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1“A Patient, a Surgeon, and an Insurance 
Agent Walk into a Bar…”

John Alverdy

For a patient to make the difficult decision to undergo bariatric surgery, they need to 
be fully convinced of the following: (1) that they will not, and cannot lose the weight 
needed to become healthy unless they undergo bariatric surgery (2) that their health 
is in jeopardy specifically due to their present weight and the co-morbidities that 
exist because of it and (3) that they trust that the surgery is safe because their sur-
geon is experienced and works in a high performance environment. For a surgeon to 
embark on the practice of bariatric surgery, he or she needs to be committed to the 
following: (1) to be willing, above all, to properly evaluate and offer the right opera-
tion to a given candidate patient (2) to be himself/herself convinced that the patient’s 
health is in jeopardy and that the surgery proposed is indicated and safe (3) to be 
confident that their skills, judgment and team are of the highest standard and that 
their environment is properly equipped to offer state-of-the art bariatric care for the 
patient both in the short and long term process of care. Finally, for an insurance 
company to offer and support the finances of bariatric surgery, they need to: (1) 
ensure their customers do not fall prey to unscrupulous practices (2) make sure that 
the patients are not making rushed decisions to undergo bariatric surgery (3) that 
resources within their insurance pool are sufficient to support the entire process of 
bariatric surgery.

Yet if a patient, a surgeon and an insurance agent were to walk into a bar and tell 
their individual stories over drinks, the discussion could become heated and con-
frontational. Much angst develops when each participant has to constantly reconcile 
the wishes of the patient with the judgement of the surgeon and the prerequisites 
and approval criteria of the insurance company. For many bariatric practices, this 
reconciliation dance is riddled with unreasonable demands by the insurance com-
pany, capitulation of the surgeon’s recommendations for one operation versus the 
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other and purposive obstructionism by family members, reluctant patients and 
insurance adjusters.

For example, when a patient with a BMI of 50, insulin dependent diabetes mel-
litus, hypertriglyceridemia and heptatosteatosis is only willing to undergo a sleeve 
gastrectomy despite being recommended a roux-en Y gastric bypass or a duodenal 
switch, a difficult decision ensues. Should the patient’s wishes be honored as we 
now practice in the era of shared responsibility and patient participation in their 
care? Will the decision to operate be dependent on which operation the surgeon is 
most skilled and comfortable with? Will the decision to operate be a function of 
which procedure is covered or recommended by the insurance company? The “free-
dom to operate” in the field of bariatric surgery is often limited by various restric-
tions placed on the surgeon’s experience and judgment that includes those from the 
patient, the surgeon’s training and the patient’s insurance status and coverage. As a 
result there are many “difficult decisions in bariatric surgery” that deserve attention 
and discussion. We hope the chapters in this book provide information that can not 
only uncover some of the causes of these problems and dilemmas, but also their 
potential solution.

J. Alverdy
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2Evidence-Based Medicine and Decision 
Making

Grace F. Chao and Justin B. Dimick

2.1  Why Evidence-Based Medicine Matters

Surgeons daily make difficult decisions. These decisions can range from how to 
counsel an individual patient to how to weigh in on national policy changes. 
Additionally, these decisions involve multiple stakeholders—patients, families, 
members of the medical team, policymakers, payors, and communities. Our role as 
surgeons in these deliberations often requires us to synthesize information that can 
be complex and incomplete. Bariatric surgery in particular has the added challenge 
of technology that is constantly evolving. The questions we have to answer have 
serious implications for patients. Does laparoscopic sleeve gastrectomy or Roux- 
en- Y gastric bypass offer better safety, healthcare utilization, or clinical outcomes? 
Do buttressed staple loads prevent bleeding more that staple loads without rein-
forcement? When is pregnancy safe for mothers and babies after bariatric surgery? 
When is too young or too old for bariatric surgery?

For us to answer these questions rigorously requires an understanding of 
evidence- based medicine approaches. This chapter will examine evidence-based 
medicine in the context of bariatric surgery. The rest of this book will explore a 
number of important and emerging questions in our field. The authors have put 
together the best supporting evidence available and made recommendations using 
principles of evidence-based medicine.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_2&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_2#DOI
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2.1.1  A Cautionary Tale

Rigorously evaluating evidence can mean the difference between helping patients 
and harming them, as the cautionary tale of laparoscopic gastric banding has taught 
us. The medical field has seen medical reversals throughout history because of stud-
ies with design weaknesses recognized after practice patterns had changed—hor-
mone replacement therapy in post-menopausal women, tight glycemic control in 
the ICU, and routine PSA screening. In bariatric surgery, we have recently seen this 
in laparoscopic gastric banding.

Banding held great theoretical promise to help patients improve their health. 
As the most minimally invasive, restrictive procedure at the time, it was thought 
to be a safe option for bariatric surgery. However, studies published varied 
widely in their outcomes. Studies reported rates of reoperation ranging any-
where from 4% up to 60% [1–8]. These studies lacked adequate sample size, 
long-term follow-up, or geographic representation to be able to give a true pop-
ulation estimate.

In order to address this uncertainty over outcomes, researchers used Medicare 
administrative data with a sample size of 25,042, an average follow-up time of 
4.5 years, and national scope [9]. This study revealed high reoperation rates due 
to failure of weight loss and complications. On average, patients had 3.8 proce-
dures in addition to their index operation. Hospital referral regions had reopera-
tion rates ranging from 5.1% to 95.5%. Additionally, from 2006 to 2013, the 
proportion of annual spending on the gastric band device due to reoperations rose 
from 16.4% to 77.3%. Five years prior to this study, the FDA had concluded the 
existing evidence supported safety and effectiveness of gastric banding [1]. Of 
note, at that time, the FDA relied heavily on a single-group trial of 149 patients to 
reach its conclusion. A chapter of this text will delve more into the story of the 
Lap-Band. However, what we can see for now is that a lack of robust evidence led 
to many more devices being placed that not only were ineffective, but also exposed 
patients to the risks of multiple operations and complications, took away valuable 
time spent on more effective therapy, and increased financial burden on the sys-
tem. And it was evidence-based medicine that was crucial in eventually identify-
ing these issues.

The goal of research is to produce evidence that accurately describes causal rela-
tionships or true phenomena. Evidence-based medicine is the approach to deter-
mine how well a study accomplishes this goal. We will next delve into the 
components that strengthen and weaken the ability of studies to do this. In order to 
appropriately appraise the evidence available, we must clearly define our question, 
look for appropriate evidence available, and then critically evaluate this evidence. 
We will first discuss three key threats to validity that we must always consider in 
evaluation. We will also introduce Levels of Evidence and the GRADE system. 
Authors will use the GRADE system throughout this textbook as a strategy for 
evaluating evidence and subsequent recommendations.

G. F. Chao and J. B. Dimick



7

2.2  Defining the Question

The PICO format defines our search question (Table 2.1). For “Patients,” we iden-
tify the disease and characteristics of interest. The “Intervention” can be in the form 
of a procedure or medication. We compare the intervention’s outcomes to those of 
specific “Comparators.” Comparators can be no intervention, usual care, or another 
treatment. Lastly, examples of “Outcomes” of interest are mortality, complication 
rate, time to event, and costs.

2.3  Threats to Validity

Threats to validity of data are why using an evidence-based medicine approach is 
important. There are two major types of validity—external and internal validity.

2.3.1  External Validity, Generalizability

External validity, also referred to as generalizability, is our ability to apply the 
study’s conclusions to individuals other than the ones in the sample. This is a delib-
eration of what kinds of patients and environments (clinical, physical, social, geo-
graphic, and financial) we can apply the conclusions of the study. For example, we 
cannot apply the long-term outcomes of a study of adolescent weight loss after lapa-
roscopic sleeve gastrectomy from centers across the United States to adult patients.

2.3.2  Internal Validity

Looking within the bounds of the study, internal validity is how well the results of a 
study represent the truth in the study sample. For the remainder of this chapter, we will 
refer to internal validity as “validity.” The three major threats to validity are chance, 
bias, and confounding. Robust study designs should account for each of these threats.

2.3.3  Chance

This first threat to validity is when findings are due to random error. Chance can 
distort results in either direction; it can increase the estimated effect or decrease the 

Table 2.1 Sample PICO format

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with Barrett esophagus Esophagectomy Endoscopic ablation Mortality

2 Evidence-Based Medicine and Decision Making
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estimated effect. In order to minimize chance, statistical comparisons must be ade-
quately powered. Power of a study depends on sample size, standard deviation, and 
magnitude of the treatment effect. This may be a challenge for studies in bariatric 
surgery with smaller sample size evaluating rare complications (small magnitude of 
treatment effect). For example, when evaluating whether sleeve gastrectomy or gas-
tric bypass carries a higher risk of reoperation, we may want to examine a random-
ized control trial. However, the two randomized control trials that study sleeve and 
bypass outcomes, SM-BOSS (217 patients) [10] and SLEEVEPASS (240 patients) 
[11], are not adequately powered to look at differences in reoperation rates. These 
events occur too infrequently for analysis to detect a difference in rates between the 
two groups; the magnitude of effect of choosing sleeve over bypass or vice versa is 
too small. To answer this question about reinterventions, we need to increase our 
sample size; we need a large administrative dataset.

2.3.4  Bias

Bias occurs due to systematic error. Two major sources of error are sample selection 
bias and systematic measurement error. The major source of sample selection bias 
in bariatric surgery is in the operation chosen. A patient who undergoes laparo-
scopic sleeve gastrectomy and a patient who gets a gastric bypass may differ. 
Patients who undergo gastric bypass may have a higher burden of diabetes than 
those who elect to have or who are counseled towards sleeve gastrectomy. Another 
important source of sample selection bias is loss to follow-up. This may happen 
when examining outcomes in claims data due to patients changing insurance plans. 
Systematic errors are sources of incorrect measurement that distort study findings in 
one direction. Systematic measurement error may occur if a study asks diabetic 
patients after surgery how many days per week they had well-controlled glucose 
levels. Patients with good post-operative glycemic control may systematically 
report more days than patients with poor control because they of higher compliance 
of checking glucose levels. This specific form of systematic bias is recall bias.

2.3.5  Confounding

Finally, confounding is when other variables are associated with both the exposure 
and outcome. These confounding variables, rather than the one studied, are what 
truly drive the results. For example, a comparative effectiveness study may show 
there is a higher risk of myocardial infarction after sleeve gastrectomy compared to 
gastric bypass. However, this would be an erroneous finding if there was no adjust-
ment in the analysis for significant cardiac history. Surgeons may have counseled 
patients with a higher risk for myocardial infarction to undergo sleeve gastrectomy 
rather than gastric bypass. Thus, the findings are confounded by a history of severe 
cardiac disease.

G. F. Chao and J. B. Dimick
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2.4  Levels of Evidence

In addition to these threats to validity, Levels of Evidence can help us to understand 
the strength of data for recommendations based on study design. Level 1 provides 
the strongest evidence for a recommendation. Level 5 designates the weakest evi-
dence. These are reviewed in Table 2.2.

However, there are ways to challenge the premise that the randomized trial is the 
most rigorous form of evidence. Certain characteristics of observational studies can 
change the strength of the evidence. As mentioned earlier, randomized control trials 
in bariatric surgery are often underpowered to study important safety outcomes such 
as rate of reoperation, a rare event. Thus, it is important to leverage observational 
studies with innovative approaches. Observational studies using administrative 
claims data have a large number of patients and accurately track reoperation rates 
through billing data. When these features are paired with advanced econometrics 
methods such as instrumental variable or difference-in-differences analysis, obser-
vational studies can be robust.

2.5  Grading the Evidence

Building upon the major threats to validity and Levels of Evidence, the GRADE 
system provides further principles for evaluation of evidence and in many ways is a 
more extensive list of threats to validity. The GRADE system is a commonly used 
framework to evaluate data within systematic reviews and meta-analyses. Beyond 
systematic reviews, it provides principles valuable in broadly evaluating studies and 
the conclusions drawn from them.

Systematic reviews first pose a specific clinical question with the PICO guide-
lines. Researchers next identify studies that answer this question. They then pool 
data from these studies to generate a best estimate of the effect on the outcome of 
interest. A scoring system lastly classifies recommendations from systematic 
reviews into four categories as detailed in Table  2.3—High Quality, Moderate 
Quality, Low Quality, or Very Low Quality.

Initially, randomized control trials begin with a “High Quality” rating and obser-
vational studies with a “Low Quality” rating. As noted earlier, the authors believe 
that observational studies can be even more rigorous than randomized trials depend-
ing on features of study design. However, for purposes of the GRADE system, we 

Table 2.2 Levels of 
evidence

Level 1 Systematic review of randomized trials
Level 2 Randomized control trial, observational study with 

dramatic effect
Level 3 Non-randomized controlled cohort
Level 4 Case-control studies, case-series
Level 5 Mechanism-based reasoning

Adapted from the Oxford Centre for Evidence Based Medicine [13]

2 Evidence-Based Medicine and Decision Making
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begin with the traditional quality levels. The five categories that move studies down 
in quality level are risk of bias, imprecision, inconsistency, indirectness, and publi-
cation bias. Table 2.4 shows these factors as well as categories that increase quality.

To discuss aspects of the GRADE system, we use the clinical question of whether 
staple line buttressing method affects leak rate from Parikh et al.’s systematic review 
[12]. The specific clinical question is whether patients who underwent laparoscopic 
sleeve gastrectomy with bioabsorbable buttressing had different leak rates com-
pared to patients who had no buttressing or nonabsorbable buttressing (Table 2.5). 
The researchers estimated the effect of buttressing on leak rates using a multivari-
able regression formulated from a general estimating equation adjusting for bougie 
size, distance from pylorus, age, and BMI. The researchers conclude that buttress-
ing technique had no significant effect on leak rates. We will next use the GRADE 
system to analyze the evidence which is also summarized in Table 2.6.

Table 2.3 Significance of GRADE levels of evidence

High quality We are very confident the true effect lies close to that of the effect estimate
Moderate 
quality

The true effect is likely to be close to the estimate of the effect, but there is a 
possibility that it is substantially different

Low quality The true effect may be substantially different from the effect estimate
Very low 
quality

The true effect is likely to be substantially different from the effect estimate

Adapted from Balshem et al. [14]

Study design
Initial quality of a
body of evidence Lower if Higher if Quality of a body of evidence

Randomized
trials

Observational
studies

High

Low

−1 Serious
−2 Very serious

Risk of Bias

−1 Serious
−2 Very serious

Inconsistency

−1 Serious
−2 Very serious

Indirectness

−1 Serious
−2 Very serious

Imprecision

−1 Likely
−2 Very likely

Publication bias

High (four plus: ⊕ ⊕ ⊕ ⊕)

Moderate (three plus: ⊕ ⊕ ⊕    )

Low (two plus: ⊕ ⊕        )

Very low (one plus: ⊕            )

   +1 Evidence
     of a gradient

+1 Large
+2 Very large

Large effect

All plausible residual

+1 Would reduce a
  demonstrated effect
+1 Would suggest a
   spurious effect if no
   effect was observed

Dose response

confounding

Table 2.4 A summary of GRADE’s approach to rating quality of evidence

From Balshem et al. [14]

Table 2.5 PICO for our GRADE evaluation

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Adults who underwent 
laparoscopic sleeve 
gastrectomy

Bioabsorbable 
buttressing of staple 
line

No buttressing of staple 
line
Nonabsorbable 
buttressing of staple 
line

Leak rate

G. F. Chao and J. B. Dimick
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2.5.1  Risk of Bias

Overall, there were 55 articles with 6578 laparoscopic sleeve gastrectomy patients 
included that specify buttressing technique. The vast majority are observational 
studies, and thus we are at risk for sample selection bias. Techniques like instrumen-
tal variable analysis to control for unmeasured confounding were not used. 
Importantly, randomized control trials are not without risk of bias. They include loss 
to follow-up causing sample selection bias and lack of blinding which can cause 
measurement error.

2.5.2  Inconsistency

Heterogeneity of conclusions between studies can occur if there are differences in 
the baseline patient population and how the outcome was measured. In our example, 
there are differences in how studies identified leak. The reviewers include “leak,” 
“abscess,” “staple-line failure or disruption,” “infected perigastric hematoma,” and 
“gastro-gastric fistula” as outcomes. These terms are reasonably consistent in 
describing the same outcome of leak. It is also important to always consider whether 
search items will miss studies that define an outcome in other terms.

2.5.3  Indirectness

This is when the body of evidence does not directly answer the PICO. The studies 
in this review are all considered are direct. All studies include adult patients with the 
same operation, intervention of buttressing technique, and outcome of leak.

2.5.4  Imprecision

Wide confidence intervals signal imprecision since the values at either end suggest 
very different effect estimates. Our confidence intervals for the odds ratios in the 
multivariate regression analysis cross 1, meaning there is no difference between 
bioabsorbable buttressing versus no buttressing or versus non-absorbable buttress-
ing. The lower and upper ends of the confidence intervals for these effects are both 
near 1. Thus, there is reasonable precision of these findings. Very wide confidence 
intervals can be due to sample sizes that are too small or events that are too rare.

2.5.5  Publication Bias

Publication bias considers what types of studies are more likely or less likely to be 
published. In general, studies that do not show an effect are not published and thus 
are a largely missing portion of our evidence body. Other factors to consider are 

G. F. Chao and J. B. Dimick



13

who sponsored the studies (e.g. industry, academia) and the sample size. Given that 
the reported outcome is no effect, publication bias is unlikely.

2.5.6  Factors That Can Increase the Quality Assessment

Both magnitude of effect and dose response gradient are not applicable for this 
clinical question as buttressing technique was found to have no effect and is a non- 
ordinal categorical variable. For continuous variables, a larger magnitude of effect 
and greater dose-response gradient strengthens the conclusion that the variable truly 
has an effect on the outcome. An example of a dose-response gradient would be if a 
study found that each unit of blood glucose increase above the normal range corre-
sponded to an increasing risk of post-operative infection.

2.5.7  Confounding

In this review, there was significant intraoperative variation in technique that could 
not be accounted for, such as amount of lateral stretch applied to the stomach and 
distance the stapler was to the bougie when fired. These are all sources of confound-
ing which could alter the effect on leak rate had they been measured. For our clinical 
question in which there was no effect, it is unclear whether these confounders would 
have led to a spurious demonstrated effect. In scenarios in which the evidence does 
demonstrate an effect, ask if confounding would reduce this effect.

2.6  Putting It All Together

Thus, using the GRADE framework, the evidence would be considered Very Low 
Quality and does not support recommendations for or against the buttressing 
options. Table 2.6 summarizes all the GRADE system considerations for this review. 
The quality of evidence would begin at Low (+ +) per Table 2.4 because it mostly 
consists of observational studies. The risk of bias is serious because the design did 
not account for unmeasured confounding such as surgeon preference, comfort, or 
experience with using different types of staplers (−). The review was consistent, 
direct, and without serious concern for imprecision or publication bias (no loss of 
points). Confounders would not clearly have led to a spurious demonstrated effect 
(no gain of points). Again, while the GRADE system is formally used in evaluating 
systematic reviews, its principles should be considered when evaluating any type 
of study.

How much each of these factors discussed influences the strength of the evidence 
is dependent on the severity of the violation of the study’s validity. Chance, bias, 
confounding, Levels of Evidence, and the GRADE system provide general princi-
ples in structuring the surgeon’s analysis. We as surgeons can make the best 
evidence- based recommendations, but any medical decision includes the values of 
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the individuals involved and the healthcare system in which they exist. For example, 
the above discussion does not consider cost effectiveness, out of pocket costs for the 
patient, how much risk patients and surgeons are willing to take, etc.

We want to emphasize that observational studies can be rigorous if they employ 
techniques that account for unmeasured confounding. Examples of robust observa-
tional studies are ones that use large administrative claims databases to detect rare 
occurrences accurately and use instrumental variable analysis to address. 
Additionally, other quasi-experimental designs such as difference-in-differences 
analysis can also generate fairly accurate causal estimates.

We hope that this discussion of evidence-based medicine provides you with a 
foundation for shaping rigorous evaluations of the data available.
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3.1  Introduction

Hypertension affects 42.5% of American adults with obesity compared to 15.3% of 
individuals without obesity [1]. The pathophysiology of hypertension and its close 
association to obesity is incompletely understood. Genetic and environmental influ-
ences lay the groundwork for the complex interplay between the sympathetic ner-
vous system, renal and adrenal function, and their resultant interactions with the 
endothelium, release of adipokines and overall insulin resistance [2–5]. Uncontrolled 
hypertension has clinical significance, as it is a risk factor for cardiovascular mor-
bidity and mortality. Although the pathophysiology is multifactorial and interdepen-
dent, hypertension as a component to the metabolic syndrome is well established in 
its negative effects on morbidity and mortality [6]. Hypertension and obesity, as a 
result, are associated with end organ damage.

The historic treatment for obesity related hypertension has been weight control, 
in addition to lifestyle changes and medications. Many studies have investigated 
non-operative management strategies of obesity and hypertension with lifestyle and 
diet modifications with or without the addition of antihypertensive medications. In 
this chapter we will discuss hypertension as an indication for bariatric surgery. The 
implications of bariatric surgery for the management of hypertension itself will be 
discussed as well as its effects on related comorbid conditions and overall morbidity 
and mortality.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_3&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_3#DOI
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3.2  Search Strategy

PICO table

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Adult aged (18+) 
comorbidity 
hypertension obesity

Bariatric surgery Medical 
management

Resolution or improvement in 
hypertension; improvement in 
mortality; improvement in 
cardiovascular disease risk 
factors

A search strategy based on English language publications from 2000 to 2020 was 
used to identify relevant articles on bariatric surgery for hypertension. Databases 
searched include Pubmed, Scopus and Cochrane Evidence Based Medicine. Only 
full text articles were included. Search terms included “hypertension”. “hyperten-
sion treatment”, “hypertension management”, “refractory hypertension”, “uncon-
trolled hypertension”, “obesity related hypertension” AND (“bariatric surgery” or 
“weight loss” or “metabolic surgery” or “antihypertensive”) AND (“resolution” or 
“improvement” or “treatment” or “morbidity” or “mortality” or “cardiovascular 
outcomes”). Publication types were limited to, meta-analysis, randomized con-
trolled trial, or systematic reviews.

3.3  The Relationship Between Hypertension and Obesity

Hypertension and weight have been shown to be directly correlated with several 
studies demonstrating a nearly linear relationship. Patients achieving incremental 
weight loss were found to have concordant improvement in blood pressure. 
Likewise, studies following patients with weight gain saw predictable elevation of 
blood pressure measurements [5, 7]. Although the exact relationship is incompletely 
understood, the relationship between hypertension and obesity is complex and 
intertwined. The exact method of weight loss is less important in achieving improve-
ment or control of hypertension. In the medical literature, improvement in hyperten-
sion has been demonstrated in patients undergoing medical weight loss by intense 
life-style interventions [7, 8]. Likewise, improvement and resolution of hyperten-
sion has been shown after bariatric surgery [9, 10] (Table 3.1).

3.4  Medical Management Versus Surgical Treatment

The basis of treatment for uncontrolled hypertension has been life-style modifica-
tion and medical treatment to achieve weight loss. However in looking at sustain-
able and durable treatments, several groups have investigated the role of bariatric 
surgery in patients that also suffer from obesity. Ikramuddin and colleagues in a 
randomized control study of 120 participants, directly compared patients with a  
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BMI of 30–40, treated with laparoscopic Roux-en-Y gastric bypass (RYGB) versus 
intensive medical therapy. The primary outcomes they investigated were disease 
control of diabetes, hypertension and hyperlipidemia [8]. They found that those 
patients in the surgery treatment group reached the primary outcome significant 
more often than those in the lifestyle intervention group (49% vs. 19%; OR 4.8; 
95% CI, 1.9–11.7). Furthermore when regression analysis was performed, weight 
loss was found to be the factor differentiating the difference in end points 
between groups.

A systematic review including over 19,000 patients who underwent bariatric sur-
gery from 73 studies performed by Vest and colleagues, demonstrated at 6-month 
postoperative follow-up, a 63% resolution or improvement in hypertension [11]. 
Similarly, Sarkhosh et al. reviewed the impact of sleeve gastrectomy on hyperten-
sion and found a similar effect with 75% of patients achieving improvement or reso-
lution of hypertension [12]. On univariate analysis the authors describe that age was 
a negative predictor—suggesting that patient age may impact the effect of bariatric 
surgery on hypertension resolution. Excess weight loss in this study was a positive 
predictor. In summary all of these studies support early and high rates of improve-
ment in hypertension and overall cardiovascular events with surgery.

Interestingly, we see similar outcomes when we look at patients on multimodal 
therapies. The GATEWAY trial investigated the effects of bariatric surgery specifi-
cally on patients with hypertension on two or more medications at maximum doses 
or more than two medications on moderate dosing with a BMI between 30 and 
39.9  kg/m2 [13]. In this non-blinded randomized controlled trial (RCT) patients 
were randomized to either RYGB with medical therapy or medical therapy alone. At 
12-month follow-up, patients in the surgical group had an 83.7% rate of hyperten-
sion improvement demonstrated by a ≥30% reduction in the number of anti-hyper-
tensive medications required to sustain a normal in office blood pressure compared 
to 12.8% in the medical therapy alone group. Additionally, 51% of patients in the 
surgical group had complete resolution of hypertension post- operatively while no 
patient in the medical therapy group achieved hypertension resolution. Interestingly, 
in this study hypertension improvement, or resolution for that matter, was achieved 
at 1 month post-operatively and this effect was sustained over the 12-month period 
despite ongoing weight loss in the surgical group throughout 12 months. A follow-
up analysis on this cohort of patients found that the rate of resistant hypertension, 
defined as blood pressure that remains above goal despite use of three anti-hyper-
tensive medications of different classes prescribed at optimal doses, was signifi-
cantly improved in the surgical group compared to the medical group (0% vs. 14.9% 
in the control group; p < 0.001) [14].

With weight loss so closely linked to control of hypertension, sustaining weight 
loss becomes of utmost importance. Bariatric surgery has been demonstrated to be 
the best tool for significant, sustained weight loss in severely obese patients [9, 15]. 
Furthermore, bariatric surgery was found to be superior to intensive medical therapy 
alone in achieving long-term weight loss and glycemic control [16]. The clinical 
implications for improvement in blood pressure are not to be discounted. In diabetic 
patients, hypertension is associated with the development and progression of 
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diabetic complications. The pathophysiology of uncontrolled hypertension and its 
detrimental effects on end organ function has been well described with systemic 
macrovascular and microvascular harm [3]. It is incomplete to assess the patient 
outcomes regarding hypertension without evaluating cardiovascular outcomes in 
their entirety. And although several systematic reviews and meta-analyses assess the 
cardiovascular risk factors individually to understand the subsequent impact of bar-
iatric surgery, there are no multicenter clinical trials which prospectively evaluate 
the cardiovascular outcomes of patients after bariatric surgery.

3.5  Treatment in the Presence of Obesity and Diabetes

The treatment of hypertension can become more complex in the setting of not only 
obesity but also diabetes. The Look AHEAD trial evaluated patients with type II 
diabetes and assessed cardiovascular outcomes based on the amount of weight loss 
achieved by lifestyle interventions [17]. Patients who achieved a 10% total body 
weight loss were found to have a 20% lower risk of composite death from cardio-
vascular causes. Likewise, Sjöström et al. demonstrated an overall mortality benefit 
in the Swedish Obese Subjects study of obese patients who underwent bariatric 
surgery compared to those receiving conventional medical treatment at an average 
of 10 years follow-up [18]. In this study, the most common causes of death were 
myocardial infarction and cancer. The mortality benefit described in this study was 
achieved in patients matched for diabetes. At 10-year follow-up patients in the sur-
gical group achieved a significantly greater weight loss than those in the conven-
tional medical treatment group.

The STAMPEDE trial, a RCT which aimed to describe the effects of bariatric 
surgery on the glycemic control and cardiovascular risk factors in diabetic patients 
also demonstrated a decrease in medications needed to control hypertension [16]. 
At 5-year follow-up in the surgical group there was a 40.8% decrease in the number 
of patients who needed ≥3 medications for hypertension control compared to a 
13.1% decrease in the intensive medical therapy group. Mingrone et al. also aimed 
to determine the effects of bariatric surgery on glycemic control in diabetic patients 
[19]. In their study the rates of hypertension improvement or resolution were sig-
nificantly increased in the RYGB or BPD groups compared to the intensive medical 
management group.

The long-term impact on cardiovascular morbidity and mortality after bariatric 
surgery has yet to be studied in a multi-center controlled trial; however, several 
systematic reviews have collected data which describes the impact on cardiovascu-
lar risk factors such as hypertension, diabetes mellitus, hyperlipidemia, and novel 
markers such as CRP, albuminuria or proinflammatory markers. In the systematic 
review by Heneghan et al. a 40% relative risk reduction of 10-year coronary artery 
heart disease risk based on the Framingham risk score was demonstrated [20]. 
Across 52 studies, an average 68% resolution rate of hypertension was found. This 
was in addition to 75% reduction or resolution of diabetes mellitus and 71% rate of 
resolution or reduction in dyslipidemia. The Framingham heart study found that 
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long-standing hypertension is the underlying factor in the development of heart fail-
ure over time. This study found that 91% of patients with heart failure after 20 years 
of follow-up had hypertension proceeding their diagnosis [21].

3.6  Recommendations Based on the Data

For patients that suffer from hypertension and morbid obesity, bariatric surgery 
is recommended over medical treatment alone. Bariatric surgery is the best 
modality treatment for durable long-term treatment of hypertension and lowering 
the risk of associated cardiovascular events (evidence quality strong, strong 
recommendation).

3.7  A Personal View of the Data

Hypertension as a single comorbid condition in a bariatric patient is a marker for 
cardiovascular disease with implications on long-term morbidity and mortality. 
Evidence to date supports bariatric surgery as the most durable and effective treat-
ment for morbid obesity and long-term weight loss. We know that weight loss is 
associated with resolution or improvement in hypertension, and that conversely 
weight regain is associated with an amelioration of this effect. Given the above, we 
recommend bariatric surgery as one of the most effective options for treating hyper-
tension in morbidly obese patients.
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4.1  Introduction

The rising global incidence and prevalence of type II diabetes (T2DM) has paral-
leled the rise in obesity. Projections suggest the prevalence of T2DM will reach 552 
million by 2030, an increase of 150% from 2011 [1]. T2DM has significant impacts 
on morbidity, mortality, quality of life, and healthcare costs. It is the second leading 
cause of obesity related death, and the leading cause of obesity related disability [2, 
3]. Estimates in the United States (US) predict nearly $500 billion in annual health 
care costs by 2030 for diabetes care [4].

Bariatric surgery is currently the most effective treatment for obesity [5]. In the 
early 1990s researchers began to recognize that bariatric surgery was also an effec-
tive treatment for diabetes [6, 7]. Approximately 90% of T2DM is attributable to 
excess weight [8], and multiple trials have now demonstrated the superiority of 
bariatric surgery compared to maximal medical and lifestyle management for treat-
ing T2DM [9–11]. Multiple observational studies have demonstrated a reduction in 
all-cause mortality following bariatric surgery, with a 92% decrease in diabetes 
related deaths [12–15]. Additionally, surgical treatment of T2DM with bariatric sur-
gery is cost effective based on clinical data and economic modeling. The cost-ben-
efit ratio improves over-time related to avoidance of incident co-morbid disease 
[16, 17].

Eligibility and insurance payment for bariatric surgery has followed the National 
Institutes of Health (NIH) guidelines and has been primarily based on body mass 
index (BMI). These guidelines were published in 1991 and have not been updated 
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in nearly three decades, despite significant changes in the practice of bariatric sur-
gery (i.e.: laparoscopy, change in procedures offered, bariatric accreditation) [18, 
19]. Of all obesity-related comorbid illnesses, T2DM has the most evidence as an 
indication for bariatric surgery. In 2015, the Second Diabetes Surgery Summit 
(DSS-II) developed global consensus guidelines based on high-quality evidence. 
This multi-disciplinary group concluded that the indications for bariatric surgery 
should be revised to include T2DM as a primary indication for surgery. Additionally, 
the DSS-II found compelling evidence to recommend bariatric surgery to patients 
with class I obesity (BMI 30–34.9) and poorly controlled T2DM [20]. In this chap-
ter, we review the data to support bariatric surgery as a treatment for diabetes in 
obese patients, and diabetic patients who would not traditionally qualify for bariat-
ric surgery. We argue that bariatric surgery should be considered early in the treat-
ment for pre-diabetes and diabetes, and should no longer be viewed as last resort 
therapy.

4.2  Search Strategy

A comprehensive search of MEDLINE (PubMed), EMBASE, and the Cochrane library 
databases was conducted for English language publications from 2009 to 2020, and 
included the following terms: diabetes AND gastric bypass (RYGB), jejunoileal bypass, 
duodenal switch (DS), gastric sleeve (SG), biliopancreatic diversion (BPD), bariatric 
surgery, metabolic surgery, obesity surgery, intestinal bypass, along with all relevant 
related keywords (Table  4.1). For comprehensiveness, we included evidence-based 
guidelines and practice recommendations from leading diabetes associations, some of 
which preformed independent systematic reviews. We also included papers of historical 
importance or commonly referenced landmark studies. Bibliographies were cross refer-
enced to identify additional relevant articles. Recommendations were classified using 
the GRADE system. Endoscopic and device-based interventions were excluded from 
this analysis. Data for the adjustable gastric band (AGB) procedure is included, but is 
given limited attention as it has widely fallen out of favor in the modern era.

4.3  Results

4.3.1  Bariatric Surgery for Type 2 Diabetes

4.3.1.1  Procedure Specific Diabetes Remission Rates
High quality evidence has demosntrated that bariatric surgery is highly effective for 
the treatment of T2DM [6, 7, 21, 22]. Published T2DM remission rates following 

Table 4.1 PICO table

P (Patients) I (Interventions) C (Comparator) O (Outcomes)
Patients with 
diabetes and 
obesity

Bariatric 
surgery

Maximal medical or 
lifestyle intervention

Glycemic control, diabetes 
remission/resolution, morbidity, 
mortality, weight loss, cost
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bariatric surgery range between 9 and 100% [23]. This reflects variability in how 
diabetes remission is defined between studies, as well as the heterogeneity of patient 
characteristics, procedures, and technique. A large volume of data exists describing 
the long-term anti-diabetic effectiveness of modern bariatric procedures. It is impor-
tant to note that while “diabetes remission and/or resolution” is the primary end-
point in these studies, the definition to achieve this endpoint is not standardized. 
Variability exists in the cutoffs for glycated hemoglobin (A1C) and fasting plasma 
glucose (FPG), and how insulin and other anti-diabetic medications are considered 
when defining the primary endpoint. This is an important consideration that has 
clinical implications when discussing expected outcomes with diabetic patients 
contemplating bariatric surgery.

Long-term diabetes remission rates following RYGB are 29–77% [24–36] in 
studies reporting at least 5 years, and up to 27 years, of follow-up data. Heterogeneity 
of surgical technique, variation in the average pre-surgery BMI, and severity of pre- 
existing diabetes in these studies make direct comparison of reported remission 
rates challenging. Rates of long-term remission of T2DM are 20–100% following 
SG [37–47]. Existing data for DS and BPD are older and more limited, but reported 
rates of T2DM remission are 83–93% [48–50], and 98–100% [51, 52] respectively. 
Importantly, studies looking at BPD and DS have the longest follow-up period with 
data at 10–20  years out from surgery, and diabetes remission rates remain high 
despite these long follow-up intervals.

Madadi, et al. performed a systematic review and meta-analysis of T2DM remis-
sion following SG compared to RYGB and AGB. 35 studies were identified for 
analysis including 18,138 T2DM patients (2480 SG, 10597 RYGB, 5061 AGB). 
Meta-analysis demonstrated pooled remission rates of 56.29% after SG and 60.91% 
after RYGB, with an odds ratio for T2DM remission after SG of 0.71 when com-
pared to RYGB at 1 year of follow up. Interestingly, no difference in remission rates 
could be demonstrated when looking at studies with more than 1 year of follow up. 
These data where obtained using the study specific remission criteria. When a stan-
dardized definition of T2DM remission was applied across studies, a trend towards 
improved remission with RYGB was observed, but was not statistically significant. 
Additional analyses demonstrated an odds ratio at 1 year (OR = 2.17) and > 1 year 
(OR = 3.16) favoring SG over AGB for T2DM remission [53].

4.3.1.2  Outcomes of Surgery Compared to Maximal 
Medical Treatment

Bariatric surgery has consistently demonstrated improved glycemic control when 
compared to maximal medical treatment based on a large body of high-quality data. 
Multiple meta-analyses were identified, published within the past 5 years, compar-
ing bariatric surgery to medical management to achieve a desired glycemic endpoint 
(Table 4.2) [54–57]. Additionally, the DSS-II preformed a meta-analysis of high-
quality primary evidence during guideline development [20]. Overall, these data 
demonstrate the superior effectiveness of bariatric surgery in the treatment of diabe-
tes when compared to medical management.

Wu, et al. identified 8 RCTs for inclusion. Most were single-center, and almost 
none reported number of participating surgeons. Study follow-up ranged from 
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1–5 years. 619 patient were included, with 341 in surgical treatment arms. All stud-
ies had T2DM remission as a primary endpoint, although this was variably defined 
in each study. Relative risk for T2DM remission was nearly six-fold higher after 
bariatric surgery compared to non-surgical arms. All eight studies reported change 

Table 4.2 Comparison of randomized controlled trials within last 5  years for surgical versus 
medical treatment in patients with type 2 diabetes

Author (year) Country

Follow-up 
duration 
(year) Glycemic endpoint

Arms (# 
patients)

Patients 
achieving 
endpoint 
(%)

Ikramuddin^ 
(2018) [77]

USA 5 A1C <7%, med use not 
specified

MM (56) 14
RYGB 
(57)

55

Simonson 
(2018) [78]

USA 3 A1C <6.5%, FPG 
<126 mg/dL, on or off 
meds

MM (19) 0
RYGB 
(19)

42

Schauer 
(2017) [26]

USA 5 A1C <6.0%, on or off 
meds

MM (38) 0
SG (47) 22.4
RYGB 
(49)

14.9

Cummings 
(2016) [79]

USA 1 A1C <6.0%, off meds MM (17) 5.9
RYGB 
(15)

60

Courcoulas^ 
(2015) [80]

USA 3 Remission: A1C <6.5%, 
FPG <125 mg/dL

MM (23) 0

Resolution: A1C 
<5.7%, FPG <100 mg/
dL, off meds

AGB 
(22)

29

RYGB 
(24)

40

Mingrone 
(2015) [30]

Italy 5 A1C <6.5%, FPG 
<5.6 mmol/L, off meds

MM (20) 0
BPD (20) 63
RYGB 
(20)

37

Ding (2015) 
[81]

USA 1 A1C <6.5%, 
FPG < 7.0 mmol/L, on 
or off meds

MM (22) 23
AGB 
(23)

33

Halperin 
(2014) [82]

USA 1 A1C <6.5%, FPG 
<126 mg/dL, med use 
not specified

MM (19) 16
RYGB 
(19)

58

Wentworth^ 
(2014) [83]

Australia 5 FPG <7.0, 2hPG 
<11.1 mmol/L

MM (23) 9
AGB 
(22)

23

Notes: Only the most recent data are included from each cohort if multiple publications exist. A 
number of trials included in the table included patient cohorts with a mean BMI < 35 mg/kg^2 and 
are designated by [^]
Legend: FPG fasting plasma glucose, 2hPG Plasma glucose after 2 h 75 g glucose challenge, MM 
Medical management (as defined by the study), AGB Adjustable gastric band, RYGB Roux-en-Y 
gastric bypass, SG Sleeve gastrectomy, BPD Biliopancreatic diversion
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in A1C, with a mean difference of −1.29 favoring surgery. Subgroup analysis did 
not reveal a difference in T2DM remission rates comparing studies with 1–2 year 
and 3–5 year follow-up duration. Publication bias was suspected to be high based 
on qualitative analysis, funnel plots were not published. Heterogeneity was high for 
all endpoints [54].

Khorgami, et al. identified 7 RCTs excluding studies with less than 2y follow-up 
duration. This included 463 total patients with 236 patients in the surgical arms. 
Overall, T2DM remission (either partial or complete) was observed at a rate of 
52.7% in surgical arms versus 3.5% in medical arms. Relative risk of remission by 
procedure was 15.2 for RYGB, 5.8 for AGB, and was unable to be obtained for BPD 
and SG as these procedures were only reported in single studies. The observed 
remission rates in the single studies were 95% for BPD and 24% for SG, respec-
tively. This was in contrast to remission rates of 0% and 5% in each respective medi-
cal arm. Four studies included data at 5  years follow-up duration. Remission at 
5 years was 27.5% in surgical arms, compared to 3.8% in medical arms. Publication 
bias was considered to be low-risk or unclear [55].

Yan, et al. used data sets from the same cohorts as the other studies described, but 
limited their comparison to RYGB arms against medical treatment. This included 6 
RCTs with 204 patients in RYGB arms and 206 patients in medical arms. As previ-
ously described, definitions of glycemic endpoints were highly variable. 5 of 6 stud-
ies reported remission rates, which overall was 56.8% after RYGB compared to 0% 
with medical treatment. The mean A1C decreased by 1.25 points in the surgical 
arms compared to the medical arms [56].

The DSS-II performed a systematic review of high quality RCTs comparing sur-
gical to non-surgical groups with a follow-up interval of 1–5 years. Surgery was 
nearly 8.5 times more likely to achieve the glycemic endpoint, as defined by each 
trail, compared to medical management. The observed mean A1C decreased by 1.5 
points in the surgical arms compared to the medical arms. The DSS-II generated 
guidelines from this review based on clearly demonstrated superiority of bariatric 
surgery over medical management for 1–5 years of follow-up [20].

Favorable outcomes after bariatric surgery appear to occur rapidly in a weight 
independent fashion [58, 59]. Predictors of a more durable anti-diabetic response to 
bariatric surgery include, shorter duration of diabetes, no insulin requirement, and 
better preoperative glycemic control, possibly related to preservation of beta cell 
function [60–63]. Accurately predicting outcomes for diabetic patients undergoing 
bariatric surgery is of key importance to appropriate patient counseling. Data to sup-
port specific procedure selection is covered elsewhere.

4.3.1.3  The Role of BMI in Patient Selection
A reliance on BMI as the sole indication for bariatric surgery inadequately addresses 
the heterogeneity of patients with T2DM. BMI is not a reliable indicator of burden 
or severity of disease in T2DM patients [64]. A majority of patients with T2DM 
have a BMI <35, the traditional cut-off for inclusion in a bariatric program [65, 66]. 
The criteria for inclusion in US bariatric programs are based on NIH consensus data 
from nearly three decades ago [18, 19]. The current criteria limit insurance access 
for many patients who may benefit from surgical management of diabetes.

4 Diabetes as an Indication for Bariatric Surgery
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Multiple meta-analyses have demonstrated the favorable glycemic outcomes of 
patients undergoing bariatric surgery who do not meet standard NIH criteria for bar-
iatric surgery (Table 4.3). Most recently, Rubio-Almanza, et al. preformed a meta-
analysis of studies including T2DM patients undergoing bariatric surgery with a mean 
pre-operative BMI range of 23.1–29.26. This included a total of 1105 patients under-
going bariatric surgery (multiple procedure types). All studies were conducted outside 
of the US. The most commonly used definition of remission was patients with an A1C 
<6.0% and off all anti-diabetic medications. Remission rates varied between 0 and 
90.2%, with an overall estimate of 43%. The highest remission rates were observed in 
laparoscopic one anastomosis gastric bypass or mini- bypass. Heterogeneity between 
studies was high, while potential for publication bias was low [67].

Muller-Stich, et al. preformed a meta-analysis comparing surgical versus medi-
cal treatment of T2DM in non-severely obese patients (BMI < 35). This included 
818 bariatric surgery patients, and found on overall odds ratio of 14.1 favoring sur-
gery compared to medical management for achieving diabetes remission. HbA1C 
decreased by a mean of 1.4 points [68].

Panunzi, et al. report on 94 studies including >94,000 patients undergoing bariat-
ric surgery. A subset analysis was performed on 4944 T2DM patients comparing 
remission rates in patients with baseline BMI < 35 and > 35. Remission rates were 
72% and 71% respectively and were not significantly different, despite having sig-
nificantly greater reduction in post-operative BMI for the more obese group [69].

BMI criteria were developed from populations of European origin, but patients from 
diverse genetics backgrounds have differences in metabolic risks for any given 
BMI. Asians generally have a realtively elevated percentage of body fat, and risk of 
T2DM per given BMI, and data support a lower BMI cutoff for inclusion in a bariatric 
surgery program [70]. Additionally, equivalent incident rates of diabetes occur at a lower 
BMI in South Asian, Chinese, and black patients compared to white subjects [71]. Other 
genetically diverse populations are underrepresented in the existing literature.

A shift to using the term “metabolic surgery” more accurately reflects the impor-
tant weight-independent metabolic changes that occur after surgery. The branding 
of a surgical program as “metabolic surgery” or “bariatric surgery” significantly 
influences the population of patients seeking surgery. Rubino, et al. found that when 
a program adopted the “metabolic surgery” label, it attracted older patients, more 
male patients, patients with lower BMI, and higher rates and severity of T2DM [72].

4.3.2  Bariatric Surgery for Type 1 Diabetes

The majority (90%) of the diabetes burden worldwide is attributable to T2DM, 
however, Type 1 diabetes T1DM is also on the rise. Increasingly, individuals with 
T1DM have obesity (~50%) [73, 74]. Fewer studies have focused on the effect of 
bariatric surgery on T1DM, but the existing studies point to a beneficial effect of 
bariatric surgery in patients T1DM and obesity.

Three systematic reviews evaluating the effect of bariatric surgery on T1DM 
were identified and results are summarized in Table 4.4. Ashrafian et al. found that 
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bariatric surgery in obese T1DM patients was associated with a significant reduc-
tion in insulin requirement (−44.5 units per day), insulin requirement per kilogram 
(0.307), and A1C (0.788%). Surgery was also associated with a significant reduc-
tion in systolic and diastolic blood pressure and a significant, beneficial rise in HDL, 
outcomes that may influence long-term diabetes related microvascular complica-
tions. Heterogeneity within the included studies was high, and the overall quality of 
studies was low, as all were non-randomized, retrospective studies [73].

Chow et al. similarly reported significant improvements in total daily insulin use 
down by 62  units per day at 12  months and A1C decreased by 0.51 points at 
12  months. The quality of included studies was low and heterogeneity between 
studies was high [74].

Finally, Mahawar et al. concluded that obese T1DM patients can expect signifi-
cant weight loss, comorbidity resolution, and reduction in insulin dose with bariat-
ric surgery. However, they concluded that surgery does not result in improved 
glycemic control in a significant proportion of patients [75].

T1DM results from an autoimmune destruction of the insulin-producing pancre-
atic beta cells. However, individuals with obesity and T1DM may suffer from both 
the pathophysiologic mechanisms of T1DM and T2DM [75, 76]. Patients with obe-
sity and T1DM, potentially repesent a unique population for future research into 
mechanisms of diabetes improvement following bariatric surgery.

4.4  Recommendations Based on the Data

Recommendation
Quality of 
evidence

Strength of 
recommendation

1.  T2DM is an indication for bariatric surgery in class II or 
III obesity.

High Strong

2.  Bariatric surgery should be recommended to patients 
with class II or III obesity and poor glycemic control.

High Strong

3.  Bariatric should be discussed early in the progression of 
disease for patients with T2DM.

Moderate Conditional

4.  For obese patients with T2DM, bariatric surgery is 
superior to medical management for long-term glycemic 
control.

High Strong

5.  Bariatric surgery is a durable treatment for T2DM, and 
remains superior to medical management for at least 
5 years.

High Strong

6.  BMI is not a reliable indicator of disease severity or 
potential for metabolic benefit after bariatric surgery for 
diabetic patients.

Moderate Moderate

7.  NIH consensus criteria to qualify for bariatric scery 
should be updated to more accurately reflect existing data 
supporting metabolic benefits after bariatric surgery in 
diabetic patients.

High Strong

(continued)
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Recommendation
Quality of 
evidence

Strength of 
recommendation

 8.  Payer coverage for bariatric surgery should be evidence 
driven and should be updated from current standards to 
include T2DM as a primary indication for surgery. This 
will require a paradigm shift away from the sole use of 
BMI for patient selection.

NA NA

 9.  Underrepresented racial and ethnic groups benefit from 
bariatric surgery at a lower BMI and are disadvantaged 
by current selection criteria.

Moderate Moderate

10.  Bariatric Surgery can improve glycemic control and 
medication requirements in patients with T1DM and 
obesity.

Low Conditional

11.  We propose using the name “metabolic surgery” to more 
accurately reflect the effect of these interventions.

NA NA

4.5  A Personal View of the Data

Prevention and treatment of diabetes, a disease with significant impacts on quality of 
life, early mortality, and healthcare expenditure, is arguably the most important comor-
bid indication for bariatric surgery. Given the strength of the data to support bariatric 
surgery as a treatment for diabetes, surgery should be considered earlier in the treat-
ment algorithm, and is superior to medical and intensive lifestyle management strate-
gies alone. Nevertheless, the optimal management strategy for patients with diabetes is 
a multi-disciplinary approach that includes surgery, medications, and lifestyle interven-
tions. Evidence suggests that the earlier surgeons can intervene on the disease, the 
better chance we have for “cure”, suggesting that the greatest impact may be in the 
surgical treatment of patients with prediabetes and early onset diabetes. However, with 
the staggering statistical projections about the global burden of both diabetes and obe-
sity, bariatric surgical resources cannot be expected to meet this demand. This high-
lights the importance of patient selection and resource management.

The evidence presented above argues for an update in the selection criteria and 
insurance payment for bariatric surgery. Movement away from BMI centric deci-
sion making, to a model which includes more patient specific factors, could improve 
overall effectiveness and outcomes of bariatric surgery. Finally, better understand-
ing of the mechanisms of diabetes improvement after bariatric surgery is an impor-
tant target for future research, and may lead to additional drug targets or less invasive 
endoscopic therapies.
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5Bariatric Procedure Selection 
in Diabetics

Andrea Stroud and Ryland Stucke

5.1  Introduction

Bariatric surgery is the most effective treatment for obesity [1], and often results in 
Type 2 diabetes (T2DM) remission [2–10]. Of all obesity-related comorbid ill-
nesses, T2DM has the most evidence as an indication for bariatric surgery. T2DM 
resolution following bariatric surgery likely involves multiple mechanisms, and has 
yet to be fully elucidated. Complex neuroendocrine and metabolic effects including 
reductions in glycated hemoglobin (A1C), and concomitant increases in circulating 
incretin concentrations, insulin sensitivity, and β-cell function have been described 
[11, 12]. Interestingly, these metabolic effects appear to have weight-independent 
effects on T2DM and begin to occur prior to discharge from the hospital [13, 14]. 
Several procedures exist in the modern era of bariatric surgery with important dif-
ference in anticipated weight loss, rates of diabetes resolution, and complications, 
including nutritional deficiencies. The role of the modern bariatric surgeon is to 
understand the nuances of existing surgical options and guide patients in individual-
ized decision- making based on their unique characteristics and goals. In this chap-
ter, we review existing evidence to guide procedure selection for diabetic patients 
seeking bariatric surgery.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_5&domain=pdf
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5.2  Search Strategy

A comprehensive search of MEDLINE (PubMed), EMBASE, and the Cochrane 
library databases was conducted for English language publications from 2009 to 
2020, and included the following terms: diabetes AND gastric bypass (RYGB), 
jejunoileal bypass, duodenal switch (DS), gastric sleeve (SG), biliopancreatic diver-
sion (BPD), bariatric surgery, metabolic surgery, obesity surgery, intestinal bypass, 
along with all relevant related keywords (Table 5.1). We also included papers of 
historical importance or commonly referenced landmark studies. Bibliographies 
were cross-referenced to identify additional relevant articles. Recommendations 
were classified using the GRADE system. Endoscopic and device-based interven-
tions were excluded from this analysis.

5.3  Results

5.3.1  Individualizing Procedure Choice for Diabetic Patients

In patients with obesity, bariatric surgery is superior to maximal lifestyle and medi-
cal management of T2DM [2–10]. In general, bariatric procedures that result in 
more weight lost and higher rates of diabetes remission also carry higher rates of 
post-procedural and nutritional complications. However, the data suggest a more 
nuanced appreciation of the various procedures and unique patient factors is required 
to make appropriate individualized decisions with patients. For diabetic patients, 
the most common primary goal in pursuing bariatric surgery is the resolution of 
diabetes [15]. Patient-centered decision-making should weigh the potential of meta-
bolic improvements and diabetes resolution against post-operative and nutritional 
complications.

SG and RYGB currently make up >90% of primary bariatric procedures per-
formed in the United States, with over half of all procedures being SG [16–18]. 
Emerging data from randomized controlled trials (RCT) suggests minimal differ-
ences in diabetic outcomes comparing RYGB to SG. Aminian, et al. identified four 
modern RCTs comparing diabetic endpoints in patients with T2DM undergoing 
RYGB versus SG. The individual studies had small sample size and taken together 
included 174 patients undergoing RYGB and 175 undergoing SG. Interestingly, no 
significant difference in diabetes remission was identified in any single study or in 

Table 5.1 PICO table

P (Patients) I (Interventions) C (Comparator) O (Outcomes)
Patients with 
diabetes and 
obesity

Bariatric surgery as 
a metabolic 
intervention

Outcomes of various 
operative approaches 
accounting for patient 
factors

Glycemic control, diabetes 
remission/resolution, 
morbidity, mortality, 
weight loss, cost
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pooled analysis (Table  5.2). Primary inclusion criteria in all trials was based on 
BMI. Thus, diabetic outcomes were secondary endpoints and data came from sub-
group analyses. The sub-group analyses were not designed nor powered to detect a 
difference in diabetes remission between SG and RYGB in any of the individual 
RCTs. Aminian, et al. performed pooled analyses. Complete remission of T2DM 
(HbA1C < 6%, off diabetic medications) at 5 years was 50% after RYGB and 43% 
after SG (RR = 0.07, CI-0.2–0.15), while long-term remission (HbA1C < 6.5%, off 
diabetic medications) at 5 years of follow-up was 60% after RYGB and 55% after 
SG (RR 0.05, CI-0.04–0.14). Because the confidence interval crosses 0, the effect 
size of 7% for complete remission and 5% for long- term remission are not statisti-
cally significant. These RCT data are underpowered to make strong procedural rec-
ommendations regarding differences in diabetic outcomes. However, closely 
examining the confidence intervals, suggests that at a maximum RYGB might pro-
vide a relatively small advantage in complete remission of 15% [19].

The PCORnet Bariatric Study included a cohort of 9710 adults with T2DM who 
underwent bariatric surgery between 2010 and 2014 in the United States (US). In 
this unmatched surgical cohort, 64.2% underwent RYGB and 35.8% had SG, 
although pre-operative diabetes severity was similar between groups. The majority 
of diabetes remission occurred in the first 2 years following surgery. Patients who 
underwent RYGB had slightly higher T2DM remission rates compared to SG (HR 
1.10 [95% CI, 1.04–1.16]). At each time point, there was higher T2DM remission 
following RYGB compared with SG, 59.2% vs 55.9% at 1 year, 84.3% vs 81.5% at 
3 years, and 86.1% vs 83.5% at 5 years. The authors conclude that in a real world 
setting RYGB results in small, but improved long-term T2DM outcomes compared 
to SG [20].

Table 5.2 RCTs comparing SG v RYGB (adapted from Aminian, et al. [19])

RYGB SG
Complete 
remission

Long-term 
remission

Complete 
remission

Long-term 
remission

Author (year)

n with 
remission/n 
total cohort (%)

n with 
remission/n 
total cohort (%)

P 
value

n with 
remission/n 
total cohort (%)

n with 
remission/n 
total cohort (%)

P 
value

Schauer, 
et al. (2017) 
[37]

11/49 (22) 7/47 (15) 0.49 15/49 (31) 11/47 (23) 0.57

Salminen, 
et al. (2018) 
[41]

10/40 (25) 5/41 (12) 0.23 18/40 (45) 15/41 (37) 0.59

Peterli, et al. 
(2018) [42]

19/28 (68) 16/26 (62) 0.84 21/28 (75) 20/26 (77) 0.88

Ruiz-Trovar, 
et al. (2019) 
[43]

47/59 (79) 48/61 (77) 0.92 51/59 (86) 50/61 (82) 0.67

4 RCTs 
combined

87/176 (50) 76/175 (43) 0.31 105/176 (60) 96/175 (55) 0.42
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Existing data for diabetes remission following RYGB and SG vary widely and 
depend on multiple factors including the severity and duration of pre-existing dia-
betes, as well as the study’s definition of resolution and/or remission. Overall, stud-
ies consistently favor RYGB over SG for diabetic endpoints, but the differences are 
small. Existing data encompass only 5 years of follow-up, and longer-term data are 
needed, especially when considering possible differences in recidivism.

Duodenal switch (DS) comprises less than 1% of bariatric procedures performed 
in the US [16]. DS causes more pronounced post-operative metabolic changes and 
higher rates of immediate and delayed complications [21–25]. Long-term rates of 
diabetes remission following DS are 83–93%, higher than published rates in RYGB 
and SG [26–28]. No RCTs or prospective trials were identified comparing diabetic 
outcomes of DS versus RYGB and/or SG. However, limited retrospective data sug-
gests higher rates of diabetes remission, lower HbA1C, and decreased need for anti- 
diabetic medications for DS compared to SG [22–26]. A systematic review 
performed by Buchwald, et  al. in 2009 identified 103 treatment arms with 3188 
patients measuring diabetic resolution. This study primarily identified single-arm 
series and only 1.6% of studies contributed class I evidence. However, in this analy-
sis, DS demonstrated complete T2DM remission of 95% compared to 80% after 
RYGB.  Rates of complications were not compared [21]. As minimally invasive 
techniques improve, more comparative data and risk/benefit analyses are needed to 
determine the role for DS in obese diabetic patients.

5.3.2  Use of Decision-Aid Tools for Procedure Selection

While there does not appear to be large differences in diabetic outcomes based on 
broad population data, patient specific factors are also important to consider when 
selecting an appropriate bariatric procedure. A shared decision-making model 
informs patients about anticipated benefits and complications, and elicits patient’s 
preference and desires. Diabetic outcomes are dependent on pre-existing factors 
such as duration of disease, severity of insulin resistance, insulin use, and ability to 
achieve adequate glycemic control [29–32]. Several evidenced-based decision-aid 
tools now exist to support shared-decision making conversations. These tools take 
into account specific patient and procedure factors and can help with procedure 
selection for diabetic patients.

The ABCD [29] and DiaRem [30] scores are validated tools to predict remission 
of T2DM following RYGB at 12 and 14  months respectively. The ABCD score 
incorporates age, BMI, C-peptide levels, and duration of diabetes, whereas the 
DiaRem score incorporates use of insulin, age, HbA1C, and type of antidiabetic 
medications. These two scores have similar performance characteristics overall [32].

The Individualized Metabolic Surgery (IMS) score helps frame anticipated out-
comes when considering RYGB versus SG operations for diabetic patients. This 
validated online calculator utilizes accessible patient information including, the 
number of pre-op T2DM medications, insulin use, and HbA1C, as well as duration 
of T2DM, to guide expectations for diabetes remission. The tool was developed 
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from retrospective data of 659 patients undergoing RYGB or SG, and validated in 
241 patients at a second center. Short- and long-term complication rates are not 
explicitly considered in this model. Follow-up data was captured out to 5 years. This 
tool divides patients into mild, moderate, and severe diabetic catagories, which cor-
responds to 15%, 51%, and 34% of the study population respectively. For patients 
with mild diabetes, RYGB and SG are both highly effective, but RYGB was signifi-
cantly better at achieving diabetes resolution (92% vs. 74%, p = 0.04) and decreas-
ing the need for diabetic medication at 5 years. Patients with moderate diabetes, 
which comprised 51% of the study cohort, experienced a significant and dramatic 
difference in remission rates at 5  years favoring RYGB over SG (60% v. 25%, 
p = <0.001). Additionally, RYGB patients with moderate T2DM were significantly 
more likely to achieve a HbA1C <7, take less anti-diabetic medications, or remain 
off all diabetic medications. The authors suggest a clear advantage of RYGB over 
SG for moderate diabetics. In patients with severe diabetes there was no difference 
in rates of diabetes remission (12% in both SG and RYGB groups). However, the 
validation cohort of severe diabetics did demonstrate a difference in remission rates 
of 8% in the RYGB arm versus 3% in the SG arm. Given that SG has potentially less 
post-operative and nutritional complications, the authors favor SG in severe diabet-
ics, and argue this avoids the slightly increased risk of complications associated 
with RYGB [31]. More data are needed to understand the true difference in diabetes 
remission rates in severe diabetics.

While rates of diabetes remission is an important factor to consider when coun-
seling bariatric patient on procedure choice, other factors such as weight loss, risk 
profile of post-operative and nutritional complications, and options for revision sur-
gery are important to consider. Additionally, co-morbid conditions such as gastro-
esophageal reflux or Barrett’s esophagus, inflammatory bowel disease, abdominal 
hernias, and psychiatric disease may influence procedure selection.

5.3.3  Recidivism and Incident Diabetes

It is important to recognize that 35–50% of patients who achieve remission of 
T2DM following bariatric surgery experience recurrence within 5 years [33–35]. In 
the PCORnet Bariatric Study, T2DM relapse rate was lower for RYGB than SG (HR 
0.75 [95% CI, 0.67–0.84)]. The proportion of patients who experienced diabetes 
recidivism after RYGB was lower at each time point compared to SG, (8.4% vs 11% 
at 1 year, 21.2 vs 27.2% at 3 years, and 33.1% vs 41.6% at 5 years) [20]. However, 
with or without relapse, patients who undergo surgery maintain substantial improve-
ment in glycemic control from baseline for at least 5–15 years [36]. Predictors of a 
more durable anti- diabetic response to bariatric surgery include, shorter duration of 
diabetes, no insulin requirement, and better preoperative glycemic control, possibly 
related to preservation of beta cell function [34, 35, 37, 38]. The Individualized 
Diabetes Relapse (IDR) score has been developed to calculate the risk of diabetes 
relapse in patients who have experienced early remission [39]. These data are not 
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yet robust enough to inform procedure selection, but may become important as 
more long- term data are reported.

Metabolic surgery may additionally have a role in the prevention of diabetes in 
obese, at-risk patients. The Swedish Obese Subjects (SOS) trial is the largest and 
longest multi-center prospective bariatric trial and includes secondary diabetic end-
points. Recruitment occurred from 1987 to 2001 with 20 years of follow-up data, 
and included 1658 surgical patients (311 underwent gastric banding, 1140 under-
went vertical banded gastroplasty, and 207 underwent RYGB), matched with 1771 
obese controls. In the post-surgical arm, T2DM developed with an incidence rate of 
6.8 cases per 1000 person-years versus 28.4 cases per 1000 person-years in con-
trols, representing a nearly 80% risk reduction of incident diabetes following bariat-
ric surgery. Assessment of incident diabetes in at-risk obese patients following 
bariatric surgery is an important outcome to consider in future bariatric studies [40].

5.4  Recommendations Based on the Data

1.  Sleeve gastrectomy and Roux-en-Y gastric bypass are both effective 
procedures to induce remission of T2DM.

High Strong

2.  Roux-en-Y gastric bypass and sleeve gastrectomy have similar rates 
of diabetes remission over 5 years of follow-up.

High Strong

3.  Individual patient factors are important for appropriate procedure 
selection.

High Strong

4.  Patients with moderate diabetes have superior outcomes after RYGB 
compared to SG.

Moderate Moderate

5.  DS leads to increased rates of T2DM remission and complications 
compared to RYGB and SG.

Low Weak

6.  Despite rates of recidivism, diabetic patients still have significant 
benefit compared to baseline following bariatric surgery, and 
recidivism should not be considered a “failure”.

Moderate Moderate

5.5  A Personal View of the Data

It is well established that bariatric surgery is superior to the best medical manage-
ment for the treatment of T2DM. As surgeons, we must help guide our patients to 
an optimal outcome using the best available evidence. Currently, we can be confi-
dent that the majority of patients with T2DM will experience diabetes remission 
after bariatric surgery. However, it is important to acknowledge a moderate rate of 
long- term relapse.

Procedure selection involves understanding individual patients’ priorities and 
goals, as well as comorbidities and prior surgery that may influence surgical 
decision- making. If diabetes resolution is the highest priority to the patient, RYGB 
will offer superior results to SG. This relationship is most pronounced in those with 
moderate disease. The metabolic benefits of RYGB to patients with mild or severe 
disease is more controversial. The use of the IMS online prediction tool can help 
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guide preoperative discussions with diabetic patients. Of note, minimally invasive 
variations of the duodenal switch are increasingly performed in the US and may 
offer another strong anti-diabetic operation, but high quality comparative studies 
are needed.

Moderate rates of long-term relapse of T2DM exist. However, these cases should 
not be considered a failure as patients still have improved long-term outcomes 
despite recidivism. In a patient-centered shared-decision making model, patient 
specific factors and preferences should be accounted for, including thoughtful dis-
cussions of risks and benefits, in order to guide procedure selection.
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6Should Patients with Obesity 
Hypoventilation Syndrome Undergo 
Bariatric Surgery

Maximiliano Tamae-Kakazu

6.1  Introduction

Obesity hypoventilation syndrome (OHS) is characterized by the presence of obe-
sity, defined as body mass index (BMI) ≥  30  kg/m2, sleep-disordered breathing 
(SDB) and chronic daytime hypoventilation (PaCO2 > 45 mmHg) in the absence of 
other known causes of hypercapnia [1]. Most of the patients with OHS have severe 
obesity [1] and have severe obstructive sleep apnea (OSA) [2]. As the prevalence of 
obesity increases [3–5], the prevalence of OHS is likely to increase. Patients with 
OHS have a higher risk of cardiovascular morbidity [6] and death [7, 8]. If untreated, 
it can progress to significant adverse outcomes.

Although obesity is an important factor in the development of OHS, the main 
treatment strategy is treating SDB with positive airway pressure (PAP) therapy dur-
ing sleep. Yet despite PAP treatment, multiple studies have shown that cardio- 
metabolic risk factors of severe obesity persist [9–11] and morbidity and mortality 
remain high in patients with OHS [12–14].

Weight loss can have an impact in SDB and the morbidity and mortality associ-
ated with obesity. However as we know lifestyle interventions can lead to temporary 
weight loss in patients with obesity without improving long-term cardiovascular 
outcomes because the weight loss is often regained [15, 16]. Bariatric surgery is the 
best current treatment for durable weight loss that can produce improvements in 
cardio-metabolic outcomes. Clinical trials of sleeve gastrectomy or gastric bypass 
surgery have reported significant improvements in metabolic, cardiovascular mor-
bidities and reductions in all-cause and cardiovascular mortality [21–27]. However, 
most studies excluded patients with OHS or simply did not assess whether the 
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enrolled patients had OHS, it is unclear whether bariatric surgery could provide the 
same benefit in patients with OHS compared to other interventions.

6.2  Search Strategy

The population, intervention, comparator, outcome (PICO) format was used to 
address the following question: “Should patients with obesity hypoventilation syn-
drome undergo bariatric surgery”.

A literature search of English language publications from 1974 to March 2019 for 
Embase and from 1946 to March 2019 for Medline were used to identify polished 
data on bariatric surgery in patients with obesity hypoventilation syndrome. Terms 
used in the search were “exp obesity hypoventilation syndrome/”, “obesity hypoven-
tilation.mp”, “Pickwick”, “OHS”, “hypox$.mp”, “hypercapni$.mp”,“hypoventilat$.
mp”, “ex Respiratory failure.mp”, “(obes$ or overweight).mp. or body mass index.
tw. or bmi.ti.”, “((sleep or apn?ea? or OSA or OSAHS) and (obese or obesity or 
overweight)).ti”, “sleep apnea, obstructive/or Sleep Apnea Syndromes/”, “OSAHS.
ti,ab,kw,kf. or osa.ti.”, “((sleep or obstructive) adj2 (apn?ea? or hypopn?ea?)).
ti,ab,kw,kf.”, “paco2.tw”, “((serum or plasma) adj3 (bicarb$ or hco3$)).tw.”. Due to 
the low numbers of high evidence studies, case series with more than 20 patients 
were included. We assessed the risk of bias in the included studies using the Cochrane 
risk of bias tool for randomized controlled trials and the Newcastle-Ottawa scale for 
comparative non-randomized studies and single arm studies.

6.3  Results

There were two randomized control studies including patients with OHS and four 
non-randomized studies without comparator (case series of at least 20 patients with 
OHS) selected for final analysis. These studies used current weight loss interven-
tions or surgical approaches in bariatric surgery and had relevant data or outcomes 
of interest.

One randomized controlled trial in patients with OHS compared 17 patients allo-
cated to an exercise and nutrition rehabilitation program in addition to noninvasive 
ventilation (NIV) with 20 patients allocated to standard weight loss counseling in 
addition to NIV. The primary outcome was weight change at 12 months. Secondary 
outcomes were anthropometric and body composition, gas exchange, exercise 
capacity with 6-min walk test, muscle mass and strength, health related quality of 
life, and NIV adherence. The mean difference from baseline of 140 kg was 11.8 kg 
lower in the weight loss program at 3 months (95% CI 22.1 lower to 0.63 higher). 
The rehabilitation program improved 6-min walk distance, and dyspnea based on 
MRC breathlessness scale at 3 months. The mean difference in the 6-min walk test 
was 29.3 m higher (95% CI 0.7 lower to 18 higher). These interventions did not 
show any significant difference in weight loss at 12 months (mean difference-9.4 kg 
95% CI-23.5–4.6 kg) [27].
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One randomized controlled trial compared 33 patients allocated to intensive 
nutritional care (INC) with 30 patients who underwent laparoscopic adjustable gas-
tric banding (LAGB). OHS was present in 42% of the intensive nutritional care and 
39% of the LAGB groups. The primary outcome was weaning from NIV at 1 and 
3  years based on improvements in apnea-hypopnea index (AHI) or PaCO2. 
Secondary outcomes were weight loss, BMI, AHI, and excessive body weight loss. 
The baseline mean weight was 130 kg. After 1 year the mean weight was 115.5 kg 
in the LAGB group compared to 116.4 kg patients in the INC group, resulting in an 
excess weight loss of 15% for the INC and 33% for the LAGB. At 3 years the mean 
weight was 117.4 kg in the LAGB group and 121.1 kg in the INC group with an 
excess weight loss of 8% in the INC group and 27% in the LAGB group. At baseline 
the AHI between groups did not have any significant difference. After 1 year the 
INC group had a reduction of 9% in AHI, and the LAGB had a 44% reduction in 
AHI. However, there was no significant difference in AHI between INC and LAGB 
at 1 year. There was no significant difference in improvement of OHS (based on 
PaCO2). Few patients required gastric and repositioning due to dysphagia, change 
of reservoir location and gastric band replacement. No nutritional deficiency was 
observed. Five patients reported gastric band removal after RCT because of gastric 
band slippage, gastric ulcer, gastric cancer (7 years after surgery) [28].

There were five case series that reported a cohort of more than 20 patients with 
OHS undergoing bariatric surgery.

A prospective cohort between 2000 and 2007 included 102 patients with weight 
between 105 and 199 kg and BMI between 35 and 70.9 who underwent derivative 
biliodigestive surgery (biliopancreatic diversion with duodenal switch) for treat-
ment of morbid obesity. The mean excess weight loss ranged between 45% and 64% 
at 3–5 years. This study reported improvement or resolution of OSA and OHS in 94 
patients (92.2% of the cohort). There were 16 patients with OHS included in this 
study and all of them had resolution of OHS 5–7 years after bariatric surgery. This 
study did not characterize the weight loss in the OHS group. In the short term post- 
operative period 1.9% of the patients developed pulmonary embolism, 1.9% devel-
oped transient hypoxemia, and 3.9% developed phlebitis. The most common 
complications in the long term were iron deficiency, diarrhea, foul-smelling, potas-
sium deficiency, fatigue and proctitis. Specific long term-post-operative complica-
tions in the first 2 years after surgery were abdominal abscess (1.9%), gastroduodenal 
reflux (3.9%), and incisional hernia (5.9%). In summary, no serious intra- or post-
operative complications were observed, except for two cases of pulmonary embo-
lism in two super-obese young women with no significant co-morbidities, despite 
physical and medical prophylaxis. There was no mention whether these patients’ 
pulmonary embolism had OHS [29].

The other four publications were performed by the same author in the same insti-
tution. One of these observational studies included a cohort of 30 patients with OHS 
that underwent gastric bypass. Sleep apnea syndrome was present in 19 patients. 
The outcomes were AHI, pulmonary function, and blood gases. The patient had an 
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average weight loss of 50 kg (95% CI 39–60) from baseline of 155 kg at 2 years. 
This study showed resolution of OHS in 25 patients (86.2%) at 2 years [30].

Two observational studies compared the PaO2 and PaCO2 in patients with OHS 
before gastric bypass and between 3 and 9 months after the procedure, resulting in 
a mean increase in PaO2 of 15 mmHg (95% CI 9–21) [30] and 19 mmHg higher 
(11–27) [31] with a mean reduction in PaCO2 of 10 mmHg (95% CI 7–13) [30] and 
10 mmHg (6–14) [31] respectively. One study reported the death of 1 patient died 
of peritonitis from gastric leak resulting in a mortality of 3% [30] and adverse events 
in one-fifth of the patients. The other study reported one death out 26 patients from 
occluded tracheostomy (inserted for severe OHS) [31].

On observational study included 26 patients with OHS, 17 of them with sleep 
apnea syndrome. Hemodynamic evaluation with pulmonary catheter was performed 
in 18 of the patients before and after gastric bypass surgery and there was a signifi-
cant decrease in their pulmonary artery pressure from 36 mmHg to 23 mmHg, and 
reduction in wedge pressure from 17 mmHg to 12 mmHg [31].

One observational study reported 61 patients with OHS that underwent gastric 
bypass. The mean weight at baseline was 163  kg with an excess weight loss of 
45 ± 34% after the procedure. The arterial blood gas at baseline showed a mean 
PaO2 of 53 ± 10 mmHg and a mean PaCO2 of 53 ± 9 mmHg. One year after the 
procedure, the blood gas was revaluated in 31 patients showing a mean PaO2 of 
73 ± 15 mmHg and a mean PaCO2 of 44 ± 8 mmHg [32]. The mortality rate in 
patients with OHS was 4% compared with 0.7% for the entire series of patients 
undergoing gastric bypass.

An observational cohort of 64 patients with morbid obesity and venous stasis 
disease included 19 patients with OHS. The mean weight at baseline for the entire 
cohort was 179 ± 39 kg and 3.9 ± 4 year after gastric bypass surgery there was a 
mean weight reduction of 62 ± 33 kg. The patients with OHS had resolution of this 
comorbidity after bariatric surgery. This report was part of a larger cohort of 1976 
patients with morbid obesity whom underwent gastric bypass and adverse events 
were reported from the total group with distinction based on the presence of venous 
stasis, but not OHS. Fatal pulmonary embolism occurred in 0.2–4%, incisional her-
nia in 26–38%, leak/peritonitis/death 0.5–3%, surgical death 0.8–8%, major wound 
infection in 4–8%, minor wound infection in 9–10%, stable line disruption in 
1.5–3%, marginal ulcer in 16–13%, stomal stenosis in 16–12%, small bowel 
obstruction in 4–5% depending the presence of venous stasis disease or not respec-
tively [33].

One observation study included a cohort of 16 patients with OHS whom under-
went biliopancreatic diversion with duodenal switch. All the 16 patients resolved 
their OHS 5–7 years after bariatric surgery [29]. This study reported no significant 
complications in the short term post-operative period except for pulmonary embo-
lism in 1.9% of the cases and transient hypoxemia in 1.9% of the cases.
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6.4  Conclusions

In this systematic review of weight loss interventions in patients with OHS two 
randomized controlled studies and five observational studies were included. The 
weight loss interventions reported in these studies were bariatric surgery, intensive 
nutritional care and a hybrid inpatient-outpatient motivation, exercise and nutrition 
rehabilitation program.

The effect of the weight loss interventions in OHS is likely related with the 
degree or efficiency of weight loss. The studies that reported patients undergoing 
gastric bypass had an excess weight loss of at least 40–55% resulting in improve-
ment or resolution in OHS, oxygenation, hypercapnia, and apnea index [30–33].

One study reported patients who underwent bilio-intestinal diversion with an 
excess weight loss of 45–64% with resolution of OHS that was present in 15% of 
the patients [29].

The study comparing intensive nutritional care and LAGB resulted in excess 
weight loss of 15% and 33% respectively at 1 year, with improvement in AHI com-
pared to baseline. However, this excessive weight loss was not significant to pro-
duce resolution of OSA or OHS and wean from NIV therapy. However, one of the 
studies by Sugerman [32] showed a normalization of PaCO2 with a weight 
loss of 30%.

This percentage of weight loss is more likely to be achieved with weight loss 
surgery, suggesting a role of bariatric surgery in patients with OHS.

The data reported on adverse events is limited and most of these studies included 
cohort with the procedure performed 30 years ago. The morbidity and mortality 
outcomes with bariatric surgery have improved since then. Identification of patients 
with OHS that will benefit from bariatric surgery with a reasonable risk or to deter-
mine if there is any additional risk in patients with OHS undergoing bariatric sur-
gery require further studies.

The strength of this systematic review is that we looked at studies that included 
patients with OHS. The limitations of the study are that some of the studies did not 
include exclusively OHS patients, many of the cohorts had the surgical procedure 
decades ago, and the quality of the evidence is very low. We excluded studies that 
we were not able to separate patients with COPD or other cause of hypercapnia to 
minimize confounders, but still the quality of the data is very low. The most recent 
cohort with bariatric surgery included the study reporting biliopancreatic diversion 
with duodenal switch [29] that was performed between 2000 and 2007.

Based on the lack of good evidence and the limited literature available, bariatric 
surgery should be offered when estimated benefit outweighs the risk.

6.5  A Personal View to the Data

Bariatric surgery is more likely to achieve an effective and sustained weight loss in 
the long term to produce improvement or resolution of OHS, improvement in gas 
exchange and potential cardiovascular benefits. Bariatric surgery has become a safe 
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surgical procedure in patients with morbid obesity. However, the evidence of safety 
in OHS are limited. Further studies are needed to determine the safety of bariatric 
surgery in OHS.

6.6  Recommendations

Bariatric surgery should be offered in individual cases after evaluation of benefits 
and risks.

Special consideration for bariatric surgery should be made when considering a 
weight loss of 30% or more.
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7Bariatric Surgery in Heart Failure

Mark Belkin and John Blair

7.1  Introduction

Over 6.2 million adults are diagnosed with heart failure (HF), per the most recent 
National Health and Nutrition Examination Survey (NHANES) report. The preva-
lence of this disease is estimated to eclipse 8 million adults by the year 2030. 
Similarly, obesity rates continue to rise, with 39.6% of United States (US) adults 
diagnosed with obesity (body mass index (BMI) ≥ 30 kg/m2) per the 2015–2016 
NHANES data, an increase from 37.7% in 2013–2014. Rates of morbid obesity 
(BMI ≥ 40 kg/m2) remained stable, though significantly elevated, at 7.7% according 
to these two reports [1].

Obesity is associated with an increased risk of cardiovascular disease, including 
HF, coronary artery disease (CAD), and stroke [1]. However, obesity has the stron-
gest association with HF, specifically. Obesity is associated with an almost four-fold 
(HR 3.73) increase in development of HF in patients with BMI ≥ 35 kg/m2, com-
pared to a two-fold increase in risk of CAD and stroke [2]. Earlier studies noted an 
“obesity paradox,” in which more patients with obesity had a lower all-cause mor-
tality [3–5]. However, further research has shown that this is likely due to lead-time 
bias: patients with obesity develop cardiovascular disease earlier in life than patients 
without obesity, and therefore appear to have reduced mortality as they live longer 
from the time of disease diagnosis [6]. Importantly, this “obesity paradox” does not 
apply to cardiovascular morbidity, including HF. In fact, BMI is directly related to 
the risk of incident HF, with increasing risk associated with rising BMI in middle 
aged men and women: HR 1.23–1.37 for overweight individuals (BMI 25–29.9 kg/
m2), HR 1.95–2.28 for patients with oesity (BMI 30–39.9 kg/m2), and HR 4.32–5.26 
for patients with morbid obesity (BMI ≥ 40 kg/m2) [6]. While obesity confers a 
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higher risk of development of both HF with preserved ejection fraction (HFpEF) as 
well as HF with reduced ejection fraction (HFrEF), there is a higher risk of HFpEF 
than HFrEF development for each standard deviation increase in BMI. Interestingly, 
while obesity in men carry an increased risk of both phenotypes of HF, obesity in 
women only have an increased risk of development of HFpEF, and not HFrEF [7].

Bariatric surgery has become an accepted therapy for morbidly obesity 
(BMI ≥ 40 kg/m2) without concomitant disease, as well as obesity (BMI ≥ 35 kg/
m2) with significant co-morbidities, including cardiovascular risk factors, though 
not HF specifically [8]. In this chapter, we discuss the effect of bariatric surgery on 
the incidence of new-onset HF in morbidly obesity, as well as its role in the treat-
ment of known HF. Finally, we will address the unique surgical challenges associ-
ated with bariatric surgery in patients with known HF.

7.2  Search Strategy

We aim to assess and review the published data regarding the effect of bariatric 
surgery on HF outcomes in morbidly obesity, when compared to optimal medical 
therapy (see Table  7.1). We included the following terms in our search of the 
PubMed database: “Heart Failure” AND “Bariatric Surgery” OR “Gastric Banding” 
OR “Gastric Bypass” OR “Gastroduodenal Bypass” OR “Laparoscopic Gastric 
Bypass” OR “Laparoscopic Gastroduodenal Bypass” OR “Laparoscopic Roux- 
en- Y Gastric Bypass” OR “Roux-en-Y Gastric Bypass” OR “Sleeve Gastrectomy” 
OR “surgical weight loss.” Search limits included English language, clinical trials, 
controlled clinical trials, meta-analyses, observational studies, randomized con-
trolled trials, and systemic reviews. The database was searched from inception 
through December 3, 2019.

7.2.1  Bariatric Surgery Improves Cardiac Function

While there are no trials evaluating bariatric surgery with heart failure incidence as 
the primary outcome, studies assessing serum biomarkers, invasive hemodynamics, 
and cardiac function have been completed in this population. First, bariatric surgery 
is associated with a decrease in Cardiac Troponin-I, an indicator of subclinical myo-
cardial injury, and an increase in N-terminal pro-brain natriuretic peptide, when 

Table 7.1 PICO

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
morbid 
obesity

Bariatric 
surgery

Optimal medical 
therapy

Incidence of new onset heart failure, 
heart failure hospitalization, 
cardiovascular mortality, surgical 
complications
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compared to non-surgical weight management [9, 10]. Second, bariatric surgery has 
been shown to improve the cardiac hemodynamics of obese patients. In a systematic 
review and meta-analysis of studies evaluating invasive hemodynamics before and 
after weight loss intervention, three of nine included studies used bariatric surgery 
as the form of weight loss. The median weight loss of 43 kg in the analysis was 
associated with significant reduction in heart rate and blood pressure, as well as a 
significant decrease in invasively measured right atrial pressure, mean pulmonary 
artery pressure, and pulmonary capillary wedge pressure at both rest and 
 exercise [11].

Additionally, bariatric surgery has been associated with improvements in cardiac 
structure and function. Two recent systematic reviews and meta-analyses evaluated 
multiple echocardiographic indicators of cardiac structure and function. These stud-
ies showed that weight loss following bariatric surgery led to significant reductions 
in left ventricular mass index, left ventricular end-diastolic volume, and left atrial 
size. Furthermore, they noted a significant improvement in left ventricular ejection 
fraction (LVEF) and echocardiographic indices of diastolic function [12, 13].

7.2.2  Bariatric Surgery Decreases Incidence of Heart Failure

Bariatric surgery has been associated with a decreased incidence of HF. A recent 
Swedish registry-based study analyzed over 47,000 adult, obese patients to assess 
the effect of bariatric surgery on incidence of HF. Approximately half of the popula-
tion underwent bariatric surgery, including gastric banding, vertical banded gastro-
plasty, and gastroduodenal bypass. There was a five-fold increase in the risk of HF 
incidence in the non-surgical group when compared to the surgical group, 6.9/1000 
person-years compared to 1.0/1000 person-years, respectively. Bariatric surgery 
conferred a 63% reduction in risk of HF after adjustment for HF risk factors (HR 
0.37, 95% CI 0.30–0.46). This reduced risk was significant across age, sex, and co- 
morbidities, including diabetes, hypertension, and CAD [14]. A separate Swedish 
registry noted a similar significant risk reduction in incident heart failure following 
gastric bypass surgery (HR 0.54, 95% CI 0.35–0.82), over a median 4.1 years of 
follow-up. This risk reduction was in the setting of an additional 22.6 kg weight loss 
after 2-year follow-up in the surgical cohort compared to the lifestyle modification 
cohort [15].

7.2.3  Bariatric Surgery Reduces Morbidity and Improves Cardiac 
Function in Heart Failure Patients

There are no randomized control trials evaluating bariatric surgery versus placebo 
in patients with HF. However, there are multiple, small observational studies indi-
cating bariatric surgery is associated with an improvement in HF symptoms and 
functional status, as well as a decrease in HF hospitalization [16–20].

7 Bariatric Surgery in Heart Failure
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HF symptoms and functional status have been shown to improve with bariatric 
surgery in HF patients. In a small retrospective review of 12 morbidly obese 
patients with HFrEF undergoing bariatric surgery, New  York Heart Association 
(NYHA) functional class improved significantly in the surgical group, 2.9 ± 0.7 to 
2.3 ± 0.5 (p = 0.02), and worsened significantly in the control group, 2.4 ± 0.7 to 
3.3 ± 0.9 (p =  0.02) [16]. Similar improvement in NYHA functional class was 
noted among 14 patients with morbid obesity that underwent bariatric surgery, 
including laparoscopic and open Roux-en-Y gastric bypass, sleeve gastrectomy, 
and laparoscopic gastric banding. At baseline, 43%, 43%, and 14% of patients had 
NYHA class II, III, and IV functional status, respectively. Post-operatively, this 
improved to 86%, 14%, and 0%, respectively [18]. In another small retrospective 
study, 13 patients with HFrEF underwent bariatric surgery and six received non-
operative weight management, after which surgery was associated with improved 
symptoms. Over 4.3 ± 2.7 years of follow-up, the surgical patients had improved 
dyspnea on exertion and lower extremity edema when compared to the non-surgi-
cal controls [17].

These data also indicate an improvement in LVEF in HF patients following bar-
iatric surgery. In the retrospective study by Ramani et al., baseline LVEF increased 
significantly in the surgical group, from 21.7 ± 6.5% to 35 ± 14.8% (p = 0.005), but 
not in the ten matched control non-surgical patients, LVEF 23.5  ±  6.7% to 
28.5 ± 14.0% (p = 0.25) [16]. McCloskey et al. reported similar improvement in 
LVEF, from 23 ± 2% to 32 ± 4% in HF patients with morbid obesity following bar-
iatric surgery [18]. Finally, this improvement in LVEF was also seen in a larger 
retrospective study of 42 patients with obesity and LVEF <50% in which bariatric 
surgery was associated with a significant increase in LVEF (5.1 ± 8.3%, p = 0.0005). 
Comparatively, a matched cohort of HF patients with obesity that did not undergo 
bariatric surgery had a non-significant improvement in LVEF (3.4  ±  10.5%, 
p = 0.056) [19].

HF hospitalizations are one of the major sources of morbidity for HF patients [1]. 
Importantly, bariatric surgery has been associated with reduced HF hospitalizations 
in this population. In the study by McCloskey et al., five of the 14 patients were 
hospitalized for a HF exacerbation in the 6 months prior to surgery, while none were 
hospitalized in the 6 months following surgery [18]. Furthermore, in their retrospec-
tive case series, Ramani et al. showed a significant reduction in HF hospitalizations 
in the first year following bariatric surgery when compared to the control group 
(0.4 ± 0.8 vs 2.4 ± 2.6, p = 0.04) [16]. Finally, a large, retrospective case series of 
524 HF patients that underwent bariatric surgery indicated a non-significant reduc-
tion in emergency department visits for HF exacerbations in the first 12 months 
following surgery when compared to the 12 months prior to surgery (15.3% to 12%, 
p = 0.052). However, there was a significant reduction during the following year 
(post-operative months 13–24), with a reduction from 15.3% to 9.9%, adjusted OR 
0.57, p = 0.003) [21]. While there are no prospective studies evaluating the effects 
of bariatric surgery on HF, the published data indicate positive effects on cardiac 
function, patient symptoms, and heart failure hospitalizations.
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7.2.4  Heart Failure Patients Are Not at Increased Risk for Major 
Bariatric Surgical Complications

Non-cardiac surgery in HF patients is associated with an increased risk of re- 
hospitalization and mortality [22]. However, the limited published data regarding 
bariatric surgery in this specific population suggests its relative safety. In a cohort of 
14 patients with average BMI 50.8 ± 2.04 kg/m2 and LVEF 23 ± 2%, bariatric sur-
gery, including laparoscopic and open Roux-en-Y gastric bypass, sleeve gastrec-
tomy, and laparoscopic gastric banding, surgical complications included one patient 
with pulmonary edema, one patient with hypotension, and two patients with acute 
renal injury. There were no incidences of peri-operative myocardial infarction or 
mortality [18]. Similar data were noted in a retrospective evaluation for 32 patients 
with diagnosed HF prior to Roux-en-Y gastric bypass surgery. Again, there were no 
incidences of peri-operative myocardial infarction or mortality. However, one 
patient was re-admitted on post-operative day (POD) #3 for gastrointestinal bleed-
ing in the setting of a supratherapeutic INR related to warfarin used. The patient 
died of an anoxic brain injury on POD #6 [23]. A larger retrospective study of 2630 
obese patients, of which 42 had an LVEF <50%, indicated significantly more post- 
operative HF exacerbations and post-operative myocardial infarctions, although 
numerically these were small numbers; there were only four HF exacerbations and 
one post-operative myocardial infarction among the 42 patients with reduced 
EF. Notably, there were no differences between the groups in intensive care unit 
stay, hospital stay, 30-day mortality, or 12-month mortality [19]. In fact, reported 
average length of stay post-operatively was 3 days, consistent with the literature in 
obese patients without HF [18, 23–25].

It is important to note that these are limited data, and many of these patients were 
aggressively optimized for surgery. For instance, in the case series by Ramani et al., 
seven of the 12 patients were admitted prior to surgery for invasive hemodynamic 
assessment and optimization. Additionally, all 12 patients spent the first post- 
operative day in the cardiac intensive care unit for monitoring [16]. There are lim-
ited data reported on peri-operative management of HF patients for bariatric surgery 
specifically, however it is important to follow established guidelines for pre- 
operative and peri-operative management of patients with HF undergoing non- 
cardiac surgery [22].

7.3  Recommendations Based on Data

The published data suggest that cardiac function and the incidence of HF are 
reduced in morbidly obese patients following bariatric surgery. There are a lack of 
prospective, randomized trials, and therefore, these data should be categorized as 
moderate quality, with a low risk of bias due to the large number of patients included 
without significant heterogeneity in results. Additionally, the published data indi-
cate that bariatric surgery is associated with improved morbidity and cardiac 
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function in patients with morbidly obesity and HF. However, these small, observa-
tional studies should be categorized as low quality with a high risk of bias due to the 
limited numbers of patients included. However, the consistency across these studies 
indicate higher likelihood of a true association between bariatric surgery and these 
positive outcomes (Table 7.2).

7.4  Personal View of the Data

HF is an increasingly common worldwide disease, as is obesity. These two diseases 
are intertwined, as the risk of HF development is increased in patients with obesity, 
while obesity also worsens morbidity amongst HF patients. The significant weight 
loss associated with bariatric surgery, when compared to usual care, has shown posi-
tive effects in the cardiovascular health of patients both with and without HF. These 
positive effects are apparent from improvements in baseline cardiac function and 
hemodynamics, to clinical outcomes such as functional status and HF hospitalization. 
While to date there are limited data on this specific population undergoing bariatric 
surgery, in aggregate, bariatric surgery appears to improve HF-related outcomes for 
patients with morbidly obesity and without known HF, as well as improve cardiovas-
cular outcomes for patients with morbidly obesity and HF. We anticipate that further 
studies in this field will reinforce the signal for positive outcomes.

Table 7.2 Evidence and recommendations

Supposed advantage 
of bariatric surgery

Grade of 
evidence Recommendation

Strength of 
recommendation

Reduction in risk of 
incident HF

Moderate 
quality

Bariatric surgery likely reduces the 
risk of incidence of HF in the 
morbidly obese patients without a 
prior diagnosis of HF

Strong

Improvement in 
cardiac function for 
patients with HF

Weak 
quality

Bariatric surgery may improve 
cardiac function in morbidly obese 
patients regardless of prior HF 
diagnosis

Weak

Improvement in 
functional status for 
patients with HF

Weak 
quality

Bariatric surgery may improve 
functional status in morbidly obese 
patients with prior history of HF

Weak

Reduction in HF 
hospitalization

Weak 
quality

Bariatric surgery may reduce 
frequency of HF hospitalizations in 
patients with prior history of HF

Weak

Reduction in 
cardiovascular 
mortality for HF or 
non-HF patients

NA There are no reliable published data 
addressing cardiovascular mortality 
in morbidly obese patients following 
bariatric surgery

NA

Bariatric surgery is 
safe in HF patients

Weak 
quality

Limited data suggest bariatric surgery 
is safe in HF patients when pre- 
operative and peri-operative care is 
provided per the ACC/AHA 
guidelines for non-cardiac surgery 
[22].

Weak
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8Bariatric Surgery in Those with Coronary 
Artery Disease

Nathan W. Kong and John E. A. Blair

8.1  Introduction

Bariatric surgery is well known to have a robust and sustained effect on weight loss 
[1–4]. With weight loss comes many of the downstream benefits on cardiovascular 
disease including reduction in diabetes, hypertension, and major atherosclerotic 
coronary events [5–8]. The patient population requiring bariatric surgery (BMI ≥ 40 
or ≥35 with a co-morbid condition) are also at high risk for already having coronary 
artery disease (CAD). In patients with established coronary artery disease, do the 
long-term benefits of bariatric surgery outweigh the potential risks of surgery?

8.2  Search Strategy

A literature search of English language publications from 2000 to 2019 was used to 
identify published data on the outcomes of bariatric surgery on patients with known 
or suspected coronary artery disease. Databases searched were PubMed, Embase, 
and Cochrane Central. The terms used in the search were “coronary artery disease,” 
“myocardial ischemia,” “coronary atherosclerosis,” “coronary obstructive disease,” 
“coronary angiogram,” “left heart catheterization,” “revascularization” AND “gas-
tric bypass,” “Roux-en-Y gastric bypass,” “Greenville gastric bypass,” “gastroileal 
bypass,” “gastrojejunostomy.” (Table 8.1).
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8.3  Results

8.3.1  Prevalence

The 2018 Heart Disease and Stroke Statistics Update published by the American 
Heart Association estimated that amongst US adults ≥20 years of age, the preva-
lence of coronary heart disease is 7.4% for males and 5.3% for females with a 
slightly greater prevalence of males (55%) [9]. Amongst younger patients, the bar-
iatric surgery population, the rates are even lower, 0.6% and 0.7% for men and 
women, respectively, aged 20–39.

While patients undergoing bariatric surgery are generally younger, they have 
significant risk factors for coronary artery disease including obesity and higher rates 
of dyslipidemia, hypertension, diabetes, and obstructive sleep apnea [7]. In a large 
meta-analysis of over 22,000 patients, it was found that 7% of patients who under-
went bariatric surgery carried a diagnosis of coronary artery disease at the time 
diagnosis [1]. It should be noted that the average age was 39 years old and 72.6% of 
patients were female.

In a 2014 update to the above meta-analysis, it was found that 7.15% of 26,000 
patients who underwent bariatric surgery had cardiovascular disease at the time of 
surgery. Again, the study had a young age (mean = 44.6 years old) and had signifi-
cantly more females at 78.9%. Results from these large patient samples support the 
idea that bariatric surgery candidates are at increased risk of coronary artery disease 
as compared to the general population.

8.3.2  Benefits

Bariatric surgery is known to result in significant weight loss in individuals over 
time [1, 2, 4]. In fact, bariatric surgery as compared to non-surgical treatments for 
obesity provides and greater and more sustained weight loss [10]. This weight 
reduction has significant cardiovascular benefits. A prospective study from Sweden 
which recruited over 2000 patients and followed them for a mean of 15 years found 
that bariatric surgery when compared to no surgery reduced the number of cardio-
vascular deaths (adjusted hazard ratio 0.47, 95% confidence interval 0.26–0.76, 
p = 0.002) and cardiovascular events (adjusted hazard ratio 0.76, 95% confidence 
interval 0.54–0.83, p < 0.001) [11]. A larger, retrospective study of nearly 10,000 

Table 8.1 PICO

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
morbid 
obesity

Bariatric 
surgery

Optimal medical 
therapy

Mortality, long term cardiovascular 
events, ED visits, hospitalizations, 
perioperative cardiovascular events
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patients, found that gastric bypass surgery reduced all-cause mortality by 40% and 
coronary artery disease mortality by 56% over their 7 year follow-up period [12].

While data exists for the effects of bariatric surgery on cardiovascular disease, 
there is limited data on the effects of surgery on patients with known coronary artery 
disease. In a large meta-analysis of over 22,000 patients, only 8.5% of the studied 
patients were in trials which even commented on the diagnosis of coronary artery 
disease prior to surgery [1].

Our review of the literature revealed only two studies which examined the ben-
efits and risks of bariatric surgery on patients with known obstructive coronary 
artery disease. The first was a 2005 retrospective cohort study of 567 patients who 
underwent bariatric surgery at the Mayo Clinic from 1995 to 2002 [13]. Fifty two 
(9.2%) of these patients had clinical CAD as defined by history, >30% stenosis on 
angiogram in at least 1 major coronary artery, or inducible ischemia on stress test-
ing. Six of the 52 patients with CAD had stress testing before and after surgery. Of 
these six patients, four experienced reduction in the extent and severity of their 
reversible ischemic segments on imaging [13]. Due to the small number of patients 
who received pre- and post-operative stress testing as well as the lack of comparison 
group in the non-coronary artery disease patients, no statistical testing was done for 
these results.

A more recent study, published in 2018, was a self-controlled case series which 
examined patient hospitalizations in a number of common cardiovascular diseases, 
including coronary artery disease, before and after bariatric surgery [14]. They 
found that the number of emergency department visits and/or unplanned hospital-
izations in the coronary artery disease group decreased significantly in the 2 years 
following surgery (adjusted odds ratio 0.51, 95% confidence interval 0.40–0.65, 
p < 0.001) [14].

8.3.3  Risks

While there are potential benefits of bariatric surgery for those with coronary artery 
disease, there are significant risks of surgery in this patient population (Table 8.2). 
The risk of major atherosclerotic coronary events after non-cardiac surgeries is 
directly tied to prior coronary events. A study from 1990 demonstrated that postop-
erative myocardial infarction (MI) rates was inversely proportional to time between 
prior MI and non-cardiac operations [15]. However, in reviewing the literature on 
baritric surgeries, there were only a few studies which examined the risks of baritat-
ric surgery in patients with coronary artery disease.

In the 2005 Mayo Clinic study mentioned previously, it was found that patients 
with CAD trended towards higher rates of cardiovascular complications as com-
pared to patients without CAD after a mean follow-up of 2.5 years (p = 0.06). No 
relationship existed for non-cardiovascular complications (p = 0.90) [13].

In 2007, a retrospective case study of a single surgeon’s experience on 1000 open 
gastric bypass surgeries, it was found that the presence of CAD (defined by prior 
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history) resulted in a 7.5 times greater relative risk of all-cause mortality following 
surgery [16]. This was largely driven by a subset of males with angiographically 
demonstrated CAD who had a 30 times greater likelihood of death. Interestingly, 
CAD was not a predictor of mortality in women. However this study was of open 
bariatric surgeries, which is much different from the common practice of current 
bariatric surgeons with the wide use of minimally invasive techniques. Additionally 
these retrospective studies are extremely prone to bias as evidenced by the Lopez- 
Jimenez et al. study which found that the group who had coronary artery disease at 
the time of surgery were significantly older than the non-CAD group (51.2 vs. 
44.3 years old, p < 0.001).

8.3.4  Conclusion

It is clear from review of the literature that the potential benefits and risks of bariat-
ric surgery in patients with coronary artery disease is an area that would benefit 
from further study. The lack of data in this area is likely compounded by the fact that 
only 7% of bariatric patients have coronary artery disease prior to surgery. Thus, in 
asymptomatic, younger individuals, the yield for universal angiographic or stress 
test screening of coronary artery disease is unlikely to be beneficial or 
cost-effective.

Table 8.2 Benefit/risks of bariatric surgery in patients with coronary artery disease

Author (year)
N (% of 
total) Study Type Benefit Finding Risk Finding Quality

Lopez- 
Jimenez 
et al. [13]

52 
(9.3%)

Retrospective Four patients had 
improvement of 
reversible ischemia 
on imaging

Cardiovascular 
complications: 
5.8% in CAD 
group vs 1.4% in 
non-CAD group 
(p = 0.06)

Low

Shimada 
et al. [14]

360 
(3.2%)

Case control Decreased number 
of unplanned ED 
visits (aOR 0.42 
[0.32–0.54] at 
1 year, 0.51 
[0.40–0.65] at 
2 years)

None Moderate

Flancbaum 
and Belsley 
[16]

55 
(5.5%)

Retrospective None 7.5× relative risk of 
all-cause mortality 
if they had 
angiographic 
evidence of CAD

Low

N number of studied patients with coronary artery disease; CAD coronary artery disease; ED emer-
gency department; aOR adjusted odds ratio
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The robust weight loss from bariatric surgery has clearly established benefits in 
preventing cardiovascular pathologies, such as coronary artery disease, in a popula-
tion that is high risk [11, 12]. However, no study has definitively shown that bariat-
ric surgery reduces further cardiovascular disease in patients with already established 
coronary artery disease. The study conducted by Lopez-Jimenez et al., suggested 
that bariatric surgery may benefit those with coronary disease as they found a reduc-
tion in reversible ischemia observed on stress testing in 4 of their patients. Whether 
this finding is translatable to a larger population or even clinically relevant is largely 
unknown.

There remains an increased risk of morbidity and mortality for patients with 
established coronary artery disease undergoing bariatric surgery. The 2014 American 
College of Cardiology (ACC) and American Heart Association (AHA) guidelines 
on perioperative cardiovascular management recommend at least 1 full year between 
receiving drug-eluting stents and elective non-cardiac surgery, and at least 30 days 
after receiving bare-metal stents [17]. In review of the literature, it was found that 
retrospective studies observed increased mortality in patients with angiographically 
proven CAD [16]. Thus, we recommend following the 2014 ACC/AHA guidelines 
to establish the timing of elective bariatric surgery and to have a personalized dis-
cussion with the patient regarding the risks and benefits of surgery.

8.4  Recommendations

 – In individuals with established coronary artery disease (confirmed with stress 
testing or with angiographic evidence), we recommend an individualized 
approach weighing the risks and benefits of bariatric surgery as there appears to 
be long term benefit for reduced events related to cardiovascular disease after 
surgery (Evidence quality low, moderate recommendation).

 – Angiographic screening for obstructive coronary disease can be considered in 
individuals without symptoms if they are older than 40 years old, have multiple 
cardiovascular risk factors, or have previously established coronary artery dis-
ease (Evidence quality low, moderate recommendation)

8.5  Personal View of Data

It is clear in the literature that in patients with morbid obesity, bariatric surgery is 
associated with reduced rates of myocardial infarction and cardiovascular-related 
mortality. The difficulty in selecting patients for bariatric surgery exists in the para-
dox that those patients who are at greatest potential to receive this benefit (i.e. those 
with the highest cardiovascular risk or with established coronary artery disease), 
may also be the most likely to develop cardiovascular complications periopera-
tively. Fortunately, the actual rate of coronary artery disease and cardiovascular 
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events following bariatric surgery is low, likely due to the relatively young age at the 
time of surgery. Given these findings, we do not recommend deviation from the 
established perioperative guidelines for non-cardiac surgery. However, when 
addressing risk for asymptomatic prospective bariatric surgery patients, those older 
than 40 years of age, those with a high burden of cardiovascular risk factors, and 
especially in those with established coronary artery disease, we recommend a low 
threshold for screening for obstructive coronary disease. Dobutamine stress echo-
cardiography has been determined to reliably produce high-quality diagnostic 
images in a population that is difficult to image due to various potential artifacts in 
nuclear scintigraphy [18].
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9What Are the Nutritional “Red Flags” 
to Look Out for Prior to Bariatric 
Surgery?

Jessica Schultz

9.1  Introduction

Bariatric surgery is a tool to help assist a patient in achieving weight loss; however, 
without the proper motivation, knowledge, and ongoing support, patients are at risk 
for failure following a given procedure. It is important for a registered dietitian, 
specializing in bariatric surgery, to complete a comprehensive nutritional assess-
ment on each patient prior to surgery to ensure the patient has the proper motivation, 
nutrition knowledge, and continued support to be successful following their weight 
loss surgery. A systematic identification and nutritional evaluation by a bariatric 
dietitian can identify specific “red flags” that might trigger further investigation and 
dietary and/or lifestyle modifications prior to the patient undergoing bariatric 
surgery.

9.2  Search Strategy

A comprehensive literature search was conducted to obtain relevant data surround-
ing patients diet behaviors and nutritional knowledge prior to elective bariatric sur-
gery. This was an English literature search between the publication years of 
2015–2019. Specific terms used within this search included “nutrient deficiencies 
prior to bariatric surgery”, “postoperative nutritional outcomes in bariatric surgery”, 
“supervised weight loss program” “preoperative weight loss”, “nutrition knowledge 
and bariatric outcomes”, “nutrition before bariatric surgery”, “morbid obesity”, 
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“nutritional status”, “micronutrient deficiencies” “vitamin D”. Databases searched 
included Ebsco Host, PebMed, and google scholar. A total of seven articles were 
reviewed and included.

9.3  Results

9.3.1  Insurance Mandated Supervised Weight Loss

It is apparent that not every patient interested in bariatric surgery, is considered an 
ideal candidate from a nutritional standpoint. This statement can be further broken 
down to state that nutrition knowledge, nutritional motivation including eating 
behaviors, exercise behaviors and or ability to exercise, and key support systems all 
play a role in a patient’s overall success or failure following bariatric surgery. Many 
private and non-private insurance companies require patients to complete a series of 
3–6  months of supervised weight loss as a nutritional requirement prior to their 
elective bariatric surgery. This requirement evidently can delay a patient’s surgery 
up to 6 months and also has been shown to increase surgical dropout [1, p. 874]. 
While many patients may be disappointed by this insurance requirement, this can be 
viewed as an opportunity to improve one’s lifestyle behaviors in the months preced-
ing their surgery. This opportunity may potentially serve as a method to increase the 
patient’s likelihood of long term weight loss and maintenance of weight loss follow-
ing bariatric surgery.

9.3.1.1  Obesity Related Micronutrient Deficiencies
While it is well known that weight loss surgery may increase ones risk for micronu-
trient deficiencies, especially for those patients undergoing malabsorptive proce-
dures [2, p. 645], obesity related nutritional deficiencies should not be overlooked 
in the preoperative patient. Excessive calorie intake of low nutrient dense foods 
such as diets high in refined carbohydrates and high fat can greatly increase the risk 
of one or multiple micronutrient deficiencies in pre-operative patients. It is impor-
tant to properly screen pre-operative patients for diet behaviors which would mimic 
these deficiencies. Patients living in a food desert with limited access to fresh foods 
are also at higher risk for micronutrient deficiencies given the poor nutritional make 
up of highly processed foods. A skilled dietitian should thoroughly examine a 
patient’s daily food intake and eating behaviors at their initial bariatric evaluation in 
order to assess which patients may be at increased risk.

In a large cross-sectional, retrospective study conducted by Krzizek and col-
leagues, a total of 1732 Caucasian patients, majority women at 77.3%, with mean 
BMI of 44+ −9 kg, and a mean age of 40+ −12 years were assessed and counseled 
by a skilled dietitian prior to possible weight loss surgery. Laboratory levels of vita-
min A, vitamin E, vitamin b12, folic acid, 25OH vitamin D, hemoglobin, ferritin, 
and PTH levels were collected and assessed. A total of 63.2% of patients had a folic 
acid deficiency, 5.1% vitamin b12 deficiency, 97.5% had a 25OH vitamin D defi-
ciency, and 30.2% of patients had an elevated parathyroid hormone level. A total of 
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9.6% of patients had an iron deficiency and 6.2% of patients had a vitamin A defi-
ciency. The patients were also categorized into three groups based on BMI which 
demonstrated that the group with the highest BMI had an increased prevalence of 
folic acid deficiency, 25OH vitamin D deficiency and subsequently higher levels of 
parathyroid hormone. The results of this large cross-sectional, retrospective study 
show that pre-operative micronutrient screening is warranted in this population 
given the high prevalence of deficiencies, especially 25OH vitamin D [2, p. 646].

In another study conducted by Sanchez and colleagues, multiple micronutrient 
deficiencies were observed in obese Chilean women prior to bariatric surgery. Of 
the most common deficiencies noted, 71.7% of the women were deficient in 25OH 
vitamin D, 66% had an elevated parathyroid hormone level, and 12.6% had low 
plasma iron levels [3, p. 365]. In a study by Porat and colleagues, they examined 19 
patients’ micronutrient levels prior to a sleeve gastrectomy. Of these pre-operative 
patients, 44% were deficient in iron, 11.5% with anemia, 46% with a folic acid 
deficiency, 7.7% with a vitamin b12 deficiency, 96.2% with a vitamin D deficiency, 
and 52% with an elevated parathyroid hormone level [4, p. 1140].

9.3.1.2  Increasing Patients Nutrition Knowledge
It is known that many insurance providers mandate that patients complete a series 
of supervised weight loss visits prior to bariatric surgery, however increased nutri-
tion knowledge gained from these sessions may be much less than expected. 
Depending on the content and method of the supervised weight loss visit and the 
comprehensiveness of the dietitian and patient discussion, there may be significant 
variability regarding the nutrition knowledge gained and hence the benefit con-
ferred. Sherf-Degan and colleagues studied the effect of pre-surgery information via 
an online lecture and how it impacted the nutrition knowledge and anxiety among 
bariatric surgery candidates. This study was an interventional non-randomized con-
trolled trial including a total of 200 bariatric surgery candidates. The first 100 can-
didates were assigned to the control group while the last 100 candidates were 
assigned to the intervention group. The intervention group watched a 15 min online 
lecture 1–2 weeks prior to surgery. All of the participants completed a bariatric sur-
gery nutrition knowledge and the state-trait anxiety intervention questionnaires at 
the pre bariatric surgery committee and again at the pre-surgery clinic. The results 
of this study show there was an increase in both state-trait anxiety scores as well as 
nutrition knowledge scores, however, nutrition knowledge scores were significantly 
higher in the intervention group. This shows that a comprehensive, short, online 
lecture improves nutrition knowledge in the pre-operative patient [5]. With the 
increased use of smartphones and ever evolving phone applications, Mundi and col-
leagues studies the feasibility of smartphone-based education in pre-operative 
patients. Within this study, participants seeking bariatric surgery were provided a 
smartphone application which included education modules complete with follow up 
assessments to gauge mastery of topics discussed. Of the 30 subjects enrolled, 20 
completed the study. A total of 70.9% of the education modules were completed and 
30.7% of the assessments were answered. The participants were highly satisfied 
with the application and the ease of fitting it into their daily routine and felt that it 
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not only helped with increased weight loss, but also was helpful in preparing them 
for surgery [6]. This begs the question whether all bariatric programs should follow 
the same comprehensive pre-operative nutrition education based on current guide-
lines set by the American Society of Metabolic and Bariatric Surgery.

9.4  Recommendations Based on the Data

Many insurance companies will continue to require pre-surgical supervised weight 
loss prior to bariatric surgery, and this should be viewed as an optimal nutrition 
opportunity for individual patients. During the months of supervised weight loss a 
patient should work closely with a highly skilled registered dietitian who special-
izes in the care of obesity and bariatric surgery. The literature shows there is a high 
prevalence of micronutrient deficiencies associated with obesity, specifically 25OH 
vitamin D, folic acid, and iron deficiency [2, p. 646]. Vitamin and mineral supple-
mentation is required after all bariatric surgeries, however if deficiencies are not 
identified prior to surgery, this will incur increased dosages of postoperative vitamin 
and mineral supplements and may put the patient at higher risk for side effects 
related to these deficiencies. With adherence to vitamin and mineral supplementa-
tion already a post-operative concern [7, p. 417], adding additional supplementation 
to a patient’s daily regimen is not ideal. Therefore, pre-operative screening for vita-
min and mineral deficiencies prior to surgery is essential and appropriate micronu-
trient repletion by a bariatric dietitian should follow. While pre-operative weight 
loss is not always a requirement prior to surgery, it should be mandated that patients 
show that they are capable of making the necessary diet and lifestyle changes prior 
to surgery. This can be done by completing supplementary nutrition education visits 
following the bariatric evaluation as deemed necessary by the registered dietitian 
based on patients current behaviors and or lack of sufficient nutrition knowledge. 
Diet and lifestyle behavior improvement should also be documented during patients’ 
insurance required supervised weight loss visits. These visits should be completed 
with a weight management dietitian specializing in bariatric surgery.

9.5  A Personal View of the Data

In my 7  years working within the bariatric clinic at The University of Chicago 
Medicine, we have always assessed patients’ nutrition knowledge and diet behav-
iors through a comprehensive nutrition evaluation completed the same day the 
patient comes into clinic seeking bariatric surgery. Both I and the other dietitian 
working within our multidisciplinary bariatric surgery clinic are solely weight man-
agement dietitians specializing in the care of bariatric patients. Our approach to 
insurance mandated supervised weight loss requirements include a series of com-
prehensive nutrition education classes both offered in group sessions as well as 
individual sessions as deemed necessary based on each patient’s needs. Within these 
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teaching sessions, a series of six nutrition focused classes lead by a bariatric dieti-
tian for 30–60 min is completed once per month. Each patient is required to be 
weighed in at the start of each session and is also required to completed individual 
specific, measurable, attainable, realistic, and timely (SMART) goals to best pre-
pare the patient for life long diet and behavior practices after surgery. Within our 
clinic, I believe that these classes have shown to improve patient’s nutrition knowl-
edge leading into their surgery. I have personally noticed that those patients that 
have improved nutrition knowledge before surgery tend to show improved success 
with the necessary diet and lifestyle changes required for weight loss and mainte-
nance of weight loss after bariatric surgery. We hope to specifically examine out-
comes correlated to the successful completion of our comprehensive supervised 
weight loss classes in the future.

In early 2019, we began drawing 25OH vitamin D levels on patients at the begin-
ning of their 3 or 6 months of supervised weight loss in our individual nutrition 
clinics. The prevalence of vitamin D deficiencies seen pre-operatively in our patients 
was dramatic. Instead of waiting until the patients pre-operative lab draw 1–2 weeks 
prior to surgery to detect a deficiency, we are now identifying this early on in an 
effort to replete and normalize levels prior to surgery. Not only are we observing 
very good patient adherence, but also this approach is helping us decrease the need 
for high doses of vitamin D3 post-operatively. We plan to implement additional 
vitamin and mineral screening at initial supervised weight loss visits with the expec-
tation of identifying and correcting vitamin and mineral deficiencies related to the 
obesity disorder itself prior to surgery.

The use of smart phone applications to track macronutrient intake such as that 
with My Fitness Pal application has been a popular way for patient to tally their 
protein and carbohydrate intake both pre-operatively and post-operatively. Another 
phone application which has been helpful for our patients is Medisafe. Medisafe 
allows patients to input their individual vitamin and mineral regimens into a sched-
ule within the application. The patient’s phone will alert them when it is time to take 
a certain vitamin. This not only helps with adherence to vitamin regimen, but it also 
helps the patient to remember to not take certain vitamins with others for best 
absorption. For example, a patient should not pair their calcium with iron given a 
large dose of calcium can decrease the body’s absorption of iron. While we are not 
currently using a phone application for nutrition education purposes, this is clearly 
something we will explore in the future.
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10Are There Psychiatric Diagnoses That 
Preclude Safe Bariatric Surgery?

Emily R. Fink and Leslie J. Heinberg

10.1  Introduction

Bariatric surgery candidates demonstrate a greater lifetime prevalence of psychiatric 
diagnoses as compared to the general population and non-treatment seeking patients 
with severe obesity [1]. Although there is evidence that some mental health conditions 
(e.g., depression, binge-eating disorder) initially attenuate following surgery [2–4], a 
growing consensus warns of the risk for long-term psychiatric complications primarily 
in the realms of suicide/self-harm and alcohol/substance use disorders [5–7]. Given 
that psychological factors may affect the safety and outcomes of bariatric procedures 
by impacting adjustment, adherence, and medical comorbidities, clinical practice 
guidelines recommend psychological evaluation of surgical candidates before and after 
surgery [8]. This chapter examines psychological diagnoses and factors demonstrated 
to increase risk for postoperative complications.

10.2  Search Strategy

A systematic internet search of three bibliographic databases (Academic Search 
Complete, Medline, and Psychological and Behavioral Sciences Collection) was 
used to identify English language primary research published electronically or in 
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print from 2014 to 2019 (Table 10.1). Terms used in the search were “depression,” 
“bipolar,” “anxiety,” “PTSD,” “post-traumatic stress disorder,” “schizophrenia,” 
“psychosis,” “personality disorder,” “axis II,” “suicide,” “suicidality,” “cognitive 
impairment,” “intellectual disability,” “ADHD,” “attention-deficit/hyperactivity dis-
order,” “anorexia,” “bulimia,” “alcohol,” “smoking,” “tobacco,” “substance abuse,” 
“drug use” AND “bariatric surgery,” “obesity surgery,” “gastric bypass,” “sleeve 
gastrectomy,” “vertical banded gastroplasty” AND “complications,” “adverse 
events,” “mortality.” For inclusion, we required that studies report associations 
between preoperative psychiatric diagnoses/self-harm events/substance use behav-
iors and bariatric surgery complications (i.e., mortality, morbidity, readmission, ED 
visit, psychiatric hospitalization, suicidality/self-harm, substance use) in the main 
aims or abstract of the article. Additional exclusionary criteria included disserta-
tions, master’s theses, qualitative studies, animal studies, pilot studies, case reports, 
research specific to body contouring or plastic surgery, and studies with less than 
150 participants. Given the limited research meeting our criteria addressing 
Attention-Deficit/Hyperactivity Disorder (ADHD), Post-Traumatic Stress Disorder 
(PSTD), Intellectual Disability/Mild or Moderate Cognitive Impairment, Anorexia 
Nervosa, Bulimia Nervosa, and Personality Disorders, these diagnoses were not 
included in our analysis. Research involving smoking was identified by our search 
given relevance to substance use behaviors. However, Tobacco Use Disorder was 
exluded from our analysis as it is addressed in another chapter. A total of 28 studies 
meeting our criteria were classified according to the GRADE system.

10.3  Major Depressive Disorder (MDD)

Eight identified studies examined relationships between preoperative depression 
symptoms (including suicidality) and postoperative psychological complications. A 
2018 prospective study of 284 bariatric patients from the Toronto Bari-Psych Cohort 
[9], identified lifetime suicidal ideation as the strongest predictor of post-surgical 
suicidal ideation in both univariate (ß = −2.47; 95%CI [0.03–0.25]; p < 0.01) and 
multivariate analyses (ß = −1.92; SE = 1.33; p < 0.01). This same study found that 
a past diagnosis of MDD significantly predicted post-surgical suicidal ideation in 
univariate analyses (ß = −1.34; 95%CI [0.09–0.74]; p = 0.01), but this relationship 
was not maintained in multivariate analyses. Similar results were obtained by a 

Table 10.1 PICO

Patients Patients with a history of Major Depressive Disorder, Anxiety Disorder, 
Schizophrenia Spectrum Disorder, Bipolar Disorder, Alcohol Use Disorder, 
Substance Use Disorder

Intervention Bariatric surgery
Comparator Patients without a psychiatric history
Outcomes Post-surgical readmission, medical complication or mortality; Post-surgical 

suicidal ideation/self-harm, ED visit for suicidal ideation/self-harm, psychiatric 
hospitalization or completed suicide; Post-surgical substance abuse or opioid use
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second study identifying history of self-harm as predicting post- surgical suicidality 
in both univariate and multivariate models [10] and a third study demonstrating 
antidepressant use as a risk factor for post-surgical suicide attempt (AHR 2.41; 
95%CI [1.89–3.06]) [11]. Though a fourth study [12] indicated that lifetime and 
recent history of suicidality and pre-surgery antidepressant use increased risk for 
post-surgical self-harm or suicidal ideation, this research retrospectively assessed 
pre-surgical suicidal ideation and reported missing data specific to suicidality. In a 
fifth study involving gastric bypass (GB) patients, those who received an ICD code 
for depression from inpatient or outpatient services within 2 years of surgery had 
over a 50-fold higher risk for post-surgical hospitalization for depression compared 
to those without a history of mood disorders [13]. Hazard ratio for psychiatric hos-
pitalization for self-harm following surgery was likewise greater in those with a 
self-harm history. A pair of retrospective cohort studies utilizing data from the 
Western Australian Department of Health Data Linkage Unit records identified pre-
surgical psychiatric hospitalization due to mood disorders as a risk factor for post-
surgical hospitalization due to deliberate self-harm [14] and pre-surgical emergency 
room visit for suicidality, psychiatric hospitalization for deliberate self-harm, and 
psychiatric hospitalization for mood disorders as risk factors for postoperative ED 
visit for self-harm or suicidal ideation [15]. Lastly, a study found that a majority of 
self-harm events were committed by patients with depression diagnoses [16]. Given 
the relative consistency of findings across studies, there is evidence to suggest that 
preoperative depression involving self-harm or psychopharmacological treatment 
increases risk for post-surgical depression involving suicidality.

Interestingly, the relationship between depression and postoperative morbidity 
was mixed. One study identified preoperative depression as a significant risk factor 
for all-cause hospital readmission [17], while a second demonstrated associations 
between depression and early readmission that trended towards but did not reach 
statistical significance [18]. A third and fourth identified increased odds of readmis-
sion/post-surgical hospital days in those diagnosed with Major Depression or 
Bipolar Disorder [19] and severe depression or anxiety [20] respectively, but did not 
identify unique risks conferred by specific diagnoses. A fifth found no difference in 
pre-surgical depression between cohorts experiencing vs. not experiencing surgical 
complications, but excluded patients with a history of significant psychiatric con-
cerns [21]. This is likely to be a limitation throughout the literature as those with 
severe psychiatric illness are less likely to progress to surgery. Though no signifi-
cant relationship between baseline depression score and 30-day adverse events was 
identified in a sixth study [22], increased risk for short-term adverse events was 
found in those prescribed antidepressant medication (AOR  =  1.76; 95%CI 
[1.02–3.04]; p = .04); mild to severe depression scores on a common screener also 
increased risk (AOR = 1.77; 95%CI [1.03–3.05]; p = .04), as compared to minimal 
depression scores, suggesting that severity of psychopathology should be consid-
ered in addition to presence of negative affect. Relationships between pre-surgical 
depression and post-surgical substance use were inconsistent [23–25]. As there was 
inconsistent evidence regarding depression-related risk for post-surgical mortality 
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or the link between depression and postoperative opioid use [26–29] conclusions 
cannot be made regarding these relationships.

10.4  Anxiety Disorder

Three studies published data regarding potential relationships between anxiety and 
post-surgical suicidality. A nationwide study of 8966 bariatric patients matched 
with non-surgical controls with obesity [11] identified pre-surgical anxiolytic treat-
ment as a significant risk factor for post-surgical suicide attempt (AHR 3.37; 95%CI 
[2.62–4.31]), while a second identified history of hospitalization for neurotic disor-
der as a risk factor for postoperative psychiatric hospitalization for mood or neurotic 
disorder, but not self-harm [14]. A third study identified high prevalence of anxiety 
disorders in patients exhibiting pre-and postoperative self-harm events [16]. Given 
risks for bias related to assessment of anxiety, no evidence-based recommendations 
regarding these associations can be made.

Seven studies examining relationships between anxiety and post-surgical com-
plications were likewise inconclusive. A retrospective study of 354 patients under-
going bariatric surgery demonstrated increased prevalence of 30-day readmission in 
those diagnosed with anxiety, as compared to controls (10.1% vs 3.7%, p <  .05) 
[18]. A second study found that those with severe depression or anxiety were less 
likely to have zero hospital days at all post-surgical time points or ED visits at 1 and 
2 year follow-ups [20], but did not identify risk specific to anxiety. Though 2 other 
studies found little evidence of pre-surgical anxiety-related risk for adverse events 
or readmission [19, 21], methodological limitations may account for absence of 
findings in one of these studies [21]. Findings regarding relationships between anxi-
ety and post-surgical alcohol abuse/opioid use were inconsistent [23, 28, 29].

10.5  Bipolar Disorder and Schizophrenia Spectrum Disorder

Four studies in our analysis examined associations between serious mental illness 
(SMI) and post-surgical readmission. History of psychosis was identified as a risk 
factor for readmission following surgery (OR = 1.7; 95%CI [1.4–2.2]; p < .001) in 
a database of 22,139 bariatric patients [17]. A retrospective study of 354 patients 
similarly demonstrated increased prevalence of 30-day readmission in those diag-
nosed with bipolar disorder, as compared to those without a psychiatric history 
(45.5% vs 3.7%, p < .05) [18]. Two other studies identified groups of psychiatric 
diagnoses including SMI as contributing to risk for readmission, but did not docu-
ment influences unique to specific diagnoses; the first identified that patients diag-
nosed with either Major Depressive Disorder or Bipolar Disorder had 46% greater 
odds of 30 day readmission (p < .005) as compared to those without these disorders 
[19]. In a similar fashion, a 2017 multi-site study [20] identified that those diag-
nosed with Bipolar Disorder, Schizophrenia or psychosis were less likely to have 
zero hospital days or ED visits at 1 and 2 year follow-up. Taken together, Bipolar 
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Disorder and Schizophrenia Spectrum Disorders are likely to be risk factors for 
readmission, potentially due to the negative impact on adherence behaviors. 
However, given the assessment of psychopathology in the current research, there are 
limited conclusions that can be drawn regarding the post-surgical impact of specific 
disorders.

One study, limited by poor follow-up, identified new persistent opioid users to be 
more likely to be diagnosed with Bipolar Disorder [29], while another demonstrated 
risk for anastomotic ulceration in those with a history of psychosis [30]. In the 
absence of corroborating evidence, no recommendations can be made regarding 
these specific associations.

10.6  Alcohol Use

Although previous literature has documented elevated rates of alcohol misuse in 
bariatric populations [6], few published studies meeting our criteria examined psy-
chiatric characteristics that increase risk for postoperative substance abuse. In a 
multisite prospective study (LABS-2) [24], pre-surgical consumption of alcohol 
was found to increase risk for post-surgical AUD as compared to no alcohol con-
sumption; hazard ratios were greater in those reporting alcohol consumption ≥2×/
week (AHR 12.68; 95% [8.34–19.26]) rather than drinking <2×/week (AHR 2.96; 
95% [2.17–4.03]), suggesting that risk for AUD increases with greater preoperative 
frequency of use. Pre-surgical AUD also increased risk for post-surgical substance 
abuse treatment. However, this study did not assess lifetime history of AUD; given 
this limitation, it is unclear the extent to which post-surgical AUD in this study 
reflected development of new abuse behaviors or AUD relapse. This finding was 
supported by another study indicating decreased odds for postoperative AUD in 
patients without baseline AUD or alcohol consumption [25]. Current guidelines rec-
ommend elimination of alcohol consumption following surgery in high risk groups 
[8]. In light of evidence suggesting high rates of new onset alcohol abuse in post-
surgical bariatric populations [6], accurate prediction of surgical candidates at risk 
for post-surgical AUD remains a domain requiring further research.

Two other studies identified high prevalence of preoperative alcohol misuse in 
bariatric surgery patients who later developed AUD [23, 31]; however, as one of 
these studies also utilized the LABS-2 cohort, similarities in findings may be attrib-
utable to overlap in participants. Inconsistent findings with regard to the potential 
impact of alcohol misuse on mortality [26, 32, 33], precludes conclusions regarding 
these relationships.

10.7  Drug Abuse and Opioid Use

Few identified studies examined associations between pre-surgical substance use 
and post-surgical complications. One study of 22,139 patients followed by the 
New York State Planning and Research Cooperative System, identified nonspecific 
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substance abuse history as increasing risk for post-surgical readmission (OR = 2.0; 
95%CI [1.1–3.5]; p = .022) [17]. A second study identified drug abuse as increasing 
likelihood for perforated ulceration (OR = 5.05; 95%CI [1.85–11.19]; p = .0003) 
[34], while a third, fourth and fifth provided preliminary evidence with regard to 
relationships between substance abuse and postoperative self-harm/suicidality [10, 
15, 35]. In an examination of 157,559 GB patients, substance abuse was not signifi-
cantly related to 30-day mortality [26]. Although several of these studies controlled 
for potential confounds, the majority failed to specify the type of substance abused 
prior to surgery or the manner by which this abuse was assessed. Given the impreci-
sion of assessment of substance use, limited conclusions can be made regarding 
such associations.

With regard to post-surgical substance use, one study identified pre-surgical opi-
oid use as a risk factor for new persistent opioid use, such that increasing days’ 
supply magnified this risk (1–29 days OR = 1.89; 95%CI [1.24–2.88]; 30–59 days 
OR = 6.91; 95 %CI [4.16–11.47]; 60–89 days OR = 13.23; 95%CI [7.03–24.91]; 
90–119 days OR = 14.29; 95%CI [6.94–29.42]) as compared with no use [28]. In 
other studies, no evidence of relationships were found between pre-surgical illicit 
drug use/abuse and post-surgical opioid use [29, 36], AUD [24] or substance abuse 
treatment [24].

10.8  Unspecified Psychiatric History

Two studies identified increased risk for postoperative self-harm associated with 
history of unspecified psychiatric diagnosis or service utilization [10, 12]. A third 
examining 2 Swedish cohorts with matched controls, [35] found evidence for 
increased risk for suicidality in surgery patients with and without a psychiatric his-
tory in one cohort, as compared to non-surgical controls; in the other cohort, patients 
without a psychiatric history experienced increased risk. Though this suggests that 
selection bias or the surgical procedure itself contributes to risk for postoperative 
self-harm, this study was limited by exclusion criteria involving certain psychiatric 
disorders and inconsistent assessment of psychiatric history across cohorts. Another 
study evaluated impact of multiple psychiatric diagnoses on likelihood of readmis-
sion [19], demonstrating that odds for post-surgical hospital care rose as the number 
of mental health diagnoses increased. Patients diagnosed with 1 psychiatric disorder 
possessed 31% greater odds for readmission (OR = 1.31; 95%CI [1.13–1.51]) com-
pared to those without comorbidities, while patients diagnosed with 3 or more con-
ditions possessed 59% greater odds (OR = 1.59; 95%CI [1.19–2.13]).

10.9  Conclusions and Recommendations

Pre-surgical depression involving self-harm, psychiatric hospitalization or antide-
pressant use increases risk for post-surgical suicidality; individuals reporting such a 
history should be monitored following surgery and may benefit from ongoing 
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treatment to reduce risk of psychiatric complications (Table 10.2). Though limited, 
preliminary evidence suggests relationships between SMI and post-surgical service 
utilization. Individuals diagnosed with Bipolar Disorder or Schizophrenia Spectrum 
Disorders should be monitored for psychological complications that may negatively 
impact adherence after surgery. Patients with a history of alcohol use disorder 
should be provided psychoeducation on risk for relapse following surgery and may 
benefit from ongoing post-surgical monitoring. There is currently inadequate evi-
dence for post-surgical risk associated with anxiety and substance use disorders 
although best practice would suggest the importance of stability prior to surgery and 
ongoing assessment and treatment.

10.10  Personal View of the Data

Bariatric surgery patients are more psychiatrically vulnerable than non-treatment 
seeking patients with severe obesity or the general population and psychiatric com-
plications of suicide, self-harm and substance use disorders are of great concern. 
Our knowledge of outcomes is based on patients who were deemed psychiatrically 
stable and appropriate for surgery. The strength of the preceding associations may 
be greater if psychological evaluation and treatment were not a standard component 
of pre-surgical preparation. In making determinations about psychological candi-
dacy for surgery, the risks of psychiatric complications must be balanced with the 

Table 10.2 Evidence and recommendations regarding associations between preoperative psychi-
atric diagnoses and postoperative outcomes

Preoperative 
diagnosis Association

Grade of 
evidence Recommendation

Strength of 
recommendation

Major 
Depressive 
Disorder

Postoperative 
self-harm/
suicidality/
hospitalization 
for depression

Low Monitor patients with a 
lifetime history of 
depression involving 
suicidality, psychiatric 
hospitalization, or 
antidepressant use for 
psychological 
complications during 
postoperative recovery.

Weak

SMI Readmission Very Low Monitor patients with a 
lifetime history of Bipolar 
Disorder or Schizophrenia 
Spectrum Disorder 
following surgery.

Weak

Alcohol 
Use 
Disorder

Postoperative 
substance use

Very Low Patients with a history of 
AUD should be provided 
psychoeducation on risk for 
post-surgical alcohol abuse 
and be monitored for 
relapse following surgery.

Weak

SMI Serious mental illness, AUD Alcohol use disorder
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myriad of health and quality of life benefits resulting from bariatric procedures. 
However, the preceding summary highlights the importance of ongoing monitoring 
and treatment of patients at higher risk rather than only utilizing psychological ser-
vices preoperatively.

Recommendation Summary
 1. Patients with a lifetime history of depression involving suicidality, psychiatric 

hospitalization, or antidepressant use should be monitored for psychological 
complications during postoperative recovery (Evidence quality low; weak 
recommendation).

 2. Those diagnosed with Bipolar Disorder or Schizophrenia Spectrum Disorder 
should be monitored following surgery, with attention to psychological compli-
cations that might negatively impact adherence (Evidence quality very low; 
weak recommendation).

 3. Patients with a history of alcohol use disorder should be monitored for alcohol 
misuse following surgery and may benefit from psychoeducation and/or relapse 
prevention treatment (Evidence quality very low; weak recommendation).
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11.1  Introduction

Preoperative weight loss (PWL) or supervised medical weight management in the 
setting of bariatric surgery has been a strongly debated topic since many insurance 
companies have mandated it as a requirement for reimbursement for bariatric sur-
gery. It is the position of the American Society for Metabolic and Bariatric Surgery 
(ASMBS) that while PWL may be beneficial from a technical standpoint, it should 
not be a requirement for surgery and certainly should not limit access to vital life- 
saving surgical options [1]. There have also been studies demonstrating great het-
erogeneity in the ability of severely obese patients to lose weight even when 
mandatory diets are prescribed preoperatively [2, 3]. The data regarding mandatory 
preoperative weight loss have historically been weak and few high-level studies 
exist to characterize the role of PWL. The aim of this review is to evaluate the most 
current literature regarding PWL (defined as weight loss which is required and man-
dated before bariatric surgery will be scheduled) to determine its necessity in 
improving surgical outcomes, specifically:

 1. Does PWL improve the success of bariatric surgery on metabolic disease 
resolution?

 2. Does PWL improve the success of bariatric surgery on weight loss?
 3. Does PWL improve the success of bariatric surgery on post-operative 30-day 

morbidity?
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11.2  Methods/Search Strategy

A literature review was performed in three databases, Ovid Medline, Scopus and 
Web of Science on all journal articles referring to PWL before bariatric surgeries 
excluding lap-Band and vertical banded gastroplasty from 2004–2019. The search 
was performed on November 13, 2019. Terms utilized for the search included “bar-
iatric surgery,” “stomach stapling,” “metabolic surgery,” “gastric bypass,” “sleeve 
gastrectomy,” “gastroplast” “gastroplasty,” “jejunoileal bypass,” AND “weight 
loss,” “diet,” “caloric restriction,” “reducing diet” AND “preoperative period” or 
“preoperat” or “preoperative care.” A total of 643 articles were identified. Articles 
were excluded if they were not in the English language, if full-text article was not 
available, or if they were in adolescent bariatric surgery. Case reports and case series 
were also excluded. Of the 643 articles screened, 151 were selected to be reviewed 
based on applicability to the topic of PWL in the setting of bariatric surgery. Articles 
exclusive to a very low-calorie diet used immediately preceding surgery for the 
purpose of decreasing liver volume were excluded. Of these, an additional 15 arti-
cles (including 2 randomized controlled trials) were previously included in three 
systematic reviews or meta-analyses and therefore were excluded from individual 
review. A systematic review was excluded due to inclusion of all surgical proce-
dures rather than solely bariatric procedures [4]. The references in this review were 
screened for any additional articles that may have been missed during database 
search or manual exclusion. A total of 13 articles remained for evaluation 
(Table 11.1). There were 0 additional randomized controlled trials outside of the 
systematic reviews, 2 position statements based on expert opinion, 3 systematic 
reviews/meta-analyses, 3 retrospective large database reviews, and 5 retrospective 
studies that were identified for final analysis. Using the GRADE methodology, the 
data were critically reviewed and summative points described.

11.3  Impact of Preoperative Weight Loss on Postoperative 
Metabolic Outcomes

Bariatric surgery is known to have a positive effect on metabolic disease, inducing 
remission of diabetes, hypertension, hyperlipidemia and obstructive sleep apnea. 
Two-thirds of patients will experience resolution in at least one of their comorbidi-
ties at 1 year postoperatively from bariatric surgery [5]. Very few studies have 
addressed the impact of PWL on metabolic disease outcomes and resolution of 
comorbidities.

Including commonly performed procedures such as the gastric bypass, duodenal 
switch and sleeve gastrectomy, there is a paucity of literature evaluating the effect 
of PWL on obesity-associated comorbid disease resolution. A single institution ret-
rospective review found that there was no difference in comorbidity resolution for 
those patients who underwent mandated PWL [6]. In fact, the group that underwent 
mandated PWL were less likely to resolve obstructive sleep apnea when compared 
to the non-PWL group [6]. Not only does there not appear to be a benefit on 
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co-morbidity resolution but also mandated PWL results in higher attrition and det-
rimental progression of comorbid conditions while awaiting surgical treatment of 
obesity [1, 7]. Due to a lack of evidence-based support of PWL, it is the position of 
the ASMBS that mandated PWL deters patients from receiving potentially life- 
saving therapies [1].

There is a paucity of low quality evidence studying the impact of PWL on comor-
bidity resolution. Expert opinion and consensus guidelines advocate against manda-
tory use of PWL for comorbidity resolution as it may lead to progression of 
comorbid conditions while awaiting surgical intervention.

11.4  Impact of Preoperative Weight Loss on Postoperative 
Weight Loss

Weight loss outcomes have been a focus of the literature surrounding PWL in 
bariatric surgery. Even with this, there are still only a few studies addressing this 
question. One of the largest systematic reviews and meta-analyses found a sig-
nificant correlation between PWL and postoperative excess weight loss (EWL) at 

Table 11.1 Pre-operative weight loss studies included for review to create consensus 
recommendation

Author (year) N %EWL
Complication 
rate

Comorbidity 
resolution

Study type 
(quality)

Monfared (2019) 776 ND NA ND Retrospective 
cohort (low)

Livhits (2009) 3403 Pos NA NA Systematic review 
(moderate)

Cassie (2011) 6686 ND Pos NA Systematic review 
(moderate)

Kadeli (2012) 2254 ND NA NA Systematic review 
(moderate)

Gerber (2016) 9570 Pos NA NA Retrospective 
database (low)

Chinaka (2019) 155 ND NA NA Retrospective 
cohort (low)

Krimpuri (2018) 218 ND NA NA Retrospective 
cohort (low)

Parmar (2018) 192 ND ND NA Retrospective 
cohort (low)

Steinbeisser (2017) 204 Pos NA NA Retrospective 
cohort (low)

Anderin (2015) 22,327 NA Pos NA Retrospective 
database (low)

Tewksbury (2019) 394,016 ND—at 
30 days

Neg NA Retrospective 
database (low)

Pos PWL had a positive effect, Neg PWL had a negative effect, ND PWL made no difference, NA 
not assessed
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1  year when data were pooled [8]. This data showing favorable outcomes for 
EWL assessed weight loss from the initial encounter rather than from the time of 
surgery. Another systematic review and meta-analysis found no difference in 
EWL at 1 year postoperatively when data were pooled [9]. At 2 years postopera-
tively, the EWL was significantly higher in the group that did not have PWL [9]. 
Similar to the Livhits et al. review, there was significant heterogeneity among the 
studies, specifically regarding the time period defined as PWL as the time point 
used for the initial weight (initial consult compared to day of surgery). In this 
review, there were 9 articles that reported a positive effect of PWL on postopera-
tive weight loss while 15 demonstrated no significant difference. Yet another 
systematic review by Kadeli et al. found that losing weight prior to surgery con-
tributes to more overall weight loss but that there is no significant difference in 
percent EWL postoperatively [10].

A large database study out of the Scandinavian Obesity Registry contrasts these 
findings [11]. Patients were classified into quartiles by their PWL. They demon-
strated that patients achieving the 75th percentile (greater than 8.6%) for weight 
change preoperatively had 15% increased weight loss at 1-year postoperatively 
compared to those patients who achieved the 25th percentile [11]. However, it 
should be noted that those included in the 75th percentile started at the highest BMI 
with a median of 49 while the 25th percentile ranged as low as 33 for starting 
BMI [11].

There are a few retrospective studies that found no impact of PWL on post- 
operative weight loss. In a single institution retrospective review, patients without a 
weight loss goal prior to surgery compared to those with a weight loss goal demon-
strated equal change in BMI 4 years out from surgery [6]. However, 1-year follow-
 up data were not expressed [6]. In a 10-year longitudinal retrospective cohort study, 
patients were categorized into two groups: able to achieve target 5% weight loss 
preoperatively or unable to achieve target 5% weight loss preoperatively [12]. They 
demonstrated that nearly one-fourth of patients were unable to achieve the 5% tar-
get. The study then compared the two groups and analyzed the postoperative weight 
loss results. They found that there was no significant difference in weight loss at 1 
year between the two groups [12]. Another review found on univariate analysis that 
PWL was a significant predictor of 1-year weight loss outcomes [13]. However, on 
multivariate analysis there was no significant difference and therefore the authors 
concluded that demographics play a significant role [13]. Another review exclusive 
to sleeve gastrectomy found that PWL was not associated with significantly differ-
ent PWL at 1 year [14]. Conversely, another retrospective review found that patients 
undergoing sleeve gastrectomy lost 7% more of the excess body weight when they 
were able to achieve 5% or greater PWL [15].

The data are conflicting regarding the efficacy of PWL on 1-year postoperative 
weight loss outcomes. There are a few low-quality studies which support the use of 
PWL for 1 year weight loss outcomes. More randomized trials are needed to con-
firm or dispute the efficacy of PWL on postoperative weight loss outcomes.
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11.5  Impact of Preoperative Weight Loss on 
30-Day Morbidity

One of the biggest cited reasons for mandatory PWL, particularly in the very 
high BMI population, is a decrease in technical difficulties during the opera-
tion and increased perioperative safety. However, despite this adage, few high-
level studies are available to support this. In a systematic review, operative 
times were noted to be shortened for those patients undergoing PWL but the 
clinical significance of this is unknown and the data had significant heteroge-
neity [9]. The majority of studies included in this review reported no difference 
in complication rates after bariatric surgery; however, when data were pooled, 
a small decrease in the complication rate after PWL was noted as compared to 
those patients who did not undergo PWL (18.8% ± 10.6% vs. 21.4% ±13.1%, 
p  =  0.02) [9]. Complications were not further delineated. A large database 
study out of the Scandinavian Obesity Registry reported a decrease in anasto-
motic leak in patients who were in the 75th percentile of PWL, correlating to a 
greater than 7% weight loss preoperatively [16]. Additionally, they reported a 
decreased risk of deep space infections/abscess and minor wound infections for 
patients achieving 50th to 75th percentile weight loss preoperatively [16]. 
Although conversion to an open procedure is rare, patients with PWL have a 
lower risk of requiring conversion to an open operation when compared to 
those with minimal PWL [16]. Because of this, the authors strongly advocate 
for use of PWL [16].

Another systematic review and meta-analysis supports the finding of shorter 
operative time in the PWL groups by nearly 25 min [8] as compared to 12.5 min in 
the other systematic review [9]. Significant differences were reportedly not found in 
studies assessing complications rates between PWL and those without PWL and 
there may be evidence citing an increase in complication rate amongst patients who 
had PWL [8].

In another analysis, reintervention was utilized as a surrogate marker of morbid-
ity between sleeve and gastric bypass patients [6]. No difference was noted between 
those with PWL and without PWL [6]. A large cohort study from the MBSAQIP 
demonstrated that PWL increased the risk of surgical site infection and urinary tract 
infection [17]. Preoperative weight loss was defined as a change in the highest 
weight and BMI within 1 year of surgery compared to the immediate preoperative 
BMI [17]. There were no other differences in 30  day postoperative morbidity 
reported [17].

Low level evidence (retrospective cohort studies) suggest PWL decrease opera-
tive times but this may be negated by an increase in post-operative complications. 
Higher level evidence including systematic reviews and meta-analyses which 
include randomized controlled trials fail to demonstrate a benefit to PWL in decreas-
ing 30 day morbidity. Additional randomized controlled trials are needed to deter-
mine the benefit of PWL on postoperative morbidity.
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11.6  Recommendations

• Preoperative medical weight loss is not recommended to improve post-operative 
weight loss, metabolic disease, or decrease surgical morbidity (Evidence quality 
low; weak recommendation)

11.7  Personal View of the Literature

Through this literature review, it is apparent that there is great variability in the defi-
nitions of PWL and this can contribute to inconsistent results within the literature. 
The natural history of dieting attempts for patients with severe obesity is that of 
obesity resistance and recidivism due not to lack of will power and compliance, but 
to complex counter-regulatory mechanisms against weight loss in the obese state 
including decreased satiety, enhanced hunger and depressed metabolism. As the 
satiety and metabolism mechanisms initiated by bariatric surgery counter those 
found with dieting (and thus lead to the success of the surgery), physiologically it 
does not make sense to mandate a patient once again undergo a medical weight loss 
attempt, instead of moving them forward once they have been educated and medi-
cally prepared for surgery. Further, as bariatric surgery transitions from weight loss 
focused to metabolic disease focused, it is imperative not to impede a patient’s abil-
ity to undergo medically necessary metabolic surgery due to failed PWL with arbi-
trary weight loss goals. Metabolic surgery in its current state, without PWL, is 
exceptionally safe and is the most efficacious treatment of obesity-associated 
comorbidities. At best, PWL, if documented in prospective, balanced studies to 
enhance metabolic disease outcomes, could be encouraged to maximize metabolic 
responsiveness, but never mandated.
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12.1  Introduction

Symptomatic osteoarthritis (OA) of the knee affects roughly 15% of United States 
population over 60 years of age [1] and is strongly associated with obesity where a 
5 kg/m2 change in BMI predicts a 35% increased risk OA [2]. For many patients, 
OA symptoms can significantly limit their activity and quality of life [3, 4]. A recent 
study found that over 10% of patients of waiting for a total joint arthroplasty in the 
United Kingdom had a health state described as worse than death using the EuroQol 
five-dimension general health questionnaire [5]. While non-operative management 
strategies including physical therapy, assist devices, bracing, oral medications, and 
injections can help limit the symptoms of osteoarthritis, joint replacement known as 
arthroplasty is the only treatment which addresses the underlying pathology and 
remains the only surgical option for patients who have failed to obtain satisfactory 
quality of life with non-operative measures.

Of the population greater than 50 years of age in the United States, 4.5% have 
had a total knee arthroplasty (TKA) and 2.3% have had a total hip arthroplasty 
(THA) [6]. Each year in the, over one million TKA and THA procedures are per-
formed in the United States and this rate is expected to increase to nearly two mil-
lion annually by 2030 [7]. Of patients undergoing TKA and THA, over half are 
obese and this proportion is increasing [8]. Unfortunately, obese patients undergo-
ing TKA and THA are at significantly increased risks of complications including 
infection and need for revision [9, 10]. This has spurred consideration and even 
implementation at some centers of BMI cut-offs [11, 12] and interest in weight loss 
programs including consideration of bariatric surgery to potentially reduce these 
risks [13, 14].
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In this chapter, we review the available literature surrounding patient optimiza-
tion prior to TKA and THA as an indication for bariatric surgery (Tables 12.1, 
12.2, 12.3).

12.2  Search Strategy

When PubMed was searched using medical subject headings (MeSH) terms for hip 
osteoarthritis or knee osteoarthritis combined with bariatric surgery, only 26 results 
were returned. When the search was broadened by replacing the specific terms for 

Table 12.1 Articles reporting association between bariatric surgery and total knee arthroplasty 
Outcomes

Article
Data 
Source Comparison Outcome

National or State Database Analyses (NHS, Medicare, and New York State)
Werner et al. 
(2015) [15]

Medicare Morbidly obese patients not 
having undergone bariatric 
surgery without additional 
adjustment

Bariatric surgery prior to TKA 
was associated with a 
significantly lower 90-day rate of 
major medical complications

Nickel et al. 
(2016) [16]

Medicare Morbidly obese patients not 
having undergone bariatric 
surgery without additional 
adjustment

Bariatric surgery prior to TKA 
was associated with a 
significantly higher rate of 30-day 
medical complications and 
significantly higher rates of 
orthopedic complications

Lee et al. 
(2018) [17]

Medicare Patients not having 
undergone bariatric surgery 
and adjusted for demographic 
and clinical characteristics 
using regression

Bariatric surgery prior to TKA 
was associated with a 
significantly lower periprosthetic 
infection rate but a significantly 
higher revision rate

McLawhorn 
et al. (2018) 
[18]

New 
York

Morbidly obese patients not 
having undergone bariatric 
surgery and matched on 
demographic and clinical 
factors using propensity 
scoring

Bariatric surgery prior to TKA 
was associated with reduced 
in-hospital and 90-day post- 
operative complications but not 
associated with revision

Individual Institution Analyses
Severson 
et al. (2012) 
[19]

Mayo 
Clinic

Obese patients undergoing 
TKA before bariatric surgery 
with no additional adjustment

Bariatric surgery prior to TKA 
was not associated with 90-day 
complications or revision

Martin et al. 
(2015) [20]

Mayo 
Clinic

Patients not having 
undergone bariatric surgery 
were matched by age, sex, 
date of surgery, and BMI (a 
comparison group for both 
pre- and post-bariatric 
surgery BMI)

Bariatric surgery prior to TKA 
was associated with a higher 
re-operation rate compared to 
both groups and a higher revision 
rate and peri-prosthetic infection 
rate compared to the post- 
bariatric surgery BMI group
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hip and knee osteoarthritis with the MeSH term for generic arthritis, 98 results were 
returned which entirely subsumed the prior 26 results. These 98 unique articles as 
well as their references were reviewed.

12.3  Results

12.3.1  Analyses of National and State Databases

Kulkarni et al. used the Hospital Episode Statistics database to identify all patients 
who were obese and underwent both bariatric surgery and either TKA or THA 
between 2005 and 2009 in the NHS [23]. Patients who underwent both procedures 
within 6 months were excluded and patients undergoing THA and TKA were com-
bined. The 90 patients who underwent their bariatric surgery prior to total joint 
arthroplasty (TJA) were compared to 53 patients who underwent TJA prior to their 
bariatric surgery without further adjustment. While the differences between groups 
did reach statistical significance, patients who had bariatric surgery first appeared to 

Table 12.2 Articles reporting association between bariatric surgery and total hip arthroplasty 
outcomes

Article
Data 
Source Comparison Outcome

National or State Database Analyses (NHS, Medicare, and New York State)
Lee et al. 
(2018) [17]

Medicare Patients not having 
undergone bariatric surgery 
and adjusted for 
demographic and clinical 
characteristics using 
regression

Bariatric surgery prior to THA 
was significantly associated with 
higher periprosthetic infection 
rates and non-statistically 
significantly with higher revision 
rates

Nickel et al. 
(2018) [21]

Medicare Morbidly obese patients not 
having undergone bariatric 
surgery without additional 
adjustment

Bariatric surgery prior to THA 
was not associated with 90-day 
post-operative medical 
complications or infection but was 
associated with higher revision 
and dislocation rates at 90 days.

McLawhorn 
et al. (2018) 
[18]

New 
York

Morbidly obese patients not 
having undergone bariatric 
surgery and matched on 
demographic and clinical 
factors using propensity 
scoring

Bariatric surgery prior to THA 
was associated with lower 
in-hospital complications but not 
90-day post-operative 
complications or revision rates.

Individual Institution Analyses
Watts et al. 
(2016) [22]

Mayo 
Clinic

Patients not having 
undergone bariatric surgery 
were matched by age, sex, 
date of surgery, and 
pre-bariatric surgery BMI)

Bariatric surgery prior to THA 
was associated with a significantly 
lower revision rate and non- 
significantly lower periprosthetic 
infection rate
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be at a lower risk of 30-day joint infection, 1.1% compared to 3.7%, and 30-day 
readmission, 1.1% compared to 7.5%.

Werner et  al. used the PearlDiver platform to identify all patients undergoing 
TKA from 2005 to 2011 within the Medicare data [15]. These patients were grouped 
by the presence of morbid obesity based on ICD-9 diagnoses codes, and the mor-
bidly obese patients were further subdivided by having had bariatric surgery, includ-
ing laparoscopic banding or gastric bypass, using CPT codes. In total, 219 patients 
were identified as having undergone bariatric surgery prior to TKA and these 
patients were compared to 11,294 morbidly obese patients who were not known to 
have undergone bariatric surgery. The demographics of these patients were signifi-
cantly different with 64% of the bariatric surgery group under 65 years of age com-
pared to only 19% of patients without a known bariatric surgery history. The 
prevalence of coded medical comorbidities also significantly varied between groups 
such as with 62% of the bariatric surgery group having sleep apnea compared to 
only 37% of patients without a known bariatric surgery history. Though analyses 
did not adjust for these differences between groups, patients having undergone bar-
iatric surgery were significantly less likely to have had major medical complications 
in the 90-days following their TKA compared to patients without a known bariatric 
surgery history, 10% versus 19%.

Interestingly, a separate study by Nickel et al. also using the PearlDiver platform 
to identify patients within the Medicare data who had a TKA for osteoarthritis from 
2005 to 2010 reported different results [16]. They compared 5,918 patients who had 

Table 12.3 Articles reporting association between bariatric surgery and combined total knee and 
hip arthroplasty outcomes

Article Data Source Comparison Outcome
National or State Database Analyses (NHS, Medicare, and New York State)
Kulkarni 
et al. 
(2011) 
[23]

NHS Obese patients undergoing 
TKA or THA before bariatric 
surgery were combined with no 
stratification or additional 
adjustment

Bariatric surgery prior to TJA 
was associated with a non- 
statistically significant lower 
rate of 30-day joint infection and 
30-day readmission

Individual Institution Analyses
Inacio 
et al. 
(2014) 
[24]

Kaiser 
Permanente

Patients not having undergone 
bariatric surgery but who could 
have due to a BMI over 40 or a 
BMI over 35 and another 
comorbidity with no additional 
adjustment or formal statistical 
comparisons

Bariatric surgery prior to TJA 
was not obviously associated 
with 90-day readmission or 
revision rates

Nearing 
et al. 
(2017) 
[25]

La Crosse, 
WI

Obese patients undergoing 
TKA or THA before bariatric 
surgery with no additional 
adjustment

Bariatric surgery prior to TJA 
was not associated with 30-day 
complication rates though there 
was a non-statistically 
significant association with 
increased manipulation rates and 
decreased revision rates
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a history of bariatric surgery prior to TKA to 26,616 patients who had a BMI over 
40 but had not undergone bariatric surgery. Again, the demographics and comorbid-
ity profiles of the patient groups were significantly different. Though analyses did 
not adjust for these differences, patients having undergone bariatric surgery were 
significantly more likely to have had medical complications in the 30-days follow-
ing their TKA compared to patients without a history of bariatric surgery including 
specifically for venous thromboembolism, pneumonia, and myocardial infarction. 
This study also reported that the patients having undergone bariatric surgery were 
significantly more likely to have had an orthopedic complication with their TKA at 
2-years follow-up compared to patients without a history of bariatric surgery includ-
ing infection, extensor mechanism rupture, and osteolysis. The authors of this sec-
ond study attributed their disparate findings to methodological differences 
introduced in patient identification within the underlying database.

Lee et  al. also used Medicare data but limited their analysis to only patients 
65 years of age or over who underwent either TKA or THA from 1999 to 2012 [17]. 
They then identified patients who had bariatric surgery in the past 2 years and com-
pared them to other patients using a regression model to adjust for medical comor-
bidities and other patient characteristics such as age, sex, and socioeconomic status. 
Patients having undergone bariatric surgery were significantly less likely to have a 
periprosthetic infection following TKA but were significantly more likely to have 
revision. The authors did not discuss how these findings related to TKA were dispa-
rate from those of Nickel et al. though such differences may again reflect alternate 
approaches to coding or be due to the use of regression to adjust for other patient 
factors. Patients having undergone bariatric surgery were significantly more likely 
to have a periprosthetic infection following THA and also were more likely to have 
revision though this association did reach statistical significance.

A separate study by Nickel et  al. using the PearlDiver platform to identify 
patients within the Medicare data who had a THA for osteoarthritis from 2005 to 
2012 reported somewhat disparate results from the prior Lee et al. study [21]. They 
compared 1545 patients who had a history of bariatric surgery prior to THA to 6918 
patients who had a BMI over 40 but had not undergone bariatric surgery. While 
demographics and comorbidity profiles of the patient groups were significantly dif-
ferent and not adjusted for, patients having undergone bariatric surgery were simi-
larly likely to have an infection following THA compared to patients without a 
history of bariatric surgery but were more likely to have a revision or dislocation at 
both 90 days, 1% compared to 0.4% for dislocation, and at 2 years, 2.5% compared 
to 0.9% for dislocation. Additionally, the authors looked at medical complications 
within the first 30 days following THA. Unlike the findings reported by Nickel et al. 
using similar methods to study patients undergoing TKA, a history of bariatric sur-
gery was not associated with increased medical complications following THA when 
compared to obese patients without a history of bariatric surgery.

McLawhorn et al. used data from the New York Statewide Planning and Research 
Cooperative to identify all morbidly obese patients residing in New York State and 
having a single TKA or THA at a non-federal hospital in New York State between 
1997 and 2011 [18]. Propensity scoring was used to match morbidly obese patients 
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receiving bariatric surgery prior to the TKA or THA to those not receiving surgery 
based on demographic and clinical factors. The 2636 patients having bariatric sur-
gery prior to TKA had a reduced risk of both in hospital complications and 90-day 
post-operative complications though there was no clinically or statistically signifi-
cant difference in revision rates with a hazard ratio of 0.90. The 792 patients having 
bariatric surgery prior to THA had a reduced risk of in hospital complications but 
not 90-day post-operative complications. For the THA patients, there was also no 
clinically or statistically significant difference in revision rates with a hazard ratio 
of 0.91. For both TKA and THA, the most common in-hospital complication was 
other and the most common 90-day post-operative complication was infection. For 
TKA but not THA, the bariatric surgery group had a lower 90-day infection rate, 
2.4% compared to 1.3%.

12.3.2  Analyses of Individual Institution Data

Severson et al. used data from the Mayo Clinic registry to identify all patients who 
underwent both bariatric surgery and TKA at May clinic from 1996 to 2008 [19]. 
They compared the 39 patients who had TKA prior to bariatric surgery to 61 patients 
who had TKA more than 2 years after bariatric surgery. Limited information was 
provided regarding the comorbidity profiles of the groups and no statistical adjust-
ments were made to comparisons though at least for age, there were significant 
differences. While the sample sizes were limited, there were no statistically or obvi-
ous clinically significant differences between patients having TKA prior to bariatric 
surgery compared to patients having TKA 2-years after bariatric surgery with regard 
to either 90-day complication rates, 21% compared to 16%, or revision, 5% com-
pared to 8%.

In a separate study using data from the Mayo Clinic registry, Martin et al. identi-
fied all 91 patients undergoing TKA after bariatric surgery from 1998 to 2012 [20]. 
These patients were then matched to 91 patients undergoing TKA by the pre- 
bariatric surgery BMI and to 182 patients undergoing TKA by the post-bariatric 
surgery BMI. Patients were additionally matched for age, sex, and date of surgery. 
The rate of re-operation in the bariatric surgery group was higher compared to 
patients matched on the pre-bariatric surgery BMI, hazard ratio of 2.55, and com-
pared to patients matched on the post-bariatric surgery BMI, hazard ratio of 2.4. The 
most common reason for re-operation was a manipulation under anesthesia for stiff-
ness. There were no statistically significant differences in revision or periprosthetic 
infection between patients having bariatric surgery and those matched on pre- 
bariatric surgery BMI. There were statistically significant increased rates of revision 
and periprosthetic infection for patients having bariatric surgery compared to those 
matched on post-bariatric surgery BMI with a hazard ratio for revision of 2.2 and 
for infection of 2.6.

Watts et al. used data from the Mayo Clinic registry to identify all 42 patients 
who underwent 47 THAs following bariatric surgery and matched these cases to 94 
THAs by pre-bariatric surgery BMI, gender, age, and date of surgery [22]. Revision 

A. S. McLawhorn and D. C. Landy



105

rates were significantly higher in the patients who had not undergone bariatric sur-
gery with a hazard ratio of 5.4. There was also a non-statistically significant differ-
ence in periprosthetic infection rates with a 5-year infection-free survival rate of 
96% in the bariatric surgery group compared to 90% in the matched control group.

Inacio et al. used data from Kaiser Permanente to identify all patients who under-
went a first, unilateral TKA or THA between 2005 and 2011 for osteoarthritis [24]. 
They then created three study groups including a group of 69 patients who under-
went TJA greater than 2 years after bariatric surgery, a group of 102 patients who 
underwent TJA within 2 years of bariatric surgery, and a group of 11,032 patients 
who had not undergone bariatric surgery but could have due to either a BMI over 40 
or a BMI over 35 and an additional comorbidity such as diabetes. There were sig-
nificant differences between the groups with respect to age and comorbidities. 
Though analyses did not adjust for differences between the groups and no formal 
statistical comparisons were made, the 90-day readmission rates were 7.2% for 
patients who had TJA greater than 2 years after bariatric surgery, 2.5% for patients 
who had TJA within 2 years of bariatric surgery, and 5.9% for the control group who 
did not undergo bariatric surgery. Similarly, the revision rates were 2.9% for patients 
who had TJA greater than 2 years after bariatric surgery, 4.9% for patients who had 
TJA within 2 years of bariatric surgery, and 2.8% for the control group who did not 
undergo bariatric surgery.

Nearing et al. used data from their hospital system in La Crosse, WI to identify 
all patients who underwent bariatric surgery and TKA or THA between 2001 and 
2014 and then compared the 66 patients who underwent bariatric surgery prior to 
TJA to the 36 patients who underwent bariatric surgery after TJA [25]. The two 
groups had relatively similar age, sex, and comorbidity distributions and no adjust-
ments were made to comparisons. There were no significant differences in 30-day 
complication rates based on the timing of bariatric surgery in relation to TJA. And 
while these differences did not reach statistical significance, bariatric surgery prior 
to TJA was associated with increased manipulation rates, 9% compared to 0%, and 
decreased revision rates, 11% compared to 2%.

12.3.3  Analyses of Secondary Data

McLawhorn et al. evaluated the use of bariatric surgery prior to TKA compared to 
performing TKA without bariatric surgery using decision analysis methods [26]. 
They made assumptions regarding the probability of transitioning to one several 
variable health states for following either bariatric surgery or TKA. Of note, their 
analysis assumed that bariatric surgery prior to TKA would result in a 66% chance 
of losing enough weight to assume the risk profile of a nonobese patient and that 
nonobese patients were 77% less likely to require revision TKA, repeat revision 
TKA, or chronic failed revision TKA compared to obese patients. The authors also 
assigned values to the various health states as well estimated costs associated with 
the various required interventions. In total and based on these assumptions, their 
data simulation study suggested that bariatric surgery prior to TKA may be 
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cost- effective. In a similar study looking at bariatric surgery prior to THA, Prekumar 
et al. found bariatric surgery prior to arthroplasty to be cost effective though under 
similar assumptions [27].

Li et al. performed a meta-analysis including results from many of the studies 
referenced above to empirically assess the association between bariatric surgery 
prior to TJA and outcomes [28]. Their search strategy did not include some of the 
above results, their analyses did not always exclude studies which used a shared 
data-source such as Medicare data, and some outcomes were not measured consis-
tently across studies. With those limitations in mind, the authors reported that bar-
iatric surgery prior to TJA was associated with lower short-term medical complication 
rates following both TKA and THA but was not associated with long-term peripros-
thetic infection rates, dislocation rates, or revision rates.

12.4  Personal View of the Data

The available evidence does not support the use of bariatric surgery for the sole 
purpose of reducing the risks of complications after TJA. While prior evidence is 
conflicting regarding whether bariatric surgery significantly modifies the increased 
risks associated with obesity following TJA, it should be appreciated that patients 
are not expected to lose significant weight after TJA either [29, 30]. Additionally, 
some patients may have significant improvement of their arthritic symptoms after 
bariatric surgery and not require TKA [31, 32]. There is currently an ongoing mul-
ticenter observational trial which will provide the first prospective data regarding 
the association of bariatric surgery prior to planned TKA and outcomes [33]. In the 
absence of this data, we would encourage both orthopedic surgeons and bariatric 
surgeons not to be overly optimistic in assuming that bariatric surgery and associ-
ated weight loss will translate directly to improved outcomes following TJA. Decision 
making must be done at the level of the individual patient and should consider the 
other risks and benefits.

12.5  Recommendations Based on the Data

• We recommend that patients with morbid obesity should not undergo bariatric 
surgery for the sole purpose of reducing the risk of complications following TJA.

• Especially given the relatively older age of many patients considering TJA, we 
recommend orthopedic surgeons and bariatric surgeons consider together with 
patients the scope of potential benefits and risks of bariatric surgery prior to TJA.
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13The Ideal Preoperative Bariatric  
Surgery Diet
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13.1  Introduction

Multiple schools of thought exist among medical and allied health professionals for 
the ideal approach to prepare patients for metabolic and bariatric surgery (MBS) [1, 
2]. One school of thought focuses on prescribing a calorie-controlled preoperative 
diet for days to weeks immediately before surgery [1] in order to achieve multiple 
positive patient outcomes including formation of healthy diet and lifestyle habits; a 
reduction in body weight, liver size, fat mass, and body mass index (BMI) [3–5]; 
improvement in cardiometabolic biomarkers [4]; and provision of optimal nutrition 
[6]. Such outcomes are believed to facilitate improved laparoscopic access to the 
abdominal cavity [5, 7–9], reduce risk of perioperative complications [6, 9], support 
post-operative recovery and healing [6, 10], and increase patient potential to main-
tain life-long weight management directives following surgery [11–13].

A consensus remains to be set on national standards for preoperative diet prepa-
ration [1, 2]. Instead, existing recommendations place the onus on surgeons in col-
laboration with their allied healthcare team to determine when to prescribe a 
preoperative diet and which evidence-based intervention to use depending  on 
desired outcomes [1, 2]. To support clinical decision making, this chapter explores 
existing literature to define preoperative dietary approaches, including composition, 
calorie prescription, and duration, that have been studied to promote preoperative 
weight loss and other perioperative outcomes in adult patients seeking MBS. Primary 
outcomes of interest include change in total body weight (TBW), liver size/volume, 
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and cardiometabolic biomarkers (e.g., blood pressure, blood glucose, blood lipids) 
from baseline to endpoint while patients followed the preoperative diet. Secondary 
outcomes of interest include intraoperative (e.g., ease of surgical access, procedure 
conversion rate, and operation time) and post-operative outcomes (e.g., post- 
operative hospital length of stay [LOS] and major complications). This chapter aims 
to answer the following clinical question: In adult (age ≥ 18 years) patients who are 
candidates for MBS (adjustable gastric banding [AGB], sleeve gastrectomy [SG], or 
Roux-en-Y gastric bypass [RYGB]), what effect does following a calorie-controlled 
diet during the immediate preoperative period (up to twelve weeks prior to surgery) 
have on TBW, liver size/volume, and cardiometabolic biomarkers prior to surgery 
as well as intraoperative and post-operative outcomes?

13.2  Search Strategy

An electronic search of PubMed, Cochrane, Elsevier, Oxford Academic, ScienceDirect, 
and Embase databases was completed to obtain relevant primary literature including 
randomized controlled trials (RCTs), prospective and retrospective cohort studies, 
non-RCTs, and non-controlled trials investigating perioperative outcomes of preop-
erative dietary interventions prescribed for ≤12 weeks to adult candidates for 
MBS. The search was limited to human studies involving adults (age ≥ 18) undergo-
ing AGB, SG, or RYGB published in full text and in the English language from 2000 
to 2020. Search terms included key words and/or medical subject headings of bariatric 
surgery, weight loss, preoperative/preoperative period, and preoperative diet/diet 
(Table 13.1). Studies were excluded if the diet protocol (i.e., composition) was not 
defined, protocols were not administered under free-living conditions (i.e., adminis-
tration during hospitalization), or at least one primary or secondary outcome of inter-
est was not clearly reported. Four RCTs, four non-RCTs, seven non-controlled trials, 
three prospective cohort studies, and three retrospective cohort studies were included 
in the analysis. Data were classified using the GRADE system.

13.3  Results

According to results presented in Table 13.2, very low calorie diets (VLCDs) and 
low calorie diets (LCDs) are the most common preoperative diet interventions pre-
scribed and studied in adult candidates for MBS. Diet administration varied from 2 

Table 13.1 Patients, intervention, comparator, outcomes (PICO) literature search terms

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Adult patients with 
bariatric surgery 
(adjustable gastric 
banding, gastric 
bypass, gastric sleeve)

Preoperative 
diet

Not applicable Total body weight loss, liver 
size/volume reduction, blood 
pressure, blood glucose, blood 
lipids, surgical access, 
conversion rate, operation time, 
hospital length of stay, major 
complication rate

M. Miller et al.
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weeks to 12 weeks with the most frequent duration of administration being 2 weeks 
(6 studies) [3, 6, 9, 14–16] or 4 weeks (6 studies) [7, 8, 10, 17–19]. Key outcomes 
reported included TBW loss (18 studies) [3–5, 7, 8, 10, 15–25], reduction in liver 
size/volume (10 studies) [3–5, 7, 8, 17, 18, 22, 23, 26], reduction in systolic and 
diastolic blood pressure (6 studies) [4, 15, 18, 19, 21, 24], improvement in blood 
glucose (7 studies) [4, 7, 18, 20, 21, 23, 24], improvement in lipid profile (8 studies) 
[4, 7, 15, 18–20, 23, 24], easier laparoscopic surgical access (4 studies) [5, 7–9], and 
attenuated inflammatory response post-surgery (2 studies) [6, 10].

Before analyzing the results, it is important to understand differences between a 
VLCD and a LCD, particularly related to diet composition and weight loss poten-
tial. A VLCD provides ≤800 kcal per day [27] with approximately 40% calories 
from carbohydrate, 15% calories from fat, and 45% calories from protein [28]. 
Adequate protein estimated at 0.8 g to 1.5 g per kilogram ideal body weight per day 
is encouraged to preserve lean body mass and induce loss of fat mass [28]. The calo-
rie prescription and macronutrient composition of the VLCD creates a significant 
calorie deficit leading to rapid weight loss of on average 3.3 to 5.5 lb. per week [28].

A LCD is defined as a diet that provides 800 to 1500 kcal per day comprised of 
10% to 65% calories from carbohydrate, 10% to 40% calories from fat, and 12% to 
30% calories from protein [27]. This calorie prescription creates a calorie deficit of 
at least 500 kcal per day leading to gradual, steady weight loss of 0.5 to 2 lb. per 
week [27].

Of the 21 studies identified, twelve used a VLCD providing on average 456 to 
800 kcal per day [3–5, 9, 10, 15, 16, 20–22, 25, 26]. The majority of these studies 
(n = 8) used Optifast® VLCD [3–5, 10, 16, 20] or Optifast® 800 [9, 22] medically 
supervised meal replacement products either alone [3, 9, 10, 22] or in combination 
with a limited amount of low-calorie foods [4, 5, 16, 20] to provide a total daily 
intake of 456 to 800 kcal per day. The remaining nine studies prescribed a LCD 
providing on average 800 to 1500 kcal per day [6–8, 14, 17–19, 23, 24]. Diet 
approaches varied significantly among the LCD studies with the most similar inter-
ventions being a medically supervised meal replacement diet (n  = 2, both using 
Modifast® providing 800 to 1100 kcal per day [8, 18] or a combination meal replace-
ment product and primarily solid food based diet (n = 2) providing 1030 kcal per 
day [24] or 1200 to 1500 kcal per day [17]. Two studies used conventional solid 
food-based LCD approaches—one a low carbohydrate diet providing approxi-
mately 1500 kcal per day [7] and the second a protein-rich Mediterranean diet pro-
viding 1200 kcal per day [23].

Typically, the longer patients are on a preoperative diet and the lower the daily 
calorie prescription, the greater the TBW loss and reduction in liver size/volume 
achieved. For example, studies of 2 weeks duration providing 456 to 800 kcal per 
day resulted in an average 2.5% to 4.1% TBW loss [3, 9, 15, 16] and 5.1% liver size/
volume reduction [3]; studies of 4 weeks duration providing 800 to 1100 kcal per 
day resulted in an average 6.2% to 8.5% TBW loss [8, 18, 19] and 12% to 43.4% 
liver size/volume reduction [8, 17, 18] (compared to studies of 4 weeks providing 
1200 to 1500 kcal per day resulting in 3.1% to 4.6% TBW loss [7, 17, 19] and 8.1% 
liver size/volume reduction [7]); studies of 6 weeks duration providing 800 kcal per 
day resulted in an average 7.6% TBW loss [5, 20] and 12% to 20.3% liver size/
volume reduction [5, 26]; studies of 8 weeks duration providing 1030 to 1200 kcal 
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per day resulted in an average 10% to 16.7% TBW loss [23, 24] and 29.1% liver 
size/volume reduction [23]; and one study of 12 weeks duration providing 800 kcal 
per day resulted in 10.6% TBW loss and 18.7% liver size/volume reduction [4].

It appears that medically supervised meal replacement diets that include liquid 
products (i.e., shakes or soups) either alone or in combination with some solid food 
and solely liquid diets using conventional food and beverage products result in the 
greatest weight loss when also considering calorie prescription and diet duration. 
For example, when provided for 2 weeks, Optifast® VLCD plus low calorie foods, 
Optifast® 800, and a fully liquid VLCD, all providing 600 to 800 kcal per day, 
achieved similar average losses in TBW (3.5% to 3.8%) [9, 15, 16]. These findings 
are in comparison to a fully solid-food based VLCD (approximately 750 kcal per 
day) resulting in average losses of 2.5% TBW [15].

Regardless of diet duration, calorie prescription or diet composition, preopera-
tive VLCDs and LCDs providing 800 kcal to 1500 kcal per day for 2 weeks to 12 
weeks result in significant reductions in systolic blood pressure (SBP) [4, 18, 21, 
24] and diastolic blood pressure (DBP) [4, 21, 24], fasting glucose (FG) [4, 21, 23, 
24], hemoglobin A1c [4], fasting insulin [4, 18, 23, 24], total cholesterol [4, 18, 20, 
23, 24], triglycerides [4, 18, 23, 24], and low density lipoprotein cholesterol [4, 18, 
24] between baseline and diet completion (Table 13.3). The only consistent negative 
cardiometabolic outcome demonstrated by preoperative VLCDs and LCDs is a sig-
nificant reduction in high density lipoprotein cholesterol [7, 18, 20, 24].

For blood pressure, provision of 800 to 1100 kcals per day using medically 
supervised meal replacement products either alone or in combination with low calo-
rie foods and beverages for 3 to 12 weeks resulted in a 5.6% to 11% reduction in 
SBP [4, 18, 21, 24] and 8.4% to 11% reduction in DBP [4, 21, 24]. Additionally, 
Nielsen et al. found that patients with hypertension (HTN) following their 1030 kcal 
per day diet for 8 weeks experienced significant improvement in blood pressure to 
the point that they were able to reduce their HTN medication use prior to sur-
gery [24].

For FG, average reductions varied by calorie prescription, diet composition, and 
duration. Nielsen et al. saw an average 9 mg/dL reduction in FG (mean baseline 
106.2 mg/dL vs mean endpoint 97.2 mg/dL, p < 0.01) among candidates for RYGB 
who followed a 1030 kcal per day diet for 8 weeks. Carbajo et al. saw an average 17 
mg/dL reduction in FG (mean baseline 118.4 mg/dL vs 101.9 mg/dL, p < 0.0001) in 
as little as 3 weeks among candidates for RYGB who followed an 800 kcal per day 
diet. Using a protein-enriched Mediterranean diet providing 1200 kcal per day for 8 
weeks in candidates for SG, Schiavo et al. demonstrated an average 26.5 mg/dL 
reduction in FG (mean baseline 118.6 mg/dL vs. mean endpoint 92.1 mg/dL, 
p < 0.01). Similarly, using an 800 kcal diet (Optifast® VLCD plus low calorie foods) 
for 12 weeks in candidates for AGB, Coles et al. demonstrated an average 27 mg/dL 
reduction in FG (mean baseline 136.8 mg/dL vs mean endpoint 109.8 mg/dL, 
p = 0.011).

Regardless of a reduction in FG, preoperative VLCDs and LCDs appear to have 
other positive benefits for blood glucose management, particularly in MBS candi-
dates with type 2 diabetes mellitus (T2DM). Leonetti et al. found that in candidates 
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for SG who followed a combination medical meal replacement formula and conven-
tional solid and liquid food-based diet that progressed from being very low calorie 
to low calorie (ending in 1100 kcal per day) for 4 weeks, blood glucose improved in 
patients with T2DM to the point that the majority of these patients were able to 
reduce their oral hypoglycemic and insulin medication dosages prior to surgery. A 
similar response was seen by Biro et al. [14] when candidates for AGB, SG, and 
RYGB followed a liquid LCD providing 1100 to 1300 kcal per day for 2 weeks. In 
their study, patients with T2DM who were deemed rapid responders, meaning they 
lost weight quickly on the diet, experienced an over 50% reduction in their insulin 
dosage prior to surgery. These patients also had a greater potential for early remis-
sion of T2DM following surgery [14]. Furthermore, Collins et al. saw at least 40% 
of their patients who followed the Optifast® 800 diet (800 kcal per day) for an aver-
age of 9 weeks experience either improvement or resolution of their T2DM, HTN, 
and degenerative joint disease while on the diet [22].

Pertaining to intraoperative and postoperative outcomes (Table 13.4), 11 stud-
ies reviewed reported at least one relevant outcome [4–9, 14, 15, 22, 24, 25]; 
however only five studies utilized a control or comparison group to determine 
whether a preoperative diet results in superior outcomes [6, 8, 9, 15, 25]. Edholm 
et al. [8] in their non-RCT found that patients in their LCD group (Modifast® 800 
to 1100 kcal per day) demonstrated lower surgical complexity and a decrease in 
operation time (mean 169 ± 34.5 minutes) compared to patient in their control 
group (mean 172 ± 32.9 minutes), but the difference in operation time was not 
statistically significant between groups. Hospital LOS was slightly longer among 
patients in the LCD group (mean 4.9 ± 2.1 days versus 4.3 ± 1.0 days), but this 
difference was also not statistically significant [8]. Van Nieuwenhove et  al. in 
their multicenter RCT also found that patients in their VLCD group who fol-
lowed the Optifast® 800 diet for 2 weeks demonstrated lower surgical difficulty 
and a statistically significant lower 30 day complication rate compared to the 
control group (8 complications VLCD vs 18 complications control, p = 0.04), but 
there was no significant difference in operation time between diet groups (mean 
80 ± 23 minutes VLCD vs. 81 ± 21 minutes control) [9]. Albanese et al. in their 
non-RCT found that patients following a very low calorie ketogenic diet (700 
kcal per day) for 3 weeks experienced a shorter operation time (mean 59.8 ± 18.7 
minutes vs 69 ± 31.7 minutes) and hospital LOS (mean 3.0 ± 0.2 days vs 3.2 ± 2.4 
days) compared to patients following a solid food VLCD (800 kcal per day), but 
the difference between groups for both outcomes was not statistically signifi-
cant [25].

In contrast, Ruiz-Tovar et  al. in their RCT found no significant difference in 
operation time (mean 92.2 ± 14.7 minutes), hospital LOS (mean 3 days) or major 
complications among their three diet groups, each providing 900 kcal per day either 
through solid food, a high protein meal replacement product, or an immunonutrition 
meal replacement product [6]. Faira et al. also found in their RCT that there was no 
difference in operation time between their two VLCD groups, one a liquid VLCD 
and the other a solid food VLCD, both providing nearly 800 kcal per day and fol-
lowed for 2 weeks; however they did find an inverse relationship between operation 
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time (decrease) and the amount of visceral adipose tissue patients in the liquid diet 
group lost (increase) while following the diet [15].

Although VLCDs and LCDs are considered safe and effective, patients may 
experience side effects. The most common side effects reported by patients in the 
studies reviewed include hunger [4, 15, 23, 24, 26], diarrhea [19, 21, 24, 26], con-
stipation [4, 19, 24], nausea/vomiting [19, 21, 26], headache [21, 23, 24], dizziness/
lightheadedness [4, 24], and fatigue [24]. The majority of these side effects were 
reported upon initiation of the prescribed diet and subsided over time. Additional 
side effects patients experienced included cold intolerance [4, 24], abdominal pain 
[24], other gastrointestinal problems [23], irritability [24], dry skin [4], flatulence 
[24], and bad breath [24]. For constipation, which was the most common side effect 
in the study by Colles et al. [4], treatment should address increasing fluid and veg-
etable intake. A fiber supplement and mild laxative may also be prescribed [4].

Additional considerations with use of VLCDs and LCDs, particularly those 
using medically supervised or commercially available meal replacement products, 
include taste, hunger/satiety, and overall acceptability. Colles et al. found that taste 
acceptance and satiety of their Optifast® VLCD plus low calorie food diet (800 kcal 
per day) was greatest during the first 4 weeks of the diet and declined thereafter [4]. 
Carbajo et  al. found patients provided higher taste satisfaction ratings for their 
solid food diet compared to their liquid diet, but patients reported no difference in 
satiety between the diets, both followed for 3 weeks [21]. In contrast, Faria et al. 
found patients reported more hunger with their liquid VLCD than with their solid 
food VLCD, both when followed for 2 weeks [15]. And, Edholm et al. found that 
patients following the Modifast® diet (liquid) for 4 weeks reported a desire for 
solid foods [18].

13.4  Recommendations Based on the Data

The available clinical evidence supports weight reduction, cardiometabolic, intra-
operative and postoperative benefits of preoperative diet initiation in patients pursu-
ing MBS. A preoperative VLCD or LCD providing 800 to 1100 kcal per day using 
medically supervised meal replacement products, either alone or in combination 
with low calorie food, for two to four weeks is recommended to initiate small to 
moderate TBW loss and liver size/volume reduction, clinically meaningful improve-
ment in cardiometabolic outcomes, and improved laparoscopic surgical access (evi-
dence quality moderate, strong recommendation). No evidence exists to support use 
of a preoperative diet less than two weeks in duration. Longer duration preoperative 
diets providing up to 1500 kcal per day for 6 to 12 weeks may benefit patients need-
ing a greater reduction of TBW and liver size/volume while continuing to support 
improvement in cardiometabolic outcomes (evidence quality low, conditional rec-
ommendation). There is insufficient evidence to support the use of preoperative 
VLCDs or LCDs for the sole purpose of a reduction of operative time, hospital 
LOS, and post-operative complication rates (evidence quality low, strong 
recommendation).
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Meal replacement product and liquid-based VLCDs and LCDs appear to achieve 
clinically meaningful improvements in weight, liver size/volume, cardiometabolic 
biomarkers, and surgical access in a shorter time frame (2 to 4 weeks) when com-
pared to solid food-based VLCDs and LCDs; therefore a solid food-based VLCD or 
LCD should be conducted over a longer period of time (4 to 6 weeks) to achieve 
similar results (evidence quality low, conditional recommendation). High protein 
immunonutrition meal replacement products as part of a preoperative LCD used for 
at least two weeks prior to surgery may significantly attenuate inflammatory and 
pain response following surgery (evidence quality moderate, conditional recom-
mendation). Finally, diets administered for up to 4 weeks and combining both liquid 
and solid conventional food and beverages may be better accepted and followed by 
patients based on taste and satiety (evidence quality low, conditional 
recommendation).

13.5  Summary of Recommendation Options

• Healthcare providers should recommend that  adult patients undergoing MBS 
complete a medically prescribed VLCD (800 kcal per day) or a LCD (800 to 
1100 kcal per day) using medically supervised meal replacement products, either 
alone or in combination with low calorie food, for 2 to 4 weeks  immediately 
before surgery to achieve at least 3% TBW loss, at least 5% reduction in liver 
size/volume, improvement in cardiometabolic biomarkers (e.g., blood pressure, 
blood glucose, and blood lipids), and improvement in surgical access (evidence 
quality low to moderate, strong recommendation).

• Patients should not be prescribed a preoperative VLCD or LCD for the sole pur-
pose of reduction in operation time, hospital LOS, and major complications (evi-
dence quality low, strong recommendation).

• Medically supervised meal replacement products or immunonutrition oral nutri-
tion supplements used either alone or in combination with low calorie foods as 
part of a VLCD or LCD supports maintenance of adequate nutrition both prior to 
and immediately following surgery (evidence quality low, weak 
recommendation).

• Patient monitoring by a qualified health professional is recommended to indi-
vidualize the diet prescription and maximize compliance and beneficial effects 
of the preoperative VLCD or LCD (evidence quality very low; weak 
recommendation).

13.6  Personal View of the Data and Recommendations

Preoperative VLCDs and LCDs demonstrate a clinically significant positive impact 
on weight loss, liver size/volume reduction, key cardiometabolic and nutrition- 
related biochemical markers, and surgical access. Unfortunately, there is not a sig-
nificant amount of moderate to strong evidence to support the development of a 
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consensus on the best preoperative diet for patients undergoing MBS.  For most 
patients prescribed a VLCD or LCD by their surgical healthcare team, there is an 
initial period (days to weeks) of adjustment, which should be taken into consider-
ation when determining the optimal diet composition and duration. The number of 
related and complicating co-morbidities that patients have should also be taken into 
consideration to determine which preoperative diet outcomes may be priority for 
patients to achieve (i.e., weight loss vs liver size/volume reduction vs cardiometa-
bolic biomarker improvement). Based on comorbidities, a VLCD or LCD may not 
be medically appropriate for all patients (i.e., chronic kidney disease). Additionally, 
the financial implications of using medically supervised meal replacement products 
versus a food-based diet should be considered [29]. These factors increase the value 
of clinical judgement and individualized patient assessment by a licensed and expe-
rienced clinical professional  to establish a feasible, patient-centered approach. A 
minimum of a three-week preoperative diet would provide patients with time to 
demonstrate their ability to follow a prescribed diet and adopt healthy lifestyle hab-
its prior to surgery, decrease patient burden related to duration and cost of the diet, 
and improve  patient monitoring and  counseling opportunities  by the clinical 
team. Unknowns remain including the role of exercise to influence TBW loss, liver 
size/volume reduction, and changes in biochemical markers while patients follow a 
preoperative VLCD or LCD.
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14Is Routine Upper Endoscopy  
and H. pylori Testing Indicated 
in Advance of Bariatric Surgery?

Matthew August Odenwald and Robert T. Kavitt

14.1  Introduction

Bariatric surgery continues to be the only durable approach to long-term weight loss 
for the obese population and improves multiple weight-related comorbidities. 
Although safe with low complication rates, the most common procedures roux-en-y 
gastric bypass (RYGB) and sleeve gastrectomy (LSG) can still be associated with 
risks and adverse events.

Due to the construct of the gastrojejunostomy, RYGB is associated with the risk 
of marginal ulcers, estimated to occur between 0.6 and 16% [1, 2]. However, the 
true incidence may be much higher as these reports only include ulcers that are 
diagnosed on upper endoscopy, and many marginal ulcers are likely treated without 
endoscopic documentation. Multiple modifiable risk factors are associated with 
marginal ulcer development, including smoking, alcohol use, diabetes, NSAID use, 
surgical technique, and possibly H. pylori infection [3–5]. If left untreated, marginal 
ulcers can cause bleeding, strictures, and eventually obstruction. Additionally, 
because RYGB excludes of part of the stomach, a rare but potentially fatal adverse 
event is undetected abnormalities of this excluded stomach, such as ulcers or cancer, 
that are not easily accessed endoscopically after RYGB.

LSG, although thought of as a simpler bariatric operation, can also be associated 
with certain morbidity postoperatively. The most common being gastroesophageal 
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reflux disease and associated Barrett’s esophagus. In patients undergoing LSG, 
84.1% who had GERD symptoms previously, continued to have GERD symptoms 
postoperatively, and 8.6% developed new-onset GERD symptoms postoperatively 
[6]. This is in contrast to 62.8% resolution of GERD symptoms in patients undergo-
ing RYGB [6]. Given the inability to resolve gastric reflux and the high incidence of 
new-onset reflux after LSG, both erosive esophagitis and Barrett’s esophagus are 
generally considered contraindications to sleeve gastrectomy and thus important to 
identify preoperatively.

14.1.1  Preoperative Screening Guidelines

Given the potentially modifiable risk profile of these adverse events, preoperative 
screening is important to minimize postoperative complications. However, the rec-
ommended preoperative evaluation prior to bariatric surgery is controversial, and 
there is a wide range of surgical practices. This is highlighted by differing state-
ments from multiple international societies. The European Association for 
Endoscopic Surgery (EAES) recommends either a barium swallow or EGD prior to 
bariatric surgery [7]. Conversely, the most recent guidelines co-published by the 
American Society for Gastrointestinal Endoscopy (ASGE), the Society of American 
Gastrointestinal and Endoscopic Surgeons (SAGES), and the American Society for 
Metabolic and Bariatric Surgery (ASMBS) in 2015 suggest an individualized 
approach to both upper endoscopy and H. pylori testing and eradication prior to 
bariatric surgery [8]. These conflicting guidelines raise the question of whether 
EGD and H. pylori testing should be routinely performed before bariatric surgery.

14.2  Search Strategy

We searched PubMed with the terms “bariatric surgery” AND “preoperative endos-
copy.” We also searched PubMed with the terms “bariatric surgery” AND “preop-
erative Helicobacter pylori testing.” Evaluated articles were limited to those 
published in English and focused on outcomes after either Roux-en-Y gastric bypass 
or sleeve gastrectomy procedures. Studies from 1990 through 2020 were assessed; 
the majority of studies cited in this chapter were published within the past 10 years. 
No randomized controlled trials were available. When available, large cohort stud-
ies were given preference. The data was classified using the GRADE system. The 
most recent American and European guidelines were also reviewed and included.

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients undergoing 
Roux-en-Y gastric 
bypass or sleeve 
gastrectomy

Preoperative 
endoscopy

Patients not 
undergoing 
preoperative 
endoscopy

Adverse postoperative 
events: leak, marginal 
ulcer, gastric cancer, 
reflux

Patients undergoing 
Roux-en-Y gastric 
bypass or sleeve 
gastrectomy

Preoperative H. 
pylori testing and 
eradication

Patients not tested 
for H. pylori

Adverse postoperative 
events: leak, marginal 
ulcer, gastric cancer
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14.3  Results

14.3.1  Routine Upper Endoscopy Prior to Bariatric Surgery

The goal of preoperative endoscopy with EGD is to identify patients with anatomic 
abnormalities that would alter surgical management in one of three ways: delay the 
operation to allow for medical treatment, change the recommended surgical 
approach or technique, or cancel the operation altogether with the ultimate goal of 
decreasing postoperative complications. Conditions that may alter the operative 
plan include hiatal hernias, esophagitis, mucosal ulcers, tumors, and vascular abnor-
malities. One difficulty in determining which patients should be screened is that the 
correlation of symptoms and endoscopic findings is poor [9, 10], which has led 
some to advocate for universal preoperative endoscopy. However, the impact of 
specific endoscopic findings depends on the procedure planned, and the utility of 
implementing routine preoperative EGD depends on prevalence of abnormalities 
and the frequency with which abnormal findings will change management.

While no randomized controlled trials exist to guide practice, multiple retrospec-
tive case series from bariatric surgery centers have been published in an attempt to 
help determine the diagnostic yield of routine preoperative EGDs [9, 11–15]. In 
each of these studies, the most common EGD result was a normal EGD with 
21.8–70.7% of all EGDs performed showing no endoscopic abnormality. The prev-
alence of specific pathologies in these selected studies is the following: Hiatal her-
nia (9.0–27.5%), benign gastric or duodenal polyps (1.2–6.7%), esophagitis 
(1.1–16.6%), gastritis (13.7–37.6%), duodenitis (2.2–7.8%), H. pylori infection 
(2.0–44.7%), peptic ulcer disease (0.2–23%), and gastric cancer (0.0–0.8%) 
(Table 14.1). While abnormal findings were common in each of these studies, the 
interpretation and subsequent management was not uniform, making it difficult to 
determine best practice.

These findings can be grouped into categories of findings that either (1) have no 
impact on medical or surgical management, (2) result in additional medical man-
agement, or (3) change surgical management. A meta-analysis by Bennett, et  al. 
analyzed 48 studies and determined that preoperative EGD changed medical man-
agement in 27.5% of cases, but only in 2.5% of cases when not counting H. pylori 
eradication [15]. The medical changes were commonly H. pylori eradication, which 
can be reliably done using non-invasive testing, and the addition of a PPI, which is 
now standard practice for many bariatric surgeons regardless of preoperative endo-
scopic findings. Similarly, surgical management was affected by 7.8% of preopera-
tive EGDs; however, after removing entities with a variable effect on operative 
management, such as hiatal hernias and peptic ulcers, EGDs effected surgical man-
agement in only 0.4% of cases [15]. However, 7.5% of the changes were major 
changes in the operative plan such as switching from a LSG to a RYGB or adding a 
gastrectomy to an RYGB [15]. These findings were supported by a subsequent simi-
lar meta-analysis [16]. Findings that typically do not delay surgery include benign 
gastric or duodenal polyps and hiatal hernia, although hiatal hernias are typically 
repaired at the time of bariatric surgery. Gastritis, duodenitis, and peptic ulcer dis-
ease often change medical management in that their presence results in initiation of 
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a proton pump inhibitor (PPI) and testing and eradication of H. pylori. However, 
data supports the practice of routine perioperative PPI use to decrease the risk of 
marginal ulcer development, and H. pylori can be diagnosed with less expensive, 
non-invasive testing [17–19]. These endoscopic findings are therefore unlikely to 
change current management. While both reflux esophagitis or Barrett’s esophagus 
are treated with PPI and surveillance upper endoscopy, these endoscopic findings 
may change treatment with sleeve gastrectomy given that sleeve gastrectomy often 
results in worsening gastroesophageal reflux and can exacerbate both conditions. In 
the case of RYGB, however, these findings would not change either medical or 
operative management, as PPI use is routine in this setting and post-surgical anat-
omy would not preclude routine surveillance of Barrett’s esophagus. Given poor 
correlation between symptom and endoscopic findings, we advocate for routine 
upper endoscopy in patients who are planning to undergo sleeve gastrectomy to 
evaluate for the presence of reflux esophagitis and Barrett’s esophagus, and if these 
pathologies are found, we recommend discussing a change in surgical approach to 
a RYGB. The prevalence and impact of H. pylori infection on bariatric surgery is the 
topic of the next section.

One of the most feared long-term adverse events of a RYGB is developing 
pathology such as gastric cancer developing in the relatively inaccessible excluded 
stomach. Discovering precancerous lesions or gastric cancer on preoperative EGD 
can either result in offering concurrent gastrectomy or deferring bariatric surgery 
altogether for oncologic therapy. Gastric cancer in those undergoing bariatric sur-
gery is an exceedingly rare entity, and the above studies reported rates of diagnosing 
gastric cancer on preoperative endoscopy ranging from 0.0–0.8%. Similarly, studies 
reporting development of gastric cancer in the excluded stomach after RYGB have 
been limited to a few case reports [20–23]. Harper et al. report a patient who did not 
undergo preoperative EGD and was diagnosed with disseminated gastric cancer 
only 1 year after a RYGB operation [20]. While it is difficult to justify the potential 
risk and cost of routine endoscopic screening to diagnose such a rare entity, the 
consequence of missing gastric cancer, however rare, has led some to interpret such 
cases as reason to do preoperative screening in all patients [12]. However, a normal 
preoperative endoscopy and eradication of risk factors such as H. pylori does not 
guarantee a cancer-free excluded stomach in the long-term. This is evidenced by 
Tinoco et al. who reported the development of gastric cancer in the excluded stom-
ach 10  years after a bypass operation in a patient that underwent preoperative 
H. pylori eradication [21]. It is not reported whether this patient had a preoperative 
EGD. Escalona et al. also report development of gastric cancer in the remnant stom-
ach 8 years postoperatively in a center that routinely performs preoperative endos-
copy [24]. Corsini et al. report a patient who had preoperative endoscopy showing 
intestinal metaplasia and H. pylori, which was eradicated preoperatively [22]. The 
patient unfortunately developed an aggressive gastric carcinoma 4 years after RYGB 
[14]. Given the presence of metaplasia preoperatively, it can be argued that this 
previously asymptomatic patient should have either been offered a different opera-
tion, such as a sleeve gastrectomy or resection of the remnant stomach at time of 
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bypass, or undergone surveillance endoscopy of his excluded stomach 
postoperatively.

The utility of routine preoperative EGD for purposes of detecting gastric cancer 
in the excluded stomach is very low. Similarly, given the low incidence of gastric 
cancer in the Western world, gastric cancer screening programs have not been 
implemented for the general population [25, 26]. This is different in high-risk areas 
such as Japan and South Korea, where the incidence of gastric cancer is high and 
routine screening is performed [26]. If the patient had no indication for screening 
other than an upcoming bariatric surgery, we advise against EGD for these purposes.

14.3.2  Routine H. Pylori Testing Prior to Bariatric Surgery

H. pylori is the most common chronic human infection with estimates that more 
than half of the world’s population is infected [27], and most patients who are 
infected are asymptomatic. The prevalence of H. pylori infection is strongly influ-
enced by geography with fewer people being infected in developed countries than 
in developing countries, where H. pylori infection is nearly universal [27]. 
Conflicting reports regarding the prevalence of H. pylori infections in the popula-
tion with obesity have been published, and published rates have ranged from 8.7% 
to 85.5% in different cohort studies [9, 28]. Discrepancies can be attributed to many 
factors including study design, method for detecting H. pylori, and most impor-
tantly, geographic location of the study, making comparing these retrospective stud-
ies very difficult. Similarly, some have observed a significant increase in BMI after 
H. pylori eradication, whereas others report an increased prevalence of H. pylori 
infection in patients with obesity. As such, H. pylori has been proposed to play both 
a pathogenic and protective role in the development of obesity [29], potentially 
through altering circulating ghrelin levels [30]. In those who are infected, obesity is 
an independent risk factor for treatment failure for H. pylori eradication with 
clarithromycin- based triple therapy [31].

The focus of this chapter, however, is to discuss the utility of routine preoperative 
H. pylori testing and eradication prior to bariatric surgery. Verma, et al. retrospec-
tively analyzed 611 patients with morbid obesity (average BMI of 47.9 kg/m2) who 
routinely underwent EGD with biopsies to test for H. pylori prior to bariatric sur-
gery [32]. H. pylori was found in 23.7% of patients with similar BMI in both 
infected and uninfected patients. Infected patients had a much higher rate of abnor-
mal preoperative endoscopy with chronic active gastritis being the most common 
finding. However, the implications of preoperative H. pylori infection on postopera-
tive outcomes was not reported [32]. The aim of a universal test and eradicate strat-
egy would be to minimize adverse postoperative events, including viscus perforation, 
marginal ulcer development, gastrointestinal bleeding, continued foregut symp-
toms, and cancer development, especially in the relatively inaccessible excluded 
stomach after RYGB.

M. A. Odenwald and R. T. Kavitt
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14.3.2.1  Perforation
Perforated ulcers are an uncommon but detrimental adverse event after bariatric 
surgery. To determine the effect of routine H. pylori screening on postoperative 
outcomes in bariatric surgery patients, Hartin, et al. performed a retrospective chart 
review of 183 patients who underwent bariatric surgery over a 40-month period 
[33]. Of these patients, 125 were not tested for H. pylori preoperatively, and 58 were 
tested and treated if positive (seven patients [12%] were positive). In this single- 
center cohort there was a statistical difference in the rate of perforated ulcers with 
six patients suffering perforation in the untested group and 0 having perforation in 
the group who was tested and treated [33]. While this lends support to the idea of 
universal preoperative testing and eradication, this does not prove a pathogenic role 
of H. pylori in perforated ulcers, and this data should be interpreted with caution as 
it was a single center, single surgeon study. Moreover, the practice of routine 
H. pylori testing was started later in this surgeon’s practice, and many factors, 
including increased surgeon experience may have contributed to the improved out-
comes in later years.

14.3.2.2  Marginal Ulcer Development
Marginal ulceration refers to mucosal erosion at the gastrojejunal anastomosis, 
most commonly on the jejunal side. Development is multifactorial and has been 
associated with multiple modifiable risk factors including corticosteroid use, smok-
ing status, and NSAID use [4]. The role of H. pylori infection on anastomotic ulcer 
development is controversial, and many cite the typical anatomical location of mar-
ginal ulcers on the jejunal side of the anastomosis as empiric evidence discounting 
the effect of H. pylori on marginal ulcer development. Nevertheless, some case 
series have reported an association between marginal ulcers and H. pylori. Schirmer 
et  al. analyzed a consecutive case series of 560 patients undergoing RYGB, and 
midway through the case series the center changed preoperative practice to rou-
tinely test for H. pylori with biopsies and eradicate the infection if found [34]. They 
found that marginal ulcers developed significantly less often in patients who under-
went routine H. pylori screening (2.4% vs. 6.8%) [34], suggesting that routine 
H. pylori eradication prior to bariatric surgery may prevent marginal ulcers. 
However, this report does not control for changes in operative technique or increased 
operative experience that naturally occurs over time and can affect rates of postop-
erative ulcers. Rasmussen et  al. published a retrospective review of 260 patients 
undergoing RYGB with an overall marginal ulcer rate of 7% [3]. H. pylori was 
routinely screened for with a serum assay and treated with 14 day triple therapy if 
present. Patients with marginal ulcers were much more likely to have been H. pylori 
positive when compared to patients who did not develop marginal ulcers (32% vs 
12%) [3].

Multiple similar studies have been published showing no association between 
H. pylori infection and marginal ulcer formation. For example, in their retrospective 
analysis of 448 patient undergoing bariatric surgery, Loewen et  al. reported a 
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postoperative ulcer rate of 13% that was statistically associated with preoperative 
gastritis and duodenitis but not H. pylori status [11]. Similarly, Papasavas et al. ret-
rospectively compared rates of ulceration in patients who underwent H. pylori 
serum testing and eradication (259 patients) and those who were not tested (153 
patients) [35]. They found that both groups had similar rates of indication for post-
operative EGDs (5% in tested group vs. 3.7% in untested group), and in the group 
of patients that was tested, there were similar rates of positive EGD findings in those 
testing positive and undergoing eradication (3.6%) and those testing negative (5.6%) 
[35]. This led to their conclusion that H. pylori testing and treatment does not lower 
rate of marginal ulceration or pouch gastritis. Rawlins et al. retrospectively reviewed 
228 patients who underwent RYGB to determine the utility of preoperative serum 
H. pylori screening [36]. Sixty-eight of the 228 patients were serum positive, and 24 
were persistently positive on follow-up endoscopy despite 14 day triple therapy, 
highlighting a high rate of treatment failure in this population [36]. Postoperative 
outcomes of marginal ulceration were very rare (5 total) with 4 occurring in the 
group that was negative preoperatively and only 1 occurring in the group that was 
positive and treated for H. pylori preoperatively [36]. However, the rate of marginal 
ulceration was too low to determine if there was a true difference.

Two studies have actually shown a negative association between anastomotic 
ulcers and H. pylori infection. Yang et al. retrospectively reviewed 636 patients who 
were screened for H. pylori with serum IgG prior to either RYGB or laparoscopic 
adjustable gastric banding [37]. They found that 39% of patients were seropositive 
regardless of symptoms and that patients who developed postoperative ulcers actu-
ally tended to be positive for H. pylori less often (27.3% vs 43.3%), although this 
was not statistically significant [37]. Finally, Kelly et  al. reported that 7.6% of 
H. pylori positive patients compared to 17.1% of H. pylori negative patients had 
marginal ulcers, which was statistically significant [38]. Mechanistically, this nega-
tive association may be explained by chronic gastropathy and subsequent decreased 
acidity preventing ulceration; however, this is not proven. From these multiple stud-
ies it is clear that more work needs to be done to elucidate the true risk of H. pylori 
infection on marginal ulcer development, especially in the current age where PPIs 
are commonly used perioperatively to prevent marginal ulceration. Given the lack 
of strong evidence to the contrary, it is still reasonable to routinely screen and treat 
for H. pylori in the preoperative period, and PPIs should be routinely prescribed in 
the postoperative period to decrease the incidence of marginal ulceration.

14.3.2.3  Cancer in the Excluded Stomach
As discussed above, reports of cancer in the excluded stomach are rare and limited 
to case reports. However, from very limited data, H. pylori eradication does not 
seem to prevent this rare entity as preoperative testing and eradication was per-
formed in many of these cases [21, 22]. This may be due to either H. pylori reinfec-
tion or alternative risk factors of developing gastric cancer such as age, family 
history, smoking status, and diet. However, the rarity of gastric cancer in the 
excluded stomach after RYGB limits our ability to study the effect of H. pylori 
eradication on development of cancer in the excluded stomach. It is reasonable to 
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test for and eradicate H. pylori even if it does not have impact on immediate surgical 
outcomes as H. pylori is a carcinogen, and eradication can decrease the incidence of 
gastric cancer in patients without premalignant lesions [39–41]. This is especially 
true with RYGB when the excluded stomach is much more difficult to access.

14.4  Recommendations Based on the Data

Given the poor correlation between symptoms and endoscopic findings, we strongly 
recommend routine upper endoscopy in patients who are planning to undergo sleeve 
gastrectomy for the purposes of evaluating for reflux esophagitis and Barrett’s 
esophagus. If these pathologies are found, we strongly recommend changing the 
planned surgical approach to a RYGB. In the case of planning for a RYGB, the util-
ity of routine preoperative EGD for purposes of detecting gastric cancer in the 
excluded stomach is very low, and if the patient had no indication for screening 
other than an upcoming bariatric surgery, we weakly advise against EGD for these 
purposes. We weakly recommend routinely testing for and treating H. pylori in the 
preoperative period as a means of potentially decreasing marginal ulcer develop-
ment and diminishing risk of gastric cancer.

14.5  A Personal View of the Data

Given the rapidly increasing incidence of obesity and the increasing prevalence of 
bariatric surgery, it will be extremely important to better define the ideal preoperative 
evaluation, including whether routine EGD and H. pylori testing are warranted. The 
above discussion highlights the lack of randomized controlled trials in the field, as the 
majority of data is from retrospective reviews of all cases performed at single centers. 
The best way to define the utility of preoperative EGD and H. pylori testing will be 
through a large, multicenter randomized controlled trial that directly addresses both 
the prevalence of abnormal EGD findings and H. pylori infection and the effect on 
surgical planning and surgical outcomes. Until such a definitive study is performed, 
we recommend the following: (1) perform preoperative EGD in all patients planning 
to undergo LSG in order to assess for reflux esophagitis and Barrett’s esophagus; (2) 
do not perform routine EGD in patients planning to undergo RYGB unless there is 
another reason to perform EGD; and (3) it is reasonable to test for and eradicate 
H. pylori in all patients prior to bariatric surgery given the conflicting results of preva-
lence and effect on postoperative outcomes and known carcinogenic effect of H. pylori.

14.6  Recommendations

• For patients planning to undergo sleeve gastrectomy, we recommend routine pre-
operative endoscopy to assess for reflux esophagitis and Barrett’s esophagus 
(Evidence quality moderate; strong recommendation).
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• For patients undergoing roux-en-Y gastric bypass, we recommend against rou-
tine preoperative endoscopy unless there is another indication to perform EGD 
(Evidence quality low; weak recommendation).

• We recommend routine preoperative testing and eradication of H. pylori 
(Evidence quality low; weak recommendation).
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15.1  Introduction

Esophageal dysmotility is common in morbidly obese patients. Multiple studies 
have suggested that individuals with morbid obesity have a significantly increased 
prevalence of esophageal motor disorders compared to their non-obese peers, 
including abnormal lower esophageal sphincter (LES) function and altered peristal-
sis. In addition, current literature suggests that bariatric surgery affects esophageal 
motility and health, thus increasing the importance of including an evaluation of 
swallowing disorders in the preoperative stage.

Per current clinical practice guidelines, esophageal manometry is not routinely 
performed as part of the preoperative work-up of all patients undergoing bariatric 
surgery [1]. However, there is mounting evidence of the usefulness of manometry 
prior to bariatric surgery and many institutions are incorporating the performance of 
manometry into their preoperative protocols. Different bariatric surgical techniques 
can influence both LES pressures as well as peristalsis, thus the choice of therapy 
should be carefully and individually considered for each surgical candidate. 
Understanding physiologic changes that occur as a result of bariatric surgery can 
help guide what preoperative evaluation should be performed and when to use cau-
tion in choosing surgical options. This chapter will address whether esophageal 
manometry testing should be included as a part of preoperative testing in bariatric 
surgery and discuss the changes in esophageal mechanics related to bariatric surgery.
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15.2  Search Strategy

A literature search of English language publications in the medical database 
(PubMed) from 1999 to 2019 was used to identify published data on the use of 
manometry in bariatric surgery. Terms used in the search were “manometry”, 
“motility disorder”, “esophageal function”, “esophageal motor disorder”, “dys-
motility”, and “preoperative”, “weight loss surgery”, “bariatric surgery”. Due to 
low numbers of high evidence papers, the majority of the studies were prospective 
or retrospective cohort studies, with no randomized controlled trials available. The 
data was classified using the GRADE system.

15.3  Results

15.3.1  Prevalence of Esophageal Disorders in Morbidly 
Obese Patients

When completing the bariatric preoperative evaluation, it is important to understand 
that individuals with morbid obesity have a significantly increased prevalence of 
esophageal motor disorders compared to individuals without obesity. Morbid obe-
sity has been found to be associated with increased dysmotility of both the LES and 
the esophageal body. The mechanism responsible for alterations in motility in this 
population remains to be clearly defined. One proposed mechanism suggests that 
intake of food high in fat content leads to lower LES pressure through the secretion 
of hormones such as secretin and cholecystokinin [2]. The reported prevalence of 
both any abnormal manometric findings and of specific diagnosed esophageal dis-
orders significantly varies between studies. (Table 15.1) This may be in part due to 
the dynamic landscape of manometry interpretation and continuously evolving 
understanding of esophageal mechanics.

Reported general abnormal esophageal motility in morbid obesity ranged from 
17% on the conservative side to up to 61% [3, 8]. In comparison to healthy controls, 
Iovino et al. demonstrated significantly lower LES pressure in the morbidly obese 
[10]. Other authors have also found a hypotensive LES as the most common pathol-
ogy on manometry in this population [7, 9]. The prevalence of a hypotensive LES 
was reported to range from 6.8% to 25% [3, 5]. Jaffin and colleagues studied 111 
morbidly obese patients seeking bariatric surgery, finding that 61% had abnormal 
manometric findings [3]. This included 25% of patients with a hypotensive LES and 
21% with a hypertensive disorder of the esophageal body. Interestingly, 59% of 
patients with abnormal manometry were asymptomatic, raising concern for abnor-
mal visceral sensation in the morbidly obese population. A more recent evaluation 
of 221 patients who underwent preoperative manometric testing revealed disturbed 
manometry in 33.4%, of which 64% had a hypotensive LES [7]. This subset of 
patients was more likely to have erosive esophagitis and pathologic pH reflux moni-
toring; however, reflux symptoms did not appear to significantly differ between 
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subjects with normotensive and hypotensive LES, suggesting that reflux symptoms 
alone may not be a reliable measure of underlying pathology.

Kristo et  al. published a prospective analysis of 147 individuals with morbid 
obesity who underwent esophageal function testing, aimed to investigate the preva-
lence and to characterize the pathology in this population [5]. They found that 34% 

Table 15.1 Prevalence of esophageal disorders in morbidly obese patients prior to bariatric 
surgerya

Author N
Surgery 
type

Study type 
(quality of 
evidence)

Abnormal 
manometry 
(%)

Lower 
esophageal 
sphincter 
(LES) 
pathology

Peristaltic 
pathology

Jaffin et al. 
(1999) [3]

111 All Prospective 
cohort (low)

61.0 25.0% 
hypotensive 
LES

14.4% 
Nutcracker 
esophagus, 
21.0% 
hypertensive 
peristalsis

Hong et al. 
(2004) [4]

61 All Retrospective 
cohort (low)

54.0 16.0% 
hypotensive 
LES, 18.0% 
hypertensive 
LES

5.0% 
Nutcracker 
esophagus, 
3.0% diffuse 
esophageal 
spasm

Kristo et al. 
(2019) [5]

147 All Prospective 
cohort (low)

34.0 6.8% 
hypotensive 
LES, 14.3% 
hypertensive 
LES

7.5% 
Jackhammer 
esophagus, 
4.1% distal 
esophageal 
spasm

Merrouche 
et al. 
(2007) [6]

100 LAGB, 
RYGB

Prospective 
cohort (low)

N/A 11.0% 
incompetent 
LES

41.0% 
decreased 
ampitude of 
contractions

Mora et al. 
(2016) [7]

221 All Prospective 
cohort (low)

33.4 21.2% 
hypotensive 
LES, 0.4% 
hypertensive 
LES

9.5% 
Nutcracker 
esophagus, 
1.3% diffuse 
esophageal 
spasm

Schneider 
et al. 
(2018) [8]

610 SG, 
RYGB

Retrospective 
cohort (low)

17.0 13.0% 
abnormal LES

2.8% 
abnormal 
peristalsis

Suter et al. 
(2004) [9]

345 All Prospective 
cohort (low)

25.6 17.7% 
hypotensive 
LES, 1.2% 
hypertensive 
LES

4.8% 
Nutcracker 
esophagus

aBariatric surgery includes Laparoscopic adjustable gastric band (LAGB), Sleeve gastrectomy 
(SG), Roux-en-Y gastric bypass (RYGB)
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of patients had a motility disorder per the Chicago Classification, 14.3% had a 
hypertensive LES and 6.8% a hypotensive LES. Interestingly, the hypercontractility 
disorder Jackhammer esophagus was discovered in 7.5% of subjects. Older studies 
have also described an increased prevalence of elevated contraction amplitudes on 
manometry in the morbidly obese, although many noted hypertensive peristalsis 
called Nutcracker esophagus, which has since been omitted from the most recent 
Chicago Classification due to its unclear clinical significance [3, 4]. Comparison of 
these studies is difficult given that manometry interpretation guidelines have signifi-
cantly changed over the course of time, but it raises the suspicion of undiagnosed 
hypertensive esophageal body disorders in this population. As newer longitudinal 
studies suggest that a quarter of Jackhammer esophagus patients progress to achala-
sia, this even further highlights the importance of a careful preoperative evaluation 
of esophageal health prior to bariatric surgery [11].

15.3.2  Preoperative Evaluation

Multiple components of the preoperative evaluation may raise suspicion of an 
underlying esophageal motor disorder and help guide the decision to pursue esopha-
geal manometric testing, including an assessment of symptomatology, results of 
other preoperative testing and the choice of surgical technique. A detailed history 
can elucidate symptoms concerning for esophageal dysmotility such as dysphagia 
or regurgitation. Presence of these symptoms can accentuate concern for an under-
lying disorder, but may also shed light into potential postoperative outcomes. 
Symptoms to consider include reflux, as was studied by Kavanaugh and colleagues 
who developed a protocol at their center requiring foregut testing for all bariatric 
surgical candidates with symptoms of reflux who were being evaluated for SG [12].

Notably, patients with morbid obesity and underlying esophageal disorders may 
not present with typical gastrointestinal symptoms. In fact, studies have raised con-
cern that dysphagia symptoms are unreliable to identify underlying abnormal 
esophageal dysmotility in patients with morbidly obesity. Instead, for example, 
patients may experience respiratory symptoms as a manifestation of their underly-
ing pathology, leading to a possible missed diagnosis preoperatively [13]. 
Additionally, the perception of esophageal symptoms may itself be altered in the 
setting of underlying obesity. The autonomic nervous system may be susceptible to 
obesity-induced perturbations, causing dysregulation of sensory pathways [14].

In rare cases, other preoperative testing such as upper endoscopy and barium 
esophagram may pick up esophageal motor changes that need to be confirmed on 
manometry, such as achalasia [8]. A meta-analysis of preoperative esophagogastro-
duodenoscopy before bariatric surgery did not recommend manometry to be per-
formed routinely in asymptomatic average-risk patients, and did not find that a 
significant portion of patients had pathologic findings requiring referral for further 
manometric testing [15]. However, in patients for whom this testing is indicated, 
findings on upper endoscopy that could trigger the need for manometry include the 
presence of liquid stasis in the esophagus and a puckered tight LES.  Similarly, 
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although not routinely recommended, barium swallow can be included in preopera-
tive work up. On barium swallow, discovery of a bird’s beak appearance, esopha-
geal dilation, or severe peristaltic abnormality can reinforce the importance of 
diagnostic manometry prior to surgery.

15.3.3  Bariatric Surgery and Esophageal Mechanics

In both patients with and without underlying esophageal dysmotility, bariatric sur-
gery has been found to be associated with changes in esophageal mechanics. A 
number of prospective and retrospective cohort studies exist evaluating key preop-
erative esophageal characteristics that influence bariatric surgery outcomes as well 
as how bariatric surgery can influence esophageal motility. (Table  15.2) 
Unfortunately, there is a lack of large randomized controlled trials to better define 
the risks and benefits of each surgery in how it impacts esophageal function and 
how specific procedure techniques could be improved to lead to better outcomes. In 
this chapter we will focus on three most studied bariatric surgical procedures, lapa-
roscopic adjustable gastric band (LAGB), sleeve gastrectomy (SG) and roux-en-Y 
gastric bypass (RYGB) and their associated changes in motility.

15.3.3.1  Laparoscopic Adjustable Gastric Band
The important question of how preoperative manometry influences outcomes in bar-
iatric surgery has been studied mostly in LAGB patients. Lew and colleagues 
reviewed preoperative manometry data on 77 LAGB patients, finding that 18% of 
them had an abnormal manometry [29]. While abnormal baseline manometry did 
not appear to impact weight loss and reflux symptoms, severe postoperative emesis 
did occur in this patient group, with majority of these patients categorized as having 
either decreased or ineffective peristalsis. The clinical significance of altered LES 
pressure was studied by Suter et  al., who looked at whether preoperative testing 
including manometry correlated with outcomes in 134 patients after LAGB surgery 
[30]. Their group found that patients with higher preoperative LES pressure were 
more likely to develop long reflux episodes and poor late food tolerance. In a retro-
spective analysis of 68 patients undergoing LABG, 44.3% were found to have an 
incompetent LES preoperatively [31]. LES incompetence was associated with a 
statistically significant increase in reoperation, leading the authors to recommend 
consideration of preoperative manometry before LAGB and standardization of this 
into their practice.

Klaus et  al. conducted a prospective study of 164 patients with preoperative 
GERD symptoms undergoing LAGB, finding that patients who remained symptom-
atic after surgery (31.7%) were more likely to have poorer preoperative esophageal 
body motility and deterioration of LES relaxation after surgery [32]. Importantly, 
one third of postoperatively symptomatic patients developed esophageal dilatation 
following LAGB.  Other groups have also demonstrated evidence of concerning 
esophageal dilatation after LAGB [11, 21]. A retrospective review of 121 patients 
one year post surgery revealed that 14% had esophageal dilatation on barium 
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Table 15.2 Effect of bariatric surgery on esophageal motility

Author N
Surgery 
type

Study type 
(quality of 
evidence)

Significant 
effect on LES

Significant effect 
on peristalsis

Tolone et al. 
(2019) [16]

12 LAGB Prospective cohort 
(low)

Increased LES 
pressure

No significant 
change

Iovino et al. 
(2002) [10]

43 LAGB Prospective cohort 
(low)

Increased LES 
pressure

No significant 
change

Merrouche 
et al. (2007) [6]

60 LAGB Prospective cohort 
(low)

Increased LES 
pressure

No comment

de Jong et al. 
(2010) [17]

N/A LAGB Systematic 
Review 
(moderate)

Increased LES 
pressure

Increased disturbed 
peristalsis

Korenkov et al. 
(2002) [18]

20 LAGB Prospective cohort 
(low)

No significant 
change

No significant 
change

Suter et al. 
(2005) [19]

43 LAGB Prospective cohort 
(low)

No significant 
change

Weakened 
contractions

Weiss et al. 
(2002) [20]

52 LAGB Prospective cohort 
(low)

Decreased 
LES relaxation

Esophageal stasis, 
esophageal dilation

Milone et al. 
(2008) [21]

121 LAGB Retrospective 
cohort (low)

No comment Esophageal 
dilatation

Petersen et al. 
(2012) [22]

37 SG Prospective cohort 
(low)

Increased LES 
pressure

No comment

Tolone et al. 
(2019) [16]

26 SG Prospective cohort 
(low)

No significant 
change

Increased 
ineffective 
peristalsis

Del Genio et al. 
(2014) [23]

25 SG Prospective cohort 
(low)

No significant 
change

Increased 
ineffective 
peristalsis

Valezi et al. 
(2017) [24]

73 SG Prospective cohort 
(low)

Decreased 
LES pressure

Decreased normal 
peristalsis

Braghetto et al. 
(2010) [25]

20 SG Prospective cohort 
(low)

Decreased 
LES pressure

No comment

Tolone et al. 
(2019) [16]

18 RYGB Prospective cohort 
(low)

No significant 
change

No significant 
change

Korenkov et al. 
(2002) [18]

30 RYGB Prospective cohort 
(low)

No significant 
change

No significant 
change

Ortega et al. 
(2004) [26]

40 RYGB Prospective cohort 
(low)

No significant 
change

No significant 
change

Merrouche 
et al. (2007) [6]

36 RYGB Prospective cohort 
(low)

No significant 
change

No comment

Valezi et al. 
(2012) [27]

81 RYGB Prospective cohort 
(low)

No significant 
change

Increased 
abnormal 
peristalsis

Mejia-Rivas 
et al. (2008) 
[28]

20 RYGB Prospective cohort 
(low)

No significant 
change

Decreased 
amplitude of 
contractions

LAGB laparoscopic adjustable gastric band, SG sleeve gastrectomy, RYGB roux-en-Y gas-
tric bypass
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swallow [21]. This anatomic change was associated with increased emesis and 
reflux symptoms.

In the postoperative period, impairment of LES relaxation as well as weakened 
esophageal peristalsis have been found on multiple studies after LAGB [10, 17, 19, 
20]. Tolone et al. performed high resolution manometry and pH testing pre- and 
post-operatively in 112 patients undergoing one of seven bariatric surgeries [16]. 
There was no difference in LES pressures before and after therapy for all bariatric 
procedures except for LAGB who experienced an increase in pressure. Furthermore, 
several LAGB patients developed pseudoachalasia syndrome postoperatively. A 
systematic review by de Jong and colleagues demonstrated that all but one patient 
experienced increase in LES pressure after surgery and most patients had decreased 
LES relaxation [17]. Furthermore, evidence of disturbed peristalsis was found in 
four out of six studies that had adequate data on manometry. In a prospective study 
of 43 LAGB patients esophageal body contractions weakened and there was a trend 
towards postoperative motility disorders, however the LES appeared unaffected by 
surgery [19]. This led the authors to recommend that manometry be performed rou-
tinely prior to LAGB.  On the contrary, a small prospective study of LAGB and 
RYGB patients showed no effect of gastric reduction surgery on postoperative 
esophageal function, with 20 LAGB patients undergoing pre- and post-operative 
manometry [18]. This study was noted to have a smaller sample size compared to 
others, and notably of the LAGB patients only one had preoperative dysmotility and 
18% had weak LES pressure, which likely influenced the result. Overall, the major-
ity of studies suggest that preoperative dysmotility in LAGB patients is associated 
with increased adverse outcomes such as vomiting, reflux, and potential need for 
reoperation. Furthermore, LAGB placement in general appears to increase LES 
pressure, impair LES relaxation, and potentially disturbs peristalsis which can lead 
to esophageal stasis in patients with poor underlying motility and rarely to 
pseudoachalasia.

15.3.3.2  Sleeve Gastrectomy
Research to date is limited on the effects of sleeve gastrectomy on esophageal func-
tion. Studies demonstrate a trend towards delayed esophageal emptying and are 
inconsistent on changes to the lower esophageal sphincter [22, 23, 25, 33]. It is 
thought that the large variance may be due to the number of different surgical tech-
niques available during sleeve creation.

A study of 73 patients undergoing SG described a significant decrease in LES 
pressures postoperatively, with the number of patients with LES hypotonia pro-
gressing from 8% to 32% after surgery [24]. The authors also found a significant 
decrease in the number of patients with normal peristalsis after surgery. Tolone et al. 
demonstrated that the frequency of ineffective peristalsis significantly increased in 
patients after sleeve gastrectomy, while not being significantly altered following 
other bariatric operations [16]. Patients after SG also had greater intragastric pres-
sure and gastroesophageal pressure gradients compared to prior, leading to a large 
increase in esophageal acid exposure.
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Braghetto and colleagues sought to describe changes in the LES after SG, study-
ing 20 patients prospectively until 6 months after surgery [25]. They discovered that 
resting LES pressures reduced significantly postoperatively, with 85% of patients 
having an incompetent LES. A longer prospective study 13 months postoperatively 
showed no change in LES function, however there was a significant increase in inef-
fective peristalsis and incomplete bolus transit [23]. On the other hand, a small 
prospective study of 37 patients demonstrated a significant increase in LES pressure 
postoperatively, which the authors credited to their utilized surgical strategy [22]. 
Chiu and colleagues attempted to consolidate the available data on the effect of SG 
on GERD into consensus unsuccessfully, and while a similar effort has not been 
performed to date for esophageal function, it is clear that great variability in results 
exists between studies [34]. In summary, SG appears to alter esophageal function 
with a greater number of studies suggesting decreasing LES pressure and weakened 
peristalsis postoperatively; however, more objective data is needed to improve our 
understanding.

15.3.3.3  Roux-en-Y Gastric Bypass
Compared to other bariatric surgeries, RYGB has been found to lead to the least 
functional impairment of the LES and esophageal body. In a prospective study of 
multiple bariatric surgeries, the frequency of ineffective peristalsis and LES pres-
sure was found to be unchanged before and after RYGB [16]. Three other small 
prospective studies demonstrated no LES dysfunction or change in motility pre- and 
post-operatively after RYGB [6, 18, 26]. Comparatively, a study of RYGB patients 
without GERD symptoms showed postoperatively no significant difference in all 
manometric variables except for peristalsis [27]. A different group looked at 20 
patients after RYGB, describing that the percentage of patients with altered esopha-
geal function diminished from 35% to 25% [28]. In this cohort, there was no 
observed change in basal LES pressure, but the amplitude of esophageal contrac-
tions decreased after RYGB. Overall, RYGB is found to have the least impact on 
LES function compared to LAGB and SG, and the majority of studies did not find a 
significant change in motility postoperatively.

15.4  Conclusions

Bariatric surgery has been found to impact esophageal function and may lead to 
esophageal motor impairment. The increased prevalence of esophageal motility dis-
orders in patients with morbid obesity augments the importance of a thorough pre-
operative evaluation. There is currently inadequate evidence for routine preoperative 
manometry testing in all patients undergoing bariatric surgery. However, for patients 
with concerning symptoms of an underlying esophageal motor disorder, manometry 
is a useful tool in the preoperative setting. In patients undergoing LAGB, the pres-
ence of preoperative abnormal peristalsis may increase adverse outcomes postop-
eratively. There is increasing evidence that preoperative esophageal manometry 
should be considered in patients undergoing SG given its effect on LES function 
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and peristalsis, although larger and higher quality studies are needed in the future to 
define its benefit. RYGB appears to have the least amount of effect on esophageal 
motility and should be considered in patients with known esophageal motor disor-
ders. However, bariatric surgery should always be performed with caution in patients 
with motility disorders.

15.5  A Personal View of the Data

Understanding the increased prevalence of esophageal dysmotility in morbid obe-
sity, we perform a detailed review of any symptomatology that could reveal an 
underlying esophageal motor disorder and trigger the need for esophageal manom-
etry testing in all patients undergoing a preoperative bariatric surgery evaluation. 
Symptoms are interpreted with caution as patients with morbid obesity may not 
present with typical symptoms and symptom perception itself may be altered in the 
setting of obesity. If manometry reveals a significantly hypotensive LES, RYGB 
may be considered over SG given that it is the least likely to lead to worsening 
reflux. LAGB is a rarely recommended treatment for morbid obesity, in part due to 
the significant rate of esophageal dysmotility and esophageal dilatation after 
LAGB. Future high quality studies are needed to improve our understanding of how 
underlying esophageal disorders can affect postoperative outcomes and of the effect 
of bariatric surgery on esophageal function.

15.6  Recommendations

 1. Use of esophageal manometry testing is not part of current clinical practice 
guidelines and is not routinely recommended as part of the pre-operative work-
 up for asymptomatic patients undergoing bariatric surgery (Evidence quality 
moderate; strong recommendation)

 2. If there is concern for preexisting esophageal dysmotility based on history, 
symptoms, upper endoscopy, or barium swallow, preoperative manometry test-
ing should be strongly considered as it may influence the chosen surgical 
approach (Evidence quality moderate; moderate recommendation)

 3. Gastric bypass is favored over other surgical approaches in the setting of under-
lying esophageal dysmotility, as it appears to have the least amount of effect on 
esophageal motility (Evidence quality low, weak recommendation)
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16Smoking Cessation Is Essential Prior 
to Bariatric Surgery
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16.1  Introduction

With the rise in obesity throughout the United States, the prevalence of bariatric 
operations is increasing. In 2018, 252,000 procedures were performed, an increase 
of 24,000 from the year before, and double the number of procedures performed a 
decade ago [1, 2]. Bariatric surgery remains a safe treatment for morbidly obese 
patients, with 30-day mortality rates as low as 0.08% [3]. Serious complications are 
also rare (<5%); however, overall complication rates range from 13 to 25% [4]. 
Given the number of operations performed each year, even rare complications trans-
late to hundreds of patients at risk. It is therefore imperative to address modifiable 
risk factors prior to surgery to optimize patient outcomes.

Smoking is one such modifiable risk factor. Currently, 16.5% of Americans 18 
years and older use combustible tobacco (cigarettes, cigars, pipes) and a rising pro-
portion of individuals use vaping devices (electronic-cigarettes and electronic nico-
tine delivery systems) [5–7]. Among patients undergoing bariatric surgery, a 
significant proportion have a history of smoking: upwards of 33% of patients were 
former smokers and 7–27% were current smokers [8–10]. Furthermore, little is 
known about the prevalence of marijuana smoking in bariatric patients and its effect 
on bariatric outcomes. The detriments of smoking on postsurgical outcomes after 
abdominal and orthopedic operations are well documented [11]. In 2002, Moller 
et al. conducted a randomized controlled trial in which preoperative smokers were 
assigned to intervention (weekly tobacco cessation counseling, nicotine substitu-
tion, and encouragement to quit) vs control (no counseling or information on 
tobacco risk) arms 6–8 weeks prior to surgery. Wound complications were reduced 
by 83% and overall complications were reduced by 65% in the intervention group 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_16&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_16#DOI
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[12]. Lindstrom et  al.’s randomized trial in 2008 showed that smoking cessation 
interventions initiated as late as 4 weeks prior to surgery reduced 30-day postopera-
tive complications by half [13]. Thus, the risks of smoking may be mitigated with 
timely cessation.

Currently, the American Society for Metabolic and Bariatric Surgery recom-
mends smoking cessation prior to bariatric surgery [14]. The aim of this chapter is 
to review the data on the effects of smoking on bariatric outcomes to support these 
recommendations.

16.2  Search Strategy

A PUBMED literature search of all English language publications from 2000 to 
2020 was used to identify studies documenting the effect of smoking on periopera-
tive outcomes following bariatric surgery. The following search terms were used: 
“‘smoking’ OR ‘tobacco’ OR ‘vaping’ OR ‘e-cigarette’ OR ‘marijuana’ AND ‘out-
comes’ AND ‘bariatric surgery’” and “‘risk factors’ OR ‘predictors’ AND ‘compli-
cations’ AND ‘bariatric surgery.’” As roux-en-y gastric bypass (RYGB) and sleeve 
gastrectomy (SG) are the most commonly performed bariatric operations, search 
terms “gastric bypass” and “sleeve gastrectomy” were added to the above terms. 
Finally, as wound complications, respiratory failure, ulcers and venous thromboem-
bolism (VTE) have been previously associated with smoking after abdominal sur-
gery, the following terms were used to identify the effects of smoking in the bariatric 
population: “‘respiratory failure’ AND ‘bariatric surgery’ AND ‘risk factors,’” 
“‘wound complications’ AND ‘risk factors’ AND ‘bariatric surgery,’” “‘marginal 
ulcer’ AND ‘risk factors’ AND ‘bariatric surgery,’” and “‘venous thromboembo-
lism’ AND ‘risk factors’ AND ‘bariatric surgery.’”

16.3  Results

Our search yielded 27 English language studies exploring the effect of smoking on 
bariatric outcomes. Four of those studies specifically focused on smoking while the 
rest included smoking within a multivariate analysis of several preoperative risk 
factors. No randomized controlled trials for smoking cessation have been done in 
the bariatric population. Study summaries and classification of the data using the 
GRADE system are found in Table 16.1.

16.3.1  Thirty-Day Complications

Several studies explore the impact of smoking on 30-day complications. Dayer- 
Jankechova et al. found that among patients with complications following RYGB, 
smokers had increased risk of major complications compared to nonsmokers 
(p = 0.016) [16]. Similar findings were shown in analyses of large databases. In 
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2014, analysis of the American College of Surgeons National Surgery Quality 
Improvement Program (NSQIP) database showed that smokers undergoing bariatric 
surgery had an increase in major complications such as reintubation (OR 2.19), 
organ space infection (OR 2.71), sepsis (OR 1.49) and shock (OR 1.78) [22]. Among 
patients undergoing laparoscopic RYGB, smoking also increased the risk of 30-day 
reoperation by 50% (OR 1.52, CI: 1.02–2.27). Blair et al.’s 2015 NSQIP analysis of 
patients undergoing laparoscopic RYGB complemented these findings [15]. The 
authors not only showed an increased risk of sepsis with smoking (OR 1.63), but 
also that the risk increased by 1% with each additional pack-year. Multivariate anal-
ysis of the Metabolic and Bariatric Surgery Accreditation and Quality Improvement 
Program (MBSAQIP) database showed that among patients undergoing RYGB and 
SG, smokers had increased risk of major complications (OR 1.14, CI: 1.01–1.24) 
[17]. Young and colleagues found similar results using the NSQIP database—on 
multivariate analysis, they too found an increased risk of major complications 
among smokers compared to nonsmokers in patients undergoing RYGB [33]. The 
2011 Michigan Bariatric Surgery Collaborative (MBSC) analysis also found an 
increased risk of major complications among smokers (OR 1.20, CI: 1.02–1.40) 
[18]. This study included all bariatric procedures. In 2017, Inadomi et al. analyzed 
the MBSC as well, but focused on patients undergoing RYGB and SG.  A 30% 
increased risk of major complication was found in smokers among the RYGB 
group, but no increase was seen amongst those undergoing SG [25]. This is in con-
trast to Haskins et  al.’s 2017 NSQIP analysis which showed an increase in both 
major complications and overall complications among smokers undergoing SG [23].

Some refute the association between smoking and 30-day complications. Husain 
et al. studied 772 consecutive patients undergoing RYGB and SG [24]. Smoking 
was a risk factor for major complications on univariate analysis (OR 3.52, CI: 
1.21–10.24; p = 0.031), but not on multivariate regression analysis (OR 5.24, CI: 
0.60–45.60; p  =  0.133). Analysis of the Scandinavian Obesity Surgery Registry 
showed mixed results [32]. Smokers were not at increased risk of major complica-
tions (OR 1.15, CI: 0.95–1.39), but did trend towards increased risk of overall com-
plications (OR 1.13, CI: 1.00–1.28). When complications were broken down, there 
was a significant increased risk of pulmonary complications (OR 1.53), wound 
infections (OR 1.47) and urinary tract infections (OR 1.92). Finally, in a retrospec-
tive review of RYGB and SG from a single Polish institution, there was no increase 
in complications among smokers [27]. Despite some varied data, evidence from 
large databases (NSQIP, MBSC and MBSAQIP) do support an association between 
smoking and major complications and warrant the call for smoking cessation.

16.3.2  Pulmonary Complications

Smoking significantly increases the risk of pulmonary complications following 
abdominal surgery. Haskins et al. demonstrated this association in the bariatric pop-
ulation [22]. Among patients undergoing open procedures, smoking increased the 
risk of pneumonia (OR 3.06) and prolonged intubation (OR 2.14, CI: 1.21–3.80). 
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Among those undergoing laparoscopic procedures, smokers again had increased 
risk of prolonged intubation (OR 1.63, CI: 1.01–2.64) as well increased risk of rein-
tubation (OR 1.61, CI: 1.02–2.54). Among laparoscopic RYGB patients in particu-
lar, the risk of pneumonia was increased by 90% (OR 1.90, CI: 1.42–2.54). In 2017, 
Haskins et  al. further demonstrated increased reintubation risk amongst smokers 
undergoing SG (OR 1.88, CI: 1.01–3.50) [23]. Multivariate analysis of the 
Nationwide Inpatient Sample database demonstrated increased risk of acute respira-
tory failure among smokers undergoing any bariatric operation (OR 1.1, CI: 1.0–1.2) 
[31]. Of note, this database only encompasses hospitalizations during the index bar-
iatric operation and does not account for respiratory failure following discharge 
(e.g. following readmission for pneumonia). Livingston et al. reported risk factors 
for bariatric complications within the Veterans’ Affairs (VA) population [26]. In this 
study, patients who smoked within 1 year prior to surgery and those with heavy 
smoking history were both at risk of prolonged intubation. Thus, these studies sup-
port the association between smoking and postoperative pulmonary complications 
in the bariatric population.

16.3.3  Intensive Care Unit Admission

Studies have shown increased vulnerability of obese patients compared to non- 
obese patients in the ICU [42]. Therefore, it is important to assess the risk of smok-
ing on ICU admission, especially as the studies above illustrate an association 
between smoking and prolonged intubation/reintubation. Morgan and colleagues 
analyzed the Australian Department of Health Data Linkage Unit database [29]. 
They found that patients with unplanned ICU admissions were more likely to be 
smokers than patients with planned ICU admissions (19% vs. 12%, p  =  0.05). 
Gonzalez et al. found otherwise [20]. In a retrospective study looking at 158 patients 
undergoing RYGB, the authors identified 23 patients who required ICU admission 
greater than 48 h (if ICU admission was planned) or were admitted to the ICU from 
the floor (unplanned ICU admission). While the prevalence of smoking was signifi-
cantly greater among these 23 patients (30% vs. 16%, p = 0.04), multivariate regres-
sion showed no increased risk of smoking on ICU admission (OR 2.04, CI: 
0.59–7.06). The data on this topic is sparse—further studies are required before a 
conclusive statement can be made regarding the relationship of smoking and ICU 
admission.

16.3.4  Venous Thromboembolism

Smoking and obesity have both been shown to be independent risk factors for post-
operative VTE in the general population. Gonzalez et  al. analyzed 660 patients 
undergoing RYGB, 23 of whom developed postoperative VTE [21]. Multivariate 
analysis showed increased risk of VTE with smoking (OR 6.7, CI: 1.90–23.57). In 
contrast, both Gambhir et  al. and Masoomi et  al. showed no increased risk with 
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smoking [19, 30]. Gambhir and colleagues analyzed the MBSAQIP database and 
looked at 30-day incidence of VTE among laparoscopic RYGB and SG patients 
(DVT OR 1.0, CI: 0.70–1.26 and PE OR 0.7, CI: 0.42–1.04). Masoomi and col-
leagues, on the other hand, looked at NIS data for any bariatric operation. Again, 
this database only documents VTE occurring during the index hospitalization and 
fails to capture all VTE presenting after discharge, thereby excluding the majority 
of post-bariatric VTE [43]. As it stands, further investigation is needed to corrobo-
rate 30-day VTE outcomes and no conclusive association between smoking and 
VTE after bariatric surgery can be made at this time.

16.3.5  Marginal Ulcers

Marginal ulcer is a late occurring complication with variable presentation ranging 
from mild cases requiring only pharmacotherapy to morbid cases requiring omental 
patch or anastomotic revisions. Spaniolas and colleagues analyzed New  York’s 
Statewide Planning and Research Cooperative System database and identified over 
35,000 patients undergoing RYGB [38]. Patients were followed for subsequent 
diagnoses of marginal ulcers. Marginal ulcer was documented as late as 8 years 
postoperatively. In this study, smoking at the time of surgery was found to be an 
independent risk factor for ulcer development (HR 1.56, CI: 1.41–1.73). In addition, 
preoperative smokers had significantly greater rates of marginal ulcer for each year 
postoperatively. Coblijn et al. showed similar findings [36]. Studies from Brigham 
and Women’s Hospital (BWH) and Cleveland Clinic had mixed results [35, 37]. In 
the BWH study, there was a statistically significant increased risk of marginal ulcers 
with smoking on univariate analysis (OR 2.5, CI: 1.5–5) but not on multivariate 
analysis (OR 2.4, CI: 0.9–7). Similarly, in the Cleveland Clinic study, smoking risk 
was significant on univariate analysis (OR 1.6, CI: 1.01–2.6; p = 0.04) but only 
trended in multivariate analysis (OR 1.5, CI: 0.9–2.5; p = 0.07). Interestingly, how-
ever, among patients with marginal ulcer, preoperative smoking increased the risk 
of nonhealing ulcer on multivariate analysis (OR 14.1, CI: 2.5–80.4; p = 0.003).

One limitation in all of these studies is that the authors did not distinguish patients 
who continued to smoke after surgery. Smoking recidivism is high, so although 
patients are required to quit prior to surgery, many patients may resume postopera-
tively [44, 45]. Thus, the effect of preoperative smoking on long term outcomes may 
be falsely attributed. Wilson et  al.’s study is different from the rest [39]. In this 
study, the authors classified patients as smokers only if they were smoking at the 
time of ulcer diagnosis. As a result, they identified current smoking as risk for 
increased rates of marginal ulcers (OR 30.6, CI: 6.4–146). This still does not show 
the association between preoperative smoking and marginal ulcers. A study investi-
gating the incidence of marginal ulcers in patients who smoked preoperatively but 
remained abstinent would better determine the effect of smoking on marginal ulcer 
development.
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16.3.6  Mortality

Mortality is rare following bariatric surgery; thus, few studies have analyzed the 
effects of smoking in this small population. NSQIP analysis found no increased risk 
of 30-day mortality among smokers across all procedure types, but did show 
increased risk among smokers undergoing SG (0.2% in smokers vs. 0.1% in non-
smokers, p = 0.004) [22, 23]. Zhang et al. looked at long term mortality [34]. Within 
the International Bariatric Surgery Registry (IBSR), 19,000 patients underwent bar-
iatric surgery between January 1986 and December 1999 and were followed for an 
average of 8 years. Preoperative smokers had twice the risk of death compared to 
nonsmokers. This population underwent surgery over 20 years ago; bariatric sur-
gery has evolved considerably since that time. As it stands, the data is inconclusive 
to assess the relationship between smoking and mortality. Up to date longitudinal 
studies are needed to assess both 30-day and long-term mortality outcomes due to 
smoking.

16.3.7  Length of Stay

In the era of Early Recovery After Surgery, postoperative care is streamlined to 
allow safe and early discharge. Thus, factors altering this trajectory must be identi-
fied and addressed early. Marchini et  al. found increased length of stay (LOS) 
among current and former smokers compared to nonsmokers (p < 0.01) [28]. In 
Haskins et al.’s study, smokers had increased risk of prolonged stay (LOS > 7 days) 
with open (OR 1.47; CI: 1.04–2.08; p = 0.03) and laparoscopic operations (OR 1.29, 
CI: 1.00–1.66; p = 0.05) [22]. Data is limited and while no definitive statement can 
be made, these studies do suggest an association between longer LOS and smoking.

16.3.8  Marijuana and Vaping Device Use

Only two studies have examined the effect of marijuana on bariatric surgery out-
comes. Bauer et al.’s retrospective study of 434 patients undergoing bariatric sur-
gery found no difference in 30-day surgical site infections, readmissions, or 
postoperative emergency department visits [40]. Similarly, Shockor et al. found no 
differences in 30-day postoperative complications (including readmission, infec-
tion, thromboembolic events, bleeding, or reoperation) in 1176 patients undergoing 
bariatric surgery [41]. This is in contrast to studies showing increased risk of myo-
cardial infarction and VTE among marijuana users undergoing elective abdominal 
and orthopedic operations [46, 47]. Thus, while findings from Bauer et  al. and 
Shockor et al.’s studies are consistent, findings documenting the adverse effects of 
marijuana after major surgery necessitates further data to make a definitive com-
ment on the effects of marijuana on bariatric surgery.
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Currently, there are no studies documenting the effects of vaping on bariatric 
outcomes. With the rise in the prevalence of vaping, this is a necessary next step to 
identify the risks associated with vaping within the bariatric population.

16.3.9  Other Considerations

Few studies have shown an association between a remote history of smoking and 
outcomes. Inadomi et al.’s study classified patients into nonsmokers, former smok-
ers (abstinent for >12 months prior to surgery) and recent smokers (abstinent 3–12 
months prior to surgery). Former smokers had similar outcomes compared to non-
smokers. Similarly, Livingston et al. grouped patients into a) those with <20 pack 
year history and >1 year abstinence, b) >20 pack year history and >1 year absti-
nence, and c) those with >20 pack year history and <1 year abstinence. They found 
more complications in both recent smokers and patients with heavy smoking his-
tory. These studies suggest that longer abstinence is beneficial—however, they do 
not specify the minimum time required for cessation to offset adverse effects. This 
is where randomized controlled trials (similar to Moller and Lindstrom’s) can have 
the greatest impact [10, 11].

Another consideration is smoking recidivism. Studies have shown little differ-
ence in the rates of pre- and postoperative cigarette use, indicating that despite suc-
cessful preoperative cessation, patients resume smoking long term [44, 45]. 
Randomized trials have a role here too—trials testing different cessation strategies 
can identify methods that allow for the greatest success with preoperative smoking 
cessation and sustained abstinence.

16.4  Recommendation

Patients undergoing bariatric procedures should quit smoking prior to surgery. The 
longer the abstinence period, the better. All attempts should be made to encourage 
continued smoking abstinence postoperatively, including routine screening for smok-
ing at postoperative visits. (Evidence quality low, moderate recommendation).

16.5  Personal View of the Data

In reviewing the literature, we found that the effect of preoperative smoking on 
postoperative complications is not always clear. While there is strong data to sug-
gest a link between smoking and pulmonary complications, the data linking smok-
ing with VTE, ICU admission, and mortality is mixed. The effect of current smoking 
on marginal ulceration is strongly supported, but studies designed to evaluate the 
effect of preoperative smoking on ulcer development should exclude patients who 
smoke at the time of ulcer detection to determine the true relationship. Nonetheless, 
we find sufficient evidence to support the recommendation for smoking cessation 
prior to bariatric surgery. Though randomized controlled trials may be useful to 
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evaluate the direct effect of smoking on outcomes, given the current data, we believe 
further trials randomizing smokers to bariatric surgery is not ethical. However, ran-
domized trials can aid in identifying the minimum duration of cessation required to 
mitigate adverse effects as well as methods that best promote preoperative smoking 
cessation and sustained abstinence.
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17Is the Insurance Requirement 
for Supervised Weight Loss Prior 
to Bariatric Surgery an Ethical Strategy 
to Prevent Non-compliant Patients 
from Undergoing Surgery?

Colston Edgerton and Scott A. Shikora

17.1  Introduction

Despite decades of fad diets, physician-supervised weight loss programs, commer-
cial programs and medications, bariatric surgery remains the most effective treat-
ment for achieving meaningful and durable weight loss for individuals who suffer 
from severe obesity [1–4]. However, these procedures are often challenging due to 
the deranged body habitus, abundant intraabdominal adipose tissue, and enlarged 
fatty livers encountered in these patients. There is ample published evidence that 
preoperative or supervised weight loss may be beneficial. Preoperative weight loss 
has been felt to reduce operative complications by shrinking the intrabdominal fat 
mass and liver volume, improving the surgeon’s visualization and access to the gas-
trointestinal tract [5, 6]. Preoperative weight loss has also been demonstrated to 
result in physiologic improvements [7–9], and to improve overall weight loss [10–
13]. Adherence to a pre-operative diet and experiencing pre-operative weight loss is 
believed by some to predict long-term patient compliance, which has been shown to 
influence outcomes [14, 15]. It is for these reasons that many bariatric programs 
require patients being evaluated and prepared for bariatric surgery to attempt to lose 
weight as a requirement for proceeding with surgery. Currently, there is no consen-
sus in the bariatric surgery community as to the application of this process. It varies 
from mandatory for all patients being considered for surgery, to being reserved only 
for certain patients such as those with higher body mass indexes (BMI), metabolic 
syndrome, or large abdominal compartments. Additionally, while it has been dem-
onstrated that a moderate amount of weight loss is physiologically beneficial, the 
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amount of weight loss necessary to result in meaningful perioperative benefits is 
not known.

In addition to its use by bariatric surgical practices for reducing perioperative 
complications, preoperative weight loss has been recommended by some medical 
societies to be part of a comprehensive approach to weight loss. However, it has 
been used by many health insurance companies as a requirement that patients must 
satisfy prior to providing coverage for bariatric surgery services. While mandating 
that patients complete this task, these same companies do not provide or require any 
specific programs to achieve the necessary weight loss. Additionally, they usually 
require that all patients participate, leaving the clinician no opportunity to identify 
patients in whom they believe preoperative weight loss would be beneficial and 
those they do not. For all patients, the mandate delays surgery and has contributed 
to patient dropout from bariatric programs [16, 17]. The American Society for 
Metabolic and Bariatric Surgery (ASMBS), the foremost authority in the specialty 
of bariatric surgery, performed an extensive literature review and then issued a posi-
tion statement that called this practice into question, citing that the mandate is based 
on a paucity of high quality evidence, delays patient care, and lacks individualism 
for patient care plans [18]. An open letter from the ASMBS to insurance companies 
in 2015 stated that “policies such as these that delay, impede, or otherwise interfere 
with life-saving and cost-effective treatment, which has been proved to be true for 
bariatric surgery to treat morbid obesity, are unacceptable without supporting evi-
dence” [19]. An updated position statement in 2016 echoed this, and again high-
lighted the lack of high quality evidence to justify its practice [20]. Given that this 
mandate is determined by the payer rather than the patient, health care provider, or 
medical societies, the question has arisen: is it ethical?

In order to answer this complex question, one must consider two issues. First, 
what is the basis for the health insurance carrier to require patients to achieve pre-
operative weight loss as a condition for coverage, and second, what are the stan-
dards by which modern biomedical ethics are defined? This chapter will discuss 
both topics.

17.2  Search Strategy

To investigate the published literature concerning health insurance carrier manda-
tory requirement for supervised weight loss, a search was conducted in the English 
literature using terms “supervised weight loss” AND “bariatric surgery.” The data-
bases PubMed, Web of Science, Cochrane Library, JSTOR, and Embase were used. 
This resulted in 40 references. Of those, 16 were relevant to the primary question 
and were used for this analysis.

To investigate the ethical considerations of this practice, a search was performed 
with the following terms “supervised weight loss” AND “bariatric surgery” AND 
(ethical OR ethics or “biomedical ethics”) in PubMed, Web of Science, Cochrane 
Library, JSTOR, and Embase. This retrieved two references. The first, published in 
a law journal examines the regulation of medical necessity in the field of bariatric 
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surgery [21]. The second examines outcomes following Roux en Y Gastric Bypass 
(RYGB) among patients broken down into quartiles of pre-operative weight loss 
and weight gain. The authors found no significant differences in perioperative and 
postoperative outcomes, but that patients with the greatest % preoperative excess 
weight change had the longest intervals from initial visit to operation [22]. Given 
the limited scope of published studies investigating this specific question, it is more 
appropriate to identify the terms that have defined modern biomedical ethics, and 
then examine this practice in the context of each.

17.3  Results

In order to first understand the ethics of the mandated supervised weight loss 
requirement, one must identify what these policies entail, and their origin. In 1991, 
the National Institutes of Health (NIH) Consensus Development Conference Panel 
on Gastrointestinal Surgery for Severe Obesity published its report outlining guide-
lines and selection criteria for both medical and surgical weight loss [23]. These 
criteria were based on the published evidence at that time and best practice. The 
panel concluded “patients seeking therapy for severe obesity for the first time should 
be considered for treatment in a nonsurgical program with integrated components of 
a dietary regimen, appropriate exercise, and behavioral modification and support”. 
There was no mention of a weight loss requirement or how it was to be achieved, 
only that the candidate for surgery should have in the past participated in a nonsur-
gical weight loss program. Seven years later, the NIH Expert Panel on the 
Identification, Evaluation, and Treatment of Overweight and Obesity in Adults pub-
lished their recommendations [24]. In addition to identifying BMI and comorbid 
criteria, this report recommended that patients could undergo surgery when medi-
cal, dietary, and lifestyle methods had not achieved meaningful outcomes. Again, 
there was no stated requirement for any specific amount of weight loss as manda-
tory criteria for proceeding with bariatric surgery. While these consensus state-
ments, published in the dawn of the popularity and widespread adoption of bariatric 
surgery, were meant to promote patient safety, minimize surgical risks, and estab-
lish a comprehensive approach to the treatment of morbid obesity, they inadver-
tently laid the groundwork for the health insurance mandated supervised weight 
loss requirement.

As the field of bariatric surgery matured, morbidity and mortality declined and 
patient outcomes improved. The introduction of laparoscopic access further 
improved results and new less morbid procedures such as the laparoscopic adjust-
able gastric band were developed. As the criteria for surgery established by the NIH 
in 1991 were based predominantly on the open gastric bypass procedure, the 
ASMBS leadership felt that the 13 year old guidelines were outdated and needed to 
be revised to reflect these practice changes. In 2004 the ASMBS held a Consensus 
Conference and published updated guidelines that included a statement endorsing 
attempts at medical weight loss prior surgery, but rejecting that participation in a 
formal pre-operative program should be a precondition for surgery [25].
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The debate on whether health insurance provider mandated supervised medical 
weight loss should be a prerequisite for paying for bariatric surgery is grounded in 
the different objectives held by patients, providers and payers. Containing costs is 
the primary interest for the payer, which is limited to several strategies. Insurers can 
require clinicians to use resources more efficiently, pay providers less, exclude high 
risk patients, reduce benefits and services by denying treatment claims, or increase 
the deductibles and copayments [26]. Often the most immediate and effective way 
to reduce costs is to limit services [27]. The decision to pay for a surgical procedure 
is grounded in the balance between cost and quality tradeoffs, which often results in 
“medical necessity” becoming the least common denominator. When a case of med-
ical necessity is legally contended, it is often fought through external review laws in 
which an appeal is made to an independent external reviewer [21]. Studies in 
California and Texas in the past have cited bariatric surgery as the most frequently 
appealed medical-surgical procedure, and that these denials are more frequently lost 
than any other appeal [21, 28]. As a result, insurance companies want to avoid the 
costly monetary and negative publicity of the appeals process. Yet as evidence of its 
efficacy for weight loss, resolution of comorbidities, and years of life saved has 
become more proven over time, the case for the medical necessity of bariatric sur-
gery has become harder to debate. Health insurance companies are therefore left 
with few options on how to curtail the expense incurred by covering bariatric sur-
gery. The NIH recommendations published in the early 1990s provided a justified 
means by which to delay or even reduce services.

Importantly, the way these mandates and all bariatric services are delivered is not 
done consistently across states, or even across insurance plans from the same state. 
The Employee Retirement Income Security Act (ELISA) was passed into law in 
1974 for the purpose of protecting employer or union based benefits from state 
regulation. ELISA was ostensibly designed to protect pensions from being sub-
jected to more restrictive and inconsistent state regulations. ELISA protections were 
expanded to all employee benefits including health insurance. While the law pro-
vided reasonably effective federal protection for pensions against inconsistent state 
regulations, it did not do this for health insurance benefits [29]. This was thought to 
be the nidus for further legislation including in obstetrical care where the Newborns’ 
and Mothers’ Health Protection Act of 1996 was passed to mandate that health 
insurance companies had to pay for post-natal obstetrical care for 48 h after vaginal 
delivery or 96  h following cesarean sections as recommended by the American 
College of Obstetricians and Gynecologists. Unfortunately, similar protections have 
not been extended to many other medical treatments. The Affordable Care Act 
(ACA) sought to change this by dictating that all plans that qualify under this pro-
gram must cover certain Essential Health Benefits (EHB). While the law laid out 10 
categories, it did not itemize services. The Department of Health & Human Services 
(DHHS) placed the burden on states to define their own EHBs, which was accom-
plished by selecting packages offered by an existing state plan. As a result, bariatric 
surgery is listed as an EHB in only 23 states. Furthermore only 12 states cover 
nutritional counseling, and just 3 states cover weight loss programs. Only one state 
(Michigan) and the District of Columbia provide comprehensive weight loss 
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services by considering nutritional counseling, medical weight loss programs, and 
bariatric surgery as EHBs. Therefore, even if certain plans mandate supervised 
medical weight loss, they may not provide coverage for the very counseling and 
medical weight loss programs they require. This is in contrast to 45 states that 
include chiropractor care as an EHB and 31 that include treatment for 
Temporomandibular Joint disorders [30]. While it is widely recognized that one 
adverse result of mandatory preoperative participation in a supervised medical 
weight loss programs is delay in time to surgery, inconsistencies in coverage for the 
full range of services may explain why some have linked supervised medical weight 
loss to a higher rate of attrition prior to surgery [16, 17, 31]. In the authors’ state of 
Massachusetts, the state health plan Masshealth has a written policy for the determi-
nation of medical necessity for bariatric surgery. To meet criteria for necessity, one 
must provide “Documentation of an attempt of weight loss control through partici-
pation in structured program(s) before bariatric surgery monthly for at least four-to- 
six months in the 2 years before the request for the procedure” [32]. Blue Cross 
Blue Shield of MA, however, does not include a specified period of time. Their 
requirements simply state that “Attempts to lose weight led to failure and have been 
recorded” [33].

One can now consider what is known about these policies in the context of mod-
ern biomedical ethics principles. The field of biomedical ethics was reborn in the 
wake of several notorious experimental research studies that violated the rights of 
human subjects, such as the Tuskegee Syphilis Study in which human subjects were 
knowingly subjected to untreated Syphilis [34, 35]. In 1974, the National 
Commission for the Protection of Human Subjects of Biomedical and Behavioral 
Research was created and in 1979 The Belmont Report offered a summary of the 
commission’s findings. This document outlined the three pillar foundation of 
Nonmaleficence, Beneficence, and Justice [36]. Beauchamp and Childress expanded 
upon these by adding a fourth principle, “Autonomy” in their work Principles of 
Biomedical Ethics, first published in 1979 and now in its fifth edition [37]. These 
works have defined the cannon of biomedical ethics over the past 40 years and 
should be the focus of any discussion on ethical considerations in clinical practice. 
Even so, it is difficult to apply medical ethics that have historically been applied to 
individual health care providers to health care organizations or insurance compa-
nies, where “business ethics” have been the standard. Health care economics create 
a unique blend of medical and business ethics, two terms that are not synonymous 
[26]. Some have argued that physician ethics and organizational ethics are distinct, 
and that a separate standard for health care organizations is necessary [38, 39]. 
Business ethics are designed to encourage fair practices in a competitive market. 
These include disseminating truthful and honest information to allow participants in 
the market to make voluntary choices to buy or sell goods and services. Medical 
ethics, in contrast, assumes significant inequality in knowledge and skill between 
physicians and patients, as was highlighted in the unethical Tuskegee Syphilis study. 
Health care providers therefore have a fiduciary obligation to their patients, whereas 
businesses have a fiduciary obligation to their shareholders, not their customers. 
However, because the business of medical organizations and insurance corporations 
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involves the delivery of care on behalf of morally responsible providers, the ethical 
standards to which they are held should more closely reflect the services ren-
dered [40].

17.3.1  Respect for Patient Autonomy

Autonomy is the idea that people should have the liberty to choose their own actions 
and course in life, which is predicated on independence from controlling influences. 
This is the basis for the informed consent process [37]. The issue at hand may not 
be that patients would not consent to supervised weight loss. Rather, the loss of 
autonomy could arise when patients are told what type of weight loss program they 
must participate in, how much weight they are required to lose, and for how long 
they must attempt to lose weight prior to proceeding with surgery. They may have 
been attempting this unsuccessfully their entire lives, and the action they are auton-
omously choosing is to proceed directly with a surgical option.

17.3.2  Beneficence

Beneficence is the obligation to provide benefits and to balance benefits against 
risks [37]. One way to justify taking away some degree of patient autonomy is often 
to prove that “it is for the good of the patient”. Smoking cessation prior to surgery 
to minimize wound complications is one example where autonomous patients may 
prefer to continue smoking, yet the expertise of the medical provider dictates that 
the benefits of smoking cessation outweigh the risks of permitting its practice. In the 
case of supervised medical weight loss, the benefit in patient outcomes has not con-
sistently been proven [41]. Even in published series that do show benefit of pre- 
operative weight loss, there is no consensus on the type, duration, and structure of 
the program to achieve this. Therefore, in order to use this as a justification for limit-
ing the autonomy of the patient and health care team, consistent high-level support-
ive evidence is needed.

17.3.3  Nonmaleficence

Nonmaleficence is the obligation to “first, do no harm” [37]. Here again we find a 
balance between risk and benefit. While surgery will always cause some degree of 
“harm” in the form of pain, bleeding, or other unforeseen risks, the degree of harm 
must be balanced to a reasonable degree with the likelihood of benefit from the 
procedure being performed. This has traditionally been viewed in the sense of phys-
ical harm but is equally applicable in the context of successful delivery of care. If 
there is an action that has been shown to delay or limit the number of patients who 
will eventually receive services that decrease morbidity and mortality, and provide 
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the medical, psychological, and emotional benefit that they seek, this can be consid-
ered a form of maleficence [2, 16, 31, 42–48].

17.3.4  Distributive Justice

This principle dictates that the distribution of benefits should be extended in an 
equitable way to all persons free from bias or prejudice [37]. Aside from the ongo-
ing debate on the effectiveness of supervised weight loss to minimize non- 
compliance and optimize outcomes, it is perhaps here that the heterogeneity of 
plans faces the greatest ethical challenge. Why should a patient in Wisconsin not 
have bariatric surgery, nutrition counseling, or coverage for medical weight loss 
programs included as an EHB in a health care plan while a patient living across the 
border in Michigan have all three available? Why should two different plans in the 
same state require different lengths of supervised weight loss? Herein lies the chasm 
between biomedical and business ethics. Insurance plans governed by laws in dif-
ferent states, or decisions made by companies to offer different benefits based off 
premium rates and patient risk is not inherently unethical as defined by fair and 
balanced business practices in a competitive market. But human rights and the deliv-
ery of health care is not competitive, it is a medical necessity.

17.4  Recommendations Based on the Data

The issue addressed in this chapter is not focused on whether there is or isn’t physi-
ologic and psychologic benefits to weight loss prior to proceeding with a bariatric 
surgery. While there is ample published evidence to suggest that weight loss prior to 
bariatric surgery might be beneficial, the data is not conclusive and mostly the inter-
pretation of data extracted from small retrospective reviews of single practice data-
bases. These leave several questions unanswered. Should all patients be required to 
lose weight or just selected patients? How much weight loss is necessary to be 
beneficial? Should it be a set amount or individualized? Should there be a time 
interval for achieving this weight loss and what happens to the patient who is 
unsuccessful?

The main issue of this chapter is whether it is ethical for the health insurance payer 
to mandate that patients preoperatively participate for 3–12 months in some form of a 
weight loss program that will definitely delay their bariatric surgery but may or may 
not benefit the patient. There are no published studies demonstrating the benefits of 
such programs. In fact, this approach can be potentially harmful. Jamal et al. com-
pared a group of patients that participated in a mandatory 13 week preoperative dietary 
counseling (PDC) program prior to proceeding with a gastric bypass to a group of 
patients who were not obligated to participate in such a program. The researchers 
found that the presurgery drop out rate was 50% higher in the PDC patients and the 
weight loss at 1 year was statistically greater in the non-PDC group [31]. Mandating 
that patients delay their bariatric surgery to complete a weight loss program can also 
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be harmful. Al Harakeh et al. compared the outcomes of 189 patients denied bariatric 
surgery by their insurance payers with 587 patients that had gastric bypass. The groups 
were comparable in regard to comorbid conditions. During a 3 year follow up period, 
the group denied surgery had a statistically greater incidence of new-onset diabetes, 
hypertension, sleep apnea, GERD, and lipid disorders [48]. Most concerning is the 
knowledge that without surgery, morbidly obese patients may experience a deteriora-
tion in their state of health. The possibility exists that during the participation in a 
mandatory weight loss program for 3–12 months, some patients may suffer a serious 
health issue that would render them unfit to withstand a bariatric surgery procedure, 
or result in a death. Sowenimo et al. observed a 14.3% mortality in patients denied 
bariatric surgery vs. 2.9 % for those that had surgery [42].

In summary, there is no true evidence of any benefit to subjecting patient to com-
plete a preoperative weight loss program. Mandated participation only succeeds in 
delaying bariatric surgery which may be harmful for these patients and would not 
be considered for other medical conditions such as heart disease or diabetes. 
Therefore, policies that require such participation in fact impede, delay, or interfere 
with timely (as determined by clinicians) bariatric surgery are unethical. Only clini-
cians caring for these patients should determine whether preoperative weight loss is 
deemed necessary and then determine how, how much and how long.

17.5  A Personal View of the Data

Like cancer, diabetes and heart disease, severe obesity is a chronic, progressive 
disease. It adversely affects nearly every organ system of the body and is associated 
with several life-threating conditions such as diabetes, heart disease, liver disease 
and the metabolic syndrome. Bariatric surgery has been proven to achieve meaning-
ful weight loss and dramatic improvement of the comorbid conditions. However, 
the obesity epidemic has resulted in millions of potential bariatric surgery candi-
dates which would result in a financial crisis for the health insurance companies. In 
an effort to control costs, many of these payers have imposed mandatory participa-
tion in weight loss programs for various lengths (generally 3–12 months). Since 
these programs are based on time not results, and the insurance companies that 
require them generally don’t create, analyze, or monitor these programs, it is pos-
sible that their true goal is cost containment not patient well-being. They delay the 
process and also result in an increase in attrition.

While this practice may be ethical from a business standpoint, it is the strong 
belief of these authors that it is medically unethical and harmful for patients.

17.6  Recommendations

• There is no true evidence of any benefit to subjecting patient to complete a pre-
operative weight loss program.

• Mandated participation only succeeds in delaying bariatric surgery which may 
be harmful for these patients.
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• Policies that require such participation in fact impede, delay, or interfere with 
timely (as determined by clinicians) bariatric surgery are unethical.

• Only clinicians caring for these patients should determine whether preoperative 
weight loss is deemed necessary and then determine how, how much and 
how long.
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18.1  Introduction

Approximately 18.5% of youth in the USA meet the criteria for obesity, defined as 
a body mass index (BMI) ≥ 95th percentile for age and sex. 8.5% of those aged 
12–19 are categorized as severely obese (BMI ≥ 120% of the 95th percentile) [1]. 
This concerning trend increases the risk of obesity-related morbidity and mortality 
over time, and children who develop obesity are at higher risk of experiencing com-
plications from their obesity than individuals who develop obesity later in life. 
Moreover, adolescent obesity predicts adult obesity and its many associated meta-
bolic complications, such as type 2 diabetes (T2D), obstructive sleep apnea, hyper-
tension, nonalcoholic fatty liver disease, and dyslipidemia [2, 3].

Medical intervention programs such as family-based behavioral therapy coupled 
with caloric reduction and increases in physical activity have varied success rates, 
with some studies showing it to be only be effective for 50% of patients [4]. In con-
trast, for carefully screened adolescent candidates, metabolic and bariatric surgery 
(MBS) has been shown to be more effective for treating severe obesity and related 
co-morbidities than medical intervention. Despite evidence that bariatric surgery 
leads to excellent short-term outcomes, the annual number of inpatient bariatric 
surgery admissions for adolescents (aged ≤20 years) remains low [5].

The reason for this is multifactorial, and despite the evidence for short-term suc-
cess in bariatric surgery, many ethical and moral issues exist in performing bariatric 
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surgery in the pediatric population. This chapter addresses the ethical concerns of 
bariatric surgery in the pediatric patient through the lens of the four major ethical 
principles of autonomy, beneficence, nonmaleficence, and justice. These four prin-
ciples will be used to aid physicians and patients in the bioethical decision making 
to be considered in the pediatric bariatric surgery patient.

18.2  Search Strategy

A literature search of English language publications from 2000 to 2019 was per-
formed to identify information on ethical principles in the context of pediatric bar-
iatric surgery. Databases searched were PubMed, Embase, Science Citation Index/
Social sciences Citation Index, and Cochrane Evidence Based Medicine. Terms 
used in our search included (Bariatric Surgery OR Metabolic Surgery OR Bariatric 
Surgical Procedures OR Stomach Stapling) AND (Child OR Adolescent) AND 
(Ethics OR Moral Policy ORBariatric Surgery/ethics OR ethical OR moral OR 
autonomy OR benevolence OR non-malfeasance.)

18.2.1  Autonomy

Autonomy in the medical setting refers to the obligation to respect the self- 
determination of patients who have decision-making capacity. There are a variety of 
issues that are raised when considering the autonomous decision making for adoles-
cent patients who have not yet reached the age of medical consent.

18.3  Pediatric Patients Are Unable to Provide Their 
Own Consent

The need for informed decision making or informed consent is paramount in the 
context of the pediatric bariatric surgical patient. Informed consent involves the 
permission granted for the performance of a medical or surgical intervention with 
knowledge of the possible consequences of that treatment. The legal authority to 
provide informed consent requires the legal ability to form a valid contract and the 
psychological or developmental ability to make sound decisions [6]. In this context, 
minors cannot give legal informed consent.

The ethical concerns of informed consent in the pediatric subpopulation is not 
unique to MBS, and thus the American Academy of Pediatrics (AAP) recommends 
a two-step approach to informed consent for children: 1) The child must assent to 
the treatment, and 2) The physician should receive the proxy consent of the parent, 
also called informed parental permission. Assent, as opposed to consent, refers to 
the ability of the child to give affirmation to the procedure based on the extent he/
she is able to understand the procedure. This understanding stems from an explana-
tion of the procedure itself, the medical condition, a framework of values that 
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provides a context for specific value judgments, and the ability for the pediatric 
patient to reason through all available options and appreciate their effect, including 
risks and chances of success. This is necessary to demonstrate respect for the 
patient’s emerging autonomy and may help enhance cooperation with medical 
care [6, 7].

Ethical questions arise concerning when adolescents and children are considered 
to be old enough to be legally allowed to make their own medical decisions. Minor 
treatment statutes, known as the mature minor doctrine, allow minors with adequate 
decisional capacity and understanding of their medical condition the right to con-
sent to treatment without parental permission, with examples of this used in both 
reproductive and mental health. The age for this doctrine varies by state statue, with 
16 years being a common cut-off, but with some states using an age as young as 14 
years to consent to medical treatment [6].

There is no agreed consensus in the pediatric bariatric surgery literature for the 
minimum age of operation. In one review article, it was found that physiologic 
maturity was most often used to calculate minimum age for MBS.  Six articles 
adopted Tanner stage IV and/or 95% of adult height based on bone age, which cor-
responds to ≥13 years old for girls and ≥15 years old for boys [5]. In contrast, one 
study by Woolford et al. showed that most physicians thought patients should be at 
least 18 years old before being considered for surgery [8], while healthcare profes-
sionals in a UK study believed 16 years to be an acceptable minimum age [9].

Ethical and moral issues also arise from the parent perspective. Some parents 
focus on the negative medical and psychosocial impact of obesity in their children 
or may feel guilt for their child’s situation. These parental feeling should have no 
influence on a child’s access to surgery [10], but parental pressures introduce a risk 
of overt or covert coercion in the child or adolescent’s assent. More so, this may lead 
parents to push for their own wishes to supersede the wishes of their own children. 
At the same time, parental involvement is relevant in assessing a child’s eligibility 
for surgery, as parental support is important in preadolescent and adolescent post- 
surgical nutritional management. Balancing the cognitive, emotional, and social 
development of the child, as well as the familial support available to the child is 
critical for determining a child’s eligibility for MBS, and this balance can be a 
source of ethical challenges when determining a child’s preparedness for MBS 
[10, 11].

18.4  Primary Care Providers May Not Be Willing 
to Recommend Bariatric Surgery Despite Their 
Patient’s Wishes

The autonomy of pediatric patients is also impacted by the potential biases that exist 
within the medical community. Some studies seem to suggest that despite the grow-
ing problem of childhood obesity and the potential difficulties encountered with 
sustaining weight loss using non-operative methods, many of primary care physi-
cians are reluctant to refer adolescents for a bariatric surgical assessment [9]. In one 
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study, 48% participating family physicians and pediatricians indicated that they 
would not ever refer an obese adolescent for a bariatric operation and 46% indicated 
that the minimum age at which they would make a referral was 18 years [12]. In 
another study, although 66.8% of primary care physicians surveyed expected that 
MBS may be effective in therapy-resistant morbid obesity, only 41.3% would con-
sider referral for surgery [13]. The most important reason for reluctance was the 
uncertainty about long-term efficacy and safety and the unknown long-term meta-
bolic effects of weight loss surgery in such a young population [13, 14].

Another component affecting providers may be weight discrimination and stig-
matization in the medical community. These stereotypes unjustly categorize over-
weight and obese persons as “lazy, sloppy, unmotivated, noncompliant, and less 
competent”, who are “willful deviants who lack self-discipline” [11]. This biased 
sentiment may contribute to the unwillingness of primary care providers to refer 
child or adolescent patients to bariatric surgery centers, despite medical indications 
and/or the patient’s and their parent’s desire to pursue surgical intervention.

18.5  The Outcomes of These Procedures Will Be Faced by 
Patients Well After They Have Attained the Age 
of Consent

Bariatric surgical procedures including vertical sleeve gastrectomy and Roux-en-Y 
gastric bypass permanently alter the anatomy and physiology of patients. An ethical 
concern for the pediatric patient undergoing MBS is that they may assent to the 
procedure at the time, but regret such an assent later in life. MBS leads to permanent 
changes in patients’ nutritional status, routines, medication regimens, and ability to 
socialize. These permanent changes may not be fully grasped or may not seem 
important to children and adolescents at the time of intervention, and may result in 
procedural regret in the future [10].

Furthermore, long term data in the pediatric population in the context of MBS 
has yet to be fully vetted [15]. Although there is strong evidence for improved 
weight reduction and reversal of comorbidities, the potential remains for the devel-
opment of unforeseen problems much later in life [16]. A thorough and candid dis-
cussion about unintended consequences between the pediatric bariatric surgeon, the 
patient, and his/her family should emphasize what is known and, more importantly, 
what is unknown about late effects of MBS [17].

18.6  Informed Consent for Bariatric Surgery 
in the Pediatric Population

The complexity of information necessary for informed consent for MBS can be 
overwhelming for both adult and pediatric patients. In one study of adult MBS 
patients, only one-third of patients tested on information about bariatric surgery that 
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had been provided during preoperative informed consent could correctly answer all 
questions 1 year post-surgery [18].

Informed consent for a bariatric intervention in a pediatric patient should be a 
lengthy process that takes place over a several-month period, during which the ado-
lescent and his/her family engage in a medical weight reduction and behavioral 
modification program. Long term interactions with the pediatric surgeon concur-
rently during this time reinforces information about specific bariatric options, the 
risk/benefit profile for each operation, the likelihood of reaching the patient’s stated 
goals, and a frank discussion about the uncertain long-term aspects of treatment 
[17]. The critical aspects of informed consent for adolescents undergoing bariatric 
surgery is summarized in Table 18.1.

Patients should not be considered candidates for MBS if they have poorly docu-
mented weight loss attempts, inadequate family support, a lack of insight into their 
problem, impaired decision-making capacity, major unstable psychoses, or suicidal 
ideation [15].

18.6.1  Beneficence

Beneficence in the context of adolescent obesity refers to the obligation for physi-
cians to seek to reverse the physical and psychological derangements that interfere 
with well-being of obese pediatric patients [17].

Table 18.1 Principles of informed consent for adolescent bariatric patients

  1.  Disclosure of the patient’s diagnosis, including the degree of morbid obesity and the extent 
of comorbidities; this should include a discussion in lay language about what is currently 
understood about the pathophysiology of obesity and its related complications.

  2.  The nature of the proposed bariatric operation(s); use of visual aids and/or videos may help 
in describing each procedure.

  3.  The risks and benefits of the proposed interventions; including explicit discussion of what 
each complication would mean to the individual patient (i.e., an anastomotic leak is 
life- threatening and requires urgent reoperation, a slipped AGB must be realigned or 
replaced).

  4.  The actions and behaviors the patient will need to continue after the procedure in order for 
the bariatric operation to be successful in achieving weight loss, reversal of comorbidities, 
and to remain healthy.

  5.  An outline of the medical, surgical, and other follow up that will be required in the 
short- and long-term aspects of postoperative care.

  6. Alternatives to the proposed bariatric interventions and their risks and benefits.
  7. The risks and benefits of receiving no bariatric intervention or medical treatment.
  8.  The financial aspects of the proposed bariatric interventions, postoperative care, and costs 

if complications develop in the short and long term.
  9.  The outcomes of pediatric bariatric operations by the pediatric surgical team, including 

how they compare to published outcomes for complications and durable weight loss.
10. If the patient is a candidate for a clinical research trial.

Modified from Caniano [17]
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18.7  Medical Weight Loss Has a Very Low Success Rate 
as Compared to Bariatric Surgery

For the morbidly obese, a twofold increased risk of mortality has been detected as early 
as the fourth decade of life [15]. Structured diet and exercise programs, which are the 
first line therapies for obesity, have relatively poor outcomes. Pharmacologic options 
and meal replacements are being investigated, but data demonstrating the safety and 
effectiveness of many of these pharmacologic agents is poor and many do not have 
FDA approval in patients under the age of 18. Protein-sparing modified fasts have been 
demonstrated as safe and effective methods of weight loss, but only when performed in 
a supervised inpatient setting, causing long-term recidivism to remain an issue [19].

MBS has been shown to be an effective method to achieve weight loss and reverse 
obesity related complications. A systematic review and meta-analysis of adolescent 
MBS demonstrated an average weighted BMI difference from baseline to 1 year of 
−13.5  kg/m2 when including all procedures. When analyzed by procedure type, 
weight loss was greatest for roux-en-y gastric bypass (RYGB) and least for adjustable 
gastric banding (AGB) [20]. Data from Teen-LABS, a multi-centered longitudinal 
study, showed that 242 adolescents who underwent MBS at one of five adolescent 
bariatric centers demonstrated BMI reductions of 15.1  kg/m2 (28%), 13.1  kg/m2 
(28%), and 3.8 kg/m2 (8%) among adolescents undergoing RYGB, Vertical Sleeve 
Gastrectomy (VSG), and ABG procedures, respectively after 3 years [21].

Teen-LABS also demonstrated that by 3 years after surgical intervention, remis-
sion of type 2 diabetes occurred in 95% of patients, and remission of abnormal 
kidney function, pre-diabetes, hypertension, and dyslipidemia occurred in 86%, in 
76%, 74%, and 66% of patients, respectively [21]. These data suggest that offering 
MBS as an option along the spectrum of care for adolescent patients with obesity is 
in keeping with the principle of beneficence.

18.8  Lack of Guidelines Exist That Define a Reasonable 
Course of Medical Weight Loss for a Child Prior 
to Advancing Towards Surgical Intervention

According to Caniano, violation of beneficence in the setting of adolescent morbid 
obesity include situations in which there was inadequate preoperative evaluation of 
patient comorbidities and insufficient efforts to achieve weight reduction by medi-
cal interventions [17]. Failure of medical therapy for obesity may prompt, under the 
principle of beneficence, consideration for MBS. Unfortunately, there are no clear 
guidelines that define a reasonable course of medical weight loss prior to advancing 
towards surgical intervention. One study interviewing UK physicians and adoles-
cent bariatric surgery care teams showed that 58.4% selected 12 months as an ade-
quate time period. It was also noted that almost 40% of surgeons felt that 6 months 
was a sufficient period for a weight management program, as opposed to only 17% 
of the physicians and nurses [9].
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18.8.1  Non-maleficence

The principle of non-maleficence refers to the physician’s obligation to avoid 
inflicting harm on a patient. In the context of adolescent obesity, this involves 
balancing the known long-term risks of obesity with the known short-term risks 
of obesity surgery and the somewhat nebulous long-term effects of obesity 
surgery.

18.9  Data Regarding Long-Term Outcomes Is Lacking, 
Leading to Ethical Constraints When Performing 
Irreversible Operations

Short term postoperative complications after MBS are well documented and 
include anastomotic or staple line leak, strictures, postoperative bleeding, bowel 
obstructions, wound infections, deep venous thrombosis, worsened gastroesoph-
ageal reflux, and hospital readmissions [16]. The most significant long-term 
complications of adolescent MBS are nutritional deficiencies, metabolic compli-
cations such as dumping syndrome, and psychological adjustment problems. 
Furthermore, additional management of excess skin may be required, which 
would require additional postoperative body contouring surgery [19]. The lack of 
mature long-term outcomes data for adolescent bariatric surgery patients pres-
ents some ethical ambiguity when considering the obligation to avoid causing 
harm to a patient.

18.10  Our Preoperative Evaluations Center Around Perceived 
Ability to Maintain a Weight-Loss Diet, But Not 
on the Resilience of Children Who Face Operative 
Complications for an Elective Procedure

The potential harms that can occur following bariatric interventions may be difficult 
for an adolescent patient and her/his family to manage, and complications may have 
more severe consequences as a result. Adverse events are reported even with very 
experienced surgeons [10], and a patient may not fully appreciate the impact that 
complications will have in terms of length of hospitalization, re-operative surgery, 
and unanticipated long-term problems [17].

Perhaps the best way of addressing this ethical dilemma is to prevent complica-
tions as much as possible. This includes procedures performed by only experienced 
providers in settings that can appropriately care for obese patients, as conditions 
under which bariatric surgery is performed appears to be highly relevant for the 
outcome. High quality care includes preoperative evaluation by a multidisciplinary 
team, an MBS center with competency with children and adolescents, close postop-
erative care and follow up, and family support [10].
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18.11  Mental Disorders Should Be Monitored and Addressed 
in the Treatment of Severe Obesity to Prevent Any 
Additional Harm to Adolescent Mental Health

There is a high prevalence of mental health association in the obese pediatric popu-
lation, with studies demonstrating that up to 30% of adolescents seeking weight- 
loss surgery self-reported symptoms of clinical depression, had significantly lower 
health-related quality of life scores, and up to 45% reported binge eating behaviors 
at some point in their life [22, 23]. Failure of expected results or the development of 
complications from MBS can exacerbate these psychological stressors. There is an 
ethical obligation for bariatric surgical centers to care for the potential psychologi-
cal comorbidities associated with obesity, and this obligation may be amplified 
when treating adolescents. Ongoing psychosocial evaluation and support with an 
emphasis on optimizing mental health, social support structure, and adequately 
assessing whether an adolescent and their guardian fully understand the risk and 
benefits of MBS are very important to ensure the successful holistic care of obese 
adolescents [12].

18.11.1  Justice

The ethical principle of justice refers to the mandate that each person receives a fair 
share of health resources and equitable treatment [17]. Encapsulated within this is 
an implicit understanding that certain disease processes are unequally distributed 
amongst different populations based on race, socio-economic status, and other 
demographic differences. A just medical system of care is capable of addressing the 
unique needs of different communities.

18.12  Ethnic and Socio-economic Disparities in Terms of Rates 
of Obesity and Access to Medical and Surgical Care 
Exist, and Certain Populations May Be Excluded 
from the More Efficacious Surgical Approach

Pediatric obesity in the US affects one in three socially disadvantaged children, and 
children raised in low income neighborhoods score worse on most childhood health 
indicators. In fact, children within the lowest 20th-percentile for socioeconomic 
status (SES) have a 70% increase in obesity rates when compared to the highest 
5th- percentile. Black, Hispanic, and Native American children across all economic 
strata also have significantly higher rates of obesity. Given these disparities, it is 
important for surgeons and practitioners to advocate for these patients and note at 
risk populations may not have ready access to medical weight management and 
bariatric services [17].
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18.13  Conclusions and Recommendations

The treatment of obesity includes a wide range of options, including MBS. The ethi-
cal constructs surrounding MBS must be fully developed in order to provide reason-
able treatment options for adolescents that appropriately addresses a variety of 
issues unique to minors. The ethical principles of autonomy, beneficence, non- 
maleficence, and justice each raise unique issues that must be carefully considered 
both from a population perspective, and from the perspective of each individual 
patient. The ultimate decision as to which pediatric patients are appropriate candi-
dates for MBS must take into consideration a variety of individual, familial, and 
social factors that impact the physical and mental outcomes associated with the 
surgical therapy of obesity.
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19Adjustable Gastric Banding:  
Why Did It Fail?

Elizaveta Walker and Bruce Wolfe

19.1  Introduction

In the United States, rates of bariatric surgery utilization have steadily grown since 
its introduction in the 1960s [1]. In the first half of the past decade, Roux-en-Y gas-
tric bypass (RYGB) and adjustable gastric banding (AGB) were utilized for nearly 
three-fourths of all bariatric procedures performed. At its peak, as many as 25% of 
bariatric procedures were AGB [2]. However, the declining utilization of AGB in 
the wake of more contemporary procedures, namely sleeve gastrectomy—account-
ing for 62% of bariatric procedures in 2018—warrants examination as to the rea-
sons for the procedure’s waning use. This chapter will summarize the history and 
development of AGB, describe the mechanistic features of the once-innovative pro-
cedure, discuss the reported outcomes of AGB and conclude with a narrative sum-
mary of why AGB has failed.

19.2  History of the Development of Adjustable 
Gastric Banding

The history of bariatric surgery has been marked with innovation, refinement and 
evolution. Throughout the development of this field, many procedures have refined 
prior bariatric techniques to address complications and limitations, though many 
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introduced disadvantages of their own. Likewise, AGB was foremost a solution to 
address complications of previously developed bariatric procedures.

The initial concept underpinning early bariatric procedures was that by creating 
a short bowel syndrome, malabsorption would occur in otherwise hyperphagic 
patients resulting in weight loss [3]. Amassing popularity in the 1960s and 1970s, 
jejunoileal bypass (JIB) was the surgical means by which to mimic outcomes expe-
rienced by short bowel patients, namely durable weight loss. The creation of this 
surgical short gut involved bypass of approximately 90% of the small intestine 
while the bypassed intestine was retained. While weight loss was successfully 
achieved in most cases with this approach, complications including liver failure, 
micronutrient deficiency and related metabolic problems (e.g., kidney stones) were 
unacceptably common and led to abandonment of this approach.

The emphasis then shifted away from malabsorptive toward “restrictive” proce-
dures, intending to reduce the amount of nutrient intake. Examples of such restric-
tive procedures included stapling devices and others used to create reduction of 
stomach size of the opening, or “stoma,” into the functional body of the stomach [4, 
5]. However, staple line leaks presented a major complication, resulting in pro-
longed recovery and rare mortality among patients. The introduction of staple line 
reinforcement was promptly offered as a solution, however this practice has mixed 
reporting in the literature regarding diminishing leak rates [5].

Subsequently, a variety of versions of gastroplasty were done with variable 
results [6–8]. Simple partial stapling of the stomach to limit the size of the gastric 
pouch above the staple line had little success regarding sustained weight loss due to 
disruption of the staples and dilation of the stoma. Through a variety of modifica-
tions, the procedure which emerged as the predominant procedure was the vertical 
banded gastroplasty (VBG) [9]. In this procedure, a portion of the stomach was 
separated from the body of the stomach by a staple row. The communication 
between this small gastric pouch and the body of the stomach was reinforced with 
prosthetic mesh encircling the outlet or the gastric pouch stoma. The largest reported 
series of the outcomes following the VBG came from Sweden [10, 11]. A number 
of important benefits from the weight loss achieved were reported by these investi-
gators and others [12]. Ultimately, a number of limitations and complications were 
identified with this operative approach, including dilation of the gastric pouch and 
distal esophagus, erosion of the reinforcing band through the gastric wall, and staple 
line disruption, all complications which would result in inferior weight loss. 
Subsequent conversion to a different bariatric procedure such as RYGB was required 
to achieve satisfactory weight loss.

19.3  Mechanisms of AGB

In order to address these limitations and complications, a gastric band was devised 
by Kuzmak [13, 14] in which a gastric band encircling the proximal stomach was 
constructed with an inflatable or adjustable balloon within the lumen of the band, 
with tubing connecting the subcutaneous port to the balloon inside the band. Thus, 
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the extent of narrowing of the opening between the upper gastric pouch and the 
body of the stomach could be adjusted according to outcomes. Inadequate weight 
loss, for example, was managed by tightening of the band whereas persistent vomit-
ing, esophageal or gastric dilatation could be managed by deflation of the band 
through the subcutaneous port.

19.4  From AGB to LAGB

The development of laparoscopic techniques for bariatric surgery has led to 
decreased complication rates, decreased peri- and post-operative adverse events, 
decreased wound complication, and decreased length of stay, among other benefits 
[15]. The weight loss achieved by the implantation of a LAGB and frequent adjust-
ments, as needed, was originally reported to be favorable by several investigators, 
including a group from Australia [16–19]. Within randomized control settings, 
O’Brien and colleagues [19] reported that LAGB was statistically significantly 
more effective than lifestyle and pharmacologic interventions for weight loss. 
Further, they reported significant increases in quality-of-life metrics. Other claims 
by the group included fasting and postprandial prolonged satiety among AGB 
patients [20, 21].

While the AGB weight loss was inferior to RYGB in other long-term studies, the 
results reported from Australia consistently reported the weight loss to be nearly as 
substantial with AGB as following RYGB and equivalent to that achieved with the 
VBG, advocating for the “broader application of LAGB for the serious and common 
problem of obesity” ([19], p. 632). The group subsequently went on to report com-
parable and sustained weight loss in the long-term as compared to other bariatric 
procedures [18]. Further, these studies reported mean weight loss, thus ignoring the 
variability of weight loss response among bariatric patients, including subgroups 
that may experience no weight loss. Reports such as these contributed to the unreal-
istic expectations regarding AGB weight loss among clinicians, advocates, and 
patients.

19.5  Widespread Application

The LAGB procedure and device became popular in bariatric surgical programs 
for several reasons. In addition to the seemingly satisfactory weight loss as 
described above, the operation itself was intended from the start to be a laparo-
scopic procedure. The procedure of placing a band or collar about the proximal 
stomach lent itself well to the laparoscopic approach. There was no division of 
the stomach or staple line to risk a leak. Thus, the procedure was technically 
simple, able to be conducted in less time than a RYGB, and perioperative com-
plications were substantially lower than reported for RYGB [2, 22]. These char-
acteristics increased the attractiveness of the LAGB and its uptake among 
bariatricians.
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19.6  Long Term Outcomes

In time, it was increasingly apparent that LAGB weight loss was inferior to that 
seen with RYGB, by as little as one half as much [23]. In addition to the diminished 
weight loss, a number of complications occurred including dilation of the gastric 
pouch, the esophagus, gastroesophageal reflux [22]. Erosion of the band wall or 
gastric band erosion resulted in loss of the band function and ultimate regain of 
weight [24]. As a result of these limitations, revisions of the band procedure were 
commonly done. Most common was a need to replace, or reposition, the subcuta-
neous port as access of the port would become limited. Over time, removal of the 
band became a relatively common revisional procedure, often conducted in tandem 
with a conversion to a RYGB through either a single stage or a two-stage interven-
tion [25]. These conversions led to improved weight loss and reasonable safety 
[26, 27].

However, one point worth acknowledging when appraising the outcomes of 
LAGB: the tendency of many LAGB reports to describe weight loss as percent 
excess weight loss (%EWL), an outdated and largely exaggerated method of report-
ing, especially in bariatric patients with lower preoperative BMI [28, 29]. While 
some still argue for its use despite the availability of more robust metrics [30], 
Mocanu et al. [31] published a systematic review in which they report inconsisten-
cies across bariatric reporting regarding weight loss. The authors warn of the rise in 
increasing heterogeneity across bariatric terms, outcomes, and reporting criteria, 
and offer recommendations to address current discrepancies.

19.7  Why Did the LAGB Fail?

Despite the substantial popularity of LAGB in the 1990s and early 2000s, the pro-
cedure gradually lost favor, decreased in application and currently is all but expired. 
The reasons for this failure were numerous.

 1. Insufficient or unsatisfactory weight loss. The weight loss required for a success-
ful procedure is a judgment made by patients and their caregivers. Related to this 
judgment is improvement or remission of obesity-related comorbidities such as 
Type 2 diabetes, cardiovascular risk, hypertension, asthma, and other 
complications.

 2. As noted above, several complications emerged over time in addition to inade-
quate weight loss. These complications include malposition of the subcutaneous 
port precluding adjustment of the tightness of the band, infection, or leak of the 
port or tubing. Dilation of the gastric pouch, sometimes markedly dilated, as 
well as distal esophagus limited the effect of the “restriction.”

 3. Demonstration of the superior weight loss associated with RYGB. The impor-
tance and dominance of the variable weight loss following gastric bypass in 
procedure selection was paramount [32]. Thus, RYGB has continued to increase 
in numbers whereas the number of bands placed gradually diminished [1].
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 4. Advent of the sleeve gastrectomy. Sleeve gastrectomy incorporates the positive 
features associated with RYGB while requiring less operative time than bypass. 
Further, sleeve gastrectomy complication rates are lower than RYGB or LAGB 
complication profiles. Further, multiple studies have shown the weight loss fol-
lowing sleeve gastrectomy to be only marginally inferior to that of RYGB but 
largely superior to LAGB, though long-term studies are still not available due to 
the procedure’s relatively recent introduction in the late 2000s. Although this 
superiority of RYGB increases over a period of years, the marked short- and 
medium-term weight loss following sleeve gastrectomy, coupled with its rela-
tively less required technical skill, has led to the high popularity of this proce-
dure. Despite involving a long staple line, sleeve gastrectomy is still a simpler 
operative procedure as compared with RYGB, with fewer perioperative compli-
cations reported in the short-term. Thus, these two procedures have dominated 
the current landscape of bariatric surgical utilization, resulting in virtual elimina-
tion of LAGB as a viable option for today’s bariatric candidate.

19.8  Conclusion

In summary, adjustable gastric banding “failed” because of inadequate weight loss, 
subsequent complications, the frequency by which removals and conversions were 
conducted, and the advent of more effective procedures. The confluence of these 
factors has relegated LAGB to be an artifact of this evolving field.
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20.1  Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the most common liver disor-
ders, affecting about 25% of people worldwide [1]. NAFLD is the hepatic manifes-
tation of metabolic syndrome and is strongly correlated with obesity, dyslipidemia, 
and type 2 diabetes [2]. Up to 90% of patients undergoing bariatric surgery demon-
strate NAFLD at the time of their operation [3]. Nonalcoholic steatohepatitis 
(NASH) is the inflammatory subtype of NAFLD, occurring in 3–6% of the popula-
tion [4, 5]. Current guidelines require a histologic diagnosis for NASH, including 
steatosis as well as evidence of hepatocyte injury (ballooning) and inflammation 
[2]. NASH may be clinically silent but over time can progress to cirrhosis, and it is 
a risk factor for hepatocellular carcinoma and need for liver transplant [2]. NASH 
progresses to cirrhosis in up to 20% of patients, compared to about 4% of all NAFLD 
patients, and represents the segment of the fatty liver population most in need of 
targeted therapy [6].

However, there are few specific treatments for NAFLD and NASH. While tar-
geted pharmaceuticals are in phase 3 clinical trials, none are yet approved for NASH 
therapy. Currently, the primary treatment for NASH is weight loss. At least 7–10% 
total body weight loss is needed to see histologic improvement [7]. Weight loss of 
>10% is associated with NASH resolution in 90% of patients and may even improve 
fibrosis [8]. However, this degree of weight loss is difficult for patients to achieve 
and maintain, even in monitored clinical trials. Bariatric surgery is the most effec-
tive weight- loss therapy but is not currently considered a specific treatment for 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_20&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_20#DOI
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NASH by the American Association for the Study of Liver Diseases (AASLD) [2]. 
This chapter will examine the existing evidence for bariatric surgery as a treatment 
for NASH and identify knowledge gaps that must be filled by future studies.

20.2  Search Strategy

MEDLINE, EMBASE, CENTRAL, and Google Scholar were searched for pub-
lished data on the effect of bariatric surgery on nonalcoholic steatohepatitis 
(Table 20.1). The search included articles written in the English language involving 
human patients with no limitation by date of publication. Search terms included 
(“bariatric” OR “sleeve gastrectomy” OR “adjustable gastric band” OR “gastric 
bypass” OR “Roux-en-Y” OR “duodenal switch” OR “jejunoileal bypass” OR “ver-
tical banded gastroplasty” OR “biliopancreatic diversion”) AND (“non alcoholic 
fatty liver” OR “nonalcoholic fatty liver” OR “NAFL” OR “NAFLD” OR “NASH” 
OR [nonalcoholic AND steatohepatitis] OR [“non alcoholic” AND steatohepati-
tis]). The reference lists in retrieved publications, meta-analyses, and clinical 
reviews were also manually searched for relevant results not included in the ini-
tial query.

20.3  Results

After resolving duplicate results, 614 studies were returned by the search strategy. 
A total of 544 studies were excluded based on a review of titles and abstracts. The 
full text of the remaining 70 studies was reviewed. Given that current guidelines 
require a histologic diagnosis for NASH, studies using surrogate markers were 
excluded, and only the 39 studies that included both pre- or intra-operative as well 
as post-bariatric surgery biopsies were reviewed for this chapter. Of these 39 stud-
ies, 19 (48.7%) contained adequate information about the histologic diagnosis of 
NASH to draw conclusions from the data; these studies are listed in Table 20.2 [9–
27]. Studies using the NAFLD Activity Score (NAS) cutoff as a surrogate for NASH 
were reviewed but not included in Table 20.2 (n = 9), as this score does not always 
correlate with a diagnosis of NASH [28–37]. The NAS, which rates the individual 
components of NASH (steatosis, lobular inflammation, and hepatocellular balloon-
ing) on a numeric scale, is useful for describing changes in NASH and is therefore 

Table 20.1 Search and data review strategy

Patients Intervention Comparator Outcomes
Patients 
with 
NAFLD or 
NASH

Bariatric 
surgery

Other bariatric surgery, 
lifestyle modification, 
pharmacologic 
treatment, or no 
treatment

Histologic improvement in NASH, 
development of cirrhosis, 
development of hepatocellular 
carcinoma, liver-specific mortality, 
overall mortality, cost, complications 
of bariatric surgery

A. C. Sheka and S. Ikramuddin
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often used in clinical trials, but the diagnosis of NASH requires specific components 
and must be evaluated separately [28]. The remaining 11 studies either examined 
steatosis alone or did not include enough histologic information to evaluate the 
presence of NASH before and after bariatric surgery.

No randomized clinical trials of the effect of bariatric surgery on NASH were 
found. Of the 19 observational studies reviewed in Table 20.2, 6 were retrospective 
cohort studies and 13 were prospective cohort studies. The overall quality of the 
evidence was low, relying on highly selected patient populations. Patients in the 
prospective studies had a high rate of dropout, which is likely due to the invasive 
nature of a second liver biopsy. For the majority of these studies, the postoperative 
biopsy (and therefore the entire included patient cohort) was obtained because the 
patient needed a second operation or had a lab abnormality prompting a biopsy, 
further increasing the risk of bias. In addition, for all of the included studies, the 
initial recruitment event was not the diagnosis of NASH but the planned bariatric 
operation. This makes the evidence difficult to interpret and apply to patients with 
NASH looking for treatment options, rather than to bariatric surgery candidates 
who happen to have NASH.

These observational cohort studies consistently report improvement in the degree 
of steatosis and a high proportion of patients with complete resolution of NASH 
after bariatric surgery. Of the studies using a consistent definition for the histologic 
diagnosis of NASH, NASH resolution was seen in 53–100% of patients, with 5 
studies reporting NASH resolution in their entire patient cohort. Only one study 
reported an increase in NASH postoperatively [17].

Studies included patients undergoing most bariatric operations, including Roux- 
en- Y gastric bypass, adjustable gastric banding, sleeve gastrectomy, biliointestinal 
bypass, vertical banded gastroplasty, jejunoileal bypass, and biliopancreatic diver-
sion with duodenal switch. Most of these operations are now quite rare, with the 
sleeve gastrectomy and Roux-en-Y gastric bypass most common. Both of these 
operations appear to have a high rate of NASH resolution in the limited cohorts 
available. There is no evidence to suggest either sleeve gastrectomy or Roux-en-Y 
is superior for treating NASH.

NASH resolution appears to be related to the degree of weight loss achieved. In 
one study, 30.4% of laparoscopic adjustable gastric band patients had persistent 
NASH versus just 7.6% of Roux-en-Y gastric bypass patients, with the patients in 
the Roux-en-Y group losing more weight over time [15]. A study of adolescents 
undergoing sleeve gastrectomy, intragastric balloon placement, or lifestyle modifi-
cation found that only the sleeve gastrectomy improved NASH [34]. This appeared 
related to the degree of weight loss achieved; patients in the surgical group lost 
21.5% of their body weight versus 3.4% for those with an intragastric balloon and 
1.7% for those who underwent lifestyle modification alone. These findings are con-
sistent with prior medical weight loss studies in NASH, which found that 7–10% 
total body weight loss was required to see histologic improvement [7].

While it is not one of the diagnostic criteria for NASH, fibrosis is the strongest 
predictor of NASH progression and long-term outcomes, including overall 
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mortality [38–40]. Changes in fibrosis after bariatric surgery are reported in six of 
the included studies. Overall, most patients had stable or improved hepatic fibrosis, 
though a few isolated patients had worsening of fibrosis over time. The effects of 
bariatric surgery on fibrosis in NASH patients will need to be addressed by 
future trials.

In all of the included studies, the initial biopsy diagnosing NASH was obtained 
at the time of the bariatric operation. However, many patients who undergo bariatric 
surgery are required by their physician or insurance company to demonstrate some 
degree of weight loss prior to their operation; the degree of preoperative weight loss 
and potential for NASH improvement during this interval is not adequately 
accounted for in studies to date. Therefore, the actual degree of NASH in patients 
undergoing bariatric surgery may be underreported.

The existing literature is limited by significant heterogeneity in the histologic 
definitions used, types of bariatric procedures performed, time of follow-up, and 
baseline patient populations. The need for biopsy and lack of a specific medical 
comparator make clinical trial design for NASH and bariatric surgery difficult. 
However, there are randomized clinical trials planned in NASH patients to compare 
lifestyle therapy to bariatric surgery (NCT03472157, NCT03426111), pharmaco-
logic therapy with liraglutide to bariatric surgery (NCT02654665), and the efficacy 
of the sleeve gastrectomy versus Roux-en-Y gastric bypass (NCT03524365). These 
trials may provide additional clarity and stronger evidence for bariatric surgery as a 
NASH therapy.

Data regarding the safety of bariatric surgery in patients with NASH and 
specifically NASH cirrhosis are limited. A study utilizing the Nationwide 
Inpatient Sample found that mortality in patients undergoing bariatric surgery 
was higher in those with cirrhosis (0.9% for compensated and 16.3% for patients 
with uncompensated) than those without cirrhosis (0.3%) [41]. The data in this 
analysis was from 1998 to 2007 and likely included more open surgery than is 
currently performed. More recent case series report similar complication rates 
between bariatric patients with and without liver disease [42, 43]. A meta-anal-
ysis of 122 cirrhotic patients undergoing bariatric surgery (97% with Child’s 
Class A cirrhosis) found increased early and late mortality in these patients 
compared to the general population [44]. No patients undergoing sleeve gastrec-
tomy had perioperative mortality. This study included patients with cirrhosis 
diagnosed at the time of surgery and is therefore difficult to generalize to the 
elective treatment of NASH.

Current studies utilize surrogates for liver sequelae, such as changes in histology, 
to assign benefit to therapies for NASH. However, the main concerns prompting the 
treatment of NASH are hepatocellular carcinoma, cirrhosis, and the need for liver 
transplantation. From a well-matched retrospective cohort analysis using insurance 
data, we found that patients with NAFLD/NASH who undergo bariatric surgery 
have a significantly decreased risk of progression to cirrhosis compared to patients 
who do not undergo surgery [45]. Future studies will need to prospectively evaluate 
these ultimate outcomes.
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20.4  Recommendations

Given the lack of high-quality evidence regarding bariatric surgery as a treatment 
for NASH, it is difficult to make strong recommendations. The AASLD does not yet 
recommend bariatric surgery specifically for treatment of NASH or NAFLD [2]. 
However, the existing observational cohort studies have a substantial level of agree-
ment supporting improvement in NASH after bariatric surgery for highly selected 
cohorts. For patients with NASH or suspected NASH who are otherwise eligible for 
bariatric surgery, either due to BMI or BMI and comorbidities, referral for bariatric 
surgery is reasonable, particularly when patients have tried and failed to lose weight 
through lifestyle modification (evidence quality moderate, strong recommenda-
tion). Awareness of bariatric surgery as a possible treatment for NASH should 
prompt primary care providers and hepatologists to discuss this option with other-
wise eligible patients and refer them as appropriate. For patients with NASH who 
do not meet eligibility criteria for bariatric surgery, the current evidence is not ade-
quate to support the procedure.

20.5  A Personal View of the Data

While the existing evidence for bariatric surgery as a NASH therapy is limited to 
observational studies with significant risk for bias, there is considerable and con-
sistent research suggesting that weight loss of at least 7–10% is the best treat-
ment for NASH that is currently available. Our experience and multiple clinical 
trials have shown that bariatric surgery is the most effective method for achieving 
and sustaining this level of weight loss. Thus, if a patient is known to have NASH 
based on biopsy or has hepatic steatosis on imaging studies with significant risk 
factors (obesity, dyslipidemia, type 2 diabetes) for NASH, it is entirely reason-
able to refer these patients for bariatric surgery evaluation, particularly if they are 
unable to achieve weight loss with lifestyle changes and medical therapy. Many 
patients with this constellation of medical conditions will qualify for bariatric 
surgery regardless of their NASH status; however, some patients with borderline 
BMI and type 2 diabetes may have NASH but not qualify for bariatric surgery 
under the current guidelines. Every attempt should be made to help these patients 
access surgical weight loss. Currently, much of the focus on NASH treatment is 
on pharmaceuticals. However, results from ongoing clinical trials do not appear 
to demonstrate the effect sizes that have been observed after bariatric surgery. As 
higher quality evidence is made available from clinical trials, we suspect NASH 
(and likely NAFLD) will be incorporated into bariatric surgery eligibility guide-
lines and treatment algorithms from organizations such as the AASLD. While 
observational cohorts have provided the initial data, results from randomized 
trials of best medical therapy (currently lifestyle change) versus bariatric sur-
gery, specifically for patients with NASH, will likely be required to tip the scales 
of evidence.
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Than Sleeve Gastrectomy?
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21.1  Introduction

The two most commonly performed weight loss procedures worldwide are the lapa-
roscopic Roux-en-Y gastric bypass (LRYGB) and laparoscopic sleeve gastrectomy 
(LSG) [1]. The LRYGB was developed in the United States in 1994 and considered 
the gold-standard surgical treatment for morbid obesity due to substantial long-term 
weight loss and resolution of comorbidities [2–4]. However, the relative disadvan-
tages include a steep learning curve and potential for more severe complications [5, 
6]. In contrast, LSG, a relatively newer procedure that was previously performed as 
the first stage in a two stage biliopancreatic diversion with duodenal switch, has 
gained popularity in recent years due to its simplicity and satisfactory outcomes in 
terms of weight loss and resolution of comorbidities [7–9]. The purpose of this 
chapter is to review the published literature comparing LRYGB and LSG with a 
specific focus on safety and rates of complications.

21.2  Search Strategy

A Pub-med search was performed of the literature published in the English lan-
guage using the following search terms, either alone or in combination in order to 
obtain the maximal number of articles: “sleeve gastrectomy”, “vertical gastrec-
tomy”, “vertical sleeve gastrectomy”, “gastric bypass”, “Roux-en-Y gastric bypass”, 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_21&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_21#DOI
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“bariatric surgery”. The reference list of identified papers as well as topical reviews 
were checked for additional articles for inclusion. For studies in which multiple 
articles have been published at different time points on the same population, the 
most recently published article with the most complete follow-up was included. 
Individual trials are detailed in Tables 21.1 and 21.2 and meta-analyses and system-
atic reviews are detailed in Table 21.3.

21.3  Results

21.3.1  Early (<30 Days) Complications

The most common early (<30 days) complications after LSG and LRYGB include 
major issues like bleeding requiring transfusion, anastomotic or staple line leak, 
gastric or bowel obstruction, bowel perforation, intra-abdominal infection, deep 
vein thrombosis, myocardial infarction and minor complications such as pneumo-
nia, dysphagia, dehydration, nausea and vomiting, ileus and superficial surgical site 
infections (SSI) [21, 26].

Guerrier and colleagues [30] analyzed NSQIP database records for 47,982 
(42.0%) and 66,380 (58.0%) patients undergoing LSG and LRYGB, respectively. 
On univariate analysis, LSG patients had a lower rate of organ space infection 
(0.45% vs. 0.68%, p < 0.001), lower rate of bleeding requiring transfusions (1.00% 
vs. 1.60%, p < 0.001), lower rate of sepsis (0.34% vs. 0.49%, p < 0.001), and septic 
shock (0.12% vs. 0.22%, p  <  0.001) and required fewer unplanned reoperations 
(1.34% vs. 2.56%, p < 0.001) than LRYGB patients. Both groups had similar rates 
of deep venous thrombosis (0.33% vs. 0.28%, p = 0.15) and pulmonary embolism 
(0.17% vs. 0.21%, p = 0.15). Mortality was lower among LSG patients (0.09% vs. 
0.14%, p = 0.01). On multivariate analysis, RYGB was associated with higher risk- 
adjusted 30-day serious morbidity than LSG (odds ratio 1.61; 95% CI 1.52–1.71, 
p < 0.001). Older age, female gender, higher BMI, and insulin-dependent diabetes 
were also associated with risk of serious morbidity (C-statistic = 0.60). They con-
cluded that serious morbidity following bariatric surgery is uncommon; however, 
LSG may be associated with modest protection from adverse 30-day outcomes in 
comparison to LRYGB. However, their conclusion was limited by a difference in 
baseline risk factors of the populations studied.

In their matched cohort study of 429 patients, Casillas et al. [21] found similar 
mortality rates between LSG and LRYGB, while complications requiring 

Table 21.1 PICO table

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients 
undergoing 
bariatric surgery

Roux-en-Y 
Gastric Bypass

Sleeve 
gastrectomy

Intraoperative complication rate, 
readmission rate, reoperation rate, 
30-day mortality, long-term 
complication rate
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re- intervention or reoperation occurred in 1.6% after LSG and 5.6% after LRYGB 
for 1  year after the bariatric procedure. LRYGB had significantly higher early 
(p = 0.015) major complication rates compared with SG. Minor complication rates 
did not differ significantly between procedures. However, in a review of 485 patients, 
Lynn et al. [20] found no significant difference in early complications, re- admissions 
or re-operations between the two procedures.

Several meta-analyses have been performed to analyze early complications 
(Table 21.3). Most recently, Zhao and Jiao [28] performed a meta-analysis of 11 
RCTs in 2019 and found a significant difference in early complications, favoring 
LSG, with pooled RR of 2.14 (95% CI: 1.26–3.64; P = 0.005). In addition, the reop-
eration rate was higher in the RYGB group with a pooled RR of 1.73 (95% CI: 
1.14–2.62; P = 0.01). The analysis was performed using a fixed-effect model, as no 
significant heterogeneity among the studies was found. Likewise, Hu et  al. [29] 
found a much higher early complication rate after RYGB compared to LSG, 
OR = 2.11, 95% CI = 1.53–2.91, p < 0.001). In contrast, Zellmer et al. [24] found 
that leak rate and mortality was similar between the two. In a meta-analysis of 28 
studies (10,906 patients) undergoing LRYGB compared to 33 studies (4816 patients) 
undergoing LSG, they found significantly higher rates of bleeding (3.1% vs. 2.0%, 
p = 0.001) and stricture or stenosis (3.4% vs. 1.3%, p = 0.001) after LRYGB. Deep 
vein thrombosis and re-operation rates were also similar between the two. Another 
meta-analysis and systematic review of six and five randomized controlled trials by 
Osland et al. reported on early major and minor complications respectively [26]. 
The relative odds of an early major complication were significantly reduced for 
LSG versus LRYGB (OR 0.49; 95% CI 0.24, 1.0; p = 0.05). A non-statistically 
significant reduction in relative odds of 29% favoring the LSG procedure was 
observed for minor complications within 30 days (OR = 0.71; 95% CI 0.31, 1.67; 
p = 0.4) [26].

In summary, there is abundant high quality evidence showing that while major 
early complication rates are low for both procedures, the LSG is associated with 
significantly fewer early major surgical complications compared to LRYGB.

21.3.2  Late (>30 Days) Complications

The most common and frequently reported late complications (>30 days) after 
LRYGB are internal hernia, anastomotic stricture, incisional hernia, small bowel 
obstruction, marginal ulcer gastroesophageal reflux disease (GERD) and nutrient 
deficiencies. LSG has relatively fewer long term complications, although small 
bowel obstruction, incisional hernia and nutrient deficiencies can occur. However, 
a commonly reported late complication that has gained the most attention is gas-
troesophageal reflux, either worsening or de novo, which often leads to revisional 
surgery. Comparisons of overall late complication rates between LRYGB and 
LSG can be found in Table  21.2. Each complication is analyzed in further 
depth below.
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21.3.3  Internal Hernia

Internal hernia (IH) is a complication that is unique to RYGB and has increased 
with the shift toward laparoscopic versus open surgery [31]. There are two poten-
tial spaces that are created after RYGB; when the alimentary limb is brought up 
to the gastric pouch, a mesenteric defect called Petersen’s space if formed 
between the mesentery of the alimentary limb and the mesocolon. A separate 
space between the biliary limb and the common limb is created due to the jeju-
nojejunal anastomosis. Small bowel can herniate into either of those spaces [32]. 
IH can lead to intermittent abdominal pain or present with late bowel obstruction 
[33]. Multiple studies reported on rates of internal hernia, ranging from 1.6 to 
14.3% [10–15, 18].

21.3.4  Gastrojejunal Stenosis/Anastomotic Stricture

Stricture of stenosis at the anastomosis site also unique to RYGB and is commonly 
treated with endoscopic dilation but can sometimes require revision. Only two stud-
ies reported on the rate of stricture and found that between 4.32 and 6.3% of patients 
suffered from this complication [18, 23].

21.3.5  Incisional Hernia

Incisional hernia can occur after any surgery and multiple studies reported on their 
rates after bariatric surgery. Generally, rates of incisional hernia are similar between 
LRYGB and LSG and no study had enough power to compare rates of incisional 
hernia directly. Rates after LRYGB were between 0.8 and 5.11% and between 0.8 
and 2.5% after LSG [10, 12, 17, 21].

21.3.6  Small Bowel Obstruction

Small bowel obstruction (SBO), or obstructive ileus, can be either an early or late 
compilation and occur for a variety of reasons including stenosis of the anasto-
mosis, torsion of the biliopancreatic limb, or due to herniation of small bowel 
through trocar sites. Internal hernia is also a well-recognized cause of SBO, dis-
cussed previously [33]. Late small bowel obstruction can occur after any surgery 
and is most commonly due to adhesions. In studies that reported rates of late 
small bowel obstruction not through to be caused by incisional hernia or internal 
hernia, the range was between 1.46 and 3.3% with insufficient power in all stud-
ies to determine significant differences between LRYGB and LSG [12, 16, 17, 
21, 23].
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21.3.7  Intestinal Ulcer

Ulcers can occur after both sleeve gastrectomy and RYGB, however the most com-
monly recognized complication is marginal ulceration at the anastomotic site in 
RYGB. It usually occurs within the first 2 months postoperatively and presents with 
symptoms such as abdominal pain, vomiting and occasionally with bleeding. 
Treatment includes cessation of NSAIDs, proton pump inhibitor therapy and 
Carafate. While medical management is usually successful, surgical options 
includes revision of the anastomosis [33]. In studies that reported rates of ulcer-
ation, they were found to be relatively low at 0.38–5% of patients, with the true rate 
likely on the lower end of that range as studies with a larger number of patients 
commonly reported lower rates [10, 15, 21, 23].

21.3.8  GERD

There are a number of studies that show that LRYGB is associated with a decrease 
in GERD postoperatively [34, 35]. Indeed, the American College of Gastroenterology 
clinical practice guidelines for GERD recommend gastric bypass as the preferred 
method of surgically managing reflux in the obese population [36]. On the other 
hand, LSG may predispose patients to de novo GERD due to the increased intralu-
minal pressure in the sleeve and is frequently cited as a relative contraindication to 
the procedure [37–41].

Many individual studies reported only on rates of de novo reflux after LSG, 
which ranged from 3.6 to 9.1% of patients [10, 11, 14]. In those studies which ana-
lyzed reflux in more detail, Peterli et al. [12] found in a relatively large randomized 
trial that after 5 years, remission of reflux symptoms was seen in 25% of patients in 
the LSG group and 60.4% of patients in the LRYGB group (absolute difference, 
−0.36%; 95% CI, −0.57% to −0.15%; P = 0.002) and worsening of symptoms was 
more often seen in the sleeve gastrectomy group (31.8% vs. 6.3%; absolute differ-
ence, 0.36%; 95% CI, 0.13%–0.59%; P = 0.006). Additionally, 31.6% of patients 
who had no GERD at baseline reported de novo reflux symptoms 5 years LSG, 
whereas this was the case only in 10.7% of patients who underwent LRYGB (abso-
lute difference, 0.31%; 95% CI, 0.08–0.54%; P = 0.01). In a separate study that 
focused on acid-related symptoms after bariatric surgery, Elias et al. [42] found that 
after RYGB, a noticeable reduction in acid-related symptoms was seen at 2 years 
when compared to baseline (9.9–6.4%, P = 0.001); however, there was no signifi-
cant difference at 5 years. In SG, the prevalence of acid related symptoms doubled 
at 2 and 5 years (5.9–14.1% and 15.4%, respectively, P < 0.001 for both). In a meta- 
analysis by Zhao and Jiao [28], they found that LRYGB led to greater improve-
ments in GERD symptoms compared to LSG (RR 1.48; 95% CI: 1.07–2.04; 
P = 0.02). They also found that LSG leads to worsening of GERD symptoms (RR 
0.16; 95% CI: 0.06–0.44; P = 0.0004) and is associated with development of de 
novo GERD (RR 0.33; 95% CI: 0.15–0.68; P = 0.003). In summary, the evidence 
indicates that in patients with a preoperative diagnosis of GERD, most frequently 
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defined in studies as a need for daily PPI therapy, LSG results in worsening of 
GERD symptoms significantly more often than after LRYGB. In patients with no 
preoperative diagnosis of GERD, LSG leads to the de novo development of GERD 
in a significantly greater number of patients than LRYGB.

21.3.9  Nutrient Deficiencies

Nutrient deficiencies, most commonly iron, calcium/vitamin D, protein and vitamin 
Bl2, occur relatively frequently after bariatric surgery, the majority occurring after 
malabsorptive operations. It has also been recognized in prospective studies and 
through general practice that many patients who suffer from morbid obesity have 
nutrient deficiencies preoperatively [43, 44].

A prospective study found that nutrient deficiencies including Vitamin B12 
(p < 0.0001) and Vitamin D (p < 0.02) were more common after LRYGB than after 
LSG [44]. Kehagias studied nutrient deficiencies in detail up to 3 year postopera-
tively and found that iron and vitamin B12 deficiencies were most commonly 
encountered, with vitamin B12 deficits, but not iron deficits, significantly more fre-
quent in the LRYGB group (p = 0.05) [16]. Another study was underpowered to 
detect a difference but found anemia to be more common after LRYGB [14]. In 
contrast, Leyba et al. found that 4.2% patients in the LRYGB group and 14.8% in 
the LSG group suffered from anemia, which was not significant however [11]. 
Finally, Albeladi et al. found that 20.6% of patients after LSG and 28.9% of patients 
after LRYGB developed a vitamin deficiency, although what they considered to be 
a vitamin deficiency was not detailed [13].

Summary of Late Complications
In summary, when analyzing each complication individually or in studies with 
smaller sample sizes, there is generally insufficient power to detect a difference 
or investigators found no difference between operations [10–13, 15–18, 21, 23]. 
Boza et al. [23] were the only group to find a significant difference in late com-
plications favoring LSG (12.2% vs. 3.3%, p < 0.001), likely due to their large 
numbers; though, their study is older, published in 2012. When specifically con-
sidering nutrient deficiencies [14, 16, 44], however, there is evidence to suggest 
that LSG is safer than LRYGB. On the other hand, in terms of worsening and 
development of GERD, rates are lower after LRYGB [12, 28, 42]. When consid-
ering all late complications together, in their meta-analysis, Hu et al. [29] found 
that LRYGB was associated with more late complications than LSG (OR = 2.60, 
95% CI = 1.93–3.49, P < 0.001). Yet, in their meta-analysis, Zhao and Jiao [28] 
did not find a difference between rates of late complications (RR 1.29; 95% CI: 
0.88–1.88; P = 0.19). Thus, the data is mixed but trends toward more late com-
plications after LRYGB with the exception of development and worsening of 
GERD, which is more frequent after LSG.
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21.4  Recommendations Based on the Data

Both LRYGB and LSG have been found to lead to significant weight loss with reso-
lution of comorbidities. In capable hands, both procedures are safe with an extremely 
low mortality rate and a low morbidity rate. However, based on review of the litera-
ture, we conclude the LSG is slightly but safer than the LRYGB (evidence quality 
high; strong recommendation).

21.5  A Personal View of the Data

Since 2011 the United States has seen a steady increase in the proportion of weight 
loss surgery cases done using the LSG (17.8% in 2011 up to 61.4% in 2018) and 
steady decrease in the LRYGB (36.7% in 2011 to 17% in 2018). There are several 
reasons for this, including the LSG being technically less demanding, having a 
shorter learning curve, taking less time to perform and potentially having lower 
early and late complications. We have thoroughly reviewed a large amount of mod-
erate and high quality evidence substantiating the concept that LRYGB does in fact 
have higher associated complications and is therefore less safe than LSG. However, 
this may need to be taken with a grain of salt.

Shauer and colleagues found the learning curve to be 100 for LRYGB, while 
Carandina found it to be 60 cases for the LSG [5, 45]. In a systematic review of the 
literature, Wehrtmann and colleagues found that proficiency was achieved after 
70–150 LRYGB compared to 60–100 LSG [46]. Because the learning curves are 
different, analyzing data on complication rates may lead to bias depending on where 
the surgeons are on the learning curve. In addition, the retrospective unmatched 
studies may include patients with more comorbidities in the gastric bypass group. 
As a bariatric and minimally invasive surgeon, I perform both procedures on a regu-
lar basis. In my personal experience, I have found that anecdotally, LRYGB to be a 
longer operation but have similar recovery to the LSG and have similar early and 
late complication and re-operation rates. Furthermore, the data on new onset and 
worsening of GERD after LSG should not be taken lightly as we have had to revise 
patients from sleeve to gastric bypass due to intractable reflux. Aside from GERD, 
there are potentially greater and more severe early and late complications with the 
LRYGB such as bleeding, infection, ulcers, internal hernia and small bowel obstruc-
tion. However, most of these can be prevented or lessened by strict surgical and 
medical protocols. These include: strict anti-smoking and NSAID policies to pre-
vent ulcers as well as strict adherence to technical principles such as closing the 
mesenteric defects and avoiding tension and ischemia at the anastomosis. When 
these are followed, and the surgeon is over the learning curve, the difference in 
safety becomes very small and therefore we may base the choice of procedure on 
patient factors such as BMI, diabetes, and gastroesophageal reflux disease with 
esophagitis. We also factor in patient preference, which should not be understated. 
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Ultimately, the choice of bariatric procedures must take into account a combination 
of factors including patient BMI and comorbidities as well as surgeon experience, 
and patients should be well informed of the success rates, safety profile and possible 
complications of their chosen procedure.
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22.1  Introduction

Obesity has reached a world-wide epidemic and more than a third of the United States 
adult population is obese. Since 2012, laparoscopic sleeve gastrectomy (SG) has been 
accepted as a primary procedure by the American Society of Metabolic and Bariatric 
Surgery (ASMBS) and accepted by all major insurers. Currently, SG is being per-
formed with increasing frequency, bypassing laparoscopic Roux-en-Y gastric bypass 
(GB) as the most commonly performed bariatric procedure in the United States. The 
long-term outcomes studies of SG among patients of advanced obesity are limited. 
This chapter will analyze the available data of SG compared to GB in regards to 
weight recidivism and its effects on diabetes mellitus (DM) and GERD resolution by 
analyzing evidence in the following 6 categories: comparative outcomes, special pop-
ulations, weight loss outcomes, weight regain/lack of treatment effect, GERD compli-
cations, and patient and surgeon preference/resource utilization.

22.2  Search Strategy

We conducted our search using the following search terms from in PubMed: sleeve 
gastrectomy long-term follow up; sleeve gastrectomy and super morbid obesity, 
GERD or Barrett’s Esophagus, diabetes resolution; sleeve gastrectomy/bariatric sur-
gery in special populations, inflammatory bowel disease, immunosuppression, prior 
abdominal surgery; sleeve gastrectomy compared to gastric bypass long-term follow 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_22&domain=pdf
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up, patient preference and bariatric surgery, sleeve gastrectomy, morbidity, readmis-
sion, operative time, and cost (Table 22.1). The results were narrowed by the follow-
ing criteria: English language and published within the last 5 years.

22.3  Results

In order to better characterize the available literature, we summarized the results in 
6 sub-categories.

22.3.1  Comparative Outcomes Between Sleeve Gastrectomy 
and Gastric Bypass (Table 22.2)

Mixed evidence exists in comparing the outcomes of these 2 procedures, however 
both SG and GB are superior to medication alone for inducing remission of type 2 
DM, especially in the non-severely obese population. In the STAMPEDE trial, 
Schauer et al. randomized 150 patients who had type 2 diabetes to receive either 
intensive medical therapy alone or intensive medical therapy plus GB or SG. 90% 
of the patients completed 5 year follow up. They found that patients who underwent 
surgery had a greater mean percentage reduction from baseline in HgbA1c (2.1% 
vs. 0.3% p = 0.003). At 5 years, changes from baseline body weight were superior 
in post bariatric surgery patients compared to medical therapy (−23%, −19%, and 
−5% in GB, SG, and medical therapy, respectively). Changes in TG levels were 
superior in the bariatric surgery group (−40%, −29%, and −8%), HDL level (32%, 
30%, and 7%), use of insulin (−35%, −34%, and −13%), and quality-of-life (gen-
eral health score increases of 17, 16, and 0.3) [1].

Another study further substantiates SG in its effects in DM. Nedelcu et al. looked 
at the effect of SG on type 2 DM at 5 years. In 52 patients with diabetes, the mean 
duration was 10.8 ±10.8  years before operation. The preoperative HgbA1c was 
8 ± 2% in 45 patients; >/=9% in 17 patients (38%). Prolonged DM remission at 
5 years was found in 9 patients (17%). No patient who required insulin preopera-
tively went into remission. Improvement of diabetes was found in 27 patients (52%) 
at 5 years [2].

Several studies compared the rate of DM remission/improvement between SG 
and GB, and most studies demonstrated that GB was superior both in the short and 

Table 22.1 PICO Terms

P (Patients)
I 
(Intervention) C (Comparator) O (Outcomes)

Patients with severe/
morbid obesity, type 2 
diabetes, GERD, 
morbidity after bariatric 
surgery

Sleeve 
gastrectomy

Roux-en-Y 
gastric bypass

Weight loss, lack of treatment 
effect, type 2 diabetes 
remission, GERD resolution/
progression, and cost
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Table 22.2 Comparative outcomes

Study Patients
Outcome 
classification

Sleeve 
gastrectomy

Gastric 
bypass

Quality 
of 
evidence

Schauer 
et al. [1]

150
Randomized to 
intensive 
medical therapy 
or bariatric 
surgery plus 
medical therapy 
at 5 years

Weight change
Triglycerides
Use of insulin
Quality of life
All comparisons 
showed bariatric 
(SG/GB) superior 
compared to 
medical therapy 
(p < 0.05)

−23%
−40%
−35%
17

−19%
−29%
−34%
16

High

Nedelcu 
et al. [2]

52 retrospective Type 2 DM after 
SG at 5 years

Remission 
17%.
None in 
patients who 
required 
insulin 
preoperatively.
Improvement 
in 52%.

Low

Dang 
et al. [3]

207 
retrospective

Type 2 DM 
remission at 
1 year

38.1% 57.7%
(OR 6.58, 
95% CI 
2.79–15.5)

Low

Sha et al. 
[4]

Meta-analysis 
of RCTs of 296 
patients

DM remission in 
non-severely 
obese patients 
(BMI < 35)

DM remission 
rate and 
%EWL were 
of no 
difference 
between GB 
and SG

High High

Salminen 
et al. [5]

Randomization 
of 240 to SG or 
GB

Complete or 
partial DM 
remission after 
5 years follow up

37% (15/41) 51% (24/40)
(p = 0.99)

Moderate

Celio 
et al. [6]

50,987
Retrospective

Co-morbidity 
resolution at 
1 year: Diabetes 
mellitus (DM), 
hypertension 
(HTN), 
gastroesophageal 
reflux disease 
(GERD), 
hyperlipidemia 
(HL), and 
obstructive sleep 
apnea (OSA)

DM 50.8%
HTN 34.5%
GERD 32.5%
HL 32.5%
OSA 40.6%

DM 61.6% 
(p < 0.001)
HTN 43.1% 
(p < 0.001)
GERD 
53.9% 
(p < 0.001)
HL 39.7% 
(p < 0.001)
OSA 42.8% 
(p = 0.058)

Low

(continued)
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long-term. Dang et al. conducted a retrospective review of 207 diabetic patients who 
underwent SG or GB and reported their 1 year remission rates to be 38.1% and 
57.7% for SG and GB, respectively. GB was associated with higher odds ratio of 
DM remission (OR 6.58, 95% CI 2.79–15.5) [3].

In patients who are non-severely obese, SG may be equivalent in comparison to 
GB in regards to DM remission. Sha et  al. performed a meta-analysis of RCTs 
evaluating GB vs SG for type 2 DM in non-severely obese patients (BMI < 35). At 
mid-term follow up, in the 296 patients included, DM remission rate and %EWL 
were of no difference between GB and SG. GB was associated with lower BMI, 
waist circumference, LDL, and higher HDL; however HgbA1c, fasting plasma glu-
cose, total cholesterol, and TG were not significantly different [4]. There was no 
significance difference in DM remission between GB and SG in another study. 
Salminen et al. randomized 240 patients to SG or GB and followed them for 5 years. 
Complete or partial remission of type 2 DM was seen in 37% (n = 15/41) after 
sleeve gastrectomy and 51% (n = 24/40) after gastric bypass (P = 0.99) [5].

However, when evaluating obesity-related comorbidities resolution, several 
studies demonstrated GB superiority compared to SG, especially in advanced obe-
sity at medium-term follow up. Celio et  al. found that in 50,987 class 5 obesity 
patients (BMI >/=50), at 1 years compared to SG, GB patients had increased resolu-
tion of all measured co-morbidities: DM (61.6 vs 50.8%, p < 0.001), hypertension 
(43.1 vs 34.5%, p < 0.001), GERD (53.9 vs 32.5%, p < 0.001), hyperlipidemia (39.7 
vs. 32.5%, p < 0.001), and obstructive sleep apnea (42.8 vs. 40.6%, p = 0.058) [6].

Lager et al. found that in 714 patients, at 4 years follow-up, GB patients lost 
34.4 kg of total weight, 25.7% of total weight, and 57.6% EWL as compared to SG 
patients who lost 26.7 kg, 18.6%, and 38.5% (p < 0.0001 for all measures). In GB 
patients, HgbA1c decreases were consistent over time with range of 0.91 to 1.12% 

Table 22.2 (continued)

Study Patients
Outcome 
classification

Sleeve 
gastrectomy

Gastric 
bypass

Quality 
of 
evidence

Lager 
et al. [7]

714 
retrospective

Total weight (TW) 
and excess weight 
loss (EWL), 
hemoglobin A1c 
(HgbA1c) in all 
patients, HgbA1c 
in diabetics, and 
total cholesterol 
(TC) at 4 years

TW 18.6%
EWL 38.5%
HgbA1c 
decrease 0.45 
to 0.73%
DM HgbA1c 
decrease 
0.45% 
(±0.15%)
TC increase 
12.7 ± 3.6 mg/
dL

TW 25.6% 
(p < 0.0001)
EWL 57.6% 
(p < 0.0001)
HbA1c 
decrease 
0.91–1.12% 
(p = 0.004)
DM HgbA1c 
decrease 
1.28% 
(±0.21%) 
(p = 0.002)
TC decrease 
0.3 ± 5.4 mg/
dL (p = 0.01)

Low
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at 4 years. On the other hand, in SG patients, improvements in HgbA1c decreased 
over time from a reduction of 0.73% at 1 year to 0.45% at 4 years (p = 0.004). 
Among patients with DM, HgbA1c improvements at 4 years were 1.28% (±0.21%) 
vs. 0.45% (±0.15%) for GB vs SG patients (p = 0.002). Total cholesterol decreased 
in the GB patients at 4 years by 0.3 ± 5.4 mg/dL, but increased in SG patients by 
12.7 ± 3.6 mg/dL (p = 0.01). There was only a significant difference at 3 years in 
systolic blood pressure in favor of GB (12.6 vs 6.5 mmHg, p = 0.001) [7].

22.3.2  Special Populations (Table 22.3)

In special populations, i.e. patients with immunosuppression, inflammatory bowel 
disease (IBD), and prior abdominal operations, SG appears to be safer. Hefler et al. 
utilized the MBSAQIP data to study the effects of chronic corticosteroid and immu-
nosuppressant after bariatric surgery. 430,936 patients were included, of these 7214 
(1.7%) were chronically immunosuppressed. Their analyses found statistically 
higher odds of 30-day major complication rates (OR 1.39, 95% CI 1.25–1.55; 

Table 22.3 Special populations

Study Patients
Outcome 
classification

Sleeve 
gastrectomy

Gastric 
bypass

Quality 
of 
evidence

Hefler 
et al. [8]

430,936 
MBSAQIP 
retrospective

7214 (1.7%) 
chronically 
immunosuppressed

30-day major complication 
OR 1.39, 95% CI 1.25–1.55 
(p < 0.001)
Bleed OR 1.49, 95% CI 
1.24–1.8 (p < 0.001)
Anastomotic leak OR 1.38, 
95% CI 1.02–1.87 
(p = 0.037)

Low

Major 
et al. [9]

Retrospective 
2413
Group 1 no 
prior 
abdominal 
surgery,
Group 2 at 
least 1 
abdominal 
surgery.

Operation time.
Intra-operative 
adverse events.
Length of stay.

Group 2 prolonged median 
operation time for GB 
(p = 0.012).
Such correlation was not 
found in SG patients 
(p = 0.396).
Group 1 and 2 similar 
intraoperative adverse events 
and post operative 
complications.
Group 2 longer length of stay 
(p = 0.034).
Readmissions were similar.

Low

Heshmati 
et al. [10]

Retrospective 
1 year follow 
up of 54 
patients
(SG N = 35, 
GB N = 19)

Increased severity of 
IBD post-op
Post-op 
complication

4%
3%

37.5% 
(p = 0.016)
26%
(p = 0.02)

Low
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p < 0.001), bleed (OR 1.49, 95% CI 1.24–1.8; p < 0.001) and anastomotic leak (OR 
1.38, 95% CI 1.02–1.87; p = 0.037) amongst the immunosuppressed. Their second-
ary analysis found higher rates of 30-day major complications for immunosup-
pressed patients undergoing GB (9.6% vs 5%; p < 0.001) [8].

Major et al. conducted a retrospective analysis of 2413 patients and evaluated if 
previous abdominal surgery affected the course and outcomes after bariatric sur-
gery. Group 1 had no history of abdominal surgery and group 2 patients had under-
gone at least 1 abdominal surgery. Group 2 had a significantly prolonged median 
operation time for GB (p = 0.012). Such correlation was not found in SG patients 
(p  =  0.396). Group 1 and 2 had similar intraoperative adverse events and post- 
operative complications. Group 2 had a longer median length of stay (p = 0.034), 
while readmissions were similar [9].

In a retrospective study conducted by Heshmati et  al., examined 54 Crohn’s 
Disease (CD, N = 31) or ulcerative colitis (UC, N = 23) patients and followed them 
for 1 year. 19 patients underwent GB and 35 underwent SG. There was a significant 
difference in the proportion of patients who had worsened CD after GB compared 
with SG (37.5% vs. 4%; p = 0.016). In addition, there was a greater rate of post- 
operative complication after GB vs SG (26% vs. 3%; p = 0.02). GB was associated 
with a greater number of patients with an increased requirement of IBD-medications. 
SG resulted in less weight loss however had a lower rate of severe complications. 
SG may be a safer surgery in this patient population [10].

22.3.3  Weight Loss Outcomes (Table 22.4)

Laparoscopic sleeve gastrectomy is well established as a primary bariatric surgery 
with durable long-term weight loss. Arman et  al. analyzed 110 consecutive SG 
patients with >11-year follow up and looked at progression of weight, satisfaction, 
evolution of co-morbidities, and GERD. For the 47 patients who maintained the 
sleeve construction, the excess body mass index loss (EBMIL) was 62.5% vs 81.7% 
(p = 0.015) for the 16 patients who underwent conversion procedure. None of the 7 
patients preoperatively suffering from GERD had remission after SG. Patient satis-
faction score remains good despite unfavorable GERD outcomes [11]. In addition, 
Noel et al. found that for 116 patients with long-term follow up (8 years), the mean 
EWL was 67% and that 70.7% of patients had >50% EWL. Comorbidity resolution 
were: hypertension, 59.4%; diabetes 43.4%; OSA 72.4% [12].

However, when compared to GB, some studies have showed inferiority of 
SG. Sharples et al. performed a systematic review and meta-analysis of randomized 
controlled trials comparing long-term outcomes of GB and SG. GB demonstrated 
greater %EWL compared with SG (65.7% vs 57.3%, P < 0.0001). Resolution of HL 
was more common after GB (69.6% vs. 55.2%, p = 0.0443). Remission of GERD 
was more common after GB (60.4% vs. 25%, p = 0.002) [13]. In addition, Ahmed 
et al. conducted a longitudinal long-term (7 years) study comparing weight change 
and comorbidities in patients who underwent SG vs. GB. At year 7, mean weight 
loss was 23.6% for SG and 30.4% for GB, P = 0.001) [14].
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22.3.4  Weight Regain/Lack of Treatment Effect (Table 22.5)

The lack of treatment effect seems to higher in SG compared to GB. Morton et al. 
found that at 12 months, weight loss results followed a normal bell-curve distri-
bution for laparoscopic adjusted gastric band (LAGB), SG, and GB. However, at 
24 and 36  months, percent excess weight loss (%EWL), both LAGB and SG 
appeared to follow a flatter distribution. At 1 year, the odds ratio of a lack of a 
successful treatment of SG compared to GB was 6.305 (2.125–19.08; P = 0.0004) 
and at 3  years, the OR for SG compared to GB was 32.4 (7.31–43.4; 
P < 0.0001) [15].

The lack of treatment effect phenomenon is further exemplified in advanced obe-
sity and GBB may be superior in weight loss in this population. Ece et al. performed 
a retrospective analysis of 186 SG patients with follow up for 41.2 ± 7.3 months 
after SG. 83 patients (50.9%) were class 4 (BMI 40–49), 52 (31.9%) were of the 
class 5 obesity (BMI 50–59), and 28 (17.2%) were also class 5+ obese, with BMI 
>/= 60. The mean %TWL at 12, 24, 36, and 41.2 months was 34.7, 34.4, 31.4, and 
29.6%, respectively. The most heavy group of patients (class 5+) experienced sig-
nificantly lower %EWL (48.6) compared to class 4 and class 5 obese groups (65.6 
and 59.8) at 41.2 months [16].

Table 22.4 Weight loss outcomes

Study Patients
Outcome 
classification

Sleeve 
gastrectomy Gastric bypass

Quality 
of 
evidence

Arman 
et al. 
[11]

110 prospective 
SG patients

Weight, 
satisfaction, 
evolution of 
GERD with 11+ 
years follow up

N = 47 
EBMIL 
62.5%
0/7 cured 
from GERD.
Patient 
satisfaction 
equivalent vs 
GB.

Conversion 
N = 16 
EBMIL 81.7% 
(p = 0.015)

Low

Noel 
et al. 
[12]

116
Retrospective

Mean EWL, >50% 
EWL, and 
comorbidity 
resolution: HTN, 
DM, and OSA at 
8 years after SG

Mean EWL 
67%,
>50% EWL 
70.7%,
HTN 59.4%
DM 43.4%
OSA 72.4%

Low

Sharples 
et al. 
[13]

Systematic 
review and 
meta-analysis 
of 5 RCTs

EWL at 5 years. 57.3% 65.7% 
(p < 0.0001)

High

Ahmed 
et al. 
[14]

116
(SG = 59) 
(GB = 57)
Retrospective

Mean WL after 
7 years

23.6% 30.4% 
(p = 0.001)

Low
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Table 22.5 Weight regain

Study Patients
Outcome 
classification

Sleeve 
gastrectomy

Gastric 
bypass

Quality 
of 
evidence

Morton 
et al. [15]

1331
SG (N = 243)
GB (N = 963)
Prospective

Weight loss failure 
at 1 and 3 years 
odds ratio (OR)

1 year OR: 
6.305
3 years OR: 
32.4

1 year: 1 
(p = 0.0004)
3 years: 1 
(p = 0.0001)

Moderate

Ece et al. 
[16]

186 
retrospective

TWL for morbidly 
obese (MO, BMI 
40–49), super- 
obese (SO, BMI 
50–59), super- 
super obese (SSO, 
BMI >/= 60), and 
%EWL at 12, 24, 
36, and 
41.2 months (Mos) 
after SG.

SSO TWL at
12 Mos 
34.7%,
24 Mos 
34.4%,
36 Mos 
31.4%,
41.2 Mos 
29.6%.
SSO EWL at
41.2 Mos 
48.6%
SO EWL 
65.6%
MO EWL 
59.8%

Low

Jain et al. 
[17]

4932
SG (N = 1699), 
GB (N = 3236)
Retrospective

EWL in BMI 45 to 
55 at 5 years

BMI >/=45 
EWL 56.5%
BMI >/=55 
EWL 53.5%

BMI >/=45 
EWL 66.6 
(p < 0.001)
BMI >/=55 
EWL 63.8% 
(p < 0.001)

Low

Guan 
et al. [18]

Meta-analysis, 
32 studies: 3 
RCTs, 29 
observational 
studies with 
6665 patients.

Revision rate after 
SG after >/= 
3 years.

>/= 3 years 
10.4%
>10 years 
22.6%

High

Toolabi 
et al. [19]

120, GB 
(N = 64) and 
SG (N = 56), 
prospective

WL, EWL and 
weight regain 
(WR) after 5 years.

WL 24.6%
EWL 61.9%
WR 32%

WL 30.4%
(p = 0.005)
EWL 79.4% 
(p = 0.001)
WR 9.3% 
(p = 0.004)

Low

Sepulvada 
et al. [20]

148 SG 
retrospective

Weight loss failure 
(%EWL < 50) after 
7 years

33.3% fail at 
5 years and 
50% fail at 
7 years.

Low

Bhandari 
et al. [21]

306, GB 
(N = 154) and 
SG (N = 152) 
retrospective

EWL and weight 
loss failure 
(%EWL < 50) after 
6 years

EWL 50%
WL failure 
46.9%

EWL 61% 
(p = 0.0001)
WL failure 
11.5% (no p 
value)

Low
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Jain et al. conducted a retrospective review of 4935 patients who underwent SG 
(N = 1699) or GB (N = 3236) with follow-up up to 5 years and found that patients 
in the BMI 45 to 55, there a significant higher %EWL in GB vs. SG [17].

Lack of treatment effect in SG is associated with conversions to GB. Guan et al. 
found that in mid-long-term outcomes (>/=3 years) after SG the overall revision rate 
was 10.4%. In patients with >10 years follow-up, the rate increased to 22.6%. Lack 
of effect of treatment was the most common indication for revision [18].

The higher lack of effect of SG compared to GB is further represented in the fol-
lowing observational studies. Toolabi et al. performed a prospective study on 120 
patients who underwent GB (N = 64) and SG (N = 56). At 5 years, %WL (30.4 ± 1.3% 
vs 24.6 ± 1.3%, P = 0.005), and %EWL (79.4 ± 3.6% vs. 61.9 ± 3.5%, P = 0.001) 
were significantly higher in GB vs. SG respectively. Weight regain occurred in 9.3% 
in GB and 32% in SG (P = 0.004) [19]. This is based on the definition proposed by 
Baig et al.: 1. 25% increase in lost weight from the first 1 year postop, OR 2. weight 
regain more than 10 kg from weight at 1 year after surgery [22].

Sepulvada et al. performed a 7 year retrospective study of 148 SG patients. They 
found that up to one third of patients experience lack of treatment effect at the fifth 
year and 50% endure treatment failure in the seventh year. Lack of effect was 
defined as %EWL <50% [20]. Bhandari et al. performed a retrospective review on 
154 GB and 152 SG patients. After 6 years the %EWL for SG was 50% and GB 
61% (p = 0.0001). The lack of treatment effect (%EWL <50) for SG was 46.9% and 
GB 11.5% [21].

22.3.5  GERD Complications (Table 22.6)

Studies consistently demonstrate the association of SG with GERD development/
progression and its inferiority in inducing remission of GERD compared to GB. This 
has potential correlation with development of pre-cancerous lesions, reason for con-
version to GB, and/or weight-loss treatment lack of effect.

Peterli et al. found that in 217 patients randomized to SG and GB, GERD remis-
sion was observed more frequently after GB (60.4%) than after SG (25%). GERD 
worsened more often after SG (31.8%) than GB (6.3%) [23]. In addition, Chuffart 
et al. found that after 6 years follow-up in 41 SG patients, de novo GERD occurred 
in 22%, persistent GERD in 22%, and 5% required conversion to GB due to 
reflux [24].

In a multicenter study by Sebastianelli et  al., systematic endoscopy was con-
ducted at least 5 years after SG, the prevalence of Barrett’s Esophagus (BE) in 90 
patients was 18.8%. Lack of treatment effect was significantly associated with BE 
(p < 0.01). 36.8% of patients experienced weight loss failure and among patients 
with BE, it was 70.6% (P < 0.01). GERD symptoms were present in 21% of patients 
before surgery and rose to 76% at the time of follow up (p < 0.01). Half of the 
patients in this study complained of de novo GERD that were mild in 12 (18%) and 
severe in the remaining 56 (82%). The use of PPIs increased from 22% (20 patients) 
to 52% (46 patients) at the follow-up (p < 0.0001). Esophagitis on endoscopy at 

22 The National Shift to Sleeve Gastrectomy: Long-Term Disappointment…



240

Ta
bl

e 
22

.6
 

G
E

R
D

 c
om

pl
ic

at
io

ns

St
ud

y
Pa

tie
nt

s
O

ut
co

m
e 

cl
as

si
fic

at
io

n
Sl

ee
ve

 g
as

tr
ec

to
m

y
G

as
tr

ic
 b

yp
as

s
Q

ua
lit

y 
of

 
ev

id
en

ce
Pe

te
rl

i e
t a

l. 
[2

3]
21

7 
ra

nd
om

iz
at

io
n 

to
 

SG
 a

nd
 G

B
G

E
R

D
 r

em
is

si
on

/p
ro

gr
es

si
on

 
af

te
r 

5 
ye

ar
s

R
em

is
si

on
 2

5%
Pr

og
re

ss
io

n 
31

.8
%

60
.4

%
6.

3%
M

od
er

at
e

C
hu

ff
ar

t 
et

 a
l. 

[2
4]

41
 a

ft
er

 S
G

 
re

tr
os

pe
ct

iv
e

G
E

R
D

 a
ft

er
 6

 y
ea

rs
D

e 
no

vo
 G

E
R

D
 2

2%
Pe

rs
is

te
nt

 G
E

R
D

 2
2%

G
E

R
D

 r
eq

ui
ri

ng
 c

on
ve

rs
io

n 
to

 G
B

 5
%

L
ow

Se
ba

st
ia

ne
lli

 
et

 a
l. 

[2
5]

90
 a

ft
er

 S
G

 
re

tr
os

pe
ct

iv
e

Pr
ev

al
en

ce
 o

f 
B

ar
re

tt’
s 

es
op

ha
gu

s 
(B

E
),

 W
L

 f
ai

lu
re

 
as

so
ci

at
io

n 
w

ith
 B

E
, G

E
R

D
 

pr
og

re
ss

io
n,

 P
PI

 u
se

, a
nd

 
es

op
ha

gi
tis

 a
ft

er
 a

t l
ea

st
 

5 
ye

ar
s.

Pr
ev

al
en

ce
 o

f 
B

E
 1

8.
8%

,
W

L
 f

ai
lu

re
 7

0.
6%

 in
 p

at
ie

nt
s 

w
ith

 B
E

.
G

E
R

D
 b

ef
or

e 
SG

 2
1%

 to
 7

6%
 a

t f
ol

lo
w

 u
p 

(p
 <

 0
.0

1)
.

PP
I 

us
e 

22
%

 b
ef

or
e 

SG
 to

 5
2%

 a
t f

ol
lo

w
 u

p 
(p

 <
 0

.0
00

1)
.

E
so

ph
ag

iti
s 

10
%

 b
ef

or
e 

SG
 to

 4
1%

 5
 y

ea
rs

 
po

st
 o

p.

L
ow

G
en

co
 e

t a
l. 

[2
6]

11
0 

pr
os

pe
ct

iv
e

V
is

ua
l a

na
lo

gu
e 

sc
al

e 
(V

A
S)

 o
f 

G
E

R
D

, P
PI

 c
on

su
m

pt
io

n,
 a

nd
 

en
do

sc
op

y 
be

fo
re

 S
G

 a
nd

 a
ft

er
 

w
ith

 m
ea

n 
58

 m
on

th
s

A
ft

er
 s

ur
ge

ry
 v

s 
be

fo
re

:
V

A
S 

sc
or

e 
3 

vs
 1

.8
 (

p 
=

 0
.0

18
)

G
E

R
D

 s
ym

pt
om

s 
68

.1
%

 v
s 

33
.6

%
 

(p
 <

 0
.0

00
1)

PP
I 

in
ta

ke
 5

7.
2%

 v
s.

 1
9.

1%
 (

p 
<

 0
.0

00
1)

.
E

nd
os

co
py

 u
pw

ar
d 

m
ig

ra
tio

n 
Z

-l
in

e 
73

.6
%

, 
bi

lia
ry

-l
ik

e 
re

flu
x 

74
.5

%
.

N
ew

 n
on

- d
ys

pl
as

tic
 B

E
 1

7.
2%

.

M
od

er
at

e

So
rc

ic
el

li 
et

 a
l. 

[2
7]

14
4 

pr
os

pe
ct

iv
e

G
E

R
D

 s
ym

pt
om

s,
 P

PI
 in

ta
ke

, 
pr

e 
an

d 
po

st
 S

G
 e

nd
os

co
py

 
w

ith
 m

ea
n 

fo
llo

w
 u

p 
66

 m
on

th
s.

D
ia

gn
os

is
 o

f 
G

E
R

D
 p

os
t S

G
 

w
as

 n
ot

 r
el

ia
bl

e 
ba

se
d 

on
 

sy
m

pt
om

s.

G
E

R
D

 7
0.

2%
PP

I 
63

.9
%

Po
st

 o
p 

en
do

sc
op

y 
72

.9
%

 p
at

ho
lo

gi
ca

l 
fin

di
ng

s:
 E

E
 5

9.
8%

, n
on

-d
ys

pl
as

tic
 B

E
 

13
.1

%
.

L
ow

R. Zhou and J. M. Morton



241

increased from 10% (9 patients) pre-operatively, to 41% (37 patients) 5 years post- 
operatively [25].

Genco et al. examined 162 patients who underwent preoperative visual ana-
logue scale (VAS) evaluation of GERD symptoms, recording of PI consumption, 
and upper endoscopy. 110 patients (69.1%) participated in follow up at a mean of 
58 months. VAS score, GERD symptoms, and PPI intake significantly increased 
compared to before surgery (3 vs. 1.8, p = 0.018; 68.1% vs. 33.6%, P < 0.0001; 
57.2% vs. 19.1%, p < 0.0001). On endoscopy, an upward migration of the Z-line 
was found in 73.6% and a biliary-like esophageal reflux was found in 74.5%. A 
significant increase in incidence and severity of EE was discovered. Non-
dysplastic BE was newly diagnosed in 19 patients (17.2%) [26].

A GERD diagnosis after SG is often based on symptoms and PPI consumption 
as objective tests are performed less often. Sorcicelli et al. conducted a prospective 
study of 144 patients with a mean follow-up of 66 months and found that GERD 
symptoms and PPI intake was present in 70.2% and 63.9% of patients, respectively. 
Post-operative upper endoscopy revealed pathological esophageal findings in 105 of 
144 patients (72.9%), significantly increased compared to preoperative endoscopy. 
Erosive esophagitis was found in 86 patients post-operatively (59.8%). Nondysplastic 
BE was found in 13.1% (19 patients). After a logistic regression analysis, it was 
discovered that the probability of suffering from GERD symptoms did not change 
significantly among different degrees of EE or in case of BE diagnosis (OR 
0.4–1.29). Even after adjustment based on PPI usage, the results were similar. The 
authors conclude that the diagnosis of GERD post SG was not reliable based on 
symptoms [27].

22.3.6  Patient and Surgeon Preference/Resource Utilization 
(Table 22.7)

Several reasons may persuade patients and/or surgeons to pursue SG over GB; these 
reasons include: decreased overall morbidity/mortality, easier and quicker opera-
tion, and lower cost. Young et al. performed a retrospective analysis of the American 
College of Surgeons NSQIP data of 24,117 patients who underwent SG or GB. They 
found that SG had a shorter mean operative time (101 vs. 133 min, p < 0.01), a 
lower rate of deep wound infections (0.06% vs. 0.20%, p = 0.05), lower serious 
morbidity rate (3.8% vs. 5.8%, p < 0.01), and a 30-day reoperation rate (1.6% vs. 
2.5%, p < 0.01) [28].

In addition, Alizadeh et al. retrospectively reviewed MBSAQIP data of 29,588 
patients and found that SG was associated with significantly shorter operative time 
compared to GB (78 ± 39 vs 122 ± 54 min, P < 0.01), lower overall morbidity (2.3% 
vs 4.4%, AOR 0.53, CI 0.46–0.60, P  <  0.01), lower serious morbidity (1.5% vs 
2.3%, AOR 0.64, CI 0.53–0.76, p < 0.01), lower 30-day reoperation (1.2% vs 2.3%, 
AOR 0.52, CI 0.43–0.63, p < 0.01), and lower 30-day readmission (4.2% vs 6.6%, 
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AOR 0.62, CI 0.55–0.69, P < 0.01). The authors conclude that, SG’s popularity may 
in part be related to its improved perioperative safety profile [29].

Lastly, Berger et al. evaluated the national readmission rates of 130,007 patients 
from the MBSAQIP data. Of those, 7378 were laparoscopic adjusted gastric band-
ing (LAGB) (5.7%), 80,646 were SG (62%), and 41,983 were GB (32.3%). The 
overall 30-day readmission rate was 4.4% and the most common causes were nau-
sea, vomiting, electrolyte, and nutrition depletion. LAGB had the lowest rate of 
1.4%, followed by SG (2.8%), and then GB (4.9%). When compared with LABG, 
SG had a readmission odds ratio (OR) of 1.89; 95% CI 1.52–2.33 and GB had the 
highest, with an OR of 3.06; 95% CI 2.46–3.81 [30].

Table 22.7 Patient and surgeon preference/resource utilization

Study Patients
Outcome 
classification

Sleeve 
gastrectomy

Gastric 
bypass

Quality of 
evidence

Young 
et al. [28]

24,117 
retrospective 
NSQIP

Operative 
time
Deep wound 
infection
Serious 
morbidity
30-day 
reoperation

101 min
0.06%
3.8%
1.6%

133 min 
(p < 0.01)
0.20% 
(p = 0.05)
5.8% 
(p < 0.01)
2.5% 
(p < 0.01)

Low

Alizadeh 
et al. [29]

29,588 
retrospective 
MBSAQIP

Operative 
time
Overall 
morbidity
Serious 
morbidity
30-day 
reoperation
30-day 
readmission

79 min
2.3%
1.5%
1.2%
4.2%

122 min 
(p < 0.01)
4.4% (AOR 
0.53 CI 
0.46–0.60, 
P < 0.01)
2.3% (AOR 
0.64, CI 
0.53–0.76, 
p < 0.01)
2.3% (AOR
0.52, CI 
0.43–0.63, 
p < 0.01)
6.6% (AOR 
0.62, CI 
0.55–0.69, 
P < 0.01)

Moderate

Berger 
et al. [30]

Retrospective 
review of 
MBSAQIP of 
130,007 patients
(LAGB N = 7378; 
SG N = 80,646; 
GB N = 41,983)

30-day 
readmission 
rates

2.8%
OR 1.89
(95% CI 
1.52–2.33)

4.9%
OR 3.06
(95% CI 
2.46–3.81)

Moderate
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22.4  Recommendations Based on the Data

22.4.1  Comparative Outcomes Between Sleeve Gastrectomy 
and Gastric Bypass

SG has a moderate effect on DM in the medium term, especially in the non-severely 
obese patients. In addition, when compared to medical therapy alone, the addition 
of bariatric surgery, whether it may be sleeve gastrectomy or gastric bypass, is supe-
rior in inducing type 2 DM remission and/or cure in short and medium-term. This is 
supported by high quality of evidence. However, when in studies comparing GB to 
SG, GB almost unanimously demonstrate higher efficacy for inducing DM improve-
ment or remission in the short and medium-term. This is supported by moderate 
quality of evidence (QoE).

Either SG or GB plus medical therapy is more effective than medical ther-
apy alone for the management of type 2 diabetes and hypertriglyceridemia. 
QoE high.

For the non-severely obese patients, compared to GB, SG may have equiva-
lent efficacy in inducing DM remission. QoE high.

When comparing resolution of obesity-related comorbidities (DM, HTN, 
GERD, HL, and OSA), GB is superior to SG at short and medium-term but 
may or may not be superior at long-term. QoE moderate.

22.4.2  Special Populations

Although both SG and GB are nearly equivalent in overall morbidity and mortality, 
certain patient factors may disproportionately increase the risk of GB due to the 
need for multiple anastomoses and bowel manipulation. Literature review demon-
strated increased risk in patients with inflammatory bowel disease, with immuno-
suppression, and those with multiple intra-abdominal surgeries. All of the evidence 
are retrospective, therefore the quality of evidence is low.

SG may be safer in special populations: inflammatory bowel disease, immu-
nosuppressed, and patients with prior abdominal operation. QoE low.

22.4.3  Weight Loss Outcomes

Centers have established with long-term follow up that sleeve gastrectomy is dura-
ble in maintaining weight loss, therefore its long-term efficacy should not be dis-
credited. The quality of evidence is moderate. However, when compared to GB, 
some studies have demonstrated inferiority in weight loss of SG in medium and 
long-term. The quality of evidence is also high in this aspect.

SG has durable weight-loss efficacy in the long-term. QoE moderate.
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When discussing SG and GB long-term weight loss outcomes, patients 
should be informed that GB is superior and has less lack of treatment effect. 
QoE high.

22.4.4  Weight Regain/Lack of Treatment Effect

When compared to SG, literature demonstrates less lack of treatment effect of GB 
and higher weight-loss potential. This is most common reason for conversion of SG 
to GB. The quality of evidence ranges from moderate to high. There is also sugges-
tion that SG is inferior in weight loss in class 5 obesity (BMI > 50) when compared 
to GB.  In addition, when comparing resolution of co-morbidities at short and 
medium-term, GB is superior and SG’s effects are variable in the long-term, espe-
cially in class 5 obesity. The above evidence ranges from moderate to low as they 
are mainly observational.

Long-term weight loss outcomes for SG is variable across studies and may 
be worse especially for Class 5+ obesity (BMI=/>60). QoE low.

Weight regain or lack of treatment effect is significantly higher after SG 
compared to GB after medium and long-term follow up. QoE moderate.

In Class 5 obesity (BMI > 50), weight loss potential is significantly larger 
after GB compared to SG. QoE moderate.

Revisional rates after SG increased with long-term follow up. QoE moderate.

22.4.5  GERD Complications

SG is associated with development of de novo GERD and the progression of disease 
in medium follow up. It has been associated with the sole or main reason for conver-
sion to GB. When compared to GB, SG induces more GERD progression and less 
GERD remission. In-turn, this is associated with development of Barrett’s Esophagus 
which has ramification in not just disease progression but also lack of effect in 
weight loss after medium follow up. These statements are supported by moderate to 
low quality evidence.

In comparing GERD remission or progression after medium-term follow 
up, GB is superior. SG has direct correlation to de novo GERD development, 
subjective and objective worsening, and increased PPI intake. Therefore, in 
bariatric patients with symptomatic GERD, GB should be recommended. QoE 
moderate.

Barret’s esophagus is correlated with weight loss failure. QoE low.

22.4.6  Patient and Surgeon Preference/Resource Utilization

Several reasons may persuade patients and/or surgeons to pursue SG rather than 
GB. Supported by moderate quality of evidence, these reasons include: lower mor-
bidity, readmission, operative duration, and overall cost.
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Surgeon/patient preference for SG may be due to: lower operative time, 
morbidity, readmission, and overall cost. QoE moderate.

22.5  Personal View of the Data

While the sleeve gastrectomy has grown tremendously over the past decade, further 
delineation of its appropriate utilization needs to be determined. The safety profile 
of the sleeve gastrectomy is superior to the gastric bypass while the benefits of the 
gastric bypass exceeds sleeve gastrectomy. Future investigation should be under-
taken to determine if sleeve gastrectomy benefits may be enhanced by standardiza-
tion and/or adjuvant pharmaceutical intervention.
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23.1  Introduction

Biliopancreatic diversion with duodenal switch (BPD/DS) as described by Hess and 
Hess [1] and Marceau et al. [2] over two decades ago remains a less commonly 
performed operation and has been primarily reserved for patients with a body mass 
index (BMI) ≥ 50 kg/m2 or those with severe obesity-related comorbidities [3]. 
Despite providing the most effective long-term weight loss and resolution of condi-
tions such as diabetes mellitus [4–6], BPD/DS represents less than 1% of the total 
bariatric operations performed in the United States [7]. Potential reasons are that it 
is considered a more technically challenging bariatric procedure, with higher short 
and long-term morbidity and mortality compared to the Roux-en-Y gastric bypass 
or the sleeve gastrectomy [4].

A two-stage approach with the first-stage consisting of a vertical sleeve gastrec-
tomy (SG), followed by a second-stage duodenal switch after initial weight loss has 
been advocated in an attempt to decrease perioperative complications and minimize 
the complexity and technical challenge of the malabsorptive portion of the opera-
tion [6, 8, 9].

The theoretical advantages of performing BPD/DS with a staged approach also 
allows for the opportunity to identify patients who might achieve acceptable results 
with SG alone, thus avoiding the morbidity linked to the malabsorption operation, 
and as a vetting process for patients who possess the required level of compliance 
necessary follow-up visits and supplementation. The data are limited regarding any 
benefit or superiority of a two-stage approach. Several reports confirm that a single- 
stage BPD/DS can be safely performed, including in patients with higher BMIs and 
that a two-step approach is not necessarily superior [6, 8, 10–13].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_23&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_23#DOI
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23.2  Search Strategy

A literature search of English language publications from 2000 to 2020 was per-
formed to identify published data on single and two-stage BPD/DS using PubMed. 
Terms used in the search included “duodenal switch, single- and one-stage,” 
“second- stage duodenal switch,” “duodenal switch after failed sleeve gastrectomy,” 
“revision bariatric surgery,” “duodenal switch outcomes,” “super morbidly obese,” 
in addition to “perioperative complications,” and “long-term outcomes.” An empha-
sis on safety and postoperative outcomes was employed (Table 23.1).

Seven studies including two retrospective matched cohort studies, one retrospec-
tive cohort study, and three retrospective observational studies were included in our 
summary (Table  23.2). The data was classified using the GRADE system 
(Table 23.3).

23.3  Results

23.3.1  Clinical Relevance

The prevalence of obesity has been increasing steadily over the last two decades 
[14, 15] and severe obesity is increasing at an alarming rate [16]. Surgery remains 
the most effective solution and BPD/DS provides the best long-term weight loss 
maintenance and complete or near complete resolution of obesity-related comor-
bidities such as diabetes, hypertension, and asthma with a mortality rate of 1.1% [4].

SG as a stand-alone operation emerged from the restrictive portion of BPD/DS 
and was endorsed in 2011 by the American Society for Metabolic and Bariatric 
Surgery (ASMBS) for the treatment for morbid obesity [17]. This operation has 
quickly become the most popular weight loss operation due in part to a lower tech-
nical difficulty and favorable complication profile [18]. The option for a staged 
approach to a BPD/DS appears to be a logical option for certain higher-risk 
candidates.

Earlier reports have emphasized the higher risks of a single-stage BPD/DS oper-
ation as compared to a two-stage approach in heavier patients with BMI ≥ 50 kg/m2 
[19]. Two studies have directly compared single and two-stage BPD/DS using ret-
rospective matched cohorts. Iannelli et al. [20] found that when a two-stage approach 

Table 23.1 PICO table

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
patients 
with 
morbid 
obesity

single-stage 
BPD/DS

two-stage BPD/
DS

morbidity and mortality, conversion rates, 
operative time, LOS, %EWL, SG revision, 
insurance benefits, costs, technical aspects, 
robotic application, BMI disparities

BPD/DS biliopancreatic diversion with duodenal switch, LOS length of stay, SG sleeve gastrec-
tomy, %EWL, percentage excess weight loss, BMI body mass index in kg/m2
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is employed, 73% of patients experienced acceptable weight loss and were able to 
avoid the second-stage completion biliopancreatic diversion. The 3-year excess 
body weight loss (EWL) and resolution or obesity-related co-morbidities were 
equivocal for the 37% of the patient in that series and required a second-stage com-
pletion BPD/DS [20]. Interestingly, no significant difference was seen in the rate of 
postoperative complications and the composite hospital stay duration was the same. 
One patient in the second-stage group died of aspiration pneumonia after a leak at 
the esophagogastric junction after SG.

Table 23.2 Summary of reviewed studies

Author Year Design Country n Quality Conclusions
Sudan 2007 retrospective 

observational
USA 47 Low A robotic surgical 

approach to BPD/DS is 
safe, feasible, and 
reproducible.

Buchwald 2008 retrospective 
observational

USA 190 Low BPD/DS can be 
performed relatively 
safely in the morbidly 
and super morbidly obese 
and does not require a 
two-stage procedure.

Topart 2009 retrospective 
observational

France 86 Low Laparoscopic single-stage 
BP-DS can be performed 
safely in the morbidly 
and super morbidly 
obese. SG should be 
considered in higher risk 
populations.

Iannelli 2013 retrospective 
matched 
cohort

France 220 Moderate Two-stage BPD/DS has 
similar results as 
single-stage.

Rezvani 2013 retrospective 
cohort

USA 226 Low BPD/DS outcomes not 
significantly different for 
BMI ≥ 50 compared to 
<50.

Antanavicius 2014 retrospective 
observational

USA 179 Low One-stage robot-assisted 
BPD/DS is feasible and 
well-tolerated, and 
effective.

Biertho 2018 retrospective 
matched 
cohort

Canada 118 Moderate Second-stage BPD/DS is 
an effective option for the 
management of 
suboptimal outcomes 
after SG. 3 years 
outcomes did not 
significantly differ from 
single-stage.

BPD/DS biliopancreatic diversion with duodenal switch, SG sleeve gastrectomy, BMI, body mass 
index in kg/m2
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Using a different design, Biertho et al. [21] examined patients that underwent 
BPD/DS for weight loss failure after previous SG. Patients were matched to those 
that underwent a single-stage BPD/DS and retrospectively compared for various 
parameters. They concluded that at 3 years, global outcomes including EWL, early 
and late complications, and nutritional deficiencies did not significantly differ 
between the two groups.

In regards to the efficacy and feasibility of BPD/DS as a primary operations, 
Rezvani et al. [11] specifically analyzed data from single-stage laparoscopic BPD/
DS stratified by BMI. They concluded that 30-day outcomes are not significantly 
different for BMI ≥ 50 kg/m2 compared to < 50 kg/m2 supporting that a single-stage 
BPD/DS can be safely performed in the super morbidly obese patient. The findings 
of Topart et al. further support that BPD/DS is safe and effective for BMI between 
50 and 60 kg/m2, but that a two-stage approach can be considered for patients with 
BMI > 60 kg/m2 and especially in male patients who historically exhibit higher risks 
of complication [8, 22].

The safety of BPD/DS in extreme BMI patients is further supported by Buchwald 
et al. [23] which supports that BPD/DS can be performed in the morbidly and super 
morbidly obese, and does not require a two-stage procedure as long as attention to 
meticulous surgical technique is maintained. Intuitively, it would seem that as the 
BMI increases, a trend toward greater mortality rate would be expected. However, 
for super obese patients (BMI between 50 and 60 kg/m2) the postoperative mortality 
rate has remained relatively low and is not significantly different from those with a 
BMI between 35 and 50 kg/m2 [4, 5]. BMI is not the only contributing factor for the 
increased technical challenge during any bariatric operations. Male gender is one 
known factor to contribute to higher rates of morbidity and mortality after bariatric 
procedures [22]. Other factors making the BPD/DS more difficult include intra- 
abdominal adiposity, large liver, and high amounts of abdominal torque [12]. 
Understandably, the decision-making algorithm for operation selection is more 
nuanced than BMI and the complexities of weighing the constellation of each indi-
vidual’s comorbidities is beyond the limitations of this chapter.

The rising popularity and utilization of robotic platforms deserve to be men-
tioned due to the purported benefits in simplifying some of the more technically 
challenging aspects of BPD/DS. Antanavicius et al. [10] published data on single- 
stage robotically assisted BPD/DS as a feasible, well-tolerated, and effective 
approach to the technically challenging aspects of the operation with favorable 
results, similar to our own robotic experience [12, 13]. The robotic platform offers 
superior optics and allows for multiple-axis articulation for increased precision in 
performing hand-sewn anastomoses that are critical in BPD/DS. Robotic arms also 
reduce transmission of tissue torque related to abdominal wall thickness and pro-
vide improved surgeon ergonomics. Effective laparoscopic suturing is a viable 
option, the robotic system offers some advantage in performing the complex gastro-
intestinal anastomoses required in BPD/DS. Our first BPD/DS was performed in 
2000 and are first series of robotic BPD/DS cases was published in 2007. The results 
demonstrated favorable outcomes and no mortality in 47 patients. Prolonged opera-
tive times were related to overcoming a steep learning curve [13]. Our subsequent 

23 Single-Stage Duodenal Switch is Better than Two-Stage



252

analysis demonstrated a decreased operative duration utilizing a totally robotic 
technique with each successive case and no technical complications were experi-
enced, including anastomotic leaks [12]. Noted disadvantages of robotic assisted 
surgery include increased costs, longer operating times, and lack of tactile feedback.

We recognize that there are contradictory reports from experienced surgeons, 
including that of Kim et al. who cite higher complication and mortality rates for 
BPD/DS [6]. Our experience and that of others is that BPD/DS does not require a 
two-stage procedure [23]. We are hesitant to support SG as a planned first stage of 
a scheduled two-stage BPD/DS for all cases based on the limited data and our per-
sonal experience. While the individual operative times and hospital length of stay of 
SG and second-stage BDP/DS are slightly less compared to the single-stage 
approach, the combined values are arguably much more. Two separate operations 
expose patients additional time under general anesthesia and an additional hospital-
ization. We recognize that the data to support one approach over another is limited 
and that in certain situations and two-stage approach may be warranted. To better 
understand those situations and conditions further investigation such as a random-
ized controlled trial would need to be done. Considering the low volume and selec-
tive indications for BPD/DS, such a study would be very difficult to perform.

A large portion of patients may lose a significant amount of weight after initial 
SG and will no longer meet criteria for a second operation, but still have unresolved 
obesity-related comorbidities that could have been better addressed with BPD/DS 
from the start. Many insurance providers will only cover one bariatric surgery per 
lifetime, unless a subsequent operation is deemed necessary to treat a complication, 
further limiting access to a definitive operation with the highest likelihood of suc-
cess. Cost is a frequently mentioned, but poorly understood, as figures are often not 
disclosed. It is safe to assume that a second operation with an additional hospital 
stay would understandably equate to higher costs for both the patient and the payor.

23.4  Approval of SADI

In 2011, Sanchez-Pernaute and Torres [24] described the single-anastomosis 
duodeno- ileostomy (SADI) as a way to simplify the surgical technique and limit 
risks of deficiencies after traditional BPD/DS. Implementation of this technique is 
growing as an easier and possibly safer alternative to traditional BPD/DS and was 
recently approved by the ASMBS as an endorsed procedure [25]. It is too early to 
know for sure, but it will be interesting to see how SADI versus traditional single 
and two-stage BPD/DS plays out in the near future.

23.5  Recommendations

• BPD/DS is a safe and effective operation for the appropriately selected 
patient and is a viable and safe option for individual with a higher BMI 
(>60 kg/m2).

L. K. Welsh and R. Sudan



253

• The data comparing single-stage to two-stage operations are limited and the 
quality is restricted to retrospective cohort studies at best. The current literature 
fails to identify a clear superiority of a two-stage approach compared to a 
single-stage.

• The lack of high-quality data support the continued practice of single-stage BPD/
DS by qualified and experienced surgeons with the appropriate multidisciplinary 
follow up support.

23.6  Personal View

The BPD/DS is a technically demanding operation that takes longer to perform than 
the RYGB or the SG.  The two-stage operation was conceived when surgeons 
encountered a higher morbidity and mortality rate early in their learning curve. This 
was an attempt to reduce perioperative complications and the duration of the opera-
tion. Since that time, the skill set of surgeons has improved greatly and complication 
rates and duration of the operation have decreased considerably. Further, the use of 
the robot has also reduced ergonomics strain on the surgeon. Therefore, patients 
with higher complexity can undergo a single-stage BPD/DS operation with very 
acceptable morbidity and mortality in experienced centers and has been my pre-
ferred approach. However, this operation should not be offered casually to the 
patients due to its long-term nutritional consequences. If surgeons are not comfort-
able with their technique or if a patient is high-risk for a longer operation then a 
two-stage operation is a good alternative to reduce risk.
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24.1  Introduction

In the past decade, laparoscopic sleeve gastrectomy (LSG) has gained significant 
popularity as a treatment for obesity. In comparison to other restrictive bariatric 
procedures, sleeve gastrectomy has proven effective in achieving considerable 
weight loss without increased risk of complications. However there has been signifi-
cant morbidity and mortality associated with post-operative anastomotic leaks. The 
reported incidence of LSG leaks range between 0.1 and 7% and can be higher in 
re-operative surgery [1–3]. Within the literature, the causes of a staple line leak are 
broadly grouped into either ischemic or mechanical causes. Leaks commonly occur 
in the proximal third of the anastomosis: large majority (>80%) at the angle of His 
or at the gastroesophageal junction (GEJ) and to a lesser degree the mid-aspect of 
the gastric body or distal third [3–5].

The management of leaks following sleeve gastrectomy is challenging and con-
troversial. There is no uniform guideline regarding the optimal treatment strategy 
and often vary depending on the size of the disruption, the extent of the abdominal 
infection, and the location. A range of leak management options have been investi-
gated, including medical management with intravenous antibiotics and parenteral 
nutrition, reoperation, and percutaneous drainage. More recently, endoluminal 
interventions, including the use of temporary stents to exclude the anastomotic 
defect and divert GI contents has become recognized as an effective treatment of 
LSG leaks. In a recent systematic analysis on the management of acute staple-line 
leaks, studies that solely described stent placement as a treatment strategy had a 
pooled initial success rate of 62% [6]. The use of endoscopic stents has a number of 
notable advantages compared to other options including avoiding the need for 
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surgical revision, preventing the risks of prolonged parenteral nutrition, and rapid 
healing while allowing for oral nutrition [7]. However, stent placement poses its 
own unique difficulties and complications. In this chapter we discuss the literature 
available on endoscopic stenting in LSG leaks, review the difficult decisions in 
using this modality and finally the management of refractory cases.

24.2  Search Strategy

A literature search for publications from 2000 to 2020 was used to identity data on 
endoscopic stent placement after laparoscopic sleeve gastrectomy leaks. Four online 
electronic databases were searched (PubMed/Medline). The search was performed 
utilizing MeSH search terms and key words, these included “laparoscopic sleeve 
gastrectomy”, “sleeve gastrectomy”, “laparoscopic bariatric surgery”, “staple line 
leak”, “stents”, “endoscopic stents”, “treatment” and “management”. Boolean oper-
ators (AND or OR) were integrated into the search in order to maximize article 
capture. The end search result was further supplemented by hand searching the ref-
erence lists from included and excluded articles.

24.3  Results

24.3.1  Patient Presentation

Staple line leaks can cause significant mortality and morbidity if not diagnosed 
quickly. Patients can present with a range of symptoms including shoulder pain, 
severe food intolerance, fevers, chills, worsening abdominal pain or hemodynamic 
instability [1]. However, symptoms may be non-specific and is often extremely diffi-
cult to separate from normal variants in postoperative patients. Early leaks tend to 
present with sudden onset left upper quadrant pain radiating to the left shoulder while 
late leaks may be more insidious in onset with gradual increasing discomfort and 
nausea, with or without a fever [1, 8]. Tachycardia is reported to be the most sensitive 
indicator of a leak [9]. A diagnostic workup should be considered in any patient who 
develops tachycardia, fever, or abdominal pain after sleeve gastrectomy [10].

24.3.2  Leak Diagnosis/Imaging Studies

There are two main imaging modalities to diagnose a sleeve leak: upper GI (UGI) 
contrast studies or abdominal computed tomography (CT) scan. In stable patients, 
the study of choice is a CT scan with oral and IV contrast because it has higher 
sensitivity (83–93%) than UGI contrast studies (0–25%) and it allows for better 
evaluation of undrained fluid collections [2, 8, 11]. It is important to note however 
that CT scans have a high rate of false negatives because it often fails to detect small 
staple line leaks, making an UGI study more helpful in this respect. Occasionally, 
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ingestion of methylene blue can be used to help assess for a leak that is difficult to 
diagnose with other techniques; this is only helpful when postoperative surgical 
drains remain in place [8]. If there is high suspicion for gastric leak, despite negative 
imaging, early surgical exploration should be considered.

24.3.3  Peri-procedural Considerations

The mainstay of treatment relies on medical support, drainage of leaked material 
and facilitated repair of the wall defect. Over the last 15 years, the cornerstone of 
endoscopic intervention of sleeve leaks has been placement of removable stents to 
bypass the wall defect to allow healing. The success rate of complete healing after 
treatment with endoluminal stents can be as high as 70–100% [3, 11–14]. However, 
stent placement while effective, is not exempt of complications. There are a multi-
tude of factors that affect the success of endoscopic management of leaks and 
include: patient selection, time to leak diagnosis, sleeve characteristic, and stent 
selection.

24.3.3.1  Patient Assessment and Stability
Patient stability is an important primary consideration when assessing candidates 
for temporary stent placement. According to expert opinion, an unstable patient 
with a symptomatic leak requires immediate reoperation [10]. Patients with signs of 
septic shock or generalized peritonitis require timely initiation of broad-spectrum 
antibiotics and warrant prompt surgical exploration (open or laparoscopic) [2, 15, 
16]. Drainage of any leaked content or fluid collection should be completed prior to 
endoscopic stent placement.

24.3.3.2  Leak Presentation and Concomitant Strictures/Stenosis
The duration of leak is an essential consideration in choosing the appropriate 
treatment.

According to the best practice guidelines from the International Sleeve 
Gastrectomy Expert Panel Consensus, leaks can be categorized according to 
their time of presentation from the operative procedure (acute<7  days, early: 
1–6 weeks, late: 6–12 weeks, and chronic: >12 weeks) [10]. Overall, stents have 
shown excellent results in the treatment of early leaks but the success of stent 
placement for late/chronic leaks are less consistent [3, 10, 17]. Martin del Campo 
and colleagues found that success rates decreased in proportion to the duration of 
the leak [18]. In another study, nine patients treated for chronic leak after LSG 
had a failure rate of 84%, one third of whom eventually required total gastrec-
tomy. This is in contrast to a reported 87% success rate of leak closure by Puli 
et al. in patients with primarily acute and early leaks. In recent years, some sur-
geons have advocated an expanded role of surgery in the management of even 
acute leaks especially in the setting of peritonitis due to the high suspicion that 
the leak is likely caused by mechanical faults or tissue injury and that would 
resolve more quickly with surgical repair [19].
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Furthermore, the location of the defect can impact the difficulty and feasibility of 
the endoscopic intervention. Leaks at the gastroesophageal junction, proximal or 
mid-aspect of the sleeve are more amenable to stenting than distal anastomotic 
defects [20]. This is in part due to the incisura and the difficulty of adequate sealing 
of the defect in the distal third of the gastric sleeve with regular esophageal stents, 
new long stents are often required [21]. When assessing the integrity of the gastric 
sleeve either with direct visualization or UGI study, it is important to also evaluate 
for twists or strictures and where these irregularities are located. This may be a 
cause of persistent increase intraluminal pressure would impact the choice of stent, 
whether an adjunct therapy should be performed, and the duration of treatment.

24.3.4  Choosing the Right Stent

24.3.4.1  Traditional Esophageal Stents
Esophageal stents have evolved significantly since their initial use in the manage-
ment of post-LGS leaks. There are now an exhaustive variety of options available; 
different sizes, lengths, materials, and choice of custom-tailored stents. There is 
unfortunately very limited data available to validate use of one specific type of stent. 
Various stent materials have not shown a statistically significant difference in the 
success rate of treating esophageal leaks, but no similar studies have been done to 
directly compare different stents for the management of staple line leaks following 
sleeve gastrectomy [22]. It is important to note that the use of endoscopic esopha-
geal stent for management of LSG leaks is an off-label use, as most stents are US 
Food and Drug Administration (FDA)-approved for malignant esophageal strictures 
or fistulas. The overall quality of evidence is poor as published data is predomi-
nantly retrospective case series. Many articles include either insufficient details or 
significant heterogeneity among patient population and leak characteristic to allow 
for a comparison of different types of stent.

Currently, the most widely used traditional esophageal stents in post-LSG leaks 
are self-expandable stents. These stents typically consist of cross-hatched rows of 
material that expand after deployment and remain in position with radial force and 
luminal friction. There is one available self-expandable plastic stent (SEPS) 
(Polyflex, Boston Scientific) that is FDA approved for esophageal fistula and remov-
ability. However, due to its cumbersome nature and large caliber, rigid introducer 
catheter, SEPS are not wide used in the United States. There are a multitude of self- 
expandable metal (SEMS) available in the United States including those manufac-
tured by Boston Scientific, Cook Medical, EndoChoice, Merit-Endotek, and 
Taewoong Medical Co [23]. There is no significant difference in success rate of leak 
resolution between metal and plastic stents [12, 24, 25]. Therefore, due to ease of 
passage and low profile, flexible catheters, SEMS are commonly used off-label for 
treatment of sleeve leaks.

SEMS used for post-LSG leaks are either fully covered (FCSEMS), or partially 
covered (PCSEMS). Manufacturers have developed various coating materials, usu-
ally silicone or a polymer, to prevent tissue ingrowth. In general, fully covered metal 
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stents (FCSEMS) have been advocated for the treatment of benign disease given the 
relative ease of subsequent removal and are the most commonly used type of stent 
employed for closure of leaks and fistulae. However, FCSEMS are associated with 
higher rates of migration than other stents. Stent migration can result in unsuccess-
ful leak closure, mucosal erosions, and rarely intestinal obstruction requiring stent 
repositioning, retrieval, or replacement [26]. A recent retrospective review of 24 
patients after sleeve gastrectomy (SG), demonstrated a 66.7% success rate of heal-
ing leaks with fully covered nitinol esophageal stent (Wallflex; Boston Scientific, 
Natick, MA). Notably, this study found a migration rate of 22%, with all migrated 
stents successfully retrieved endoscopically [18]. In another larger multicenter ret-
rospective study of 110 patients treated for post-LSG leaks, stent migration was 
most frequently observed with FCSEMS (46.1%), but was also seen to a lesser 
extent with PCSEMS (15.4%) and SEPS (25.0%) [24]. In the study, perforation 
from stent migration occurred 4.5% of stents placed and was only reported 
with FCSEMS.

Endoscopists have explored using stent anchoring techniques to minimize stent 
migration. Endoscopic sutures have demonstrated better results than clips [27]. In a 
systematic review and meta-analysis, suture fixation decreased stent migration rates 
to 15.9% [28] (Figs. 24.1, 24.2 and 24.3). Other studies have also reports similar 
improvement in rates of migration [29, 30]. Additionally, a comparative multicenter 
study showed that, only patients with a prior history of stent migration were less 
likely to experience recurrent stent migration with endoscopic suturing [27]. 
However, the degree of decline in migration rates is not consistently demonstrated 
throughout the current literature; some cohorts have continued to experience migra-
tion rate as high as 47% despite using sutures anchoring techniques [31, 32]. 
Inconsistent and poor guidance on the technical aspects of suture fixation is the 
limiting aspect of this endoscopic technique. Information regarding the number of 
sutures placed, the tension of the sutures, and the location are often excluded in case 

Fig. 24.1 LSG 
anastomotic leak
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reports or are extremely variable [30, 31]. More recently, a new over the scope clip 
specially designed for stent fixation has been developed that allows for easier 
deployment (Stentfix OTSC, Ovesco, Tuebingen, Germany). However, there is no 
comparative data to date on this new device.

Partially covered stents are an alternative choice to fully covered stent, although 
their use in post-LSG leaks are more limited. PCSEMS are designed with metal 
exposed at the proximal and distal ends to allow for greater traction, decrease leak 

Fig. 24.2 LSG 
anastomotic leak (close 
up view)

Fig. 24.3 Fully covered 
self-expandable metal stent 
(FCSEMS) with 
suturing device
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between stent and luminal wall, and decrease incidence of stent displacement. 
However, tissue ingrowth causing the stent to be embedded into the esophageal wall 
is an important reported limitation affecting the safety of stent removal in up to 25% 
of patients [33, 34]. Very few studies have evaluated partially covered stents solely 
in the treatment post-LSG leaks and a majority of case series pool experience for all 
patients treated after bariatric surgery. In Roux-en-Y gastric bypass leaks, the use of 
partially covered stents prevented major migration but at the cost of significant 
mucosal injury and difficult removal. In a series of 8 patients, Wei et al. identified 
significant mucosal injury (erosion, ulceration, and granulation tissue) at the proxi-
mal uncovered portion in 79% of stents placed [35]. In one retrospective analysis, 3 
of 5 patients treated for early leak post-LSG with partially covered metallic stent 
had no significant stent migrations however due to tissue ingrowth on either end of 
the partially covered stents, the median intervention time for removal was 23 min 
longer [5]. To address the complication of embedded partially covered stents, 
endoscopists have developed a stent-in-stent technique. This method consists of a 
fully covered SEMs or SEPs be placed inside the lumen of the embedded stent to 
induce ischemia and pressure necrosis. To ensure success, stents diameter should at 
least equal to the embedded stent and the length of the fully covered stent should 
completely overlap the reactive tissue ingrowth. Studies report that extractions done 
in this fashion had a successful removal rate of 91–100% with a SIS dwell time of 
1–3 weeks [33, 34]. Nonetheless, the decision to use partially covered stents should 
weigh the lower risk of stent migration with the increase risk of embedded stent and 
need for additional endoscopic interventions.

24.3.4.2  Large Bariatric Stents
In recent years, new bariatric stents have been developed specifically for the treat-
ment of post- LSG leaks to address the shortcomings of traditional esophageal 
stents. There is a tendency for stent migration with shorter stent length. These novel 
stents are designed with longer lengths and with larger diameters to theoretically 
decrease the risk of stent migration and increase mucosal coaptation. Manufacturers 
have also developed flared ends/larger flanges to help anchor the stent in place. The 
flared proximal end is also thought to provide a tight mucosal seal which is impor-
tant to prevent ongoing contamination. These ultra-large stents are positioned from 
the distal esophagus to either the prepyloric or postpyloic position, completely 
bypassing the entire gastric sleeve. Available bariatric stents include Megastent 
(Taewoong Medical Industries, Kangseo-GuSongjung-Dong, South Korea), Niti-S 
Beta stent (Taewoong Medical Industries), and the Hanarostent (M.I.Tech, Seoul, 
South Korea). Unfortunately, many of the studies related to these novel stents 
included a heterogeneous population, including leaks after different types of sur-
gery (Roux-en-Y gastric bypass and LSG), different duration of leak (acute and 
chronic), previous endoscopic treatment, and combined techniques (CSEMS and 
over-the-scope-clips).

The largest retrospective series to date was conducted by de Moura and col-
leagues. Thirty-seven patients with acute and early leaks post-LSG, were treated 
with one of two novel large bariatric stents. Both stents have a length of 24 cm 
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and a body diameter of 28 mm, with either 32 or 36 mm proximal and distal 
flanges. Overall, 78% of leaks resolved with stent placement. A trend toward 
higher success rates were noted in stents that were placed in a pre-pyloric rather 
than a post-pyloric position, largely due to less displacement in the former rather 
than any adverse events [36]. Of note, neither the size of the leak nor the stent 
dwell time was statistically significant in stent success. The most common 
adverse events were patient reported symptoms including abdominal pain, nau-
sea, reflux (89%), followed by stent migration (21%) with two requiring surgery 
for removal, 10 ulcerations, and 2 esophageal perforations. The writers con-
cluded that the longer stent design with large flanges did not seem to decrease 
migration rates significantly but unfortunately may contribute to higher rates of 
serious adverse events. Other studies also report that the success rate of bariatric 
stents were comparable to that of traditional fully covered stents [37–39]. Similar 
to De Moura et al., these studies showed that stent migration continued to be a 
complication despite the longer length with higher rates of additional associated 
adverse events: intolerance necessitating removal, esophageal strictures, bleed-
ing, perforation [14, 38–40].

Another area of interest is the development of stents that naturally decompose 
into non-toxic chemical over time, called biodegradable stents (BDS). The design of 
an absorbable stent is appealing for the treatment of postsurgical leaks because it 
would obviate the need for endoscopic stent removal. While there are a number of 
stents available in the market, majority have been used in treatment of esophageal/
gastric strictures. They are not FDA-approved for treatment of post-LSG leaks.

24.3.5  Post Procedure Follow-Up and Stent Removal

After initial placement of a stent, it is important to assess reflux from the distal end 
or lack of tight seal at the proximal end, as both of these would lead to persistent 
leakage. If either are seen, it may be important to reposition the stent or to add a 
second overlapping stent. Oral intake is usually restricted for the first 24–48 h to 
allow for full stent expansion. Most authors liberated oral diet stepwise from liquid 
to semi-solid and finally to regular diet over the course of days to weeks [41]. A 
proton pump inhibitor is often prescribed for the duration of stenting [18]. Stent 
intolerance is frequent and can occur in over 50% of patient with nausea and/or 
vomiting during the first week, requiring IV antiemetics, and intolerance leading to 
stent removal occurs in about 10–15% of patients [42].

The approach of stent surveillance during the stenting period can vary depending 
on institutional practices. Majority of interventionalists complete a UGI study or CT 
with oral contrast routinely after initial stent placement to ensure appropriate place-
ment. However, re-imaging to assess for migration or persistence of leakage is much 
more variable; some endoscopists have completed abdominal x-rays at regular 
intervals to survey stent positioning while others obtain studies whenever there is a 
clinical suspicion of persistent leakage or stent displacement [18, 38]. When stent 
migration was suspected, endoscopy was usually performed to adjust the stent 
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position or to exchange the stent. Healing is defined as the absence of leakage of 
contrast agent as shown by various imaging techniques (barium swallow, CT scan).

Regarding the duration in which stents should remain in situ, several studies have 
suggested that stents should not be kept in place for longer than 6–8 weeks [18, 26, 
43]. The decision is a balance between allowing enough time for leak closure while 
decreasing the risk of stent migration or tissue hyperplasia. Factors associated with 
a shorter time to healing: small size (≤1 cm) of fistula, interval between LSG and 
fistula diagnosis ≤3 days and a short interval (≤21 days) between fistula diagnosis 
and first endoscopy [9, 24]. Blackmon and colleagues did not have difficulty with 
extraction of fully covered nor partially covered SEMs if the attempted within a 
30-days [7]. However, interventionalists have noted that stent removal earlier than 
4 weeks showed persistent leak and required additional endoscopic therapy (glue 
injection with clipping or stent re-insertion) [44]. With partially covered stents 
embedding can occur as early as 2–3 weeks after stent placement with [34].

Healing of the leak should be confirmed on imaging or endoscopically by con-
trast injection prior to stent removal. In cases with persistent leakage, repeat endo-
scopic therapy could be explored. Most common reasons for failed endoscopic 
extraction are stent migration and mucosal hypertrophy.

24.3.5.1  Failure of Initial Stent Placement, Is It Worth Re-Stenting
In an international expert panel consensus statement on best practice guidelines, 
88% of expert bariatric surgeons believed that if GI stenting has not lead to healing 
of a chronic proximal leak or fistula after SG within 12 weeks, surgical intervention 
is indicated [45]. A systematic review by Hughes and colleagues showed that 
patients solely treated with endoscopic stent placement had a pooled initial success 
rate of 62% [6]. Fourteen percent of patients in this study required further endo-
scopic treatment. Overall, conventional SEMs achieves an efficacy of about 70–80% 
with a median of 1–3 endoscopies, and a mean time for healing that varies between 
43 and 82 days [6, 32, 46–48]. In case of persistent leak despite stent placement for 
6–8 weeks, placement of a second SEM may achieve leak closure success rate of up 
to 80–90% [48]. Adjunct or alternative endoscopic therapies can also be explored. 
However, in a large multicenter study that reviewed outcomes of 110 post-LSG leak 
patients found that the chance of healing was greater following surgery than endo-
scopic treatment if treatment duration exceeded 6 month (50.0% vs. 41.7% respec-
tively) following surgery than following endoscopic treatment when duration of 
treatment exceeded 6 months [24].

24.3.6  Adjunct/Alternative Techniques

When peri-esophageal fluid collections or strictures are identified, adjunct therapies 
such as drainage and/or dilation can be completed with stenting. Endoscopic inter-
nal drainage (EID) consists of inserting one or two double-pigtail plastic stents into 
the fluid-filled cavity to facilitate drainage into the digestive lumen. This endoscopic 
intervention has gained popularity as a stand-alone treatment of post-SG [36, 49]. In 
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the largest series reporting on EID, 78% of patients were cured by EID alone after 
a mean of 58  days without the need for further interventions [49]. A study by 
Nedeleu et al. suggests that pigtail drainage without stents should be reserved for 
freely draining fistulae smaller than 10 mm [42]. However, those with larger leaks, 
would likely benefit from a combination of EID and stent placement. The combina-
tion of covered stent and double pigtail drainage for the treatment of leaks (>2 cm 
in diameter) associated with significantly fewer endoscopic procedures and a shorter 
treatment duration [50].

Stenosis and strictures after LSG occur with a prevalence of 0.1–3.9% [51]. 
These lesions often cause higher pressures in the gastric sleeve and can precipitate 
anastomotic leaks. Dilation of a stenotic region is usually done with through the 
scope (TTS) balloons or achalasia pneumatic balloons. TTS dilations have a reported 
efficacy of about 40% and may require multiple sessions [9]. Pneumatic dilations 
have an efficacy of up to 70% but is a challenging technique and is not without risks 
as it requires serial dilations with high inflating pressures [52, 53]. Pneumatic dila-
tions in conjunction with a septotomy technique to drain walled-off peri-gastric 
collections have had notable efficacy in the management of late and chronic leaks 
following sleeve gastrectomy [54, 55]. However, only short-segment stenotic lesions 
are amenable to dilation [56].

Methods to directly close the wall defect including fibrin glues, suturing, or 
clips have also been proposed and can sometimes be used to augment endo-
scopic stenting [36]. The use of sealant materials for post-LSG leaks have not 
demonstrated consistent efficacy as stand-alone therapy. Some studies have 
shown that sealants have better outcomes when used after stent placement [57] 
While generally well tolerated frequently multiple applications are often 
required. Small-capacity through-the-scope clips (TTSC) have also been used 
sequentially to close leaks. However, TTSC have fallen out of favor since the 
development of newer and larger over-the-scope clips (OTSC) [58]. OTSCs 
allow for full-thickness bites, bringing a bigger region of tissue into approxima-
tion. OTSC placement have been reported be safe and effective for the treatment 
chronic GI fistulas after LSG [59]. However, the data regarding its utility in 
early leaks are not clear. A systematic analysis done in 2017 noted that only 73 
cases of post-LSG leaks/fistulas had been treated with over- the- scope clips 
(OTSC) and a total of 24 was done with concomitant stent placement [60]. The 
overall closure success rate was 85%. Of note about half of the leaks sized less 
than 10 mm [60]. Importantly, the tissue surrounding the leak or fistula must be 
robust enough to be held within the jaws of the clips.

Endoscopic suturing is technically more challenging than the application of clip-
ping devices or sealants, however, it is capable of closing larger defects. Small case 
series have demonstrated its potential usefulness as either a primary treatment or as 
an adjunct to other therapeutic interventions for leaks after LSG [61]. However, this 
modality struggles with durability of closure, with high rates of reopening espe-
cially with defects >20 mm [62].
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24.4  Recommendations Based on the Data

• Surgical/percutaneous drainage coupled with self-expandable metal stent 
(SEMS) is appropriate first-line modality for the management of leaks after 
sleeve gastrectomy, especially those not classified as chronic (low quality evi-
dence, strong recommendation).

• We recommend the use of fully covered stents with endoscopic suturing as 
opposed to partially covered stents in post-LSG leaks to prevent stent embedding 
(low quality evidence, strong recommendation).

• Embedded stents are more common with partially covered SEMS and a stent-in- 
stent technique should be used for removal of the embedded stents (low quality 
evidence, strong recommendation).

• No specific time to stent removal can be recommended and the duration of stent-
ing should be individualized.

• Data on the use of biodegradable stents are limited and cannot be recommended 
at this time.

24.4.1  A Personal View of the Data

The data, although low quality in general, suggests that endoscopic stent placement 
should be considered for stable patients who develop early post-LSG leaks. While a 
number of factors influence the rate of successful leak resolution and the rate of 
complications over 60% of patients with primary leaks can avoid the morbidity and 
mortality of reoperation. Despite the fact that temporary stent placement is fraught 
complications and stent design has a long way to go, we still believe, this technique 
should become the method of choice in treatment of early post-LSG leaks. 
Prospective studies with larger samples sizes should be undertaken to better evalu-
ate and compare the variety of techniques available. More research is also needed to 
clearly identify the appropriate treatment of chronic leak after LSG.
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25.1  Introduction

The worldwide prevalence of obesity continues to exhibit upward statistical trends. 
Between 2015 and 2016, the Centers for Disease Control and Prevention (CDC) 
reports 93.3 million or 39.8% of adults in the United States with obesity [1]. 
According to the 2013 AHA/ACC/TOS Guidelines for the Management of 
Overweight and Obesity in Adults, 64.5% of American adults are recommended for 
weight loss treatment [2]. With a high safety profile, bariatric surgery is recognized 
as the most effective treatment for morbid obesity. Based on its highly effective 
weight loss and improvement of comorbidities associated with obesity [3–5], it is not 
surprising that the total number of bariatric operations worldwide continue to 
increase [6]. Although uncommon, perioperative complications related to the techni-
cal aspect of bariatric surgery includes hemorrhaging, leak, and stenosis. This chap-
ter reviews the etiologies of AL and SLD, as well as common presenting signs and 
symptoms, diagnostic evaluation, and operative and non-operative managements.

25.2  Etiology

An AL or SLD is a known, potentially severe complication following gastrointesti-
nal surgery. Considered the most concerning operative complication after bariatric 
surgery, it can lead to significant morbidity and mortality if missed or mishandled. 
Leaks can occur either from an anastomosis or a staple-line. The causes of postop-
erative leak depend on patient and technical factors involved.
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25.2.1  Patient Dependent Factors

Patient related factors associated with higher incidence of developing anastomotic 
leak after bariatric surgeries are similar for all bariatric procedures. In particular, 
male patients, age > 55 years, those with super morbid obesity (body mass index 
>50 kg/m2), those with obesity-associated comorbidities, and those with delayed 
wound healing are at significantly higher risk of developing a leak [7–9]. Various 
studies have reported the male sex is an independent risk factor for developing 
leaks. This is most likely attributed to males’ tendency to develop more central than 
peripheral obesity and consequently a greater amount of intraperitoneal fat, increas-
ing the technical difficulty of bariatric surgery. Studies have also found a correlation 
with medical history of diabetes, liver cirrhosis, renal failure, current or recent 
smoking history, and the presence of poor nutrition as risk factors for leak [10, 11]. 
Consequently, special consideration should be given to the elderly, male, diabetic, 
and smoking populations during postoperative surveillance.

25.2.2  Technical Factors

The optimal anastomosis is sealed, tension-free, with good vascular supply. 
Technical factors involved in developing a leak include issues such as poor tech-
nique and tissue apposition when constructing the anastomosis, excess tension, the 
presence of staple-line hemorrhaging, and tissue ischemia. The timing of a leak is 
strictly connected to its etiology. SLD secondary to issues such as poor technique in 
construction of the anastomosis most frequently occur within the first 48 hours post-
operatively, whereas AL present 5–7 days postoperatively and are the result of ten-
sion that will ultimately create ischemia. Leaks due to distal narrowing can manifest 
chronically as a non-healing fistula [12, 13]. Also, the requirement of high dose 
vasopressors for hemodynamic instability secondary to other causes (i.e. hypovole-
mia, pulmonary embolisms, sepsis of other origin, etc.), can determine local isch-
emia of the anastomosis and determine a leak.

Technical factors involving poor technique in construction of the anastomo-
sis include issues such as stapler misfiring due to stapler height, excessive tissue 
within the jaws of the stapler, and malformed staples at the staple-crotch [14]. 
When selecting the appropriate staple height and size, consideration should be 
given to the thickness of the gastric wall. However, there is no method to defini-
tively measure the thickness of the gastric tissue. Experts agree that it would not 
be appropriate to use staples with closed height less than 1.5 mm on any part of 
the gastric wall [13]. Bunching of tissue or thickened tissue can lead to stapler 
misfiring. Adequate tissue mobilization to attain complete visualization and 
symmetrical lateral retraction avoiding rotation of the staple-line, are key fac-
tors to achieve proper staple formation. Oversewing staple-lines, buttressing 
materials, and fibrin glue have been used to provide staple-line reinforcement. 
Improper oversewing of the staple line has been reported to increase the risk of 
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tearing at the point of suture penetration in sleeve gastrectomy [15, 16]. 
However, several international experts recommend providing staple-line rein-
forcement of the long staple line of the sleeve in order to minimize postopera-
tive bleeding [13, 17, 18]. In fact, no definitive evidence exists on the advantage 
of staple-line reinforcement in postoperative sleeve leaks. The utilization of 
small bougie sizes less than 38-French is associated with increased risk of stric-
ture and leak [8, 19].

This chapter will review the most common bariatric surgeries and the individual 
factors involved in the development of a postoperative leak.

Roux-en-Y Gastric Bypass Roux-en-Y gastric bypass (RYGB) induces weight 
loss by utilizing restrictive and hypoabsorptive strategies, where the jejunum is 
anastomosed to a 15–30 cc gastric pouch, and the biliopancreatic limb is then con-
nected to the distal jejunum at a variable distance between 100 and 200 cm. Leaks 
are the second leading cause of mortality following RYGB surgery [7]. A review of 
the published literature reported the mean incidence of anastomotic leaks after 
RYGB to be at 0.8% [11]. They most commonly occur at the gastrojejunostomy 
(GJ); possibly due to excess tension and/or tissue ischemia at the anastomosis. 
Leaks at this location are likely to close spontaneously when managed non- 
operatively (unless distal obstruction is present). Other potential sites for leaks 
include the gastric pouch, the gastric remnant, and the jejunojejunostomy (JJ) 
[10, 20].

Laparoscopic Sleeve Gastrectomy Laparoscopic sleeve gastrectomy (LSG) 
induces weight loss by utilizing restrictive and enterohormonal strategies, deter-
mined by the resection of approximately 80% of the stomach in a vertical fashion 
along the lesser curvature. Although LSG does not involve any anastomosis, the use 
of a long staple line increases the risk for technical SLD. A review of the published 
literature reported the mean incidence of anastomotic leaks after LSG to be at 0.7% 
[11], with the majority of cases presenting 5–7 days postoperatively. Leaks after 
LSG most commonly occur along the proximal staple line at the level of the gastro-
esophageal junction (GEJ) (near the gastric angle of His), most likely due to multi-
ple factors including poor tissue apposition, ischemia, and hematomas. In addition 
and due to the high intraluminal gastric pressure associated with the newly formed 
narrow lumen of the stomach, these SLDs are difficult to heal without endoscopic 
or surgical intervention. The increased intraluminal gastric pressure can be exacer-
bated by the presence of distal narrowing, such as by torsion of the staple line result-
ing in a fixed stenosis or by poor technique when firing the first staple load. Also the 
presence of an intact pylorus contributes to this functional distal obstruction. 
Leaving at least 2 cm of width at the level of the incisura angularis, the narrowest 
portion of the stomach, prevents narrowing or obstruction [21]. Other factors that 
contribute to proximal leaks include tissue ischemia due to stapled transection of the 
fundus too close to the angle of His.
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25.3  Leaks Presentation

25.3.1  Intraoperative Setting

The anastomosis or staple line should be examined intraoperatively to ensure proper 
sealing. This can be done visually and by performing an intraoperative leak test. 
During an intraoperative leak test, a dye and/or air is injected intraluminally at the 
anastomosis while the distal bowel/stomach is gently occluded. In the methylene 
blue test, presence of blue dye around the anastomosis is a positive test, indicative 
of a leak. In the air test, the anastomosis is submerged in saline solution, the tissue 
is insufflated using an endoscope, and the presence of air bubbles in the solution 
around the anastomosis is a positive test, indicative of a leak. Although useful in 
detecting leaks requiring immediate repair, these techniques have not been reported 
to decrease the postoperative risk of leak [22].

25.3.2  Postoperative Setting

Recognition of postoperative leaks can be particularly difficult in the morbidly 
obese population. Additionally, the clinical presentation can vary from asymptom-
atic to peritonitis, septic shock, multisystem organ failure, and death. Consequently, 
a high index of suspicion is important for the prompt recognition of a postoperative 
leak. The clinical assessment for postoperative anastomotic leaks requires a thor-
ough analysis of the patient’s vital signs and physical examination; making sure to 
highlight the abdominal examination. A rapid heart rate in the early postoperative 
setting should raise suspicion for possible leak [23]. Studies report early sustained 
tachycardia without oscillations and resistant to beta-blockers the principle indica-
tor of an intra-abdominal leak (not to be confused with, early oscillating tachycardia 
responsive to fluid resuscitation and beta-blockers, the principle indicator of an 
acute hemorrhage). Tachycardia more than 120 beats per minute and/or respiratory 
compromise can be the most useful clinical indicators of leak [22–26]. Other clini-
cal findings include fever and abdominal pain, which may radiate to the left shoul-
der or scapular region.

Leaks may have difficulty spontaneously resolving. If chronic, a leak can col-
lect into an abscess and can form fistulous communications into adjacent struc-
tures. Gastrogastric, gastrocolic gastropleural, and gastrobronchial fistulous 
communications have been described in the literature [27, 28]. They can present 
clinically as asymptomatic or present with weight recidivism and/or non-specific 
symptoms related to the nearby viscera. Persistent cough, left-sided pleuritic pain, 
and physical examination compatible with left pleural effusion are indicative of 
left diaphragmatic erosion with contamination of the pleural cavity and pulmonary 
parenchyma [28]. Left shoulder and back pain are clinical symptoms of a possible 
anastomotic leak. Of course, the presence of left shoulder pain, as the only symp-
tom, needs to be differentiated by other common etiologies, such as phrenic nerve 
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irritation from CO2, polar splenic infarcts determined by short gastric division, 
diaphragmatic irritation from the presence of a surgical drain, and pre-existing 
chronic back conditions.

25.4  Diagnostic Approach

Once a leak is suspected clinically, prompt diagnosis and treatment are essential. The 
diagnostic approach for leaks is based on clinical presentation. In early postoperative 
leaks presenting with signs and symptoms of hemodynamic compromise, the diagnosis 
is primarily clinical and emergency surgical re-exploration should be initiated, even in 
the absence of radiographic evidence, whereas in hemodynamically stable patients, 
diagnostic workup includes laboratory studies, UGI contrast studies, and CT scan to 
confirm the physician’s clinical suspicion. Upper endoscopy can define the character-
istics of a leak and can be an appropriate therapeutic option for certain situations.

Laboratory studies are often nonspecific. An early postoperative leak can present 
with significant leukocytosis with a left shift and elevated C-reactive protein levels 
>229 mg/l [29, 30]. Adjunct elevated drain amylase levels can also help identify 
anastomotic leaks, yielding a high sensitivity and specificity in cases using closed 
suction drain [22, 31]. Similarly, a methylene blue swallow test can evaluate for 
anastomotic leak by observing effluence of the dye through the closed suction drains 
after its oral administration [32]. Radiographic confirmation can be obtained by 
fluoroscopic studies and/or CT scan. Among the imaging studies, CT scan of the 
abdomen and pelvis using oral and intravenous (IV) contrast is the most sensitive 
and specific to diagnose leaks, and thus is the modality of choice for detecting leaks. 
Not only can it demonstrate contrast extravasation through the leak site and the 
presence of intra-abdominal collections, it can also identify potential indirect signs 
of leak, including surrounding tissue inflammation, fat stranding, intra-abdominal 
free air, and pleural effusions (see Fig. 25.1). Fluoroscopic studies, such as UGI 
studies using water-soluble contrast medium gastrograffin, can also identify 

Fig. 25.1 Computed 
tomography (CT) scan of 
the abdomen and pelvis 
demonstrating the 
gastrojejunostomy 
following RYGB surgery 
and a large quantity of 
enteric contrast throughout 
the abdomen consistent 
with anastomotic leak
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contrast extravasation (see Fig. 25.2). UGI contrast studies are frequently performed 
routinely during the early postoperative period despite its low sensitivity (22–75% 
after RYGB, 0–25% after LSG) [10, 33, 34]. Although routine use often allows 
small leaks to go undetected giving a false sense of confidence, the decision to per-
form routine versus selective UGI contrast studies after bariatric surgery is left to 
the discretion of the surgeon. When CT scan and UGI contrast studies are used 
sequentially, up to one-third of patients with leaks will have both studies interpreted 
as normal. Therefore, the American Society for Metabolic and Bariatric Surgery 
(ASMBS) suggest operative re-exploration to be appropriate when postoperative 
leak is suspected clinically [35]. In chronic postoperative leaks presenting with 
signs and symptoms of left diaphragmatic erosion, plain abdominal and chest films 
followed by CT scan are performed and demonstrate the communicating tract, left 
pleural effusion and passive atelectasis of the left lower lobe with consolidation [28].

25.5  Management

The management of a leak is primarily dictated by the clinical presentation, the tim-
ing of presentation, and the location of the leak. Other influencing factors to con-
sider include the size of the leak, extent of contamination, and whether the leak is a 
secondary consequence of other types of known complications, such as the presence 
of a distal obstruction. Based on the timing of the clinical presentation, postopera-
tive leaks can be classified as acute (within 7  days), early (1–6  weeks), late 
(6–12 weeks), and chronic (> 12 weeks) [12, 13].

25.5.1  Non-Operative Management

Regardless of timing, conservative non-operative management can be considered 
for small, contained leaks without distal obstruction in hemodynamically stable 
patients. The goals of treatment are to control the local and systemic sepsis, control 

Fig. 25.2 Upper 
gastrointestinal contrast 
study demonstrating small 
amount of contrast 
extravasation (arrow) in 
region of 
gastrojejunostomy 
following RYGB surgery
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gastrointestinal secretions, and early nutrition. The patient should be kept nil per os 
(NPO) with enteric or parental nutritional support, and broad-spectrum IV antibiot-
ics should be initiated [22, 29, 36–39]. Response to conservative management is 
measured clinically by assessing drain outputs and resolution of leukocytosis and 
fever. Additionally, studies have reported successful management of bariatric leaks 
using minimally invasive endoscopic techniques, such as placement of stents, clips, 
fibrin glue, internal drainage, and pyloric dilatation [36, 40].

Given their challenging nature, leaks may have difficulty spontaneously resolv-
ing and can collect into an abscess and chronic fistula. The persistence of injury by 
leaks and abscesses lead to chronic inflammation, impairing the adequacy of the 
gastrointestinal wound healing process, resulting in the activation of leukocytes, 
production of growth factors and cytokines, and increasing the occurrence of fistu-
las and fibrosis (adhesions subsequently leading to stenosis and distal obstructions) 
[41, 42]. If a distal obstruction is present it must be resolved. Most cases of distal 
obstructions are adequately treated with endoscopic balloon dilatation or bougie 
dilatation [43]. Endoscopic stenting has been described with some success; how-
ever, limitations exist.

Surgeons should maintain a low threshold for subsequent operative intervention 
in the face of clinical deterioration or unsuccessful non-operative management. 
However, before non-operative management is deemed unsuccessful, 12  weeks 
postoperatively should be allowed to give time to optimize the patient’s nutrition 
and to control the local and systemic sepsis for the acute inflammation to go down 
for a less hostile surgical field.

25.5.2  Reoperative Management and Drainage

The choice of drainage modality is dictated by the hemodynamic status of the 
patient. If a patient is hemodynamically stable, less invasive, percutaneous drain-
age of intra-abdominal collections is performed. In the presence of hemodynamic 
compromise and uncontrolled sepsis, aggressive treatment with emergent opera-
tive re- exploration with extensive irrigation and drainage is mandatory to limit 
morbidity and mortality. Given the rapid progression to sepsis in the severely 
obese patient with comorbidities, when a leak is suspected clinically, even with 
negative or absence of imaging studies, emergent operative re-exploration is 
appropriate.

In an acute/early postoperative leak, the primary goal of re-exploration is to 
ensure extensive washout and drainage to manage the local abdominal sepsis. Never 
reconstruct in an acute situation with a hemodynamically unstable patient. In an 
emergency, always choose the smallest procedure. Secondary goals include confir-
mation of diagnosis and insertion of an enteral feeding tube (into the excluded stom-
ach in RYGB; a JJ in LSG). Under these circumstances, primary repair can be 
attempted, although often may not be feasible due to extensive inflammatory 
changes and poor tissue integrity at the leak site. Nonetheless, the literature describes 
most effective outcomes of primary repair when performed within the first two days 
postoperatively, with significantly decreasing efficacy thereafter [24, 29, 37]. In 
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most cases, extensive irrigation and control of the contamination is the only plau-
sible intervention [22, 24, 25, 44].

Over time, persistent leaks become abscessed cavity that can evolve to fistula. 
The presence of a persistent leak, more than 4 weeks, despite conservative manage-
ment should raise suspicion for secondary causes preventing healing, such as distal 
narrowing increasing intraluminal pressure (see Fig. 25.3) or the presence of a for-
eign body (e.g., drain). Less invasive non-operative management is preferred when-
ever possible, using proton-pump inhibitors (PPI) and cytoprotective agent [11]. 
However, if a patient is hemodynamically stable and nutrition is reasonable, reop-
eration for repair of a persistent leak can be performed not before 12 weeks postop-
eratively. Surgical options for repairing acute/early uncontained leaks include 
primary repair, serosal patching using the small intestine pulled up to the leak, 
wedge resection of the fundus to include the leaking region, and T-tube gastrostomy 
creating a controlled fistula directly into the defect [13, 22, 44, 45].

T-tube Gastrostomy Surgical Technique The T-tube converts a free draining fis-
tulae to a controlled one. Uncover the leak site by careful blunt dissection of any 
omentum or tissue covering the defect. Once visible, irrigate and drain any intra- 
abdominal collections around the leak site. Using 2–0 sutures, narrow the gastric 
defect and insert a 14-French T-tube into the defect. Reinforce the T-tube using 
gastric sutures followed by a Graham patch [45].

Chronic, (usually gastric) non-healing fistulas despite adequate drainage and 
non-surgical management present more of a challenge. In this case, invasive surgi-
cal approaches are most effective. Before non-operative management is deemed 

Fig. 25.3 Upper 
gastrointestinal contrast 
study demonstrating area 
of fixed narrowing between 
the proximal and distal 
stomach with contrast 
extravasation (arrow) 
following a LSG
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unsuccessful, 12 weeks should be allowed to give time to optimize the patient’s 
nutrition and to control the local and systemic sepsis for the acute inflammation to 
go down for a less hostile surgical field. Surgical options for management of chronic, 
non-healing fistulas include suturing a Roux limb directly to the leak site creating a 
GJ anastomosis and proximal gastrectomy with Roux-en-Y esophagojejunostomy 
(PGEJ) reconstruction [13, 22, 44]. Advanced, chronic fistulas forming supradia-
phragmatic communications into the pulmonary parenchyma or bronchus may 
require lobectomy [28].

Direct Jejunal-Gastric Fistula Anastomosis Reconstruction Surgical 
Technique The dissection begins at the pars flaccida, away from the area of most 
contamination. The dissection proceeds until the caudate lobe, vena cava and right 
crus of the diaphragm are identified. After incising the peritoneum overlying the 
medial edge of the right crus, the esophagus is identified. Retroesophageal dissec-
tion then allows for visualization of the left crus of the diaphragm. At this point the 
fistula tract is dissected in order to generously debride the sclerotic edges of the 
stomach defect to obtain healthy tissue. After transecting the jejunum 50 cm distal 
to the ligament of Trietz, the distal part of the jejunum is brought in an antecolic 
antegastric or retrocolic retrogastric fashion to the proximal stomach. Whichever 
route provides the least tension should be the one to be chosen. The anastomosis to 
the debrided fistula edge is then performed using a completely handsewn technique 
over an orogastric tube. The jejeuno-jejunostomy is then carried out 60–100 cm 
distally in a standard fashion, using a linear stapler or handsewn technique. In the 
presence of a sizable hiatal defect, this should be repaired posteriorly in a standard 
fashion [46].

PGEJ Reconstruction Surgical Technique The first part of the dissection is 
similar as described above through the pars flaccida. An orogastric tube aids in 
the identification of the esophagus. The hiatus is completely dissected and the 
distal esophagus mobilized. At this point the left gastric artery is divided using a 
vascular linear stapler. The fistulous tract is completely mobilized, starting from 
the most distal and less inflamed aspect of the sleeve. Esophageal stay sutures are 
placed at the 3 and 9 o’clock position, then transect the esophagus immediately 
proximal to the GEJ using a standard (3.5 mm) cartridge linear stapler. The distal 
sleeve is then transected distal to the fistulous tract using a thick cartridge 
(4.1 mm) linear stapler. When creating the esophagojejunostomy (EJ) widen the 
left crus of the diaphragm to allow the stapler to advance to the lower mediasti-
num. Transect the jejunum 50 cm distal to the ligament of Trietz, the Roux limb 
is then brought up to the esophagus in an antecolic antegastric fashion. The EJ 
anastomosis is fashioned using a standard (3.5 mm) cartridge linear stapler and 
the defect closed in two-layer handsewn technique (Fig. 25.4). Finally, 100 cm 
from the EJ, the JJ is fashioned using two firings of a vascular (2.5 mm) cartridge 
linear stapler and closing the enterotomy with more firings of a similar linear 
stapler [44].
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25.6  Management of Leaks of Less Common 
Bariatric Surgeries

Biliopancreatic Diversion with Duodenal Switch Biliopancreatic diversion with 
duodenal switch (BPD/DS) induces weight loss by utilizing restrictive, enterohor-
monal, and malabsorptive strategies, where a sleeve gastrectomy is created with the 
ileum anastomosed to the proximal duodenum, and the biliopancreatic limb then 
sutured to the distal ileum. BPD/DS is recognized as one of the most efficient bar-
iatric surgeries, as it is associated with comorbidity remission and the greatest 
weight loss (60–70% at 5 year follow up). However, the associated morbidity and 
mortality rates are greater than LSG and RYGB [47]. At present, data on anasto-
motic leaks after BPD/DS surgery is limited.

One-Anastomosis Duodenal Switch Established as a bariatric procedure in 2018 
by the International Federation for the Surgery of Obesity and Metabolic Disorders 
(IFSO), single anastomosis duodenoileal bypass with sleeve gastrectomy (SADI-S), 
also known as stomach intestinal pylorus-sparing surgery (SIPS) and one- 
anastomosis duodenal switch (OADS), emerged as a new bariatric operation that 
induces weight loss by utilizing restrictive, enterohormonal, and malabsorptive 
strategies. The configuration of this procedure resembles the BPD/DS except that 
the reconstruction is made with a loop duodenoileostomy with a single anastomosis 
[33, 48]. Described as a simplification of the BPD/DS, complications are fewer with 
SADI-S than with BPD/DS. In a single center retrospective study with 225 patients, 
the incidence of anastomotic leaks after SADI-S was 2.2%. Leak management was 
dictated by the patient’s clinical presentation and timing [49]. At present, data on 
anastomotic leaks after SADI-S surgery is limited.

Fig. 25.4 Laparoscopic 
creation of an 
esophagojejunostomy 
using a Roux limb during a 
laparoscopic proximal 
gastrectomy with 
Roux-en-Y 
esophagojejunostomy 
(PGEJ) reconstruction due 
to complication of a 
chronic non-healing fistula
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One-Anastomosis Gastric Bypass One-anastomosis gastric bypass (OAGB), pre-
viously also known as the mini-gastric bypass (MGB), has emerged as a new bariat-
ric operation that induces weight loss by utilizing restrictive, enterohormonal, and 
malabsorptive strategies. This procedure shares a divided gastric pouch, but more 
voluminous with the gastric bypass. To complete the intestinal bypass portion of the 
operation, OAGB utilizes a loop reconstruction with a single anastomosis between 
jejunum and gastric pouch. Anastomotic leaks occur in 0.1–1.9% of patients. This 
can most likely be attributed to the tension-free, densely vascular anastomosis to a 
narrow and thin-walled lesser curvature-based gastric pouch. Arterial hypertension 
and heavy smoking have been reported to be predictive factors for developing leaks 
after OAGB. If a leak is detected, management involves intra-abdominal washout 
and drainage with primary repair of the leak. However, in a leak that has become 
chronic with severely damaged gastric tissue, a PGEJ reconstruction is consid-
ered [50].

25.7  Conclusion

Despite an overall decrease in the incidence of anastomotic leaks over time, this 
dreaded complication remains a significant cause of morbidity and mortality after 
bariatric surgery [35]. While the causes for developing a leak are multifactorial, it is 
imperative that surgeons understand the distinct patient and technical factors of 
each bariatric surgery, to minimize the morbidity and mortality associated with the 
rapid progression from systemic inflammatory response to sepsis and shock. A high 
index of suspicion is critical to expedite recognition and early initiation of manage-
ment. For patients who present hemodynamically stable, the surgeon’s clinical sus-
picion can be confirmed with the assistance of laboratory studies, UGI contrast 
studies, and CT scan. Conservative management includes control of local and sys-
temic sepsis, control of gastrointestinal secretions, and early nutritional support. 
Successful management has also been reported using minimally invasive endo-
scopic techniques. In the face of clinical deterioration or unsuccessful non-operative 
management, operative intervention involves re-exploration with extensive washout 
and drainage, with or without repair of the leak.
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26.1  Introduction

Laparoscopic sleeve gastrectomy (LSG) has gained popularity over recent years [1]. 
Although the risk profile of the sleeve gastrectomy is low, there are still multiple 
feared complications [2]. Specifically, gastric sleeve stenosis can occur in 0.1–3.9% 
of cases [3]. This complication can occur by two main mechanisms. First, from a 
mechanical obstruction or stricture, usually occurring more proximal and secondary 
to fibrosis. Second, is an axial deviation, or twist, of the sleeve, often present at the 
incisura angularis. This likely occurs as a result of progressive rotation of the staple 
line and scarring of the sleeve in a kinked fashion or from imbrications of the staple 
line and over-retraction of the greater curvature during stapling. Symptoms include 
regurgitation, dyspepsia, early satiety, abdominal pain, nausea, vomiting and rapid 
weight loss. Diagnosis includes endoscopic and fluoroscopic imaging [4]. Treatment 
options historically involved surgical revision, most commonly converting to a 
roux-en-y gastric bypass (RYGB). However, there are multiple endoscopic options 
that can be offered and have recently gained popularity.

Management of a stenosis following laparoscopic sleeve gastrectomy is an 
important topic given the high morbidity that can result from this complication. 
There are multiple case reports that suggest surgical revision should be the mainstay 
of treatment for gastric stenosis [5]. However, the use of endoscopy as treatment 
allows for a less invasive approach and avoids potential complications of revisional 
surgery. Endoscopic treatment is also not without risk and cost and length of therapy 
may add additional morbidity. There are a wide variety of studies that recommend 
algorithmic approaches to the treatment of gastric stenosis following LSG. The goal 
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of this chapter is to address and grade the different treatment modalities available 
for stenosis following a gastric sleeve operation.

26.2  Search Strategy

A literature search of English language publications from 2014 to 2019 was used to 
identify published data of surgical revision versus endoscopic management of ste-
nosis after a gastric sleeve operation. PubMed and Cochrane Evidence Based 
Medicine were used. Terms used in the search were (“2014” [Date—Publication]: 
“2019” [Date—Publication]) AND (sleeve gastrectomy) AND (stenosis or stricture 
or twist) AND (endoscopic management) AND (surgical revision). Articles were 
excluded that were over 10 years old and 11 articles were used. There were 10 ret-
rospective chart review studies, and 1 case report. The data was classified using the 
GRADE system.

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with gastric sleeve 
stenosis after laparoscopic 
sleeve gastrectomy

Endoscopic balloon 
dilatation or stent 
placement

Surgical 
Revision

Symptom resolution, 
risks of therapy, 
treatment duration, cost

26.3  Results

26.3.1  Diagnosis of Sleeve Stenosis

Accurate diagnosis of gastric sleeve stenosis after laparoscopic sleeve gastrectomy 
is an important aspect of determining appropriate management. Multiple retrospec-
tive review studies that outline endoscopic treatment modalities for sleeve stenosis 
begin with review of proper diagnosis. Diagnosis is commonly made by x-ray with 
ingestion of radio-opaque contrast (barium swallow) or with esophagoduodenos-
copy [4]. Some proposed algorithms also defined specific parameters for diagnosis. 
Rebibo et al. stated that for diagnosis of an organic gastric stenosis an upper endos-
copy was mandated followed by a water-soluble contrast agent under radiologic 
guidance. This helped to define the site and length of the stenosis. For a functional 
gastric stenosis, an upper gastrointestinal endoscopy procedure was necessary as the 
swallow study was often normal. If a patient who presented with gastric stenosis 
symptoms had normal imaging, then esophageal manometry was essential to rule 
out a diagnosis of achalasia [6].

26.3.2  Management of Sleeve Stenosis

After a diagnosis is made, there are many proposed management options for gastric 
stenosis following LSG. There are multiple retrospective chart reviews that report 
varying rates and demographic data on patients who experience gastric stenosis. 
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These studies also review various treatment modalities, rates of success and need 
for revisional surgery (Table 26.1). There are a variety of balloon types and sizes 
used to treat this complication. Most commonly used are achalasia balloons and 
through the scope balloons (TTS). Some studies utilized one or the other, or a com-
bination of both. Stent placement was used less often in these studies and was often 
a last resort prior to surgical revision.

26.3.3  Single Modality Management with Balloon Dilation

The most common management includes balloon dilation. Balloon dilation can be 
done with either through the scope balloons or achalasia balloons. Through the 
scope balloons range from 10 to 20 mm in size. They work by passing a wire through 
the scope and are endoscopically guided, so all dilation is performed under direct 
visualization. Achalasia balloons range from 30 to 40 mm in size. They are also 
passed over a wire, but with fluoroscopic guidance as opposed to endoscopic. 
Achalasia balloons were originally designed specifically for achalasia, but the use 
has become more widespread [7].

Some studies utilized through the scope balloon dilatation as opposed to acha-
lasia balloon dilatation, or a combination of both. A retrospective study by Ellatif 
[8] reviewed 3634 patients undergoing LSG, with 2.3% of patients having either 
a gastric sleeve axial twist (45 patients) or a stricture (41 patients). Of the patients 
with an axial twist, they found that 27 patients were successfully managed by bal-
loon dilation, and 16 patients by endoscopic stenting with an overall endoscopic 
success rate of 95.5%. Only balloons with size ranging from 15 to 18 mm (through 
the scope balloons) were used and 1.7 dilations were required. Two patients 
required three dilations and subsequently required revision. Both were found to be 
secondary to adhesions, and an adhesiolysis with gastropexy was performed on 
both patients.

A retrospective study by Deslauriers et al. also examined through the scope bal-
loon dilation as a first attempt, with sequential therapy using 20 mm through the 
scope balloons followed by 30–40 mm achalasia balloons and stent placement in 
refractory cases. Revisional surgery was reserved for patients who did not have 
significant improvement in symptoms after endoscopic treatment. Twenty-seven 
patients underwent endoscopic treatment with a success rate of 56% (15/27 patients). 
Twenty percent of these patients had only moderate improvement in their symptoms 
and were considered partial responders. After three failed interventions, patients 
then underwent revisional surgery. There were 44% that were considered failures. 
All surgical revisions consisted of conversion to laparoscopic RYGB.

One study found that patients who had a dilation with a TTS balloon (20 mm) 
only had a 31% success rate compared to a 100% success rate in patients that had 
dilatation with an achalasia balloon (30 mm) [9]. Another retrospective study had a 
69% success rate only using TTS balloons (10–18 mm) [10]. On the contrary, a 
study by Ogra et al. had a 100% success rate (26/26 patients) utilizing sequential 
therapy [3], starting with a TTS 20 mm balloon followed by a 30 and 35 mm acha-
lasia balloon.
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A case report by Farha et  al. describes the use of gastric per oral endoscopy 
myotomy for treatment of organic gastric stenosis following LSG. The patient had 
failed endoscopic management and refused a conversion to a RYGB. The patient 
had marked improvement in symptoms and endoscopy at 5 weeks post procedure 
revealed improved stenosis. This procedure could be considered in the algorithm 
after other endoscopic treatments such as balloon dilatation and stent placement 
fail [11].

26.3.4  Sequential Algorithms Utilizing Balloons 
and Stent Placement

Multiple studies have attempted to create algorithmic approaches to treatment based 
on retrospective data, including retrospective studies by both Agnihortri et al., and 
Rebibo et al. These studies utilized stent placement as well as balloon dilation for 
the management of gastric sleeve stenosis.

The study by Agnihotri et al. created an algorithm based on the use of an achala-
sia balloon dilatation as a first line treatment modality. The algorithm recommends 
starting with achalasia 30 mm balloon dilation, followed by 35 mm dilation, and 
then repeating 3–4 times as needed. If this is unsuccessful, stent placement is then 
recommended. If patient is still symptomatic, surgical revision is considered last. 
The study found that out of the 17 patients initially treated with balloon dilatation, 
3 went on to require stent placement and 2 patients underwent eventual surgical 
revision, with an 88.2% success rate.

The study by Rebibo et al. recommended a similar algorithm with minor devia-
tions. Patients initially underwent serial balloon dilatations using progressively 
larger balloons (30–35–40 mm). However, they only recommended stent placement 
for early onset gastric stenosis, considered as occurring prior to post-operative day 
7. After three failed dilatation attempts, surgical revision was then recommended. 
They examined 1210 patients who underwent laparoscopic sleeve gastrectomy. 
Seventeen (1.4%) were found to have gastric stenosis with 6 patients having a func-
tional twist, and 11 patients having an organic cause for the stenosis. The rate of 
success of endoscopic management was 86.6%, with two patients requiring revi-
sional surgery and one patient having a stent placed after an early diagnosis of 
gastric stenosis.

A study by Manos et al. [12] also had an algorithm that included stent placement. 
Ninety-four percent of patients were successful with endoscopic therapy. Stents 
were utilized in cases of complete stenosis (the endoscope was unable to be passed) 
or after patients had a failed attempt at balloon dilation.

There were also varying reports of achalasia balloons being used as a primary 
treatment modality with success rates ranging from 60 to 88% [13, 14].

26 Gastric Sleeve Stricture, Twist or Kink, Now What?
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26.3.5  Complications of Various Treatment Modalities

Overall the risk profile of endoscopic treatments was low. The complications are 
outline in Table 26.1. Complication rates ranged from 3.7 to 6% and including stent 
migration, perforation and bleeding, mucosal tear and distal migration of stents 
[2–4, 14]. The risk profile of revisional surgery as a treatment modality varies by the 
surgery and is fairly well established for the conversion to a Roux-en-Y gas-
tric bypass.

26.4  Recommendations Based on Results

The overall quality of evidence relating to the topic of managing gastric sleeve ste-
nosis is low. There are multiple retrospective reviews but there are no prospective or 
randomized control trials comparing various treatment modalities. Recommendations 
based on the data are listed in Table 26.2.

26.5  Personal View of the Data

The treatment of gastric stenosis after a sleeve gastrectomy can be complicated and 
time consuming. Meanwhile, surgical revision can offer a quick solution but may 
not be ideal for every patient. Endoscopic techniques such as balloon dilatations and 
stent placement may offer non-surgical treatment options. Although data is not 
strong to support this, it appears to be a reasonable treatment modality. It may be 
worthwhile to attempt endoscopic treatment prior to pursuing surgical revision, 
especially in patients who may not desire surgical revision. However endoscopic 
treatment in these patients may result in weight regain unlike revisional surgery to 

Table 26.2 Evidence and recommendations regarding the treatment of gastric sleeve stenosis

Treatment 
modality

Grade of 
evidence Recommendation

Strength of 
recommendation

Achalasia 
balloon 
dilatation

Moderate Reasonable first line treatment for 
stenosis, up to three attempts

Weak

TTS balloon 
dilatation

Moderate Reasonable balloon dilatation option to 
consider, up to three attempts

Weak

Stent 
placement

Low Should be considered in early diagnosed 
gastric stenosis, in cases of complete 
stenosis or when balloon dilation has 
failed

Weak

Surgical 
Revision

Moderate Surgical revision should be reserved for 
those cases that fail endoscopic 
management

Weak

L. L. Tangalakis and J. A. Myers



293

RYGB and patients should be counseled of this risk with endoscopic treatments. 
Further prospective studies and randomized control trails comparing endoscopic 
techniques and surgical revision are essential to create algorithms based on high 
grade evidence.
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27.1  Introduction

As more people seek bariatric surgery for durable treatment of morbid obesity and 
its associated metabolic diseases, the decision of whether or not to concomitantly 
treat co-existing hiatal hernia (HH) has become increasingly relevant. The preva-
lence of symptomatic HH in the general population is thought to range between 16 
and 22%. However, the problem is more significant in the morbidly obese popula-
tion, with rates reported as high as 37% when diagnosed on preoperative barium 
swallow [1].

The distribution amongst the four types of HH in morbidly obese individuals is 
similar to the overall population, with type I “sliding” hernias being the most com-
mon (90–95%). Risk factors that predispose this population to widening and laxity 
of the hiatus as well as gastroesophageal sphincter incompetence are thought to be 
related to increased intraabdominal pressure [2, 3].

Generally, symptomatic sliding type I HH may be satisfactorily treated with 
medical therapy alone. Therefore, there is some uncertainty as to whether bariatric 
surgery alone and subsequent reduction in intraabdominal pressure with weight loss 
may improve reflux symptoms in morbidly obese patients with HH [4]. Conversely, 
recent short- and long-term data suggest that anatomic changes and increased intra-
gastric pressure secondary to sleeve gastrectomy (SG) may either unmask or result 
in de novo reflux symptoms in obese patients with previously asymptomatic HH [5]. 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_27&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_27#DOI
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In the 2011 consensus guidelines on laparoscopic sleeve gastrectomy, 82% of expert 
surgeons surveyed agreed that the hiatus should be aggressively explored by rou-
tinely “dissecting the phrenoesophageal membrane and inspect[ing] the greater cur-
vature side of the stomach for the presence of a hiatal hernia.” Any hiatal defect 
should be repaired posteriorly [6]. However, subsequent data suggest varying symp-
tom resolution or even worsening with the addition of routine hiatal explora-
tion to SG.

The problem of hiatal hernia complicating bariatric surgery is sometimes 
approached from a slightly different angle when a morbidly obese patient is referred 
for treatment of symptomatic hiatal or paraesophageal hernia. Particularly for larger 
type III and IV HH or paraesophageal hernias, a second related question arises: 
since obesity is a risk factor for both occurrence and recurrence of HH, should mor-
bidly obese patients undergoing HH repair undergo simultaneous bariatric surgery? 
Taken together, with the growing numbers of patients with BMI greater than 35 
being referred for foregut surgery, as well as rising popularity of sleeve gastrectomy 
(SG) over Roux-en-y gastric bypass (RYGB), preoperative consideration of the 
patient’s native anatomy and severity of reflux symptoms becomes an important 
part of the preoperative discussion and decision-making process.

27.2  Search Strategy

A literature search of English language publications from 2010 to 2020 was used 
to identify published data on hiatal hernia in the bariatric surgery population. 
Databases searched were PubMed, Cochrane Library, and Scopus Database. 
Terms used in the search were “hiatal hernia,” “hiatal hernia repair,” “obesity,” 
“bariatric surgery,” “sleeve gastrectomy,” “gastric bypass,” “bariatric surgical pro-
cedures,” “crural repair,” and “gastroesophageal reflux disease.” Articles were 
excluded if they did not simultaneously address hiatal hernia and obesity surgery, 
Articles discussing laparoscopic gastric banding and simultaneous hiatal hernia 
repair were excluded and felt to be outside the scope of this chapter, given the 
declining popularity of this procedure. Articles reviewing perioperative reflux 
symptoms without addressing hiatal hernia repair were reviewed, but not included 
in the final analysis. Of note, many of the studies that will be discussed approached 
this challenging problem from the somewhat differing angles of (a) surgical treat-
ment for obesity with incidental hiatal hernia versus (b) surgical treatment for 
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symptomatic hiatal hernia in the setting of obesity. Both approaches were included 
if they specifically addressed concomitant surgery, as we felt based on clinical 
experience that the overlap in this patient population was too significant to 
exclude. In total, we included 23 articles.

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients 
undergoing 
obesity surgery 
with hiatal hernia

Sleeve Gastrectomy
with concomitant
Hiatal hernia repair
OR
Roux-en-y gastric bypass 
with concomitant 
paraesophageal hernia 
repair

Sleeve gastrectomy 
without hiatal 
hernia repair
OR
Hiatal hernia repair 
without obesity 
surgery

Morbidity/mortality, 
postoperative reflux 
symptoms, hiatal hernia 
recurrence

27.3  Results

27.3.1  Clinical Relevance of Hiatal Hernias in Bariatric Surgery

As obesity continue to rise across the United States, the rate of hiatal hernias con-
tinues to increase. Che et al. identified the prevalence of HH to be 37% in a study of 
181 morbidly obese patients with BMI of 43 g/m2 [1]. Despite various pre-operative 
tests such as GERD questionnaires, pH monitoring, esophagogastroduodenoscopy 
(EGD), upper gastrointestinal series (UGI) or CT scans, hiatal hernias (HH) are 
commonly missed during the workup. One of the few studies that used preoperative 
pH monitoring to identify GERD was Ece et al. [7]. Their goal was to elucidate high 
risk patients with GERD by using GERD Health-Related Quality of Life question-
naire (GERD-HRQL), ambulatory pH monitoring and EGD. Based on the results of 
the GERD-HRQL questionnaire, this determined if the patient would undergo pH 
monitoring and 84% of these patients had a DeMeester score greater than 14.7%. 
These patients underwent HH repair. Post operatively, three patients had persistent 
GERD symptoms and 11% of patients had de novo GERD. There was no difference 
found in the excess weight loss between the two groups. Despite there being a small 
subset of de novo GERD patients, this study was able to elucidate that HH is feasi-
ble with SG as well as has no outcome in weight loss.

27 Hiatal Hernia Complicating Bariatric Surgery
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HH are difficult to identify in patients pre-operatively and because of this, the 
operator should have a high index of suspicion. Soricelli and colleagues found that 
of the 97 patients found to have a HH, 56% were identified intra-operatively [27]. 
Intra-operatively, there are various measures used to identify a HH. Some authors 
described a method of identifying a fingerprint sign above the anterior esophagus at 
the hiatus while others explored every patient’s hiatus by opening the phrenoesoph-
ageal ligament [7, 27]. There is no consensus on how to identify an intra-operative 
HH but more cases of HH are found at the time of surgery than pre-operatively. 
Once the abdomen is inspected and found to have a laxity or possible HH, the ques-
tion becomes how to repair this find. These findings can be repaired anteriorly vs. 
posteriorly. Lyon et al. evaluated 262 patients undergoing SG and found 57% had 
GERD symptoms, 45% had a HH [18]. They performed anterior repair of the aper-
ture for simple laxity and pre-operative GERD symptoms or performed a posterior 
repair for true hiatal hernia. They found that the patients who underwent anterior 
repair had worsening of post-operative GERD symptoms and the posterior group 
had significant improvement in frequency and severity of GERD symptoms. The 
decision then becomes to repair or not to repair. Also to repair and perform bariatric 
surgery separately. Snyder’s RCT demonstrated that even when a patient is found to 
have a HH, solely performing the bariatric surgery can improve GERD symptoms.

Hefler used the Metabolic and Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP) matched cohorts to compare outcomes of 
patients undergoing bariatric surgery compared to patients who underwent bariatric 
surgery with PEHR [16]. They demonstrated that the rate of PEH did not increase 
as BMI increased. The cohort undergoing PEHR had a higher percentage of patients 
undergoing SG + PEHR (82.6%) vs. SG alone (69.4%) (p < 0.001). When compar-
ing the SG versus the RYGB, the rate of major complications was significantly 
higher in the RYGB group (3% vs. 7%, p < 0.001). This finding was not higher than 
previously published complication rates.

27.3.2  A Personal View of the Data

The data are variable and conflicting: some authors found that reflux was worsened 
after sleeve, while others found no difference if sleeve was performed with or with-
out crural exploration and repair. One of the most compelling findings was the fact 
that patients who had more severe preoperative symptoms in the setting of hiatal 
hernia experienced the most relief with simultaneous cruroplasty at the time of bar-
iatric surgery. Therefore, as with any patient, every preoperative bariatric patient 
should be approached thoughtfully with a thorough history and physical, including 
an assessment of their reflux symptoms. Our view is that this type of basic, methodi-
cal assessment can trigger further workup, including endoscopy and esophagram. 
Taken together, these studies and the patient’s symptoms inform our preoperative 
discussion. At our institution, we currently offer sleeve gastrectomy and Roux-en-y 
gastric bypass. Our general approach to hiatal hernia is a posterior sutured cruro-
plasty with 0-gauge permanent braided suture. Bio-absorbable pledgets are used at 
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the discretion of the surgeon. Bio-absorbable mesh is used only for hiatal defects 
greater than 5 cm.

Our current practice is broadly consistent with the trends suggested by the data. 
For patients with clinically significant reflux symptoms on medical therapy, we tend 
to favor RYGB, and recommend this to our patients. If patients have hiatal hernia, 
we offer concurrent repair at the time of bypass. We tend to agree with the general 
consensus that SG disrupts the crossing fibers near the angle of His, worsening or 
unmasking existing reflux symptoms. However, as implied by the majority of these 
studies, many patients still prefer SG for multiple reasons, including reduced mor-
bidity related to anastomotic complications, internal hernia risk, and lower risk of 
malnutrition. Therefore, if the patient is adamant about undergoing SG, we have a 
thorough discussion regarding the risks and benefits of operation, including wors-
ened GERD with change in angle of His, versus improvement with weight loss. In 
these patients, if hiatal hernia is seen on preoperative workup, we plan for explora-
tion of the crus and repair. While we do not routinely explore the crus during SG, 
we do take down the left phrenoesophageal ligament in preparation for stapling, and 
assess for the presence of a hiatal hernia at that time.

There is clearly room for future work. More randomized control trials in the vein 
of Snyder should be undertaken. In an ideal world, preoperative workup and post-
operative follow-up in future studies should include manometry, pH probe, upper 
endoscopy, and esophagram. Manometry and pH testing should be used to elucidate 
the clinical relevance of asymptomatic hiatal hernia recurrence in the SG popula-
tion. One troubling effect of long-term acid exposure after SG is Barrett’s esopha-
gus; in our current practice, we do not routinely surveil patients postoperatively 
with endoscopy unless warranted by symptoms. A future study could follow SG 
patients with or without hiatal hernia repair at 6-, 12-, and 24-month intervals with 
pH probe and endoscopy to better understand how acid exposure at the gastroesoph-
ageal junction changes after disruption of the angle of His, with weight loss, and 
with or without gradual loosening of cruroplasty over time.
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28Management of GERD in Duodenal 
Switch
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28.1  Introduction

Morbid obesity is a major risk factor in the development of gastroesophageal reflux 
disease (GERD). Not surprisingly, the rise of the worldwide obesity epidemic has 
seen a concurrent rise of GERD prevalence with estimates among obese patients 
ranging from 37 to 72% [1, 2]. Biliopancreatic diversion with duodenal switch 
(BPD-DS), or simply duodenal switch (DS), has been shown to be the most power-
ful tool for durable weight loss currently available, achieving target total body 
weight loss of ~35–45% [3, 4]. Today DS remains the least commonly performed of 
four bariatric surgeries currently approved by the American Society of Metabolic 
and Bariatric Surgery (ASMBS), representing only 2% [4]. The low rate of adapta-
tion of this procedure since its development by Scopinaro in the 1970s [5] is likely 
multifactorial, including increased technical difficulty and greater risk of serious 
macro and micronutrient deficiencies related to malabsorption in comparison to the 
more commonly performed vertical sleeve gastrectomy (VSG) and Roux-en-Y gas-
tric bypass (RYGB). It has also been associated with worsening or de novo develop-
ment of GERD symptoms as high as 43.8% in one 10-year follow up series [6].

28.2  Search Strategy

A literature review of the PubMed database (title and abstract) was conducted using 
the search term ‘duodenal switch’ AND ‘gastroesophageal reflux disease’. The 
results pertaining to management of GERD in the post-operative period following 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_28&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_28#DOI
mailto:mhussain@surgery.bsd.uchicago.edu


308

duodenal switch were limited. Therefore, an additional search was conducted using 
the search term ‘sleeve gastrectomy’ AND ‘gastroesophageal reflux disease’. The 
search results were reviewed for publications pertaining to management of GERD 
in the post-operative setting. Additional search terms utilized to further narrow the 
results for focused review included ‘hiatal hernia’, ‘intractable GERD’, ‘GERD 
management’, and ‘revisional surgery’. The search was largely limited to studies 
written in the English language; no publication date filter was utilized.

28.3  Results

28.3.1  Current Evidence

The difficult question arises what to do for those patients who develop worsening or 
de novo GERD symptoms following DS. There is little to no evidence regarding 
management of GERD after DS at the time of this publication. Prior to being a 
stand-alone surgical procedure, vertical sleeve gastrectomy was described by Hess 
in 1988 as a component in the modified approach to the original biliopancreatic 
diversion described by Scopinaro which involved distal partial gastrectomy [7]. 
Therefore, the modern DS shares significant similarity to the VSG. Because the DS 
utilizes a larger sleeve diameter, it is inherently less at risk for development of reflux 
given decreased intragastric pressure. This may contribute to the relative lack of 
incidence and literature on the subject of GERD after reflux. Despite this difference, 
management strategies for GERD in the DS patient are able to be extrapolated from 
the SG population with reasonable utility.

28.3.2  Extrapolation from Vertical Sleeve Gastrectomy Literature

The relationship between VSG and the development of new or worsening GERD is 
related to several structural factors including removal of the gastric fundus, disrup-
tion of the sling muscle fibers at the gastroesophageal junction (GEJ), reduced gas-
tric volume, and decreased antral pump action proximal to an intact pylorus resulting 
in increased pressure in the proximal sleeve [8]. However, there has been little con-
sensus in the literature regarding the true effect of SG on GERD [9]. A systematic 
review of the existing literature in 2016 showed a pooled incidence of new-onset 
GERD symptoms in 20% of patients following VSG, as well as a slight propensity 
for SG to worsen existing GERD prevalence [2]. The management strategies sum-
marized below have been recommended for management of GERD in VSG popula-
tions and are similarly advised for management of GERD in DS populations.

28.3.2.1  Pre-operative Screening
Recent updated clinical practice guidelines advised that all patients planning bariat-
ric surgery undergo pre-operative screening with detailed questioning for existing 
GERD symptoms. If present, these should be evaluated with imaging studies, upper 
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GI series, or endoscopy [4]. Endoscopic detection of hiatal hernia has a reported 
sensitivity of 78% while clinical detection has a sensitivity of only 55% [10] leading 
some experts to advise that pre-operative endoscopy should be considered routinely 
prior to all VSG [4]. This recommendation may similarly be applied to patients 
considering DS.

28.3.2.2  Concomitant Hiatal Hernia Repair
The prevalence of hiatal hernias in morbidly obese patients is estimated to be 
around 40% [11]. The presence of a hiatal hernia has a role in both initiation and 
promotion of GERD symptoms and should therefore ideally be repaired at the 
time of the index weight loss operation. There is growing literature and consensus 
amongst experts that concomitant repair of hiatal laxity or hiatal hernia results in 
improved GERD symptoms and increased patient satisfaction post-operatively 
[12, 13]. An international panel of experts saw 83% consensus amongst panelists 
advising an aggressive approach to identification and repair of intraoperatively 
identified hiatal hernia [14]. A similar approach is recommended for both 
VSG and DS.

28.3.2.3  Subsequent Hiatal Hernia Repair
For those patients who develop de novo or worsening GERD symptoms post- 
operatively following DS, an initial approach with optimized medical management 
beginning with proton pump inhibitors should be undertaken. If medical manage-
ment is unsuccessful in achieving adequate relief, diagnostic evaluation is recom-
mended for the presence of hiatal hernia. If confirmed, consider re-operation for 
subsequent hiatal hernia repair. While traditional fundoplication is not an option 
following VSG or DS, hiatoplasty with or without mesh has been shown to be safe 
and effective in alleviating GERD symptoms after previous sleeve gastrectomy [15, 
16]. Resection of dilated or retained neo-fundus that may be within the hernia may 
aid in resolution of symptoms and prevent hernia recurrence.

28.3.2.4  Rescue Conversion
An established re-operative intervention in sleeve gastrectomy patients with intrac-
table GERD is rescue conversion to RYGB [17, 18]. However, extrapolation of this 
recommendation to the DS population should be considered a last resort given the 
increased technical difficulty and risk associated with revisional surgery from DS 
to RYGB.

28.3.2.5  Novel Approaches
There is some new literature on the use of magnetic sphincter augmentation as 
another tool for managing reflux after bariatric surgery. The device has been used 
in patients undergoing all types of bariatric surgery, including VSG, RYGB, and 
DS. Post-operatively patients were shown to have decreased use of acid-reducing 
medication and increased GERD-specific quality of life scores [19]. While early 
results are promising, this approach has not yet been widely investigated or 
adapted.

28 Management of GERD in Duodenal Switch
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28.4  Conclusions and Recommendations

Biliopancreatic diversion with duodenal switch is our preferred intervention for 
patients with a BMI greater than 50  kg/m2. As compared to Roux-en-Y gastric 
bypass, DS has superior outcomes for weight loss, and resolution of all co-morbid 
conditions with the exception of GERD [20]. Therefore, when we encounter patients 
with BMI > 50kg/m2 who have GERD, we weigh the risks of ongoing or worsening 
GERD with the benefits of superior weight loss and resolution of metabolic condi-
tions afforded by DS. Our pre-operative assessment includes pH testing, esophageal 
manometry, upper GI contrast study and EGD.  Patients with pathologic reflux, 
esophageal dysmotility or reflux induced changes to esophageal mucosa (esophagi-
tis, stricture, Barrett’s) are designates to undergo Roux-en-Y gastric bypass. Patients 
with hiatal hernia that may contribute to reflux, but without esophageal mucosal 
changes, may undergo RYGB or DS with concomitant hiatal hernia repair. Severely 
obese patients with significant metabolic conditions and without esophageal muco-
sal changed may benefit more from duodenal switch.

Patients who have undergone DS and subsequently develop worsening reflux, 
our first step is to counsel them on diet and behavior modifications that may contrib-
ute to their symptoms along with PPI therapy. Patients with refractory symptoms 
often have a hiatal hernia that can be addressed surgically. Many times, these her-
nias are associated with a dilated neo-fundus that needs resection or “re-sleeve” 
along with hiatal hernia repair. This serves to reduce acid producing gastric mucosa 
and eliminates a “lead-point” for gastric herniation. We have not needed to convert 
a duodenal switch to a Roux-en-Y gastric bypass to date, nor have we employed the 
use of magnetic sphincter augmentation. Prior to doing so, we would recommend 
pH and manometry testing to confirm pathologic reflux.

28.5  Personal View of Data

Clearly there is need for more research and publication in this particular area. The lack 
of literature may be due to selection of patients with significant preoperative GERD to 
have procedures other than DS, the overall low numbers of DS performed or perhaps 
the lower incidence of post-operative GERD in patients with a larger capacity/lower 
pressure sleeve. Another issue not examined is the contribution of bile reflux to patho-
logic GERD. The diversion of biliopancreatic secretions away from the stomach and 
esophagus in DS, may also lead to a reduced incidence of symptomatic GERD result-
ing in lower reports. Nevertheless, when encountering DS patients with significant 
GERD, extrapolating from the VSG experience can be instructive and therapeutic.

28.6  Recommendations

 1. Thorough pre-operative screening for symptoms of GERD ± diagnostic studies 
such as endoscopy, contrast upper GI radiography, manometry, and pH 
monitoring.
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 2. Adequate intra-operative dissection of the hiatus for identification of existing 
laxity or hiatal hernia with low threshold for simultaneous repair during the 
index weight loss operation.

 3. Subsequent hiatal hernia repair for those patients who develop de novo or wors-
ening GERD symptoms post-operatively and fail optimal medical management.

 4. Rescue conversion to Roux-en-Y gastric bypass should be considered a last 
resort given technical difficulty.
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29.1  Introduction

Roux-en-Y gastric bypass (RYGB) is a very effective weight loss surgery that can 
achieve significant and sustained weight loss [1, 2]. In the United States, over a mil-
lion RYGB have been performed in the past decade, and it is currently the second 
most commonly performed bariatric surgery for obesity [3]. On average, excess 
weight loss (EWL) after RYGB is 60–70% [1, 4] and resolution or improvement of 
obesity related comorbidities such as diabetes, dyslipidemia, hypertension and 
sleep apnea have been reported in 75–94% of cases [4].

Weight regain, defined as gaining more than 15% of maximum weight loss is 
common in all bariatric surgeries [5]. In RYGB, twenty to fifty percent of patients 
experience significant weight regain in 5 to 10 years after surgery [6, 7] and weight 
regain can occur as early as 1 year after RYGB [8]. Most RYGB patients regain 
more than 30% of lost weight and over a quarter of RYGB patients regain almost all 
of their lost weight [8]. Weight regain is suspected to be caused by combination of 
multiple factors including genetic susceptibility, hormonal/metabolic changes, 
environmental/nutritional/psychosocial aspects and modifiable anatomic changes 
such as dilated gastrojejunal stoma, dilated pouch and/or gastro-gastric fistula for-
mation. This chapter will review the endoscopic interventions for revision of a 
dilated gastrojejunal stoma for weight regain.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_29&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_29#DOI
mailto:christopher.chapman@uchospitals.edu
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29.2  Search Strategy

PubMed database were used in the majority of search and Google Scholar database 
were searched if no study was found in PubMed related to each subject. References 
of included articles were searched to identify additional studies. Two independent 
reviewers (YEK and CC) manually reviewed all articles to ensure the qualification 
of the study in each endoscopic procedure criteria. Search keyword used included, 
but not limited to: bariatric endoscopy, StomaphyX, incisionless operating plat-
form, transoral outlet reduction, endoscopic suturing, gastrojejunal stoma and 
Roux-en-Y gastric bypass revision.

29.3  Clinical Relevance of a Dilated Gastrojejunal Stoma

Although controversial, studies have demonstrated that a dilated gastrojejunal 
stoma after RYGB is a strong independent risk factor associated with weight regain 
and the diameter of the gastrojejunal stoma demonstrates a positive linear correla-
tion with the amount of weight regain [9]. One study showed each 10 mm increase 
in the stoma diameter resulted in 8% increase in the percent of maximal weight lost 
that was regained in 5 years after RYGB [9]. Stoma size ≥15 mm is defined as 
dilated and endoscopic or surgical revision should be considered in those 
patients [10].

Certain surgical revision techniques including gastrojejunal outlet reduction sur-
gery for weight regain after initial RYGB have shown to be effective in additional 
weight loss. One study showed laparoscopic RYGB revision resulted in 54% of 
additional percentage of EWL at 4 years after revision surgery [11]. However, vari-
ous surgical revision procedures have major complication rates ranging from 20 to 
50% and mortality rates up to 2% [11–16]. To overcome morbidity and mortality 
from surgical revision, minimally invasive endoscopic revision procedures have 
been proposed. Multiple endoscopic modalities using various tissue plication tech-
niques and sclerotherapy have been investigated to achieve reduction of dilated gas-
trojejunal stoma and/or gastric pouch size.

29.4  Endoscopic Plication Techniques

29.4.1  StomaphyX

The StomaphyX™ (EndoGastricSolutions, Inc., Redmond, WA, USA) is a transoral 
plication device that creates tissue approximation and ligation using polypropylene 
SerosaFuse™ fasteners (Fig. 29.1a). In this procedure, a vacuum suctions gastric 
tissue into the device creating a large tissue fold. A stylet is advanced through the 
tissue and polypropylene H-fasteners are deployed across the base of the created 
fold [17]. The procedure creates a series of 3–4 rows of 4–6 plications 
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circumferentially from the most distal end of the pouch to the stoma, with a goal of 
reducing ≥75% of gastric pouch volume and ≥ 50% of stoma diameter.

Four retrospective case series evaluating StomaphX for RYGB revision for 
weight regain have been reported in the literature [18–21]. The first report in 2009 
consisted of 39 patients with >10% weight regain from the nadir and > 2 years from 
the RYGB [18]. After 6 months (n = 14), the mean weight loss was 8.7 kg (17.0% 
EBWL), and at 1 year (n = 6) was 10.0 kg (19.5% EBWL). A second series with 64 
patients, the mean weight loss was similar, with 7.6 kg lost at a mean follow-up of 
nearly 6 months [19]. However, subsequent retrospective case series started raising 
concerns about the durability of the revisional weight loss. In 2011, Ong’uti et al. 
reported 29 patients undergoing Stomaphyx revision had a median weight loss of 

StomaphX ROSE/IOP

OverStitch/eTOR

. 

Over-the-scope clips

a

c

b

d

Fig. 29.1 Plication devices and techniques. (a) StomaphX, (b) ROSE/IOP, (c) OverStitch/eTOR 
and (d) Over-the-scope clips
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47% of regained weight at 6 months, but this declined to 20% at 1 year [21]. A simi-
lar concern for durability of weight loss was reported by Goyal et al. reviewing 59 
post-RYGB patients who underwent revision of gastric pouch using StomaphyX 
from 2007 to 2008 [20]. At 6 months, EBWL was 11.5 ± 17.9% (n = 10), however 
in a cohort of 53 patients with 24–48 months of follow-up, the average weight loss 
declined to 1.7 ± 9.7 kg, and EBWL was 4.3 ± 29.8%. Further, endoscopy per-
formed in 12 patients at average 18 months follow-up showed no sustained reduc-
tion in pouch and stoma size (Table 29.1).

A prospective, single-center, randomized, single-blinded study for RYGB revi-
sion was initiated in 2009 [22]. However, due to the preliminary results indicating a 
failure to achieve the primary efficacy end point (≥15% excessive BMI loss and 
BMI <35) in at least 50% of StomaphyX-treated patients, enrollment was closed 
prematurely. 45 patients treated with StomaphyX and 29 patients in the sham treat-
ment group completed 1  year of post-randomization follow up. 22.2% of the 
StomaphyX patients achieved the primary endpoint compared to 3.4% in sham pro-
cedure group (p < 0.1). In the StomaphyX cohort there was a gastric perforation 
causally related to the device which required laparoscopic exploration and repair 
surgery. The failure to reach the primary study endpoint resulted in early termina-
tion of the study and the device is no longer available for RYGB revision.

29.4.2  ROSE Procedure/Incisionless Operating Platform

Restorative Obesity Surgery Endolumenal (ROSE) procedure is an endoscopic revi-
sion technique using the Incisionless Operating Platform™ (USGI Medical, Inc., 
San Clemente, CA, USA). The device creates full thickness gastric tissue plications 
and decreases the size of gastric pouch or gastrojejunal stoma (Fig. 29.1b).

Four prospective studies and one retrospective case series evaluating ROSE pro-
cedure in RYGB patients were reported in the literature. The first prospective pilot 
study involving 5 patients who regained a mean of 14.7 kg with dilated pouch and 
GJA noted on endoscopy showed technical success in 100% of patients with mean 
weight loss of 7.8 kg at months without major complications [23]. Subsequently, 
Mullady et al. performed prospective case series study with 20 patients who had a 
mean of 13 kg weight regain with dilated pouch and GJA [24]. Procedure success 
rate was 85% with average reduction in stoma diameter of 16 mm and pouch length 
of 2.5 cm, and of those successful cases, mean weight loss 8.8 kg at 3 months.

This prompted a prospective multicenter registry study published in 2010 involv-
ing 116 patients who had regained significant weight ≥ 2 years after RYGB after 
achieving ≥50% EWL [25]. Technical success rate was 96%, with average stoma 
diameter reduction of 50% and pouch length reduction of 44%. At 6 months, an 
average of 32% of weight regain after RYGB had been lost, with average EWL of 
18%. Follow up EGD at 12 months showed durable tissue folds and anchors. A fol-
low up data from this study showed safety and durability of ROSE procedure, with 
14.5% EWL at 12 months without serious adverse events. This study highlighted 
that aggressive reduction of stoma dilation to less than 10 mm was associated with 
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more than double EWL compare to the one who did not (24% vs 10% EWL, 
p = 0.03) [26].

However, a retrospective study following up 27 patients after ROSE procedure 
showed that statistically significant sustained weight loss was achieved only until 
12 months, and among those who had follow up data, EWL were − 10.7%, −13.5%, 
−5.8% and − 4.5% at 36, 48, 60, and 72 months respectively. Of note, only 15% 
patient followed up after 2 years and authors attributed the loss of sustained weight 
loss to lack of follow up and possible anatomical failure [27]. Currently, the ROSE 
procedure with the IOP is not routinely performed in the United States.

29.4.3  Endoscopic Transoral Outlet Reduction (eTOR)

The endoscopic transoral outlet reduction, or eTOR, procedure has emerged as the 
most widely used technique across the US and internationally. The standard eTOR 
procedure utilizes ablation of gastric mucosa adjacent to the stoma followed by full 
thickness sutures to reduce the gastrojejunal anastomosis size (Fig. 29.2a–d). The 

a b

c d

Fig. 29.2 Endoscopic Transoral outlet reduction (eTOR) procedure. (a) Dilated gastrojejunal 
stoma. (b) Argon plasma coagulation treatment of the dialted gastrojejunal stoma. (c) Endoscopic 
transoral outlet reduction (eTOR) using the Overstitch endoscopic suturing device in a modified 
figure 8 suturing pattern. (d) Completed eTOR procedure
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eTOR procedure is currently performed using the OverStitch™ platform (Apollo 
Endosurgery, Austin, TX, USA) (Fig. 29.1c) and is an effective, durable and safe 
weight regain intervention after RYGB.

Thompson et  al. performed a multicenter randomized sham control trial to 
evaluate the efficacy of the eTOR using superficial suction-based device in 77 
patients who had weight regain or inadequate weight loss after RYGB and GJ 
diameter > 2 cm [28]. This study proved the concept of eTOR could be effective 
in weight loss with greater mean percentage weight loss from baseline (3.5% in 
eTOR compared to 0.4% in control group, p = 0.021). The small scale of weight 
loss was attributed to superficial suction-based device, hence subsequent studies 
using OverStitch™ platform (Apollo Endosurgery, Austin, TX, USA) which 
allows a full thickness suturing had been performed. In a retrospective case series 
of 25 patients who underwent TORe for dilated GJA and weight regain, technical 
success was achieved in all patients with a mean reduction in GJA diameter to 
6 mm (77.3% reduction) with sustained weight loss mean of 11.5 kg, 11.7 kg and 
10.8 kg at 3, 6, and 12 months respectively, without major complications [29]. A 
prospective case series was published in 2016 proving durability of weight loss 
and safety with TORe at 3 years (EWL 24.9% at 1 year, 20.0% at 2 years and 
19.2% at 3 years) [30]. This study highlights a low number needed to treat for 
arrest of weight regain with 1.0 at 6 months, 1.1 at 1 year, 1.2 at 2 and 3 years. The 
number needed to treat to maintain weight loss of ≥5 kg from TORe was also low 
(1.2 at 6 months, 1.5 at 1 year, 1.9 at 2 years and 2.0 at 3 years). In a prospective 
study comparing endoscopic suturing and sclerotherapy, endoscopic suturing 
resulted in greater reduction in outlet size (reduction of the outlet diameter by 
15.0 mm in suture and 2.6 mm in sclerotherapy group), which was the only pre-
dictor of weight loss (p < 0.01). In the endoscopic suturing group, patients had 
significant improvement in eating behavior and weight loss than sclerotherapy 
[31]. A large, multicenter meta-analysis of TORe procedure using full thickness 
suturing device from 2013 to 2016 involving 130 patients showed average weight 
loss of 9.3 kg, 7.8 kg and 8 kg at 6, 12 and 18 months, respectively [32]. Overall 
14% of patient had nausea, 18% had pain and 8% required a repeat EGD, how-
ever, no serious adverse events were reported.

Most recently, a five-year follow-up retrospective review of prospectively col-
lected data on 331 RYGB patients who underwent TORe showed 8.5%, 6.9% and 
8.8% total weight loss at 1, 3, and 5 years, with no severe adverse events [33]. The 
mean BMI was 40 kg/ m2 and mean pre-TORe GJA size was 23 mm which was 
decreased to 8.4 mm after TORe. The amount of weight loss at 1 year was a predic-
tor of percentage of total weight loss at 5 years (β = .43, p = 0.01). Interestingly, 
follow up rates were 83.3% at 1 year, 81.8% at 3 years and 82.9% at 5 years and 
39.3% patients had additional weight loss therapy with either pharmacotherapy or 
procedure, with 3.6% getting repeat TORe. An additional endoscopic weight loss 
procedure was associated with higher percentage of total weight loss at 5  years 
(p = 0.01).
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29.4.4  Over-the-Scope Clips

The Over-the-scope clip (OTSC®, Ovesco Endoscopy GmbH, Tübingen, Germany) 
is a biocompatible jaw shaped clip made of Nitinol which is loaded on a transparent 
applicator cap to be mounted on the tip of the scope (Fig. 29.1d). The OTS clips are 
larger in size (11–12 mm) and can capture more tissue than standard through-the- 
scope clips. There is a single prospective case series conducted that used a large 
OTSCs to decrease the size of dilated gastrojejunal anastomosis outlet in 46 patients 
with post-RYGB weight regain. This study showed two clips placed at the opposite 
sites of dilated gastrojejunostomy could successfully reduce the outlet by more than 
80%. In this series, the mean BMI at one year decreased from 32.8 to 27.4 after 
OTSC clip revision procedure [34]. However, due to lack of larger prospective trial 
using OTSC clip for weight regain revision, it has not been adopted as a mainstream 
procedure.

29.5  Endoscopic Ablation and Resection Techniques

29.5.1  Sclerotherapy

Ablation therapies decrease the size of the dilated gastrojejunal stoma by forming 
scar tissue resulting in delayed gastric emptying and increased restriction. 
Gastrojejunal anastomosis reduction was first reported using sclerotherapy with 
submucosal needle injection of sodium morrhuate. In multiple case series and retro-
spective studies, sclerotherapy was effective in achieving mean weight loss of 11.7 
lbs. at 12 months follow up, and 2 or 3 sclerotherapy sessions showed higher rates 
of weight regain stabilization than a single session (90 vs 60% at 12  months, 
p = 0.003) [35]. However, in a prospective study directly comparing endoscopic 
suturing and sclerotherapy in reducing gastrojejunal anastomosis size, an endo-
scopic suturing resulted in greater reduction in outlet size and improvement in 
weight loss than sclerotherapy [31]. Moreover, due to safety concerns in using 
sclerotherapy (2.4% bleeding rate with 67% of bleeding requiring clipping and tran-
sient diastolic blood pressure elevation [35]) as well as lack of availability of sclero-
therapy in many centers, the sclerotherapy is no longer used [10].

29.5.2  Argon Plasma Coagulation

Similar to the sclerotherapy but with less safety concern, argon plasma coagulation 
(APC) has been increasingly adopted for the treatment of dilated gastrojejunal sto-
mas. APC is a noncontact electrocoagulation method using ionized argon gas that 
results in tissue devitalization and ablation. When treating weight regain in post- 
RYGB patients, the gastrojejunal anastomosis is ablated 360 degrees around the 
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circumference of the outlet with 1 cm width to induce tissue scar formation. APC 
settings vary based on duration of activation, power setting and probe distance. 
Commonly used settings are pulsed or forced APC, flow of 0.7–2.0 L/min, effect 2 
and 50 Watts resulting in a light char on the mucosa with no impact to submucosa. 
However, recent data indicate that a higher dose (70–80 Watts) with increased depth 
of penetration to the submucosa may result in increased scar tissue formation and 
enhanced weight loss [36, 37].

In the largest series published to date, a retrospective chart review was performed 
for 558 patients at eight bariatric centers in the USA (1) and Brazil (7) who under-
went APC procedure for post-RYGB weight regain between 2009 and 2017 [36]. 
81.5% of the patients were female with a mean age of 40.9 years, and the mean BMI 
at the time of APC was 34.0 kg/m2 (with 25.1% having a BMI less than 30 kg/m2). 
Using an APC setting of Pulse, flow 2 L, 70 Watts, many patients underwent mul-
tiple treatments with the median number of interventions in these patients being two 
sessions. Mean size of the gastrojejunostomy before APC intervention was 24.4 mm, 
and this decreased to a mean size of 14.0  mm after the intervention. The mean 
weight loss was 6.5, 7.7, and 8.3 kg at 6, 12, and 24 months, respectively. The % 
TWL was 6.7, 8.3, and 11.0 at 6, 12, and 24  months, respectively. Among 333 
patients at four centers for whom information on complications was provided, there 
were nine cases of stenosis, three cases of gastrojejunal ulcers, three cases of vomit-
ing, two cases of gastrojejunal leakage, and one case of melena.

In a prospective study looking at the efficacy of APC (2 L/min, 90 W) as a weight 
regain intervention in 30 post-RYGB patients, three, 8-weeks apart consecutive ses-
sions of APC have shown to decrease the stoma size by 66.9% with mean weight 
loss of 15.5 kg of the 19.6 kg of regained weight after RYGB. The effect of APC 
was maintained at 8 weeks after the final session, both endoscopically and weight 
loss wise, with only complication being stenosed aperture of less than 3 mm in 2 
patients [38].

Most recently in 2020, a parallel, randomized controlled study was published 
comparing APC to exclusive multidisciplinary management after weight regain 
[37]. 42 patients were divided into two groups: APC at 1 L/min, 80 W every 8 weeks 
(n = 22) and control (n = 20). After 14 months of follow-up with a crossover at 
6 months, significant improvement in satiety and greater weight loss were found in 
the APC group and after crossover. Mean pre-APC weight was 101 ± 25.2 kg, mean 
weight regain was 19.4 kg from the minimum weight achieved after the initial surgi-
cal procedure, and mean BMI was 36.1 ± 7.45. The average anastomosis diameter 
was 21 mm, with a pouch size of 5.05 cm. APC was associated with significant 
weight loss (9.73 kg vs. + 1.38 kg) at 6 months, a reduction in the anastomosis 
diameter, early satiation, and increased quality of life. In the control group, no 
change in weight occurred, however after crossing over to receive APC, these 
patients demonstrated 9.8 kg weight loss (10.7%TWL). Patients in the APC arm 
were followed up for 1 year with no reported APC-related complications, such as 
ulcers or strictures. Based on the above published findings, endoscopic APC appears 
to be a safe and effective tool for the treatment of weight regain following RYGB 
surgery in select patients, enabling the avoidance of revisional surgeries.

Y. E. Kwak and C. G. Chapman



333

29.6  Endoscopic Mucosal Resection/Endoscopic 
Submucosal Resection

Endoscopic submucosal dissection (ESD) or endoscopic mucosal resection have 
been reported to be safe and effective methods for endoscopic malignant and pre- 
malignant tissue removal. A common side effect of the tissue resection methods is 
scar formation suggesting that tissue resection at the post-RYGB gastrojejunal anas-
tomosis may result in scar-induced aperture decrease. Data for this indication cur-
rently remains limited to anectdotal case reports. In two case reports, modified ESD 
was performed to incise the mucosa surrounding the gastrojejunal anastomosis in 
order to directly expose the submucosa and muscularis propria for suturing. After 
injecting methylene blue and epinephrine in saline solution into the submucosa, 
circumferential incision approximately 5 mm away from the gastrojejunal anasto-
mosis using needle knife followed by the extension of the incision using insulated 
tip knife was performed. APC and purse-string endoscopic suturing to reduce the 
size of the aperture were then performed resulting in 42 lbs. of weight loss in 
3 months in one case [39] and 14 lbs. of weight loss at 1 year in another case [40].

29.7  Radiofrequency Ablation

Another resurfacing technique using radiofrequency ablation (RFA) by causing 
subepithelial scarring and fibrosis to reduce compliance of the stomach has shown 
to be effective in a pilot study. Among patients who regained >25% of lost weight 
after RYGB, RFA was applied to the gastrojejunal anastomosis as well as the entire 
surface area of the remnant gastric pouch, with repeat sessions at 4 and 8 months if 
the patients did not meet the weight loss target. This study showed mean EWL of 
18.4% at 12  months with a significant trend for continued weight loss over the 
12 months period. Among 25 study subjects, two patients developed significant GI 
bleeding requiring hospitalization, including one patient on dual anti-platelet agents 
[41]. Further clinical studies are needed to investigate durability and selection crite-
ria for RFA as a weight regain revision procedure.

29.8  Cryotherapy

Cryoballoon ablation therapy that is typically used for treatment of Barrett’s esoph-
agus has been used experimentally to induce stricture formation to achieve outlet 
and pouch reduction. In a pilot study, among 22 patients who had weight regain 
after RYGB with dilated pouch for 3–6 cm or dilated outlet of 20–30 mm, cryobal-
loon therapy was performed to ablate 75% of the pouch surface area and/or the 
entire outlet circumference. This study showed over 90% of technical success, with 
significant reduction in outlet size at 8  weeks but no reduction in pouch size. 
Significant correlation of weight loss (%TBWL was 8.1 +/− 12.8 at 8 weeks) with 
reduction in outlet size was observed, however not with reduction in pouch size as 
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observed in other weight regain revision procedures. However, major side effects 
included upper gastrointestinal bleeding requiring transfusion, intractable emesis 
and gastric stenosis requiring endoscopic intervention [42]. Further data including 
safety, long-term success are required before this technique could be 
recommended.

29.9  Conclusion

Bariatric surgery remains the most effective procedure for the treatment of morbid 
obesity and obesity associated co-morbidities. However, in a large proportion of 
patients, weight regain can occur resulting in recurrence of co-morbidities and 
decreased quality of life. Patients who develop weight regain after RYGB should be 
evaluated for dilation of the gastrojejunal anastomosis. Transoral outlet reduction 
(eTOR) is a safe and effective treatment of weight regain after RYGB and should be 
offered as a part of a multidisciplinary management strategy. Endoscopic revision 
procedures for weight regain will continue to have a role in patients who are poor 
surgical candidates, as an early intervention to halt weight regain, as a bridge to 
revision surgery, or as a primary alternative to the revision surgery.

29.10  A Personal View of the Data

Weight regain after RYGB is multi-factorial in etiology and there remains contro-
versy whether or not a dilated stoma or pouch is causative factor. Regardless, surgi-
cal options for revision of RYGB require increased operating time and are associated 
with increased patient morbidity. Given the limitations with surgery, several intra- 
luminal endoscopic approaches have emerged in effort to provide alternative 
minimally- invasive options for RYGB revision. Of the trialed endoscopic 
approaches, endoscopic transoral outlet reduction of the gastrojejunal anastomosis 
has the most evidence (including Level 1 evidence) supporting routine use in clini-
cal practice. In particular endoscopic transoral outlet reduction using the Overstitch 
device has long-term data supporting safe, durable weight loss over a 5-year period. 
APC alone appears to be an emerging second line endoscopic option, and is cur-
rently the procedure I perform if not a candidate for eTOR. At the current time, the 
alternative endoscopic RYGB revision approaches discussed should be considered 
experimental or investigational.

However, in my personal experience, success with endoscopic transoral outlet 
reduction requires a multidisciplinary approach with frequent follow-up, appropri-
ate patient selection, and setting realistic expectations and goals. The eTOR proce-
dure will not routinely result in similar total weight loss or rate of weight loss as the 
primary RYGB, and the majority of patients will not achieve their post-surgical 
nadir. However, if weight regain is addressed early, even aborting the weight regain 
trend should be considered a success with likely subsequent clinical benefit.

Y. E. Kwak and C. G. Chapman



335

Additionally, instituting this procedure into practice, providers will encounter 
patients that have limited or no response with the eTOR. This is likely due to the fact 
weight regain is multi-factorial with significant post-surgical changes to patient’s 
metabolism, hormones, behaviors and psychologic factors all playing a role beyond 
restriction or dilation of the pouch/stoma. However, the balance of safety and effi-
cacy, ability to be repeated without difficulty and relative technical ease for adop-
tion all make eTOR an attractive first-line option for post-RGYB weight regain. In 
addition to working to identifying novel solutions to this common clinical problem, 
professional societies need to work together to develop a procedure coding with 
appropriate reimbursement to increase the availability of eTOR.
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30Suboptimal Weight Loss and Weight 
Regain: Is it Prime Time 
for Pharmacotherapy?

Silvana Pannain

30.1  Introduction

Bariatric surgery is undoubtfully the most effective weight loss intervention in 
severe obesity and leads to significant improvement of obesity associated health 
conditions, health-related quality of life and reduction in overall mortality and mor-
bidity [1, 2].

However the variability in weight loss outcome and the longer-term durability of 
weight loss and control of comorbidity after bariatric procedures are a new concern.

In this chapter we will briefly review the prevalence and possible etiology of 
suboptimal weight loss (SWL) and weight regain (WR) as complications of bariat-
ric surgery. We will then discuss the evaluation and treatment of these conditions, 
with a more specific focus on the possible role of weight loss medications as a res-
cue therapy in patients who experience these complications.

30.2  Search Strategy

A literature search was conducted between November 2019 and January 2020 and 
aimed to find published clinical trials and systematic reviews. The databases 
searched was PubMed (January 1921 to January 2020). The key terms used were 
suboptimal weight loss, weight regain, bariatric surgery, anti-obesity medication, 
obesity pharmacotherapy, re-operative bariatric surgery, re-operative intervention, 
conversional procedures, endoscopic procedures.

Laparoscopic Roux-en-Y gastric bypass (RYGB) and vertical sleeve gastrec-
tomy (SG) are the two most common weight reduction  surgeries  in the world, 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_30&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_30#DOI
mailto:spannain@medicine.bsd.uchicago.edu
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therefore most attention was given  in this chapter to these two procedures. 
Additionally, seen that the SG has been available in the US only since 2010, a larger 
number of the studies available and discussed here are in RYGB patients.

30.3  Suboptimal Weight Loss after Bariatric Surgery

There is consensus that some patients experience SWL after bariatric surgery [3]. 
SWL is often defined as never achieving more than 50% excess weight loss (EWL) 
[4]. Depending on the report, 5–20% of patients do not lose weight successfully, 
despite perceived optimal surgical technique and regular follow-up [5–7]. 
Interestingly a retrospective review of 375 post RYGB, showed that an early predic-
tion of insufficient weight loss can be made at 6 months: patients who lost <30% of 
their initial excess weight were unlikely to loose ≥50% at 24 months [8]. A large 
retrospective review on approximately 1450 patients who underwent either RYGB 
(n=918) or SG (n=538) showed that weight loss at 3–6 months was an independent 
predictor of maximal % weight loss in both SG and RYGB patients [9], ultimately 
suggesting that early identification and treatment of suboptimal weight loss post 
bariatric surgery may not be unreasonable when utilizing lifestyle and medical 
interventions as an initial approach.

30.4  Weight Regain after Bariatric Surgery

There is also growing recognition that post bariatric surgery patients may experi-
ence WR which can be associated with diminished health benefits, including recur-
rence of type 2 diabetes and other comorbidities, which had seen an initial remission 
[10, 11].

So far there isn’t an univocal definition of WR after bariatric surgery. With lack 
of uniform reporting the prevalence of this condition cannot be conclusively esti-
mated. A systematic review identified nine heterogeneous studies which reported 
weight regain of 5.7% at 2 years all the way to 75.6% at 6 years [4]. But the majority 
of the studies were small, in different populations, and the methodology of defini-
tion and report was different. There has been a handful of larger longitudinal studies 
looking at the long term weight loss outcomes after bariatric surgery [2, 3, 12], 
which show consistently that patients generally regain 5 to 10% of their TWL within 
the first decade. In a study of 55 patients post SG, Lauti et al. demonstrated the 
importance of using standardized definitions of weight regain and found that when 
in their cohort they selected 3 best definitions of weight regain, 40 to 64% of patients 
regained some weight at 5 years after SG [13]. Across the board the studies show 
that the susceptibility to weight regain increases as time from surgery increases. 
However, while some weight regain needs to be expected after bariatric surgery, and 
patients accept it, there is a subgroup of patient who may regain a significant amount 
of weight and that is associated with decreased quality of life and possibly recur-
rence of comorbidities as well as emotional impact and dissatisfaction from the 
procedure [3, 14]. In a large study which included 1406 RYGB patients, weight 
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regain quantified as percentage of maximum weight lost correlated best with most 
clinical outcomes. Utilizing this definition, at 5 years 67.3% of post RYGB patients 
had regained ≥20% of maximum weight loss [15]. In this study instead the rate of 
weight regain was largest during the first year after reaching nadir weight and 
decreased over time, but continued throughout the 5 year follow-up.

Additionally the finding from this study in RYGB [15] combined with the data 
of Jirapinyo et al. [16] as well as those reported by Lauti et al. in SG [13] suggest a 
dose-response relationship between weight regain and some bariatric surgery out-
comes such as diabetes, hypertension, and physical health–related quality of life, 
highlighting the importance of effectively intervene to limit or correct the 
weight regain.

A 5 years prospective weight loss study suggests that super obesity [Body Mass 
Index (BMI) >50 kg/m2] puts patients at higher risk of SWL and WR after gastric 
bypass [17]. In 782 patients post gastric bypass weight loss was completed by 
24 months and WR become significant at 48 months. Some WR was observed in 
approximately 50% of the patients (46% within 24  months and 63.6% within 
48 months) who had received gastric bypass. Patients with WR experienced a mean 
gain of 8.8 kg within 60 months, which represented a 8% increase from the lowest 
weight after surgery. Again, WR was higher in the patients with super obesity (BMI 
>50 kg/m2) with a BMI increase from 34.2 kg/m2 at 18 months after surgery to 
39.4 kg/m2 at 60 months. SWL was defined as excess weight loss less than 50%, and 
was highest in the group with super obesity at all times studied, reaching 18.8% at 
48 months after surgery.

30.5  Evaluation of Suboptimal Weight Loss and Weight 
Regain after Weight Loss Surgery

The recommended approach is to perform a multidisciplinary evaluation to deter-
mine the potential causes of the poor weight loss response. It should include a nutri-
tional evaluation, a behavioral assessment and an evaluation of the anatomy when 
indicated. Lifestyle and behavioral modification should be optimized before consid-
ering other therapy or revisional endoscopic or surgical procedure. Iatrogenic 
weight gain due to obesogenic medications should be excluded as it will be dis-
cussed in more detail in the coming section.

Nevertheless, even with the most diligent evaluation, the cause of SWL and WR 
is not always identified and often life style and behavioral interventions alone do not 
improve the outcome.

30.6  Etiology of SWL and WR Post Bariatric Surgery

Besides cases where obvious anatomic abnormalities exist  which may  explain a 
suboptimal weight loss outcome, such as pouch or stoma dilation and gastro-gastric 
fistula in RYGB or dilated sleeve in SG [18], the mechanisms of SWL and WR after 
bariatric surgery remains poorly understood, and are likely to be distinct at least in 
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part, and to involve physiologic processes as well as behavioral and psychological 
factors. In general, the choice of weight loss surgery is still often empirical, there-
fore individual factors such as the anatomy of the gastrointestinal tract in relation-
ship to the hormonal function and the CNS response to peripheral hunger and satiety 
signals are all factors which could affect behavior and determine individual 
responses to the different weight loss bariatric surgery procedures and ultimately 
explain both SWL and WR. At this stage there isn’t a valid approach to study the 
unique physiology of each patient after surgery but factors such as the limb length 
are regarded as important in determining the post-bariatric surgery physiology [19].

A publication studying 49 patients with SWL or WR after 1 year post RYGB 
compared with 38 matched controls with acceptable weight loss, indicated that 
lower levels of physical activity, disordered eating behavior and lower quality of life 
were associated with the unsuccessful weigh loss outcome [20]. While association 
does not imply causation, it is conceivable that those behaviors may have contrib-
uted, at least in part, to the poorer weight loss outcome. In fact, previous studies 
have shown the importance of physical activity in weight maintenance and preven-
tion of weight regain after RYGB [21–23].

A systematic review of 115 selected articles published between 1998 and 2010 
found that the predictors of weight loss outcomes post bariatric surgery (RYGB or 
laparoscopic adjustable gastric banding (LAGB)) are quite heterogenous across the 
studies but factors such as the preoperative mandatory weight loss, the initial BMI, 
the presence of super obesity, eating disorders/maladaptive eating habits and psy-
chiatric disorders/substance abuse may be more often implicated [6]. Similarly, a 
recent review by Sarwer et al. discusses that the presence of impulsivity, which is an 
element of overeating, disinhibited eating, substance abuse and mood regulation, is 
a predictor of weight loss outcomes of bariatric surgery [24]. A prospective obser-
vational study in 2365 patients undergoing RYGB found that higher baseline BMI, 
preoperative use of any diabetes medications, non-use of buproprion medications, 
no history of smoking, age > 50 years and the presence of fibrosis at liver biopsy 
were associated with lower % EBWL at 36 months [25]. In a multivariate analysis 
of 310 RYGB patients with a mean presurgical BMI of 52 kg/m2 followed up to 
12 months, only the presence of diabetes (odds ratio [OR], 3.09; 95% confidence 
interval [CI], 1.35–7.09 [P  =.007]) and larger pouch size (OR, 2.77; 95% CI, 
1.81–4.22 [P < .001]) were independently associated with poor weight loss (defined 
in this study as ≤ 40% excess weight loss) [26]. Similarly, a previous review pub-
lished in 2012, which included only RYGB and gastric banding (GB) (as SG was 
only approved in 2010) identified nutritional non-compliance, hormonal/metabolic 
imbalance, mental health, physical inactivity and anatomical/surgical factors as 
possible mechanisms [10]. Specifically, the hormonal factors refer to a blunting of 
the changes in  the appetite regulating hormone levels which have been called to 
explain in part the satiety, the decreased food intake and consequently the weight 
loss after bariatric procedures [27–29].

A review of the studies looking at possible causes of post SG weight regain 
pointed to initial sleeve size, sleeve dilatation, increased ghrelin levels, 
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inadequate follow-up support and maladaptive lifestyle behaviors as proposed 
mechanisms [4]. Finally, prescription of one or more medication from a list of 32 
obesogenic medications has shown to lead to decreased weight loss at one year 
in a group of 150 patient versus 173 patients who were not prescribed such medi-
cations [30], suggesting that scrutiny of the patients’ medication list should be 
included in the evaluation of insufficient weight loss and weight regain post bar-
iatric surgery.

In general, several classes of medications are known to be associated with weight 
gain, including steroids, contraceptives, and other hormonal agents as well as some 
antidiabetic, antihypertensive, antidepressant, antipsychotic, anti-epileptic, and 
antihistamine agents [31]. Therefore, it is necessary to make a careful review of a 
patient’s medications to identify those which may be limit weight loss and possibly 
contribute to weight regain. Consideration of alternatives which are weight-neutral 
and weight-loss promoting [31] should be part of an initial intervention (together 
with diet and exercise counseling) when assisting patients with an unsatisfactory 
response to weight loss surgery. Finally, post-bariatric surgery hypoglycemia may 
represent a rare risk factor for weight regain [32].

In conclusion the patients who present with insufficient weight loss, continued 
co-morbidities or weight regain present a challenge to the surgeons which may war-
rant re-assessment and additional therapy. Re-operative  interventions and more 
recently pharmacotherapy are potential treatments.

30.7  Re-Operative Bariatric Surgery and Procedures

Beyond life style interventions, re-operative interventions (correction of an ana-
tomical abnormality or conversation to a different procedure) have been the tradi-
tional treatment approach to SWL and WR after bariatric surgery.

In 2014 a task force reviewed the data on re-operative bariatric surgery [18]. 
They included 175 articles in a systematic review and analysis. The analysis of re- 
operative surgery for unsuccessful bariatric surgery highlights that the majority of 
studies available so far are single center retrospective reviews, and/or the outcomes 
are inconsistently reported in the literature and vary based on the population stud-
ied. Conversely one large study reports the outcomes of 449,753 bariatric opera-
tions from a large data base, the Bariatric Outcomes Longitudinal Database (BOLD) 
[33]: a rate of reoperation of 6.3% was observed and the overall complication rate 
was low. The general sense is that the outcome after re-operative interventions (cor-
rection of an anatomical abnormality or conversation to a different procedure) are 
favorable and demonstrate additional weight loss, but the risk is higher than the 
initial bariatric surgery [33]. Therefore the decision to proceed for an invasive rein-
tervention needs to be carefully weighted, especially in cases in which an anatomi-
cal abnormality suitable for a correction procedure is not identified or the surgical 
risk of a conversion is high or finally the patient‘s preference is for a non-invasive 
approach.
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30.8  Adjuvant Medical Therapy

In this chapter we suggest that weight loss medications should be considered as a 
rescue therapy in patients with SWL or significant WR after bariatric surgery. 
Currently there aren’t weight loss medications approved for use post bariatric sur-
gery but weight loss medications could be a currently underutilized strategy in 
SWL and WR.

Additionally, even when patients have attained the expected weight loss with a 
bariatric surgery procedure, they are likely to have residual obesity and therefore in 
principle they still meet eligibility criteria for weight loss medications. Weight loss 
medication are in fact indicated for a BMI ≥27 kg/m2 with at least one comorbid 
condition, including diabetes mellitus (DM), medication-controlled hypertension 
(blood pressures consistently <140/80), hypercholesterolemia, and/or obstructive 
sleep apnea; or a BMI ≥30 kg/m2 without co-morbidities [31, 34].

Table 30.1 reviews the currently approved weight loss medications, their effi-
cacy, safety and dosing [31, 34].

For the most part in the current obesity medicine practice the choice of weight 
loss medications is still empirical and often driven by the efficacy (tested in non- 
post bariatric surgery patients), coverage, cost, patients preferences (injectable ver-
sus oral) and potential dual benefit, meaning potential amelioration of coexisting 
conditions, such as diabetes, migraines, depression, addiction, tobacco abuse [36].

At this stage there is a limited number of studies looking at the efficacy of weight 
loss medications after weight loss surgery. These studies are summarized in 
Table 30.2.

One important limitation of these studies is that for the most part these are retro-
spective chart reviews [39–43] or not strictly controlled prospective studies [37, 38]. 
Additionally, some studies utilize the older and less effective off label drugs which 
have approved indications outside weight loss such as for depression, migraines, 
seizure and mood stabilization [38–40]. Of note in most of the studies the medica-
tions were given on a background of diet and exercise intervention: this is worth 
underscoring as generally in obesity a larger weight loss can be achieved when more 
than on approach is utilized simultaneously, as it is the case when pharmacotherapy 
is added to lifestyle modifications and more so to intensive behavioral therapy [44]. 
Therefore, even with the limited evidence available, we recommend that diet and 
exercise counseling and, when possible, behavioral therapy are adopted as the back-
ground to any intervention in SWL and WR after bariatric surgery.

The largest study of pharmacotherapy after bariatric surgery is retrospective and 
enrolled 319 patients (RYGB = 258; sleeve gastrectomy = 61) treated in two medi-
cal centers [40]. More than one medication was trialed in the course of the treatment 
and the average number of medication trialed was two. More than half of the patients 
in treatment with a weight loss medication post-surgery lost ≥5% of their weight, 
30.1% lost ≥10% and 16% of patients lost ≥15%. The authors describe even one 
case where the weight loss with pharmacotherapy lead to a BMI decrease from 36 
to 26 kg/m2, surpassing the nadir weight loss of BMI of 33 kg/m2 achieved with 
surgery alone.
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Table 30.1 Drugs currently approved for weight loss: efficacy, safety and dosing. Data 
reported are from the RCT in overweight and obese patients without history of bariatric surgery 
[31, 34, 35]. These drugs have not been evaluated in post-bariatric surgery

Agent Mechanism of action

Weight loss 
(% from 
baseline) in 
completers 
vs. placebo Dosing

Most common side 
effects

Phentermine Sympathomimetic; 
suppresses appetite, 
possibly increases 
resting energy 
expenditure.

7.38% vs 
2.28% 
(15 mg)

8 mg 
TID orally 
before meals, 
15 mg QD or 
BID, 30 mg 
QD

Headache, dry 
mouth, insomnia, 
dizziness, 
irritability, 
constipation.

Orlistat 120 
TID (or OTC 
Alli 60 TID)

Pancreatic lipase 
inhibitor, decreases 
the absorption of 30% 
of dietary fat.

8.8% vs 
5.8%

120 (or 60) 
mg orally TID 
before meals

Loose stools, 
flatulence, fecal 
urgency, oily stool, 
fecal incontinence 
small but significant 
decreases in 
fat-soluble vitamins.

Phentermine/
Topiramate 
ER 7.5/46 mg

Sympathomimetic; 
possible modulation 
of gamma-
aminobutyric acid 
receptors, inhibition 
of carbonic 
anhydrase, and 
glutamate 
antagonism, 
suppresses appetite.

9.6% vs 
1.2%

Orally qAM: 
3.75/23 mg 
for 14 days 
then 
7.5/46 mg

Paresthesias, 
dizziness, 
dysgeusia, 
insomnia, 
constipation, dry 
mouth.

Phentermine/
Topiramate 
ER 15/92 mg

See above. 12.4% vs 
1.2%

At 12 weeks 
on 7.5/46 
qAM, option 
to titrate to 
11.25/69 for 
2 weeks, then 
15/92 mg

Paresthesias, 
dizziness, 
dysgeusia, 
insomnia, 
constipation, dry 
mouth.

Lorcarserin 
20 mg

5HT-2C receptor 
agonist, suppresses 
appetite.

7.9% vs 
4.0%

10 mg BID 
orally or 20 
mg QD, no 
titration 
needed

Headache, 
dizziness, fatigue, 
nausea, dry mouth, 
constipation. 
Withdrawn from 
the market on 
February 13 2020 
because of 
potential increased 
cancer risk. 

(continued)
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In this study the most frequent medications prescribed for weight loss were topi-
ramate, phentermine, metformin, buproprion and zonisamide. All except for phen-
termine are off label for the treatment of obesity. The mean added weight loss was 
7.6% (17.8 lbs) of total postsurgical weight. When looking at predictors for weight 
loss with medication use after weight loss surgery, the authors had some interesting 
findings. The type of surgery (RYGB over SG) regardless of the postoperative BMI, 
as well as female gender, history of psychiatric conditions fared better while the 
presence of one comorbidity or of obstructive sleep apnea were associated with less 
weight loss [40].

Interestingly, those patients prescribed the medication at weight plateau rather 
than after some weight regain, experienced the larger percent weight loss from pre-
operative weigh. While the difference was not statistically significant it suggests 
that early intervention at weight loss plateau, rather than waiting for weight regain, 
may lead to a better response.

In a subgroup analysis of 37 young adults from the same data set, predominantly 
female, of which 75.7% had a RYGB, 54.1% of patients experienced ≥5% weight 

Table 30.1 (continued)

Agent Mechanism of action

Weight loss 
(% from 
baseline) in 
completers 
vs. placebo Dosing

Most common side 
effects

Naltrexone 
ER/bupropion 
ER 32/360

Dopamine/
noradrenaline 
reuptake inhibitor; 
opioid receptor 
antagonist, 
suppresses appetite

8.1% vs 
1.8%

Orally Wk 
1–1 table 
(8/90 mg) in 
am

Nausea, vomiting, 
constipation, 
headache, dizziness, 
insomnia, dry 
mouth.Wk 2–1 in am 

and 1 in pm
Wk 3–2 in am 
and 1 in pm
Wk 4–2 in am 
and 2 in pm, 
titrate slower 
if side effects

Liraglutide 
3 mg

GLP-1 receptor 
agonist

9.2% vs 
3.5%

Inject SQ Wk 
1–0.6 daily, 
increase 
weekly by 0.6 
until 3 mg 
daily, titrate 
slower if side 
effects

Nausea, vomiting, 
diarrhea, 
constipation, 
dyspepsia, 
abdominal pain.

Suppresses appetite
Decreases gastric 
emptying
Has additional 
independent effects 
on insulin and 
glucagon secretion

Abbreviations/symbols: TID 3 times per day; QD once per day; BID 2 times per day, typically 
before breakfast and before dinner; OTC over the counter; Wk week; qAM once per day in 
the morning
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loss, 34.5% and 22% experienced ≥10% and ≥15% weight loss, respectively [45]. 
The RYGB group achieved larger weight loss on the medication (compared with the 
SG group) with the difference near statistical significant (P=.051).

Since 2012 we have 4 new medications approved for weight loss, phentermine- 
topiramate ER, lorcaserine, naltrexone SR/buproprion SR, liraglutide 3 mg [31, 34] 
(Table 30.1). The efficacy of the newer approved medication options is generally 
6%–13% baseline- weight loss, but weight losses of 15% and even 20% of baseline 
weight are not uncommonly observed with these drugs. Of note, most of the medi-
cations utilized in the studies post bariatric surgery, with the exception of two stud-
ies, are old obesity drugs or do not have a label for weight loss and are indeed less 
effective than the newer medications specifically designed for weight loss. Therefore 
it is conceivable but not yet demonstrated that the newer FDA approved weight loss 
medication will fare better also in post bariatric surgery patients.

30.9  Conclusions

The small set of uncontrolled data from the studies listed in Table 30.2 suggest that 
the addition of a medication may give an additional weight loss benefit in patients 
post bariatric surgery. Additionally, while conclusions cannot be derived, there are 
limited data suggesting that the optimal time to initiate post-bariatric surgery phar-
macotherapy is at weight loss plateau [40], rather than after weight regain.

Given the low risk profile of the medications compared to revisional therapy, we 
suggest that a trial of pharmacotherapy in weight loss failure after bariatric surgery 
is warranted in appropriate cases. Larger studies and randomized controlled trials 
are necessary to determine the optimal medications and the timing of adjuvant med-
ical therapy. At this time the data is insufficient to provide evidence based recom-
mendations and a proven practical guidance on how medical therapy should be 
utilized as adjuvant to bariatric surgery. Therefore, based on the current knowledge, 
we suggest that when prescribing pharmacotherapy in post bariatric surgery we 
adopt the practice utilized in non-bariatric surgery patients. In general pharmaco-
therapy should be recommended on a background of behavioral counseling focus-
ing on diet, physical activity, and lifestyle modifications, which also in post bariatric 
surgery should be regarded as the cornerstones of weight management [31, 34]. The 
efficacy and safety of a prescribed weight loss medication should be assessed 
monthly for the first three months and every three months thereafter and the medica-
tion should be discontinued if at anytime it is determined to be poorly effective or 
does not meet acceptable tolerability or safety. In that case a different medications 
with a different mechanism of action or an alternative treatment approach should be 
considered. A weight loss medication, when effective, should be prescribed long 
term to promote weight loss maintenance. A practical guideline on the use of medi-
cations in suboptimal weight loss outcome after weight loss surgery has been pub-
lished in the last couple of years but is based on uncontrolled data and mostly on the 
practical experience of two US medical centers [46].
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30.10  A Personal View of the Data

In conclusion, weight regain and even suboptimal weight loss after bariatric surgery 
are not infrequent and are likely multifactorial. The usefulness of adding obesity 
medications for SWL or WR after bariatric surgery appears promising and deserves 
further  investigation with larger randomized trials, including controlled studies 
looking at the best time to add the pharmacotherapy and the most effective medica-
tion or combination of medications.

The experience available so far from small, non-randomized studies or retrospec-
tive chart reviews cannot support an evidence based standard of care but does sug-
gest that pharmacotherapy after bariatric surgery is safe and that patients who are 
prescribed a weight loss medication after bariatric surgery are likely to experienced 
additional weight loss. Therefore pharmacotherapy could be attempted as adjuvant 
to bariatric surgery in combination with lifestyle modifications to counteract subop-
timal weight loss, weight recidivism and to enhance weight maintenance.

Recommendations
• In SWL and/or WR after bariatric surgery a systematic approach including a 

nutritional evaluation, a behavioral assessment and an evaluation of the anatomy 
is essential. With the lack of an obvious anatomic abnormality, lifestyle and 
behavioral modification should be optimized before considering revisional endo-
scopic or surgical procedure.

• Limited data suggest that anti-obesity medications as adjuvant therapy give an 
additional weight loss benefit to patients post bariatric surgery. The optimal time 
to initiate post-bariatric surgery pharmacotherapy may be at weight loss plateau 
rather than after weight regain. Similarly to what non infrequently we see in 
patients without history of weight loss surgery, often more than one weight loss 
medication need to be trialed in each individual patient before finding the effec-
tive one.
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in Weight Loss?
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31.1  Introduction

Despite the rise in popularity of restrictive bariatric surgical procedures such as the 
sleeve gastrectomy in the US [1] the Roux-En-Y Gastric Bypass (RYGB) still main-
tains a more sustainable long-term weight loss outcome and larger reduction in co- 
morbid metabolic conditions [2]. After undergoing a RYGB, patients can expect 
initial weight-loss followed by a minor amount of weight regain after reaching their 
weight nadir. Up to a quarter of patients have been reported to regain even further 
weight often accompanied by return of metabolic co-morbidities [3]. This is thought 
to be attributed to a complex inter-play of various social, psychological, physiologi-
cal, and anatomical factors [3, 4]. In this chapter we will explore if a specific ana-
tomical factor, namely pouch size, has any effect on the weight loss awarded the 
RYGB or the weight regain plaguing up to a quarter of patients in the published 
literature.

31.2  Search Strategy

We conducted an online literature search using PubMed, Google Scholar, and 
Cochrane Clinical Trials databases. We limited our search to articles published in 
the English language between January first, 2000 until January first, 2020. The 
search terms and key-words were derived from our PICO table and included ‘Roux- 
En- Y’ or ‘stomach’ or ‘gastric’ and ‘pouch’ and ‘size’ or ‘revised’ or ‘revision’ and 
‘weight’ or ‘body mass’ and ‘loss’ or ‘regain’. We also included studies referenced 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_31&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_31#DOI
mailto:mujiki@northshore.org
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by the studies we selected from the search if they were relevant. We excluded case 
reports, animal studies, and articles pertaining to other bariatric procedures where a 
gastric pouch is not created (sleeve gastrectomy, gastroplasties, etc.). We also 
excluded studies with restrictive bands placed around the gastrum since this 
approach primarily targets restricting the size of the gastrojejunal stoma rather than 
the volume of the gastric pouch. Finally, we also excluded articles in which stoma 
reduction was the primary focus of the operation.

31.3  Results

We included a total of 20 studies examining the effect of gastric pouch size to 
either weight loss, recidivism, or response to revisional surgery following initial 
bariatric surgery. This includes 2 randomized controlled trials, 2 systematic 
reviews, and 3 prospective cohort studies. The remainder of studies were retro-
spective in design.

Table 31.1 demonstrates the 10 studies which did not find a correlation between 
a smaller pouch size and better weight loss outcome. One of the 10 studies had a 
contradictory outcome: a randomized controlled trial showed increased weight loss 
with a larger sized (elongated) pouch. Additionally, this table includes 2 prospective 
cohort studies, 4 retrospective comparative studies, 2 retrospective cohort studies, 
and 1 retrospective database review. N ranged from 14–14,168 with a median of 
74.5. Subjects were on average 79.6% female (62.5–100%) with an average age of 
44.43 years (41.6–51 years) and average original BMI of 47.3 kg/m2 (42–54.6 kg/
m2). The studies followed the subjects for an average of 24.6 months (12–48 months). 
The method used to measure the size of the gastric pouch varied with the upper 
gastrointestinal contrast study being the most common method (4/10), while 3D-CT 
(2/10) and calculated staple length (2/10) tied for the second most common method, 
and endoscopy (1/10) or intraoperative direct measurement (1/10) accounted for the 
remaining methods used. The size of a small pouch was defined differently depend-
ing on the methodology used but when measured in volume varied from >10 mL to 
<49 mL. Complication rates were underreported with only 4/10 studies revealing an 
average total complication rate of 9.93% (7–17%). In this table, a randomized con-
trolled trial evaluating a longer and larger pouch versus a smaller and shorter pouch 
demonstrated an increase in weight loss by 36 months in the larger pouch group 
(BMI △ −2 kg/m2, EWL% △ 11% p = 0.023), however, this was not seen until the 
36-month follow-up and the authors attribute this difference to a decrease in weight 
regain in the larger pouch group [6]. Three studies in this table, including a large 
Scandinavian database review (n  =  14,168), demonstrated an initial (<12-month 
post-revision) weight loss after resizing the gastric pouch however, beyond 2 years, 
the weight loss was negated or non-significant [9, 10, 15]. One of these studies 
included concurrent revision of the GJ-stoma size [10]. The same Scandinavian 
database review also demonstrated an increase in the relative risk of developing a 
marginal ulcer by 14% per every 10 mm of linear stapler used (CI 9–20%, p = 0.05) 
[9]. Madan et al. [13] also explored if fundus size correlated to weight loss outcome, 
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however no such correlation was discovered. Robert et al. [20] demonstrated that 
pre-operative BMI correlated to pouch volume following index-RYGB (r  =  0.4, 
p = 0.01), suggesting that patients with larger BMI at onset of intervention end up 
with a larger pouch post-operatively. O’Connor et al. [16] demonstrated in a non- 
randomized format that there was no difference in weight loss at 10 months between 
small (<20 cc) and really small (<10 cc) pouches suggesting that if a size of at least 
<20 cc can be reached, there is no additional weight loss benefit in reducing the size 
of the gastric pouch.

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients undergoing/
gone RYGB

Adjusting size of 
gastric pouch

No pouch size revision/
large size pouch

Weight loss

Table 31.2 depicts 10 studies which did find a correlation between the size of 
the pouch and weight loss outcome; specifically, larger pouches conferred poorer 
weight loss outcome. This includes 1 randomized controlled trial, 2 systematic 
reviews, 1 prospective cohort study, 3 retrospective comparative studies, 2 retro-
spective cohort studies, and 1 retrospective case-control study. Study populations 
ranged from 20 to 16,055 with a median of 261. Subjects were on average 78.9% 
female (43–90%) with an average age of 44.1 years (38.3–48 years) and average 
original BMI of 47.3 kg/m2 (33.7–52 kg/m2). The studies followed the subjects for 
an average of 26.2 months (12–49 months). The most common modality of mea-
suring the gastric pouch size was the upper gastrointestinal contrast study (6/10); 
however, in half of these studies (3/6), an additional modality or 2 were used. This 
included endoscopy (3/6) and 3D-CT (1/6). Endoscopy was the second most com-
mon (4/10) modality used to measure pouch size but was only used as a single 
modality in 1 study. Intraoperative estimation of size was used the least (1/10). 
The 2 systematic reviews included studies using multiple varying methods of 
measuring pouch size. The size of the small pouch was in most studies defined in 
volume and ranged from >10  mL to <59  mL. Complication rates again were 
poorly reported with only 3 out of 10 studies depicting an average complication 
rate of 24.2% (15.6–30%). In this Table, 3 studies [5, 7, 12] demonstrated signifi-
cant weight loss following revision of the size of the gastric pouch; however, in 2 
of the 3 studies the size of the gastrojejunal stoma was revised as well [5, 7]. 
Borbely et  al. [7] also demonstrated quite a significant perioperative morbidity 
(27%) with revisional bariatric surgery for pouch reduction. Roberts et al. [21] 
demonstrated with 320 subjects that pouch size was inversely related to weight 
loss (r = −0.302 p < 0.02) in the short term (12 month follow-up) with 320 sub-
jects; however, he also demonstrated a positive correlation (r = 0.19 P < 0.01) 
between preoperative BMI and pouch size. Similarly, Campos et al. [8] demon-
strated with 361 subjects that pouch size was inversely related to weight loss 
(r = −0.25 p < 0.01) in the short term (12 month follow-up), and Henegan et al. 
[11] demonstrated with 380 subjects that pouch size also was inversely related to 
weight loss (r = 0.127 p = 0.02) with a longer follow up of 49 months. Interestingly, 
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Iannelli et al. [12] demonstrated that weight loss was greater (BMI △ −7.6 kg/m2 
vs BMI △ −3.1 kg/m2) if the revised pouch was categorized as large immediately 
following index-RYGB versus slowly enlarging over time following index-
RYGB. One single-site randomized controlled trial [18] with short (12 month) 
follow-up and low number of subjects (69) with a low preoperative BMI (average 
BMI 33.27  kg/m2) demonstrated a small (BMI △ −0.9  kg/m2) but increased 
weight loss following slightly smaller (10-20 cc vs 25-35 cc) pouch volumes fol-
lowing RYGB. Although this was a randomized controlled trial the applicability 
of the patient population studied and their results may not transfer well to the level 
of obesity treated in the general American and European population. Two system-
atic reviews including most of the studies referenced in this manuscript evaluated 
the evidence of pouch size on weight loss and concluded that although the data 
suggests that smaller pouch size leads to greater weight loss, at least in the short 
term (12 months or less) that the quality of the data published does not currently 
support recommendations for an optimal pouch size.

Overall there is little consensus in methodology on how to determine pouch 
size and no uniformity in categorizing what determines a large versus a small 
pouch among the studies. Furthermore, Uittenbogaart et  al. [24] demonstrated 
that there is poor inter-observer reliability (kappa = 0.25 (p = 0.01)) when assess-
ing the pouch size with the most commonly used method, the upper gastrointesti-
nal contrast study.

31.4  Recommendations

If the gastric pouch is to be fashioned or revised for optimal weight loss, either 
a  very small (10-20  cc) or large but elongated (10  cm length) gastric pouch 
should  be created, preferably at index-operation. (Evidence quality low; weak 
recommendation).

For patients experiencing poor weight loss following RYGB (<50% EWL) or 
weight regain (>30% EWL from nadir), laparoscopic gastric pouch size revision 
could offer short-term (<24  month) weight loss but at an elevated perioperative 
morbidity. (Evidence quality low; weak recommendation).

For patients experiencing poor weight loss following RYGB (<50% EWL) or 
weight regain (>30% EWL from nadir), a thorough multi-modality investigation 
should be pursued to determine both behavioral, psychosocial, and anatomical 
(pouch size, gastrojejunal stoma, and roux-limb length) and the appropriate inter-
ventions should be tailored to the individual patient’s needs. (Evidence quality low; 
weak recommendation).

Laparoscopic pouch size revision carries significant morbidity and offers modest 
short-term and minimal long-term weight recidivism benefit for the patient. 
(Evidence quality low; weak recommendation).
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31.5  Personal View on Data

The data reviewed in this manuscript demonstrates a lack of unity in both measuring 
and defining what entails a large pouch. The most commonly used modality for 
measuring pouch size, an upper gastro-intestinal contrast study, is dynamic over 
time in relation to pouch emptying time and has data to suggest poor inter-observer 
reliability. Historically, a smaller pouch has been considered to lead to greater 
weight loss and as such has been studied as a component of revisional bariatric 
surgery. However, one recent randomized controlled trial demonstrated that a larger 
pouch size was associated with greater weight loss [6]. The quality of the data eval-
uating the effect of pouch size on weight loss is additionally rather poor; only two 
randomized controlled trials are included in this manuscript, but they demonstrate 
conflicting evidence of pouch size on weight loss outcomes and the study finding 
reduction in pouch size beneficial for weight loss lacks practical applicability to the 
level of obesity currently treated in our population. Most of the remaining studies 
evaluated in this manuscript demonstrate a shorter follow-up and are mostly retro-
spective in design.

The included studies depicting pouch size revision all employed laparoscopic 
techniques and demonstrated a significant and fairly harmful morbidity rate [5, 7, 
12]. This would suggest that revisional laparoscopic surgery for pouch size is pro-
hibitive on two levels, the risk of harm for the patient, and the lack of effective long- 
term weight recidivism treatment.

Weight recidivism following RYGB is multi-faceted, which some of the data in 
this manuscript describes. Factors such as original BMI, duration from index RYGB, 
an enlarged pouch immediately following RYGB versus slowly enlarging over time, 
gastrojejunal stoma size, and psychological factors strongly influence weight loss 
outcomes following RYGB.

Gastrojejunal stoma size has been demonstrated as a strong independent risk fac-
tor for weight regain following RYGB [25–30] and was not controlled for in a 
majority of the studies included in this manuscript. In fact, two studies demonstrat-
ing an association between revision of pouch size and increased weight loss for 
weight recidivism also concurrently refashioned the GJ-stoma size, questioning the 
effect of pouch size revision on weight recidivism [5, 7].

31.6  Summarized Recommendations

Optimal pouch size for RYGB should either not exceed 10-20 cc in volume or be 
constructed in a narrow and elongated (10 cm length) fashion.

Poor weight loss (<50% EWL) or weight regain (>30% EWL from nadir) fol-
lowing RYGB should not be treated by laparoscopic pouch size revision due to 
increased morbidity and lack of successful long term (>24 month) outcomes.

Weight recidivism is more likely successfully treated by a multi-modal approach 
including behavioral, psychological, dietary, exercise and endoscopic measures to 
address gastrojejunal stoma size.
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32Does Stoma Size Matter After  
Gastric Bypass?
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32.1  Introduction

Though the question “does stoma size matter after gastric bypass?” would seem a 
relatively straightforward one, the technical approach to creating the gastrojejunal 
anastomosis introduces significant complexity. This is because technique varies 
widely. Nevertheless, the technique employed in creating the anastomosis primarily 
determines stoma size and therefore features prominently in the discussion. Stoma 
size carries potential implications for both weight loss outcomes and complication 
rates. The effect of gastrojejunostomy size on both weight loss and complication 
rates has been extensively evaluated in the literature, though with somewhat contra-
dictory and inconclusive results. Through a review of the current literature, this 
chapter addresses the role anastomotic size might play in the weight loss outcomes 
and anastomotic complication rates following Roux-en-Y gastric bypass.

32.2  Search Strategy

A literature search of publications from 2000 to 2019 was conducted in PubMed to 
identify data concerning the effect of gastrojejunostomy size on weight loss and 
complications (especially stenosis) in patients who underwent Roux-en-Y gastric 
bypass. Search terms used included (“gastrojejunostomy” OR gastrojejunal 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_32&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_32#DOI
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anastomosis OR gastroenterostomy OR gastrojejunal) AND (“bariatric surgery” 
OR “gastric bypass” OR “Roux-en-Y”) AND (“size” OR “stricture” OR “stenosis” 
OR “complication” OR “weight loss”). Fourteen retrospective reviews, two ran-
domized controlled trials, two meta-analyses, one systematic review. The data was 
classified using the GRADE system.

Additional articles were also discovered from the references of relevant articles 
found using the above search criteria.

32.3  Results

32.3.1  Effect of Stoma Size on Weight Loss

The effect of gastrojejunostomy stoma size on weight loss after laparoscopic Roux- 
en- Y gastric bypass has been a matter of significant interest in the literature since 
the procedure was first adopted. This is commonly evaluated by comparing post- 
operative weight loss (using a number of methodologies, including: % excess 
weight loss (EWL), total weight loss, % excess BMI lost, etc.) between various 
anastomotic techniques, rather than a direct comparison of stoma sizes. Stoma size 
is generally deduced from the anastomotic technique utilized, with many papers 
citing internal diameters for different circular staplers and thus different stoma aper-
ture areas (Table 32.1). The stoma size in the linear stapled technique is particularly 
difficult to assess for several reasons. First, the amount of tissue included in the 
stapler is often not reliably reflected by the size of the stapler load (for example, a 
45 mm GIA cartridge is commonly used, but some surgeons apply only 15 mm of 
the cartridge length, whereas others might use the entire length). Second, the size of 
the common gastroenterotomy that must be closed with suture is variable to a 
degree. Finally, the technique of closure of the gastroenterotomy (single versus 
double layer, etc.) may also impact the stoma size.

Unfortunately, only a few studies have evaluated this question in a prospective 
manner, and the studies generally have relatively small numbers of patients included. 
In 2000 Stahl et al. performed a retrospective review which compared weight loss 
between patients who had a 21  mm circular stapled gastrojejunostomy (CSA) 
(n = 31) versus 25 mm circular stapled gastrojejunostomy (n = 19) in open gastric 
bypass [1]. They found no significant difference in weight loss or subjective com-
plaints (nausea, vomiting, dysphagia) between the two groups (average %EWL 

Table 32.1 Summary of 
stoma sizes as relating to 
gastrojejunostomy 
technique

Technique
Internal 
diameter X-Sectional area

21-mm 
circular

12 mm [6] 113 mm2  [6]
11 mm [4] 70 mm2 [19]

25-mm 
circular

16 mm  [6] 201 mm2  [6]
13 mm [4] 99.5 mm2 [19]

45-mm linear 17.5–19 mm [8]
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61%, 65%, and 64% at 12, 15, and 18 months for 21 mm group, vs. 61%, 67%, and 
69% in 25 mm group). Several other studies that evaluated weight loss between 
patients with 21 mm CSA compared to a 25 mm CSA also found no significant dif-
ference in weight loss [2–6].

A 2003 study by Shope et al. retrospectively compared results for circular sta-
pled anastomosis to linear stapled anastomosis (LSA) in laparoscopic gastric bypass 
[7]. A total of 61 patients were included in the study, with 32 anastomoses created 
with 25 mm EEA stapler, and 29 anastomoses created with a 60 mm GIA stapler 
fired with 4 cm of the cartridge. Weight loss was found to be similar between the 
two groups (at 6–8 months, %EWL 46.7% for EEA group vs. 51.4% for GIA 
group). A retrospective review by Owens and Sczepaniak comparing 21 mm CSA 
(n = 124) vs. 45 mm LSA (n = 100) found weight loss to be less with the LSA tech-
nique at 18 months (%EWL 86% in CSA group vs. 77% in LSA group); this differ-
ence was statistically significant [8]. They estimated the size of the linear anastomosis 
to be larger than the 25 mm CSA anastomosis, and postulated that the smaller stoma 
lead to greater weight loss in the CSA group. Schneider et al. performed a retrospec-
tive analysis of prospectively collected data, and found no difference in average 
excess BMI lost (EBMIL) at 1 and 2 years between the CSA and LSA techniques 
[9]. Two meta-analyses comparing outcomes between CSA and LSA in laparo-
scopic gastric bypass did not detect any difference in weight loss between the two 
groups [10, 11]. Two more recent studies by Lee et al. and Lois et al. compared 
hand-sewn anastomosis (HSA) to CSA as well as LSA, with no significant differ-
ences found in excess weight loss [12, 13].

A unique study by Ramos et al. in 2017 compared weight loss between patients 
who underwent bypass with LSA with different lengths of firing of GIA stapler 
(either 15 mm fire, or full 45 mm fire) [14]. Data was collected prospectively, with 
64 patients in each arm. Both groups had significant weight loss, but weight loss 
was significantly higher in the 15 mm fire group at 24 months (37% BMI reduction 
vs. 33.3% in the 45 mm group). There was a single case of stenosis, which was in 
the 15 mm group.

A 2019 systematic review by Mahawar et al. also examined the effect of gastric 
pouch and stoma size on weight loss in RYGB [15]. Included were ten studies that 
evaluated the effect of the size of the GJ at time of surgery on weight loss. Six stud-
ies showed no significant effect of stoma size on weight loss. Four studies found 
larger stoma size to be associated with worse weight loss. Overall the quality and 
heterogeneity of data was deemed too poor to perform a meta-analysis, however.

Most of the literature reviewed focused on the effect of stoma size on initial 
weight loss. However there is some evidence to suggest that enlarged GJ diameter 
is likely associated with weight recidivism as well. A retrospective review from 
2011 by Abu Dayyeh et  al. analyzed a large consecutive series of patients who 
underwent endoscopy after RYGBP with recording of the GJ stoma diameter and 
serial weight measurements [16]. The study included 165 patients, 59% of whom 
had significant weight regain, defined as ≥20% of maximum weight lost after gas-
tric bypass. Enlarged GJ stoma diameter was associated with weight regain on uni-
variate and multivariate analysis. There was no correlation between pouch size and 
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GJ stoma diameter. This information was used to create a scoring system (variables 
included GJ diameter, race, % maximal body weight lost after RYGB) to predict 
weight regain. Heneghan et al. also reviewed patients who underwent upper endos-
copy for GI symptoms or weight regain after gastric bypass; patients were grouped 
into those with successful weight loss (Group A, 175 pts) or weight regain (Group 
B, 205 pts) [17]. Pouch and stoma measurements were collected during endoscopy; 
the stoma was considered enlarged if it was >2 cm in diameter; the pouch was con-
sidered enlarged if >6 cm long or >5 cm wide. Pouch and stoma size were found to 
be normal in 63% of patients in Group A compared to only 29% in Group B. The 
most common abnormality was found to be an enlarged stoma, and stoma diameter 
was independently related to weight regain after gastric bypass in multivariate anal-
ysis. One challenge in interpreting these data is that in the absence of baseline sto-
mal measurements, it is difficult to ascertain the degree to which (or even if) stomal 
dilation has occurred. More investigation is warranted to further elucidate this rela-
tionship between stoma enlargement and weight regain, and there likely are addi-
tional factors (e.g., genetic, behavioral, environmental) at play.

32.3.2  Effect of Stoma Size on Rates of Stenosis/Stricture

Another important consideration is the impact of anastomotic technique (and con-
sequently) stoma size on anastomotic stricture. As discussed by Takata et al, the 
etiology of stricture formation is thought to be multifactorial, with local tissue isch-
emia, tension on the anastomosis, subclinical leak, submucosal hematoma, acid/
peptic ulceration, early experience with RYGBP, and method of gastrojejunostomy 
creation all potentially contributing [18] (Table 32.2).

An early examination of whether anastomotic technique/size affected stricture 
rates came from Nguyen et al. in 2003 [2]. This study retrospectively compared the 
incidence of GJ stricture after laparoscopic gastric bypass with 21 mm vs. 25 mm 
EEA stapled gastrojejunostomy. Of 185 total patients, 29 developed stricture. The 
stricture rate amongst those with 21 mm CSA was 26.8%, compared to 8.8% in the 
25 mm CSA group. Gould et al. found similar results when comparing rates of ste-
nosis between 21 and 25 mm EEA stapled gastrojejunostomies, with a stenosis rate 
of 15.9% in 21 mm group vs. 6.2% in the 25 mm group [3]. Another study by Suggs 
et al. (stenosis rate of 9.4% with 21 mm EEA vs. 2.9% with 25 mm EEA) had very 
similar findings [4]. Perhaps most resoundingly, in a randomized, prospective 
blinded study from 2007, Fisher et al. also found a significantly lower stricture rate 
in patients who had a 25 mm EEA GJ compared to a 21 mm EEA GJ (7% vs. 17% 
respectively) [19].

Sczepaniak and Owens retrospectively compared GJ stricture rate between 
21 mm CSA with 45 mm LSA (using half the staple load) [20]. They estimated the 
size of the linear anastomosis to be slightly larger than the CSA, and found the LSA 
technique to have significantly fewer strictures (0/100 patients) compared to CSA 
(16/124 patients). Similarly, a retrospective review from Schneider et al. found the 
LSA technique to have a lower stricture rate (0%) compared to CSA (7%) [9]. Two 
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meta-analyses by Giordano et al. and Penna et al. comparing LSA and CSA also 
found significantly decreased risk of GJ stricture using linear rather than circular 
stapled anastomoses [10, 11]. However, as discussed in Penna et al, there were sev-
eral limitations to the studies involved in these meta-analyses. First, none of the 
included studies described the inner-diameter of the linear-stapled GJ, so it is diffi-
cult to correlate size of GJ to decreased stricture rate. Secondly, studies using linear 
stapler describe highly variable depths of stapler insertion which may confound the 
influence of anastomotic diameter on post-operative stricture. Lastly, studies com-
paring linear to circular staplers were somewhat inconsistent in their use of 21 mm 
vs. 25 mm EEA staplers, with some not mentioning circular staple size at all.

Interestingly, a more recent systematic review and meta-analysis by Edholm [21] 
comparing complications rates between CSA and LSA did not find a significant dif-
ference in stricture or leak rate between the two techniques. Stricture rates were 
reported in 11 of the 13 included studies, and 3 of these 11 studies used 21 mm CSA 
rather than 25 mm CSA. While the relative risk of stricture in LSA was 74% that of 
CSA, there was overlap of the 95% confidence interval, therefore no significant dif-
ference was found. It should be noted, however, that the two largest cohorts included 
in this meta-analysis did not have data on stricture rates.

A prospective database study comparing stricture rates for hand-sewn anastomo-
sis (HSA), CSA, and LSA by Lee et al. found no significant difference in stricture 
rates between the three different anastomotic techniques [12]. However, a retrospec-
tive review by Lois et al. comparing anastomotic complications between CSA and 
HSA found a significantly higher rate of stenosis in CSA (16.4%) compared to HSA 
(3%) [13]. Clearly, similar challenges exist with ascertaining the true size of a fully 
hand-sewn anastomosis in these analyses. Ramos et  al. compared linear stapled 
anastomosis with 15 mm vs. 45 mm stapler fires; there were no incidences of steno-
sis with the 45 mm stapler fire (0/64) compared to 1/64 in the 15 mm stapler fire 
group [14].

32.4  Conclusions

The size of the gastrojejunostomy in a laparoscopic gastric bypass is largely dic-
tated by the anastomotic technique utilized by the surgeon. Therefore, the technical 
approach remains an important surrogate for stomal size. Circular stapled anasto-
mosis is favored by many surgeons for its relative ease of use. This may also give a 
more consistent stomal size compared to hand-sewn or linear stapled anastomoses. 
Linear stapled anastomoses may provide more flexibility, but perhaps less consis-
tency in the size of the stoma. Though there is conflicting evidence, most of the 
available data suggest that the anastomotic technique (and therefore stoma size) 
does not appear to have a significant impact on overall weight loss. There is a pos-
sible association between larger stoma size and increased weight regain, though 
more investigation is required to better elucidate this relationship. The evidence 
seems to indicate that the 21 mm stapler has a significantly higher rate of stenosis 
relative to the 25 mm stapler. As such, the 21 mm EEA stapler appears to have fallen 
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out of favor for creating the GJ in gastric bypass. There is also moderate evidence 
that the linear stapled technique leads to less stenosis than circular stapled anasto-
moses. As shown by Ramos et al, the length of staple firing in linear stapled anasto-
moses does seem to impact weight loss, with greater weight loss with shorter stapler 
firings, and no significant impact on stenosis, though more data is needed [14].

32.4.1  A Personal Approach to the Data

The stoma size in a Roux-en-Y gastric bypass is directly related to the technique 
employed in creating the gastrojejunostomy. Thus stoma size is most commonly 
documented in the literature in this manner, and evaluation of stoma size is by infer-
ence and estimation. Irrespective of technical approach (SC, LS, fully hand-sewn) 
most surgeons aim for a final internal stoma diameter of 16–20 mm. Available evi-
dence is supportive of this inclination, as weight loss outcomes are not significantly 
improved by creating a smaller stoma, but they might be negatively impacted by a 
wider stoma. Lastly, stoma diameters smaller than 16 mm have been associated with 
a higher rate of anastomotic stricture requiring intervention.

32.4.2  Recommendations

 1. If a circular stapler approach is preferred, the 25 mm device is recommended 
over the 21 mm, as the latter does not appear to confer an outcome benefit while 
being more commonly associated with anastomotic complications, namely stric-
ture (Evidence quality high; strong recommendation).

 2. If a linear stapled anastomosis is preferred, we would recommend against 
deploying the full length of a 45 mm staple cartridge, as this has been associated 
with diminished weight loss. A 25 mm portion of such a cartridge is commonly 
utilized amongst surgeons who employ this technique (Evidence quality low; 
weak recommendation).
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33.1  Introduction

Metabolic and Bariatric Surgery (MBS) has been shown to be an effective and dura-
ble treatment for severe obesity is adults. The use of this treatment in children has 
lagged due primarily to lack of understanding of childhood obesity and implicit bias 
against surgical therapy. However, there now exists significant high-quality evi-
dence confirming the safety and efficacy of Metabolic and Bariatric surgery for the 
treatment of severe obesity in children. The most recent American Academy of 
Pediatrics Statement on the use of Metabolic and Bariatric surgery [1] suggests that 
surgery is indicated for a BMI of 120% of the 95th percentile with a co-morbidity 
or a BMI of 140% of the 95th percentile, reguardless of age. These cut offs reflect 
the CDC growth charts and definitions of obesity that correspond to the adult defini-
tions of a BMI of 35 and 40 respectively. There remain difficult decisions in pediat-
ric bariatric surgery namely due to the challenges of defining which operations to 
use and how much of the success or failure of an operation is a result of physiology 
or psychology. There is almost no data on whether inadequate weight loss or co-
morbidity resolution is due to socio-environmental factors (i.e. food insecurity, 
childhood trauma, lack of compliance, parenting issues, etc.) versus inadequate 
physiologic change induced by MBS [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_33&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_33#DOI
mailto:jsapratt@stanford.edu
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33.2  Search Strategy

A literature search of English language publications from 2000 to 2019 was used to 
identify published data on bariatric and metabolic surgery on pediatric or adolescent 
patients. We performed a focused search in the PubMed database of literature pub-
lished between 2000 and 2019. Search terms included “pediatrics”, “obesity”, and 
“bariatric surgery”. See Table 33.1. Randomized controlled trials, prospective and 
retrospective cohort studies were identified to examine primary data. Reviews and 
meta-analyses were examined, but results from primary data were selected in the 
data review [3]. Recent guidelines for Pediatric Metabolic and Bariatric Surgery [1, 
4] were also reviewed and incorporated into recommendations.

33.3  Results

For the purpose of this article—and in alignment with recent guideline statements—
the term “pediatric” refers to a person under 18 years of age. The term “adolescent” 
is defined differently in various settings, for the purpose of this review the term 
“adolescent” refers to a person aged 10–19 years.

Obesity is defined as a BMI  ≥  120% of the 95th percentile or an absolute 
BMI ≥ 35 kg/m2, whichever is lower based on age and sex [5]. The definition of 
severe obesity includes class I, II, and III obesity as defined by the American Heart 
Association criteria: obesity class I (≥95th percentile to <120% of the 95th percen-
tile); obesity class II (≥120% to 140% of the 95th percentile) or a BMI ≥ 35 to 
39 kg/m2, whichever is lower; and obesity class III (≥140% of the 95th percentile) 
or BMI ≥ 40 kg/m2, whichever was lower [6].

The prevalence of obesity is increasing, with nearly 10% of adolescents in 2014 
having class II obesity [6]. This, in conjunction with the high probability of obesity 
in adulthood [7], identifies an opportunity for early intervention for patients to pre-
vent a lifetime of poor health and quality of life [8]. Several large clinical trials have 
been identified as the foundation for current guideline statements from the ASMBS 
and the AAP.

Teen-LABS (NCT00465829): Designed as an ancillary study to the Longitudinal 
Assessment of Bariatric Surgery Study [9], consecutive adolescents aged ≤19 years 
undergoing bariatric surgery at each of 5 Teen-LABS centers between February 28, 
2007 and December 30, 2011 were offered enrollment. Two hundred forty-two 

Table 33.1 PICO search terms

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Pediatric and adolescent 
patients (Age < 18) with 
obesity

Bariatric and metabolic 
surgery (RYGB, VSG)

Medical 
management

Weight loss and 
resolution of 
comorbidities
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patients were enrolled in the study. These patients had a mean age of 17.1 (1.56 SD) 
years at surgery, had a median BMI of 50.5, and a median waist circumference of 
145.9 cm at baseline. The cohort was primarily non-Hispanic (93%), white (72%), 
and female (76%) with 66.5% undergoing Roux-en-Y gastric bypass (RYGB), 5.8% 
undergoing adjustable gastric band (AGB), and 27.7% undergoing vertical sleeve 
gastrectomy (VSG). Within 30 days of surgery, 19 patients (7.9%) experienced 20 
major complications and 36 (14.9%) experienced 47 minor complications. There 
were no deaths. Procedure-specific rates of patients with major complications were 
as follows: RYGB = 9.3% (95% CI, 5.3–14.9); VSG = 4.5% (95% CI, 0.9–12.5); 
and AGB = 7.1% (95% CI, 0.2–33.9). Comparable rates for minor events were as 
follows: RYGB = 16.8% (95% CI, 11.4–23.5); VSG = 11.9% (95% CI, 5.3–22.2); 
and AGB = 7.1% (95% CI, 0.2–33.9).

Three year follow-up data [10] revealed the mean weight had decreased by 27% 
in the total cohort; 28% by those who underwent RYGB, and 26% by those who 
underwent sleeve gastrectomy. Remission of Type 2 Diabetes Mellitus (T2DM) had 
occurred in 95%, abnormal kidney function in 86%, prediabetes in 76%, an elevated 
blood pressure in 74%, and dyslipidemia in 66%. 5-year data for RYGB patients 
(161 patients) was reported compared to a cohort of adult patients with a 26% 
weight loss in the adolescent patients, with adolescents more likely than adults to 
have remission of type 2 diabetes (86% vs. 53%) and hypertension (68% vs. 
41%) [11].

AMOS (NCT00289705): The Adolescent Morbid Obesity Surgery (AMOS) 
study is a prospective, controlled, nonrandomized interventional study comparing 
81 adolescents with severe obesity undergoing RYGB with a matched control group 
of adolescents undergoing conventional medical treatment of obesity, as well as a 
matched cohort of adults undergoing metabolic and bariatric surgery in Sweden. 
The adolescent patients had a mean 29% weight loss after 5 years, similar to the 
matched adult group. A majority of control patients (69%) gained weight [12, 13]. 
In adolescent patients, resolution of comorbidities occurred as follows: Type 2 dia-
betes (100%, 3/3), disturbed glucose homeostasis (86%, 18/21), dyslipidemia (83%, 
43/52), elevated blood pressure (92%, 11/12), inflammation with CRP ≥ 2 mg/L 
(74%, 45/61), and elevated liver enzymes (100%, 19/19).

FABS-5+ (NCT00776776): The Follow-up of Adolescent Bariatric Surgery at 5 
Plus years (FABS-5+) is a prospective follow-up analysis of a cohort of adolescents 
who underwent RYGB for severe obesity between 2001 and 2007. Seventy four 
patients underwent surgery, with 5+ year follow-up in 58 patients. At a mean fol-
low-up of 8 years, the average weight loss of 29.2%. Resolution of comorbidities 
were as follows, with long term data compared to baseline: elevated blood pressure 
(27/57 [47%] vs. 9/55 [16%]; p  =  0.001), dyslipidemia (48/56 [86%] vs. 21/55 
[38%]; p < 0.0001), and type 2 diabetes (9/56 [16%] vs. 1/55 [2%]; p = 0.03) [14].

The results of these trials show that MBS is appropriate management for children 
with severe obesity and results in 29% total body weight loss on average. See 
Table 33.2.

33 Indications, Choice of Operations and Outcomes of Metabolic and Bariatric…
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33.4  Recommendations Based on the Data

Based on review of the data and best practices, the indications for pediatric meta-
bolic and bariatric surgery are outlined in recent guidelines including the ASMBS 
pediatric metabolic and bariatric surgery guidelines [4] and the Pediatric Metabolic 
and Bariatric Surgery Best Practices statement [1]. Indications are as follows:

• Class II obesity with clinically significant disease, including obstructive sleep 
apnea (OSA), T2DM, Idiopathic Intercranial Hypertension (IIH), Non-Alcoholic 
Steato-Hepatitis (NASH), Blount disease, Slipped Capital Femoral Epiphysis 
(SCFE), Gastro Esophogeal Reflux Disease (GERD), and hypertension (high 
quality)

• Class III obesity (high quality)

Contraindications to surgery are as follows:

• A medically correctable cause of obesity (low quality)
• An ongoing substance abuse problem (within the preceding 1 year) (no data)
• A medical, psychiatric, psychosocial, or cognitive condition that prevents adher-

ence to postoperative dietary and medication regiments (no data)
• Current or planned pregnancy within 12–18 months of the procedure (low 

quality)

An interdisciplinary team is essential to build a successful Pediatric Metabolic 
and Bariatric Surgery program [15]. This team at minimum consists of a high- 
volume bariatric and/or pediatric surgeon, pediatrician, pediatric psychologist, pro-
gram coordinator, and dietician (moderate quality). Other support services like 
pediatric Anesthesia, Endocrine, GI, Pulmonary, Radiology, Child life, Physical 
Therapy, Social Services, and Psychiatry are helpful. The Metabolic and Bariatric 
Surgery Accreditation and Quality Improvement Program (MBSAQIP) accredits 
pediatric MBS programs, and their guidelines should be followed even if accredita-
tion is not sought [16–19] (moderate quality).

Obesity is a life-long disease, therefore a transition plan to an adult program is 
necessary [20–22] (high quality). Any child with obesity and a significant comor-
bidity should be considered for MBS to prevent end organ damage from the disease: 
T2DM [23, 24](high quality), OSA [25–27] (high quality), GERD [28] (moderate 
quality), Blount’s (low quality), Slipped capital femoral epiphysis (SCFE) [29] (low 
quality), Idiopathic intracranial hypertension (IIH) [30, 31] (moderate quality), 
Non-alcoholic fatty liver disease [32–34] (high quality), Hypertension [35] (high 
quality). Surgery early in the onset of these diseases can prevent progression and 
end organ damage and may prevent the need for other surgeries (moderate quality).

Choice of operation should be guided by current guidelines around MBS in the 
pediatric and adolescent populations [4]:
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• Vertical Sleeve Gastrectomy (VSG): this has become the most used and most 
recommended operation in adolescents for several reasons: near equivalent 
weight loss to the Roux en y Gastric Bypass (RYGB) in adolescents, fewer reop-
erations, better iron absorption, and near equivalent effect on comorbidities as 
RYGB in adolescents. However, given the more extensive long-term data avail-
able for RYGB, we can recommend the use of either RYGB or VSG in adoles-
cents. Long term outcomes of GERD after VSG are still not well understood 
(high quality).

• The use of emerging technologies in adolescents should be considered when 
standard procedures are unavailable or anatomically inappropriate, but when 
done in adolescents they must be used in the setting of an age appropriate multi-
disciplinary team that treats obesity and under an IRB approved trial. Companies 
should be encouraged to fund trials of new devices in children with obesity at 
least as soon as a device is FDA approved in adults (low quality).

In summary, the choice of a VSG in children has a lower risk profile, similar 
weight loss and comorbidity resolution as RYGB and allows for future operations 
as needed if obesity is unresponsive or returns over time. For patients with severe 
GERD and severe obesity the RYGB may be a more effective operation, but the 
most important recommendation based on surgical risk and complications is to 
avoid Fundoplication’s in these patients [4].

33.5  A Personal View of the Data

Pediatric obesity is a chronic disease that starts in childhood and continues into 
adulthood in at least 85% of patients [36, 37]. Only about one third of adult patients 
with obesity had obesity in childhood. Childhood onset obesity is clearly different 
from adult onset obesity—it can start at birth, around 8 years old, or later in adoles-
cence. The future treatment of this disease will likely be a multifaceted approach 
involving the use of MBS, pharmacotherapy, and socio-environmental interven-
tions. The holy grail is to identify which patients will respond to MBS alone, and 
which need adjunct interventions. Further study is needed to identify the level and 
order of supportive therapies such as lifestyle changes (exercise and food choices 
and eating patterns) and pharmacotherapies that can be used to improve outcomes.

Currently data is reported as a percentage of total body weight loss and co- 
morbidity resolution, however in practice what we see is that each operation has 
patients who respond well to surgery, and those for whom surgery has almost no 
effect on weight loss or comorbidity resolution. We see patients with inadequate 
weight loss as defined in adults to be <30–50% excess BMI loss or in children we 
propose <15–20% total BMI loss. Studies have showed that in adults inadequate 
weight loss occurs after VSG in 21–36% and after RYGB in 5–15% [38, 39].

In practice, with children we have started with the lowest risk procedure—the 
VSG in any patient who meets weight criteria, can make lifestyle changes and wants 
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surgery. When one in four patients doesn’t lose weight, we initiate medications—
Metformin, Topamax and Phentermine have all been used in children and adoles-
cents. Many feel that GLP-1 uptake inhibitors may soon be approved for use in 
children; this medication may be particularly effective after VSG given the variable 
increase in GLP-1. The timing and effectiveness of medication usage in children is 
still unknown. The VSG can be converted to RYGB or Biliopancreatic Diversion 
with duodenal switch (BPD-DS) at a later date if obesity is refractory to medica-
tions as well. This step wise approach reduces the risk exposure of children to vita-
min deficiencies, alcohol addiction, kidney stones and internal hernias all seen after 
RYGB or BPD-DS.

The interdisciplinary team is key to success of these patients. Full workup of 
children is time consuming, and many who present to the clinic will require pulmo-
nary, gastrointestinal, endocrine and psychological evaluation prior to MBS. It is 
helpful to have simple, age appropriate goals that children can learn and follow. One 
helpful mantra that our clinic developed is the 60-60-60 rule. Eat 60 g of protein, 
drink 60 oz. of water and exercise 60 min every day.

Timing of surgery in children is also important, as many children may not feel 
ready when they first present to clinic. If their BMI is already above 140% of the 
95th percentile, it is imperative to perform surgery as soon as possible to prevent 
lifelong obesity. Most children will only lose 20–30% of their total body weight and 
if they are starting above 300 lb, they will likely always have obesity. It is important 
to have a longitudinal program with regular visits with a dietician and an MD or 
APP who can reinforce the importance of exercise, lifestyle changes and environ-
mental modification. Relegating families to “diet and exercise” without regular 
reinforcement will fail every time.

There is no reason to exclude children who have developmental delay, autism or 
psychiatric illness that is treated and stable. These children are often more compli-
ant than neurotypical individuals and tend to lose significant weight [40, 41]. They 
also are less able to be compliant with interventions like CPAP and insulin and other 
treatment options for comorbidities. In our practice, a pre-operative trial of a liquid 
diet for 3 days is completed to determine if caregiver and child are able to comply 
to post-operative changes in diet prior to pursuing surgery. We also obtain an ethics 
consult on patients who are not able to ascent to surgery.

Some of the most important future areas of investigation include if MBS is more 
appropriate treatment than alternative surgeries for OSA, SCFE, and Blount’s. 
T2DM is most likely best approached by early MBS in children with concurrent 
severe obesity than metformin and insulin, as has been proven in adults [24], but this 
is not yet considered standard of care in endocrinology clinics. Further, the role of 
support interventions (lifestyle and pharmacotherapy) and the socio-ecologic envi-
ronment before and after MBS has on patient outcomes remain elusive. More stud-
ies using mixed research methods including Patient Reported Outcomes Measures 
may allow us to identify the best approach to adjunct therapy to optimize outcomes 
following MBS for the treatment of severe pediatric obesity.
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 Abstracted Recommendations

• Indications: Children with a BMI of 120% of the 95th percentile and a comorbid-
ity or a BMI of 140% of the 95th percentile should be referred to an interdisci-
plinary pediatric obesity clinic to be considered for MBS.

• Indications: Syndromic Obesity, Developmental Delay, ASD and treated psychi-
atric disorders are not contraindications to MBS.

• Choice of MBS: The VSG is most frequently used procedure due to its low risk 
profile and comparable outcomes to the RYGB in Adolescents.

• Outcomes: For T2DM MBS is superior to medical management in adults and 
most likely also in children.

• Outcomes: For severe reflux in children with concurrent severe obesity, the 
RYGB is superior to the Nissen Fundoplication, but some patients will 
respond to VSG.

• Outcomes: Remission occurs for Type 2 Diabetes Mellitus (T2DM) in 95%, 
abnormal kidney function in 86%, prediabetes in 76%, an elevated blood pres-
sure in 74%, and dyslipidemia in 66% after MBS.

References

 1. Armstrong SC, Bolling CF, Michalsky MP, Reichard KW, Section on Obesity, Section on 
Surgery. Pediatric metabolic and bariatric surgery: evidence, barriers, and best practices. 
Pediatrics. 2019;144(6).

 2. Messiah SE, Sacher PM, Yudkin J, Qureshi FG, Hoelscher DM, Barlow SE. Partnering support 
interventions with bariatric surgery to maximize health outcomes in adolescents with severe 
obesity. Obes Silver Spring Md. 2019;27(11):1784–95.

 3. Paulus GF, de Vaan LEG, Verdam FJ, Bouvy ND, Ambergen TAW, van Heurn LWE. Bariatric 
surgery in morbidly obese adolescents: a systematic review and meta-analysis. Obes Surg. 
2015;25(5):860–78.

 4. Pratt JSA, Browne A, Browne NT, et al. ASMBS pediatric metabolic and bariatric surgery 
guidelines, 2018. Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 2018;14(7):882–901.

 5. Kelly AS, Barlow SE, Rao G, et al. Severe obesity in children and adolescents: identification, 
associated health risks, and treatment approaches: a scientific statement from the American 
Heart Association. Circulation. 2013;128(15):1689–712.

 6. Skinner AC, Skelton JA. Prevalence and trends in obesity and severe obesity among children 
in the United States, 1999-2012. JAMA Pediatr. 2014;168(6):561–6.

 7. Freedman DS, Mei Z, Srinivasan SR, Berenson GS, Dietz WH. Cardiovascular risk factors 
and excess adiposity among overweight children and adolescents: the Bogalusa Heart Study. J 
Pediatr. 2007;150(1):12–7.e2.

 8. Twig G, Yaniv G, Levine H, et al. Body-mass index in 2.3 million adolescents and cardiovas-
cular death in adulthood. N Engl J Med. 2016;374(25):2430–40.

 9. Inge TH, Zeller MH, Jenkins TM, et al. Perioperative outcomes of adolescents undergoing 
bariatric surgery: the Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS) study. 
JAMA Pediatr. 2014;168(1):47–53.

 10. Inge TH, Courcoulas AP, Jenkins TM, et al. Weight loss and health status 3 years after bariatric 
surgery in adolescents. N Engl J Med. 2016;374(2):113–23.

 11. Inge TH, Courcoulas AP, Jenkins TM, et al. Five-year outcomes of gastric bypass in adoles-
cents as compared with adults. N Engl J Med. 2019;380(22):2136–45.

K. S. Blevins and J. S. A. Pratt



391

 12. Olbers T, Beamish AJ, Gronowitz E, et al. Laparoscopic Roux-en-Y gastric bypass in adoles-
cents with severe obesity (AMOS): a prospective, 5-year, Swedish nationwide study. Lancet 
Diabetes Endocrinol. 2017;5(3):174–83.

 13. Göthberg G, Gronowitz E, Flodmark C-E, et al. Laparoscopic Roux-en-Y gastric bypass in 
adolescents with morbid obesity—surgical aspects and clinical outcome. Semin Pediatr Surg. 
2014;23(1):11–6.

 14. Inge TH, Jenkins TM, Xanthakos SA, et al. Long-term outcomes of bariatric surgery in ado-
lescents with severe obesity (FABS-5+): a prospective follow-up analysis. Lancet Diabetes 
Endocrinol. 2017;5(3):165–73.

 15. Inge TH, Garcia V, Daniels S, et al. A multidisciplinary approach to the adolescent bariatric 
surgical patient. J Pediatr Surg. 2004;39(3):442–7. Discussion 446–7

 16. Nguyen NT, Nguyen B, Nguyen VQ, Ziogas A, Hohmann S, Stamos MJ. Outcomes of bariatric 
surgery performed at accredited vs nonaccredited centers. J Am Coll Surg. 2012;215(4):467–74.

 17. Gebhart A, Young M, Phelan M, Nguyen NT. Impact of accreditation in bariatric surgery. Surg 
Obes Relat Dis Off J Am Soc Bariatr Surg. 2014;10(5):767–73.

 18. Michalsky M, Reichard K, Inge T, Pratt J, Lenders C. American Society for Metabolic and 
Bariatric Surgery. ASMBS pediatric committee best practice guidelines. Surg Obes Relat Dis 
Off J Am Soc Bariatr Surg. 2012;8(1):1–7.

 19. Altieri MS, Pryor A, Bates A, Docimo S, Talamini M, Spaniolas K. Bariatric procedures in 
adolescents are safe in accredited centers. Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 
2018;14(9):1368–72.

 20. Kumar S, Kelly AS. Review of childhood obesity: from epidemiology, etiology, and comor-
bidities to clinical assessment and treatment. Mayo Clin Proc. 2017;92(2):251–65.

 21. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting obesity in young adult-
hood from childhood and parental obesity. N Engl J Med. 1997;337(13):869–73.

 22. Juonala M, Magnussen CG, Berenson GS, et  al. Childhood adiposity, adult adiposity, and 
cardiovascular risk factors. N Engl J Med. 2011;365(20):1876–85.

 23. Inge TH, Miyano G, Bean J, et  al. Reversal of type 2 diabetes mellitus and improve-
ments in cardiovascular risk factors after surgical weight loss in adolescents. Pediatrics. 
2009;123(1):214–22.

 24. Inge TH, Laffel LM, Jenkins TM, et al. Comparison of surgical and medical therapy for type 2 
diabetes in severely obese adolescents. JAMA Pediatr. 2018;172(5):452–60.

 25. Kalra M, Inge T, Garcia V, et al. Obstructive sleep apnea in extremely overweight adolescents 
undergoing bariatric surgery. Obes Res. 2005;13(7):1175–9.

 26. Ashrafian H, Toma T, Rowland SP, et  al. Bariatric surgery or non-surgical weight loss for 
obstructive sleep apnoea? a systematic review and comparison of meta-analyses. Obes Surg. 
2015;25(7):1239–50.

 27. Amin R, Simakajornboon N, Szczesniak R, Inge T. Early improvement in obstructive sleep 
apnea and increase in orexin levels after bariatric surgery in adolescents and young adults. 
Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 2017;13(1):95–100.

 28. Dewberry LC, Khoury JC, Ehrlich S, et  al. Change in gastrointestinal symptoms over the 
first 5  years after bariatric surgery in a multicenter cohort of adolescents. J Pediatr Surg. 
2019;54(6):1220–5.

 29. Griggs CL, Perez NP, Chan MC, Pratt JS.  Slipped capital femoral epiphysis and Blount 
disease as indicators for early metabolic surgical intervention. Surg Obes Relat Dis. 
2019;15(10):1836–41.

 30. Andrews LE, Liu GT, Ko MW. Idiopathic intracranial hypertension and obesity. Horm Res 
Paediatr. 2014;81(4):217–25.

 31. Chandra V, Dutta S, Albanese CT, Shepard E, Farrales-Nguyen S, Morton J. Clinical resolution 
of severely symptomatic pseudotumor cerebri after gastric bypass in an adolescent. Surg Obes 
Relat Dis Off J Am Soc Bariatr Surg. 2007;3(2):198–200.

 32. Manco M, Mosca A, De Peppo F, et al. The benefit of sleeve gastrectomy in obese adolescents 
on nonalcoholic steatohepatitis and hepatic fibrosis. J Pediatr. 2017;180:31–7.e2.

33 Indications, Choice of Operations and Outcomes of Metabolic and Bariatric…



392

 33. Xanthakos SA, Jenkins TM, Kleiner DE, et al. High prevalence of nonalcoholic fatty liver dis-
ease in adolescents undergoing bariatric surgery. Gastroenterology. 2015;149(3):623–34.e8.

 34. Lassailly G, Caiazzo R, Buob D, et al. Bariatric surgery reduces features of nonalcoholic ste-
atohepatitis in morbidly obese patients. Gastroenterology. 2015;149(2):379–88; quiz e15–6.

 35. Michalsky MP, Inge TH, Jenkins TM, et al. Cardiovascular risk factors after adolescent bariat-
ric surgery. Pediatrics. 2018;141(2).

 36. Ogden CL, Carroll MD, Fryar CD, Flegal KM. Prevalence of obesity among adults and youth: 
United States, 2011-2014. NCHS Data Brief. 2015;219:1–8.

 37. Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM. Prevalence of high body mass 
index in US children and adolescents, 2007-2008. JAMA. 2010;303(3):242–9.

 38. Snyder B, Nguyen A, Scarbourough T, Yu S, Wilson E. Comparison of those who succeed in 
losing significant excessive weight after bariatric surgery and those who fail. Surg Endosc. 
2009;23(10):2302–6.

 39. Arman GA, Himpens J, Dhaenens J, Ballet T, Vilallonga R, Leman G. Long-term (11+years) 
outcomes in weight, patient satisfaction, comorbidities, and gastroesophageal reflux  treatment 
after laparoscopic sleeve gastrectomy. Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 
2016;12(10):1778–86.

 40. Goddard GR, Kotagal M, Jenkins TM, Kollar LM, Inge TH, Helmrath MA. Weight loss after 
sleeve gastrectomy in developmentally delayed adolescents and young adults. Surg Obes Relat 
Dis Off J Am Soc Bariatr Surg. 2019;15(10):1662–7.

 41. Matheson BE, Colborn D, Bohon C. Bariatric surgery in children and adolescents with cogni-
tive impairment and/or developmental delay: current knowledge and clinical recommenda-
tions. Obes Surg. 2019;29(12):4114–26.

K. S. Blevins and J. S. A. Pratt



393© Springer Nature Switzerland AG 2021
J. Alverdy, Y. Vigneswaran (eds.), Difficult Decisions in Bariatric Surgery, 
Difficult Decisions in Surgery: An Evidence-Based Approach, 
https://doi.org/10.1007/978-3-030-55329-6_34

K. E. Steele (*) 
The Johns Hopkins Center for Bariatric Surgery, Department of Surgery, The Johns Hopkins 
University School of Medicine, Baltimore, MD, USA

34Pediatric Bariatric Surgery and Sexual 
Developmental Milestones

Kimberley Eden Steele

34.1  Background

On October 28, 2019, the American Academy of Pediatrics (AAP) released a policy 
statement entitled: Pediatric Metabolic and Bariatric Surgery: Evidence, Barriers, 
and Best Practices, in response to the urgency of the escalating obesity epidemic 
among pediatric patients [1].

In the United States alone, 4.5 million children and adolescents are affected by 
obesity and the resulting associated comorbidities [2, 3]. While traditional methods 
of weight loss including diet, exercise, family counseling, behavioral therapy, and 
sometimes pharmacotherapy have always been the first line treatment options, these 
non-invasive approaches are rarely successful [4]. Unfortunately, children with obe-
sity have a high probability of carrying this health burden into adulthood [5, 6]. 
Longitudinal studies of adult bariatric surgical patients, and a growing literature on 
pediatric bariatric surgery, have demonstrated that these procedures lead to signifi-
cant and durable weight loss [7, 8]. Further, recent studies comparing traditional 
weight loss options to bariatric surgery in adolescents have demonstrated that ear-
lier intervention leads to resolution or remission of comorbid conditions, thereby 
preventing end organ damage and the further complications [9].

While bariatric surgery is certainly invasive and therefore not without risks, there 
is an increased acknowledgment that its proven efficacy may justify its use to 
address the growing pediatric obesity epidemic. In an effort to reduce biases and 
allay fears towards bariatric surgery [10], the AAP released guidelines to assist 
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pediatricians in the selection of appropriate patients, assist adolescents and their 
families in the decision making process, identify accredited programs that offer 
these procedures, and advocate for coverage by insurance companies and expanded 
access [1, 4].

Bariatric surgery achieves its effect in part by reducing caloric intake. However, 
maintenance of a normal energy balance between intake in the form of a balanced 
and nutritious diet, and expenditure through regular exercise and thermoregulation, 
is essential as children develop and mature [11]. Energy imbalance leading to 
extremes of body weight disturb the hypothalamic-pituitary-gonadal axis and can 
affect sexual development. For children and adolescents, this may take the form of 
a premature pubertal state in females or an altered pubertal state in males [12].

The objective of this review is to summarize the existing knowledge on the rela-
tionship between bariatric surgery and sexual developmental milestones.

Does bariatric surgery affect sexual development milestones in adolescents with 
obesity?

PICO: Do adolescents with obesity undergoing bariatric surgery compared to 
those who do not undergo bariatric surgery have alterations in sexual developmental 
milestones? (Table 34.1).

P: Do adolescents with obesity
I: Undergoing bariatric surgery
C: Compared to adolescents with obesity not undergoing bariatric surgery
O: Have alterations in sexual developmental milestones

Table 34.1 PICO

PICO 
elements Keywords Search terms Search strategy
Population Adolescents with obesity 

(BMI ≥35) undergoing 
bariatric surgery

Human
Adolescent
Obesity

Obesity
Human (filter)
Adolescent (filter)

Intervention Bariatric surgery Bariatric surgery Bariatric Surgery
Or
Surgery

Comparison Adolescents with obesity not 
undergoing bariatric surgery

Diet
Exercise
Pharmacotherapy
Behavioral therapy

Diet
Or
Exercise
Or
Pharmacotherapy
or
Behavioral Therapy

Outcome Effects sexual developmental 
milestones

Sexual developmental 
milestones

Sexual developmental 
milestones
Or
Puberty
Or
Reproductive axis
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*It is merely to bring attention to the fact that in this review adolescent refers to 
ages 13 to 18 years of age as per the American Academy of Pediatric’s (AAP) 
definition.

34.2  Search Strategy

We searched MEDLINE (via PUBMED), EMBASE and SCOPUS for papers con-
taining synonyms for both the terms “bariatric surgery” and “sexual developmental 
milestones” Synonyms were compiled using both a controlled vocabulary and free 
text (Table 34.1). Published literature through January 27, 2020 were included. We 
also searched for systematic reviews and meta-analyses using the clinical queries 
tool in Pubmed. The specific search strings included:

34.2.1  Concept

• (“paediatrics”[All Fields] OR “pediatrics”[MeSH Terms] OR “pediatrics”[All 
Fields]) AND (“bariatrics”[MeSH Terms] OR “bariatrics”[All Fields]) AND 
(“puberty”[MeSH Terms] OR “puberty”[All Fields])

Hand-searching was performed by compiling a list of the top pediatric and bar-
iatric surgery journals based on the 2019 impact factor in two major areas: surgery 
and pediatrics. From this list we chose the six most pertinent journals: Academic 
Pediatrics, JAMA Pediatrics, The Journal of Pediatrics, and Pediatrics, Surgery of 
Obesity And Related Diseases, Obesity Surgery. Each of these journals was searched 
back six months for articles that were not identified in our database search. 
Duplicates were removed and titles and abstracts reviewed. Articles were excluded 
if they were case reports, editorials, animal studies, or published in a language other 
than English. The full text of articles selected by the above process were retrieved.

34.3  Criteria for Considering Studies for This Review

Our research question is to determine whether bariatric surgery affects sexual devel-
opmental milestones in adolescents with obesity.

In the United States, randomization to bariatric surgery would be inappropriate 
and not ethical, and therefore we considered only observational studies. We included 
prospective or retrospective cohort studies and case-control studies. We did not 
include any cross-sectional studies, as these studies do not provide temporality.

34.4  Types of Participants

Study participants who met the following criteria for exposure and outcome were 
included:

34 Pediatric Bariatric Surgery and Sexual Developmental Milestones
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 1. Patients up until the age of 18 years old who underwent elective bariatric surgery 
using open or laparoscopic technique.

We did not exclude based on race, ethnicity, gender, geographical location, 
health care setting, or type of bariatric surgery (laparoscopic adjustable gastric 
band, vertical sleeve gastrectomy, Roux-en Y gastric bypass, duodenal switch).

34.5  Type of Intervention

We included any participant who underwent elective bariatric surgery of any tech-
nique (open, laparoscopic or robotic). We included the most common procedures: 
laparoscopic adjustable gastric band, vertical sleeve gastrectomy, Roux-en Y gastric 
bypass and duodenal switch.

34.6  Type of Outcome Measures

34.6.1  Primary Outcome

The primary outcome is the attainment of sexual developmental milestones based 
on any of the following: clinical diagnosis, self-report, chart review, administrative 
database coding, radiographic diagnosis, and ICD-10 code.

34.7  Results

Relevant search strings were searched in MEDLINE, EMBASE, AND SCOPUS. An 
initial search yielded 2237 candidate records. No additional records were identified 
from hand searching. All duplicates were dropped, and records were transferred to 
EndNote X9 and reviewed. Only one manuscript was identified that included a pedi-
atric population undergoing bariatric surgery and investigating sexual developmen-
tal milestones.

Table 34.2 summarizes the findings.

34.8  Obesity and the Reproductive Axis

The detrimental effects of obesity on the human body are well established in both 
the adult and pediatric populations. While not commonly discussed, alterations in 
sexual developmental milestones in the pediatric population and in the reproductive 
axis in adolescents and adults, are plausible consequences of the altered physiology 
of the obese state. Evidence suggests that excess body weight (adipose tissue) in 
childhood effects both growth development and puberty [12].
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Puberty marks the transition from childhood into adolescence and adulthood. 
Physiologic, biologic, and psychologic changes lead to development of secondary 
sexual characteristics (breast tissue, facial and pubic hair, voice changes, menarche), 
gonadal development and the ability to reproduce [13, 14].

The timing of puberty has a significant impact on the health of the individual [15].
Adipose tissue is a very important endocrine organ with many vital functions 

including energy storage and metabolism. The adipocyte plays a crucial role in the 
storage, release and regulation of energy (glucose and fatty acids) and the metabo-
lism of sex hormones [16].

Obesity is thought to alter the hormone milieu including secretion and sensitivity 
of sex hormones, leptin and insulin [16]. In childhood, excess body weight (excess 
adipose tissue) may influence normal pubertal development and therefore alter sex-
ual developmental milestones and ultimately the health of the individual. In girls, 
the timing of puberty and hormone levels provides direct evidence of the association 
between obesity and the onset of early puberty and increased risk of hyperandrogen-
ism. In boys, the evidence is less clear, but there is evidence that obesity does indeed 
alter sexual developmental milestones, with some reports demonstrating that excess 
adiposity is associated with early puberty while others report a delay in puberty [17].

Table 34.2 Summary results of search

Author/Year 
Published/
Study Study Type Setting Population Outcome

Quality of 
evidence

Chin et al. 
2018
Long-term 
follow-up of 
gonadal 
dysfunction 
in morbidly 
obese 
adolescent 
boys after 
bariatric 
surgery

Longitudinal 
Cohort Study
Before and 
After 
Bariatric 
Surgery 
(laparoscopic 
adjustable 
gastric 
banding)

Academic 
Center for  
Bariatric 
Surgery

Total n = 54
16/54 
prepubertal 
boys with 
diagnosis of 
gonadal 
dysfunction 
(low total 
testosterone 
<350 ng/dL 
at Tanner 5 
Stage, 
followed to 
2 years 
post-op

1. BMI, weight, 
waist 
circumference 
and % excess 
weight 
decreased at 2 
years. Post-op
2. Mean total 
testosterone 
improved from 
baseline = 268–
368 ng/dL 
post-op
3. Negative 
correlation 
between BMI 
and testosterone 
after 2 years 
(r = −0.81, 
p = 0.003)

The only study 
identified 
during 
literature search 
investigating 
the effects 
bariatric 
surgery has on 
sexual 
development 
milestones
There was no 
comparison 
group
Future rigorous 
studies are 
needed to 
investigate the 
effect bariatric 
surgery may 
have on sexual 
developmental 
milestones in 
the pediatric/
adolescent 
population
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While sex hormones have been implicated in pubertal development, insulin [18], 
leptin [19] and gut hormones [20] such as ghrelin, the orexigenic “hunger hormone,” 
and the anorexigenic PYY, are among the contributors to this process.

Treatment options to address alterations in sexual developmental milestones and 
puberty focus on weight loss and maintenance of a healthy weight for age. These 
include lifestyle modifications such as nutritional counselling for the individual and 
family, routine monitoring of body weight, consistent exercise, pharmacologic 
adjunct therapy and bariatric surgery [21].

34.9  Pediatric Bariatric Surgery and Effects on Sexual 
Developmental Milestones

Pediatric bariatric surgery is an increasingly proven weight-loss intervention for 
children and adolescents under 18 years of age who have failed traditional methods 
of weight loss. Nearly one in ten children and adolescents, in the United States are 
classified within the definition of Class II obesity with a body mass index (BMI) 
≥35 kg/m2 or ≥120% of the 95th percentile values. This translates into nearly 4.5 
million children and adolescents in the United States that are physically, psycho-
logically and medically burdened by enormous fat reserves and physiologic toll this 
takes on their developing bodies. Today, there is strong evidence demonstrating the 
effectiveness of pediatric bariatric surgery. In 2017, the Endocrine Society pub-
lished up to date clinical guidelines in the assessment, treatment and prevention of 
pediatric obesity. In their opinion, bariatric surgery could be considered in patients 
with the following criteria: “who attained Tanner 4 or 5 pubertal development and 
final or near-final adult height, the patient has a BMI of >40 kg/m2 or has a BMI of 
>35 kg/m2 and significant, extreme comorbidities” [22].

Alqahtani et al set out to challenge the concerns of pediatricians by demonstrat-
ing that bariatric surgery in prepubertal children was safe and effective. In a retro-
spective study using data from the investigators’ program database, 116 children 
age ≤14 years (excluding syndromic cases of obesity) were identified who under-
went laparoscopic vertical sleeve gastrectomy (VSG). These cases were matched on 
age, sex, and height with non-surgical weight management and further the cohort 
was compared to adolescents ages >14 who also underwent laparoscopic 
VSG.  Investigators found significant improvement in linear growth of pediatric 
patients undergoing VSG when compared with matched controls of similar 
BMI.  Interestingly, the younger children (≤14 years) had a lower prevalence of 
existing comorbidities, yet when compared to the older children who underwent 
VSG, they had similar resolution rates of existing comorbidities and there was no 
significant difference in complication rates [23].

Based on this study and an extensive systematic review conducted by the 
American Society of Bariatric and Metabolic Surgeons (ASMBS) entitled ASMBS 
Pediatric Metabolic and Bariatric Surgery Guidelines 2018, the pediatric surgery 
committee reported that there was no strong evidence to suggest that pediatric bar-
iatric surgery adversely effects linear growth or puberty as measured by Tanner 
staging. They concluded that adolescents should not be denied access to bariatric 
surgery based on bone growth or Tanner staging [2].
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In searching for published literature specifically citing any effects that bariatric 
surgery may have on puberty/sexual developmental milestones, only one study was 
identified.

In 2018, Chin et  al. reported the first study in the literature to determine the 
effects of bariatric surgery on gonadal dysfunction. Fifty-four adolescent boys diag-
nosed with preoperative gonadal dysfunction were followed for 2 years following 
laparoscopic gastric banding. While not statistically significant, the investigators 
did find a trend that suggested at both 1 and 2 years following bariatric surgery, 
testosterone levels improved from preoperative baseline values. The improvement 
in testosterone levels was associated with weight loss and decreased waist circum-
ference, hemoglobin A1C, and fasting insulin levels [24] (Table 34.2).

While there is a dearth of published literature investigating the association 
between bariatric surgery and sexual developmental milestones, one could extrapo-
late from papers describing the detrimental effects of obesity on puberty and sexual 
development, and the ability of weight loss to reverse or improve these negative 
effects, that pediatric bariatric surgery resulting in successful weight loss and reso-
lution or improvement in comorbidities associated with obesity should improve 
altered sexual developmental milestones of boys and premature puberty in girls.

34.10  A Personal View of the Data

Pediatricians, bariatric surgeons, and obesity researchers alike can all agree that 
longitudinal outcome data are needed to assess the long-term safety and medical 
outcomes of children and adolescents undergoing bariatric surgery. Long term out-
come data are needed to improve the care of our patients and should include anthro-
pometric (weight loss and body mass index), medical (remission, resolution and 
relapse of obesity related comorbidities such as type 2 diabetes obstructive sleep 
apnea, chronic kidney and liver disease,) and psychosocial issues.

As evident by the dearth of paper identified by the present systematic review, it 
is essential that future studies include data collection on how bariatric surgery 
affects sexual developmental milestones and their implications for sexuality, body 
image, fertility, pregnancy, and quality of life.

Finally, adolescents being considered for bariatric surgery should be referred to 
an accredited center that offers an experienced comprehensive program including 
lifestyle therapy, behavioral and nutritional counselling, exercise, and extensive 
follow-up support. Further, the adolescent should have a cohesive plan to effectively 
transition them to adult bariatric care.

Obesity is a chronic disease and it requires a lifetime of responsible care.

References

 1. Armstrong SC, Bolling CF, Michalsky MP, Reichard KW, Section on Obesity SOS. Pediatric 
metabolic and bariatric surgery: evidence, barriers, and best practices. Pediatrics. 
2019;144(6):e20193223.

34 Pediatric Bariatric Surgery and Sexual Developmental Milestones



400

 2. Pratt JSA, Browne A, Browne NT, Bruzoni M, Cohen M, Desai A, et al. ASMBS pediatric 
metabolic and bariatric surgery guidelines, 2018. Surg Obes Relat Dis. 2018;14(7):882–901.

 3. Skinner AC, Ravanbakht SN, Skelton JA, Perrin EM, Armstrong SC. Prevalence of obesity and 
severe obesity in US children, 1999–2016. Pediatrics. 2018;141(3):e20173459.

 4. Bolling CF, Armstrong SC, Reichard KW, Michalsky MP, Section On Obesity 
SOS.  Metabolic and bariatric surgery for pediatric patients with severe obesity. Pediatrics. 
2019;144(6):e20193224.

 5. Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS.  Relationship of child-
hood obesity to coronary heart disease risk factors in adulthood: the Bogalusa Heart Study. 
Pediatrics. 2001;108(3):712–8.

 6. Di Cesare M, Sorić M, Bovet P, Miranda JJ, Bhutta Z, Stevens GA, et al. The epidemiological 
burden of obesity in childhood: a worldwide epidemic requiring urgent action. BMC Med. 
2019;17(1):212.

 7. Inge TH, Jenkins TM, Xanthakos SA, Dixon JB, Daniels SR, Zeller MH, et al. Long-term 
outcomes of bariatric surgery in adolescents with severe obesity (FABS-5+): a prospective 
follow-up analysis. Lancet Diabetes Endocrinol. 2017;5(3):165–73.

 8. Inge TH, Courcoulas AP, Jenkins TM, Michalsky MP, Brandt ML, Xanthakos SA, et  al. 
Five-year outcomes of gastric bypass in adolescents as compared with adults. N Engl J Med. 
2019;380(22):2136–45.

 9. Olbers T, Beamish AJ, Gronowitz E, Flodmark C-E, Dahlgren J, Bruze G, et al. Laparoscopic 
Roux-en-Y gastric bypass in adolescents with severe obesity (AMOS): a prospective, 5-year, 
Swedish nationwide study. Lancet Diabetes Endocrinol. 2017;5(3):174–83.

 10. Woolford SJ, Clark SJ, Gebremariam A, Davis MM, Freed GL. To cut or not to cut: physicians’ 
perspectives on referring adolescents for bariatric surgery. Obes Surg. 2010;20(7):937–42.

 11. Das JK, Salam RA, Thornburg KL, Prentice AM, Campisi S, Lassi ZS, et al. Nutrition in adoles-
cents: physiology, metabolism, and nutritional needs. Ann N Y Acad Sci. 2017;1393(1):21–33.

 12. Chung S. Growth and puberty in obese children and implications of body composition. J Obes 
Metab Syndr. 2017;26(4):243–50.

 13. Vijayakumar N, Op de Macks Z, Shirtcliff EA, Pfeifer JH.  Puberty and the human brain: 
Insights into adolescent development. Neurosci Biobehav Rev. 2018;92:417–436.

 14. Abreu AP, Kaiser UB.  Pubertal development and regulation. Lancet Diabetes Endocrinol. 
2016;4(3):254–64.

 15. Golub MS, Collman GW, Foster PMD, Kimmel CA, Rajpert-De Meyts E, Reiter EO, et al. 
Public health implications of altered puberty timing. Pediatrics. 2008;121(Suppl 3):S218–S30.

 16. Trayhurn P, Beattie JH. Physiological role of adipose tissue: white adipose tissue as an endo-
crine and secretory organ. Proc Nutr Soc. 2001;60(3):329–39.

 17. Marcovecchio ML, Chiarelli F. Obesity and growth during childhood and puberty. World Rev 
Nutr Diet. 2013;106:135–41.

 18. Moriarty-Kelsey M, Harwood JEF, Travers SH, Zeitler PS, Nadeau KJ. Testosterone, obesity 
and insulin resistance in young males: evidence for an association between gonadal dysfunc-
tion and insulin resistance during puberty. J Pediatr Endocrinol Metab. 2010;23(12):1281–7.

 19. Shalitin S, Kiess W.  Putative effects of obesity on linear growth and puberty. Horm Res 
Paediatr. 2017;88(1):101–10.

 20. Horner K, Lee S.  Appetite-related peptides in childhood and adolescence: role of ghrelin, 
PYY, and GLP-1. Appl Physiol Nutr Metab. 2015;40(11):1089–99.

 21. Michalakis K, Mintziori G, Kaprara A, Tarlatzis BC, Goulis DG.  The complex interaction 
between obesity, metabolic syndrome and reproductive axis: a narrative review. Metabolism. 
2013;62(4):457–78.

 22. Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein JH, et al. Pediatric 
obesity-assessment, treatment, and prevention: an Endocrine Society clinical practice guide-
line. J Clin Endocrinol Metab. 2017;102(3):709–57.

 23. Alqahtani A, Elahmedi M, Qahtani ARA. Laparoscopic sleeve gastrectomy in children younger 
than 14 years: refuting the concerns. Ann Surg. 2016;263(2):312–9.

 24. Chin VL, Willliams KM, Donnelley T, Censani M, Conroy R, Lerner S, et al. Long-term fol-
low- up of gonadal dysfunction in morbidly obese adolescent boys after bariatric surgery. J 
Pediatr Endocrinol Metab. 2018;31(11):1191–7.

K. E. Steele



401© Springer Nature Switzerland AG 2021
J. Alverdy, Y. Vigneswaran (eds.), Difficult Decisions in Bariatric Surgery, 
Difficult Decisions in Surgery: An Evidence-Based Approach, 
https://doi.org/10.1007/978-3-030-55329-6_35

A. Trenk · M. B. Slidell (*) 
The University of Chicago, Chicago, Illinois, USA
e-mail: mslidell@surgery.bsd.uchicago.edu

35Which Surgical Specialist Should 
Perform Metabolic Bariatric Surgery 
in Children and Adolescents?

Alexander Trenk and Mark B. Slidell

35.1  Introduction

As the incidence of obesity has risen in North American children and adolescents, 
there has been a concomitant rise in the number of pediatric patients who undergo 
metabolic bariatric surgery (MBS). Over the past 3 decades there has been a three- 
fold increase in the incidence of childhood obesity [1]. For adolescents age 12 to 
19 years, the prevalence of obesity and extreme obesity is estimated at 20.5% and 
7.8% respectively, and for children as young as 6 to 11 years of age it is estimated 
to be 17.5% and 5.6% [2]. While metabolic and bariatric surgery (MBS) has a 
proven record of success in the treatment of adults with morbid obesity, it is only 
over the past decade or so that we have seen a similar rise in literature supporting 
MBS for the pediatric population. Adolescents undergoing MBS exhibit similar 
improvements in obesity-related conditions, such as diabetes type II, hypertension 
and obstructive sleep apnea [3–7]. For the most part, the result of MBS mirror the 
successes seen in adult populations, and a growing body of evidence similarly sup-
ports a multidisciplinary approach to MBS in pediatric patients. The American 
Society for Metabolic and Bariatric Surgery (ASMBS) Pediatric Committee contin-
ues to put out pediatric-specific recommendations for MBS programs with respect 
to how a program is staffed. With respect to the surgeon performing the procedures, 
it recommends a “moderate volume metabolic and bariatric surgeon, either adult or 
pediatric, and a transition plan into an adult program [8].” The question we will 
consider in this review is whether the training background of that surgical specialist 
affects outcomes, and whether it makes a difference if that is a pediatric general 
surgeon or an adult surgeon with minimally invasive surgical (MIS) training?

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55329-6_35&domain=pdf
https://doi.org/10.1007/978-3-030-55329-6_35#DOI
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35.2  Search Strategy

A search of English language publications from 2005 to 2020 was performed to 
identify articles to answer the question of “which specialist should perform bariat-
ric surgery in adolescents?” Databases searched were PubMed, and Cochrane 
Evidence Based Medicine. Terms used in our search included (Bariatric Surgery 
OR Metabolic Surgery OR Bariatric Surgical Procedures OR Weight loss surgery) 
AND (Child or Adolescent or Pediatric) AND, “Outcomes”, “specialty”, “hospi-
tal”, “volumes”, “specialty”. The World Health Organization definition of an ado-
lescent is a person who falls between the ages of 10 and 19  years of age [9], 
however we will also consider any evidence regarding children ages 6 to 10 in our 
evaluation of the literature.

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Children and 
adolescents 
suffering from 
morbid obesity

Bariatric surgery Adult general surgeons, 
adult MIS and bariatric 
surgeons, and pediatric 
surgeons with bariatric 
training.

Mortality, surgical 
complications, weight loss, 
long-term improvement in 
comorbidities, QOL, costs

35.3  Results

Our PICO literature search did not uncover any studies evaluating differences in 
MBS outcomes for children operated on by adult versus pediatric surgeons. There 
are studies comparing the outcomes for children versus adults undergoing the same 
procedure, but none addressing our question of who ought to be performing the 
operations. In the absence of any such literature, it is not possible to give evidence- 
based recommendations that are specific to MBS. Nonetheless, this is an important 
question to consider and we hope it is taken up as a research question so that we may 
soon have an evidence-based approach specific to MBS.

In the absence of dedicated MBS data on this subject, we can begin by review-
ing expert consensus recommendations from bariatric societies. While surgery vol-
umes are relatively low for adolescent bariatric procedures, the number of children 
undergoing MBS is rising, and awareness of surgical obesity treatment and its 
long-term benefits is necessary to ensure bariatric programs optimize physiologic 
and social outcomes. As espoused by Wilson et al., ‘Bariatric surgery programs 
with a primary focus on adults may be well equipped to provide safe and effective 
perioperative care for adolescents but may be less equipped to handle these patients 
unique metabolic and challenging psychological needs’ [10]. In adult MBS cen-
ters, surgeons may find it difficult to manage the long-term care of adolescent 
patients without close collaboration with pediatric specialists (dieticians, psychol-
ogists, pediatricians, etc.). The American Society for Metabolic and Bariatric 
Surgery (ASMBS) Pediatric Committee has weighed in on this and recently 
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updated their guidelines for MBS in adolescents to provide some guidance on the 
best approach to these patients [8].

The ASMBS guidelines recommend that both freestanding pediatric programs 
and adult programs with adolescent teams undergo the process of clinical accredita-
tion through the Metabolic and Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP) [8]. The process of accreditation has been 
shown to improve quality and safety for programs caring for obese adolescents [11, 
12]. In order to become an accredited bariatric program for children, there are spe-
cific requirements for a number of pediatric specialists to provide that care. The 
guidelines state there must be, a pediatric or adolescent-trained medical physician 
as the “pediatric medical advisor,” and also a psychologist, psychiatrist, or other-
wise adolescent-trained licensed counselor who can provide care as a “behavioral 
specialist” for pediatric patients. There must also be a plan in place for orderly 
transition into an adult program as they age out of the pediatric center. The ASMBS 
guidelines do not specify whether the surgeon needs to be a pediatric surgeon or an 
adult MIS surgeon with experience operating on adolescents. The guidelines simply 
state that the surgeon “may be either an adult or pediatric surgeon with a moderate 
volume of experience in MBS.” [8]. This implies that the relevant surgical skills and 
training of an adult bariatric surgeon will readily transfer to operations on adoles-
cent patients, and that a pediatric surgeon with advanced MIS training is fully capa-
ble of performing MBS. At the root of this, is a belief that adolescent anatomy and 
physiology closely approximates that of young adults, and that the surgical skills of 
these two specialties are for the most part equivalent. This seems reasonable on its 
face, but there is a paucity of MBS research on this question, and we must look to 
other areas of overlap in care provided by different surgical specialties in order to 
answer these questions.

If there proves to be a difference in outcomes, then the next question will be 
whether the different sub-specialty surgical training paths are what determines out-
comes for adolescents undergoing MBS. Are the MIS skills themselves what matter 
the most, or is it the experience with bariatric patients, the various surgical 
approaches and their associated complications that ensures good outcomes?

In an effort to determine which surgical specialists might be best prepared to care 
for adolescent MBS patients, we reviewed literature from other areas of surgery 
where there is significant overlap between adult and pediatric surgeons providing 
the same medical and surgical care to adolescents. An excellent example of this is 
in the trauma and acute care surgery literature which has attempted to address this 
specific question about potentially overlapping areas of expertise in the care of 
acutely ill or traumatically injured adolescents.

There are a number of studies showing that injured children treated at pediatric 
trauma centers (PTCs) have a lower mortality risk when compared to children 
treated in and adult trauma center (ATC) or a mixed trauma center (MTC) which 
cares for adult and pediatric patients. The younger the child, the greater the benefits 
of being cared for in a PTC [13–17]. One problem with these trauma studies is that 
the primary outcome of interest in all of them is patient mortality. Even in severely 
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injured children, overall mortality is very low and it is a limited outcome measure. 
There is very little data comparing other outcome measures between adult and pedi-
atric surgeons caring for children, so we must look at this data for guidance, while 
recognizing its limitations.

One of the earliest high-quality studies comparing mortality rates based upon the 
surgical training of the treating trauma team, showed an 8% reduction in the likeli-
hood of mortality among pediatric trauma patients (<18  years of age) treated at 
PTCs instead of ATCs in Florida [13]. Another study that followed found that adult 
trauma surgeons had better outcomes when the trauma center went through a formal 
process to obtain certification to care for injured children. Improved overall survival 
from injuries was seen when pediatric trauma patients were treated at ATCs who 
had undergone a pediatric-specific verification process similar to what the ABMBS 
suggests for MBS.  The benefits of lowered mortality rates were greatest in the 
youngest children [15].

If we look specifically at injured adolescents, we see that these findings persist 
even in patients aged 15 to 19  years [18, 19, 20]. The mortality rates, and the 
adjusted odds ratio of mortality were lowest at PTCs (0.4%) vs. ATCs (3.2%) or 
MTCs (3.5%); (p  <  .001), and PTCs (reference) ATCs (OR, 4.19; 95% CI, 
1.30–13.51); MTCs (odds ratio, 6.68; 95% CI, 2.03–21.99) respectively [16].

All of this trauma and acute care literature can really be summed up as two key 
points that we can consider applying to MBS. The first is that traumatically injured 
children cared for in designated pediatric trauma centers had improved outcomes 
compared to children treated in adult trauma centers. The younger the child, the 
stronger this effect appears to be. The reasons for this are unclear, but it is believed 
to be the benefit of the pediatric systems of care as a whole, rather than something 
attributable to a single surgeon’s expertise. The second point is that ATCs obtain 
some form of certification or qualifications to treat children outperform those who 
do not seek additional qualifications. This suggests that the process of obtaining and 
maintaining these additional credentials may convey a protective effect to those 
injured children. The implication of this observation for other specialties such as 
MBS, is that adult MIS surgeons in any specialty may also manage to provide better 
care for children if they seek additional qualifications or designations as a certified 
pediatric MBS center. While this is different than directly comparing outcomes for 
adult and pediatric surgeons performing MBS for obese children, we do not have 
any MBS publications that have examined this question. Without bariatric-specific 
data on this subject, we are forced to look elsewhere to answer these questions.

Another way to look at this question is to ask whether a pediatric surgeon per-
forming a low volume of MBS cases each year, can have similar outcomes to an 
adult MBS surgeon who has a busy bariatric practice. The answer to this question 
lies somewhere at an intersection of the debate around the bariatric volume/out-
comes relationship, and a separate debate about the transferability of surgical skills 
from one procedure to a different one.

It has been shown that a high-volume surgeon is not the only factor in the vol-
ume/outcome relationship. A number of studies suggest it is more than simply the 
quality of the operation that predicts successful weight loss and long-term health 
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outcomes following MBS. Rather it is the combined efforts of a multidisciplinary 
team including primary care physicians, mental health specialists, dieticians and 
health coordinators that all contribute to the success of each patient [21–23]. 
Adolescent bariatric programs that undergo ASMBS certification will have this 
multidisciplinary team around them that will help ensure good outcomes even if the 
surgical volumes are not as high as the busiest adult MBS centers.

The question of transferability of surgical skills matters more to the pediatric 
surgeon who is performing MBS. There are simply fewer children and adolescents 
requiring MBS than there are adults. There are very few high volume adolescent 
MBS practices where the primary surgeon is a pediatric surgeon. This means most 
pediatric surgeons performing MBS cases are not what would be considered a high 
volume surgeon in an adult MBS center. The question is whether the advanced MIS 
skills from the other cases they do will result in transferable skills for an MBS pro-
cedure, or whether most pediatric surgeons should simply leave adolescent MBS 
cases to the adult surgeons taking care of obese adolescents within a formal 
MBS center.

Unlike our first question, there is a growing body of evidence suggesting that 
skills and experience acquired from other complex MIS procedures may be transfer-
rable to a different complex index operation. For example, the advanced MIS skills 
developed by pediatric surgeons who perform MIS procedures in neonates, appear 
to be transferrable between the various index operations on newborns. Surgeons 
who perform laparoscopic duodenal atresia (DA) repairs are typically also complet-
ing thoracoscopic esophageal atresia with tracheoesophageal fistula (EA/TEF) 
repairs. Neither of these cases can actually be “high volume” cases for most indi-
vidual surgeons since they are inherently rare cases with most surgeons performing 
no more than 2–4 of each index procedures each year. Pediatric surgeons would 
argue that their advanced MIS skills are readily transferrable from case to case, and 
that this would also apply to MBS procedures. This may not always be the case in 
MBS procedures. There is a recent study that aimed to determine whether a “sur-
rogate volume effect” could be detected in adult surgeons who perform common 
laparoscopic general surgery procedures as well as MBS cases. Their interpretation 
of the data was that skills acquired performing non-bariatric laparoscopic proce-
dures did not affect all-cause morbidity in bariatric surgery [24]. We do not have 
evidence specifically addressing the question of whether a pediatric surgeon’s 
advanced MIS skills will also translate to good outcomes in adolescent MBS cases.

35.4  Recommendations Based on the Data

In the end it is very difficult to answer the question of which surgical specialist is 
best suited to perform MBS for adolescents and children. There is a paucity of MBS 
data to answer whether the training background of the surgical specialist affects 
outcomes at all, and at this point it is unclear whether it makes a difference if that is 
a pediatric general surgeon or an adult surgeon with minimally invasive surgical 
(MIS) training. We cannot meaningfully discriminate between the impact of the 
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surgeon’s specialty training as compared with the structural benefits of the entire 
pediatric-specific infrastructure supporting an MBS patient. Our opinion is that 
future research into this question would support the argument that it is the surround-
ing infrastructure that has the greatest impact on overall outcomes.

Our primary recommendation is to support the guidance provided by the 
American Society for Metabolic and Bariatric Surgery (ASMBS) Pediatric 
Committee, which recommends that this care should be provided by a “moderate 
volume metabolic and bariatric surgeon, either adult or pediatric, [with] a transition 
plan into an adult program [8].” This recommendation is in line with a growing body 
of evidence supporting a multidisciplinary approach to MBS in pediatric patients.

At this point, there is insufficient evidence to conclude that a freestanding pedi-
atric program is superior to an adult program with a specific adolescent team, nor is 
the opposite true. We believe that as the field of adolescent bariatric surgery grows 
and evolves, the adolescent centers would benefit from alignment with higher vol-
ume adult programs and/or higher volume pediatric surgery hospitals/centers that 
have the capacity for close collaboration. This can ensure adequate perioperative 
support for a successful program.

35.5  A Personal View of the Data

There has been very gradual growth in centers providing MBS to adolescents, and 
this hinders our ability to accumulate sufficient data directly comparing outcomes 
for adolescents treated by pediatric surgeons versus adult surgeons with expertise in 
caring for adolescents. One of the barriers to starting a MBS program for children 
and adolescents is that it requires significant investment of clinical resources and 
time to get a center up and off the ground and this can be a significant challenge 
given the lower potential case volumes of a pediatric MBS center compared to those 
for adults. That said, outcomes for adolescents undergoing MBS closely mirror 
those of adult patients in moderate volume centers. We feel that there is tremendous 
opportunity to develop adolescent MBS programs in children’s hospitals by closely 
collaborating with existing adult MBS programs. This will enable the adolescent 
program to build off of the experience and success of the adult program and pro-
vides practitioners with resources and institutional knowledge to help with particu-
larly challenging patients. This recommendation is in-line with the overall 
recommendations of the ASMBS pediatric subcommittee and we believe a collab-
orative approach such as this will lower the bar for developing more adolescent 
MBS centers and ultimately improve access to care for these children.

In the absence of any clinical studies comparing outcomes between different 
surgical specialists performing these operations, it is not possible to give evidence- 
based recommendations at this time. For now, a collaborative approach as outlined 
above will be the best way to provide high quality care for these children, but we 
believe this is an important research question to taken up soon, so that we may soon 
have an evidence-based recommendations specific to MBS.

A. Trenk and M. B. Slidell
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35.5.1  Recommendations in Order of Preference

 1. Comprehensive adolescent MBS program integrated within a pediatric hospital 
with a dedicated, moderate volume metabolic and bariatric surgeon. The surgeon 
(pediatric surgeon with extra MBS training or an adult MBS surgeon) will par-
ticipate in the ASMBS certification process.

 2. Adult surgeon in an adult MBS center with pediatric medical sub-specialty sup-
port. The adult MBS surgeon will participate in the ASMBS certification process.
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36Deep Brain Stimulation as a Treatment 
for Obesity

Micaela Esquivel, Casey Halpern, and Dan Azagury

36.1  Introduction

Bariatric surgery is widely recognized as the only effective long-term treatment for 
severe obesity. Some studies have shown significant weight loss in over 90% of 
patients treated [1]. That being said, bariatric surgery has its limitations, and long- 
term weight regain and metabolic syndrome recurrence has been shown to occur in 
10–40% of patients in some studies [2–4], with laparoscopic sleeve gastrectomy 
accounting for the higher end of that range. The recidivism rates after Laparoscopic 
Roux-en-Y Gastric Bypass (LRYGB) are lower than after sleeve gastrectomy and 
their causes are multifactorial. Studies have shown that bariatric surgery not only 
impacts anatomical restriction to food consumption, but also has neuroendocrino-
logical effects that impacts weight loss [5].

Would future treatments be able to take advantage of the increasing understand-
ing of the neuroanatomic and neuropsychiatric basis for obesity? Could neuromod-
ulation have a role in treatment of obesity?

36.2  What Is Deep Brain Stimulation?

Deep brain stimulation (DBS) administers reversible electrical stimulation to spe-
cific portions of the brain, making those areas of the brain inactive without ablating 
them (or destroying them). This high-frequency electrical stimulation mimics the 
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effects of previously used ablative procedures, with the benefit of not only being 
able to turn off the stimulation (reverse the effect), but also being able to titrate 
the effect.

DBS surgery is a neurosurgical operation that is performed on awake patients to 
ensure neurologic and mental function is maintained throughout the procedure. It is 
completed stereotactically with the use of an MRI or CT attached to a stereotactic 
head frame. Two electrodes are inserted into specific areas of the brain, one on each 
side of the brain, and are placed through two quarter sized burr holes. The leads are 
then attached to extension wires that attach to a neurostimulator device that is placed 
in the subcutaneous tissue of the chest or abdomen. During and after electrode 
placement, neurologic and mental function is assessed. The device is then pro-
grammed and turned on at the post-operative visit.

DBS has been shown to be not only effective, but also safe, for the treatment of 
Parkinson’s Disease, Chronic Obsessive-Compulsive Disorder, and Dystonia, 
among a variety of other neurologic disorders [6–8]. Additionally, several more 
recent DBS clinical trials have targeted the hypothalamus specifically for the treat-
ment of Alzheimer’s disease, depression, cluster headaches [9, 10]. Though studies 
have shown the role of the hypothalamus in satiety and feeding since the 1960’s 
[11], more recent studies confirm the same relationship [12]. With this information, 
it can be inferred that deep brain stimulation may be effective in treating obesity.

36.3  How can Deep Brain Stimulation Be Used for Obesity?

We will discuss two focal areas of the brain that are associated with the neural cir-
cuitry of obesity: the Lateral Hypothalamus (LH) and the Nucleus Accumbens 
(NAc) (see Fig. 36.1). These two areas could be the targets for neuromodulation in 
the treatment of obesity.

36.3.1  Lateral Hypothalamus: The Feeding Center of the Brain

The LH is the hunger and satiety center of the brain. The LH produces two neuro-
peptides: orexin and melanin-concentrating hormone (MCH), both of which are 
anabolic and elicit feeding [13]. In experimental models, MCH over expression is 
associated with obesity and insulin resistance, while MCH-knockout mice are asso-
ciated with hypophagia and are slim [14]. A lesion to this area of the brain in rats 
has also caused leanness and weight loss [15–17], and it is felt that chronic DBS 
would mimic the same effect as these lesions (removal/ablation of that area).

Due to the convincing evidence, DBS of the LH was piloted in three humans, all 
of which were obese after failed response to bariatric surgery. The study showed an 
increase in resting metabolism at the 3-year follow-up and weight loss in two of 
individuals [18]. These findings also speak to the size and specific location of DBS, 
as the size of DBS target can be as small as 2 mm to reach an effect, while the LH 
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measures 6 mm in its largest dimension. Additionally, the position of the probe was 
demonstrated to be suboptimal on post-operative imaging in the patient with no 
response (Fig. 36.2).

36.3.2  Nucleus Accumbens: The Reward Center of the Brain

We like to think of the NAc as the dopamine superhighway of the brain, where all 
the dopaminergic wiring converges. Reward anticipation, cravings, consumption 
driven reward, withdrawal and addiction-like behavior all meet at the NAc [19, 20]. 
Some of these behaviors, such as food addiction, are due to dysfunctional reward 
wiring in the brain [21, 22]. When rodents have access to high calorie and highly 
appetizing food, their dopamine levels increase, which has been shown to trigger 
binge-eating behavior [23]. Mice accustomed to a high fat diet will intentionally 

Fig. 36.1 Schematic representation of the feeding and reward circuitry pathways intersecting the 
Lateral Hypothalamus and Nucleus Accumbens (NAc). The streamlines intersecting the NAc and 
Lateral Hypothalamus were rendered using deterministic tractography in the Human Connectome 
Project diffusion MRI template. The analysis was conducted using DSI Studio (http://dsi-studio.
labsolver.org)

36 Deep Brain Stimulation as a Treatment for Obesity
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withstand harsh environments to obtain this diet, and show evidence of withdrawal 
when removed from the diet [24].

Similar findings have been shown in humans with the use of functional MRI’s of 
the brain [25, 26]. These findings are particularly interesting in bariatric patients, 
where post roux-en-Y gastric bypass patients 1 month after surgery had a decrease 
response of the NAc to high calorie food images [27]. Two additional studies also 
showed alterations in the dopamine response after bariatric surgery [28, 29]. In 
regards to the NAc and DBS specifically, obese mice (diet induced) with chronic 
DBS to the NAc showed decrease caloric intake and sustained weight loss [30].

Based off of the information above, both the LH and NAc are two potential tar-
gets. The LH to primarily control the feeding and satiety response, and the NAc to 
target the reward pathway.

36.4  Ethical Considerations

The use of DBS to manipulate the reward wiring of the brain in obese patients may 
result in nonadaptive behavior if neural modulation is imperfectly executed, as has 
been seen in DBS use in addiction [31]. Though it is generally felt that informed 
consent can be obtained on obese patients prior to treatment [32], is autonomy 
threatened due to this behavior-changing treatment? This is an interesting question 
when linking obesity and addiction, that altered reward pathways actually disrupts 
these patients’ baseline autonomy and daily decision-making. And as described by 
Caplan, what are the ethics in “denying autonomy in order to create it: the paradox 
of forcing treatment upon addicts” [33] In addition, there have been reports of 
threatened autonomy during DBS treatment, with some studies showing increased 
impulsivity and even suicidality [34].

As argued by Halpern et al., that though there is concern for DBS in controlling 
one’s actions in the context of treatment, they argue that through treatment patients 
may finally gain the self control in regards to food consumption [35].

36.5  Conclusions

The use of DBS for treatment of obesity is compelling. And as shown from the bariatric 
literature, not all patients have sustained weight loss or improved metabolic responses 
to surgery. Although DBS may not be suitable for all patients, there are likely subsets 
of patients who would greatly benefit from such therapy. The scope of obesity impact-
ing our population is large and is having an increasing global impact. Further trials of 
the use of DBS at the LH and NAc targets to treat obesity are needed. The more tools 
we have to fight this disease, the greater benefits we can offer our patients.
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37.1  Introduction

Obesity and its correlated comorbidities represent a global health problem that 
requires a complex multidisciplinary treatment strategy. Although lifestyle modifi-
cations including nutrition improvement and exercise can help achieve clinically 
substantial weight loss, their efficacy on comorbidity resolution is questionable. To 
this day, bariatric surgery remains the best treatment for obesity. The improvement 
on glucose intolerance, lipid profiles and blood pressure, among other health bene-
fits have led to adopt the more appropriate concept of metabolic surgery. 
Nevertheless, the mechanisms that lay behind the success of these procedures are 
still poorly understood, as the latter entail much more than anatomical modifica-
tions to induce calorie restriction.

There is extensive ongoing research focusing on the outcomes of bariatric sur-
gery. The bile acid metabolism, intestinal barrier and gut microbiome suffer impor-
tant alterations after surgery that according to evidence, play a role in its results. It 
is known that Roux-en-Y gastric bypass (RYGB), among other procedures, causes 
a shift in the gut microbiota composition, increasing its diversity and gene richness, 
but more importantly, enhances its function [1]. Studies show differences in micro-
bial metabolites than can affect host metabolism, improving hormone secretion and 
insulin sensitivity through gut-modulated signaling involving the microbiome-gut- 
brain-axis [2].
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Obesity-related microbiome is heavily influenced by diet. Low-fiber and fat- 
enriched diets (prevalent in Western countries) cause a severe dysbiosis that relates 
to detrimental effects, such as the absorption of bacterial lipopolysaccharides result-
ing in a chronic inflammatory state triggered by low-grade endotoxemia [3]. Recent 
studies show that bariatric surgery only partially rescues the gut microbiome, so 
other interventions such as specialized diets, probiotics or fecal microbiota trans-
plant should be considered to further restore gut ecology in obese patients and pos-
sibly improve bariatric surgery outcomes.

37.2  Search Strategy

We performed a literature search of English language publications from 2007 to 
2020 on PubMed. Terms used in the search were “bariatric surgery, bariatric surgery 
outcomes” AND “gut microbiome, gut microbiota, microbiome modulation”. 
Various types of studies were included in our analysis (randomized controlled trials, 
cohort studies systematic reviews, and guidelines).

37.3  How Bariatric Surgery Changes the Gut Microbiome

The gastrointestinal tract has a great microbial diversity, with a specific ecosystem 
housed in each region, specialized in gene expression and function to control every 
stage of the digestive process. As expected, the anatomical reconfiguration after 
bariatric surgery changes the down-stream gut microbiome with beneficial or detri-
mental consequences for the host. The majority of the information on the relation-
ship between gut microbiota and health and disease is derived from stool analysis, 
as it is believed to be representative of all gut population. Nevertheless, the gut 
microbiota from stomach to distal ileum, main object of bariatric surgery, remains 
largely unexplored as endoscopic diagnostic procedures are required. More sophis-
ticated and less invasive techniques are under rapid development to further define 
the foregut microbiome [4].

37.3.1  Changes in Microbial Richness

Low microbial gene richness is found in overweight to severely obese patients with 
increasing prevalence in each group. It is associated with low-grade inflammation, 
adverse adipose tissue repartition, type-2 diabetes and blood hypertension. Gene 
richness increases after bariatric surgery, associating with an improvement in bio-
clinical parameters as previous studies have shown [5].

37.3.2  Changes in Composition

In addition to diminished gene richness, gut microbiome in obese patients presents 
phylogenetic differences to lean subjects, mainly a decreased 
Bacteroidetes:Firmicutes ratio. According to a recent meta-analysis by Guo et al. 
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[6] this ratio is higher after bariatric surgery. Evidence showed an increase in 
Bacteroidetes, Fusobacteria, Verrucomicrobia (Akkermansia) and Proteobacteria 
(Escherichia), and a decrease in the phylum Firmicutes (Clostridiaceae). Studies 
in animals have suggested the role of intestinal microbiota in weight loss, as the 
transfer of post-RYGB microbiota to germ-free mice induces weight loss when 
compared with sham surgery microbiota. However, evidence on the exact mecha-
nisms involved in gut microbiome- mediated weight loss and metabolic improve-
ments is still limited [7].

37.3.3  Changes in Function

Functional changes mirror the taxonomical changes in the gut microbiome. After 
bariatric surgery the smaller stomach and duodenal bypass cause malabsorption of 
vitamins, minerals and drugs. Bacteria show an increased potential for oxygen tol-
erance and to assimilate essential compounds and energy substrates to compensate 
the reduce food intake after RYGB [8].

There is extensive literature describing the association between functional 
changes in gut microbiome and clinical parameters, but mechanistic explanation is 
still immature. Targeted metabolomics to measure circulating biomarkers have shed 
light on microbial pathways that contribute to post bariatric surgery outcomes. One 
example is the activation of the Farnesoid X Receptor (FXR) by enteral bile acid, 
stimulating the production of the fibroblast growth factor 19 (FGF19), delivered to 
the liver via the portal system to modulated bile acid, glucose and lipid metabolism. 
Gut microbiota is responsible for bile acid transformation and regulation of the 
synthesis by FXR suppression. Some studies show an increase in circulating bile 
acids, higher levels of FXR and FGF19 after RYGB and sleeve gastrectomy (SG) [9].

37.4  How we Can Alter the Microbiome before 
and after Surgery

It is logical to think that the gut microbiome heavily interacts with and influences the 
host metabolism, as the intestinal metagenome contains more than three million 
genes, with a 100:1 ratio to the entire human genome. The architecture of the gut 
microbiome is determined by a myriad of factors, some of them modifiable, including 
environmental elements, drugs, diseases, exercise, and nutrition [10]. The gut micro-
biota then seems to be an accessible target for modulation, meaning pre- habilitation 
prior to surgery or rehabilitation after the procedure to improve outcomes.

37.4.1  Diet

As published data shows, diet is the key factor in short-term and long-term compo-
sition and function of the intestinal bacteria. Western diets are classically fat- 
enriched and low in fiber. Traditional diets are characterized by high fiber, low sugar 
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and fat, offering a much healthier environment for bacteria to prosper, favoring 
diversity. Fiber offers indigestible carbohydrates to bacteria, that process them into 
beneficial metabolites, such as short-chain fatty acids. Health benefits associated 
with a high-fiber diet include enhanced intestinal barrier integrity, decreased inflam-
mation and improved lipid metabolism and insulin sensitivity [11].

A previously published study offers an example of how a dietary intervention 
correlates to better metabolic outcomes through gut microbiome alteration. A calo-
rie restrictive diet found an increase in fecal Akkermansia muciniphila and micro-
bial gene richness and was associated with an improvement in glucose homeostasis, 
lipid profile and body composition [12]. Another study demonstrated how a 6-week 
energy-restricted high-protein diet improved gene richness and corelated to meta-
bolic improvements [13]. Nevertheless, research has shown that modulations of the 
microbiome can prevail in time, and long-term dietary patterns translate to specific 
enterotypes. Dietary intervention leads to rapid and significant changes but insuffi-
cient in magnitude, as showed by Wu et al. [14]. Further investigation in nutritional 
genomics is needed to design a personalized dietary strategy that would be capable 
of switching the obese phenotype in high-risk individuals into a long-term healthier 
microbiome profile [15].

37.4.2  Probiotics

Probiotics are live microorganisms that when administered in a certain amount, 
offer health benefits to the host. There are studies that suggest that probiotics might 
have a role in modifying the gut microbiome in obese patients. Most common pro-
biotic bacteria that have shown anti-obesity effects including weight loss, lower 
BMI and body fat, are Bifidobacterium and Lactobacillus [11].

The research on probiotics regarding bariatric surgery is scarce and mostly 
directed to their use in the postoperative period. In 2008, Woodard et al. [16] found 
a significant reduction in bacterial overgrowth after RYGB with the daily adminis-
tration of Lactobacillus. They also reported the unexpected result of statistically 
significant greater percent excess weight loss at 6 weeks and 3 months in the probi-
otic group. Other studies have reported the reduction of gastrointestinal symptoms 
and better quality of life after RYGB [17].

Probiotics have also been tested as a treatment for nonalcoholic fat liver disease 
(NAFLD) and type-2 diabetes showing some protective effect [18]. Nevertheless, a 
randomized controlled trial by Sherf-Dagan et al. [19] found no improvement in 
hepatic, inflammatory or clinical outcomes at 6 and 12-months after a 6-month 
treatment with probiotics in patients who underwent SG. Microbial diversity was 
increased during treatment in both groups and decreased again at 12-month follow-
up. Evidence suggests that probiotics have a direct beneficial effect on the gut 
microbiome, but more research is needed to validate their use in the context of 
bariatric surgery.
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37.4.3  Prebiotics and Symbiotics

Prebiotics are non-digestible compounds that are metabolized by the gut microbiota 
and can modulate its composition and function. Most commonly used prebiotics are 
inulin, fructo-oligosaccharides, and galacto-oligosaccharides. Symbiotics are the 
combination of probiotics and prebiotics. Prebiotics promote the growth of benefi-
cial bacteria over hostile commensals, help preserve intestinal barrier integrity and 
improve glucose and lipid metabolism. Fernandes et al. [20] conducted a random-
ized controlled triple-blind trial that reported that supplementation with prebiotics 
for 14  days increased weight loss, whereas both prebiotics and symbiotics were 
unable to improve inflammation markers after RYGB.

37.4.4  Other Strategies

An interesting study interrogated the role of H. pylori eradication in the response to 
bariatric surgery. Prevalence of H. pylori varies from 15 to up to 85%, although its 
role in the pathophysiology of the disease is still controversial. Previous data stated 
that H. pylori infection did not influence bariatric surgery outcomes, but eradication 
with antibiotic treatment correlated with subsequent short-term metabolic improve-
ment, including lower BMI, a better lipid profile and lower blood glucose levels, 
mainly in non-diabetic patients [21]. In the future, targeted antibiotic administration 
after personalized microbiome profiling might be feasible, switching the broad-kill 
strategy to a highly selective decontamination of the gut microbiome in search of 
better postoperative outcomes.

There is recent evidence on novel treatments that modify gut microbiome and 
could influence the evolution of weight loss and metabolic markers in obese patients. 
A promising strategy for healthy microbiome restoration in obese patients might be 
the fecal microbiota transplant (FMT). The effectiveness of this strategy in the treat-
ment of C. difficile infections offered hope as a therapeutic intervention for other 
gastrointestinal diseases. FMT through a duodenal tube from healthy donors with a 
normal BMI to obese patients diagnosed with type-2 diabetes increased insulin sen-
sitivity, fecal microbiota diversity and butyrate- producing bacteria, according to 
Vrieze et al. [22]. FMT should be investigated as an adjuvant strategy in bariatric 
surgery patients.

Given the fact that the majority of the human microbiome resides in the intestine, 
the role of a newly redesigned bowel prep 2.0 outside of colorectal surgery has been 
contemplated in recent literature. Alverdy et  al. [23] proposed a comprehensive 
workflow for the prevention of surgical site infection and anastomotic leakage, 
including a microbiome-preserving bowel preparation, preoperative high fiber diet, 
microbial screening for high-risk pathogens, targeted antibiotics and dietary reha-
bilitation. Considering obese patients have a markedly dysbiotic microbiome, 
designing a similar protocol for bariatric surgery seems appropriate.
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37.5  Role of the Microbiome in Bariatric 
Surgery Complications

37.5.1  Short-Term Complications

Big data analysis reveal that anastomotic leak, wound infection, pulmonary and 
urinary tract infections and deep venous thromboembolism are some of the most 
common, yet fortunately infrequent complications of bariatric procedures, that 
translate to prolonged hospital stay and increased costs [24]. Advances in periopera-
tive care including minimally invasive techniques and the implementation of an 
enhanced recovery after surgery (ERAS) protocol have brought down these compli-
cations at an all-time low in all surgical fields, including bariatrics [25]. Avoiding 
opioids, abstaining from drains and catheters, mindful antibiotic administration, 
early oral feeding and mobilization have proven effective measures for this 
achievement.

Nevertheless, microbiome science has acutely reminded us that the efforts on 
lowering postoperative complications lack mechanistic analysis, as a great deal of 
these events might be best studied and treated at a molecular level. Alverdy et al. 
[26] have been successful advocates for this statement, encouraging disruptive 
thinking on the pathophysiology of common complications after gastrointestinal 
surgery, including surgical site infections (SSIs) and anastomotic leaks (AL), both 
of which represent a burden in bariatric surgery.

Through quorum sensing, bacteria can detect surgical injury and change pheno-
type into a pathobiome, adapting to a more hostile environment provided by broad 
spectrum antibiotics, physiologic stress, change in diet during hospitalization and 
the anatomical rearrangement of bariatric surgery. Depending on the host basal 
microbiome and magnitude of the surgical injury, certain pathogens might bloom in 
the postoperative period and be responsible for adverse outcomes, especially if the 
refaunation is inadequate [27].

There is no strong evidence that confirms that SSIs are due to a breach in aseptic 
technique with contamination of the field during or after surgery, as demonstrated 
by the lack of culture positivity. Additional causal factors are being considered, 
including local wound trauma that might act as a chemoattractant for both immune 
cells and bacteria [28]. Minimally invasive approaches and certain wound protec-
tors that evenly distribute pressure and avoid local ischemia could prevent SSIs in 
this context [29]. Even though skin bacteria are the usual offenders on SSIs in clean 
surgeries such as bariatric procedures, intestinal microbiota might also play a role. 
This concept was beautifully proven by Krezalek et al. [30] who demonstrated the 
Trojan Horse hypothesis, by which gut-derived Methicillin-resistant Staphylococcus 
aureus silently travel inside immune cells to successfully cause wound infection in 
mice who underwent colorectal surgery.

In regard to AL, they are one of the most devastating complication of bariatric 
procedures. The classical notion of a faulty technique has dominated the literature, 
focusing on the mechanical aspects as culprit. Nevertheless, there is mounting 
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evidence on the role of gut microbiome in the pathogenesis of AL. It is known that 
specific bacteria can express a collagenolytic phenotype and impair anastomotic 
healing to the point of dehiscence, as Shogan et al. [31] stated regarding the colla-
gen degradation and MMP9 activation by E. faecalis. Targeted strategies are under 
investigation to mitigate the deleterious potential of collagenolytic bacteria without 
damaging the microbiome structure. A more recent study by Hyoju et  al. [32] 
showed how oral polyphosphate suppresses collagenase production by P. aerugi-
nosa and S. marcescens, successfully preventing AL in mice undergoing colorectal 
surgery.

Most importantly, Gaines et al. [33] recently demonstrated that Western diet pro-
motes intestinal colonization by collagenolytic microbes and promotes tumor for-
mation and that administration of Pi-PEG reduced tumor formation maintaining 
microbial diversity. Little is known of the role of gut bacteria in leaks on RYGB or 
SG. If we can extrapolate the knowledge obtained from the colorectal field to bar-
iatrics, it is logical to think that modulation of both the upper and lower gastrointes-
tinal microbiome, possibly through diet and supplementation of specific compounds, 
could prevent postoperative complications.

37.5.2  Long-Term Complications/Unsatisfactory Results

Obese patient present different responses to bariatric surgery. One of the possible 
explanations for this phenomenon lies in the gut microbiome. As an example, Seridi 
et al. [34] findings showed that IL-6 did not respond to RYGB, possible reflecting 
complex inflammatory patterns of obese and diabetic patients and uncontrolled 
environmental variables. A study by Aron-Wisnesky et al. [35] investigated several 
cohorts of severely obese patients after different bariatric procedures. Despite major 
weight loss and metabolic improvement, gene richness was not fully rescued, as it 
was still considered low at 1 year after surgery and did not improve a 5-years fol-
low- up. Both SG and RYGB severely alter a dysbiotic microbiome, but the associa-
tion of compositional and functional changes with patient outcomes in the long-term 
is under interrogation.

37.6  Role of Microbial Monitoring in Post-Bariatric Surgery 
Follow-Up

Identifying metabolomic signatures and circulating biomarkers could represent a 
new and more sophisticated way to track response to treatment, as specific micro-
bial metabolites correlate with post-bariatric surgery outcomes. SCFA, branched 
chained amino acids (BCAAs), circulating bile acids and trimethylamine-N-oxide 
(TMAO) are some examples, but current results are contradictory [36]. Further 
research is needed to refine the interpretation of these tests and accurately correlate 
them to patient outcomes.
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37.7  Conclusions and Recommendations

Bariatric surgery and gut microbiome have a complex relationship. Anatomical 
modifications inevitably alter the regional microbial architecture and bacterial 
metabolites have an effect on host metabolism. Microbial gene richness and diver-
sity increase after bariatric surgery, corelating with improvement in clinical and 
metabolic features, including BMI, fat tissue distribution and insulin sensitivity.

Diet has proven fundamental in determining the fitness of the gut microbiome. 
Western diets are linked to severe dysbiosis, prevalent in obese patients. A high- 
fiber low-fat diet induces a healthier phenotype that associates with favorable out-
comes and is thus recommended. The use of probiotics, prebiotics or symbiotics, 
similar to dietary interventions, seems to have beneficial effects through modulation 
of the gut microbiota. More studies are required to fully validate their administra-
tion in this context. Time of application or treatment duration is also a matter of 
discussion. The non-obese phenotype has been proven transferable through FMT in 
animals and humans with promising results, but larger studies are required to 
endorse this new indication of the procedure.

Finally, the application of the ERAS protocol and minimizing trauma to the 
wound through minimally invasive surgery are recommended as standard practice 
to prevent postoperative complications such as SSIs and AL, but the role of the gut 
microbiome in this context has been extrapolated from colorectal surgery and is still 
to be determined.

A Personal Approach to the Data
Bariatric surgery undoubtedly generates changes in the gut microbiome that partially 
explain metabolic outcomes. Microbiome manipulation through diet, supplements or 
direct microbial exchange seems promising but evidence is not strong enough to sup-
port the systematic use of these strategies. The vast majority of bariatric procedures are 
being performed with depurated, minimally invasive techniques and under the greatest 
postoperative care, so putting gut microbiome on the spotlight and redirecting resources 
to precision medicine might be the key to further improve post bariatric surgery out-
comes. Identification of high-risk microbial profiles preoperatively may allow for a 
personalized approach including non-invasive targeted therapies to rescue gut ecology 
and aid the resensitazion of the gut-brain axis. The evolution of metagenomics and 
metabolomics is rendering an immense amount of information that is challenging to 
comprehend, but big data analysis and artificial intelligence may be useful tools in this 
matter. Making this technology cost-effective and readily available seems light-years 
ahead, but as Dr. Mandela said, “it’s always seems impossible until it’s done”.

37.8  Recommendations

• Obese patients should follow a high-fiber low-fat diet before and after bariatric 
surgery (Evidence quality high; strong recommendation).

• Probiotics, prebiotics and symbiotics may be useful in further improving the gut 
microbiome as adjuvant treatment to bariatric surgery (Evidence quality moder-
ate; weak recommendation).
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• Novel strategies such as fecal microbiota may be validated in the treatment of 
obese-induced dysbiosis and help improve post bariatric surgery outcomes 
(Evidence quality moderate; weak recommendation).
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