X-ray are Kerley B 
lines, pleural effusion, and cardiomegaly while findings on electrocardiogram 
include abnormal Q wave, ST-depression, abnormal T wave, atrial fibrillation or 
flutter, left bundle branch block, and left ventricular hypertrophy. In patients clini-
cally suspected of having an HF during or after bariatric surgery, echocardiography 
is the gold standard investigation for confirmation of the diagnosis [39]. Intraoperative 
and post-operative transoesophageal or post-operative transthoracic echocardiogra-
phy provides rapid evaluation of regional and global right and left ventricular func-
tion, preload estimation, presence of cardiac thrombi, and valvular dysfunction. The 
European Society of Cardiology defines HF based on ejection fraction (EF) into (a) 
HF with preserved EF (EF ≥ 50%), (b) HF with midrange EF (EF 40%–49%), and 
(c) HF with reduced EF (EF < 40%) [40]. Patients suspected of HF with preserved 
and midrange EF should have B-type natriuretic peptide (BNP) levels >35 pg/mL or 
N-terminal pro-BNP (NT-pro-BNP) levels >125  pg/mL, along with at least one 
additional criterion such as diastolic dysfunction or structural cardiac disease like 
left ventricular hypertrophy or left atrial enlargement [39]. These biomarkers have 
the potential to strengthen the diagnosis of acute HF in a bariatric setting in con-
junction with clinical findings and echocardiography, but may not be routinely 
available in all centres. According to a recent meta-analysis, post-operative rise in 
BNP and NT-pro-BNP levels after noncardiac surgery were found to be indepen-
dently associated with increased risk of HF, MI, and mortality at 30  days and 
180 days after surgery [40].

12.4.5  Chronic Cardiovascular Complications

Chronic cardiovascular complications after BMS have been reported, although 
these appear to be rare. Cardiomyopathy and subsequent heart failure have been 
shown to occur due to selenium deficiency after gastric bypass [41]. Selenium defi-
ciency, although seemingly minor, can result in life-threatening heart failure after 
BMS [42]. Zinc deficiency after BMS has also been reported to cause significant 
cardiac dysfunction [43]. In the vast majority of cases, these deficiencies are due to 
poor adherence on the part of patients to recommended micronutrient supplements. 
The clinical signs and symptoms are often classical of cardiac dysfunction, i.e. dys-
pnoea, lethargy, and leg oedema. Cardiomyopathy and consequent decline in car-
diac function in this setting is often reversible and occurs due to a reduction in 
antioxidant reserve within the cells of cardiac musculature. Since both zinc and 
selenium are required by the myocardium for antioxidant activity, symptoms have 
been reported to resolve or at least improve once the micronutrient deficiency is 
resolved. Another reported cause of heart failure after BMS is Takotsubo syndrome 
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(stress-induced cardiomyopathy). This phenomenon is more acute and usually due 
to cardiac stress resulting in catecholamine release, tachycardia and ultimately left 
ventricular failure [44], In a few other cases, BMS did not directly contribute to 
cardiovascular complications but has exacerbated pre-existing cardiac conditions. 
These are largely confined to case reports in the literature. One such report high-
lighted that vomiting after laparoscopic gastric band worsened hypertrophic obstruc-
tive cardiomyopathy (HOCM) through triggering of the Valsalva manoeuvre 
resulting in occlusion of the outlet of the left ventricle, ultimately causing syncope 
[45]. Some of the cardiovascular complications may be due to mechanical/technical 
causes of BMS. Two unusual reports exist in the literature, highlighting that mis-
placed bands can potentially lead to cardiovascular complications, particularly if the 
band is inadvertently placed around the aorta [46] or if the marginal ulcer following 
a gastric bypass penetrates surrounding structures leading to an aorto-enteric fis-
tula [47].

12.5  Management

12.5.1  Arrhythmias

Intraoperatively detected significant arrhythmias need close co-operation between 
the surgeon and anaesthetist for optimal management. The anaesthetist may want an 
immediate deflation of the pneumoperitoneum and change in the positioning of the 
patient to supine. It is of paramount importance to ensure adequate oxygenation and 
ventilation to maintain optimum PaO2, PaCO2, acid-base, electrolyte, and tempera-
ture of the patient. Alteration in the depth of anaesthesia may be required. Anti- 
arrhythmic drugs, anti-ischaemic drugs, pacing, or DC cardioversion may be 
necessary for unstable patients.

Post-operative atrial fibrillation in the first week may be reflective of an intraop-
erative complication like anastomotic or staple line leaks, bowel obstruction, and 
acute gastric dilatation, and should be viewed with suspicion. Post-operative cardiac 
arrhythmias are best managed in consultation with a cardiologist.

The management of post-operative atrial fibrillation is illustrated in Fig. 12.2.

12.5.2  Venous thromboembolism

VTE after BMS should be managed in consultation with an Internist or a 
Haematologist. Systemic anticoagulation is the therapy of choice in the treatment of 
VTE in the acute, short-term, and long-term setting after bariatric surgery. Catheter- 
directed thrombolysis is reserved for acute limb-threatening thrombosis of the ilio-
femoral vein, provided the symptoms are present for less than 14  days, and the 
patient has a low risk of bleeding with good functional status [30]. Systemic throm-
bolysis is reserved for life-threatening massive PEs with haemodynamic instability 
but carries a high risk of bleeding complications. Mechanical thrombectomy is 
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rarely used in conjunction with thrombolysis. The duration of anticoagulation in the 
acute phase of VTE is between 7 and 10 days of parenteral therapy with unfraction-
ated, or preferably, low molecular weight heparin (LMWH), followed by a vitamin 
K antagonist like warfarin which is continued for short or long term depending on 
the risks. For calf DVTs, the duration of treatment is usually 6 weeks. A longer 
duration of at least 3 months is advocated for proximal DVTs. Patients with a sig-
nificantly high risk of recurrent VTE like those suffering from pro-thrombotic con-
ditions such as Factor V Leiden mutation, prosthetic cardiac valves, or recurrent 
history of PEs are often kept on lifelong anticoagulation. In patients of DVT with a 
contraindication to anticoagulation, but at a high risk of PE, inferior vena cava 
(IVC) filter placement can be considered.

POSTOPERATIVE ATRIAL FIBILLATION
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Fig. 12.2 Treatment of post-operative atrial fibrillation after bariatric surgery
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The various anticoagulant agents used for the treatment of VTE are enumerated 
in Table 12.4.

Prevention of VTE in bariatric surgery has been extensively studied as it is one 
of the most common causes of mortality after laparoscopic bariatric surgery [48]. 
Strategies employed to reduce VTE after bariatric surgery include early ambulation, 
lower extremity compression with elastic stockings, intermittent pneumatic com-
pression or sequential compression device, and pharmacological prophylaxis, most 
commonly with Low Molecular Weight Heparin. There is emerging evidence 
towards extended prophylaxis after bariatric surgery in terms of lowering the inci-
dence of VTE [5, 49] and many surgeons now recommend post-discharge VTE pro-
phylaxis for 14–28 days.

12.5.3  Myocardial Infarction

MI after BMS involves multidisciplinary management involving the anaesthetist, 
cardiologist, and critical care team. The goal of the management of perioperative 
MI is to optimize the myocardial oxygen supply-demand balance whilst maintain-
ing the haemodynamic stability of the patient. If detected intraoperatively, surgery 
is paused till the situation is stabilized and the surgeon should consider abandoning 
the procedure if possible. The physiological goals to be achieved include normaliza-
tion of heart rate, blood pressure, oxygen saturations with the minimum possible 
FiO2, and avoidance of fluid overload. If detected post-operatively, management 

Table 12.4 Treatment options for acute venous thromboembolism

– Unfractionated heparin: 80 U/kg intravenous bolus followed by 18 U/kg/h adjusted to 
activated partial thromboplastin time (aPTT) ratio
– Low molecular weight heparins:
Tinzaparin 175 U/kg s/c every 24 h
(Renal dose: Same as no evidence of accumulation in the IRIS study [42])
Alteparin 200 U/kg s/c every 24 h
(Renal dose: No official recommendation to use with caution, consider anti-Xa monitoring)
Enoxaparin 1.5 mg/kg s/c every 24 h
(Renal dose: 1 mg/kg s/c every 24 h for CrCl <30 mL/min)
– Pentasaccharide
Fondaparinux 5-10 mg s/c every 24 h (7.5 mg for 50–100 kg body weight; 10 mg for 
>100 kg body weight)
(Renal dose: Avoid in patients with CrCl <30 mL/min; caution in patients with CrCl 
30–50 mL/min)
– Direct oral anticoagulants
Apixaban (oral direct factor Xa inhibitor)—10 mg BD for 7 days, followed by 5 mg BD
Dabigatran (oral direct thrombin inhibitor)—150 mg BD after 5–10 days of parenteral 
anticoagulation
Edoxaban (oral direct factor Xa inhibitor)—60 mg OD
Rivaroxaban (oral direct factor Xa inhibitor)—15 mg BD for 3 weeks followed by 20 mg 
OD.
– Inferior vena cava filter
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principles remain the same along with adequate analgesia. Management principles 
of post-operative MI after bariatric surgery are illustrated in Fig. 12.3.

12.5.4  Heart Failure

The aim of intraoperative and post-operative management of acute HF in BMS 
involves a rapid diagnosis of HF, including that of the cause. Treatment is aimed to 
prevent further organ dysfunction and myocardial damage. This is best accom-
plished with inputs from an experienced cardiologist and critical care team.

The diagnosis of the cause of HF allows definitive treatment through the use of 
specific therapy. HF secondary to fluid overload requires fluid restriction and 
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Fig. 12.3 Treatment of post-operative myocardial infarction/ischaemia after bariatric surgery
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diuretics while that due to MI may prompt angiography and reperfusion with angio-
plasty or stenting. The goals of treatment of acute HF in the bariatric setting would 
include [50]:

 1. Diagnosis of the cause of HF and treatment of the cause.
 2. Maximize oxygenation/ventilation, correction of heart rate, and blood pressure.
 3. Correction of acid-base and electrolyte abnormalities.
 4. Adequate analgesia in the post-operative setting.
 5. Optimization of preload, afterload, heart rate, rhythm, and contractility.
 (a) Preload—Diuretics if volume status is high, fluids if volume status is low.
 (b) Afterload—Nitroglycerine and sodium nitroprusside if high, norepineph-

rine if afterload is low.
 (c) Stable heart rate and rhythm—digoxin to stabilize the heart.
 (d) Contractility—Inotropes if contractility is reduced.
 6. If medical management fails—use of mechanical assistance such as intra-aortic 

balloon pump, percutaneous cardiopulmonary bypass system, and mechanical 
assist devices.

 7. Ultrafiltration in diuretic-refractory HF.
 8. Ventricular pacing in left ventricular dysfunction and atrioventricular block.

12.6  Prevention of Cardiovascular Complications After BMS

Surgeons practicing BMS are increasingly becoming aware of patients suffering 
from obesity whose risks of surgery outweigh the benefits. Patients with pre- existing 
ischaemic heart disease or other significant cardiovascular diseases might fall into 
this category. These patients should be discussed in a multidisciplinary team and 
surgery should only be offered to a well-counselled patient after careful consider-
ation of all the risks and benefits in conjunction with an anaesthetist and/or a cardi-
ologist. The Revised Cardiac Risk Index lists six known risk factors for the 
development of cardiovascular complications after surgery [51]. These are—(1) 
high-risk surgery (and bariatric surgery happens to be one), (2) history of coronary 
heart disease, (3) history of HF, (4) history of cerebrovascular disease, (5) preopera-
tive treatment with insulin, and (6) preoperative serum creatinine levels >2.0 mg/dL 
[51]. Patients with no risk factors can safely be cleared for bariatric surgery, how-
ever, those with ≥3 risk factors or with confirmed coronary artery disease may 
require further non-invasive testing and cardiac optimization, and should be referred 
to a cardiologist for optimization before BMS is offered [52].

The addition of pharmacological prophylaxis for an extended duration beyond 
hospital stay is advocated by most BMS guidelines and LMWH appears to be the 
agent of choice compared to unfractionated heparin and direct oral anticoagulants 
due to low risk of bleeding and easy monitoring [5, 49, 53]. The utility of IVC filter 
in high-risk patients of BMS for VTE appears conflicting with some authors report-
ing a reduction in PE [54, 55] while others reporting an increased incidence of VTE 
due to IVC filter [7] and complication due to insertion of the device [56].
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Though BMS has been successfully performed in patients with heart failure, the 
data is confined to case series and observational studies with the potential for sig-
nificant type II error in published data [56]. There are no randomized trials, evaluat-
ing the safety of bariatric surgery in patients of significant heart failure. Surgery 
should only be offered to these patients in highly specialized centres with significant 
expertise in BMS as well as management of cardiac diseases after careful discussion 
of risks versus benefits with the patient.

Other preoperative optimization strategies that may reduce the risk of periopera-
tive cardiovascular complications after bariatric surgery include preoperative weight 
loss, especially in technically difficult patients, and choosing a simpler procedure 
that can be performed quickly without the need for prolonged anaesthesia like 
sleeve gastrectomy or one anastomosis gastric bypass over a roux-en-y gastric 
bypass or duodenal switch [ 57, 58]. Cardiovascular risk optimization also includes 
control of other co-morbidities like diabetes, obstructive sleep apnoea, anaemia, and 
hypertension before BMS.

Key Points
• Patients at higher risk of cardiovascular risk factors such as those with advanced 

age, limited exercise tolerance, and pre-existing cardiopulmonary disorders 
should undergo a careful risk versus benefit analysis for BMS in a multidisci-
plinary setting before surgery is offered.

• High-risk patients can benefit from several optimization strategies such as cor-
rection of anaemia, improved control of diabetes and blood pressure, significant 
preoperative weight loss, and selection of a BMS procedure that takes less time 
to perform with shorter anaesthetic time.

• Patients undergoing BMS are at high risk for VTE and generally benefit from 
extended duration mechanical and pharmacological thromboprophylaxis. IVC 
filters are probably best avoided.

• Cardiac arrhythmias occurring after BMS must alert the surgeon to a potential 
anastomotic or staple line leak or bowel obstruction.

• Surgery should only be offered to such high-risk patients in high-volume centres 
with significant expertise in both BMS and cardiology after consultation with 
cardiologists and anaesthetists.

• Patients with pre-existing heart failure should only be offered BMS in dedicated 
specialist centres following a careful discussion with the patient regarding poten-
tial risks and benefits.

• Arrhythmias and cardiomyopathy leading to heart failure after the initial post- 
operative period are often due to micronutrient deficiency and reflects the impor-
tance of adequate micronutrient monitoring and supplementation.
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All answers lie in the neurons.

― Abhijit Naskar

13.1  Introduction

The term “complications” implies any deviation from the normal postoperative 
course. The incidence of complications is often used as an indicator for the quality 
of surgery. The occurrence of complications in bariatric surgery is not accepted by 
the patient, family, and the society because obesity is usually not perceived to be a 
disease. Though early postoperative complications like bleed, leak, etc. are com-
monly discussed, long-term issues like neurological complications are rarely dis-
cussed in bariatric forums. Mostly associated with nutritional deficiencies, 
neurological complications are often diagnosed late underscoring the importance of 
increasing awareness of this complication.

Patients with obesity suffer from malnutrition with 20–30% presenting with 
micro-nutrient deficiencies before surgery [1]. After surgery, these deficiencies can 
worsen because of inadequate intake, vomiting episodes, mal-absorption, lack of 
balanced diet, bacterial overgrowth, and reduced gastric acid. Despite guidelines for 
postoperative micro-nutrient supplementation, variations are prevalent in dietary 
practice followed by patients and even amongst bariatric clinicians. As more diver-
sionary procedures are being performed, this requirement gains additional 
significance.
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It is probably important to mention here that the systematic review and meta- 
analysis published in 2019 showed an overall improvement of peripheral neuropa-
thy in patients undergoing bariatric surgery [2].

Epidemiology A large longitudinal bariatric series reported an incidence of 1.3% 
(133/9996) of neurological complications [3]. Abarbanel et al. [4] described that 
neurological complications developed 3–20 months after restrictive procedures in 
4.6% of their 500 patients. The highest incidence, however, was recorded in a study 
from the Mayo Clinic that described 16% of peripheral neuropathy among patients 
undergoing bariatric surgery [5]. The incidence of neurological complications in 
another study of 592 sleeve gastrectomy was 1.18% after 4.6  ±  3.4  months [6]. 
There are no large scale studies reporting post-bariatric neurological complications 
from India.

Neurological Complications
• Encephalopathy
• Behavioral abnormalities
• Seizures
• Cranial nerve palsies
• Ataxia
• Myelopathy
• Plexopathies
• Peripheral neuropathy
• Mono-neuropathies: Carpal tunnel syndrome, Meralgia paresthetica
• Compartment syndromes
• Myopathy
• Myotonia

Based on the duration of onset after surgery, they can be classified as:

 1. Early (within 1 year)
• Compression injury of peripheral nerve/muscle: Brachial plexus injury, 

meralgia paresthetica
• Encephalopathy: Wernicke’s encephalopathy, Korsakoff’s psychosis
• Polyradiculopathy: Acute Guillian-Barre syndrome

 2. Late (after 1 year)
• Optic neuropathy.
• Myelopathy: Subacute combined degeneration of the spinal cord
• Peripheral neuropathy: Burning feet syndrome, Carpel tunnel syndrome
• Myopathy

Pathophysiology of Neurological Complications
 1. Mechanical injury to peripheral nerves and muscles: This risk is higher in 

patients with obesity during surgical positioning (steep head up) due to inade-
quate padding of pressure points, hyperextension of joints (brachial plexus 
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injury), injury during arterial line access, or mechanical retractors. There is also 
a risk of fatal rhabdomyolysis and myopathies associated with compression 
injury [5]. Additionally, loss of fat makes nerves more susceptible to compres-
sion in the postoperative period.

 2. Neural inflammation and immunological mechanisms: There have been reports 
of inflammatory infiltrates in nerve biopsies from patients who had neurological 
complications after surgery (acute/subacute polyneuropathy or radiculo- 
neuropathy) [3, 5]. In a setting of severe weight loss, a cachexia-like state with 
associated nutritional deficiencies may lead to inflammatory and immune- 
mediated neuropathy [5].

 3. Nutritional: The most accepted etio-pathogenesis of neurological complications 
is vitamin and mineral deficiency due to inadequate intake (surgical restriction), 
hyperemesis, or reduced absorption from the intestine (surgical bypass) [5].

Proposed Mechanisms of Nutritional Deficiency
• Stomach: Loss of gastric acid and intrinsic factor, inadequate meal size, 

repeated emesis.
• Intestine: Reduced absorptive surface (duodenum is the main absorption site of 

calcium, iron, and vitamin B1), bacterial overgrowth.
• Others: Intolerance to certain foods (milk, rice, meats, fiber).

Specific Deficiencies
 1. Thiamine (vitamin B1): Thiamine deficiency may occur within 3–6 months post-

operatively but has been reported as early as 6  weeks [7, 8]. Vitamin B1 is 
obtained mainly from vegetables, whole-grain, and supplemented foods. The 
storage of vitamin B1 is only about 25–30 mg; thus, its stores can be depleted 
within 2–3 weeks The typical history is insufficient oral intake and repeated epi-
sodes of vomiting. As thiamine is mainly absorbed in the duodenum, deficiency 
can occur, even in restrictive procedures like sleeve gastrectomy, despite oral 
supplementation if emesis is present. Vitamin B1 deficiency can lead to depres-
sion of transketolase activity, reduced oxygen uptake, and lactic acidosis [9]. 
Impairment of cellular oxidative metabolism and reduction in thiamine- 
dependent enzymes results in selective neuronal cell death [10].

Wernicke’s encephalopathy and Korsakoff’s syndrome have been associated 
with thiamine deficiency. The diagnostic criteria for Wernicke’s encephalopathy 
require two of the following four features:
 (a) Dietary deficiency
 (b) Oculomotor abnormality (nystagmus)
 (c) Cerebellar dysfunction (ataxia) and
 (d) Confusion or mild memory impairment

Peripheral neuropathy may also accompany Wernicke encephalopathy and 
has been referred to as “bariatric beriberi.” It may occur earlier than Wernicke’s 
encephalopathy and mainly affects the lower limbs with both sensory and motor 
deficits. Sometimes, it may progress rapidly over a few days mimicking 
Guillain-Barré syndrome. Permanent impairment of recent memory with con-

13 Neurological Complications After Bariatric Surgery
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fabulations, known as Korsakoff’s syndrome, is also associated with thiamine 
deficiency.

Deficiency can be confirmed by measuring the vitamin B1 pyrophosphate 
effect in erythrocyte transketolase studies. A typical clinical picture with the 
features of encephalopathy, coupled with the response to administration of par-
enteral vitamin B1, is sufficiently diagnostic. Sometimes, a magnetic reso-
nance imaging (MRI) of the brain may be required, which shows characteristic 
abnormalities-hyperintense signal abnormalities on T2-weighted images in the 
dorso-medial thalamic nuclei, periventricular gray matter, and mammillary 
bodies. Treatment consists in intravenous (IV) administration: 500 mg IV three 
times a day for 3 days, followed by 250 mg IV daily until improvement stops. 
This dose must be followed by an oral dose of 50–100  mg daily [10, 11]. 
Patients with history of bariatric surgery and repeated postoperative vomiting 
should be given preventive thiamine supplementation by 250 mg IM once a 
day. Ophthalmoplegia usually resolves in a few hours and confusion improves 
within a few days. Complete recovery is possible within 3–6 months of initia-
tion of therapy if the symptoms are recognized early [12]. If thiamine defi-
ciency is not discovered early, patients may be left with permanent deficits and 
mental status changes.

 2. Cobalamin (vitamin B12): Vitamin B12 deficiency may appear several years 
after bariatric surgery, since sufficient liver stores compensate for the initial 
dietary insufficiency [13]. The absorption of vitamin B12 requires the intrinsic 
factor derived from gastric parietal cells, acidic gastric pH, and its absorption in 
the ileum, any of which may be affected by bariatric surgery [14]. Vitamin B12 
plays a role in the synthesis of the myelin sheath and in methylation of RNA 
which slows RNA degradation, explaining the involvement of long axons in vita-
min B12 deficiency. Subacute combined degeneration is seen, in which the 
peripheral nerves and posterior columns of the spinal cord are chiefly affected 
(demyelinated). Common neurologic symptoms include paresthesias, weakness, 
hyporeflexia, spasticity, ataxia, loss of position and vibratory sense, inconti-
nence, loss of vision from optic neuropathy, dementia, psychosis, and altered 
mood [15]. Severe autonomic symptoms may also rarely occur [16]. The initia-
tion of vitamin B12 supplementation within 6 months postoperatively is recom-
mended. Oral crystalline vitamin B12 at a dose of at least 350 mcg/day has been 
shown to maintain normal plasma vitamin B12 levels [17]. Optimal dosing of 
oral, sublingual, or intranasal forms of B12 supplementation has not been well 
studied.

 3. Other deficiencies: Low plasma folate levels are seen in upto 42% of patients 
undergoing gastric bypass surgery after 3 years. Folate deficiency with an accom-
panying peripheral neuropathy is a known phenomenon [18]. Oral folic acid 
supplementation (400–500 μg/day; recommended 1 mg daily) has been shown to 
be effective in maintaining levels within the reference range [17, 19]. However, 
isolated folate supplementation can lead to masking of an underlying B12 defi-
ciency, and may cause progression of neurological damage.
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Niacin deficiency or pellagra have been reported with restrictive procedures 
like vertical gastroplasty [20]. This syndrome is characterized by symmetrical 
rash on sun-exposed areas (casal collar) with desquamation. Other features 
include diarrhea, photosensitivity, glossitis, dementia, hallucinations, and 
encephalopathy.

Vitamin D deficiency after gastric bypass may present with symptomatic 
hypocalcemia. In a report by Marinella [21], patients developed carpo-pedal 
spasms, intermittent facial twitching, and ophthalmoplegia in association with 
hypocalcemia many years after gastric bypass surgery. This patient responded 
well to calcium supplementation. Myopathy has been linked to vitamin D defi-
ciency and has been shown to improve with treatment (400–800 units per day) 
[22]. Higher daily dose (1000–2000 units) have also been frequently used today 
[22]. These doses may be recommended in more malabsorptive procedures like 
OAGB or DS with longer bypassed limbs. Reduced vitamin D levels are com-
mon in the general population and all patients undergoing bariatric procedures 
should be screened pre-operatively with 25-hydroxyvitamin D levels. They can 
subsequently be modified based on serum levels and bone densitometry. 
Recommended doses of elemental calcium after bariatric surgery range from 
1200 to 2000 mg daily, along with supplementary vitamin D [17, 19].

In addition to vitamin D, patients undergoing Roux-en-Y gastric bypass may 
also be at risk of deficiency of another fat-soluble vitamin, vitamin E which is 
also associated with neurological manifestations. Low vitamin E levels have 
been found 6–12 months after surgery but may not be apparent for 5–10 years 
[21]. Common findings in patients with vitamin E deficiency include hypore-
flexia, proximal myopathy, limb, and truncal ataxia, reduced vibration and posi-
tion sense, ophthalmoplegia, ptosis, and dysarthria [23]. Saccadic eye movements 
(following a moving object) may be slow, and progressive gaze impairment may 
be noticed. Some patients with ophthalmoplegia also have medial rectus dys-
function and an associated nystagmus. Severe vitamin E deficiency has also been 
linked with polyradiculopathies, peripheral neuropathies, and sensory axonopa-
thy. The recommended dose of vitamin E is 400 IU daily. The proposed supple-
mentation in asymptomatic patients post-surgery is a standard multi-vitamin 
formulation rich in vitamin E [24].

Copper deficiency may lead to myelopathy after bariatric surgery that is clini-
cally indistinguishable from vitamin B12 deficiency. Kumar [25] described a 
49-year- old lady who developed myelopathy characterized by spastic ataxia, 
symmetrical lower limb hyper-reflexia, and loss of vibratory perception and of 
pinprick and touch sensations in feet 24 years after bariatric surgery. As vitamin 
B12 levels were normal, serum copper and ceruloplasmin levels were measured 
and were found to be reduced. Patients improved clinically after intravenous 
administration of copper (as cupric sulfate). Other features found in patients with 
copper deficiency include peripheral neuropathy, optic neuropathy, myopathy, 
demyelination, and myelo-opticoneuropathy (Tables 13.1 and 13.2).
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Table 13.1 Neurological complication, etiology, and symptoms

Complication Etiology/Deficiency Symptoms
Wernicke’s encephalopathy Thiamine Ophthalmoplegia or nystagmus, 

ataxia, and mental status changes
Korsakoff’s psychosis Thiamine Severe memory loss, anterograde 

amnesia, retrograde amnesia, 
confabulations

Polyradiculoneuropathies Thiamine Pain in the lower limbs, weakness, 
ascending paralysis, areflexia

Optic neuropathy Vitamin A, vitamin B6, 
B12, and copper

Blurred vision with central scotoma, 
night blindness

Myelopathy/subacute 
combined degeneration

Vitamin B12, vitamin E, 
copper, rarely folate

Disabling gait ataxia, spasticity in 
the legs, paresthesias, loss of 
proprioception and vibratory 
sensations in legs, limb weakness

Polyneuropathy Vitamin B1, B12, B6 
(pyridoxine), vitamin E, 
copper, and possibly 
vitamin D and folate

Symmetric, distal, sometimes 
painful paresthesias (“burning feet 
syndrome”), sometimes weakness, 
gait ataxia, loss of pinprick, 
vibratory, and temperature sensation

Mononeuropathy Same as polyneuropathy Carpal tunnel syndrome, ulnar 
neuropathy, radial neuropathy, 
peroneal neuropathy [foot drop] 
lateral femoral cutaneous neuropathy 
(meralgia paresthetica)
Restless leg syndrome

Myopathy Protein, copper, 
selenium, magnesium, 
Calcium & Vitamin D

Weakness, vague muscle pains

Table 13.2 Studies reporting neurological complications after bariatric surgery and their findings

Study N Procedures Complication Deficiency
Koffman et al. [3] 96 RYGB, VBG, 

adjustable band, 
BPD-DS

Peripheral neuropathy = 60
Encephalopathy = 30
Myopathy = 7

Thiamine in 
27 (28.1%)

Abarbanel et al. 
[4]

23/500 
(4.6%)

RYGB, VBG Polyneuropathy = 12
Wernicke’s = 2

Thiamine in 
3(12%)

Thaisetthawatkul 
et al. [5]

71/435 
(16%)

Restrictive and 
malabsorptive

Polyneuropathy = 27
Mononeuropathy = 39
Radiculopathy = 5

–

Tabbara et al. [6] 7/592 
[1.2%]

Sleeve 
gastrectomy

Polyneuropathy = 5
Wernicke’s = 2

Thiamine 2 
(29%)

Landais A [12] 2 Sleeve 
gastrectomy

Severe axonal 
neuropathy = 1
Wernicke’s = 1

Thiamine, 
Vit. B6

Juhasz-Pocsine 
et al. [13]

26 Restrictive and 
malabsorptive

Myelopathy, 
encephalopathy, and 
polyradiculopathy

Vit. B12, 
copper

Sen et al. [26] 7/635 Sleeve 
gastrectomy

Peroneal nerve entrapment 
neuropathy

–
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Overview of Treatment of Neurological Complications
It is important to detect and treat neurological complications early as delayed treat-
ment may lead to irreversibility and residual neurodeficit has also been reported [27].

It is prudent to start empirical therapeutic supplementation even before the test 
results are available since the vitamin B complex does not carry toxic effects.

13.2  Conclusion

Neurological complications after bariatric surgery are rare. They are often preceded 
by gastrointestinal symptoms like vomiting of prolonged duration, rapid weight 
loss, and a failure of compliance with vitamin supplementation and dietary follow-
 up. Re-hospitalization may be necessary, and a multidisciplinary team management 
including a bariatric physician and nutritionist is crucial to establish the diagnosis, 
provide appropriate treatment, and halter the progression of these neurological 
complications.

Key Points
• Neurological complications after bariatric surgery are preventable and rare but 

are often diagnosed late.
• They are often preceded by gastrointestinal symptoms.
• The most common cause of neurological complications are nutritional 

deficiencies.
• Hospitalization may sometimes be necessary.
• Multidisciplinary team management is crucial.
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It does seem incredible that a disease that can be diagnosed 
and can be successfully treated is not a major health issue. We 
must do all we can to prevent, treat and ultimately cure this 
painful and life restricting disease.
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RYGB Roux-en-Y gastric bypass
SG Sleeve gastrectomy
SHPT Secondary hyperparathyroidism

14.1  Introduction

Obesity is associated with weight-related disorders, and besides metabolic comor-
bidities, limitations of mobility and functional status impact patients’ quality of life. 
Musculoskeletal complaints are common in most of the patients with obesity [1], 
and obesity is a risk factor for developing osteoarthritis, especially of the knee and 
hand [2]. Special attention should be given to sarcopenic obesity, which is a pheno-
type of low lean muscle mass and high adiposity, that is more common in the elderly. 
Moreover, it seems to be associated with a higher risk of type 2 diabetes mellitus, 
and thus represents a significant predictor of all-cause mortality among older peo-
ple [3, 4].

Weight loss after surgery for obesity and weight-related diseases shows a sub-
stantial ameliorative impact on musculoskeletal pain and leads further to a reduction 
of disability derived from joint disease [5]. On the other hand, due to malnutrition 
and insufficient postoperative supplementation, musculoskeletal complications 
might occur after surgery for obesity. Especially, disorders of calcium and vitamin 
D metabolism, bone loss, and bone fractures are described as sequelae and compli-
cations in the literature [6]. Another complication is sarcopenia, a reduced lean 
muscle mass, which might occur after excessive weight loss and malnutrition [7].

The clinical guidelines of the European Association for the Study of Obesity 
(EASO) and the American Society for Metabolic and Bariatric Surgery (ASMBS) 
strongly recommend routine calcium and vitamin D supplementation after surgi-
cal weight loss procedures, especially gastric bypass procedures and biliopancre-
atic diversion. Both advocate regular monitoring of markers of bone mineral 
metabolism as an outcome measure to reduce the long-term risk of bone fractures 
[8]. In addition, dual-energy X-ray absorptiometry (DEXA) should be performed 
before surgery and biannually thereafter to monitor bone mineral density 
(BMD) [9].

Clinical practical recommendations support regular physical activity after sur-
gery to preserve and build muscle mass. Patients should be advised to perform mod-
erate aerobic physical activity to include a minimum of 150 min/week with the goal 
of increasing it to 300 min/week, including strength training 2–3 times/week [8].

14.2  Incidence/Prevalence

A high incidence (up to 90%) of vitamin D deficiency is described in patients with 
obesity prior to surgery and is reported variably in the follow-up but can occur in up 
to 100% post surgery [9]. Despite routine supplementation, vitamin D deficiency is 
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particularly high after biliopancreatic diversion (BPD), Roux-en Y gastric bypass 
(RYGB), and one-anastomosis gastric bypass (OAGB). After restrictive procedures, 
such as sleeve gastrectomy (SG) or adjustable gastric banding (AGB), no significant 
decrease in vitamin D levels was observed [8].

Similarly, the prevalence of secondary hyperparathyroidism (SHPT) in people 
with morbid obesity is high before surgery and continues to increase with time, 
especially after gastric bypass. Wei et al. analyzed 1470 patients who underwent 
AGB, SG, RYGB, and OAGB regarding SHPT before and after surgery. In this 
study, the authors demonstrated an overall prevalence of 21% of SHPT prior to 
surgery and vitamin D level was the only independent predictor of SHPT before 
surgery. Procedure analysis showed the highest prevalence of SHPT at 1 and 5 years 
after surgery in OAGB (50.6% and 73.6%, respectively) and RYGB (33.2% and 
56.6%, respectively). In comparison, significantly lower prevalence was seen after 
restrictive procedures (GB 25.8% and 38.5%; SG 17.8% and 41.7%). Serum PTH at 
1 year after surgery correlated with decreased Body Mass Index (BMI) and weight 
loss. Multivariate analysis confirmed that age, gender, calcium level, and bypass 
procedure were independent predictors of SHPT after surgery [10].

Svanevik et al. studied 113 patients 2 years after surgery, who underwent either 
a standard or distal gastric bypass and the resulting relation to SHPT and bone turn-
over markers. They found a higher prevalence of SHPT after distal gastric bypass, 
without however resulting in a significant difference in the effect on bone turnover 
markers. Two years after standard as well as distal gastric bypass, a comparable 
increase in bone turnover markers was observed [11].

Alejo et al. examined 321 patients, who underwent BPD. They showed, that in 
the ninth year after surgery, SHPT increased to a maximum of 81.9% [12]. Pilkington 
et al. described a mixture of osteomalacia and SHPT in up to 54% and polyarthral-
gia in up to 13% after jejunoileal bypass [13].

Geoffroy et  al. analyzed the incidence of reduction of BMD in 110 patients 
undergoing SG or gastric bypass. The authors found a clinically significant reduc-
tion in BMD in 62.1% of the patients at 6 months and 71.6% at 12 months after 
surgery. Four cases of osteopenia, one fracture, but no case of osteoporosis was 
observed. In the univariate analysis BMD loss was related to the reduction of BMI 
(p < 0.01), weight loss (p < 0.01), fat mass (p < 0.01), and lean mass (p < 0.01). In 
the multivariate analysis, a significant association was found between the reduction 
in BMD and the excess weight loss percentage (p < 0.001) [14].

Fracture risk after surgery was studied by Yu et al. in 15,032 patients undergoing 
either RYGB or AGB. RYGB patients were at increased risk of nonvertebral frac-
ture (hazard ratio [HR] = 1.43, 95% confidence interval [CI] 1.13–1.81) compared 
to AGB patients. In fracture site-specific analyses, RYGB patients were at increased 
risk for hip (HR = 1.54, 95% CI 1.03–2.30) and wrist fractures (HR = 1.45, 95% CI 
1.01–2.07). The risk of nonvertebral fracture after RYGB manifested after more 
than 2 years and increased in subsequent years, with the highest risk in the fifth year 
after surgery (HR = 3.91, 95% CI 1.58–9.64). The authors concluded, that RYGB is 
associated with a 43% increased risk of nonvertebral fracture compared to AGB, 
and that risk increases 2 years after surgery [15].
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In a prospective observational study, Muschitz et  al. compared the effects of 
RYGB and SG on bone metabolism and found an increased turnover and resulting 
BMD loss at all skeletal sites 2 years after both bariatric procedures [16].

In a retrospective case–control study with 12,676 patients undergoing bariatric 
surgery, Rousseau et al. analyzed fracture risk, age, and sex matched with 38,028 
individuals with obesity and 126,760 controls with normal BMI. They found that 
the adjusted postoperative fracture risk was higher in the bariatric group than in the 
group with obesity (relative risk 1.38, 95% confidence interval 1.23–1.55) and con-
trol (1.44, 1.29–1.59) groups. An increase in fracture risk was significant only for 
BPD [17]. They also showed that “for the first time that risk of fracture is site spe-
cific and changes from a pattern associated with obesity (higher susceptibility for 
distal lower limb fracture and lower susceptibility for upper limb fracture) to a pat-
tern in which risk of lower limb fracture is reduced but risk of fracture at sites typi-
cal of osteoporosis is increased (upper limb, clinical spine, pelvis, hip, femur).”

14.3  Adverse Sequelae Regarding 
Musculoskeletal Complications

• Disorder of calcium/vitamin D metabolism is a sequela after surgery for obesity, 
especially after gastric bypass and malabsorptive procedures [8].

• Weight loss after obesity and metabolic surgery is described as a combination of 
loss of fat, and loss of muscle and bone mass [6]. Optimal for weight loss might 
be a high ratio of lean/fat tissue mass, which means a reduction in fat mass while 
preserving lean mass (muscle and bone) [18]. However, some muscle loss is a 
constant accompaniment after surgery and in severe form may lead to sarcopenia.

14.4  Pathophysiology of the Enlisted Adverse Sequelae

Calcium absorption occurs preferentially in the duodenum and proximal jejunum 
and is facilitated by vitamin D and gastric acid. Vitamin D is absorbed both in the 
jejunum and ileum.

Therefore, calcium absorption decreases after bypass procedures, which result in 
reduced gastric acid production and which simultaneously bypass the major site of 
resorption, namely the duodenum and the proximal jejunum.

Depending on sun exposure, the most fraction of vitamin D is produced endog-
enously in the skin. In contrast, 25-hydroxy cholecalciferol and 
1,25- dihydroxycholecalciferol are sourced from diet and are mostly absorbed in the 
jejunum and ileum. As a fat-soluble vitamin, vitamin D needs bile acids for its 
uptake. The influence on the gastrointestinal composition of bile acids after bypass 
surgery is not known, but a resulting influence may be assumed.

It seems to be clear that the prevalence of SHPT depends on sufficient vitamin D 
and calcium supplementation. Therefore, reduced calcium intake after restrictive 
procedures and calcium and vitamin D malabsorption in malabsorptive operations 
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are the main cause for SHPT after surgery. The resulting most important conse-
quence of coupled calcium and vitamin D deficiencies is bone demineralization 
with the risk of long-term fractures [8].

As already noted above, the real calcium alimentation is difficult to evaluate 
while already simultaneously elevated PTH increases bone metabolism and dis-
solves calcium from bone mass, thus maintaining calcium serum level homeostasis.

Bone health and obesity have a complex relationship. There is a growing body 
of counterintuitive observation that bone mineral density increases with obe-
sity [19].

On the other hand, the prevalence of vitamin D deficiency is reported to be as 
high as 90% in patients with obesity [9]. It is mandatory to measure and correct 
vitamin D deficiency before surgery with an oral vitamin D load [20].

Weight loss with bariatric surgery may decrease bone mineral density due to 
decreased mechanical loading of bones during locomotion, and increased calcium 
loss resulting from a combination of elevated parathyroid hormone and reduced 
extra ovarian estrogen production, due to fat loss [21–23].

14.5  Diagnosis

The diagnosis of musculoskeletal complications after bariatric surgery is based on 
clinical and lab tests. Clinical signs and symptoms are leg cramping, tingling sensa-
tion, back pain, and weakness.

Monitoring the fat mass/fat-free mass with the help of a body composition ana-
lyzer (BCA machine) is also helpful in identifying sarcopenia and taking 
prompt action.

Lab tests include measurement of serum and 24 h urinary calcium, vitamin D, 
phosphorus, parathormone, and dual-energy X-ray absorptiometry (DEXA scan). 
Sometimes, it may be useful to measure osteocalcin and Urinary N- and C-telopeptide 
and cross-links type 1 collagen telopeptides that are indicators of bone resorption.

The normal range of Serum calcium should be 9–10.5 mg/dL in patients without 
renal disease and vitamin D (25(OH)D) should be >30 ng/mL (>75 nmol/L).

Luger et al. recommend 25(OH)D concentrations to be above 50 nmol/L at least 
during the first postoperative year to decelerate bone loss in patients undergoing 
OAGB [24].

14.6  Follow-Up

During follow-up, it is recommended to ensure musculoskeletal health, to [25]:

• Monitor adherence with physical activity recommendation
• Monitor 24-h urinary calcium excretion at 6 months and then annually
• Monitor 25-vitamin D and parathyroid hormone (PTH) after RYGB and BPD
• Perform (DEXA) biannually
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Supplementation may be considered adequate, if levels for serum calcium, bone- 
specific alkaline phosphatase and/or osteocalcin, vitamin D, PTH, and 24-h urinary 
calcium excretion rates are normal.

Additionally, prior and post-surgery Bioelectrical Impedance Analysis (BIA) 
might help to measure body composition [26]. In our department, we implemented 
BIA measurement prior to surgery and during follow-up to control fat mass and fat- 
free mass. Figures 14.1, 14.2, and 14.3 show repeated BIA measurements during 
follow-up in patients after SG and OAGB.

14.7  Management

After surgery, the regular consumption of 1200–2000 mg/day of elemental calcium 
along with 2000–3000 IU of vitamin D is recommended [9]. Calcium citrate was 
preferred to calcium carbonate because it seemed to be better absorbed in the 
absence of gastric acid [20]. Today it is clear that both are equal [27]. Calcium car-
bonate should be taken with meals, while calcium citrate must be taken in between 
the meals.

Since this standard supplementation is frequently insufficient to maintain suffi-
cient vitamin D levels in patients with malabsorption, much higher oral or paren-
teral doses may be required. Therefore, the adequacy of calcium and vitamin D 
supplementation should be evaluated in all patients, with regular controls of urinary 
calcium excretion and markers of bone mineral metabolism [8].

In post-bariatric patients with established osteoporosis, pharmacologic treatment 
with bisphosphonates may be considered. Before starting bisphosphonate treat-
ment, vitamin D deficiency as well as calcium supplementation needs to be fully 
corrected in order to avoid severe hypocalcemia, hypophosphatemia, and osteoma-
lacia [8, 20, 25]. Intravenous bisphosphonates are the preferred choice because of 
concerns about low absorption and the potential risk of anastomotic ulcer with oral 
bisphosphonates. Recommended intravenous drugs were zoledronate (5 mg once a 
year) or ibandronate (3 mg every 3 months), whereas oral bisphosphonates were 
alendronate (70 mg/week), risedronate (35 mg/week or 150 mg/month), and iban-
dronate (150 mg/month). The effectiveness of both intravenous and oral bisphos-
phonates in improving bone mineralization in bariatric patients were never proved 
[8, 20, 25].

14.8  Take-Home Message

Disorder of calcium and vitamin D metabolism is a typical sequelae after surgery 
for obesity and weight-related diseases, especially after gastric bypass and further 
malabsorptive procedures. Vitamin D deficiency should be corrected before surgery 
with an oral vitamin D load. Regular intake of calcium and vitamin D has to be 
maintained after surgery with at least 1200–2000  mg/day of elemental calcium 
along with 2000–3000 IU of vitamin D.
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Fig. 14.1 A female, 39-year-old patient, 157 cm, 113.7 kg, BMI 46.1 kg/m2, EOSS 1, underwent 
SG in date 24.04.2019. BIA shows fat mass, visceral mass, fat-free mass at 6-week follow-up
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Fig. 14.2 A male, 27-year-old patient, 187 cm, 163 kg, BMI 46.6 kg/m2, EOSS 2, underwent SG 
in date 20.03.2019. BIA shows fat mass, visceral mass, fat-free mass at 3-months follow-up
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Fig. 14.3 A female, 49-year-old patient, 168 cm, 105 kg, BMI 37.2 kg/m2, EOSS 2, underwent 
Mini-Gastric Bypass after inadequate response post AGB in date 06.06.2019. BIA shows fat mass, 
visceral mass, fat- free mass at 1-month follow-up
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The adequacy of calcium and vitamin D supplementation should be evaluated in 
all patients, with regular controls of markers of bone mineral metabolism. DEXA is 
recommended biannually after surgery to detect osteoporosis.

Finally, regular physical activity after surgery preserves and builds muscle mass. 
BIA measurement might help follow the patients and to detect patients at risk.

Key Points 

• Many patients with obesity may have a preoperative deficiency of Vitamin D that 
should be assessed and corrected.

• Deficiencies of calcium and Vitamin D are to be expected after most bariatric 
procedures, and therefore, supplementation is necessary.

• Adequacy of supplementation should be evaluated at regular time intervals using 
markers of bone metabolism and biannual DEXA.

• Regular physical activity should be encouraged post surgery in order to build 
and preserve lean body mass.
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15Reproductive Complications After 
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15.1  Female Reproductive System

Ahmad Bashir, Ashraf Haddad, and Abdelrahman Nimeri

15.1.1  Introduction

According to the World Health Organization, obesity has tripled since 1975. In 
2016, more than 1.9 billion adults, 18 years and older, were overweight including 
more than 650 million obese adults. Furthermore; over 340 million children and 
adolescents aged 5–19 were overweight or obese in the same year [1].

The reproduction of mankind is a great marvel and mystery. 
Had God consulted me in the matter, I should have advised him 
to continue the generation of the species by fashioning them 
of clay.

—Martin Luther
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The number of bariatric & metabolic surgeries (BMS) is on the rise worldwide 
[2]. It is conceivable that physicians of all specialties will be encountering young 
females of child bearing age with previous BMS.  Therefore, it is of uttermost 
importance that we understand the long-term hormonal and reproductive implica-
tions of BMS.

15.1.2  Obesity and Infertility

Infertility affects one in seven couples [3], and in a significant proportion of these 
affected couples obesity is directly or indirectly associated with anovulation, sub-
fertility, or infertility [3].

In addition, just being overweight with a body mass index (BMI) > 25 kg/m2 has 
a negative impact on the hypothalamic-pituitary-gonadal axis, on gametogenesis, 
and the outcomes of assisted reproductive technology [4].

Gonadal dysfunction can be one of the most prevalent co-morbidities in mor-
bidly obese and is present in up to 36% of women undergoing BMS [5]. Obesity 
also increases the rate of miscarriage regardless of the mode of conception [3].

The term “obesity associated gonadal dysfunction” OAGD was introduced in 
2014 to describe patients in which the normal adipose tissue distribution and 
function (dictated by low androgen and high estrogen concentrations) is lost due 
to an imbalance favoring the increase in androgen levels leading to a change in 
adipose tissue distribution. This imbalance occurs due to obesity and visceral adi-
posity [6]. This leads to a vicious cycle of androgen excess, abdominal deposition 
of body and visceral fat. Further androgen production by the peripheral fat leads 
to gonadal dysfunction which can be ameliorated by weight loss [7]. However, the 
literature on the effect of BMS on womens’ reproductive health outcomes is still 
limited [8].

In this chapter, we will discuss important topics pertaining to the reproductive 
health of young women undergoing BMS including postoperative hormonal 
changes, pregnancy after bariatric surgery, nutritional deficiencies, sexual func-
tions, and pelvic floor disorders.

15.1.3  Sexual Dysfunction and Pelvic Floor Disorders

15.1.3.1  Effect of Surgery on Sexual Function
Obesity and its associated comorbidities increase the probability of sexual disorders 
[9]. Female sexual dysfunction can be widespread and is affected by biological, 
social, as well as psychological factors. In addition, female Functional Sexual Index 
(FSFI) is a validated self-report questionnaire to assess the level of sexual function. 
It has six domains which include desire, arousal, lubrication, orgasm, satisfaction, 
and pain [10]. The Sexual Quality of Life-Female scores is another questionnaire 
that assesses the impact of sexual dysfunction on quality of life [11]. These tools are 
used to measure sexual dysfunction in females.

A. Bashir et al.
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Female sexual dysfunction is more commonly diagnosed in the obese population 
[9]. FSFI has been shown to strongly correlate with BMI. Both obesity and BMI 
have been shown to affect multiple sexual function parameters from FSFI including 
arousal, orgasm, satisfaction, and lubrication. Obesity and BMI did not affect desire 
and pain [12].

However; sexual dysfunction in females with obesity appears to be improved by 
marked weight reduction [12]. This improvement has been demonstrated in women 
after BMS as well [9]. Women who lose weight after surgery will feel more attrac-
tive, have higher self-esteem, and have decreased anxiety which will translate into 
better Sexual Quality of Life-Female scores that describe the emotional aspects of 
their sexual life. The desire and arousal domains of FSFI are significantly improved 
after BMS as well [13]. A key issue is the excessive hanging skin after BMS, which 
the majority of patients develop, and its negative effect on the benefits of surgery. 
Excessive skin can cause overall impairment in daily life and affect sexual function 
and intimacy as well. The associated depression and concerns regarding body image 
can contribute to weight regain. Thus; it is important to optimize body image issues 
to optimize the psychological and weight outcomes of BMS [14].

In conclusion, obesity increases the probability of sexual disorders and dysfunc-
tion. Sexual dysfunction is improved by both marked weight loss and after BMS.

15.1.3.2  Effect of Surgery on Pelvic Floor Disorders
Obesity is an established risk factor for pelvic floor disorders. The risk of develop-
ing urinary incontinence for example increases with increasing BMI across all BMI 
classes [15].

BMS improves pelvic floor disorders through multiple mechanisms. The decrease 
in intra-abdominal pressure that accompanies weight loss has been suggested as one 
factor. The resolution of comorbidities like diabetes and hypertension is another 
contributing factor [16].

Furthermore, surgery has been shown in multiple studies to significantly improve 
urinary incontinence, pelvic organ prolapse, and colorectal/anal symptoms but not 
necessarily fecal incontinence [16–18].

BMS has been reported to result in resolution of urinary incontinence in 52% of 
preoperatively incontinent patients [18]. Relative risk reduction of urinary inconti-
nence of 67% and pelvic organ prolapse of 52% postoperatively has been 
reported [19].

The risk of pelvic floor disorders including urinary incontinence increases with 
obesity. BMS and its associated weight loss along with resolution of comorbidities 
such as diabetes and hypertension lead to improvement or resolution of pelvic floor 
disorders.

15.1.4  Hormonal Changes in Women After BMS

Multiple complex hormonal mechanisms contribute to female obesity besides 
genetic predisposition. Abdominal obesity can perpetuate a vicious cycle where 
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abdominal adiposity leads to increased peripheral estrogen production through 
increased aromatase activity leading to androgen deficiency. This decreases muscle 
mass and increases abdominal adiposity. The fat cells cause a decrease in adiponec-
tin levels and an increase in tumor necrosis factor alpha and interleukin 6 which will 
aggravate peripheral insulin resistance, obesity, and perpetuate the vicious cycle [5].

The exact hormonal changes and their effect on female reproductive function 
after BMS is not fully understood. However, few studies have described hormonal 
and menstrual changes after BMS.

A study assessing 4 years outcome of sex hormones after BMS revealed overall 
significant improvement in reproductive hormones. Testosterone and dehydroepi-
andosterone sulfate levels decreased over 4 years. Follicle stimulating hormone, 
leutinizing hormone, and sex hormone binding globulin levels all significantly 
increased after surgery. The exception was estradiol which did not change after 
BMS [20].

A second study following patients after RYGB with urinary progestin measure-
ments at 12 months revealed that ovulatory frequency and luteal phase quality was 
not changed but the follicular phase was shorter. Biochemical hyperandrogenism 
improved with no change in the associated clinical features like sebum production, 
hirsutism, or acne. Thus ovulation rate and quality appears to be relatively unaf-
fected by morbid obesity, body composition, caloric restriction after gastric bypass, 
or long-term weight loss [21].

One of the indicators of fertility and ovarian reserve is the Anti-Mullerian 
Hormone (AMH) and it represents the severity of polycystic ovary syndrome 
(PCOS). AMH is significantly higher in the PCOS patients in both women with or 
without obesity and is also positively related to testosterone, androstenedione, and 
dehydroepiandosterone [22]. After BMS, AMH levels decreases in patients whether 
or not they suffered from PCOS before surgery. However, those patients with pre-
operative PCOS had a higher chance of AMH levels normalizing postopera-
tively [22].

Obesity perpetuates a vicious cycle of hormonal imbalance and overall androgen 
deficiency. Postoperatively, BMS leads to improvement of reproductive hormones 
with no change in the ovulation frequency or ovum quality.

15.1.5  Pregnancy and Bariatric Surgery

15.1.5.1  Pregnancy Outcomes and Surgery-to-Conception Interval
BMS has positive effects on fertility. With these positive changes on fertility, inad-
vertent pregnancy despite adequate conventional contraception is possible after 
RYGB [23].

There is a lot of debate regarding the “Ideal” surgery-to-conception timing. Early 
conception during the time of rapid weight loss after BMS has been speculated to 
cause preterm delivery, fetal growth restriction, low birth weight, and congenital 
anomalies. In addition the weight gain of conception during time of maximal weight 
loss can hypothetically limit the maternal benefit of postoperative weight loss [24].
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Two studies reported the outcomes of surgery-to-conception-interval on preg-
nancy following BMS. The first study compared early (≤18 months) versus late 
(>18 months) conception after RYGB. There was no difference in adverse obstetri-
cal outcomes (preterm premature rupture of membranes, gestational diabetes, oligo-
hydramnios, intrauterine growth restriction, pre-term or post-term delivery) or 
adverse newborn outcomes (Apgar score  <  7, intensive care admission, or birth 
defects) [24].

A second study used the same time interval criteria to compare outcomes after 
SG. The study revealed that the late pregnancy group had higher gestational weight 
gain (11 vs. 8 kg), lower hemoglobin in early pregnancy (10 vs. 10.4 gm/dl), and 
after delivery (12.3 vs. 12.6 gm/dl). The same study showed that the other maternal 
and perinatal outcomes were similar between the two groups [25].

Several studies compared pregnancy outcomes after BMS with matched con-
trolled pregnancies. The first studies examined the Swedish Medical Birth Register. 
In the Swedish study, pregnancies post-surgery were associated with lower risk of 
gestational diabetes and large for gestational age infants. In contrast, the rates of 
small for gestational age and short gestation were higher (although the risk of pre-
term birth was not significantly different) [26]. Similarly, a study examining birth 
certificates and maternally linked discharge data in Washington State reported 
higher risk of small for gestational age, prematurity, neonatal intensive care admis-
sion, and lower Apgar score. This study however, reported that a long surgery-to- 
conception interval of more than 4 years (not 18 months like the aforementioned 
studies) is actually associated with lower risk of prematurity, small for gestational 
age, and neonatal intensive care admission [27].

Other reported outcomes of post bariatric surgery conception included lower 
risks of macrosomic infants, lower risk of prolonged labor, and lower risk of cesar-
ean section which has been reported by some authors while others reported that 
mothers with prior BMS who remained obese were most likely to undergo a cesar-
ean section [27–29] (Table 15.1).

15.1.5.2  Gestational Diabetes and Oral Glucose Tolerance Test
Gestational diabetes is frequently encountered during pregnancy, and BMS per-
formed before pregnancy significantly reduces the risk of gestational diabetes but 
the risk is still higher than the normal weight population [30]. In addition, the oral 

Table 15.1 Change of maternal and neonatal risks after bariatric surgery*

Increased risk Decreased risk
No significant 
risk Controversial

Small for gestational age Gestational diabetes Preterm birth Cesarean 
section

Short gestation Large for gestational 
age

Neonatal intensive care 
admission

Macrosomia

Lower Apgar score Prolonged labor

*Risks compared to general population
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glucose tolerance test used to diagnose gestational diabetes is challenging in preg-
nant women after BMS due to hypoglycemia during the test in up to half of the 
patients with previous BMS and it is likely to induce symptoms of dumping syn-
drome. RYGB and short surgery to conception interval are associated with higher 
risk of developing hypoglycemic symptoms. Interestingly; hypoglycemia symp-
toms did not correlate with gestational diabetes and patients who developed hypo-
glycemia had lower rates of gestational diabetes [31] An alternative screening 
methods for gestational diabetes for this patient population includes a non-fasting 
50 gm glucose challenge test which seems to be better tolerated or daily capillary 
blood glucose measurements before and after meals for 3–7 days to be done between 
the 24 to the 28-week of pregnancy [30].

15.1.5.3  Nutritional Deficiencies and Birth Defects
The risk of birth defects after BMS have been suggested to either be increased sec-
ondary to nutritional deficiencies or decreased due to the effect of decreased mater-
nal BMI [32].

All patients undergoing BMS should receive daily multivitamins with trace min-
erals as they are at risk for deficiency of vitamins including B12, B1, C, folate, A, 
D, K, irons, selenium, zinc, and copper [33]. These common postoperative deficien-
cies can be exacerbated by the effects of pregnancy like morning sickness, hyper-
emesis, reflux, and bloating [34]. It has been shown that BMS increases the risk of 
small for age infants and micro-nutrient deficiencies in the mother and the newborn 
[35, 36].

Compliance with vitamin supplementation after BMS is a significant concern. A 
single center study at a university in France followed 48 adult pregnant women who 
underwent BMS (AGB, SG & RYGB). In this French study, only 56.8% took vita-
mins preconception, 77.8% during the first trimester, 96.3% during the second tri-
mester, and 100% during the last trimester. Nutritional deficiencies included 
Vitamins A, D, C, B1, B9, and selenium. Interestingly, and despite supplements 
vitamin A and C deficiencies increased throughout the third trimester [35].

Another study compared cord blood samples from newborns from RYGB moth-
ers to newborns from non-obese mothers. The post RYGB neonates had higher 
chance of having lower concentrations of calcium, zinc, iron, and vitamin 
A. Currently, a comparison to the neonates of morbidly obese mother is lacking [36].

Apart from the aforementioned deficiencies, vitamin A levels seem to be nega-
tively impacted by BMS, and when combined with pregnancy, the risk is greater 
[37]. This can lead to low retinol and b-carotene levels during pregnancy which 
might increase the risk for developing night blindness [37]. However, not all Vitamin 
A supplements are safe during pregnancy (retinol-based products are best 
avoided) [34].

It is advisable to wait at least 12 months or until the weight stabilizes postopera-
tively before pregnancy. In case of pregnancy, a multidisciplinary team approach is 
key to monitor nutrition. Adequate prenatal supplementation should start at the pre-
conception phase as iron and vitamins A, B12, K, and folate deficiencies are associ-
ated with maternal and fetal complications especially because over-the-counter 
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supplements might not provide the required amounts of certain micronutrients in 
this high-risk population [33, 34].

The final key issue to be discussed is whether BMS increases the risk of birth 
defects. Two major studies assessed the risk of birth defects in pregnant mothers 
after BMS. The first examined the Swedish Medical Birth Register from 2006 to 
2011 (matched controlled study) and the second examined birth certificates and 
linked discharge data in Washington State from 1980 to 2013 (population based 
retrospective cohort study). Both studies did not find any significant difference in 
the risk of congenital malformations and birth defects after BMS [26, 27].

In conclusion, fertility improves after BMS.  The “Ideal” surgery-conception 
interval seems to be between 12 and 18 months post-surgery or after weight stabili-
zation. BMS is associated with lower risk of gestational diabetes, large for gesta-
tional age, macrosomia, cesarean section, and prolonged labor. BMS was not shown 
to increase the risks of birth defects, Vitamin supplementation should start precon-
ception and continue throughout the pregnancy.

Key Points 

 1. Obesity is a significant cause of female infertility/subfertility
 2. The “Ideal” surgery-conception interval seems to be between 12 and 18 months 

post-surgery or after weight stabilization.
 3. Obesity causes hypogonadism secondary to increased oestrogen suppression of 

pituitary, decreasing the production of LH and FSH
 4. The decreased fertility in obesity is due to hypogonadism, decreased sexual func-

tion, as well as effects on fertilisation, and conception.
 5. Bariatric surgery improves frequency of ovulation, oocyte quality, fecundity, and 

decreases the risk of Gestational diabetes mellitus, miscarriages and macroso-
mia. There is also a lower risk of prolonged labor and emergency LSCS after 
bariatric surgery

 6. Studies have not found any significant difference in the risk of congenital malfor-
mations and birth defects after BMS

 7. Common preoperative deficiencies may be exacerbated by pregnancy.

15.2  Male Reproductive Complications

Ahmad Bashir, Ashraf Haddad, and Abdelrahman Nimeri

15.2.1  Introduction

Although obesity rates were more common in females, the CDC reports that this 
gap has almost disappeared with more pronounced and visible effects on their 
reproductive system [38]. Nevertheless, more females undergo bariatric and meta-
bolic surgery (BMS). Male Obesity-Secondary Hypogonadism (MOSH) is well 
known, and its negative effects on fertility and erectile function are established in 
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males [39] but may be understated in the bariatric patient population. There are very 
few reports on MOSH and its outcome after bariatric surgery. Most of the published 
studies report only the early outcomes. The number of studies reporting complica-
tions of bariatric surgery on reproductive system are scant, and generally, lack of 
improvement of preoperative sexual dysfunction in the presence of residual obesity 
or weight regain is more common than complications affecting the system directly 
after significant and maintained weight loss. In this segment of the chapter, we will 
discuss the effects of bariatric surgery on obesity related hypogonadism, sex hor-
mone changes, sperm & seminal fluid, erectile dysfunction and sexual quality of life 
along with reported complications of bariatric surgery on reproductive system 
in males.

15.2.2  Male Obesity-Secondary Hypogonadism (MOSH)

MOSH in males is defined as a decrease in circulating Testosterone with low or 
reduced gonadotropin [40]. It affects 45–64% of patients suffering from obesity 
through direct and indirect effects [5, 39, 41]. We will look at the effects of obesity 
& bariatric surgery on sex hormones, sperm & seminal fluid, sexual dysfunction & 
quality of life secondary to these problems.

15.2.2.1  Sex Hormones
Obesity & age affect gonadal hormones as well as seminal quality in men [42]. In a 
large case-cohort study involving more than 2000 subjects, increasing BMI was 
associated with decrease in Testosterone, inhibin B & LH levels in males after 
adjusting for other comorbidities.

A recent systematic review on the effects of obesity and weight loss on sex hor-
mone levels showed a decrease in total and free testosterone along with a decrease 
in Sex Hormone-Binding Globulin (SHBG) with increasing obesity [43]. It was 
previously thought that the decrease in SHBG was the reason for decrease in 
TT. However, FT is also reduced in males suffering from obesity. This meta- analysis 
included comparative studies analysing the effect of low-calorie diet (LCD) or bar-
iatric surgery (BS) on sex hormones levels before and after weight loss, including 
11 randomized controlled trials (RCTs) (9 LCD, 2 BS). Overall, with successful 
weight loss TT & FT, SHBG, and Gonadotropins (LH and FSH) increased. 
Circulating estrogen decreased with weight loss. The changes were proportional to 
the weight loss, especially in young non-diabetic patients. BS was associated with a 
greater improvement due to higher persistent weight loss, more so after 
Biliopancreatic Diversion (BPD). Decrease in fat mass leading to less estrogen pro-
duction by adipose tissue and thus reducing the negative feedback on HPA axis has 
been suggested as the mechanism for the above changes. Other mechanisms sug-
gested are: Central Leptin resistance, Insulin resistance, and decreased production 
of SHBG [39]. In a paper by Calderon et al., TT & FT levels were inversely related 
to both glucose and HOMA-IR, with glucose being the only variable inducing vari-
ability in both TT & FT.
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Calderon et al. [41] studied the effect of three surgery types on the change in sex 
hormones: gastric bypass, sleeve gastrectomy and adjustable gastric banding. All 
types were successful in inducing improvement in sex hormones measured. Only 
SHBG was significantly higher in gastric bypass as opposed to other types. FT 
increase correlated with a decrease in fasting blood sugar. No statistical significance 
was found in other hormone changes, glycemic resolution or weight loss in a short 
follow-up period of 6 months.

When comparing the levels after bariatric surgery between the froup with obesity 
and a lean control group over 6–16 years, Rosenblatt et al. [44] demonstrated that 
changes in hormones after bariatric surgery (ORYGB and LRYGB) are sustained. 
TT, FT & SHBG were all significantly higher in bariatric group compared to obese 
controls and not statistically different from lean controls. LH & FSH were greater 
in bariatric group with normal LH/FSH ration. BMI correlated with levels of TT & 
FT in all three groups. Persistent or recurrent obesity led to decreased levels of hor-
mones compared to patients maintaining weight loss.

15.2.2.2  Sperm and Seminal Fluid
It may expected that spermatogenesis and seminal fluid would be affected in obe-
sity, given the changes in sex hormones.

Paasch et al. [42], compared a large population from an infertility clinic to a set 
of controls for sex hormones and sperm analysis. The two groups were matched for 
hormonal imbalances, and differed only in weight. They found an inverse U-shaped 
curve distribution of Total Sperm Count (TSC) and Total Sperm Count with normal 
morphology (TCN). Both underweight and subjects with obesity had lower counts 
than normal BMI or BMI in the overweight range. Motility did not appear to be 
affected by BMI. Age affected motility greater than BMI. However, in the age group 
20–30 years, BMI inversely correlated with motility and therefore impacted fertility.

In another study, Samavat et al. [45] matched patients with obesity seeking surgi-
cal weight loss, with lean controls. In addition to the semen analysis, they also 
looked at acrosome reaction (AR), zona pellucida (ZP) binding and their actual 
timings as these determine fertility more accurately. They found a statistically sig-
nificant difference in the volume and immotile fraction (50.2% vs. 37.4% respec-
tively in patients with obesity versus lean subjects). Azoospermia was only present 
in patients with obesity (0% in lean subjects vs. 13% in obese group). Oligospermia 
& asthenozoospermia were more common in the group with obesity. Due to above 
findings, only 57% of the patients in group with obesity were able to complete the 
AR & ZP testing, while 76% of lean subjects did it. Spermatozoa in group with 
obesity had reduced ability to respond to respond to proper stimuli, & instead had a 
higher percentage of spontaneous AR without ZP binding, lacking the proper timing 
to bind, thus the reduced fertility.

A meta-analysis by Campbell et al. [46] studied more than 30 papers with greater 
than 115 thousand participants. Infertility, assisted reproduction & non-viable preg-
nancy were more common in couples with a male suffering from obesity. Routine 
parameters in semen analysis did not differ significantly: Sperm concentration, mor-
phology & ejaculate volume. Progressive motility was slightly reduced in subjects 
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with obesity that was only significant in the clinical setting using WHO criteria. 
However, on further testing of DNA fragmentation, low mitochondrial membrane 
potential (MMP), and change in seminal fluid factors: neoprotein, interleukin-8, 
alpha-glucosidase, were significantly more common in subjects with obesity com-
pared to normal weight. These cause the increased paternal infertility in patients 
with obesity through higher concentration of reactive oxygen species (ROS). All 
these factors coupled together reduce fertilization, impair embryonic development 
& increase loss of viable pregnancy.

The number of studies looking at the effects of bariatric surgery on semen quality 
are few. di Frega et al. [47] have reported complete arrest of spermatogenesis proven 
by testicular biopsy on six patients who underwent RYGB despite normal hormonal 
assays & previous fertility, with all presenting within 1–2 years from the operation.

Sermondade et al. [48] reported three cases: 2 RYGB, 1 LSG, suffering from 
primary infertility with no abnormalities found in their partners. Despite successful 
weight loss, their semen analysis within the first year showed drastic worsening: 
reduction in concentration, progressive motility and percentage of spermatozoa. 
One normalized after 2 years of follow-up, rest had not yet reached 2 years at the 
time of publication.

In a case series of six patients, Lergo et al. [49] reported that semen concentra-
tion reduced in the first month, but continued to increase slowly till it normalized by 
12 months.

El Baridis et al. [50] studied 46 patients who underwent LSG up to 1 year after 
surgery. Semen parameters improved only in patients with oligospermia or azo-
ospermia. Azoospermia improved in 46% of patients, 10% of oligospermia wors-
ened or remained unchanged, 58% improved but not significantly, with only 32% 
almost normalizing.

Samavat et al. [51] compared patients who underwent bariatric surgery (LRYGB 
23 subjects) with matched controls with obesity (eight patients awaiting bariatric 
surgery) who were under lifestyle intervention. At 6 months, repeat analysis showed 
a decrease in the prevalence of hypogonadism from 74 to 9% on hormonal assay in 
the surgery group. Patients with normal seminal analysis increased from 26 to 39% 
in the surgery group. An increase in sperm count, improved progressive motility and 
decreased DNA fragmentation were observed after BS.

Recently, Carette et  al. [52] in BARISPERM multicenter prospective study, 
added to the conflicting results. 46 patients (20 LRYGB, 26 LSG) with no history of 
infertility were followed up to 1 year. Total sperm counts continued to decrease 
from 6 months to 1 year, to the point that oligospermia increased from 17.4% pre-
operatively to 21.7%, with decrease in the total spermatozoa (15.4–12.4%). DNA 
fragmentation also worsened, with no change in motility or vitality of spermatozoa. 
No correlation was found between vitamin and pollutant levels in blood to these 
findings, as hypothesized by the previous studies to cause this temporary worsening.

Reis et al. [53] randomized 20 patients to Biliopancreatic diversion (BPD) versus 
lifestyle controls. At 20 months of follow up, they found no significant difference in 
all seminal fluid parameters between the surgical and control groups. This study 
represents the longest term follow up after bariatric surgery we currently have. The 
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parameters studied were sperm concentration, motility, morphology, volume, and 
vitality.

Given the evidence, bariatric surgery has shown some worrisome effects on 
sperm and seminal fluid in the early period after surgery. The reversibility of these 
early changes in the long-term remains unclear. There is a need for larger well 
designed trials with long term follow-up.

15.2.2.3  Erectile Dysfunction (ED) and Sexual Quality of Life
 1. ED is generally defined as persistent inability to attain and maintain a penile 

erection adequate for satisfactory sexual performance. Sexual function in men 
encompasses several domains: desire or drive, erection, ejaculation and overall 
satisfaction. Erectile or sexual dysfunction diagnosis relies on the literature on 
patients’ feedback from several questionnaires, which could pose a response 
bias. The questionnaires available to address sexual function are, The Brief Male 
Sexual Inventory (BSFI): developed by O’leary et  al. [54], The International 
Index of Erectile Function (IIEF): developed by Rosen et al. [55], The Sexual 
Health Inventory for Men (SHIM): developed also by Rosen et al. [56], only for 
diagnosing the severity of erectile dysfunction (ED) and others like: Sexual 
Quality of Life-Male Questionnaire (SQOL-M): developed by Abraham et al. (J 
Sex Med 2008 referenced in [57]). In addition, sexual function questionnaire 
(SFQ), and impact of weight on quality of life-lite (IWQOL-Lite) have been 
used as well to study sexual function after bariatric surgery [58].

Depending on the tools applied to diagnose Ed and SD, the reported outcomes 
vary considerably.

Obesity increases the incidence of erectile dysfunction and decreases overall 
sexual health. In Massachusetts Male Aging Study [59], ED was present in 22% of 
individuals with BMI  >  30  kg/m2 as opposed to 13% in individuals with nor-
mal weight.

The theory behind the increased incidence is an endothelial dysfunction in the 
release of nitric oxide that would cause a decreased blood flow in the corpus caver-
nosum, decreasing the ability for erection. This dysfunction is not only caused by 
the hormonal disturbances mentioned above, but also by the increased pro- 
inflammatory markers present in obesity. In an OLETF rat model study by Choi 
et al. [60], obese rats who showed less mean intracavernous pressure, less endothe-
lial Nitric Oxide Synthase (eNOS), & neuronal NOS (nNOS). Rats who underwent 
bariatric surgery showed more cavernosal smooth muscle/collagen ratio with 
increase in eNOS and nNOS that was statistically significant.

Weight loss in most studies appears to contribute to improving ED & sexual 
health in the short-term. In more than one RCT utilizing lifestyle and diet interven-
tion, an increase in IIEF scores occurred [61, 62].

Dallal et al. [63], compared 97 patients who underwent RYGB with normal pop-
ulation controls. Using BSFI, they found that all domain scores of sexual function 
were significantly lower in the surgery group preoperatively, the higher the weight 
the less the scores were before the intervention. At a mean of 19 months follow up 
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(6–45 months) post RYGB, all domain scores improved with statistical significance. 
The amount of weight loss correlated with the improvement in scores. All scores 
approached those of reference controls except ejaculatory function and overall sex-
ual satisfaction.

However, Ranasinghe et al. (BJUI 2010 [64]), studied 34 males who underwent 
Laparoscopic Gastric Banding (LGB), and found significant worsening in erectile 
index and orgasmic function utilizing IIEF, despite significant weight lost over a 
mean of 22 months follow up. The overall score did not differ over the period of 
follow up and more males were started on medical treatment for ED. Interestingly 
83% of the subjects had ED on preoperative questionnaire, a percentage higher than 
any reported study.

Kun et al. [65] confirmed the improvement of ED in 39 Chinese patients under-
going LRYGB over 1 year follow up after surgery utilizing IIEF. They also studied 
the cavernosal intima/media thickness with the cavernosal peak systolic velocity 
through doppler imaging and found the thickness to decrease by 45%, while PSV 
increased by 61%.

Rosenblatt et al. [44] provided the longest term (6–16 years) evidence available 
for sexual function after bariatric surgery (RYGB). Using IIEF, total scores in the 3 
groups (BS, Obese controls, lean controls) did not differ. Bariatric surgery group had 
better ED scores compared to obesity controls, but not to lean controls. ED was still 
present in 54.5%, 78.6%, 35.7% of bariatric, obesity & lean groups respectively, 
while overall satisfaction was 31.8%, 7.1% and 42.9% in the same order, respec-
tively. They attributed some of these results to relapsing obesity in some individuals.

Janik et al. [57] compared 30 patients undergoing eit'her LSG or LRYGB, fol-
lowed up over 18 months, with 32 controls with obesity. 56% of the surgery group 
had ED. That number decreased to 20%, with none having severe ED scores com-
pared to 16% preoperatively. Overall sexual satisfaction with sexual desire improved, 
while intercourse satisfaction worsened and orgasmic function remained unchanged. 
SQOL-M scores significantly improved postoperatively, and improvement occurred 
in 8/11 items, with strong correlation to IIEF scores. On multivariate analysis of the 
entire two groups, age and history of no bariatric surgery were the only two major 
risks for ED in their analysis.

One should also be aware of the effects of certain mineral deficiencies on sexual 
function. Mahawar et al. [66] reviewed Zinc deficiency after RYGB, and noted that 
impotence with skin rash, hair loss can be due this mineral deficiency. Zinc blood 
levels of patients with impotence should be investigated and replaced orally daily 
for up to 4 weeks, as they respond to such treatment in 83% of the time. Refractory 
deficiencies require intravenous replacement.

In the largest, most recent multicenter Longitudinal Assessment of Bariatric 
Surgery (LABS-2) trial published till present on sexual function, Steffen et al. [58], 
followed up 470 men with 59.9% follow up at 5 years after bariatric surgery. Overall, 
improvements were significant in overall satisfaction, sexual desire and physical 
limitations to sexual activity. Despite these improvements, and although better than 
the preoperative state, there was a deterioration in sexual desire and activity between 
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years 1 and 5. Lower depressive symptoms were associated with better improve-
ments, however, use of antidepressant medication was associated with deterioration 
in one or more domains of sexual function.

15.2.3  Conclusion

Overall, there is a strong evidence that bariatric surgery improves the sexual hor-
monal homeostasis that seems to be sustained long term. However, it does seem to 
correlate with the degree of weight lost, and this improvement decreases with 
weight regain. Sperm and seminal fluid quality tends to worsen in the short term, 
without any solid mid or long-term evidence to suggest reversal or improvements of 
these changes. The overall quality of sexual function, especially erectile dysfunc-
tion, appears to improve. There is still a further need for larger and more long-term 
studies to know the sustainability of these improvements.

Key Points 

 1. There is limited literature on effect of bariatric surgery on male reproduc-
tive system.

 2. There is a high prevalence of MOSH in obesity attributed to decrease in SHBG, 
FT, TT, FSH and LH secondary to suppression of pituitary by increased circulat-
ing estrogen.

 3. Most studies report improvement in MOSH after surgical and non-surgical 
weight loss proportional to the amount of weight loss. Weight regain corrobo-
rates with relapse of hypogonadism.

 4. Some literature suggests worsening of semen and sperm quality in the form of 
oligospermia and azoospermia after bariatric surgery. Long-term literature evi-
dence is not available to know for sure if this is a reversible complication.

 5. ED is more prevalent in population with obsity. Increased inflammatory cyto-
kines reducing the release of endothelial NO have been implicated.

 6. Most studies report an improvement in sexual function and sexual disorders after 
BS. The conflicting reports may be attributed to multiple factors affecting sexual 
function (interpersonal relationships, attraction to the partner, stress, health, 
medications)
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16.1  Introduction

Obesity is a major global public health issue. Apart from leading to multiple chronic 
health diseases, increasing morbidity, and decreasing quality of life, obesity also 
results in reduced overall life expectancy [1]. At present, bariatric surgery is the 
most effective treatment option for morbid obesity [2] and multiple surgical proce-
dures are currently available including laparoscopic adjustable gastric banding 
(LAGB), laparoscopic Roux-en-Y gastric bypass (RYGB), laparoscopic sleeve gas-
trectomy (LSG), single-anastomosis gastric bypass and laparoscopic biliopancre-
atic diversion with (BPD-DS) or without (BPD) duodenal switch [3, 4].

You can trace every sickness, every disease and every ailment to 
a mineral deficiency.

—Dr. Linus Pauling.
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Post any bariatric procedure, it is of prime importance to prevent nutritional defi-
ciencies, prescribe appropriate supplementation, screen, and recognize the symp-
toms of deficiencies, and treat them appropriately if they emerge postoperatively 
[5]. Studies have also shown that adhering to a regular nutritional follow-up not 
only contributes to weight reduction post-surgery but helps in preventing further 
weight regain [5–7].

This is a review of current literature relating to hair, skin, and nail related com-
plications in bariatric patients and how to prevent and treat them.

16.2  Incidence and Prevalence

As per WHO statistics, 2014, 13% of the world’s adult population (>600 million 
people) were categorized as obese. Obesity is also on the rise in the adolescent 
population. Although less common compared to adults, the incidence of bariatric 
surgery has significantly increased amongst adolescents with severe obesity, ris-
ing fivefold between 1997 and 2003 [5]. It has also been reported in literature 
that complications related to Hair, Skin, and Nails are higher in adolescents suf-
fering from obesity. Increased incidence of obesity is noted in individuals suffer-
ing from androgenetic alopecia (which occurs before 35 years of age) [8]. These 
adolescent bariatric patients require a close follow-up, specifically due to the 
non-adherence to recommended supplementation and also because of the antici-
pated longer life span with altered digestive physiology compared to adult bar-
iatric patients [9].

16.3  Pathophysiology

16.3.1  Obesity and Pre-existing Nutritional Deficiencies

Obesity is usually considered as a state of overnutrition; however it has been recog-
nized as a major risk factor for several nutrient deficiencies, including lower levels 
of antioxidants and certain fat-soluble vitamins. A wider variety of pre-existing 
nutritional deficiencies have been identified in morbidly obese adults undergoing 
bariatric surgery. This is due to a high intake of calorie-rich processed foods with 
poor nutritional quality. This is more common in developed countries, where there 
is an abundance of relatively cheap, energy-dense, but nutrient-poor food. On an 
average, 27–30% of the daily caloric intake of an American children and adults is 
composed of low-nutrient density food, accompanied by sweeteners and desserts 
contributing 18–24% of the total diet [10, 11]. The unprocessed nutrient-dense 
foods like fruits and vegetables, whole grains, dairy products, fish and protein 
sources, nuts, and legumes contribute to the bulk of vitamins and minerals obtained 
from a non-supplemented diet. The increase in the intake of nutrient-poor food con-
tributes proportionately to the decrease in the intake of unprocessed, nutrient-dense 
foods [10].
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Diets rich in fats (more than 30% of total caloric intake) are associated with 
decreased intake of folate, vitamins A, and vitamin C [12]. Similarly, increased 
intake of sweetened beverages also correlates with lower intake of milk, and there-
fore calcium and fortified vitamin D. The additional factors leading to Vitamin D3 
deficiency include reduced physical activity, leading to decreased sun exposure, 
increased storage of vitamin D3  in excess adipose tissue, ethnicity, and skin 
tone [13].

Bariatric surgery is a further contributory to nutritional deficiencies in morbidly 
obese adolescents and adults [5, 14]. Although surgery can exacerbate pre-existing 
nutrient deficiencies, preoperative screening related to vitamin deficiencies has not 
been the norm in the majority of weight loss surgery (WLS) practices [13]. Screening 
is important because it is common for patients who present for WLS to have at least 
one vitamin or mineral deficiency preoperatively [13].

16.3.2  Pathophysiology of Metabolic Complications 
Post-Bariatric Surgery

All types of bariatric surgery lead to the reduction in total calorie intake, especially 
in the first 6 months postoperatively. These disorders are derived not only from 
inadequate food intake but also from the changes in the digestive system’s anatomy 
and high levels of oxidative stress that interferes with the absorptive process. This 
can contribute to the decreased intake of all macronutrients and micronutrients, 
resulting in clinical deficiencies eventually [15–17].

One of the commonest fears of bariatric surgery patients is postoperative hair 
loss. Other issues related to skin and nails may arise long-term. For this reason, 
nutrition can have a great impact on hair, skin, and nail health because when forced 
to make a choice, the body will shift nutritional stores to vital organs like the brain 
and heart and away from the hair, skin, and nails [18].

16.3.3  Bariatric Surgery and Hair

16.3.3.1  Hair Growth Cycle
For most of our lives, hair growth and hair loss is a constant process. Human hair 
follicles have two states, anagen; a growth phase and telogen; a dormant or resting 
phase. All hair begins their life in the anagen phase, grows for some period of time, 
and then shifts into the telogen phase which lasts for about 100–120 days. Following 
this, the hair will fall out. At any given point of time, about 90% of hair are in the 
Anagen phase (in a growing phase) and 10% are in the Telogen phase (in a dormant 
or resting phase). This means that normally loss of hair is very less compared to hair 
growth, preventing noticeable hair loss [19–21].

However, specific types of stress can result in a shift of a much greater percent-
age of hairs into the telogen phase. The factors known to result in this shift or telo-
gen effluvium include; high fever, severe infection, major surgery, acute physical 
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trauma, chronic debilitating illness (such as cancer or end-stage liver disease), hor-
monal disruption (such as pregnancy, childbirth, or discontinuation of estrogen 
therapy), acute weight loss, crash dieting, anorexia, low protein intake, iron or zinc 
deficiency, heavy metal toxicity, some medications (such as beta-blockers, antico-
agulants, retinoid, and immunizations). The most common type of hair loss after 
weight loss surgery is a diffuse loss known medically as telogen effluvium, which 
can have both nutritional and non-nutritional aspects [19–22].

16.3.3.2  Weight Loss Surgery and Hair Loss Association
Two major consequences of bariatric surgery include nutritional deficiencies and 
rapid weight loss. These alone are likely to account for much of the hair loss seen 
after surgery. In the absence of a nutritional issue, hair loss will continue until all 
hair that has shifted into the telogen phase has fallen out. There is no way of switch-
ing them back to the anagen phase. The hair loss rarely lasts for more than 6 months 
in the absence of a dietary cause as the hair follicles are not damaged in telogen 
effluvium, hair should then regrow. For this reason, most doctors can assure their 
weight loss surgery patients that with time and patience, and keeping up good nutri-
tional intake, their hair will grow back. Discrete nutritional deficiencies are known 
to cause and contribute to telogen effluvium. One would be more suspicious of a 
nutritional contribution to post-bariatric surgery hair loss, only if hair loss continued 
for more than 1 year after surgery, hair loss started more than 6 months after surgery, 
patients’ present with eating difficulty and/or has not complied with supplementa-
tion and also demonstrated low values of ferritin and zinc [23, 24].

The micronutrients whose absence may lead to hair-related complications (Figs. 
16.1, 16.2 and 16.3) include Vitamins (A, B2, B5, B6, B9, C, D, E, K) Biotin, 
Copper, Iron, Selenium, Zinc, and Proteins. All the hair-related manifestations 
related to the abovementioned micronutrients post-Bariatric Surgery have been 
mentioned in Table 16.1 [16, 25].

16.3.4  Bariatric Surgery and Skin

16.3.4.1  Obesity and Its Effect on Skin
Obesity is known for its effects on the skin. It is associated with altered structure 
and content of collagen, greater transepidermal water loss, increased skin infec-
tions, and poor wound healing. Moreover, most obese patients suffer from acne and 
hirsutism, due to increased androgen production secondary to elevated insulin lev-
els. Furthermore, certain dermatoses such as psoriasis, keratosis pilaris, seborrheic 
dermatitis, lichen sclerosis, scleroderma, livedo reticularis, granular parakeratosis, 
and others have also been attributed to obesity. Interestingly, various cutaneous 
complications have been reported in association with bariatric surgery for morbid 
obesity as well as a change in the course of many dermatoses from the previous 
studies [26]. Also, morbidly obese person suffers from several nutritional deficien-
cies often resulting in Nutritional Deficiency Dermatoses. As mentioned earlier, 
nutritional deficiencies are further increased following bariatric surgery owing to 
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Fig. 16.1 Brittle hair due 
to deficiency of vitamin A 
or retinol

Fig. 16.2 Patient with 
acne due to deficiency of 
vitamin A or retinol

the restrictive, malabsorptive, or combined nature of the procedures [27]. Previous 
studies by Xanthakos, S. A. reported that out of 170 patients, 69% of patients were 
deficient in vitamin A (retinol) and 63% were deficient in vitamin D (calciferol), 4 
years post-surgery [25].
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The micronutrients whose absence may lead to cutaneous manifestations include: 
Vitamins (A, B2, B5, B6, B9, C, D, E, K) Biotin, Copper, Iron, Selenium, Zinc, and 
Proteins. All the cutaneous manifestations related to the abovementioned micronu-
trients post-Bariatric Surgery have been mentioned in Table 16.1 [16, 25].

As a result of such anticipated deficiency, post-bariatric patients are routinely 
prescribed dietary supplements like milk, fruits, and rich polysaccharide foods as 
well as additional supplements like retinoic acid, biotin, protein, zinc, and copper to 
compensate for what they may lack later [28].

16.3.4.2  Weight Loss Surgery and Dermatologic Complications
After BS, there is a decrease in the concentration of heparan sulfate and perlecan 
and increase in type III collagen in patients’ skin. Heparan sulfate is the main 
component of the nucleus where it is attached to various proteins. It is also present 
on the cell surface and extracellular matrix-like basement membrane. It plays a 
major role in biological activities like cell proliferation, hemostasis, inflamma-
tion, and angiogenesis to name a few. Perlecan is a prime component of the base-
ment membrane where it interacts with growth factors such as vascular endothelial 
growth factor (VEGF)-A, and is considered essential for epidermal formation 
[29–31].

Type III is an immature collagen and is associated with poor healing capacity. 
Studies have shown, damage in the components of extracellular matrix specifically 
collagen and elastin fibers after bariatric surgery. Xing et al. in his immunofluores-
cence study demonstrated an increase in the expression of type III collagen in the 
skin of patients after bariatric surgery. All these changes lead to a higher rate of 
dermatologic complications and decreased esthetic results [29].

Apart from the above mentioned issues, bariatric surgery leads to large amount 
of redundant skin after surgery. This shows negative effects in almost 90% of the 
patients. This further adds to the functional problem, dermatosis, difficulty in main-
taining hygiene, and most importantly the esthetic outcome [15, 16, 31].

Fig. 16.3 Patient with 
alopecia having biotin 
deficiency
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Table 16.1 Nutrient deficiency and skin, hair, and nail related manifestations

Nutrient
Manifestations related to deficiency
Skin Hair Nails

Vitamin A or 
retinol

Xeroderma, acne, and keratotic 
follicular papules (in the 
anterolateral surface of thighs 
and arms, can also involve the 
extensor areas of the upper and 
lower limbs, shoulders, 
abdomen, dorsal region, 
buttocks, and neck), 
phrynoderma

Brittle hair

Vitamin B2 
or riboflavin

Mucositis, lip and angular 
cheilitis, glossitis, xerosis, 
seborrheic dermatitis, 
erythroderma scrotal, vulvar 
eczema, and toxic epidermal 
necrolysis.

Hair dandruff

Vitamin B3 
or niacin

Cheilitis, glossitis, Pellagra, 
photosensitive dermatitis in 
symmetric areas

Vitamin B5 
or 
pantothenic 
acid

Purpura, seborrheic dermatitis, 
angular stomatitis, and 
glossitis. Burning feet 
syndrome.

Leukotrichia 
(whitening of hair)
Hair dandruff

Vitamin B6 
or Pyridoxine

Glossitis, oral mucosa 
ulceration, lip and angular 
cheilitis, Seborrheic dermatitis, 
photosensitive pellagra-like 
lesions

Hair dandruff

Vitamin B9 
or folic acid 
and B12 or 
cobalamin

Lip or angular cheilitis, 
Hunter’s glossitis; 
mucocutaneous hypo- and 
hyperpigmentation

Vitamin C or 
ascorbic acid

Poor wound healing, 
perifollicular petechiae, 
ecchymosis, keratosis pilaris 
purpura, scurvy (gingivitis, 
bleeding gums, keratosis 
pilaris), Sjögren-like syndrome

Brittle hair

Vitamin D Atopic dermatitis, acne, skin 
infections, psoriasis, 
autoimmune cutaneous 
diseases and skin cancer.

Vitamin E Atopic dermatitis, acne
Vitamin K Purpura, petechiae, 

ecchymosis, hematoma
Biotin Glossitis, keratosis pilaris, 

periorificial dermatitis, 
seborrheic dermatitis and 
erythroderma

Alopecia, hair 
dandruff, 
depigmented hair

(continued)
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16.3.4.3  Psoriasis and Bariatric Surgery
Some skin diseases associated with Obesity often show improvement post-Bariatric 
Surgery. Psoriasis is one of the chronic inflammatory disorders of the skin, which is 
more frequent and severe in obese patients. Several studies have reported and 
explained improvement in psoriasis after bariatric surgery. In a report by Farias, 
M.  M et  al. almost two-third of patients with psoriasis reported a postoperative 
improvement in psoriasis after undergoing weight loss surgery. It is postulated that 

Table 16.1 (continued)

Nutrient
Manifestations related to deficiency
Skin Hair Nails

Copper Delayed wound healing
Hypopigmentation of skin

Hypopigmentation 
of hair, thinning of 
hair and alopecia

Hypopigmentation of 
nails

Iron Pallor, glossitis Alopecia Koilonychias 
(spoon-shaped nails)
Onychorrhexis 
(ridges across the 
length of the nail
Brittle nails

Selenium Delayed wound healing, 
psoriasis, skin cancer

Zinc Acrodermatitis enteropathica 
(alopecia, acral, and 
periorificial symmetric, erosive 
and eczematous rash), delayed 
wound healing, stomatitis, 
psoriasiform dermatitis, 
blepharitis, angular cheilitis, 
vitiligo-like lesions

Dry, brittle hair and 
thinning hair

Paronychia (tender 
bacterial or fungal 
infection at the base 
of finger or toe nail)
Beau lines (horizontal 
and vertical 
depression on the nail 
beds)

Protein Aged appearance, 
erythematous, or 
hypopigmented lesions most 
evident in flexure
Areas; hyperchromic lesions 
with smooth, fissured, or 
erosive surface; brittle, slow
Growing nails, 
onychomadesis; follicular 
hyperkeratosis, pale 
extremities accompanied
By edema; dry, brittle, dull, 
and thin hair, with brownish- 
red color before becoming
Grayish-white, flag signal with 
alternating dark and light 
stripes in the hair
Angular cheilitis, 
xerophthalmia, stomatitis, 
vulvovaginitis

Beau lines (horizontal 
and vertical 
depression on the nail 
beds)

R. Kapoor et al.



255

the improvement is secondary to increased levels of glucagon-like peptide-1 (GLP- 
produced by the intestine. The level of GLP-1 may increase up to 20 times after 
gastric bypass surgery. Also, as this hormone is not hypersecreted after a purely 
restrictive gastric reduction, so the treatment with gastric band does not lead to the 
improvement of the disease [32].

16.3.4.4  Necrobiosis Lipoidica and Bariatric Surgery
Diabetes mellitus type 2 (DM2) is one of the most important comorbidities associ-
ated with obesity. It is a known fact that DM2 shows improvement after Bariatric 
Surgery and hence the latter is often called as “a metabolic surgery.” Necrobiosis 
lipoidica (NL) is a dermatosis condition most often associated with diabetes and is 
characterized by single or multiple atrophic, granulomatous and erythematous- 
brownish lesions located commonly in the pretibial region. Although the precise 
etiology remains unknown. Reports from the literature suggest remission of NL 
post-bariatric surgery [33].

16.3.5  Bariatric Surgery and Nails

The nail unit is the invagination of the epidermis into the dermis. It mostly consists 
of a fully keratinized structure called as the nail plate and the tissues surrounding it. 
It is formed as a result of maturation and differentiation of the epithelial nail matrix 
cells, firmly attaching itself to the nail bed, and partially contributing to its forma-
tion. The nail bed is the structure upon which the nail rests. The blood-filled vascu-
lar network that is visible through the translucent plate, makes the nail bed appear 
pink in color. One-fifth of the thin horny layer which forms the ventral nail plate is 
produced by the nail bed keratinization. One of the most important functions of the 
fingernails is to enhance tactile discrimination and fine movements. Toe nails help 
in protecting the distal toes and contribute to pedal biomechanics. Apart from this, 
the nails have a significant contribution towards the esthetic appearance of the hand 
and foot [22, 34].

After bariatric surgery, malabsorption, lack of micronutrients, and lack of nutri-
tion affect the health and beauty of nails. Nails start developing problems with the 
color, shape, texture, or thickness of the fingernails or toenails. One can see the hori-
zontal and transverse depressions in the nail plate called as the Beau lines. These 
lines can occur after illness, injury to the nail, eczema around the nail, during che-
motherapy for cancer, or because of the lack of proper nutrition. The appearance of 
these lines immediately after a bariatric surgery can be attributed to the deficiency 
of proteins and zinc in the postoperative phase. Beau lines are often confused with 
vertical ridges called as Onychorrhexis which are present across the length of the 
nail. Onychorrhexis and brittle nails are often a normal result of aging. They are 
seen in conditions like Raynaud’s disease and hypothyroidism. The presence of 
brittle nails after a bariatric surgery indicates the deficiency of Iron. The deficiency 
of iron is also reflected in the form of Koilonychias. It results in thinning and upward 
curving of nail accompanied by raised ridges, giving a typical appearance of Spoon. 
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All nail related findings and the nutrients contributing to its appearance have been 
mentioned in chart 1 [35, 36].

16.4  Diagnosis

• Androgenetic Alopecia/Telogen effluvium might already be present and can 
aggravate postoperatively. Hair pull test can be done to diagnose this. To perform 
this test, the investigator grasps around 50–60 hairs between the thumb, the 
index, and the middle fingers as close to the scalp skin as possible. The hairs are 
pulled gently but firmly from proximal to distal ends. The test is considered posi-
tive if three or more hair are pulled out.

• Each bariatric unit has its own protocol for preoperative and postoperative 
screening of vitamins and minerals. Serum levels of vitamin D3 and B12 and 
calcium levels are commonly assessed.

• A low threshold for investigation of vitamins like thiamine and trace minerals 
like copper and zinc depending on clinical manifestations of hair/skin/nail 
complications.

16.5  Management

16.5.1  Nutritional Supplementation After Bariatric Surgeries

The nutritional care post any bariatric patient is a fine balance between bariatric diet 
protocols and individual postoperative dietary tolerances. The prime role of the 
dietician in postoperative bariatric care should be the establishment of a proper 
bariatric diet protocol based on individual tolerances, lifestyles, and nutritional 
requirements [35]. The main focus of the nutritional care after bariatric surgery 
should be to provide adequate energy and to support postoperative tissue healing 
and preservation of lean body mass during rapid weight loss. Although the protocols 
are surgeon specific, it may vary as per the progression of diet stages.

However, there are certain common nutritional goals [37]:

• Maximize weight loss and absorption of nutrients
• Maintain adequate hydration
• Avoid vomiting and dumping syndrome

16.5.2  Role of Dermatologist

The role of dermatologist is very crucial in maintaining the esthetics and skin health 
of the patient in the postoperative phase. For tackling and managing the hair, skin, 
and nail related issues in the post-surgical phase, the dermatologist must keep a 
track of the below-mentioned points [38]:
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 1. Anamnesis data: type of surgery performed (restrictive or not), current nutri-
tional therapy, general symptoms (e.g., weakness, diarrhea, vomiting, neurologi-
cal disorders, bleeding) history of recurrent cutaneous infections.

 2. Physical exam data: complete examination of the skin, mucosa and hair and nails.
 3. Educational sessions with the patient explaining to them the importance of per-

sonal hygiene cares on redundant skin.
 4. Routine prescriptions of moisturizers for hydration of skin, since there are many 

deficiencies that can lead to xeroderma.
 5. The recommended level of micronutrient supplementation has been discussed in 

another chapter previously.

16.5.2.1  Hair Fall Treatment
 1. Topical Minoxidil:

Minoxidil is a piperidinopyrimidine derivative which is available in the con-
centration of 2% and 5% solution. Although the role of Minoxidil in telogen 
effluvium is not clearly understood, it is considered to have mitogenic, nonhor-
monal effect on the epidermal cells which in turn prolongs the survival time. It 
prolongs the anagen phase and stimulates telogen hairs to re-enter anagen. It also 
enlarges miniaturized hair follicles. Topical minoxidil is less likely to fasten the 
regrowth in cases of acute TE because of an isolated or treatable inciting factor. 
However, it works well in cases of chronic TE where it maintains hair density 
and encourages new hair regrowth. Minoxidil 2% is applied twice daily or 5% 
minoxidil applied once daily to the entire scalp in women, and 5% is applied 
twice daily in men. Results are visible only after 6–12 months of use. Also, prior 
to initiating topical minoxidil, the patient should be informed about the increased 
hair shedding within 2–8 weeks of initiating treatment. As the dormant telogen 
follicles which are stimulated to re-enter anagen push out old club hair. Patients 
often perceive this as worsening of their condition which often leads to the ces-
sation of the treatment. This positive sign indicates anagen induction with earlier 
“molting” of telogen hairs from the follicles [10, 39].

 2. Platelet-Rich Plasma:
Platelet-rich plasma (PRP) is an autogenous, liquid, platelet concentrate 

which is extracted from a patient’s own peripheral blood by a centrifugation 
process. Because of the autologous nature of the blood the risk of hypersensitiv-
ity or immunogenic reactions and disease transmission is significantly reduced. 
The platelets and growth factors found in the PRP slurry are in 1.2- to 9-fold 
higher in concentration per volume, when compared with a patient’s whole 
blood. When injected, the platelets release alpha granules containing multiple 
growth factors, including platelet-derived growth factor (PDGF), epidermal 
growth factor (EGF), transforming growth factor-ß (TGF-ß), vascular endothe-
lial growth factor (VEGF), basic fibroblast growth factor (bFGF) and insulin-like 
growth factor- 1 (IGF-1).

These growth factors (GFs) stimulate hair regrowth by multiple pathways 
including Wnt/β-catenin signaling and activation of extracellular signal-regu-
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lated kinase and protein kinase B (Akt) signaling. As a consequence, PRP 
increases dermal papilla proliferation and cell survival and also upregulates the 
telogen-anagen transition.

There are multiple methods through which PRP can be obtained, but none of 
them is standardized till date. Usually, blood is drawn by venipuncture in a tube 
containing anticoagulant (sodium citrate or EDTA). The tube is then centrifuged 
for one or two cycles. After which three distinct layers are obtained (from top to 
bottom): platelet-poor plasma (PPP); buffy coat (BC), rich in platelets and white 
blood cells; and red blood cells. At times, a second cycle is recommended using 
PPP and BC. The second centrifugation results in a final product with a higher 
concentration of platelets—PRP. Depending on the protocol, PPP plus BC (one 
cycle) or PRP (two cycles) can be used for hair loss treatment.

Despite the plethora of literature on PRP, there is no fixed validated protocol 
regarding its centrifugation process. There are no guidelines to define the amount 
of solution to be injected per session or the total number of sessions required. 
Moreover, the entire procedure is cumbersome and its tedious to draw patient’s 
blood at every visit, further adding to the cost of the treatment [40, 41].

16.5.3  Emerging Treatments

16.5.3.1  QR678
To overcome the disadvantages of PRP, a recombinant, bioengineered, hair growth 
factor formulation (QR 678) hair growth factor was formulated. (US patent no. 
9,700,504 and India patent no. 310925, Indian FDA approval 2019). A QR Code is 
a code used in medicine derived from “Quick Response” and the number 678 in 
Morse Code signifies “there is no answer.” Hence, the formulation was named as 
QR 678 which signifies “Quick Response to a disease which earlier had no answer,” 
i.e., to alopecia. It consists of IGF-1, bFGF, VEGF, Keratinocyte Growth Factor 
(KGF), copper tripeptide, and thymosin β4 suspended in a sterile injectable vehicle. 
Vascular Endothelial Growth Factor (VEGF) is for angiogenesis & vascular perme-
ability that will help maintain the blood supply around the hair follicle during the 
anagen growth phase, Basic Fibroblast Growth Factor (bFGF) has been found to 
promote hair growth by inducing the anagen phase in resting hair follicles and has 
been considered to be a potential hair growth-promoting agent. Insulin-like Growth 
Factor-1 (IGF-1) is useful in preventing the follicle from developing catagen-like 
status, Keratinocyte Growth Factor (KGF), Thymosin β4 influences follicle stem 
cell growth, migration, differentiation, and amp; protease production and amp; 
Copper tripeptide 1 promotes the growth of human hair follicles [42].

Studies by Kapoor and Shome have shown 8–12 sessions of QR678 have signifi-
cantly contributed in arresting the hair fall and have shown marked improvement in 
the growth of hair [42].

Approx. 1.5 ml QR678 at each visit is injected on the scalp skin of the patients. 
On an average 60–70 tiny, intradermal injections are administered through a nap-
page technique using an insulin syringe at 1 cm apart with a volume of 0.02 ml per 

R. Kapoor et al.



259

injection covering the visible areas of hair thinning and alopecia. A total of eight 
sessions are done at an interval of 3 weeks [42].

The effect of 8–10 sessions of QR678 in male and female patients with androge-
netic alopecia and telogen effluvium post- bariatric surgery are shown in Figs. 16.4 
and 16.5.

16.6  Take-Home Message

Patients undergoing weight loss surgery may have hair loss, skin, and nail related 
changes commonly after surgery due to the lower intake and inadequate absorption 
of protein, iron, biotin, zinc, vitamin B12, and essential fatty acids. These changes 
are often distressing for the patient. Unfortunately, early hair loss post-surgery is not 
preventable as it is most likely caused by surgery and rapid weight loss. However, 
loss of hair in the later phases post-bariatric surgery is indicative of nutritional defi-
ciency and is a very important indicative sign.

Although adequate supplementation of these patients in order to prevent compli-
cations from evolving is of prime importance, the role of counseling and educating 
them in the postoperative phase cannot be overlooked. Clinicians must increase 

Fig. 16.4 Patient 
1—Known case of 
Androgenetic alopecia, 
treated with QR 678 after 
bariatric surgery. (a) 
Preoperatively. (b) After 
eight sessions of QR678 (8 
months postoperatively)

Fig. 16.5 Patient 2—Patient with male pattern hair loss—Improved after bariatric surgery fol-
lowed by QR 678. (a) Preoperatively. (b) After 10 sessions of QR678 (10 months 
postoperatively)
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their understanding of the presentation and treatment of macronutrient and micro-
nutrient deficiencies that can arise after bariatric surgery. Recognition of these post-
operative disorders will remain an ongoing educational process in these patients.

Key Points 

 1. Obesity itself is associated with various hair/skin/nail manifestations as it is a 
state of malnutrition, and these may be exacerbated post- bariatric surgery.

 2. Hair loss is to be expected 3–6 months after bariatric surgery due to telogen 
effluvium. This is usually self-limiting and in case of persistence beyond 6 
months, or hair loss for more than a year, or in association with poor eating/
non-compliance with supplementation, one must rule out micronutrient and vita-
min deficiencies.

 3. A number of treatment options are available in case of excessive hair loss such 
as topical minoxidil, platelet-rich plasma (PRP), and novel treatments 
like QR678.

 4. Redundant skin is a consequence of excessive weight loss and hence almost 
always occurs post-bariatric surgery. Maintenance of hygiene is of prime impor-
tance as dermatoses may develop in skin folds.

 5. Certain skin-related pathologies like psoriasis and necrobiosis lipoidica show 
improvement post-bariatric surgery.

 6. Micronutrient and vitamin deficiencies can present as hair/skin/nail related 
lesions and post-bariatric surgery supplementation and follow-up is vital to pre-
vent these.
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17Ophthalmological Complications After 
Bariatric Surgery

Wee-Min Teh, Pek-Hwi Tan, and Reynu Rajan

17.1  Introduction

Bariatric surgery can have a profound impact on eye health. Without discounting the 
many beneficial effects of bariatric surgery [1, 2] it is important that we acknowl-
edge the risk of developing ophthalmological complications with the potential to 
affect almost every component of the eye—the ocular surface (including conjunc-
tiva and cornea), lens, retina, and optic nerve. The surgeon and multidisciplinary 
team must remain vigilant regarding early detection and prompt treatment of ocular 
complications brought about by the various perioperative factors such as prolonged 
duration of uncontrolled diabetes, drastic improvement of blood sugar level postop-
eratively, and nutritional deficiency following bariatric surgery. In this chapter, we 
will focus primarily on the ophthalmological complications of bariatric surgery 
with special interest on diabetic retinopathy, followed by ophthalmological compli-
cations brought about by nutritional deficiencies including hypovitaminosis.
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17.2  Bariatric Surgery and Diabetic Retinopathy

Diabetic retinopathy (DR) is a leading cause of vision loss in adults aged 20–74 
years [3]. In 2010, of an estimated 285 million people worldwide afflicted with 
diabetes, more than one-third of them had signs of DR, and a third of these patients 
already had sight-threatening DR [defined as severe non-proliferative DR, prolifera-
tive DR, or the presence of diabetic macular edema (DME)] [4]. Among the well- 
established risk factors for the development of DR in cohort studies include the 
duration of diabetes, HbA1c levels, blood pressure, obesity, cholesterol level, and 
nephropathy [5–8].

The effect of bariatric surgery on weight and glycemic control has been well- 
documented. It has also shown a great superiority over medical therapy in inducing 
remission of type 2 diabetes in obese patients [1, 2]. However, glycemic levels that 
achieve a dramatic normalization within a short period of time may result in a para-
doxical progression of DR in certain groups of patients. This is especially so if these 
individuals had longstanding diabetes which was poorly controlled, and if they 
already had preexisting DR [9, 10]. Studies as early as 30 years ago demonstrated 
this phenomenon of paradoxical early aggravation of DR, also known as “early 
worsening of diabetic retinopathy” (EWDR) when young type 1 diabetic patients 
with a long history of poorly controlled diabetes were initiated on intensive insulin 
treatment [11–13]. While this phenomenon was transient and limited in some, in 
others, more aggressive treatment with retinal laser photocoagulation was necessary 
to stem the damage that had occurred.

There are a few possible explanations for this early worsening of DR. Firstly, DR 
progression is not only dictated by hyperglycemia. Poor retinal perfusion as a result 
of microvascular damage leads to ischemia, oxidative stress, and inflammation. 
Kowluru found that in diabetes-induced rats, the initiation of euglycemia within 2 
months of induction could reverse the increases in both retinal oxidative and nitra-
tive stress [14]. However, reversal was only partial or even none when there was a 
delay of more than 2 and 6 months, respectively. The findings suggest that retinal 
proteins are oxidized or nitrosylated early (less than 2 months) in the disease course 
and are resistant to reversal after a short duration of hyperglycemia. This may con-
tribute to the progression of DR even after the normalization of glycemic levels. 
Another possible explanation is the proposed theory of “the point of no return” that 
may occur early in the course of retinopathy, and after which disease progression is 
no longer influenced by a return to euglycemic state [12]. The changes in DR fol-
lowing bariatric surgery are unpredictable. Concerns regarding the rapid and sub-
stantial decrease in blood glucose levels that occur after surgery stem from prior 
knowledge of the effects of intensive medical treatment on DR progression as elab-
orated above. On top of that, episodes of postoperative postprandial hypoglycemia 
(PPH) may add to the damage on the retina.

Varadhan et al. conducted a small, retrospective, pilot study (n = 22) in 2012 to 
determine the effect of two bariatric surgical procedures (vertical sleeve gastrec-
tomy and Roux-en-Y gastric bypass) on DR [15]. Retinal images were obtained 
preoperatively and at 6 and 12 months after surgery. Among those without 
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preoperative DR (n = 15), two (13%) developed DR. Meanwhile, those in the pre-
existing DR group (n = 7) had two cases each of the progression and regression of 
DR, respectively. In effect, 16 out of 22 patients (73%) did not have any change in 
their DR status while 18% had either new onset or progression of DR.

In a prospective case-control study by Miras et  al. [16], DR progression or 
improvement did not differ over a 12-month period between medically (n = 25) and 
surgically (n = 56) treated patients (P = 0.67 and P = 0.70 respectively). Meanwhile, 
the STAMPEDE (Surgical Therapy and Medication Potentially Eradicate Diabetes 
Efficiently) trial was a prospective randomized trial comparing the metabolic 
parameter outcomes of 150 obese type 2 diabetic patients who underwent either 
bariatric surgery or intensive medical therapy [17]. Ophthalmic examination of 
these patients revealed that DR evolution and visual acuity were stable in most 
patients (87%) at 2 years even though there was a larger reduction in the mean 
HbA1c levels in the bariatric surgery group (mean change −2.7%) compared to the 
medical treatment group (mean change −1.1%) [18].

17.3  Patients with No DR Prior to Bariatric Surgery

In patients without any DR changes preoperatively, most of them continue to main-
tain this status. Thomas et al. [19] in their observational study of 148 type 2 diabetic 
patients showed that up to 85% of patients without preoperative DR remained as 
such after their surgery, while a meta-analysis of four case-control studies (n = 148) 
by Cheung et al. [20] in 2015 showed an even higher proportion (92.5%) of patients 
who remained free of DR after bariatric surgery.

17.4  Patients with Preoperative DR

In general, DR did not progress in the majority of patients with preexisting DR prior 
to surgery. Cheung’s [20] meta-analysis revealed that 57% of patients remained sta-
ble with no progression, while a retrospective observational study including 318 type 
2 diabetic patients showed an even higher percentage (73%) of patients with no pro-
gression [21]. In fact, Murphy et al.’s [21] study showed that DR improvement was 
seen in 11% of their patients, while the meta-analysis by Cheung et al. [20] recorded 
19.2% of patients who improved on their DR severity after bariatric surgery.

However, EWDR following bariatric surgery was up to 20% of patients with 
preexisting DR. About 16% were found to have worsening of DR severity in a ret-
rospective observational study [21] while a meta-analysis including four case-con-
trol studies showed that progression occurred in 23.5% of patients with preoperative 
DR [20]. Compared with patients without preoperative DR, the odds ratio for pro-
gression was 2.77 (95% CI: 1.10–6.90; P = 0.03) in the meta-analysis [20]. However, 
this meta-analysis did have its weaknesses and limitations, as rightly pointed out by 
Pontiroli [22]. Table 17.1 summarizes the key features, outcomes, and risk factors 
for diabetic retinopathy in bariatric surgery patients.
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17.5  Ophthalmology Referral for Diagnosis, Monitoring, 
and Treatment

Seeing that DR changes do occur after bariatric surgery, it is important for patients to be 
seen by the eye physician for preoperative assessment of DR. The International Clinical 
Diabetic Retinopathy and Diabetic Macular Edema Disease Severity Scale classifica-
tion (Table 17.2) is widely used for the diagnosis and staging of DR severity [25].

Thereafter, the interval of follow-up visits should be determined by the severity of 
DR. Other risk factors for early worsening of DR should also be considered when 
determining the interval. These factors include higher preoperative blood glucose, 
greater HbA1c decreases in the postoperative period [19], male gender [10, 21], and 
younger age [10]. A simple algorithm below may be a helpful guide for the treating 
physician to monitor the compliance to ophthalmic follow-up and treatment (Fig. 17.1):

Table 17.2 Classification of diabetic retinopathy severity

Retinopathy stage Findings on ophthalmoscopy
No apparent retinopathy No abnormalities
Mild non-proliferative 
DR (NPDR)

Microaneurysms only

Moderate NPDR More than just microaneurysms but less than severe NPDR
Severe NPDR Any of the following:

1.  More than 20 intraretinal hemorrhages in each of four quadrants
2. Definite venous beading in two or more quadrants
3.  Prominent intraretinal microvascular abnormalities in one or more 

quadrants
AND no signs of proliferative retinopathy

Proliferative DR (PDR) One of the following:
1. Neovascularization
2. Vitreous/preretinal hemorrhage

• Short duration of DM
• Good DM control
  preoperatively

• Long duration of DM
• High preop HbA1c
• Greater magnitude of
  HbA1c reduction

Candidate for
bariatric surgery

Ophthalmology referral
and examination

No DR or mild NPDR Severe NPDR or PDR

High riskLow risk

Monitor every 6 months Monitor every 3 months

Fig. 17.1 Algorithm for ophthalmological monitoring in patients undergoing bariatric surgery

W.-M. Teh et al.
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17.6  Ocular Complications Due to Nutritional Deficiencies

Bariatric surgery causes gastrointestinal anatomical and physiological alterations. 
After surgery, dietary modifications also occur. This can result in nutritional defi-
ciency. The commonest nutritional deficiency is hypovitaminosis A. Other nutrients 
affected include vitamins B12, B1, C, D, E, K, folate, and minerals such as iron, 
selenium, zinc, and copper [26]. From these nutrients, those which have an impact 
on the normal function of the eye are vitamins A, E and B1, and copper [27].

Some of the nutritional deficiencies and their associated eye findings/conditions 
are summarized below:

• Vitamin A: nyctalopia (night blindness), conjunctival xerosis with Bitot’s spot, 
corneal xerosis, corneal ulceration, and keratomalacia

• Vitamin E: pigmentary retinopathy [28]
• Vitamin B1 (thiamine): nystagmus, ophthalmoplegia (parts of the major syn-

drome of Wernicke’s encephalopathy)
• Copper: optic neuropathy [29, 30]

Hypovitaminosis A is the most frequently documented vitamin deficiency after 
BPD-DS. One report found that the prevalence of vitamin A deficiency was up to 
52% for patients 1 year after surgery and going up to as high as 69% for patients 4 
years after BPD-DS [31]. More worryingly, many of these patients reported non- 
compliance with the dietary changes and supplements intake. This indicates the 
need for parenteral supplementation of vitamin A in a select group of patients.

While ocular complications such as conjunctival and corneal xerosis manifest as 
dry eye symptoms which can usually be managed with artificial tears supplementa-
tion, the more serious complications of nyctalopia and corneal ulceration can lead 
to permanent blindness. Nyctalopia occurred in 2.8% of patients who underwent 
biliopancreatic diversion (BPD) surgery [32].

17.7  Pathophysiology of Vitamin A Deficiency

Hypovitaminosis A can occur in bariatric patients via three mechanisms: impair-
ment of metabolism, malnutrition, and malabsorption [33]. Vitamin A metabolism 
impairment can happen prior to the bariatric surgery due to non-alcoholic fatty liver 
disease (NAFLD), which occurs in 71–88% of obese patients [34]. NAFLD causes 
oxidative stress in the liver, which can be negated by vitamin A due to its antioxi-
dant properties. Vitamin A is consumed in the evolution of NAFLD to reduce oxida-
tive stress. This is evidenced by the inverse correlation between the severity of 
NAFLD and vitamin A levels in the liver [34]. Vitamin A metabolism can also be 
impaired by bariatric surgery. The surgery increases oxidative stress in the postop-
erative period. Thus, it can interfere with vitamin A absorption, processing, storage, 
and consumption [35].
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Malnutrition can occur after bariatric surgery due to decrease in the dietary 
intake of micronutrients like carotenoids and retinol. This may be aggravated fur-
ther by the traditional dietary advice of a low-fat diet after gastric bypass surgery, 
which further limits the absorption of fat-soluble vitamin (A, D, E, and K) [35]. 
Bariatric surgery, in effect, causes malabsorption of various nutrients. Its non- 
selective nature is the cause of various malabsorption syndromes, including that of 
vitamin A. This is because the food bypasses the duodenum and first portion of the 
jejunum, where most of the selective absorption processes take place [35].

17.8  Diagnosis of Vitamin A Deficiency

The diagnosis can be made by assessing the serum concentrations of retinol and/or 
retinol-binding protein (RBP) [36]. The normal levels of serum retinol are between 
20 and 80 μg/dL. A diagnosis of VAD can be made with a concentration of serum 
retinol below 10 μg/dL. However, certain factors such as infection, protein status, 
adequacy of other nutrients, and organ diseases can affect serum retinol levels [36]. 
However, quantification of serum retinol is expensive, due to the utilization of high- 
performance liquid chromatography (HPLC). Furthermore, retinol is unstable when 
exposed to heat or light.

Serum RBP concentration assessment, on the other hand, is easier, cheaper, and 
requires less amount of serum (10–20  μL). It can be obtained via finger prick. 
However, not all RBP in the serum are complexed with retinol. The binding of RBP 
to retinol is influenced by certain factors such as the presence and degree of acute 
phase response, protein-energy malnutrition, liver disease, chronic renal failure, and 
acute stressful situation [36]. Thus, more studies are needed to establish serum RBP 
concentration as a useful marker for the diagnosis of vitamin A deficiency [37].

17.9  Treatment of Vitamin A Deficiency

According to treatment guidelines by the American Society for Metabolic and 
Bariatric Surgery (ASMBS), an oral regime of 10,000–25,000 international unit 
(IU) of vitamin A daily is suggested, until clinical improvement is seen (usually 
takes between 1 and 2 weeks). However, oral therapy is indicated only if there was 
no corneal involvement. In cases where the cornea is affected, vitamin A should be 
administered at 50,000–100,000  IU intramuscularly for 2 days, followed by 
50,000 IU intramuscularly for 2 weeks [38].

Care should be taken to check for coexisting iron and copper deficiencies during 
the treatment for hypovitaminosis A, as these two mineral deficiencies can impair 
the resolution of vitamin A deficiency. Treatment with high-dose Vitamin A above 
50,000  IU daily for a period longer than 3 months can lead to toxicity. Clinical 
manifestation includes dry and scaly skin, hair loss, mouth sores, painful hyperos-
tosis, anorexia, and vomiting. Other serious complications are hypercalcemia, 
increased intracranial pressure, hepatomegaly, and cirrhosis [38].
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The prognosis of vitamin A deficiency after treatment is generally good. Night 
blindness is the first symptom to resolve in 1–3 days. Conjunctival and corneal 
xerosis will take a couple of weeks to resolve. Corneal ulceration will often result in 
cornea scarring. Large corneal ulcers and localized keratomalacia can spread to 
involve the entire cornea, causing a painful blind eye.

17.10  Thiamine (B1) Deficiency and Wernicke’s 
Encephalopathy

The body’s store of vitamin B1 can be rapidly depleted in about 4–6 weeks, leading 
to one of the more commonly known syndromes of Wernicke’s encephalopathy 
(WE). This is an acute neuropsychiatric condition due to an initially reversible bio-
chemical brain lesion caused by overwhelming metabolic demands on brain cells 
that have depleted intracellular thiamine [39]. It is characterized by the triad of con-
fusion, ataxia, and nystagmus. A review by Singh et al. in 2007 identified 37 cases of 
Wernicke’s encephalopathy after bariatric surgery [40]. The onset of symptoms 
occurred between 2 and 78 weeks after various types of bariatric procedures, with 
most patients presenting within 12 weeks. Failure to recognize the signs of WE can 
be disastrous, as inappropriate treatment results in death or permanent brain damage.

17.10.1  Pathophysiology of WE

Thiamine is a coenzyme that plays a central role in cerebral metabolism. It acts as a 
cofactor for several enzymes involved in the Krebs cycle and the pentose phosphate 
pathway. Deficiency leads to decreased levels of alpha-keto-glutarate, acetate, 
citrate, acetylcholine, and accumulation of lactate and pyruvate. This results in met-
abolic imbalances leading to neuronal cell death.

17.10.2  Diagnosis of WE

It is a clinical diagnosis, with at least two of the following features required to make 
the diagnosis:

 1. Dietary deficiency of thiamine
 2. Eye signs
 3. Altered mental status
 4. Cerebellar dysfunction

In the case of patients with a recent history of bariatric surgery, only one of the 
latter triad of ataxia, confusion, and ophthalmoplegia is sufficient to alert the treat-
ing physician of the diagnosis of WE. Serum thiamine and erythrocyte transketolase 
levels may not be readily available at all facilities; serum thiamine may even be 
normal in some instances.
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17.10.3  Treatment

A prompt correction of the thiamine deficiency is the mainstay of treatment. 
Parenteral administration of thiamine is the most effective and rapid method of cor-
rection. Up to 500 mg of thiamine given once to thrice daily parenterally may be 
necessary. It cannot be over-emphasized the importance of administering thiamine 
before or together with glucose solutions, because glucose oxidation may further 
decrease thiamine levels and thus exacerbate the neurological symptoms of WE.

17.11  Vitamin E Deficiency and Pigmentary Retinopathy

The photoreceptor cells of the retina consist of outer segments that contain a high 
proportion of polyunsaturated fatty acids. They are therefore more susceptible to 
lipid peroxidation. Vitamin E is a potent antioxidant shown to be effective in retard-
ing the intracellular accumulation of lipofuscin pigments, which are the end- 
products of lipid peroxidation. Lipofuscin deposition in the retina causes toxicity 
that may be responsible for the progressive deterioration of retinal pigment epithe-
lium (RPE) cell function, which could lead to retinal degeneration.

The clinical symptoms of Vitamin E deficiency may manifest only after 10–20 
years of malnutrition. In the eye, poor vision and visual field defects are likely the 
results of severe photoreceptor damage. Funduscopic examination may reveal pig-
mentary changes not dissimilar to retinitis pigmentosa (Fig. 17.2).

Unfortunately, visual recovery is usually not possible to even with normalization 
of the body’s vitamin E levels as the damage to the photoreceptors are irreversible. 
Nevertheless, treatment may limit further damage and preserve residual vision.

Fig. 17.2 Bony spicule-like hyperpigmentation (white arrows) of the peripheral retina seen in the 
right (a) and left (b) fundus. The optic disc in the left eye also has the pale and waxy appearance 
typical of retinitis pigmentosa (Adapted from Aslam A, Misbah SA, Talbot K, Chapel H. (2004) [41])
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17.12  Optic Neuropathy Due to Copper Deficiency

Nutritional optic neuropathy can be caused by copper, B12, and/or thiamine defi-
ciency following bariatric surgery [42]. Copper deficiency may take 3 years (and up 
to over 20 years) after bariatric surgery to be symptomatic [43]. Eye symptoms 
include an enlarged blind spot and progressive vision loss bilaterally. Examination 
shows sectoral or generalized pallor of the optic disc and poor vision. Fortunately, 
treatment with copper supplementation may reverse the symptoms experienced.

17.13  Take-Home Message

With the global increase in the prevalence of obesity and metabolic syndrome show-
ing no signs of slowing down in the near future, the demand for bariatric surgery is 
also expected to continue to increase. With more and more surgeons showing inter-
est in performing bariatric surgery, it is vital that their training incorporates a fair 
share of emphasis on early detection and management of complications including 
that related to nutritional deficiencies following bariatric surgery. Ophthalmological 
complications remain underdiagnosed and less spoken about as compared to the 
other more obvious potential complications such as leak and bleed. If neglected, 
ophthalmological complications could result in chronic visual impairment or worse, 
permanent blindness. Concerted multidisciplinary team effort by the surgeon, endo-
crinologist, eye physician, and dietitian is key to reducing this risk. Patient educa-
tion should aim to empower the patient to want to take responsibility for their own 
health, adhere to follow-up plan, and show compliance to nutritional advice includ-
ing consumption of vitamins following surgery.
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18Hematological Complications After 
Bariatric Surgery

Ariel Shuchleib, Diego Camacho, and Natan Zundel

Blood is a very special juice.

—Goethe

18.1  Introduction

Obesity is an epidemic that has been growing worldwide, its prevalence has more 
than doubled in the past 20 years, currently more than 35% of the US population is 
suffering from being overweight or obese. Bariatric and metabolic surgery are con-
sidered as the mainstay of treatment for obesity since it has demonstrated signifi-
cantly better efficacy in decreasing weight and improving comorbidities as compared 
to lifestyle modification and medical management [1]. Nevertheless, despite all the 
advantages of surgery, there can be some short and long-term complications associ-
ated with bariatric procedures. In this chapter, we will focus on the hematological 
morbidity that can arise from surgical procedures.

Hematological complications could be acute like hemorrhage or venous thrombo- 
embolism or chronic that more frequently are related to vitamin or mineral deficien-
cies [2].
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18.2  Hemorrhage

As surgery evolves and better techniques and hemostatic devices appear, postopera-
tive bleeding incidence has been trending down in the immediate postoperative 
period. The advent of laparoscopic techniques has further decreased the incidence 
of hemorrhage in the surgical setting. However, the incidence will vary on the type 
of surgery being done and the presence or absence of a coagulopathy in the patient. 
Its calculated to be between 0 and 4.4% [3, 4]. Surgical bleeding could be catego-
rized in two different ways, depending on location; intraabdominal or intraluminal, 
or according to the time of presentation as acute, early, late, and chronic [5]. 
Diagnosis and management of bleeding complications can be difficult and when it 
is severe it usually involves either an endoscopic or surgical intervention.

The nutritional component for bleeding will be addressed further in this chapter 
when vitamin K and vitamin C deficiencies are discussed.

18.3  Venous Thrombo-embolism

Surgery and obesity are two factors that are known to have a prothrombotic effect. 
Obesity leads to a constant proinflammatory state which leads to hypercoagulability 
in addition to fibrinolytic dysfunction. The hypercoagulable state is observed with 
increased platelet activation, elevated levels of fibrinogen, and coagulation factors 
VIII, IX, XI, and XII [6]. Samuels et al. compared a cohort of patients with obesity 
that underwent bariatric surgery with healthy subjects using TEG (thromboelastog-
raphy) and tPA challenged TEG.  They found that patients with obesity formed 
stronger clots much quicker and were more resistant to fibrinolysis than the con-
trols. In their follow- up they also found that this situation improved but did not 
normalize completely after 6 months despite a significant weight loss [7].

The incidence of deep vein thrombosis (DVT) after bariatric surgery varies and 
it has been reported to be from 0.2% to 1.3% at 30 days and 0.42% at 90 days [2]. 
Diagnosis and management of DVT in the post-bariatric patients are the same as in 
the general population. Diagnosis is based on a duplex ultrasound and management 
is based on anti-coagulation, unless there is a suspected compromise from the limb, 
then thrombolysis or a vascular surgery intervention would be warranted.

Even though DVT prophylaxis is almost universally accepted for bariatric sur-
gery, the exact dose of medication, duration, and timing for initiation of treatment 
has not been defined. In a recent study from Stony Brook University, authors ana-
lyzed data from almost 12,000 patients and as expected they found a higher rate of 
DVT in patients without any chemoprophylaxis compared with patients who 
received it (0.58 vs. 0.11%). They also found a higher incidence of transfusions in 
patients who got chemoprophylaxis preoperatively comparing to patients who got it 
only after surgery [8].

Porto-mesenteric vein thrombosis (PMVT) is an uncommon but potentially 
lethal entity and its incidence has been increasing slowly as laparoscopic proce-
dures become more readily available. Its exact incidence is hard to find due to its 
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uncommon occurrence or probably it is underreported in the literature. One of the 
few studies that states the incidence of this problem refers to approximately 1% 
incidence of PMVT in patients who had undergone a sleeve gastrectomy [9].

The exact pathophysiology of PMVT is not completely defined, however some 
factors have been attributed to the procedures and some to the patients. Some of the 
underlying factors related to the surgery are thought to be; transection of the short 
gastric vessels, aggressive dissection near the pylorus and behind the stomach along 
the splenic vein, and other general laparoscopic risk factors including increased 
intraabdominal pressure, carbon dioxide induced vasoconstriction, reverse 
Trendelenburg position, and dehydration post-surgery [10].

Diagnosis of PMVT is most often done with a CT scan of the abdomen with IV 
contrast on patients that present with abdominal pain, nausea, vomiting, or fever. 
Doppler ultrasound has a low sensitivity in the acute process; however, it can be 
used as a follow-up study to assess progression or resolution. Laboratory values are 
usually nonspecific and can include leukocytosis, elevation on the acute phase reac-
tants, among others.

As in DVT, PMVT treatment is based on systemic anti-coagulation, on rare occa-
sions, a thrombectomy or fibrinolysis has to be performed. It is important to start the 
treatment as soon as possible to have better chances of success on clot resolution 
and anti-coagulation therapy should be instituted for at least 3–6 months [11].

18.4  Mineral Deficiency

18.4.1  Iron Deficiency Anemia

This is one of the earliest nutritional deficiencies that occur after metabolic surgery, 
particularly on the patients who get a procedure with a malabsorptive component 
like the Roux en Y gastric bypass (RYGB) or the biliopancreatic diversion with or 
without duodenal switch (BPD/BPD-DS). Its incidence varies widely depending on 
the series reviewed and ranges from 6 to 50%. Iron deficiency anemia is more com-
monly seen in females, especially those who are premenopausal [12].

Patients can present with symptoms including fatigue, palpitations, anxiety, hair 
loss, pica among other usual symptoms related to anemia or sometimes it may be 
found on routine bloodwork done on postsurgical patients. To make the diagnosis, 
other than having microcytic anemia serum, iron, ferritin, transferrin levels, and 
total iron-binding capacity should be measured [2].

Multiple Factors Are Related to the Pathophysiology of This Disease:

• Decreased Consumption: Meat is a major source of iron and it has been shown 
that patients after a bariatric procedure consume significantly less red meat. 
Crowley et al. did a survey where they found out that less than 30% of the patients 
ingested the recommended daily allowance of iron [13].

• Decreased Gastric Acid: The first stages for the metabolism of iron requires acid 
to make it more soluble and facilitate its absorption by converting it from ferric 
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to the ferrous state. Any gastric procedure in which part of the stomach is excised 
or bypassed reduces the quantity of parietal cells and subsequently on the con-
centration of gastric acid. This leads to hampered absorption.

• Exclusion of the Duodenum: There are two forms of iron that are absorbed—
heme iron (from certain foods like meat) and inorganic iron. Inorganic iron gets 
absorbed throughout the small bowel, however heme iron is mainly absorbed in 
the duodenum and proximal aspect of the jejunum. Any procedure that bypasses 
these regions like the RYGB, BPD, BPD-DS, decreases iron absorption signifi-
cantly [12].

Screening of iron levels in patients that had a metabolic procedure should be 
done routinely, supplementation is advised on the patients with at least 18 mg/day 
but in menstruating females or patients with anemia at least 45–60 mg/day should 
be administered [14]. Most patients respond to oral supplementation however a few 
may need parenteral supplementation and in some extreme cases reversal of the 
procedure may have to be considered.

18.4.2  Copper Deficiency

Copper is a trace metal that is mainly absorbed in the duodenum and stomach and 
to a lesser extent in the rest of the small bowel. It is an important co-factor in enzy-
matic processes involved in hematopoiesis and catecholamine synthesis and is also 
a very important component of the vascular, skeletal, and the nervous systems.

Copper deficiency can reveal itself with hematological diseases like anemia, neu-
tropenia, or myelodysplasia. Since copper deficiency can also be associated with a 
demyelinating neuropathy, it is not uncommon for it to be confused with a vitamin 
B12 deficiency. Copper also plays an important role in iron deficiency anemia since 
there are many copper-dependent enzymes like ceruloplasmin, hephaestin, and 
cytochrome-c oxidase that have important roles in the metabolism and transporta-
tion of iron [15].

Luckily it is not very common, but a few case reports of pancytopenia and myelo-
dysplastic syndrome have been reported after bariatric surgery.

When a myelodysplastic syndrome develops usually secondary to copper defi-
ciency, it most commonly presents as anemia with neutropenia, and less often as 
thrombocytopenia. Copper is a mineral required for the proper function of different 
metalloproteins including ceruloplasmin and cytochrome-C, which are required for 
the transport of iron. Its deficiency explains the anemia that is associated; however, 
the pathophysiology of the neutropenia and thrombocytopenia is not completely 
defined.

Some suggested etiologies are: Destruction of myeloid progenitors in the bone 
marrow, inhibition of differentiation, and egress of the cells out of the bone mar-
row [16].

The diagnosis of a copper deficiency may be difficult as it does not have too 
many clinical signs. Hypopigmentation of the skin, hair, and nails can be seen but 
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the actual diagnosis can be made by measuring serum levels of ceruloplasmin and 
copper, these must be done in addition to the measurement of vitamin B12 and 
MDS levels in patients with neuropathy. Recommended copper supplementation is 
1 mg/day for patients who have undergone a sleeve gastrectomy or gastric banding 
and 1–2 mg/day for patients who have undergone an RYGB or BPD+/-DS [14].

18.4.3  Calcium, Phosphorus, Zinc, Selenium, Chromium, 
and Magnesium Deficiencies

The trace elements mentioned in Table 18.1 serve as cofactors in many processes in 
the body, and their deficiency may lead to anemias. Table 18.1 summarizes their 
involvement.

18.5  Vitamin Deficiencies

18.5.1  Folic Acid and Vitamin B12

Anemia secondary to vitamin B12 and folate are less common than iron deficiency 
anemia since their supplementation is very efficient and vitamin B12 storage could 
take years to deplete. Absorption of vitamin B12 gets affected after bariatric/meta-
bolic surgery. Its absorption requires hydrochloric acid as well as intrinsic factor, 
both of which are secreted by the parietal cells. Hydrochloric acid from the stomach 
helps the dissolution of the bound form of B12 complexes. This then binds to the 
intrinsic factor and this new complex gets absorbed in the terminal ileum.

Folate deficiency can be due to decreased intake, however, it could also be related 
to a B12 deficiency, since it plays a vital role in the conversion of the inactive 
methyl-tetrahydrofolic acid to active tetrahydrofolic acid.

The deficiency of either one of those vitamins leads to megaloblastic anemia. 
Folate deficiency can lead to neural tube defects in pregnant women and vitamin 
B12 deficiency can lead to weakness, neuropathy, and cognitive disfunction 
[2, 15].

Oral supplementation of B12 and folate is usually sufficient but, in some cases, 
parenteral administration of B12 may be required. The recommended dose for sup-
plementation is 350–500  μg/day oral, disintegrating tablet, sublingual, liquid or 

Mineral Manifestation
Calcium Iron deficiency anemia
Chromium Iron deficiency anemia
Phosphorus Anemia
Selenium Anemia
Zinc Anemia

Table 18.1 Hematological 
implications of minerals and 
trace elements [2]
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nasal, or 1000 mcg/month IM. Folate supplementation is advised as 400–800 mcg 
on the general population and 800–1000 mcg to females on childbearing ages [14].

18.5.2  Vitamin K

Vitamin K deficiency is a very rare occurrence after bariatric surgery and is usually 
associated with the more malabsorptive procedures like the BPD+/-DS. The etiol-
ogy for this deficit is fat mal-absorption. Since it is a fat-soluble vitamin, bacterial 
overgrowth, and modification of the gut microbiota also add to its deficiency.

The microbiota is very relevant in vitamin K deficiency since there are two types 
of vitamin K. K1 is the one that is ingested, and it comes mainly from leafy vegeta-
bles, and K2 is a product of the metabolism from the intestinal flora, particularly 
Bacteroides [17, 18].

Vitamin K plays a key role in the activation of some coagulation factors (II, VII, 
IX, X, protein C, and protein S) acting as an enzyme/co-factor. The clinical mani-
festations of a severe deficiency are related to hemorrhagic diathesis and symptoms 
include delay in blood clotting, mucosal bleeding, bleeding gums, nose bleeding, 
spontaneous internal bleeding, and heavy menstruation [17].

The diagnosis is usually made indirectly in patients with prolonged coagulation 
times, particularly INR. Direct measurement of vitamin K in the serum is not pre-
cise. Metabolites from it could be checked in the urine, however, those could also 
vary according to the renal function. Some other proteins could be studied, however, 
most laboratories do not have these tests, and variations in them could also be due 
to liver dysfunction.

Supplement recommendations after an RYGB, gastric sleeve, or band are 
90–120 μg/day, and on patients that had a BPD, 300 μg/day should be given. In case 
treatment is needed on an acute setting of malabsorption, 10 mg parenterally should 
be given, but if the patient has a chronic malabsorption the recommended dose is 
1–2 mg/day orally [14, 18].

18.6  Thiamine (B1), Riboflavin (B2), Niacin (B3), Pantothenic 
Acid (B5), Pyridoxine (B6), Biotin (B7), Vitamin A, 
Vitamin C, Vitamin D, Vitamin E

Deficiency of the rest of the vitamins either water soluble or fat soluble could have 
a very small hematologic component if there is a deficiency. It is summarized in 
Table 18.2.

Key Points 

• Fortunately, hematological complications are uncommon after bariatric surgery. 
In the acute setting bleeding and thrombosis are most commonly seen.

• DVT/PE and PMVT are uncommon but potentially lethal complications after 
bariatric surgery, in order to decrease their incidence prophylaxis must be given. 
Unfortunately, a universal protocol for it still does not exist.

A. Shuchleib et al.



283

• If a thrombotic complication arises it is important to start the treatment as soon 
as possible to decrease morbidity and mortality.

• Long-term hematological complications are related to vitamin or mineral defi-
ciencies, and hence it is very important to evaluate and supplement them lifelong 
after bariatric surgery.

• Routine blood work should be done at least once a year after surgery to detect 
deficiencies early on and prevent complications.
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19Psychological Issues After Bariatric 
Surgery

Denise Ratcliffe

There is a reciprocal association over time between depression 
and obesity.

—Dr. Floriana S. Luppino

19.1  Introduction

As the number of people having bariatric surgery has increased there is more longi-
tudinal data available about the physical and psychological changes and issues that 
may occur. Alongside this increase in the number of people having bariatric surgery, 
the psychological approach has evolved towards identifying and managing psycho-
logical issues amongst individuals before and after bariatric surgery. Initially the 
focus for bariatric psychology involved ‘gate-keeping’ access to surgery by attempt-
ing to identify specific psychological contraindications to surgery. However, given 
that the evidence supporting this approach is doubtful, and the physical benefits of 
bariatric surgery are compelling, the psychological approach has shifted towards 
identifying potential challenges and offering timely interventions in order to man-
age complications and challenges. This is a more nuanced approach towards psy-
chological assessment and intervention, trying to balance potential risks and 
benefits, and planning ahead for potential challenges that may jeopardise weight or 
psychosocial outcomes. As a result of this shift towards a more collaborative, facili-
tative approach (partly because of the lack of clear and consistent evidence regard-
ing psychological contraindications), more people with complex or comorbid 
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psychological issues are having bariatric surgery. There is also a greater awareness 
of the psychological issues that can arise following surgery—either pre-existing 
difficulties that are reactivated as a result of surgery or new difficulties that are 
related to the changes following surgery. The above factors mean that there is a 
greater need for post-operative assessment and support through the process as psy-
chological difficulties emerge or recur.

It is important to carefully consider how we perceive and plan for psychological 
challenges and complications following surgery. We need to provide adequate psy-
chological resources within the bariatric multidisciplinary team based on the prag-
matic expectation that it is highly likely that some individuals will experience 
psychological challenges. This is partly because those seeking bariatric surgery 
have higher rates of psychological problems compared to (a) individuals not seek-
ing treatment for their obesity and (b) the general population. Furthermore, bariatric 
surgery (and its concomitant changes in weight, eating, etc.) often has a marked 
psychosocial impact in different domains of an individual’s life.

It is helpful to draw a distinction between post-operative psychological issues 
which are related to pre-existing mental health disorders (e.g. depression, binge eat-
ing, etc.) versus psychosocial adjustment issues which are a typical and expected 
part of the process. Much of the research has focused on post-operative psychologi-
cal issues that are related to mental health diagnoses (e.g. depression, binge eating, 
etc.), partly because this lends itself to empirical research. There has recently been 
more focus on psychological factors that are transdiagnostic, e.g. impulsivity [1] 
and persistence [2]. In addition, it is important to pay attention to the more subtle, 
less measurable adjustment issues that may arise which can create significant ten-
sion and distress. There are some qualitative papers that have focused on this and 
give a useful clinical insight into the lived experience (both the positives and the 
challenges) of living with bariatric surgery [3].

Much of the research which has focused on the impact of psychological issues 
following bariatric surgery is that weight is often used as the primary outcome mea-
sure. This is not the only relevant domain of interest following bariatric surgery. It 
is important to consider the effect of psychological challenges post-surgery not just 
in terms of their impact on weight loss/kg, but also how they influence psychologi-
cal functioning and quality of life [4]. Perhaps one of the reasons why the research 
has not identified clear psychological predictors of outcomes at least in the short 
term, is because the weight has been the primary outcome measure. Given the 
extremely powerful effects of bariatric surgery on weight loss, this is likely to 
obscure the detection of any other psychosocial factors. One of the reasons why this 
longer term follow-up data is important is that the physiological effects of surgery 
wane over time therefore creating more scope for psychological factors to emerge. 
Furthermore, as you will see in the literature reviewed in this chapter, when we 
focus on the psychosocial outcomes of surgery (as well as weight outcomes) then 
often problems tend to become more apparent. Although individuals may have lost 
a significant amount of weight, they may still have significant levels of distress that 
impact on their quality of life and functioning (and may in the longer term then start 
to impact on their weight trajectory).

D. Ratcliffe



287

In this chapter, we will start by briefly reviewing the literature on pre-operative 
psychological issues as it is important to understand the issues faced by the group 
seeking bariatric surgery to consider the impact these may have post-surgery. As 
mentioned previously, psychological difficulties following surgery can be concep-
tualised as being on a continuum in terms of severity, complexity, and consequences. 
These range from focusing on pre-existing mental health difficulties to the develop-
ment of new mental health difficulties to adjustment problems that could be consid-
ered integral to the bariatric surgery process.

19.2  Pre-operative Psychological Difficulties

In order to think about the psychological challenges and complications that may 
occur after surgery, it is important to understand the context for these in terms of the 
population seeking bariatric surgery. We will briefly provide an overview of the type 
of mental health issues that are more frequently experienced by those seeking bar-
iatric surgery. It is important to have some awareness of the psychological issues 
that are more prevalent amongst this cohort as this can influence the focus of pre- 
operative preparation and inform post-operative monitoring.

There are higher rates of premorbid psychological conditions and difficulties 
amongst individuals seeking bariatric surgery compared to both individuals living 
with obesity who are not seeking treatment and the general population. There is also 
a positive association between increased psychiatric disorders and BMI [5–7]. Past 
experience of mental health difficulties is the strongest predictor of future mental 
health difficulties. Therefore, it can be concluded that as the group of individuals 
seeking bariatric surgery has a history of greater premorbid psychological difficul-
ties, they are more likely to have psychological difficulties in the future.

A number of studies have provided important information about the prevalence 
and type of psychological difficulties experienced by individuals seeking bariatric 
surgery. In one study, individuals were interviewed about their psychiatric history 
and current difficulties prior to bariatric surgery (but independently of the clinical 
assessment process) [6]. The authors found that 66% of individuals had a lifetime 
prevalence of psychiatric disorder and 38% met current diagnostic criteria. The 
most common difficulties were mood disorders with high rates of depression 
(45.5% lifetime, 10% current), anxiety (37.5% lifetime, 24% current), and binge 
eating disorder (27.1% lifetime, 16% current). Rates are higher amongst individu-
als seeking treatment compared to individuals living with obesity in the commu-
nity. A recent meta-analysis confirmed that depression (19%) and BED (17%) 
were the most common psychiatric diagnoses individuals presented with at the 
time of surgery [8]. It is important to note that there is a bidirectional relationship 
between obesity and psychological difficulties, i.e. psychological difficulties may 
be a causal factor in obesity but obesity often creates psychological difficulties 
too [9].

There are also higher rates of childhood sexual, physical, and emotional abuse as 
well as emotional and physical neglect amongst adults who have bariatric surgery 
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compared to the general population [10]. Furthermore, there is consistent evidence 
that adverse childhood experiences increase the risk of developing obesity [11].

Binge eating disorder (BED), defined as eating an unusually large amount of 
food within a short period of time coupled with a loss of control over eating, is 
common amongst those seeking bariatric surgery. It is noteworthy that binge eating 
disorder (BED) is often a proxy for other psychological conditions. Individuals 
with a lifetime history of eating disorder (primarily BED) were much more likely 
to meet diagnostic criteria for an additional psychiatric condition (mainly anxiety) 
compared to those without a lifetime history of disordered eating (84% vs. 
45%) [5].

These high rates of psychological difficulties are one of the reasons why it is 
important to provide a psychological assessment for all individuals seeking bariatric 
surgery. The psychological assessment is an opportunity to identify unidentified or 
untreated difficulties, to consider how these may impact on the individual’s ability 
to adjust and make necessary changes and to plan ahead so that the team and patient 
are aware of the specific challenges that an individual may face following surgery 
and to plan accordingly [12]. Whilst attempts should be made to clarify the true 
purpose of the psychological assessment (facilitative, rather than gatekeeping), 
issues may sometimes arise as patients may not be fully transparent about psycho-
logical difficulties pre-operatively due to concern that disclosing these will lead to 
being denied access to surgery. This means that some psychological difficulties are 
only revealed or become apparent post-surgery and it is important that there are 
adequate psychological resources available to respond promptly and effectively 
with unanticipated difficulties.

19.3  Post-operative Psychological Difficulties

In the following section, we will review the literature on changes to pre-existing 
mental health or psychological problems following surgery, both in terms of their 
impact on weight loss and also psychosocial outcomes. We will also consider how 
the nature of some of these difficulties may shift in their presentation (for example 
from binge eating to graze eating) and how new difficulties may arise (e.g. alcohol 
issues). The main post-operative psychological difficulties can be split into (a) eat-
ing difficulties (including BED and other eating disorders) (b) mental health and 
mood difficulties (c) suicidality and (d) alcohol problems. We will then focus our 
attention on psychosocial adjustment issues that are a usual, but often challenging, 
part of the bariatric process. These have often been overlooked in the literature as 
they do not lend themselves to quantitative research.

Before focusing on the psychological difficulties that may arise following sur-
gery, it is important to preface this by highlighting the fact many people experience 
significant improvements in their psychological health following surgery. For exam-
ple a large prospective study found that rates of psychiatric disorders decreased in 
the 3 years following surgery [13]. There is also some evidence that psychological 
improvements are tied in with, or contingent upon, weight loss so when weight loss 
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plateaus or individuals experience weight regain, there is an increased risk of psy-
chological difficulties returning [14, 15]. This is why it is important to focus on 
longitudinal data that goes beyond the typical 2-year follow-up period.

19.4  The Impact of Problematic Eating Behaviours Following 
Bariatric Surgery

As previously outlined, there are high rates of Binge Eating Disorder (BED) 
amongst individuals seeking bariatric surgery, and that this is often comorbid with 
other psychological conditions [16]. The diagnostic criteria for BED are not fully 
applicable to the eating behaviours of individuals who have had bariatric surgery. In 
particular, the criteria relating to classifying objective binges (i.e. eating a large 
volume of food in a short space of time) which may not be physically possible after 
surgery. The criteria which relate to experiencing a loss of control (LOC) whilst 
eating appear to be highly relevant as this is the characteristic that is strongly related 
to distress, functioning, and post-surgery outcomes [17].

Whilst rates of BED are high pre-operatively, most research studies have found 
that pre-operative BED does not predict weight loss following surgery [18]. 
However, those individuals who meet the criteria for preoperative binge eating dis-
order are at greater risk of experiencing difficulties with LOC eating post-opera-
tively [19]. There is also consistent evidence that LOC eating and other problematic 
eating behaviours can be an emergent or new problem for a significant number of 
individuals (one study reported up to 40%) following surgery [20–22]. There is 
consistent evidence that experiencing post-operative LOC eating is associated with 
poorer weight loss [23, 24]. Furthermore, the numbers of individuals experiencing 
a recurrence or re-emergence of these difficulties increases as time elapses since 
surgery [24]. Conceicao et al. (2017) found evidence of different weight loss trajec-
tories following surgery for those with problematic eating behaviours such as LOC 
or grazing behaviour. These data show that there was a deterioration of weight loss 
outcomes particularly around 20 months after surgery [20].

Longitudinal data has investigated changes in eating pathology with 3-year fol-
low- up data from the longitudinal assessment of bariatric surgery-3 (LABS-3) 
Psychosocial Study [21]. Using structured interview data from the eating disorder 
examination-bariatric surgery version (EDE-BSV) the prevalence of multiple path-
ological eating behaviors declined following Roux-en-Y gastric bypass (RYGB) or 
laparoscopic adjustable band (LAGB) insertion and remained lower than pre- 
surgery throughout the 3-year follow-up period. However, post-surgery LOC eating, 
hunger, and problematic eating and body-related attitudes as reflected by the EDE 
global score were related to less favourable weight change after surgery. Post- 
surgery LOC eating was associated with regaining 20% of maximum weight loss. 
These findings are consistent with the literature that problematic eating behaviours 
and experiences may contribute to suboptimal weight loss and this becomes more 
apparent over time. These findings regarding the impact of LOC eating on subopti-
mal weight loss and regain in conjunction with the lack of predictive power based 
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on pre-op BED, emphasise the clinical importance of routinely and proactively 
assessing pathological eating behaviour following bariatric surgery.

A grazing pattern of eating (also known as picking and nibbling or snacking) 
is also associated with less weight loss following surgery. Furthermore, there is 
some evidence that those with pre-surgery BED, are more likely to develop issues 
with grazing following surgery. This in turn is associated with a different weight 
loss trajectory and poorer weight loss outcomes [20]. It is important to make a 
distinction between compulsive and non-compulsive grazing. Compulsive grazing 
overlaps with LOC eating and is also significantly associated with anxiety disor-
ders [25].

The problematic eating behaviours which have been outlined above focus on 
their negative impact on suboptimal weight loss and regain. It is important to note 
that a small group of individuals may experience other types of disordered eating 
following surgery—namely, anorexia or bulimic presentations. A study which inter-
viewed individuals about their eating behaviours following gastric bypass, found 
that 12% regularly induced vomiting and this was motivated by weight and shape 
concerns (rather than involuntary or due to epigastric pain) [26]. Research has sug-
gested that the changes experienced following bariatric surgery (i.e. rapid weight 
loss and dietary restraint) may trigger, or lead to the development of, restrictive 
‘anorexia nervosa-like’ eating pathology. This is characterised by greater than usual 
weight loss after surgery, fear of weight regain, dietary restriction, and disturbances 
in self-perception of shape and weight [27, 28]. Due to the under-researched nature 
of this area, the estimated prevalence of restricted eating disordered behaviour after 
bariatric surgery is unknown, however these types of presentations are becoming 
more common [28]. It is important to identify these difficulties early as they can 
quickly become entrenched problems. It is possible that individuals may need 
onward referral to a specialist eating disorder unit for input. Furthermore, educating 
the wider multidisciplinary team is important so that they do not inadvertently rein-
force behaviour by congratulating patients on their greater than expected weight 
loss. Whilst these are rare problems, they tend to be under-reported and 
under-recognised.

19.5  Mental Health Difficulties Following Bariatric Surgery

As mentioned previously, there are generally positive improvements and shifts in 
mental health but it is important to recognise that the cohort of individuals seeking 
bariatric surgery has a greater burden of psychological difficulties and distress. The 
past experiences of psychological difficulties place individuals at greater risk of 
experiencing future difficulties.

There are a couple of issues specifically arising from bariatric surgery that can 
contribute to post-operative mental health difficulties. It is worth bearing in mind 
that psychotropic medication should be reviewed following surgery as there can be 
changes in absorption, particularly following surgical procedures that affect absorp-
tion (RYGB and OAGB). This means that medication may less effective and doses 
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may need to be adjusted accordingly. In addition, there are a number of nutritional 
deficiencies that can occur following surgery which may have a direct impact on 
mental health. For example one of the symptoms associated with low levels of iron, 
B12, and copper is low mood. Anecdotally, the experience of surgical complications 
that may require lengthy or frequent hospitalisations can also be a risk factor for 
mood and coping problems post-surgery. Some individuals may experience a desta-
bilisation of their mental health when they are no longer able to regulate their emo-
tions through food (Obviously pre-operative preparation should aim to address this 
although in reality, it is not always fully apparent until after surgery). It is also 
important to liaise closely with mental health services in order to maintain continu-
ity of care and to provide any additional information they may require about 
bariatric- specific issues.

So, what does the empirical literature tell us about how individuals with premor-
bid mental health conditions fare after bariatric surgery? Mental health disorders 
obviously vary in their severity and the impact they have on the individual. 
Historically, there has been an assumption that individuals with severe mental health 
difficulties are likely to have a poor or worse outcome after surgery and as a result, 
may even have been excluded from surgery because of a mental health condition. A 
very important study [29] looked at the impact of different types of mental health 
difficulties on weight loss trajectories following surgery. A subgroup analysis com-
pared individuals with (1) no mental illness (2) mild–moderate anxiety and depres-
sion (3) severe anxiety and depression and (4) individuals with bipolar/psychotic 
conditions. The authors found no differences in weight loss outcomes 2 years after 
surgery. However, the groups with more severe mental health difficulties (those with 
severe anxiety/depression or bipolar/psychotic conditions) tended to have more 
healthcare utilisation, i.e. more attendances at the Emergency Dept and more hospi-
tal days throughout the 2-year follow-up period. It is likely that this reflects the 
greater support requirements because of the additional challenges in terms of imple-
menting and adjusting to new behaviours and reinforces the need to identify and 
offer tailored post-operative psychosocial support.

19.6  Mood Issues

A history of pre-operative mood disorder does not appear to be consistently associ-
ated with weight loss outcomes after surgery. However, a number of studies have 
found that consistent with much of the bariatric literature, experiencing these diffi-
culties post-surgery was associated with suboptimal weight loss or weight regain 
over time. White et al. [30] reported that rates of depression improved after surgery 
but gradually started to increase again 6 months following surgery (Although they 
still remain lower than their baseline, pre-surgery levels). These post-surgery mood 
difficulties were associated with poorer weight loss outcomes, greater eating disor-
der pathology and reduced quality of life. This suggests that a subgroup of individu-
als will have mood issues following surgery and that the prevalence of these 
increases over time. Mitchell et al. [31] also reported improvement in depression in 
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the first year after surgery but then a steady increase in depression from years 1 to 3 
following surgery.

In another study, Kalarchian et al. [13] reported a decrease in the most common 
psychiatric conditions (anxiety, depression, and disordered eating) in the first 3 
years following surgery with high rates of remission. Furthermore, the authors 
found that a pre-operative history of these difficulties was not associated with poorer 
weight loss. A recent paper which presents 7 years follow-up data from the same 
cohort demonstrated that rates of mental health disorders remain lower than pre- 
surgery levels but that for patients who had RYGB, by year 7, this difference was no 
longer statistically significant (34.7% vs. 29.1%) [32]. The rates of mental health 
disorders had started to return to their pre-surgery levels. Furthermore, the authors 
found that having a concurrent mood disorder post-surgery was associated with the 
greater weight regain and reduced quality of life, although the causality of this rela-
tionship has not been established.

There have been some efforts to identify the potential causal factors involved in 
the recurrence of depression in a subgroup and various ideas have been suggested 
including unmet weight loss expectations, recurrence of physical comorbidities, 
nutritional deficiencies and changes in absorption of psychotropic medication [31]. 
Symptoms of depression include poor self-care, lack of volition, motivational 
issues, withdrawal, and cognitions which revolve around failure and helplessness. It 
is easy to see how these symptoms may map onto the individual’s ability to imple-
ment and maintain behaviour changes following bariatric surgery.

Earlier in this chapter, the high prevalence of trauma, abuse, and neglect was 
highlighted amongst individuals living with obesity. A number of studies have 
focused on whether a history of trauma has any impact on weight loss following 
bariatric surgery. Steinig et al. [33], in their systematic analysis of the available data, 
reported that there may be some initial differences in the rate of weight loss whereby 
those with a history of sexual abuse lose less weight initially, but these differences 
disappear with longer term follow-up. A recent study by King et al. found that a 
history of childhood trauma was not associated with the degree of weight loss or 
regain [34]. However, they did find that a history of childhood trauma was associ-
ated with less improvement in depression and eating disorder pathology post- 
surgery. This means that individuals with a history of childhood trauma may benefit 
from specific psychological intervention to address these issues in order to improve 
their psychosocial functioning and outcomes. Providing this type of intervention 
could potentially minimise the impact of depression and disordered eating on long- 
term weight outcomes. Anecdotally, those with a history of interpersonal trauma 
may struggle more with changes to their body image and feeling more ‘visible’ and 
noticeable to others. This can activate worries about interpersonal threat, feelings of 
anxiety and avoidance. It is obviously important to provide psychological interven-
tion to address these issues and to help individuals update their perception of threat 
to reflect their current circumstances. Furthermore, helping individuals recognise 
that this is usually a transition phase, and normalising these experiences can be 
valuable.
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19.7  Suicide

A number of studies have reported increased rates of suicide following bariatric 
surgery. For example Peterhansel et al. [35] reported a fourfold increase compared 
to the general population. Tindle et al. [36] reported that suicide rates amongst indi-
viduals post-surgery in Pennsylvania over 10 years were 6.6/10,000. These are 
much higher than age and sex-matched US rates. Furthermore, studies have also 
reported an increase in self-harm following bariatric surgery [37]. One of the issues 
leading to difficulties in interpreting this data is the fact that rates of self-harm and 
suicidality are higher amongst those seeking bariatric surgery compared to the gen-
eral population [38]. For example a large study reported that 25% of individuals 
pre-surgery had a history of suicidality and that 4% had attempted suicide compared 
to rates of 3.3% suicidal ideation and 0.6% suicide attempts in the general popula-
tion [38]. Past occurrence of suicidal behaviours is the best predictor of future 
occurrence of suicidal behaviours.

A recent paper [38] focused on suicidal behaviour and suicide in individuals who 
had either a gastric bypass or gastric band in their first 5 years post-surgery (this was 
data from the Longitudinal Assessment of Bariatric Surgery cohort). In the first 5 
years after surgery, 15% reported suicidality and the vast majority of these had a 
pre-surgery history. In terms of the timing of suicidality post-surgery, the authors 
report an initial decrease in the first year after surgery but then a steady increase 
from this time point onwards with most suicides occurring in the fourth year after 
surgery. This finding was also reported by Tindle et al. [36] who found that most 
suicides occurred in the final year of the 3 year follow-up period.

The authors identified specific factors that were associated with increased suicid-
ality. Individuals with a pre-surgery history of suicidality were 17× more likely to 
experience suicidality (self-harm/suicidal ideation) post-surgery. Other risk factors 
included male gender, smoking, greater pain severity, antidepressant medication 
use, input from mental health services, and lifetime history of psychiatric hospitali-
sation were independently associated with a greater risk of self-harm/suicidal ide-
ation in years 1–5 post-surgery.

Of those that completed suicide, all occurred in individuals who had RYGB but 
the numbers are too small to confidently draw conclusions regarding increased risk 
of suicide following RYGB specifically. This would be worthy of further investiga-
tion given the potential impact of changed/inadequate absorption of psychotropic 
medication and increased rates of alcohol use following this procedure.

19.8  Alcohol and Other ‘Addictions’

Whilst there is a lay discourse around ‘habit transfer’ following bariatric surgery, 
this is no empirical evidence to support this concept. The current empirical data 
indicates that alcohol is the only addictive behaviour that consistently increases fol-
lowing bariatric surgery. Alcohol use disorder (AUD) is a pattern of alcohol use that 
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involves problems controlling alcohol intake, being preoccupied with alcohol, con-
tinuing to use alcohol even when it causes problems, having to drink more to get the 
same effect, or having withdrawal symptoms upon rapidly decreasing or stop drink-
ing. AUD can be mild, moderate, or severe.

King et al. [39] analysed data from the LABS-2 study which is a prospective, 
observational longitudinal study of >2000 individuals having a primary bariatric 
procedure between 2006 and 2009 (note that the sleeve gastrectomy was not 
included). The researchers collected baseline data about a range of psychological 
variables, including alcohol and illicit drug use, and followed up on an annual basis. 
The study found that the prevalence of AUD increased substantially over time after 
RYGB from approximately 7% pre-surgery to 16% at year 7, while remaining sta-
ble for those who had a gastric band (from 6% to 8%). There was a slight increase 
in illicit drug use (primarily marijuana) following the bypass compared to the band, 
but there is a need for further research due to measurement/screening issues and 
lack of inclusion of a range of drugs (including opiates).

Azam et al. [40] conducted a systematic review of alcohol use pre- and post- 
bariatric surgery and found that the prevalence of AUD post-bypass increases over 
time. Furthermore, those individuals having a gastric bypass are at increased risk for 
AUD. Those who have a gastric bypass (compared to the gastric band) are at double 
the risk for developing AUD post-surgery [39]. This is because bariatric surgery 
procedures lead to different alcohol pharmokinetics. Studies show that individuals 
who have had a bypass reach higher peak alcohol concentration more quickly after 
surgery and take more time to return to a sober state. In addition, there are changes 
in alcohol reward sensitivity following RYGB [41]. There is currently uncertainty 
regarding alcohol problems following sleeve gastrectomy. A number of pre-opera-
tive factors have been found to independently increase the risk of post- operative 
AUD symptoms. These risk factors include male gender, younger age, smokers, low 
social support, those who have pre-op hx of substance use, and those who have had 
recent psychiatric treatment were at increased risk [39, 42].

It is important to note that AUD can be a new problem. King et al. (2012) reported 
that 60.5% of those who developed AUD did not have a history of AUD prior to 
surgery. Another study reported 43.8% did not have a history [41]. Contrary to the 
‘addiction transfer’ hypothesis, binge eating and loss of control eating are not asso-
ciated with the development of problematic alcohol or substance use outcomes [39].

In terms of mental health issues that may arise following surgery, it is obviously 
overly simplistic to relate all negative changes in mental health to bariatric surgery 
as some psychological conditions (e.g. bipolar, psychosis, depression) have a sig-
nificant rate of relapse. Alternatively, bariatric surgery could be conceptualised as a 
stressor and according to the stress-diathesis model of psychological distress, indi-
viduals with a premorbid psychological vulnerability (condition) are more likely to 
experience a relapse or worsening of their difficulties when stress exceeds a particu-
lar threshold. The evidence and data provided in this chapter so far clearly point to 
the importance of proactive assessment and long-term monitoring for psychological 
difficulties following bariatric surgery. It is also noteworthy that some of the diffi-
culties (e.g. AUD and LOC eating) can be new issues following surgery.
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19.9  Adjustment Issues

The empirical evidence base regarding psychological difficulties that may occur 
following bariatric surgery does not always fully translate to the issues that arise in 
clinical practice. One of the reasons for this is that most research studies have 
focused on diagnosable mental health problems and this leads to significant limita-
tions in accurately reflecting the psychological and emotional issues that occur after 
surgery. Most people are likely to experience psychological challenges following 
surgery as it results in changes in multiple domains of an individual’s life. These 
include shifting relationship with food, changes in body image, changes in intimate 
relationships and friendships. Individuals often make a demarcation between their 
life before surgery and their life after surgery. Following surgery, individuals may 
need to develop new skills to manage situations that they have not previously faced 
or avoided (e.g. relationships, managing compliments, etc.). Whilst bariatric sur-
gery is associated with multiple positive changes, it also creates tensions and chal-
lenges to negotiate [3]. Whilst these do not necessarily meet diagnostic criteria for 
mental health disorders, they can cause a lot of distress and impact on functioning. 
It is important that clinicians are aware of these issues so that they can facilitate 
discussions regarding these as well as normalising these adjustment experiences.

19.10  Altered Relationship with Food

Individuals often describe a different relationship with food after bariatric sur-
gery—some may lose interest and pleasure from food and this can almost be expe-
rienced as a loss/bereavement in the early days after surgery. For some individuals, 
eating may become a chore rather than a pleasure. On the other hand, many indi-
viduals describe feeling ‘liberated’ from obsessive thoughts about food and at least 
in the short term after surgery, this is often a source of relief.

19.11  Body Image and Excess Skin

The multiple changes and improvements in weight and health following bariatric 
surgery are associated with improvements in quality of life and body image follow-
ing surgery [43]. Whilst there is a positive shift in pre-to post-op body image, it still 
tends to remain lower than normative levels amongst the general population [44]. 
There are some specific challenges in terms of body image adjustment that occur 
following surgery. There is often a time lag on individuals updating their body 
image which means that they still perceive themselves to be the same weight that 
they were prior to surgery, despite ‘knowing’ that they have lost weight. In addition, 
individuals who have experienced abuse may feel more visible and vulnerable as 
they lose weight, leading to anxiety and possible sabotage attempts.

Research on whether the amount of weight lost following bariatric surgery 
impacts on body image is mixed. However, there is a trend towards greater weight 
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loss being associated with improved body image [44]. Furthermore, there are a 
number of studies which indicate that poor body image post-operatively is associ-
ated with problematic eating behaviors, such as loss of control (binge) eating and 
night eating. Post-operative body image disturbance and dissatisfaction may poten-
tially impact on long-term weight loss outcomes [45] and could be an important 
area for intervention.

Excess skin following massive weight loss is very common and causes multiple 
physical and psychosocial issues. This can be extremely psychologically distressing 
and disabling. Individuals often feel ashamed and self-conscious about their excess 
skin and may go to great lengths to camouflage it. They may also avoid situations 
(e.g. gyms, activity, socialising) and relationships because of concern about judge-
ment from others. Kitzinger et al. [46] found that 75% of women and 68% of men 
wanted body contouring surgery. Research which compares individuals who have 
body contouring, versus those who have not, report improvements in various body 
image dimensions. However, a study found that a significant proportion of individu-
als were dissatisfied with the results of the procedure (27% dissatisfied with abdom-
inoplasty) [47].

Individuals seeking bariatric surgery have high levels of body image distress 
before surgery. As a result of weight loss, body image improves to some extent fol-
lowing bariatric surgery but there are additional and new body image adjustments 
and challenges to negotiate.

19.12  Relationship Issues

There are often changes in peer/friendship relationships and also changes in inti-
mate relationships following bariatric surgery and weight loss. Bruze et  al. [48] 
analysed data from the SOS prospective study of bariatric surgery and focused on 
changes in relationships over a 20 year follow-up period. Bariatric surgery was 
associated with increased incidence of divorce (compared to the general population 
and controls with obesity) for those individuals who were in a relationship at the 
time of surgery. They also found an increased incidence of marriages and new rela-
tionships compared to controls with obesity. Changes in relationship status were 
more common amongst those with larger weight loss. The increased incidence of 
divorce and separation after bariatric surgery might be associated with increased 
tension in already vulnerable relationships or to improvements that empower 
patients to leave problematic relationships.

Important qualitative studies conducted by Romo et al. [49, 50] shed light on 
some of the changes in the dynamics of relationships when one partner engages in 
weight loss efforts. Positive changes including increased attraction, shared activi-
ties, viewing weight loss as a team effort are documented. However, it is clear that 
some challenges and tensions arise in some of the relationships because of factors 
such as partner insecurity, criticism of the other partner’s lack of change/continued 
weight issues, partner no longer feeling needed.
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Individuals who have had surgery often describe changes in their friendships and 
social relationships after surgery. Research has focused on exploring these changes 
and the factors that may arise include jealousy/envy attempts to sabotage weight 
loss by encouraging or putting pressure on the individual to eat inappropriate foods 
and a wish to maintain the status quo in the relationship [49].

19.13  Conclusions

This chapter has provided an overview of the psychological difficulties which can 
recur or occur after bariatric surgery. Whilst there are often significant psychologi-
cal improvements in psychosocial outcomes in the short-term following surgery, the 
data indicates that these problems often start to re-emerge with longer term follow-
 up. These psychosocial difficulties are not always ‘diagnosable’ mental health prob-
lems and often reflect the adjustment process. Most of the data reviewed shows a 
similar pattern of short-term improvements in psychological problems which appear 
to dwindle over time with increased difficulties re-emerging as the follow-up period 
extends. It is clearly important to proactively assess and provide psychological 
interventions over an extended time period in order to identify psychosocial diffi-
culties which may impact on an individual’s weight outcome as well as their psy-
chological health.

Key Points 

• Individuals seeking bariatric surgery have a higher incidence of psychological 
issues than the general population as well as those who are obese but do not seek 
surgery.

• Past experience of mental health difficulties is the strongest predictor of future 
mental health problems; hence, psychological evaluation, instead of serving a 
‘gate-keeping’ function, can help make available additional support to these 
patients in post-operative period.

• The most common psychological difficulties encountered in people seeking bar-
iatric surgery are mood disorders and binge eating disorders (BED).

• While a pre-operative diagnosis BED is not itself associated with poorer weight 
loss outcomes after bariatric surgery, pre-operative BED may be associated with 
post-operative loss of control (LOC) eating and LOC may be associated with less 
weight loss post-bariatric surgery.

• Suicide rates are high post-bariatric surgery, particularly in those individuals 
who have previously attempted suicide.

• Alcoholism is the only addiction that increases post-bariatric surgery.
• Patients may experience a number of adjustment issues post-bariatric surgery 

especially with respect to their body image, their social and intimate (spouse/
partner) relationships and their relation to food. Adjustment issues are subtle 
and hard to diagnose but may lead to significant distress in daily life.

• Assessment of psychological difficulties and providing timely support is of the 
essence.
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20Drug Related Complications After 
Bariatric Surgery

Chih-Kun Huang and Chia-Chia Liu

20.1  Introduction

The gastrointestinal tract, the largest endocrine and exocrine system, controls the 
functions of food digestion, secretion, absorption, and production of barriers in our 
human body. It can also modulate environmental factors, food composition, and 
metabolic state which would be altered by bariatric surgery. Alterations in incretin 
secretions after bariatric surgeries are well characterized and lead to sustainable 
weight loss and remission of type II diabetes mellitus [1].

The anatomical and physiological alterations in the GI tract following bariatric 
surgery may change a wide variety of factors involved in the oral bioavailability of 
drugs [2, 3]. These may have some adverse effects while taking drugs after the bar-
iatric surgery. This chapter is focused on this change and what should we do to 
prevent some drug-related complications after bariatric surgery.

All things are poison, for there is nothing without poisonous 
qualities. It is only the dose which makes a thing poison.

—Paracelsus
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20.2  Bariatric Surgery

Bariatric surgery gives excellent results for long- lasting weight loss and associ-
ated improvement in comorbidities. In 2016, laparoscopic sleeve gastrectomy 
(LSG) accounted for approximately 54% and laparoscopic Roux-en-Y gastric 
bypass (LRYGB) for another 30% of global bariatric surgeries. Other surgical 
procedures: biliopancreatic diversion (BPD), biliopancreatic diversion with duo-
denal switch (BPD-DS) were also performed to a lesser extent [4]. LRYGB is still 
considered the golden standard procedure. It bypasses 95% of the stomach and the 
proximal small intestine [5]. LSG, however, results in the removal of most of the 
fundus and part of the stomach body without alteration of intestinal absorption 
and is considered a restrictive procedure, which is relatively safe with low long-
term morbidity [6–10].

Bariatric surgeries manipulate gastric luminal contents by accelerating gastric 
emptying time and decreasing gastric acid secretion. In LRYGB, the chyme directly 
passes from the small pouch of the stomach into distal intestinal part of the jejunum 
thus bypassing the duodenum and proximal jejunum. These changes of the gastro-
intestinal tract affect the absorption of orally administered drugs [3, 11–13]. 
Practitioners involved in taking care of weight loss procedure patients should pay 
more attention on oral medication use. Knowing acid dissociation constant (pKa) 
and the partition coefficient (log P), as well as the localization of intestinal drug 
transporters, is very critical to prevent drug-related complications after bariatric 
surgery.

Laparoscopic sleeve
gastrectomy

Duodenal switchLaparoscopic
Roux-en-Y gastric

bypass
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20.3  Drugs in GI Tract: The Pharmacokinetics

Drugs in GI Tract: The Pharmacokinetics

Oral Drug
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Table 20.1 Acid-base drugs physiochemical properties in normal state [17–21]

Stomach (pH1~2) Small intestine (pH6~8)
Weak 
base 
drugs

Fully charged and high solubility in 
water

Fully uncharged and absorbed rapidly 
from the small intestine → easily pass 
through GI mucosa

Weak 
acid 
drugs

Fully uncharged and absorbed rapidly 
from stomach → easily pass through 
GI mucosa

Fully charged and high solubility in water

20.3.1  Solubility, Gastric pH, Gastric Emptying Time, 
and Drug Absorption

Drug solubility, lipophilicity, molecular size and polarity are major components of 
drug physiochemical properties. The pKa, drug-specific acid dissociation constant, 
is a key physiochemical parameter influencing many biopharmaceutical character-
istics. pKa determines a drug’s ability to cross a range of pH in the GI tract. If the 
pKa of a drug is close to the pH of the medium, the molecule is charged and its 
gastrointestinal diffusion is delayed. In summary, increasing gastric pH should 
decrease the solubility of basic drugs and increase the solubility of acidic drugs [14].

The pH of gastrointestinal fluid has been shown to significantly affect the frac-
tion of the dose absorbed of a drug [15, 16] (Table 20.1).
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Changes in the GI tract following bariatric surgery will have different effects on 
different drugs [22]. After bariatric surgery, a changed gastric pH may affect drug 
dissolution and solubility, as well as pre-absorptive drug stability [11]. After bariat-
ric surgery, the new stomach pouch has a reduction of gastric acid secretion. After 
bariatric surgeries, altered gastric emptying time may be another rate-limiting step 
of systemic drug absorption for some drugs [22, 23].

20.3.2  Drug Gut Wall Metabolism and GI Transporters

Duodenum and proximal part of the small intestine are rich in metabolizing enzymes 
which is bypassed in LRYGB, BPD, BPD-DS patients. Hence, in these patients, 
higher oral bioavailability is easily noted because they bypassed the “first pass 
metabolism.” Cytochrome P450 (CYP) enzymes, especially the CYP3A4 subfam-
ily, are predominant enzymes in the duodenum and proximal jejunum. More than 
50% of drugs are metabolized by CYP3A4 and CYP3A4 accounts for 80% total 
P450 contents in the proximal small intestine [24–27]. After rearranging the GI tract 
by performing LRYGB or BPD or BPD-DS, there may be an elevated oral bioavail-
ability (Table 20.2).

20.3.3  Oral Drug Escaping Hepatic Metabolism

Obesity is a low-grade inflammatory state which results in increased circulation of 
inflammatory cytokines, chemokines, and adipokines. Besides, nonalcoholic fatty 
liver diseases (NAFLD), nonalcoholic steatohepatitis (NASH) are both prevalent in 
obese populations. This will contribute to reduced activity of CYP450 activity in the 
liver. So, in obese individuals, second pass metabolism is weaker than in those in the 
normal weight range. However, weight loss by bariatric surgery and amelioration of 
NAFLD or NASH, will increase the CYP450 function in the liver and second pass 
effect in the human body [37–41].

In conclusion, weight loss and the physical adaption of the GI tract following 
bariatric surgeries are the main contributing factors that cause complicated and 
time-dependent interplay in restricting oral drug bioavailability.

Table 20.2 Intestinal transporter proteins can accelerate drug absorption [26, 28–36]

GI transporters Corresponding medications
OATP1A2 Expressed on duodenum

Thyroid, steroid hormones, fluoroquinolones, statins
PEPT1 Beta-lactamines, angiotensin converting enzymes inhibitors (ACEI), 

thrombin inhibitors, antineoplastics medications
P-glycoprotein Expressed most on distal ileum and colon

Digoxin, verapamil, diltiazem, sotalol
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20.4  Drugs Related Complications After Bariatric Surgery

20.4.1  Analgesics

Analgesics are very important medications after bariatric surgery. It includes non- 
steroidal anti-inflammatory drugs (NSAIDs). According to the Clinical Practice 
Guidelines for the Perioperative Nutritional, Metabolic, and Nonsurgical Support of 
the Bariatric Surgery Patient, NSAIDs should be completely avoided after bariatric 
surgery. In gastric bypass patients, even a zero-tolerance policy towards the use of 
an NSAID is advocated [42–44]. Because pKa of NSAID is about 3–5, the elevation 
of gastric pH after bariatric surgery increased the absorption rate in the stomach and 
that is the cause of higher risks of gastric and anastomotic perforations and ulcer-
ations. We can use paracetamol or tramadol as alternatives if possible as they are 
absorbed in the jejunum and the area under curve (AUC) for these drugs is not 
changed after bariatric surgery [45–47].

20.4.2  Anticoagulants

Anticoagulants may be affected significantly after bariatric surgery. Too low level of 
anticoagulants may cause massive thrombotic effects; too high level of anticoagu-
lants may have profound bleeding risks.

20.4.2.1  Aspirin
Aspirin activity is blunted in the obese population. According to Nicholas B. Norgard 
et al., aspirin activity is increased after bariatric surgery. The aspirin-induced plate-
let inhibition may be more potent following bariatric surgery [48]. Adjustment of 
aspirin dose is needed after bariatric surgery in case of uncontrollable bleeding or 
newly formed ulcerations.
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20.4.2.2  Warfarin (Vitamin K Antagonists)
Warfarin dosage requirements change transiently after bariatric surgery. During the 
first 1–3 months, a significant reduction in the median weekly dose was noted [rang-
ing from 7.7 mg/week decrease at days 8–14 after surgery to a 30 mg/week decrease 
at days 50–56 (p < 0.01)]. Interestingly, the weekly dose requirement returned to 
and remained at pre-surgery doses 90–180 days postoperatively [49]. The possible 
mechanism of reduced dose requirements after surgery was due to anatomic changes 
or lower vitamin K intake [50]. Also a more alkaline stomach pH value resulting in 
more unionized warfarin available for passive absorption is another possible reason 
[51]. Overall, the literature suggests that warfarin dosing is reduced in the immedi-
ate postoperative period (within 3–4 weeks), with a trend towards increased dose 
requirements as patients are further out from surgery. Regularly monitoring of INR 
is necessary.

20.4.2.3  Direct Oral Anticoagulants
There is not much data regarding the use of direct oral anticoagulants in the post- 
bariatric surgery patients. There is only one case report showing successful use 
rivaroxaban on patients after bariatric surgery. Table 20.3 below is the summary of 
characteristics of oral antithrombotic [49]:

Table 20.3 Characteristics of oral antithrombotic

Antithrombotic 
agent

location of 
absorption

Volume of 
distributiona

Biopharmaceutics 
classification systemb

Concurrent food 
intake impact on 
drug absorption

Apixaban Primarily 
proximal small 
intestine: some 
gastric 
absorption [17, 
18, 45]

21 L [46]
(03 L/kg)

BCS Class III (high 
solubility, low 
permeability)

No effect
Take without 
regard to food

Dabigatran Lower stomach 
and duodenum 
[20]

50–70 L [47]
(0.7–1 L/kg)

BCS Class II (low 
solubility, high 
permeability)

No effect
Take without 
regard to food

Edoxaban Proximal small 
intestine [14]

107 L [48]
(1.5 L/kg)

BCS Class IV (low 
solubility, low 
permeability) [49]

+6–22% [50]
Take without 
regard to food

Rivaroxaban Primarily 
proximal small 
intestine: some 
gastric 
absorption [9, 
11]

50 L
(0.7 L/kg)

BCS Class II (low 
solubility, high 
permeability) [29]

+39% [10, 11]
Take 15 and 20 mg 
dose with food to 
improve 
bioasailability

Warfarin Proximal [25] 0.14 L/g [51]
(10 L)

BCS Class II (low 
solubility, high 
permeability) [52]

No effect

aReported values obtained from the prescribing information (calculated values based on 70  kg 
patient)
bBCS class is a FDA classification system that classifies drugs based on their solubility and intes-
tinal permeability [53]
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20.4.3  Psychotropic Medications

There is scanty literature about post-bariatric psychiatric medications. However, 
there are many patients who still need psychiatric medications for controlling dis-
eases after surgery. Cunningham et al. found that 23% of the patients had an increase 
in their antidepressant use, 40% continued to require the same antidepressant, 18% 
had a change in antidepressant medication, and only 16% had a decrease or discon-
tinued their antidepressant [52]. Higher level of these drugs may cause terrible tox-
icity. Severe episodes of the psychiatric diseases may be occurred if lower level of 
the medications is used. Adequate dosage and dosage form are very important in 
psychiatric patients.

There are some psychotropic medications that need to be changed after bariatric 
surgery. Many medications may cause severe side effects even lead to mortality. 
Tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors (SSRIs) 
are highly lipophilic and may change to lower volume of distribution after bariatric 
surgery due to less adipose tissue [53] (Table 20.4).

20.4.4  Antimetabolic Syndrome Medications

20.4.4.1  Antidiabetic Medications
Metformin may increase bioavailability by 50% and glucose levels are thus 
decreased by 15% in RYGB patients, and these differences were statistically signifi-
cant. AUC showed a statistically non-significant trend of 21% increase in RYGB 
patients compared with controls. Patients treated with metformin should be moni-
tored after RYGB in order to prevent toxicity [54].

20.4.4.2  Statin
Statins may have side effects on liver function. There are some changes in statin 
levels after bariatric surgery. Atorvastatin is a typical statin medication. Careful use 
of statin dosage is critical (Table 20.5):

Table 20.4 Psychotropic medications and bariatric surgery

Medications Change after LRYGB
Midazolam CYP3A4 substrate

Increased bioavailability 
after LRYGB

Citalopram, buspirone, diazepam,lorazepam, trazodone, 
zolpidem, haloperidol, oxcarbazepine

No change in vitro

Venlafaxine No change in vitro
Amitriptyline, fluoxetine, paroxetine, sertraline, clozapine, 
olanzapine, quetiapine, risperidone, ziprasidone

Less dissolution in vitro 
after LRYGB

20 Drug Related Complications After Bariatric Surgery
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20.4.4.3  Antihypertensive
Wójcicki et  al. investigated the pharmacokinetics of propranolol and atenolol in 
patients after partial gastric resection. Propranolol showed decrease in AUC by 32% 
and a decrease in Cmax by 20%. There is no need to change the dose of atenolol. 
Propranolol is a lipophilic drug and atenolol is a hydrophilic compound. The lipo-
philicity of propranolol may be responsible for the observed impairment of drug 
absorption in patients after partial gastrectomy [58, 59]. Beta-blockers may have 
severe effects on the heart and asthma conditions. Close clinical monitoring of these 
medications is very important.

20.4.5  Antibiotics

It has been proved that using standardized dose of moxifloxacin cannot attain ade-
quate levels in post-bariatric surgery population [60]. The same situation is for both 
amoxicillin and nitrofurantoin [61].

A recent study characterized the pharmacokinetics of intravenous and oral line-
zolid before and 3 months after RYGB surgery [62]. The bioavailability of the drug 
was not impaired (1.14 before and after LRYGB), however, the mean AUC with oral 
linezolid before RYGB was 41.6 mg·h/l compared with 98.9 mg·h/l after RYGB 
(p < 0.001). The serum exposure of the drug was more than 50% lower after bariat-
ric surgery suggesting that dose modification may be needed.

Inadequate doses of antibiotics may cause serious complications even sepsis and 
mortality.

20.4.6  Antiarrhythmics

Chan et al. compared the pattern and magnitude of oral absorption of digoxin in 
obese patients before and after RYGB. The median time to peak concentration for 
digoxin decreased from 40 min at baseline to 30 and 20 min at 3 and 12 months after 
RYGB, respectively. The mean AUC for digoxin, heart rate, and electrocardiogram 
patterns were similar across the study phases [63].

Table 20.5 Statin medications after bariatric surgery [55–57]

Medications Change after bariatric surgery
Atorvastatin Gastric bypass surgery showed a variable effect on systemic exposure to 

atorvastatin, ranging from a 2.9-fold decrease to a 2.3-fold increase [55].
Biliopancreatic diversion with duodenal switch, found increased twofold 
bioavailability of atorvastatin [56]

Simvastatin Unknown
Pravastatin Bariatric surgery hardly affects the pharmacokinetics of this drug. Research is 

needed to establish whether pravastatin from a pharmacokinetic point of view 
may be the most appropriate statin after bariatric surgery [57]
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20.4.7  Oral Contraceptives

Rapid weight loss in the months after bariatric surgery increases fertility, while 
maternal and fetal risks from rapid weight loss remain elevated [64]. Consequently, 
effective contraception is critical in the postoperative period. In the postoperative 
period of surgical weight loss there may be a reduction in the bioavailability of oral 
contraceptives and thus compromise contraceptive protection [65].

20.4.8  Thyroid Drugs

Significant delay of absorption of levothyroxine was noted after LRYGB patients. 
Hence, increased total T4 and free T4 was noted in post-bariatric patients. Obese 
patients scheduled for bariatric surgery should be screened for thyroid dysfunction 
and, if replacement therapy is necessary, strict monitoring of thyroid function and 
drug level is very important [66].

20.5  Conclusion

Literature assessing the change in the use of medication before and after bariatric 
surgery is needed. Changed in GI anatomy and post-bariatric surgical adaptation of 
the GI tract afterwards will cause change in the absorption of medicine, which 
might cause adverse drug events or result in an inadequate therapeutic effect. 
Theoretically, reduced drug absorption may occur after bariatric surgery. Until now, 
only sparse studies focus on the pharmacokinetics of frequently used drugs. Before 
more data emerges, close monitoring of medication formulations may still be criti-
cal to ensure adequate absorption and to prevent drug-related complications after 
bariatric surgery [44, 67].

Key Points  
1. Bariatric surgery results in anatomical changes in the GI tract which affect the 

oral bioavailability of many drugs due to changes in GI lumen pH, distribution 
of GI transporters and enzymes in the bypassed gut, and altered first and second 
pass metabolism.

 2. Due to altered body composition, there may be changes in drug distribution in 
the body.

 3. These changes may lead to normal pre-surgery doses being inadequate for thera-
peutic effect post-surgery or excessive resulting in complications.

 4. Some drugs like NSAIDs should be avoided as far as possible while others would 
need dose modification.

20 Drug Related Complications After Bariatric Surgery
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21.1  Introduction

Obesity is a worldwide health problem of epidemic proportions [1, 2]. Causes of 
obesity are multifactorial [3]. Persons inherit silenced genes. Epigenetic modulation 
occurs dynamically and continuously throughout the life of an individual and is 
influenced by the environment, exercise habit, food, medications, sleep, and stress. 
Obesity is understood to be a pathologic process resulting in excess body fat. It is 
the result of the interaction of inherited genetics and with the environment mediated 
by epigenetic changes in those genes or their expressed proteins. Sixty-seven per-
cent of the variability in body mass index (BMI) is attributable to inheritance. Of the 
total variability, 40% is due to genes that control food intake, 12% is due to meta-
bolic rate, 5% to fat oxidation, and 10% to spontaneous physical activity. There is 
definitely a genetic predisposition that is enhanced by environmental, cultural, and 
psychosocial factors [4, 5].

Obesity is also a multisystem disease that spares no body organ [6]. Conditions 
associated with obesity include CAD, T2D, cancers (endometrial, breast, and 
colon), HTN, dyslipidemia (high total cholesterol, high triglycerides), stroke, liver, 
and gallbladder disease, sleep apnea and respiratory disorders, osteoarthritis, gyne-
cologic problems (infertility, abnormal menses, and polycystic ovary) and pseudo-
tumor cerebri.

Weight regain is a bigger issue than just calorie in and 
calorie out.
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Intentional weight loss, even to a modest degree (5–10%), has a significant 
impact on the morbidity and mortality associated with obesity. There are many strat-
egies for nonsurgical weight reduction, including diet, exercise, hospital supervised, 
commercially available, and psychiatric-behavior modification programs and medi-
cations. Unfortunately, although many people can lose weight successfully through 
dietary manipulation, only 5–10% of patients with extreme obesity are able to sus-
tain significant weight reduction. The National Institutes of Health (NIH) Technology 
Assessment Conference in 1992 concluded that dietary management of severe obe-
sity, with or without behavioral modification, failed to provide acceptable evidence 
of long-term efficacy [7].

Bariatric surgery has been shown to provide the most effective long-term treat-
ment option for patients with obesity, particularly severe obesity, resulting in 
improved obesity-related comorbidities and increased overall life expectancy [8]. 
Weight regain, is part of the natural history of any intentional weight loss effort [9].

21.2  Definition

Weight regain occurs after almost all strategies for nonsurgical weight reduction but 
only in a subset of patients who lose weight surgically. Weight regain after surgery has 
been defined variably. There is some weight regain after the nadir weight in all patients 
due to the adaptation of the patient to the operation. This is usually a regain of 1–10 kg 
after which the patient’s weight stabilizes. Significant weight regain is defined as 
either weight gain of >10 kg, weight gain of 25% of weight loss, recurrence of weight 
loss status to <50% EBWL, BMI status >35 kg/m2 for class III obesity, or BMI > 40 kg/
m2 for patients with super obesity and super-super obesity [10–15].

21.3  Causes of Weight Regain

Significant weight regain that occurs in a subset of patients after surgical treatment 
appears to be multifactorial. Overlapping aetiologies are categorized as patient- 
specific (presence of psychiatric disorders, physical inactivity, use of medications 
that cause weight gain, endocrinopathies, and dietary non-compliance and eating 
disorders) and operation-specific (the choice of bariatric surgical procedure per-
formed and the duration of follow-up after the operation—physiologic adaptation) 
[16, 17].

21.4  Patient-Specific Causes of Weight Regain

Patient-specific causes of weight regain are well documented in many studies. Loss 
of dietary control with grazing behaviors (defined as consumption of smaller 
amounts of foods over extended periods of time) are factors identified in studies [17, 
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18]. Colles et al. [18] reported that over a 1-year follow-up of 129 AGB patients, 
uncontrolled eating with grazing was associated with decreased weight loss. 
Uncontrolled eaters lost 21.6  kg compared to 26.7  kg in controlled eaters, and 
“grazers” lost 17.3% of their initial weight versus 22.9% in patients with controlled 
eating habits. Kofman et al. [19] found a significant relationship between loss of 
control when eating and weight regain. Approximately half of all respondents 
reported they deviated from their dietary plan, and the frequency of grazing was 
positively correlated with weight recidivism post-RYGB. Food indiscretion was a 
major contributing factor to weight regain in a survey of 100 morbidly obese patients 
who were followed up for 85 months in a study by Freire et al. [20]. These authors 
demonstrated that poor diet quality, characterized by an excessive intake of calories, 
snacks, and sweets, as well as oils and fatty foods, was statistically higher in patients 
experiencing weight regain. Finally, both Magro et al. and Freire et al. demonstrated 
the importance of appropriate nutritional counseling on long-term weight mainte-
nance wherein the lack of appropriate nutritional follow-up was significantly asso-
ciated with weight regain post-surgery [10, 20].

Another patient-specific cause of weight regain is the mental status of the patient. 
Kalarchian et al. followed 96 RYGB patients for 2–7 years post-surgery and reported 
that those classified as binge eaters increased their BMI by 5.3 kg/m2 compared to a 
2.4-kg/m2 increase in non-binge eaters [21].

Depression, alcohol, and drug use, food urges, and fewer follow-up visits were 
reported to be predictors of weight gain in RYGB patients at a mean follow-up of 
28.1 months by Odom et al. [22]. Colles et al. [18] suggested that the presence of an 
eating disorder increased in over 1 year in patients following AGB from 26.3% to 
38.0% and correlated with poorer weight loss. Bond et al. [23] suggested that impul-
sive behavioral traits were a risk factor for weight regain following bariatric surgery 
at 2-years follow-up. Finally, a study of 60 adult veterans who were followed with 
a multidisciplinary evaluation for 24 months post-surgery found 18 participants 
experienced weight regain between the 12- and 24-months measurement points and 
weight regain increased in a dose-response pattern in relation to increasing number 
of psychiatric diagnoses [24]. Further, patients with two or more psychiatric condi-
tions were approximately six times more likely to either lose no further weight or 
regain the weight.

Hormonal imbalances have been causes of weight regain in some patients. 
Studies commented on potential hormonal or metabolic imbalances that could 
explain weight regain post-bariatric surgery. The study of Engstrom et  al. of 40 
RYGB patients with a mean follow-up of 42.5 months reported that post-prandial 
suppression of plasma ghrelin level was correlated with weight loss and mainte-
nance of weight loss [25]. Ghrelin was also implicated as a factor influencing weight 
maintenance and ultimately failure of weight loss in a 5-year trial conducted by 
Bohdjalian et  al. [26]. Herein, weight regain was observed in 19.2% of patients 
post-LSG, and measurements of plasma ghrelin demonstrated that the levels were 
higher in weight regain patients compared to those who experienced appropriate 
weight loss or maintenance post-surgery.
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Orexigenic medications have also been reported as causes of weight regain after 
surgical treatment. These include steroids, antihistamines. Anti-depressants and 
antidiabetic agents.

Inadequate physical activity has been identified as a contributing factor for 
weight regain in the survey study of 100 patients post-RYGB by Freire et al. Patients 
who performed physical exercises had the lowest weight regain incidence compared 
to those who were relatively inactive [20].

A patient with significant weight regain needs to be evaluated looking at the 
dietary history, physical activity levels, and orexigenic medications use. 
Anatomical causes of weight regain should also be investigated with radiological 
tests and endoscopic evaluation as determined by the prior surgical procedure and 
medical history.

Based on these findings, the initial alteration of the patient’s medications with 
psychological and nutritional counseling may be tried. In some cases, trial of 
anorexic drugs with psychological and nutritional counseling may be indicated.

Occasionally, patients respond to this nonsurgical management with good weight 
loss and maintenance. However, in most cases, the outcome of nonsurgical manage-
ment is short lived.

21.5  Operation Specific Causes of Weight Regain

Significant weight regain has been documented in subset of patients within all of the 
most commonly performed bariatric surgeries. The incidence is least after vertical 
gastrectomy with a duodenal switch (BPD-DS), banded gastric bypass (BGBP), and 
one anastomosis gastric bypass (OAGB). The incidence increases after Roux-en-Y 
gastric bypass (RYGB), vertical sleeve gastrectomy (VSG), and laparoscopic adjust-
able gastric banding (LAGB), respectively.

In cases where obvious anatomic findings are determined to be the cause of the 
weight regain, correction of the anatomic derangement should be considered. This 
may entail endoscopic intervention or surgical intervention. Endoscopic interven-
tion may involve pouch and/or stoma reduction or in the case of a fistula, endo-
scopic closure of the fistula. If surgical intervention is indicated because of anatomic 
derangement, revising the anatomy to that of the original operation or conversion to 
another operation may be the options.

In cases with an intact anatomic configuration of the initial operation, surgical 
revision to another operation by enhancing one or more of the various mechanisms 
responsible for weight loss and/or maintenance are the options. The outcome of 
surgical reintervention, weight loss, weight loss maintenance, and resolution of 
comorbid conditions depend on the initial operation and the choice of the revision 
operation. Generally speaking, surgical reintervention with the revision to a particu-
lar operation results in the suboptimal outcome than the primary operation and also 
has a higher complication rate. Surgical reversal in all cases results in almost all 
weight regain and even more.
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Gastric Bypass There are many possible causes of weight regain after a gastric 
bypass operation. Pouch dilatation, increase in stoma size, and gastro-gastric fistula 
are recognized causes of weight regain after RYGB. Pouch dilatation is considered, 
if the pouch is >6 cm long or >5 cm wide [27] (Fig. 21.1). However, these measure-
ments are empirical, and little scientific evidence exists to support them. Henegan 
et al. have evaluated a selected cohort of patients who underwent gastroscopy after 
RYGB for functional symptoms or weight loss problems. The patients were divided 
into two groups, those who had an optimal weight loss (n = 175) and those who 
regained weight (n = 205). There was no significant difference in average pouch 
width and average pouch volume between the groups. Only the average length of 
pouch reached significant difference and was 5.0 and 5.8 cm, respectively. Of note, 
the average pouch in the weight regain group was 26 cm2 as compared to 21.8 cm2 
in the optimal weight loss group [28].

Topart et al. have estimated pouch size after barium swallow in 107 patients on 
average 3 years after operation and found no correlation between the pouch size and 
%EWL. Patients who had large pouches (>50 mL) had similar weight loss to those 
who had normal-sized pouches, 68 vs. 66%EWL, respectively. Even in patients 
with pouches >100 mL in size weight loss was comparable to that with smaller 
pouches [29].

A wide gastrojejunostomy is considered one which exceeds 2 cm [28]. Different 
techniques are used to create gastrojejunostomy in RYGB and result in different 
stoma size. Hand-sewn anastomosis is usually 12–14  mm wide, circular stapled 
anastomosis maybe 21 or 25  mm in diameter depending on instrument size and 
linear stapled anastomosis maybe up to 45 mm. Recent meta-analysis of studies 

Fig. 21.1 Dilated gastric 
pouch and stoma

21 Weight Regain After Bariatric Metabolic Surgery



318

comparing hand-sewn anastomosis to stapled anastomosis did not find any differ-
ence on weight loss after 12 months. However, more long-term follow-up data is 
needed to estimate the impact of initial stoma size on weight regain [30].

Different endoscopic procedures have been used for gastroenterostomy reduction 
including sclerotherapy or transoral outlet reduction (Tore) by placing sutures around 
dilated stoma. Other techniques, such as Restorative Obesity Surgery Endoscopic 
(ROSE) and endoscopic gastric plication, aim at creating tissue folds that reduce 
pouch and stoma size. Endoscopic plication achieves the intended pouch and stoma 
size at 3 months. However, after 12 months it returns to pre- interventional size and 
patients fail to achieve sustainable weight loss [31]. The other option is laparoscopic 
refashioning of the gastric pouch. Different techniques were suggested including lon-
gitudinal gastric pouch resection on 34 Fr boogie [32], resection of the gastric pouch 
with complementary resection of blind end of the alimentary (AL) limb at gastroen-
terostomy [33] or proximal jejunum [34], or resection of the gastric pouch with a new 
gastroenterostomy anastomosis [35]. The highest 69 %EWL after a mean follow-up 
of 20 months was reported by Iannelli et al. [32]. Twenty patients had gastric pouch 
resection on 34 Fr boogie. Of note is that all patients in this study had a dilated stom-
ach, but normal 12–14 mm gastroenterostomies. Furthermore, a 30% complication 
rate was observed in this study including three patients with intra-abdominal abscesses. 
The other two studies, in which the pouch was resected together with a part of the 
small bowel, found much lower 11.4–29.1 %EWL after 1 year [33, 34].

Hamdi et al. resected gastric pouch and created a new gastroenterostomy in 25 
patients. The % excess body mass index loss (%EBMIL) was 43.3 at 1 year, but 
decreased to 14% at 3 years [35]. Recently, León et al. [36] suggested laparoscopic 
double-layer gastro jejunal plication for patients with weight regain after RYGB. In 
a series of four patients, average %EWL after the procedure was 46.2% at 6 months. 
The results of the presented studies suggest that surgical refashioning of the gastric 
pouch may achieve acceptable short-term results. However, more studies with longer 
follow-up are needed in order to evaluate the efficiency of pouch and stoma reduc-
tion, as there are data about substantial weight regain 3 years after these procedures.

Recent systematic literature review of salvage banding with the adjustable or 
non-adjustable band as a treatment method for weight regain after RYGB included 
94 patients from seven studies with 12–42 months follow-up. Further weight loss 
after salvage banding varied from 28 to 65 %EBMIL.  Long-term complications 
requiring revision were observed in 17% of patients. All studies, except one, 
included in the review used an adjustable gastric band [37]. Long-term follow-up 
studies are needed to find out, if weight loss is sustainable after this procedure and 
what will be the rate of band removal.

Systematic review of four randomized studies and several retrospective series 
have concluded that surgeons should focus on the length of the common channel 
rather than on the length of the Roux Limb or biliopancreatic (BP) limb in order to 
reduce failure rates in RYGB [38]. Distal gastric bypass with a common channel of 
50–150 cm was proposed for the treatment of obesity. However, despite superior 
long-term weight loss it caused frequent severe metabolic derangements requiring 
revisions and should not be used as a primary operation for obesity [39]. Distalization 
of the RYGB has also been used for the treatment of weight regain. Basically, there 
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are two modifications of distalization of the RYGB. The first modification is when 
the Roux limb is divided close to entero-enterostomy anastomosis and moved it 
distally to create a long BP limb. Different authors suggest different place for AL 
limb anastomosis. Rawlins et  al. [40] re-anastomosed the AL limb 100  cm and 
Sugarman et al. [41] 150 cm proximal to the ileocecal valve. Fobi et al. [42] selected 
the place for anastomosis by estimating that the length of the AL limb and common 
channel together would consist of 50% of all small bowel length.

In the second modification, BP limb is divided close to the entero-enterostomy 
anastomosis and moved distally and re-anastomosed 75 cm proximal to the ileoce-
cal valve, creating a very long AL limb [43]. The %EBMIL was similar between 
two modifications after 1 year (55% vs. 52%). However, the protein-calorie malnu-
trition (PCM) tended to be lower after the second modification, 7% vs. 8–31%. 
Caruana et al. [44] have analyzed weight loss results according to the percentage of 
intestine bypassed in the first modification. %EWL after 2 years was significantly 
higher in patients with ≥70% of intestine bypassed, 47% vs. 26%, respectively. 
However, no PCM was observed in the group with <70% of bypassed intestine 
while PCM reached 44% in the other group. More studies are needed to determine 
an optimal length of different limbs while performing distalization of the RYGB for 
weight regain. As PCM is a frequent complication after distalization of the RYGB, 
the longer common channel might be considered to reduce the risk of PCM.

Another important anatomic change that has been shown to reduce the effective-
ness of the RYGB is the presence of a gastro-gastric fistula (GGF) (Fig. 21.2). A 
GGF is an abnormal communication between the gastric pouch and the excluded 
stomach. GGF is an uncommon, but potentially significant complication after 
divided laparoscopic Roux-en-Y gastric bypass, with an incidence ranging between 
1.5% and 6% [45]. Gastro-gastric fistulas may reduce both the restrictive and mal-
absorptive components of RYGB by allowing food to travel through alternative 
routes and thus not passing through the surgically created gastric pouch, gastrojeju-
nostomy and bypassed intestine. Ergo, most commonly, patients with a GGF pres-
ent with weight regain in the long term [46].

21.6  Sleeve Gastrectomy

Weight regain after the sleeve is due to either an inappropriately performed opera-
tion leaving behind a large sleeve, retained antrum, retained fundus, a dilated sleeve, 
increased ghrelin levels, or inadequate follow-up support and maladaptive eating 
behavior. Obeidant et al. [47] performed a retrospective review of prospectively col-
lected data of 125 consecutive patients who underwent SG. Of the 110 patients with 
available data, 54 had the antrum divided 6 cm from the pylorus and 56 patients at 
2 cm. At 2 years following surgery, 12 patients (22%) with a 6-cm remnant antrum 
had regained weight (again defined as at least 10 kg from nadir weight) compared 
with only two patients (4%) with a 2-cm antral remnant (p = 0.003).

Long-term follow-up is important in preventing weight regain and Sarala et al. 
[48] proposed that the lifelong follow-up provided by the National Health Service 
in the UK is responsible for less weight regain in the long term (Fig. 21.3).
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Fig. 21.2 Gastro- 
gastric fistula

Fig. 21.3 Dilated sleeve 
gastrectomy
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Lombardo et al. [49] performed the only study that specifically aimed to inves-
tigate whether or not more frequent follow-up visits prevent weight regain. In 
their series of 71 patients that included 43 patients who had undergone SG with a 
baseline BMI of 49.8 kg/m2, they compared a group of patients who had follow-up 
visits at 9, 12, 15, 18, 24, 30, and 36 months with a group that had follow-up at 
only 12, 18, 24, and 36 months. They concluded that more follow-up visits may 
help reduce weight regain based on significant differences between the groups for 
change in body weight, change in BMI, and change in %EWL. However, no defi-
nition or rate was reported pertaining to weight regain in this retrospective non-
randomized study.

Liu et  al. [50] have been the only group to report weight regain rates yearly 
alongside other outcome data. When they employed their definition of weight regain 
(an increase in %EWL of 25), they had regained rates of 0, 1.0, 11.6, 19.2, and 
29.5% at 1, 2, 3, 4, and 5 years postoperatively, respectively. This clearly demon-
strates the increasing susceptibility to weight regain experienced by patients as time 
from surgery increases.

Sleeve anatomy is commonly proposed as a mechanism for weight regain fol-
lowing SG [51–54]. It is difficult to understand how an initially “large” sleeve, or 
primary dilation is a cause of weight regain rather than insufficient weight loss, but 
the answer may lie in the fact that this often results from an incompletely excised 
fundus, the most distensible part of the stomach, which may then increasingly dis-
tend and release larger amounts of ghrelin. It does seem logical, however, that pro-
gressive sleeve dilatation or secondary dilatation would contribute to weight regain 
[53, 55, 56].

Deguines et  al. [57] have demonstrated a correlation between residual gastric 
volume and SG success as defined by %EWL > 50%, BAROS > 3, BMI < 35 kg/m2, 
and/or the Biron criteria. Yet, to date, the association between sleeve dilation and 
weight regain has not been convincing [58]. Although long-term weight loss data 
after SG is rare, some studies have noted that weight regain may be a signifi-
cant issue.

A systematic review reported that the percentage of people who regained weight 
ranged from 5.7% at 2 years to 75.6% at 6 years after SG [59]. Beyond 7 years, the 
weight regain rate was estimated to be 27.8% with a range of 14–37% [60].

Ellatif et al. [61] analyzed data from 1395 individuals who underwent SG and 
reported that weight regain occurred in 29 people (3.5%) in the group using a larger 
bougie size (_44F) and 8 people (1.4%) in the group using a smaller bougie size 
(_36F). The difference between the bougie sizes was statistically significant, sug-
gesting that a thinner bougie may be a protective factor against post-SG weight 
regain. One major flaw of this study is that it did not provide definition of weight 
regain; instead, the authors confused the concept of insufficient weight loss and 
weight regain, which could influence the outcome interpretation.

Obeidant et al. [47] compared the surgical outcomes between two groups; group 
A consisted of 54 individuals with 6-cm antral remnant and group B was composed 
of 56 individuals with 2-cm antral remnant. After 2 years, the rate of weight regain 
was 12% and 2% for groups A and B, respectively (p = 0.003), which indicated that 
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a more radical antral resection may be more useful in preventing weight regain. 
These findings were replicated in another study conducted by Abdallah et al. [61]. 
Similarly, 105 individuals were divided into two groups and followed for 2 years; 
significant weight regain after SG occurred in 9.4% of the group, with the higher 
residual gastric volume compared with 1.9% of the group with a smaller gastric 
remnant.

21.7  BPD-DS

There are very few reports of weight regain after the BPD-DS operation. Report of 
resleeving the pouch to enhance the restrictive mechanism has been used by some. 
Shortening the common limb has also been rarely used. The duodenal switch in 
most cases is a safe operation for patients who have failed other bariatric operation.

21.8  LAGB

The gastric band has been shown to slip proximally in 8% of patients, releasing the 
intended compressive and restrictive effects [62]. Thus, it is important for patients 
who are experiencing weight recidivism after band placement to be assessed for 
potential pouch distension or slippage of the band as factors contributing to failure. 
Pouch distension can oftentimes be managed by complete band deflation, a low- 
calorie diet, reinforcement of portion size, and follow-up contrast study in 4–6 
weeks [63]. This conservative management strategy is successful in over 70% of 
patients. Band slippage can be managed similarly, but oftentimes, surgical interven-
tion is required with band re-positioning or band replacement [63].

21.9  OAGB

There have been very few reports on managing weight regain after OAGB. At our 
center, we have revised the OAGB to a banded gastric bypass with good outcome. 
Some surgeons have reported lengthening the biliopancreatic limb at the expense of 
the common channel. This results in severe PCM and thus not recommended.

21.10  Adjuvant Pharmaceutical Therapy Use 
in Bariatric Surgery

Phentermine is one of the treatments with a consistent presence in the market on 
FDA-approved weight loss treatments, as it has been in prescription use in the USA 
for over 50 years as a short-term adjunct in a weight reduction regimen. Orlistat is 
an approved weight loss treatment as it was designed to block the absorption of 
dietary fat, rather than suppress the appetite or increase the feeling of fullness as 
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with other weight loss medications. Qsymia was approved on July 17, 2012, as an 
adjunct to a reduced-calorie diet and increased physical activity for chronic weight 
management in adults with an initial body mass index (BMI) of 30 kg/m2 or greater 
(obese) or 27 kg/m2 or greater (overweight) when accompanied by weight-related 
comorbidities such as hypertension, type 2 diabetes mellitus, or dyslipidemia. 
Qsymia is a combination of phentermine and topiramate, a drug approved as a 
single- agent for the treatment of migraines and epilepsy. Also in 2012, FDA- 
approved Belviq (lorcaserin) and, in 2014, Contrave, a fixed-dose combination of 
bupropion and naltrexone, both as an adjunct to a reduced-calorie diet and increased 
physical activity for chronic weight management. As of this writing, there has been 
a request by the FDA on Feb 13, 2020, to remove Lorcaserin from the market 
because of its carcinogenic potential. Liraglutide/Saxenda®, a GLP agonist, was 
also approved for weight loss in 2015 and has the distinction of being the only anti- 
obesity medication to have data beyond 1 year [65–67]. Bariatric surgery effective-
ness may be enhanced by the use of perioperative, adjuvant pharmaceutical therapy.

21.11  Consequences of Weight Regain

Weight regain, also referred to as secondary weight gain or recidivism, is a compli-
cation of bariatric surgery evidenced by a gradual decline in the percentage of 
weight change observed in longitudinal studies. It is associated with the recurrence 
of obesity-related comorbidities including type 2 diabetes and is likely to have a 
significant economic burden.

In addition to a return of comorbid illnesses, weight regain is also associated 
with worsening QOL.  Specifically, the studies show that bariatric patients who 
regain at least 15% of the maximal weight lost seem to have similar QOL as patients 
with morbid obesity who have not undergone bariatric surgery despite an overall 
weight loss and a lower BMI. Additionally, studies also show that the amount of 
weight regain is negatively and linearly correlated with post-bariatric QOL [67].

While surgical revision has traditionally been used to treat weight regain, the 
procedure is associated with limited efficacy data and higher complication rates 
than that of the index surgery [68]. Thus, it is critical that health practitioners under-
stand that there is weight recidivism post-bariatric surgery and develop a strategy to 
manage these patients and to guide future planning of diminishing health resources.

21.12  Conclusion

Weight regain is part of natural history after bariatric metabolic surgery. However, 
significant weight regain after surgical treatment occurs only in a subset of patients. 
There are many possible causes of weight regain after metabolic surgery. The inci-
dence and magnitude of weight regain vary with the choice of operation and the 
time from the original operation. Weight regain, depending on the magnitude can 
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occasionally be managed nonsurgically however, in many cases surgical interven-
tion is a good option.

Key Points Weight regain is part of natural history after bariatric metabolic 
surgery.
• Significant weight regain after surgical treatment occurs in a subset of patients.
• Significant weight regain is defined as either weight gain of >10 kg, weight gain 

of 25% of weight loss, recurrence of weight loss status to <50% EBWL, BMI 
status >35 kg/m2 for class III obesity, or BMI > 40 kg/m2 for patients with super 
obesity and super-super obesity.

• Weight regain may have overlapping aetiologies which are categorized as 
patient-specific (presence of psychiatric disorders, physical inactivity, use of 
medications that cause weight gain, endocrinopathies, and dietary non- 
compliance and eating disorders) and operation-specific.

• Bariatric surgery effectiveness may be enhanced by the use of perioperative, 
adjuvant pharmaceutical therapy.

• In addition to a return of comorbid illnesses, weight regain is also associated 
with worsening QOL.

• it is critical that health practitioners understand that there is weight recidivism 
post-bariatric surgery and develop a strategy to manage these patients and to 
guide future planning of diminishing health resources.
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22.1  Introduction

The advent of bariatric surgery (BS) has changed the way obesity is managed. Rapid 
advances in the field of bariatric surgery have opened up newer avenues with better 
surgical modalities, lesser complications, and better outcomes in people with obe-
sity. Judicious selection of patient and procedure are of paramount importance. This 
determines both short-term as well as long-term outcomes post-surgery. There is no 
doubt that bariatric surgery results in significant weight loss. However, we cannot 
equate the trajectory of weight loss with that of the accompanying comorbidities. 
The remission as well as re-emergence of comorbidities are impacted by factors 
other than weight loss alone.

Recent meta-analyses on outcomes in patients who undergo sleeve gastrectomy 
(SG) and Roux-en-Y-gastric bypass (RYGB) surgeries, the commonest surgeries 
performed now, demonstrate primarily a loss of excess body weight and ameliora-
tion or remission of diabetes mellitus. Other comorbidities like dyslipidemia, meta-
bolic syndrome (MetS), cardiovascular disease (CVD), polycystic ovarian syndrome 
(PCOS), obstructive sleep apnea (OSA) syndrome, non-alcoholic steatohepatitis 
(NASH) all show improvement to a great extent. But many pre-existing 

There is nothing permanent except change.

—Heraclitus

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4702-1_22&domain=pdf
https://doi.org/10.1007/978-981-33-4702-1_22#DOI


330

comorbidities like hypertension, chronic kidney disease, non-alcoholic fatty liver 
disease (NAFLD), and osteoarthritis do not resolve but may show some improvement.

Discussing the re-emergence of comorbidities after bariatric surgery is a daunt-
ing task as there are limited studies with inadequate long-term follow-up of patients. 
Most of the evidence looks at either uncontrolled case series or cohorts with vari-
able follow-ups. Furthermore, follow-up rates decline from year 1 to year 5 post- 
surgery and only 4% of studies report more than 80% follow-up rates. Hence 
comorbidities re-emerging after surgery may be missed or inadequately reported.

With the limited data available to us, the earliest co-morbidity probably to re- 
emerge is mental health issues while the major late comorbidity to re-emerge is 
diabetes mellitus. Post-bariatric surgery follow-ups are vital—support group meet-
ings, behavioral intervention, and ongoing psychological support are key to prevent 
re-emergence of comorbidities. Further research is needed to document the late re- 
emergence of comorbidities.

In this chapter, we will discuss the resolution and re-emergence of comorbidities 
for which data is available namely mental health disorders and diabetes mellitus. We 
briefly describe comorbidities that remit to varying degrees after surgery but in 
whom data on re-emergence is lacking and is needed. We further discuss the factors 
that impact the re-emergence of comorbidities and medical interventions that may 
prevent weight regain which is the chief factor modifying their evolution. We also 
recommend strategies that may help to prevent the re-emergence of comorbidities.

22.2  Mental Health Disorders

Mental health evaluation and diagnosis of pre-existing psychological and psychiat-
ric comorbidities are mandatory prior to performing any bariatric surgery, many of 
which are ameliorated by the surgery. Depression improves after surgery [1] and 
may lead to lasting improvements in cognition [2].

Anecdotal evidence exists that alcohol and substance abuse disorders increase 
after bariatric surgery. King et al. [3] conducted the first prospective multicentre 
cohort study on the prevalence of these disorders before and after bariatric surgery. 
In this cohort, the prevalence of alcohol use disorder (AUD) was greater in the sec-
ond postoperative year (9.6%) than the year prior to surgery (7.6%) or in the first 
postoperative year (7.3%). It was associated with male sex, younger age, smoking, 
regular alcohol consumption, recreational drug use, and lower interpersonal sup-
port, and undergoing RYGB versus laparoscopic adjustable gastric banding (LAGB) 
(AOR, 2.07). The authors hypothesized that this increase in AUD was due to an 
increase in alcohol sensitivity following RYGB combined with the resumption of 
higher levels of alcohol consumption in the second postoperative year. However, 
they did not find a significant association between preoperative mental health, 
depressive symptoms, binge eating, or past-year treatment for psychiatric or emo-
tional problems, poor weight loss or weight regain, and postoperative AUD.

The Longitudinal Assessment of Bariatric Surgery-2 (LABS) was an observa-
tional cohort study [4] which conducted assessments pre-surgery, 6 months 
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post-surgery, and annually post-surgery for up to 7 years. Prevalence of opioid use 
decreased after surgery from 14.7% (95% CI: 13.3–16.2) at baseline to 12.9% (95% 
CI: 11.5–14.4) at month 6 but then increased to 20.3%, above baseline levels, as 
time progressed (95% CI: 18.2–22.5) at year 7.

After bariatric surgery, the prevalence of prescribed opioid analgesic use initially 
decreased but then increased to surpass baseline prevalence. Studies have shown 
that drugs, alcohol, and food trigger similar reward responses in the brain, and binge 
eating can be construed as an “addiction.” Alcohol and drugs could substitute for 
overeating following bariatric surgery.

Several studies have demonstrated that a subgroup of patients after weight loss 
surgery will develop or redevelop subjective binge or “loss of control” eating, and 
rarely even self-induced vomiting for weight and shape reasons. deZwaan et al. [5] 
interviewed a sample of 59 patients in-person who had undergone RYGB about a 
range of eating behaviors, including binge eating, chewing, and spitting out food, 
picking at and nibbling food, and nocturnal eating and compensatory behaviors 
such as vomiting and laxative and diuretic misuse. Subjective bulimic episodes were 
reported by 25% and vomiting for weight and shape reasons by 12% of the partici-
pants, on average, 2 years after surgery. Subjective bulimic episodes were signifi-
cantly associated with a preoperative binge eating disorder, with more eating-related 
and general psychopathology after surgery, and with less weight loss. The authors 
concluded that a substantial subgroup of patients with a preoperative eating disorder 
will develop binge eating after surgery that might be associated with less weight 
loss. A subsample will start vomiting for weight and shape reasons after bariatric 
surgery. This is the classic example of re-emergence of a comorbidity after surgery 
mainly due to weight loss less than anticipated.

A study [6] examined the clinical significance of the loss of control over eating 
(LOC) in bariatric surgery over 24 months of prospective multi-wave follow-ups. 
361 gastric bypass surgery patients completed a battery of assessments before sur-
gery and at 6, 12, and 24 months following surgery. Prior to surgery, 61% of patients 
reported LOC; post-surgery, 31% reported LOC at 6-month follow-up, 36% reported 
LOC at 12-month follow-up, and 39% reported LOC at 24-month follow-up. 
Postoperative LOC is a prospective predictor of significantly poorer post-surgical 
weight and psychosocial outcomes at 12- and 24-month following surgery. Thus, 
after an initial reduction in LOC at 6 months, the behavior worsened by end of 2 
year follow-up.

Another study [7] indicated that over 60% of patients who met criteria for binge 
eating disorder before surgery developed graze eating (i.e., eating small/modest 
amounts of food continuously throughout the day) after surgery. Graze eating is 
particularly problematic because the postoperative stomach does not preclude it, 
and it can contribute to weight regain. Graze eating seems to be an emergent comor-
bidity to substitute for previous binge eating which is not possible post-surgery.

A systematic review and meta-analysis by Adams et al. [8] suggested that mor-
tality by suicide was significant after bariatric surgery while analyzing all-cause and 
cause-specific mortality in post-bariatric surgery patients. Backman et al. [9] exam-
ined the prevalence of diagnosis and treatment for alcohol and substance use 
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disorders, depression, and suicide attempts before and after RYGB in a nationwide 
cohort study in Sweden, compared with that in a large unselected population cohort 
(who had not undergone bariatric surgery) using several national databases.

Patients who underwent RYGB also had an increased risk of attempted suicide 
after surgery compared with before. There was no such increase in the reference 
cohort. The increase in suicides was previously studied by Tindle et al. [10]. Medical 
data following bariatric operations performed on Pennsylvania residents between 
1995 and 2004. About 30% of suicides occurred within the first 2 years following 
surgery, with almost 70% occurring within 3 years. For every age category except 
the youngest, suicide rates were higher among men versus women.

Increase in alcohol and substance use, LOC eating, graze eating as well as 
increase in suicides are early remerging comorbidities within the first 1–2 years 
post-surgery. Addiction transfer, change in the pharmacokinetics of alcohol post- 
RYGB, failure to achieve expected weight gain, failure of comorbidities, or quality 
of life to improve are some of the reasons for these mental health problems.

22.3  Type 2 Diabetes Mellitus

A systematic review and meta-analysis published in 2013 by Gloy et al. [11] that 
included 11 randomized controlled trials (RCTs) (n = 796) in patients with Body 
Mass Index (BMI) between 30 and 52 kg/m2 found that surgeries including RYGB, 
LAGB, SG, and Biliopancreatic diversion (BPD) result in greater remission of type 
2 diabetes mellitus (T2DM) [Relative Risk (RR) of T2DM remission: 22.1; 95% CI: 
3.2–154.3] compared to a variety of non-surgical treatment options.

22.4  Diabetes Relapse

Observational studies show that the sustainability of the metabolic effects of BS on 
type 2 diabetes is highly variable.

Using retrospective electronic chart analyses of 4434 patients, Arterburn et al. 
[12] showed that type 2 diabetes remission occurred in 68% of subjects within 5 
years of the surgery. Of these, 35% relapsed within 5 years of initial remission, with 
a median time to relapse after surgery of 8.3 years. Factors associated with relapse 
included preoperative HbA1c levels above 6.5%, prior insulin use, and longer dura-
tion of type 2 diabetes. Preoperative BMIs did not predict type 2 diabetes remission 
or relapse and, interestingly, weight regain after RYGB was not a predictor of 
relapse.

Mingrone et al. [13] studied the durability of the effects of BPD, RYGB, and 
conventional medical therapy (MT) in 60 patients randomized to one of the three 
interventions. At 5 years, type 2 diabetes remitted in 37% of patients after RYGB, 
in 63% after BPD, and in none of the medically treated patients. About 44% of the 
surgical patients who remitted after 2 years relapsed by year 5. However, despite the 
relapse, 80% of the surgical patients were able to maintain HbA1c levels below 
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7.0% through diet or metformin alone, suggesting good type 2 diabetes control with 
minimal therapy. In this study, weight changes did not predict type 2 diabetes remis-
sion or relapse after surgery.

In the STAMPEDE trial [14], 90% completed the 5-year follow-up. At baseline, 
HbA1c was 9.2 ± 1.5%, and the mean BMI was 37 ± 3.5. Patients who underwent 
surgical procedures had a greater mean percentage reduction from baseline in 
HbA1c level than did patients who received MT alone (2.1% vs. 0.3%, P = 0.003). 
At 5 years, changes from baseline observed in the RYGB and SG groups were supe-
rior to the changes seen in the MT group with respect to body weight (−23%, −19%, 
and −5% in the RYGB, SG, and MT groups, respectively), triglyceride level (−40%, 
−29%, and −8%), high-density lipoprotein cholesterol level (+32%, 30%, and 7%), 
use of insulin (−35%, −34%, and −13%) (P < 0.05 for all comparisons).

In the 7 year outcome of the LABS (Longitudinal study of Bariatric Surgery) 
study [15], of 2348 participants, 1738 underwent RYGB (74%) and 610 underwent 
LAGB (26%). Among those with diabetes at baseline (RYGB [28%]; LAGB 
[29%]), the proportion in remission at 1, 3, 5, and 7 years were 70%, 70%, 65% 
and 60%, respectively, for RYGB and 31%, 30%, 30%, and 20% for LAGB. The 
incidence of diabetes at all follow-up assessments was less than 1.5% for 
RYGB.  After both procedures, greater post-surgical weight loss was associated 
with remission. However, even after controlling for differences in the amount of 
weight lost, relative diabetes remission rates remained nearly twofold higher after 
RYGB than LAGB.

Overall, these studies show a high rate of type 2 diabetes remission after BPD 
and RYGB as compared with SG. Relapse usually occurs in 5 years or later. The risk 
factors for relapse of type 2 diabetes after BS are indicators of low beta-cell func-
tion: longer duration of type 2 diabetes, insulin use, poor diabetes control, and 
higher preoperative A1C levels. In addition, less weight loss after surgery and/or 
greater weight regain have been associated with diabetes relapse in some but not all 
studies.

Given the progressive nature of type 2 diabetes and its increased rate with aging, 
it is not entirely surprising that diabetes relapse occurs after BS. By inducing sus-
tained weight loss, these procedures significantly improve diabetes control and 
appear to alter the trajectory of the disease without resulting in a permanent cure. 
Type 2 diabetes after BS seems to return in a less severe form, and patients require 
less insulin and fewer oral medications to achieve control.

22.5  Comorbidities That Remit After Bariatric Surgery

Obesity is an established risk factor for various cardiovascular disease and bariatric 
surgery not only leads to substantial weight loss but also the remission of cardiovas-
cular disease (CVD) risk factors like diabetes mellitus, dyslipidaemia, and hyper-
tension. It seems almost intuitive that bariatric surgery not only reduces overall CV 
mortality by almost 50% but reduces the incidence of myocardial infarction and 
stroke by 30% [16].
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It does not mean there will be no cardiovascular events or deaths after bariatric 
surgery. There is a persistent residual risk of heart disease and death in spite of 
weight loss. This is probably because cardiovascular disease is a multifactorial in 
nature and some of these factors are non-modifiable like gender and heredity while 
some factors like smoking may have residual effect in spite of discontinuation. It is 
thus not possible to classify CV disease as re-emergent or persistent.

In the recent GATEWAY trial [17], 100 patients with obesity and hypertension 
(the majority of whom did not have diabetes mellitus) were randomized to gastric 
bypass or medical therapy alone. Patients randomized to gastric bypass were six 
times more likely to reduce ≥30% of the total number of antihypertensive medica-
tions while maintaining controlled blood pressure levels. In addition, 51% of the 
patients submitted to gastric bypass showed remission of hypertension in post-hoc 
analysis. However, there is no data available on the re-emergence of hypertension 
once it has remitted post-surgery.

The type of surgery was the strongest independent predictor for all lipid level 
improvements or remissions in a study by Spivak et al. [18] Normal total cholesterol 
(TC) levels of below 200 mg/dL and low density lipoproteins (LDL) were achieved 
by 76% post-RYGB patients compared with 43.5% post-SG patients (odds ratio 
[OR]  =  6.24, 95% confidence interval [CI]: 3.69–10.53) and 25.6% post-LABG 
patients (OR = 9.66, 95% CI: 4.11–22.67; P < 0.01).The levels of high-density- 
lipoprotein cholesterol (HDL) were most improved post-SG, reaching normal levels 
in 58.1% of SG male patients versus 39.5% of RYGB male patients (OR = 1.56, 
P = 0.02). The lowering of triglyceride levels by approximately 75% was compa-
rable after SG and RYGB procedures. There is no data on the re-emergence of 
dyslipidaemia and the need for restarting statin therapy after bariatric surgery in 
those who have remitted post-surgery.

In a study [19] reporting the resolution of metabolic syndrome (MetS) post- 
RYGB in 3795 patients, MetS was diagnosed in 60% of the predominantly (80%) 
female patients. At baseline, 28% of patients had impaired glucose metabolism, 
40% hypertension, and 30% dyslipidaemia.

Postoperative follow-up rate after 5 years was 70%. The authors found that 86% 
had resolution of MetS. After 5–9 years, complete remission of type 2 diabetes was 
achieved in 78%, hypertension in 51%, and dyslipidaemia in 89%. Elevated uric 
acid levels also reduce by 50% after surgery [20]. There is no data that addresses the 
re-emergence of metabolic syndrome per se after remission.

Obstructive sleep apnea (OSA) is a highly prevalent disorder in obese patients 
and has strong association with increase in cardiovascular mortality and other meta-
bolic abnormalities. In a prospective multicentre study [21], the prevalence of OSA 
decreased from 71% at baseline to 44% at 12 months after surgery (P < 0.001). OSA 
was cured in 45% and cured or improved in 78% of the patients. But moderate or 
severe OSA still persisted in 20% of the patients after the operation, probably as 
factors other than weight alone play a role in the development of OSA.

However, de novo OSA occurred in 8% of the patients at the end of 12 months 
which may actually signal an early re-emergence of this comorbidity.
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In severely obese patients submitted to bariatric surgery, obesity-associated 
gonadal dysfunction was very prevalent: polycystic ovarian disease (PCOS) was 
present in 36% of women and male-obesity secondary hypogonadism (MOSH) was 
present in 64% of men. After bariatric surgery, there was resolution of PCOS in 96% 
of affected women and the resolution of MOSH occurred in 87% of affected men 
[22]. No long-term data about re-emergence of PCOS or MOSH in the long term 
after surgery is available.

Until recently, most of the literature [23] suggested a protective effect of bariatric 
surgery on cancer incidence and mortality, till the study by Derogar et al. [24]which 
suggested increase incidence of colorectal cancer after bariatric surgery (RYGB). If 
this finding is validated in other studies, this would signal an emerging co-morbidity 
as a result of bariatric surgery. However, in a review of literature of all studies till 
date, Maestro et al. [25] conceded that the overall cancer risk was reduced after bar-
iatric surgery especially in women, but more appropriately designed studies would 
be necessary since the existing studies do not reach the highest levels of evidence.

To summarize, there is meaningful reduction, resolution, or prevention of several 
comorbidities associated with obesity after bariatric surgery but very scarce data on 
re-emergence of these comorbidities.

22.6  Factors That Affect the Re-emergence of Comorbidities

 1. Type of surgery
 2. Weight regain
 3. Delayed surgery
 4. Mental health
 5. Patient factors
 6. Support post-surgery

22.6.1  Type of Initial Surgery

The greater the malabsorption in the initial surgery, the greater the remission of 
metabolic abnormalities and less the chances of relapse or re-emergence of comor-
bidities. Thus, if degree of malabsorption BPD > RYGB > SG > LAGB follows this 
sequence, the re-emergence of comorbidities would follow the reverse order—
LAGB > SG > RYGB > BPD. Patients undergoing less malabsorptive surgery will 
require more frequent follow-up in order to detect early re-emergence of comorbidi-
ties like diabetes.

A review by Tice et al. [26] comparing RYGB with LAGB finds diabetes resolu-
tion in 78% after RYGB and 50% after LAGB. A meta-analysis by Buchwald et al. 
[27] also echoed the same finding and suggested an average of 78% achieved com-
plete resolution without any anti-diabetic medications. Furthermore, 87% had either 
diabetes improved or resolved and required fewer anti-diabetic medications 
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following bariatric surgery and diabetes resolution were greatest for patients under-
going BPD/DS, followed by RYGB, and least for LAGB.

Another meta-analysis by Buchwald and Oien [28] involving 1846 diabetic patients 
finds diabetes resolution in 99%, 84%, 72%, and 48% patients after BPD/BPD-DS, 
RYGB, gastroplasty, and gastric banding respectively. A recent meta- analysis by 
Chang et al. [29] reported an overall diabetes remission of around 90% after bypass 
surgeries (pooled data of RYGB and BPD) and 70% after gastric banding.

The “perfect” bariatric procedure remains the topic of debate. A study by 
Wharton et al. [30] evaluated the impact of self-selection of bariatric procedure on 
weight loss and diabetes remission. After the multidisciplinary team’s assessment, 
the patients could make their own choice of procedures (self-selected, SS), unless 
medical/surgical conditions limited this (medically restricted, MR). A total of 303 
patients were included and 271 of them made their own choice (SS 90%). Self- 
selected bariatric procedures yield excellent weight loss and metabolic outcome. 
Providing an information-dense environment augments the choice of the right oper-
ation and could improve patients’ compliance with weight loss surgery programs.

22.6.2  Weight Regain

Weight regain has been seen as a factor in relapse for diabetes mellitus in some but 
not all studies. Poorer beta-cell function at the time of surgery equally predicts 
relapse. However, weight regain will also predict the worsening of OSA, osteoar-
thritis, and PCOS symptomatology. There is little or no data to support these obser-
vations frequently seen in clinical practice.

22.6.3  Delayed Surgery

Often bariatric surgery is chosen for weight loss after most comorbidities have been 
present for many years. Thus, advanced knee osteoarthritis, long-standing hyperten-
sion, and diabetes (requiring insulin), renal failure (either because of diabetes or 
hypertension or both) do not resolve.

Long-standing hypertension can cause permanent and irreversible changes in 
vasculature. Even patients with pheochromocytoma, primary hyperaldosteronism, 
and acromegaly fail to be cured of hypertension post-surgery when there is a delay 
in diagnosis and treatment. Similarly, beta-cell exhaustion cannot be overcome by 
weight loss alone. Renal failure is irreversible and will mandate renal replacement 
therapy.

22.6.4  Patient Selection

This is probably the most important predictor of re-emergence of comorbidities. 
Patients with unresolved mental health issues, dependence on alcohol or smoking, 
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depression would be less likely to comply with Health care practitioner (HCP) rec-
ommendations for follow-up visits, lifestyle modifications, and nutritional supple-
mentation. This would in turn result in poorer weight loss, greater weight regain, 
and re-emergence of comorbidities.

22.6.5  Mental Health

A paper by Meany et al. [31] reviewed the data on the development of binge eating 
(BE), binge eating disorder (BED), and loss of control (LOC) eating after bariatric 
surgery and the impact of these problems on long-term weight outcome. Fourteen 
of the available 15 studies suggest that the development of problems with BE, BED, 
or LOC eating post-bariatric surgery is associated with less weight loss and/or more 
weight regain post-bariatric surgery. These data suggests that it is important to iden-
tify individuals at high risk for these problems, to follow them post-operatively, and 
if appropriate interventions can be developed if such behaviors occur in order to 
maximize weight loss outcomes.

A systematic review on psychosocial predictors of success following bariatric 
surgery [32] found greater success in patients who are young and female, and have 
a high self-esteem, good mental health, a satisfactory marriage, and high socioeco-
nomic status, who are self-critical and cope in a direct and active way, are not too 
obese, were obese before the age of 18, suffer from and are concerned about their 
obesity, have realistic expectations and undisturbed eating behaviors.

Conceição et al. [33] reported three cases where eating disorder developed anew 
after bariatric surgery. These case reports suggest that gastric restriction and require-
ments after surgery may create conditions that trigger eating disordered-like symp-
toms The following factors may contribute to this effect: the rapid weight loss; food 
restriction and even vomiting that are considered to be normal in the post-surgery 
period; the ritualized eating and rigorous eating schedule required at post-surgery; 
patients will get frequent reminders of the importance of controlling food ingestion 
to prevent the weight regain. All these conditions may make patients susceptible to 
a pattern of extreme control and rigid dietary rules. Ultimately, malnutrition and 
inadequate intake may help maintain the problem. The number of eating disorders 
that develop after bariatric surgery, particularly partial cases, is probably 
underreported.

22.6.6  Patient Continued Healthcare/Support Group Contact

Patients undergoing bariatric surgery need ongoing support in numerous ways even 
after surgery for nutrition, exercise, etc. Other unresolved comorbidities also require 
ongoing care like knee osteoarthritis, obstructive sleep apnea, chronic kidney 
disease.

A significant linear relationship was found between support group meeting atten-
dance and the percentage of excess weight loss with simple regression analysis 
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(adjusted R2 0.061, P 0.007), with age (adjusted R2 0.100, P 0.002) and the baseline 
body mass index added to the model (adjusted R2 0.072, P 0.011) in a group of 102 
patients [34], predominantly women with mean BMI of 46 kg/m2.

The challenge is getting patients to maintain contact. A nationwide cohort study 
in France [35] aimed to assess 5 year follow-up post-bariatric surgery. Some 16,620 
patients were included in the study. The percentage of patients with one or more 
visits to a surgeon decreased between the first and fifth years, from 87 to 29% 
(P < 0.001); similar decreases were observed for visits to a nutritionist/endocrinolo-
gist (from 23 to 12%; P < 0.001) or general practitioner (from 93 to 83%; P < 0.001). 
The mean number of visits to a general practitioner was 7 and 6 in the first and fifth 
years, respectively.

In multivariable analyses, male sex, younger age, absence of type 2 diabetes, and 
poor 1-year follow-up were predictors of poor 5-year follow-up. This suggests that 
re-emergence of many comorbidities may be underreported as a result of this poor 
follow-up.

22.7  Prevention of Re-emergence of Comorbidities

Three key factors impact the risk of re-emergence of comorbidities—mental health 
and weight regain.

 1. Continued Contact with Mental Health Professional: As alcohol use disorders 
and depression re-emerge as early as 3 years post-bariatric surgery, identifying 
and treating these conditions is imperative. This will necessitate visits with qual-
ified mental health professionals not only in the immediate post-bariatric surgery 
setting but for the foreseeable future. It will also ensure that patients comply with 
post-bariatric surgery treatment recommendations like regular healthcare contact 
and nutritional recommendations to avoid complications ensuing from the 
surgery.

 2. Avoiding Weight Regain: Reappearance of metabolic syndrome and diabetes 
mellitus is influenced by weight regain. Continuance of adherence to lifestyle 
modification with regular exercise, consistent healthy diet will greatly mitigate 
weight regain. This in turn necessitates long-term follow-up and consistent con-
tact with health care personnel to ensure this.

 3. Continuing Care in MDT Setting: Most guidelines strongly recommend perform-
ing surgery in MDT setting. In response to the growing popularity of bariatric 
surgery in France, the HAS issued guidelines in January 2009 with a view to 
monitoring this activity and preventing unnecessary surgery. These guidelines 
recommended the establishment of MDT meetings attended by obesity special-
ists, in order to (1) validate or refuse bariatric surgery, (2) define preoperative 
management, if required, and (3) simply check that the patients satisfied the cri-
teria for surgical treatment of obesity.

There exist other best practice guidelines which define very clearly what 
constitutes an MDT and describes in detail what needs to be done both preop-
eratively and postoperatively. However, very little is said about long-term fol-
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low-up, documentation of comorbidity resolution and relapse and mental 
health evaluations postoperatively.

In a national survey in the USA [36], although 95% of respondents reported 
using a multidisciplinary team, only 53% had a general physician, nutritionist, 
and mental health specialist (NIH-recommended team). Just 47% mandated pri-
mary care, nutrition, and mental health evaluations (NIH-recommended evalua-
tions). The authors concluded that inconsistent and unpredictable patterns of 
multidisciplinary methods were found. Further research should explore the 
impact of different methods on outcomes.

Compliance with a multidisciplinary team meeting’s decision prior to bariatric 
surgery protects against major postoperative complications. Rebibo et al. [37] found 
that following the introduction of MDT meetings, although the overall complication 
rate remained similar, the major complication rate and the reoperation rate decreased 
(5.8% vs. 3.2%; P ≤ 0.05) with no deaths following the implementation of MDT 
meetings. However, again the paper failed to discuss what should be done by MDT 
for long-term monitoring and follow-up and whether the MDT has any role in the 
reduction of weight regain, what is the impact on mental health outcomes and 
impact on resolution and relapse of comorbidities.

A bariatric surgery performed without inputs from nutritionist, endocrinologist, 
psychologist, and psychiatrist carries a risk of poor resolution and early re- 
emergence of comorbidities as the patient selection may be faulty, and unresolved 
eating disorders, depression, and more severe psychiatric comorbidities may 
be missed.

Our recommendation is that bariatric surgery should not be performed outside of 
the multidisciplinary team approach setting. This would ensure consistency of care. 
However, this may not always be done in practice.

22.8  Weight Regain and Liraglutide

In the context of preventing or treating weight regain, we discuss in brief the use of 
Liraglutide for the same. Phentermine-Topiramate is not available in many coun-
tries such as ours (India), and Lorcaserin was recently withdrawn from the market 
in view of the suspected increase in cancer risk and Orlistat is minimally effective.

There is limited data which is mostly retrospective. Recent prospective studies 
available were designed with the primary objective being the treatment of Type 2 
diabetes mellitus not treatment of weight regain per se but give us some insight on 
weight loss that can be achieved with the use of Liraglutide.

A retrospective study from UAE by Alameri et al. reviewed 59 patients who were 
given Liraglutide. Seven patients discontinued the medication (five due to nausea 
and vomiting and two due to pregnancy). Mean weight at Liraglutide initiation 
(0.6–3.0 mg/day) was 95.1 ± 13.3 kg and mean BMI of 36.9 ± 4.4 kg/m2. After 3 
months, mean weight and BMI reduction were 5.4 ± 9.8 kg and 1.3 ± 1.1 kg/m2 
respectively (P < 0.01).
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Rye et al. [38] performed a retrospective chart review of 33 consecutive patients, 
aged 18–65, who received Liraglutide for weight loss in the setting of any previous 
bariatric surgery. Indications were weight recidivism (>10% weight regain from the 
lowest post-surgical weight), inadequate weight loss (<20% weight loss from initial 
clinic assessment, or pre-surgical weight if unavailable), and plateau (patient desires 
further weight loss but does not fit into either other category). At 16 weeks median 
percentage weight loss was 7.1%, and at 28 weeks 9.7%. Median BMI change was 
3.5 kg/m2 (16 weeks) and 4.7 kg/m2 (28 weeks). There were no major adverse events.

GRAVITAS [39] was a randomized double-blind, placebo-controlled trial that 
enrolled adults who had undergone Roux-en-Y gastric bypass or vertical sleeve 
gastrectomy and had persistent or recurrent type 2 diabetes with HbA1c levels 
higher than 6.5% at least 1 year after surgery. Participants were randomly assigned 
to either subcutaneous liraglutide 1.8 mg once daily or placebo, both given together 
with a reduced-calorie diet, aiming for a 500 kcal/day deficit from baseline energy 
intake, and increased physical activity.

Significant improvements in body weight from baseline in the liraglutide group 
were already apparent at week 6 (–2・38 kg) and this weight reduction trend con-
tinued through weeks 10 (–3・71 kg, weeks 18 (–4・46 kg), and 26 (–5・26 kg), 
with no apparent plateauing of effect. Overall, 46% in the liraglutide group lost 5% 
or more of their baseline body weight, 15% lost 10% or more of their baseline body 
weight, and 4% lost 15% or more. The proportion of patients in the liraglutide group 
with weight loss of 5% or greater steadily increased: 17% at week 6, 33% at week 
10, 38% at week 18, and 46% at week 26.

One hundred seventeen post-bariatric surgery patients from the Wharton Medical 
Clinic [40] were analyzed for changes in weight while taking Liraglutide 3.0 mg 
were examined post-bariatric surgery (Roux-en-Y gastric bypass—45%, gastric 
banding—43%, and gastric sleeve—22%). Over 7.6 ± 7.1 months taking liraglutide 
3.0 mg, patients lost a statistically significant amount of weight (−6.3 ± 7.7 kg, 
P < 0.05) regardless of the type of surgery they had (P > 0.05). This decrease in 
weight remained significant after 1-year of taking liraglutide 3.0 mg (P < 0.05). 
Nausea was the most prevalent side effect, reported by 29.1% patients. While 
options for excess weight management in post-bariatric surgery patients are limited, 
the results of this study suggest that post-bariatric surgery patients can lose a signifi-
cant amount of weight while taking liraglutide 3.0  mg regardless of the type of 
surgery they had. Further, similar to non-surgical populations, post-bariatric surgery 
patients taking liraglutide 3.0 mg may experience gastrointestinal side effects such 
as nausea and can continue to lose weight for up to 1 year.

Key Points  
1. Psychological issues are amongst the earliest comorbidities to re-emerge 

after BS.
 2. The major late comorbidity to re-emerge is diabetes mellitus, often in a less 

severe form than the original disease.
 3. Certain diseases like Hypertension, dyslipidemia, OSA, PCOS & MOSH improve 

post-bariatric surgery but may not resolve completely and there is limited 
research available regarding their re-emergence post BS.
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 4. In case of cardiovascular and renal disease, there may be irreversible damage to 
vasculature that precludes remission.

 5. The relationship between weight regain and re-emergence of comorbidities is 
complex and not as yet fully elucidated.
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23.1  Post-RYGB Cardiomyopathy

A 56-year-old male had undergone bariatric surgery 11 months back. He was read-
mitted to the hospital with exertional dyspnea and bilateral lower extremity pitting 
edema. His preoperative BMI reduced from 43 kg/m2 to a current BMI of 33.7 kg/
m2 (weight 112 kg to 87 kg). He had no cardiovascular risk factors. Physical exami-
nation revealed normal blood pressure and pulse rate, normal heart sounds, no jugu-
lar venous distension, no hepatojugular reflux, and no lower limb venous disease. 
Complete blood count, C reactive protein, renal function test, liver function tests 
were normal, and no proteinuria was detected. CXR and ECG were normal. 
N-Terminal pro-brain Natriuretic Peptide (NT pro-BNP) value was elevated at 
1417 ng/l (normal value <300 ng/ml).

CT of thorax and abdomen scan revealed no features suggestive of complications 
post-surgery. There was no abdominal or pelvic mass, venous thrombosis, pulmo-
nary embolism, or evidence of Budd-Chiari syndrome. A bilateral venous doppler 
was done to rule out any peripheral signs of deep vein thrombosis. Transthoracic 
echocardiography (2-D Echo) showed a reduced left ventricular ejection fraction to 
50% from preoperative value of 62%. 2-D Echo also showed normal size and vol-
ume of the cardiac chambers and no pericardial disease. There was an impairment 

Knowing is better than wondering, waking is better than 
sleeping, and even the biggest failure, even the worst, beats the 
hell out of never trying.

—Grey’s Anatomy
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of percentage left ventricular (LV) global longitudinal strain (GLS) (−12.4%). We 
found a “pseudo-normal” trans-mitral flow pattern in the echocardiography. 
Diastolic dysfunction was also noted. The right ventricular function and pulmonary 
artery pressure were normal. Computed tomography (CT) coronary angiogram was 
normal. Impaired left ventricular (LV) global longitudinal strain with evidence of 
increased LV-filling pressures, the diagnosis of cardiomyopathy was made. The 
various reasons for cardiomyopathy were evaluated. It was noted that the serum 
selenium concentration was low at 61 g/l (normal values range from 89 to 150 g/l). 
The blood levels were normal for the other micro-nutrients: vitamins A, B1, B9, 
B12, C, D, E, and K, iron, calcium, zinc, copper. The possible association of 
selenium- deficient cardiomyopathy was made. Oral supplementation with a dosage 
of 2 g/kg/day was initiated and was continued for three months. Congestive heart 
failure treatment with ACE inhibitor and furosemide was started along with the 
supplementation of selenium. Dyspnea and the pedal edema were reduced with 2 
weeks of treatment, and the patient symptomatically improved. On follow-up of the 
patient after 6 months, the patient remained asymptomatic. Serum selenium and NT 
pro-BNP (121 ng/l) had returned to normal levels. Echocardiography findings were 
normal on the follow-up of the patient.

Selenium is an essential trace element and a vital constituent of antioxidant 
enzymes that participate in various physiological activities, protecting the cells 
against the harmful effects of free radicals by modulating the cell response [1]. 
The role of selenium has been explored in normal thyroid functioning, immune 
system enhancement, carcinogenesis, cardiovascular diseases, in the prevention 
of pre- eclampsia, diabetes mellitus, and also male reproduction. It has been docu-
mented that a significant percentage of obese individuals have pre-existing lower 
serum selenium levels [2, 3]. A recent study by Papamargaritis et al. showed, a 
reduction in selenium concentration was observed in the early postoperative 
period following bariatric surgery, even after adequate multivitamin and mineral 
supplementation [4]. The deficiency appears within 3 months post-surgery [5]. 
Interestingly, no specific recommendation exists for selenium replacement in the 
post-bariatric setting.

23.2  Causes of Selenium Deficiency After RYGB

Several mechanisms relating to selenium deficiency may occur concurrently after 
RYGB, which are as follows:

Pre-existing deficiency is one of the most common reasons for clinical manifes-
tation post-surgery (2–58%). Reduced dietary intake of selenium that may further 
be reduced following surgery due to the predominant restrictive nature of the opera-
tion. RYGB results in bypass of the proximal intestines (duodenum and upper jeju-
num), with failure to absorb the micro-nutrients, precipitating deficiencies. There is 
no absorption from the stomach or the remaining parts of the intestine. Therefore, 
malabsorption of selenium following RYGB is a possible cause of deficiencies. 
Discontinuation of postoperative selenium supplementation could lead to decreased 
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levels of serum selenium. Some types of multivitamin/mineral supplements may not 
contain sufficient amounts of minerals, which need to look for appropriately.

Selenium deficiency is rare, but if present, it may cause myopathy, cardiomyopa-
thy, decreased immunity, low thyroid function, skin loss, pigmentation of hair, and 
progressive encephalopathy [6, 7]. Selenium deficiency has also been shown to con-
tribute to the progression of viral infections. Cardiomyopathy results from the 
depletion of selenium-associated enzymes, which aid in the protection of cell mem-
branes from damage by free radicals hence exposing it to myocardial necrosis and 
sudden death. The time duration for the development of congestive heart failure 
varies from several days or weeks in patients who develop a deficiency of selenium 
following malabsorptive bariatric procedures. The prompt correction of the gap by 
selenium treatment becomes necessary to reverse the harmful effects on the 
myocardium.

Selenium is more effectively absorbed from plant food than animal products. 
Other dietary components like vitamin C and E, zinc, copper, magnesium, vitamin 
B, and some amino acids such as methionine, cysteine, and glutamine may play a 
role that affects the serum selenium levels. Selenium deficiency can be assessed by 
measuring plasma erythrocyte ad whole blood selenium, plasma selenoproteins P, 
and overall blood glutathione activity. Selenoenzyme methionine sulfoxide reduc-
tase B1 (MsrB1) assessment is considered to be the most sensitive protein marker of 
selenium status [8]. Plant origin food products are the primary source of selenium, 
and the concentration varies tremendously according to its levels in the soil. A high 
concentration of selenium is found in food products like walnuts, brazil nuts, pea-
nuts, almonds, cashew nuts, hazelnuts, pistachios, grains, saltwater and freshwater 
fish, poultry, eggs, and mushroom. A prospective study by Freeth et al. has shown 
that RYGB increased the risk of selenium deficiency, leading to deranged GTP 
homeostasis. The study recommended supplementation of selenium at a higher dos-
age than the current RDA (i.e., 55 μg) during the first 3 months post-surgery [5].

A multidisciplinary team managing the increasing number of bariatric patients 
needs to be aware of possible micro-nutrient deficiencies, their symptoms, diagno-
sis, and prevention [9]. Stress should be placed on the need for lifelong supplemen-
tation and annual monitoring of nutritional laboratory values. Selenium can be 
supplemented as a part of a vitamin-mineral supplement regime following meta-
bolic surgery.

23.3  Postprandial Fainting

A morbidly obese diabetic female (BMI −45.6 kg/m2; HbA1c-8.7%) who under-
went laparoscopic sleeve followed by Roux-en-Y gastric bypass for inadequate 
weight loss was referred with frequent episodes of lightheadedness, flushing, 
abdominal pain, loose stools, and frequent fainting episodes 20–30 min after meals. 
The symptoms began 2 months following surgery. Her BMI dropped from 45.6 kg/
m2 to 31 kg/m2, with aa %EWL of 78%, 16 months post revisional RYGB. A mul-
tidisciplinary bariatric team comprising of a surgeon, medical gastroenterologist, 

23 Micro-nutritional, Endocrine, and Metabolic Complications in Bariatric…



348

endocrinologist, psychiatrist, and dietician analyzed the patient. The possible dif-
ferential diagnoses were dumping syndrome, nesidioblastosis, and neuroendocrine 
tumors. The patient was evaluated for insulin, C-peptide, chromogranin, which 
were normal. Computerized tomography (CT scan), upper GI endoscopy was also 
normal. With a provisional diagnosis of dumping syndrome, pharmacotherapy in 
the form of acarbose and octreotide was initiated with dietary modifications, but 
there was no alleviation of the symptoms. The provocative test in the way of oral 
glucose tolerance test (OGTT) was done to confirm the diagnosis. The Sigstad’s 
score was 21.

Dumping syndrome post-RYGB was made as a diagnosis. With dietary and med-
ical options exhausted, a decision for the reversal of RYGB to sleeve gastrectomy 
was made. The proximal and the distal pouches were mobilized after clearing all the 
dense adhesions to the liver. The gastrojejunostomy complex was mobilized and 
divided. The biliopancreatic limb proximal to the jejunostomy was divided and 
anastomosed to the divided end of the roux limb. Gastro-gastrostomy was done 
between the proximal and the distal pouches using a linear stapler technique. The 
patient improved drastically with complete resolution of symptoms and Sigstad’s 
score of 1. The patient had a minimal weight regain of 3 kg, with the static status of 
diabetes.

Dumping syndrome (DS) is a frequent complication observed after Roux-en-Y 
gastric bypass (RYGB) found in around 40–50% cases [10]. The mechanisms 
which lead to dumping syndrome after RYGB are numerous and remain to be fully 
elucidated. Early DS is observed 10–30 min after a rapid passage of hyperosmolar 
food into the proximal bowel, which facilitates the fast movement of fluids into the 
bowel lumen, causing an increased sympathetic response [11]. Hyperosmolar 
nutrients in the proximal gut cause a shift of fluid from the plasma to the intestinal 
lumen. This results in a reduction in plasma volume, tachycardia, and rarely syn-
cope. These events are manifested by hypotension, tachycardia, dizziness, fatigue, 
nausea, pallor, flushing, headache, diaphoresis, crampy abdominal pain, bloating, 
diarrhea, and syncope. Late DS occurs 1–3 h after the passage of a highly loaded 
carbohydrate meal into the jejunum, causing an incretin-driven hyper-insulinemic 
response. A couple of GI hormones are believed to play an essential role in the 
incretin effect: glucose-dependent insulinotropic polypeptide or gastric inhibitory 
polypeptide (GIP) and GLP-1. An elevated GLP-1 response has been reported in 
patients following RYGB, and a positive correlation has been observed between 
increasing GLP-1 levels and insulin release. Therefore, an exaggerated GLP-1 
response appears to be pivotal in mediating the hyper-insulinemic and hypoglyce-
mic effect that is characteristic of late dumping syndrome [12]. Late DS is charac-
terized by diaphoresis, weakness, tremors, dizziness, fatigue, and altered 
consciousness [11].

Scores such as Sigstad’s score and the Arts’ dumping questionnaire can be used 
to identify patients with clinically significant dumping symptoms. The Sigstad’s 
scoring system allocates points to each dumping symptom, and the cumulative 
points are used to calculate a diagnostic index, which helps in diagnostic 
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confirmation of DS. A score value of >7 confirms DS, while patients with score <4, 
another differential diagnosis should be considered [13]. Art’s questionnaire is used 
to differentiate early, and late DS [14]. Provocative tests such as the oral glucose 
tolerance test (OGTT) or mixed-meal tolerance test can be used to confirm clini-
cally suspicious DS [15]. The OGTT is considered confirmatory for early dumping 
syndrome based on the presence of an early (30 min) increase in hematocrit greater 
than 3% or an increment in pulse rate more than 10 beats/min after 30 min, the latter 
being regarded as the most sensitive indicator of early dumping syndrome. Test 
results are conclusive for late dumping based on the development of late (60–180 min 
post-ingestion) hypoglycemia [11].

Most (around 95%) of the DS can be treated by adequate counseling and dietary 
therapy [16]. Fluid intake should be delayed until at least 30  min after meals. 
Rapidly absorbable carbohydrates should be excluded from the diet to prevent late 
dumping symptoms. High fiber, protein-rich foods, consumption of fruit and vege-
table should be encouraged, whereas alcoholic beverages are better avoided. Meals 
should be eaten slowly and chewed well. Dietary supplements which increase the 
viscosity of food (e.g., pectin, guar gum, and glucomannan) delays the rate of gas-
tric emptying and inhibits glucose absorption. The above dietary modifications 
result in slowing gastric emptying, reducing the release of GI hormones, improving 
hyperglycemia, and thereby controlling dumping symptoms. [17]. Few (3–5%) 
need medical therapy in the form of acarbose, octreotide for the treatment [16]. 
Acarbose is an α-glycosidase hydrolase inhibitor. It delays carbohydrate digestion 
in the proximal bowel, thus blunting postprandial hyperglycemia and subsequent 
hypoglycemia. Acarbose usage is best suited for patients with late dumping syn-
drome and is associated with abdominal bloating, excessive flatulence, and loose 
stools [18]. Somatostatin analogs (octreotide, pasireotide) are an effective treatment 
option for patients with dumping syndrome who fail to respond to or do not tolerate 
dietary modification and acarbose management. Somatostatin analogs inhibit gas-
tric emptying time. They also inhibit the release of GI hormones and insulin and 
also inhibit postprandial vasodilatation. Both short-acting and long-acting formula-
tions of somatostatin analogs are efficient in reducing early and late dumping symp-
toms [18]. Other pharmacologic interventions, such as diazoxide, nifedipine, and 
exendin 9–39, have also been investigated for the management of dumping syn-
drome. However, the data supporting the efficacy of the above is limited. Intractable 
cases (<1%) may require endoscopic or surgical revisions for its treatment [19, 20]. 
Multiple surgical options have been proposed ranging from reduction of gastro- 
jejunal anastomosis, jejunal interposition, partial pancreatectomy to the reversal of 
RYGB [20–24]. Weight regain, and relapse of comorbidities remain the prime cause 
of concern in patients undergoing reversal to normal anatomy. Reversal of RYGB to 
LSG, however, provides a dynamic equilibrium concerning the resolution of symp-
toms of DS as well as decreasing the possibility of weight regain and recurrence of 
obesity-associated comorbidities. However, in the case described, a reversal to 
sleeve was the only option available.
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23.4  Liver Decompensation

A 42-year-old hypertensive female with weight and height of 141 kg and 151 cm, 
suffering from super-super-obese and metabolic syndrome with a BMI of 61.8 kg/
m2, had been admitted to the hospital with complaints of gradual increase in weight 
past 15 years. She had limited physical activity. Her lipid parameters were deranged 
(cholesterol-230  mg/dl, triglyceride-264  mg/dl, VLDL-180  mg/dl, LDL-180  mg/
dl). She was a known case of diabetes and hypertensive past 20 years on treatment. 
Her glycosylated hemoglobin preoperatively was 9.3%. The liver function tests dur-
ing the preoperative period were normal. Ultrasonogram (USG) of the abdomen 
showed grade 2 fatty liver. Upper GI endoscopy showed reflux esophagitis (Los- 
Angeles grade-A). The patient had a history of open hernioplasty with abdomino-
plasty in the year 2012. The patient had tried weight reduction measures but was not 
able to achieve the same. After a thorough evaluation, the patient underwent laparo-
scopic Roux-en-Y gastric bypass (RYGB). The patient was put on calcium (1000 g/
day), multivitamin, proton pump inhibitors, Vit B-12, and ursodeoxycholic acid 
(UDCA) supplements for 6 months and was on regular follow-up.

Following 6 months, the patient lost 36  kg of weight and BMI change of 15 
(62 kg/m2 to 47.1 kg/m2). Seven months post-surgery, the patient was readmitted to 
our hospital with decreased appetite, jaundice, and persistent vomiting. On evalua-
tion, her total bilirubin was 10.2 mg/dl, with the direct component being 8.2 mg/dl. 
AST levels were abnormally high at 213 U/l? (N-up-to 40 U/l). She had a low albu-
min level of 1.9 g/dl. USG showed severe hepatomegaly with fatty liver. Magnetic 
resonance cholangiography (MRCP) abdomen showed severe fatty infiltration of 
the liver with hepatomegaly.

There was no evidence of gall stone disease or common bile duct stones, ruling 
out the possibility of cholangitis. INR was raised to 2.64. The same was corrected 
using fresh frozen plasma. The patient developed features of hepatic encephalopa-
thy. Serum ammonia levels were elevated to 171.9 μg/dl (N-18.7-86.9 μg/dl). Liver 
biopsy to rule out any autoimmune etiology was done, which showed features sug-
gestive of non-alcoholic steatohepatitis (NAFLD activity score-6) with periportal 
and perisinusoidal fibrosis (stage 2). Over time, the patient’s conscious level 
decreased with increased stupor and drowsiness. Her serum creatinine increased to 
4.2 mg/dl, with a subsequent decrease in the urine output. Hemodialysis was started 
because of the failing renal parameters as well as anuria. The patient developed 
features of sepsis and multi-organ dysfunction syndrome over the next 4 days and 
expired after that. The cause of the death was acute liver failure, hepatorenal syn-
drome post-RYGB.

Non-alcoholic fatty liver disease (NAFLD) is among the most common causes of 
chronic liver disease in India and worldwide and is strongly associated with obesity 
and metabolic syndrome [25]. NAFLD comprises a wide spectrum of conditions, 
characterized by macro-vesicular hepatic steatosis, prevalent in patients who are 
non-alcoholic [26]. The histopathological NAFLD findings varied. It ranged from 
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steatosis, non-alcoholic steatohepatitis (NASH) to advanced fibrosis, and cirrhosis. 
NAFLD represents the hepatic component of the metabolic syndrome [27]. 
Steatohepatitis is now considered as an important cause of end-stage liver disease. 
It is also a predisposing cause of an unknown number of cases of cryptogenic cir-
rhosis. Cryptogenic liver cirrhosis has been found in around 1.4% of patients with 
morbid obesity [28]. In the majority of patients, metabolic surgery improves liver 
steatosis, inflammation, and fibrosis in NAFLD patients with obesity, the exact 
mechanism of the worsening is unclear. Although rare, the progression of NAFLD 
to liver cirrhosis and further liver damage has been reported, based upon the severity 
of steatosis [29]. A possible explanation of liver function worsening could be due to 
rapid weight loss resulting in increased free fatty acid levels due to extensive fat 
mobilization, thus causing liver injury.

Varying degrees of fibrosis and also cases of de novo fibrosis are seen in a few 
cases, which is mild, without the development of cirrhosis or liver function altera-
tion, seen in around 16% cases. Deterioration of liver function was attributed to 
the type of the metabolic procedure and the extent of malnutrition and malabsorp-
tion [30]. Progressive fibrosis during the long term (>5 years follow-up) was seen 
in spite of the improvement of hepatic steatosis and ballooning, which occurred 
during the first year post-RYGB. Worsening of liver function was seen as patients 
with higher BMI and higher insulin resistance [30]. Only a few reports of severe 
liver deterioration following RYGB have been seen [31]. A recent RCT by 
Kalinowski et al. reported that patients with NASH undergoing RYGB were more 
likely to develop early transient deterioration of liver function compared to Sleeve 
gastrectomy (LSG) [32]. Preoperatively diagnosed liver cirrhosis, alcohol abuse, 
and the presence of intraoperative complications contributed to negative events 
after RYGB [33]. Extended excluded limbs or distal versions of RYGB also con-
tribute to the negative impact on liver function after RYGB [34]. A systemic 
review by Jan et  al. also highlighted the increased incidence of morbidity and 
mortality, post-bariatric surgery, leading to decompensatory liver disease and also 
fulminating acute liver failure, in Child A group of patients [33]. A “second hit,” 
post rapid weight loss after malabsorptive procedures, that is caused due to expo-
sure of toxins from bacterial overgrowth from intestinal mobilization, nutritional, 
and protein deficiencies, maybe the cause for liver injury [35]. According to a 
study by Sasaki et al., around 5% of the patients with morbid obesity had a com-
ponent of undiagnosed cirrhosis at the time of bariatric surgery [36]. Such patients 
have non-specific symptoms during the preoperative period, and even intraopera-
tive macroscopic liver disease may be easily overlooked [37]. Hence it is of utmost 
importance to exclude advanced liver disease before bariatric surgery. Meticulous 
postoperative follow-up with close monitoring of liver function tests, especially in 
patients with super obesity, impaired insulin resistance, and preoperative liver 
pathologies, have been established. Improvement or even cessation of symptoms 
could be achieved by elongation of the common limb or biliopancreatic limb 
reversal in patients who underwent RYGB.
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23.5  Neuropathy

A 48-year-old woman underwent laparoscopic RYGB for morbid obesity (body 
mass index [BMI] of 43.7 kg/m2) in 2017. Medical history consisted of type 2 dia-
betes mellitus (T2DM) and hypothyroidism and was on regular medications with 
HB1Ac being 6.4% and TSH being 3.9 μIU/l. Previous surgical history comprised 
of a classical cesarean section. She had no history of intestinal problems, coeliac 
disease, malabsorption, or neurological symptoms. The patient was a non-alcoholic 
and a non-smoker. Her nutritional intake was incongruity with the international 
guidelines and recommendations following bariatric surgery (BS). The patient was 
on over-the-counter multivitamin and mineral supplement with a calcium dosage of 
1000 mg calcium-carbonate consumption every day. The patient was on a regular 
follow-up as per the institutional protocol. Two years after surgery, she presented 
for a standard follow-up review, including the required blood investigations. Her 
weight was stable (BMI of 26.2 kg/m2).

She returned to our center, around 5 months later, as she started to develop mul-
tiple complaints. Her complaints included blurred vision, concentration problems, 
confusion, irritability, tinnitus, palpitations, tingling in the fingers and toes, behav-
ioral changes, mood swings, decreased muscle strength, muscle weakness, ataxia, 
aphasia, and glossitis. A clinical diagnosis of anemia based on deficiencies of iron, 
folate, and vitamin B12 and also deficiency of vitamin B1, B 6, B11, B12, E, or 
copper a vitamin D deficiency was kept in mind owing to the peculiar clinical fea-
tures of the patient. The patient was admitted and evaluated. Her blood parameters 
were normal except for the following deranged parameters hemoglobin (7.9 mmol/l) 
(N-8.5–11.0  mmol/l); borderline low hematocrit (0.35) (N-0.35–0.45); Vit D 
(34 nmol/l) (N > 75 nmol/l); iron (4.0 μmol/l) (N-10–25 μmol/l); ferritin (6.0 μg/l) 
(N-13–200  μg/l); Vit B12 (170  pmol/l) (N  >  200  pmol/l); methylmalonic acid 
(MMA) (155 nmol/l) (N < 430 nmol/l). MCV was normal. Other vitamins like B1, 
B6, B11, E, and trace minerals like selenium, copper, and zinc were normal. Serum 
folic acid level was 11.8 nmol/l (N > 10 nmol/l).

A differential diagnosis of polyneuropathy associated with neuropsychiatric 
symptoms was made. Management was streamlined, taking deficiency of vitamin 
B12 deficiency and folic acid into the aspect. As the cause of these problems could 
be identified, no electromyogram was performed. The patient received an intramus-
cular injection directly (1000  μg hydroxocobalamin per dose). The same was 
repeated weekly for the next 6 weeks. Improvements were seen within 1 week of 
commencing the therapy. Glossitis, tingling in fingers and toes, and neuropsychiat-
ric symptoms (irritability, mood swings, and behavioral changes) symptoms started 
to get alleviated with treatment. Concentration issues, confusion, blurred vision, 
palpitations, reduced muscle strength, weakness, aphasia, ataxia, and tinnitus 
improved; however, they were still present in a milder form. After 2–3 weeks of 
treatment, weakness, confusion, aphasia, and ataxia were entirely resolved. 
However, within 4–5 days of the follow-up injection, she reported improvement in 
the above symptoms. After that, the intramuscular injection therapy of Vit B12 was 
adjusted to two doses per week. Tinnitus, palpitations, and concentration problems 
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were cured, and overall weakness had disappeared after 4 weeks of treatment. Only 
the blurred vision was persistent in a subtle form. All laboratory blood results men-
tioned in this scenario came to normalcy, while all the complaints had resolved the 
following 6 weeks of therapy entirely.

Laparoscopic RYGB has been the most commonly reported procedure that is asso-
ciated with anemia and other nutritional deficiencies. Following RYGB, anemia can 
be microcytic (which is because of iron deficiency), or macrocytic (due to Vit B12 or 
folic acid deficiency). A recent meta-analysis by Kwon et al. have shown the high 
prevalence of Vit B12 deficiency following RYGB [38]. Vitamin B12 plays a pivotal 
role in erythropoiesis and is a key vitamin essential for proper brain development. 
Deficiency of Vit B12 causes leads to megaloblastic anemia and developmental disor-
ders of the nervous system with dementia and mood disorders [39]. Vitamin B12 is 
essential for the initial myelination and development of the central nervous system 
and also for the maintenance of its normal function. Demyelination of the cervical, 
thoracic dorsal, and lateral columns of the spinal cord are seen in patients with cobala-
min deficiency. Occasionally it is also associated with demyelination of cranial, 
peripheral nerves and white matter in the brain. Histopathological analysis reveals a 
“spongy degeneration” owing to the loss of and swelling of the myelin sheath [40].

The most frequently associated neurological symptoms encountered are sym-
metric paraesthesia with altered sensation over the skin and gait problems [41]. 
Physical examination may reveal pallor, jaundice, pigmentary changes in the skin, 
edema, or neurological defects such as altered proprio-reception, ataxia, and weak-
ness. Personality changes, amnesia, psychosis, and, rarely, delirium neuropsychiat-
ric manifestations are encountered [40]. Less prevalent conditions associated with 
Vit B12 deficiency include glossitis, malabsorption, and rarely thrombosis. 
Hematological abnormalities usually precede the onset of neurological disease [42].

Various factors have been implicated in the occurrence of anemia post metabolic 
surgery.

 1. Existing preoperative deficiency of Vit B12 (around 13%), which is considered 
to be a major predictive factor for postoperative deficiency, leading to secondary 
anemia [43]

 2. Inadequate food intake during the postoperative period, as the patients tend to 
avoid consumption of red meat, which acts as a good source of heme iron [44]

 3. Deranged absorption following RYGB
 4. Altered bioavailability of drugs
 5. Increased hepcidin levels due to obesity-related inflammation [45]
 6. Altered metabolism and absorption of other micro-nutrients [46]

Most (99%) of the active absorption of cobalamin is dependent on the cobalamin- 
binding protein intrinsic factor (IF), while only 1% of the absorption is carried out 
through non-specific passive absorption [40, 41]. Following RYGB, there is a loss 
of acid secretion and IF in the stomach. There is an exclusion of the remnant stom-
ach, while the proximal small bowel is bypassed [47]. Altered anatomy has an influ-
ence on the absorption of cobalamin.
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Serum Vit. B12 serves as a poor predictor of functional Vit B12 deficiency, as the 
intracellular level deficiencies are not taken into account. Increased methylmalonic 
acid (MMA) and total homocysteine levels are considered to be sensitive markers 
for Vit B12 deficiencies [48, 49]. More intense follow-up and management of Vit 
B12 deficiency become necessary as these deficiencies have been reported in spite 
of regular supplementations according to the existing guidelines. Studies have 
proven that oral supplementation of postoperative Vit B-12 deficiencies was suc-
cessful in greater than 80% of the patients. Intramuscular injection of Vit B12 
remains the gold standard in symptomatic Vit B12 deficient patients [43]. A high 
dose of oral cyanocobalamin can be considered in selected asymptomatic patients 
[50]. Dosage of 1000 μg oral Vit B12 daily or a 500 μg weekly administration of Vit 
B12 through the intranasal route can also be considered. Intramuscular or subcuta-
neous of B12 supplementation, with a dose of 1000–3000 μg every 6–12 months to 
1000 μg/month is indicated if cobalamin sufficiency cannot be maintained through 
oral or intranasal routes [51].

23.6  Adrenal Insufficiency

A 54-year post-menopausal female, with class 3 morbid obesity (BMI 45.6 kg/m2) 
was consulted and counseled for abdominoplasty along with weight loss surgery. 
Comorbidities included T2DM, hypertension, and was on medications. She was 
also a known case of bronchial asthma on treatment. Previous surgical history 
included an open hysterectomy for dysfunctional uterine bleeding. She had a wound 
infection during the hospital stay and was subsequently hospitalized for a month 
and a half. She had a history of osteoarthritis and used to take intra-articular steroid 
injection for joint pain occasionally. On examination, she had exertional dyspnea, 
pendulous hanging abdomen wall, which hindered her day to day activity along 
with severely restricted mobility. She had multiple bruises with thinned out atrophic 
skin with striae at numerous points all over the abdominal wall. She was assessed, 
evaluated, and underwent laparoscopic RYGB with concomitant abdominoplasty. 
Postoperatively she had wound infection, which was managed with culture-specific 
antibiotics. The patient was discharged on postoperative day 07. The patient was not 
on proper follow-up and came just once, 2 weeks following the surgery. Three 
months following discharge, the patient came to the hospital with dyspnea at rest, 
pain at the wound line with recurrent episodes of vomiting with reduced intake. She 
had fainting episodes on and off, past 2 weeks, and was clinically dehydrated. The 
patient had frequent bouts of hypotension, weakness, and inability to carry day to 
day activities. On examination, she was dyspneic, hypotensive along with tachycar-
dia and tachypnea. There was an acute exacerbation of asthma. Bilateral wheeze 
was present, and she had wound site induration with cellulitis with wound gaping at 
few points of the suture line.

Transthoracic echocardiography and serum electrolytes were in normal range 
except for hyponatremia. Other blood parameters were in the normal range, except 
for mildly increased total counts and serum sodium levels being 130  mEq/l 
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(N-135–145 mEq/l). Serum renin and aldosterone were normal. The patient’s clini-
cal picture raised the suspicion for adrenal insufficiency. She had orthostatic hypo-
tension, inappropriately low cortisol of 1.9 μg/dl (N-3–18 μg/dl). On performing 
dynamic testing with 1 μg cosyntropin (low dose ACTH stimulation test), which 
aided in the stimulation of the hypothalamic-pituitary-adrenal (HPA) axis, 30 min 
after stimulation, the values of serum cortisol increased to 10.8 μg/dl, hence con-
firming the AI diagnosis. Serum ACTH measured 22.8 pg/ml, confirming the diag-
nosis of adrenal insufficiency. MRI brain showed no abnormality of pituitary glands. 
Anti-adrenal antibodies were negative. Computed tomography of the abdomen 
revealed no mass lesions in the pancreas or the adrenals. Injectable hydrocortisone 
therapy (100 mg/day thrice daily) was initiated and given for a week. The patient 
was discharged on tablet prednisolone 40  mg continued for 10 months and was 
gradually weaned off later to 20 mg/day prednisolone. A 250 μg cosyntropin stimu-
lation test was done during the follow-up. The analysis revealed an adequate serum 
cortisol response following which hydrocortisone therapy was discontinued. The 
patient has remained clinically stable to date.

BS, like many major abdominal surgeries, is surgical stress to the body [52, 53]. 
Adrenal insufficiency has been noted after major surgery as a consequence of surgi-
cal stress or blood loss affecting the pituitary gland [53]. Adequate absorption of 
oral corticosteroids plays a key role in survival in patients who have primary or 
secondary adrenal insufficiency. RYGB creates altered anatomy, reduced gastroin-
testinal transit time, which is further associated with changes in the absorption sur-
face hence compromising the medication bioavailability [54]. Enhanced absorption 
following rapid gastric emptying results in excess plasma peak cortisol levels and 
could cause intermittent overexposure to corticosteroids, with possibly harmful 
long-term effects [55]. There is malabsorption of bile following RYGB, which 
affects cholesterol absorption. Altered absorption leads to a decreased precursor for 
steroid synthesis, causing adrenal insufficiency [56]. Malabsorption of trace ele-
ments and vitamins (especially selenium and vitamin B5), which are considered to 
be steroid biosynthesis cofactors, also leads to the reduction of the same. There is 
weight loss following RYGB, which causes the re-setting of the hypothalamic- 
pituitary- adrenal axis (HPA). Similar conditions causing adrenal insufficiency are 
seen in anorexia nervosa and perioperative complications such as blood loss causing 
pituitary/adrenal infarct or apoplexy [57–59].

The HPA axis is a major factor that determines the patientʼs responses to surgical 
trauma, and cortisol plays an important role in regulating humoral mediators during 
those conditions [60]. Postoperative complications are thought to be caused due to 
an uncontrolled inflammatory response. The increased stress leads to the overpro-
duction of proinflammatory cytokines like TNF and IL-6 [61]. Literature suggests 
that severe sepsis and severe surgical stress may be associated with relative adrenal 
insufficiency, which may contribute to a fatal outcome [62]. Literature has also 
shown, that there is a direct correlation between the increase in serum cortisol levels 
postoperatively with the degree of surgical stress. There is a hypersecretion of IL-6 
and CRP in scenarios of severe surgical stress, such as in our case. Furthermore, 
these variables could be directly linked to the serious postoperative complications 
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and hence the prolonged hospitalization. Several studies have concluded that corti-
costeroid replacement therapy is useful in patients with relative adrenal insuffi-
ciency [63]. It has been shown that the preoperative administration of corticosteroids 
has been found beneficial in attenuating surgery-induced inflammatory responses 
and in preventing postoperative complications. A short ACTH stimulation test per-
formed in the preoperative period helps to determine a patientʼs maximal cortisol 
response to surgical trauma.

Daily cortisol requirements are more in patients who are morbidly obese because 
of a higher volume distribution and accelerated clearance [64]. Literature shows that 
the cortisol clearance is inversely related to insulin sensitivity and that fatty liver 
disease is associated with enhanced cortisol clearance, possibly through alterations 
in the activity of the 5α-, 5β-reductase, and also 11β-hydroxysteroid dehydrogenase 
type 1 in the liver [65]. Since the majority of the patients who are morbidly obese 
have fatty liver disease as well as decreased insulin sensitivity, there are at least two 
factors that lead to cortisol clearance. Hence dose adjustments of serum cortisol, 
individualized according to the daily profiles, before as well as after surgery, in 
morbidly obese patients is recommended.
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