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 For “Global Bariatric Surgery: The Art of Weight Loss 
Across the Borders”

As I write these lines, prevalence of obesity in the world is even higher, com-
plex, and uncontrollable, as if a virus had infected the planet, like a commu-
nicable process displayed on color maps from the CDC (Centers for Disease 
Control and Prevention). The life expectancy of many countries, with a few 
demonstrating a decline, is now threatening and is probably associated, like 
tobacco, with an upsurge in cancer incidence. Yet, prevention would be the 
least expensive urgent proposition to counteract this wave, but the aftereffects 
of such community health changes would be reflected 25 years later, and for 
those who are affected now, only surgery urgently has the answers, and it is 
offered to 0.5–1% of patients in Western countries, even lower in others!

It has been 25  years since the first laparoscopic bariatric surgery by 
Guy-Bernard Cadière, and it is very “a propos” that my friends and editors 
Rami Lutfi, Mariano Palermo, and Guy-Bernard Cadière have congregated 
a marvelous book and masterpiece on this subject. In “Global Bariatric 
Surgery: The Art of Weight Loss Across the Borders,” international 
experts’ experience have been assembled and gathered to write the most 
up-to-date information on bariatric and metabolic surgery with all its 
known facets. This surgical topic has provided growth to the fastest surgi-
cal societies in severe countries and worldwide and has pushed the bound-
aries on hormonal research in the causation of type-2 diabetes and GI 
incretins. The comprehensive varying opinions on the management of 
sleeve gastrectomy, weight regain, gastric bypass, and complex revisions 
are unique to this time. Not only are differing surgical perspectives pre-
sented, but physicians, endoscopists, and researchers also describe alterna-
tive methods of management, in complications, future treatments, and 
understanding of the disease.

Aspiring to be wide-ranging, the content includes developments as well as 
basic standardized techniques, likely occurring complications, described to 
help practicians avoid dangerous pitfalls. The editors have, for example, 
included such topics as the relationship between obesity and cancer, the use 
of surgery in adolescents, preparation and follow-up care, as well as the use 
of interventional radiology. The latest scientific evidence concerning endos-
copy, radiology, robotics, and pharmaceuticals is presented in detail.

Foreword
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Thus, this reference work methodically covers the technique and results of 
laparoscopic bariatric and metabolic surgery, with an international participa-
tion, as obesity and type-2 diabetes are affecting various parts of the world 
differently, and one with great interest, watches the various approaches taken, 
and compares them. In letters written by Seneca (64 AC), it is said that read-
ing in the sustenance of a good mind, and will-fortified opinions, and this 
detailed, authoritative work should do the same to the novice and advanced 
Bariatric surgeon.

Montreal, Quebec, Canada Michel Gagner 
April 2018
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I would like to dedicate this book to my wife Gabriela, my two children 
Agustina and Lucas, my parents Mario and Loly, and also my dear grand-
mother Lucila, for supporting me to go on progressing in my personal life and 
also in the field of laparoscopic and bariatric surgery.

Also I am very thankful to all my professors especially those that inspired 
me to be a better surgeon day by day in the clinical field, teaching, and 
research and for teaching me the lovely art of surgery.

Mariano Palermo

“When I was a young surgeon, the number one surgical principle was ‘big 
surgeon, big incision.’ Now the minimal invasive surgery has become the 
gold standard. However, this surgery is difficult and needs a good knowledge 
of anatomy and operative strategy. I hope this book allows the surgeon to 
have a better understanding of the principles of laparoscopic surgery. Thank 
you to Dr. Mariano Palermo and Dr. Rami Lutfi for working so hard on this 
book.”

Best regards
Guy-Bernard Cadière
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History of Bariatric Surgery

Mariano Palermo, Tripurari Mishra, and Rami Lutfi

From a symbol of beauty and wealth to a burden 
of negative stigma, the perception of overweight 
and obesity has transformed over the years up to 
our current times, when it is recognized as a 
chronic disease.

But despite all evidence, obesity continues to 
be considered by many, even in health care, a 
choice rather than a disease.

Its complex nature, the lack of understanding, 
and the significant role of behavioral factors justi-
fied, for many, discrimination and negative opin-
ion about obesity and its treatment modalities.

While many believe it to be a product of civi-
lization, obesity dates back as early as our gene-
sis. It was, however, the exception due to its 
rarity, as opposed to the growing epidemic we see 
at our recent times where at least one in three 
Americans is overweight.

Due to its rarity, obesity was once perceived as 
a sign of beauty, well-being, or wealth. Venus of 
Hohle Fels, found in Germany, is an obese female 

figurine [1] that dates back to 35,000 BC 
(Fig. 1.1), and according to the New York Times, 
Hatshepsut’s mummy is that of an obese, diabetic 
50-year-old woman [2].

The prevalence of obesity remained constantly 
low until last century when science and technol-
ogy allowed us to have machines and tools to 
help alleviate most physical work and shifting 
most jobs from a physical to intellectual ones.

That technology came also into our homes 
where we stopped getting up to change the TV 
channel and our kids mastered sports digitally 
without going in the field and running. As a 
result, obesity has rapidly uptrended even in our 
kids, who, in the USA, are expected to be the first 
generation that would not outlive their parents.

With the alarming growth of the complex 
problem came the need for better understanding 
and search for potential solutions. The concept of 
body mass index was created, and soon this was 
tied to morbidity and earlier mortality. Because of 
the alarming data, an official call was made in 
2001 by the US Surgeon General for action to pre-
vent and treat obesity [3]. Surgeons were always 
at the front line of that battle starting in the midst 
of last century, designing different operations to 
make weight loss meaningful and long lasting.

Between restricting food intake for earlier 
satiety and redirecting ingested food to decrease 
absorption, the operations have shifted back and 
forth with many combining both mechanisms. 
Interestingly, the concept for bariatric surgery (in 
restriction and malabsorption) was initially 

M. Palermo 
Department of Bariatric Surgery,  
Centro Cien-Diagnomed, Buenos Aires, Argentina

Department of Surgery,  
DAICIM Foundation, Buenos Aires, Argentina 

T. Mishra 
Department of Surgery, Advocate Illinois Masonic 
Medical Center, Chicago, IL, USA
e-mail: Tripurari.mishra@advocatehealth.com 

R. Lutfi (*) 
University of Illinois at Chicago, Chicago, IL, USA

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-93545-4_1&domain=pdf
mailto:Tripurari.mishra@advocatehealth.com


4

developed from the unintended consequence of 
weight loss after gastrointestinal surgery for ulcer 
and cancer. Removing large parts of stomachs or 
intestine caused severe postoperative weight loss, 
which some surgeons recognized to be advanta-
geous in the morbidly obese patients.

It all started in the 1950s, when Linnear per-
formed the earliest purely malabsorptive proce-
dure for weight loss by creating a jejunoileal 
bypass and functionally removing varying 
lengths of small bowel. This procedure evolved 
into two variants based on the choice of the 
enteroenterostomy, while the common channel 
remained always the same length at 35 cm.

The classic jejunoileal bypass was described by 
Payne and Dewind in 1969 [5] with end-to-side 
jejunoileostomy (Fig. 1.2). This was designed as a 
less malabsorptive operation than their original 
1963 jejuno-transverse colostomy bypass 
(Fig. 1.3). In that operation, they bypassed a much 
longer segment of intestine hoping for better 
weight loss. They reported on ten patients [6] but 
soon realized the severe electrolyte abnormalities 
and dehydration from uncontrolled diarrhea neces-
sitating revision to their classic jejunoileal bypass. 

In 1973 JIB was modified by Scott and Dean [7] to 
an end-to-end anastomosis reconstruction with 
drainage ileosigmoidostomy (Fig. 1.4).

Fig. 1.1 Venus of 
Hohle Fels, found in 
Germany, is an obese 
female figurine that 
dates back to 35,000 
BC. Conard [1]. 
doi:https://doi.
org/10.1038/
nature07995

Fig. 1.2 Classic JIB by Payne and Dewind (end-to-side 
anastomosis)

M. Palermo et al.
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Soon after adopting these malabsorptive 
operations, it became apparent that there is a 
high price for the significant postoperative 

weight loss. Many, previously rare, short- and 
long-term complications were starting to be 
well described as these operations became more 
common. Most technical ones were related to 
the long defunctionalized limb of intestine (in 
end-to-side technique), where the lack of flow 
led to bacterial overgrowth which, in many 
instances, was toxic and life threatening. In 
addition, liquid contents refluxed in antiperistal-
tic direction and got gradually absorbed causing 
in many patients weight regain and long-term 
failures [8]. Aggressive, significant malabsorp-
tion, while thought to be critical for durable sig-
nificant weight loss, proved to be often morbid 
and potentially lethal, leading surgeons to even-
tually abandon these operations.

Bypassing the segment for bile acid resorption 
reduced the absorption of fat and fat soluble vita-
mins (A, D, E, and K) leading to deficiencies that 
were not described before that era. Uncommon 
condition became common such as osteoporosis-
associated pathological fractures due to vitamin 
D deficiency and night blindness due to vitamin 
A deficiency. Furthermore, gallstones were very 
common due to the loss of bile salts. Lastly, the 
increased exposure of colonic mucosa to these 
bile salts caused voluminous secretions of water 
and electrolytes causing severe cramping and 
diarrhea resulting in wide array of adverse out-
come ranging from poor quality of life to life-
threatening dehydration.

Alongside the work on malabsorption, the 
concept of restriction and portion control carried 
much enthusiasm as complications from the mal-
absorptive operations were increasingly reported. 
Horizontal gastroplasty was the first restrictive 
procedure to be described (Fig.  1.4), in which 
around 30  cc of fundus is partitioned from the 
remaining stomach below using a single row of 
staples. Continuity is reestablished by creating a 
narrow outlet removing three or less staples and 
reconnecting the two compartments (Fig.  1.5). 
Food passes slowly causing prolonged premature 
stretching of the fundus and therefore early pro-
longed satiety [9].

Avoiding small bowel bypass with its nega-
tive consequences of severe malabsorption, 
along with the technical simplicity and safety of 
this operation, made restriction a very appealing 

Fig. 1.3 Jejuno-transverse colostomy bypass by Payne 
and DeWind

Fig. 1.4 Modified JIB by Scott and Dean with end-to-
end anastomosis

1 History of Bariatric Surgery
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concept. Unfortunately, like any novel weight 
loss procedure, the hopes were short lived, and 
weight regain occurred as early as 6–9 months 
postoperatively. The staple line dehisced and the 
normal volume of the stomach was restored 
allowing consumption of normal larger meals 
causing weight regain [4].

Despite the many technical modifications in 
stapling, and changing the size of the fundus to 
cause durability, it was realized that the horizon-
tal design of the staple line cannot hold against 
the forward peristalsis of the gastric wall. This 
understanding led Dr. Mason from the University 
of Iowa to separate the two gastric components, 
applying the principle of partial gastrectomy to 
weight loss while leaving the distal stomach in 
situ. Continuity was restored with gastrojejunos-
tomy, bypassing the duodenum and part of the 
jejunum. This was the first concept of combined 
restriction and malabsorption and the birth of 
modern bariatric surgery as we know it today.

Dr. Mason’s operation, described in 1967, was 
called gastric bypass and remains the cornerstone 
of bariatric surgery up to this time [10]. It con-
sisted of a completely divided 30  ml gastric 
pouch using surgical stapler and reconstruction 
using loop gastrojejunostomy with 0.8–1  cm 

anastomosis (Fig. 1.6) bypassing the duodenum 
and the first few inches of the small intestine.

There was significant excitement about this 
“combination” surgery, but it was far from being 
ready for widespread use. Many problems 
occurred with the surgery that required modifica-
tions and caused significant variation in outcome. 
Surgeons soon realized the need to standardize 
this operation in order to optimize results.

The pouch size was agreed upon to be less 
than 50 cc and the outlet need to be less than 1 cm 
in diameter. The most significant modification 
was switching reconstruction from loop configu-
ration to Roux-en-Y, in order to prevent the bile 
from refluxing through the afferent jejunal limb 
into the gastric pouch.

It is worth noting that the anatomical configu-
ration of the gastric bypass as an operation was 
described almost a century prior to that intended 
for weight loss. In 1892, Dr. Cesar Roux, from 
Switzerland, designed the “roux” configuration to 
bypass gastric obstruction. However, he later 
abandoned the procedure in 1910 due to high 
rates of marginal ulcer and nutritional deficiency.

As for weight loss, Dr. Griffin, in 1977, is 
credited for changing the “loop” to the “Y” con-
figuration in order to prevent reflux (Fig.  1.7). 

Fig. 1.5 Horizontal gastroplasty Fig. 1.6 Gastric bypass as described by Dr. Mason

M. Palermo et al.
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He is also credited for changing the design of the 
gastric pouch to be based on the lesser, rather 
than greater, curvature by changing the direction 
of the staple line from horizontal to vertical [4, 
11]. However, he did go back to the undivided 
pouch, which again, failed overtime due to dehis-
cence of the staple line. This was later modified 
again to the complete separation with oversewing 
of the cut edges [4].

As for the intestinal bypass, the small bowel 
was divided approximately 45 cm from ligament 
of Treitz, and the Roux limb was found to be 
optimal at about 100–150 cm length to optimize 
the malabsorption while limiting its unintended 
consequences. Furthermore, retrocolic, retrogas-
tric route was thought to be a safer alternative 
that provides a tension-free, well-perfused 
gastrojejunostomy.

Many modifications occurred over the years; 
but the one that stood out came from Chapel Hill, 
North Carolina, in 1997 after an emergency sur-
gery performed by Dr. Robert Rutledge for pen-
etrating trauma where he used Billroth II antecolic 
gastrojejunostomy for reconstruction. In the 
morning, he had an elective gastric bypass and 
thought of using the same type of reconstruction 

again to make the operation easier to perform 
laparoscopically. Rutledge thought that using a 
long narrow pouch with loop gastrojejunostomy 
reconstruction without the need for a second 
anastomosis (jejuno-jejunostomy) would make 
this operation shorter, simpler, and easier to stan-
dardize and teach (Fig. 1.8). This came at a time 
when laparoscopy was challenging for these 
complex surgeries and gastric bypass still had 
high rate of morbidity.

He reported his first series on over 1200 
patients with significantly short operating time 
averaging 37 min. Excess weight loss was 77% at 
2  years with a leak rate of 1.6% and only one 
death in his large series [12]. This single 
 anastomosis gastric bypass (that he named mini-
gastric bypass) was and remains to this date con-
troversial in the USA, while it has been widely 
accepted in the rest of the world. Concerns over 
significant malabsorption, bile reflux, ulceration, 
and eventual cancer led many American surgeons 
to oppose it. This opposition was also based on 

Fig. 1.7 Horizontal gastric bypass with Roux reconstruc-
tion as per Griffin

Fig. 1.8 Mini-gastric bypass

1 History of Bariatric Surgery
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the failure of the loop reconstruction described 
by Dr. Mason (described earlier in chapter, 
Fig. 1.6). Rutledge argued that in his version, the 
anastomosis is further down from the esophagus 
due to the long pouch, eliminating the increased 
risk of malignancy, and he also argued that his 
data shows an acceptable rate of marginal ulcers 
despite, what he called, theoretical increase in 
risk due to loop configuration.

Today, Roux-en-Y gastric bypass is the cor-
nerstone operation for bariatric surgery world-
wide. Bypass, however, is a complex operation 
that carried early on significant risk of morbidity 
[13]. These risks were even higher in the days of 
open surgery where wound complications such as 
hernias and infections were unacceptably high in 
this population. Due to the prejudiced views 
against obesity, technical complications, univer-
sal to any surgery such as leak and obstruction, 
were always used to question the value of this 
operation and to some extent, bariatric surgery as 
a whole!

Bariatric surgeons realized the need of large 
studies to prove the long-term safety of bariatric 
surgery. Pories was the first to publish such long-
term data reporting on 600 patients who under-
went a standardized operation with up to 14-year 
follow-up [14]. He showed mortality of 1.5% and 
morbidity of 8.5% in the 1980s at a time gastric 
bypass was under heavy scrutiny. His patients 
maintained average weight of about 200  lb at 
14 years from a starting weight over 300 lb. He 
was first to clearly demonstrate improvements in 
diabetes, hypertension, sleep apnea, heart failure, 
arthritis, and infertility. Furthermore, survival 
benefit was reported for patients who undergo 
bariatric surgery as shown by the Utah group. 
They looked at almost 10,000 patients over 
7-year span and were able to show a marked 
decrease in adjusted long-term all-cause mortal-
ity in the surgery group by 40%, as compared 
with the control group [15].

Dr. Mason was an incredible thinker and inno-
vator who never stopped his pursuit of the opti-
mal weight loss operation. He was not satisfied 
with the overall results of his bypass operation 
from a safety standpoint and continued his search 
for the ideal risk/benefit balance. In his mind, 

restriction was eventually the way forward. To 
achieve that safely, he aimed to eliminate the risk 
of leak by avoiding dividing the stomach. For 
long-term success, his pouch was based on the 
less distensible lesser curvature of the stomach, 
and the outlet was made tight and reinforced with 
pliable ring to prevent stretching and have long-
lasting effect.

With these principles, he created the vertical 
banded gastroplasty (VBG) in the early 1980s 
(Fig. 1.9) placing a vertical staple line parallel 
to the lesser curvature to create the pouch and 
fixed its outlet using a 5 cm long polypropylene 
band around the stoma [16].The ease of con-
struction and the high safety profile of this oper-
ation  without leaks or vitamin deficiencies made 
it very popular operation for many years to 
follow.

High hopes, once again, fell short. Staple line 
dehiscence was common and made weight loss 
short lived, while mesh complications piled up 
causing severe reflux, obstruction, and erosion. 
These adverse events caused the rapid enthusi-
asm to fade away gradually until VBG became of 

Fig. 1.9 Vertical banded gastroplasty (VBG)

M. Palermo et al.
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only a historical value. Gastric bypass remained 
the “best” available operation and the operation 
of choice to revise complicated VBGs up to our 
current days.

While Dr. Mason was working out of 
University of Iowa on the bypass and VBG, a 
young man in Rome named Dr. Nicola Scopinaro 
was working on improving the results of the jeju-
noileal bypass. He saw the problem with this 
operation to be mainly related to the long defunc-
tionalized small bowel left when the bypass is 
constructed. His plan to eliminate stasis was 
achieved by having each limb connected to a 
source of constant flow. To do that, he performed 
a limited distal gastrectomy by dividing the duo-
denum (the pylorus was excised with the speci-
men causing dumping in many patients). The 
alimentary limb had constant flow from the prox-
imal stomach (gastrojejunostomy), while the 
remaining long biliary limb (that would be 
defunctionalized in JIB) now had constant natu-
ral flow of bile from the duodenum. The two 
limbs connected distally with an end-to-side 
anastomosis taking the Roux-en-Y configuration. 
His procedure, described in 1979, became known 
as the biliopancreatic diversion (BPD) (Fig. 1.10).

This was mainly a malabsorptive operation as 
the common channel measured only 50  cm, 
while restriction was only minimal due to lim-
ited gastrectomy leaving a generous 250–400 cc 
pouch [17].

While very successful in weight loss and 
much improved from prior purely restrictive his-
torical operations, the disadvantage of loose, 
foul-smelling stool and stomal ulcers was signifi-
cant. Malnutrition caused severe hypoalbumin-
emia, anemia, edema, and many other severe 
complications that necessitated lifelong strict 
follow-up, significant dietary supplementation, 
and in many cases revisions and reversals [4].

The high incidence of complications resulting 
from the distal gastrectomy in the Scopinaro 
operation (dumping, marginal ulcers, biliary 
reflux) led Dr. Douglas Hess in 1986 to incorpo-
rate the duodenal switch, described by Tom 
R. DeMeester in the 1980s for biliary reflux, to 
the Scopinaro operation in order to prevent the 
aforementioned complications [17]. This hybrid 

operation was appropriately referred to as the bil-
iopancreatic diversion with duodenal switch 
(BPD-DS) or, less commonly, GR-DS (gastric 
reduction-duodenal switch) (Fig. 1.11).

It consisted of dividing the duodenum just dis-
tal to the pylorus with a duodeno-ileostomy to 
proximal duodenum (the distal duodenal side 
stays as a stapled stump). Gastric volume was also 
reduced, but as opposed to the Scopinaro opera-
tion, the gastric continuity was preserved and the 
resection was of the lateral greater curvature part 
of the stomach, leaving a sleeve-like conduit for 
food passage. While the incidence of malabsorp-
tive complications did not change (length of the 
common channel remains constant), biliary reflux, 
ulcerations, and dumping syndrome were all 
eliminated by preserving the pylorus. The signifi-
cant malabsorption necessitated supplementation 
and surveillance. Still, even in compliant patients, 
deficiencies and complications occurred and were 

Fig. 1.10 Biliopancreatic diversion as described by Dr. 
Scopinaro

1 History of Bariatric Surgery
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in many instances dangerous and life threatening 
[4]. These complications, along with technical 
complexity, prevented this operation from ever 
becoming a popular one, with steady low preva-
lence around 1%.

The only major modification to the BPD-DS 
came many years later from Spain where Dr. 
Antonio Torres [18] tried to make this complex 
operation easier to perform.

He described a simpler alternative, eliminat-
ing the need for the distal small bowel anastomo-
sis. Instead, he reconstructed (after dividing the 
duodenum) with a single, end-to-side duodeno-
ileostomy at 200  cm proximal to the ileocecal 
valve (Fig. 1.12). Results were encouraging and 
the operation was indeed much easier to perform, 
teach, and reproduce than that described by Hess. 
This alteration finally sparked interest in duode-
nal switches and caused increased adoption 

worldwide, both as a stand-alone and revisional 
surgery after failed sleeve gastrectomy. Of note, 
as of the day we write this chapter, single anasto-
mosis duodenal switch remains “investigational” 
in the USA until more data is collected.

From a totally different mind-set emerged the 
concept of gastric banding based on safety and 
simplicity and accepting perhaps inferior weight 
loss in exchange for (perceived) safety and pres-
ervation of the anatomy (Fig. 1.13).

The work of many innovators over the span 
of half a decade led to the idea of a gastric band 
placement around the upper part of the stom-
ach. This was described by Wilkinson and 
Peloso in 1978 [19], Kolle in 1982 [20], and 
Molina and Oria in 1983 [21]. The idea was to 
cause restriction without any suturing or divi-
sion of the stomach. This is rather achieved by 

Fig. 1.11 Biliopancreatic diversion with duodenal switch Fig. 1.12 Single anastomosis duodenal switch

M. Palermo et al.
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simply placing a band around the top of the 
stomach creating a narrow outlet with a small 
stoma that measures 15–30 cc [4]. The opera-
tion was indeed simple and safe at a time when 
safety was a major concern to patients, and 
complexity was a major limiting factor stop-
ping many surgeons from adopting bariatric 
surgery. Soon, however, a whole new armamen-
tarium of complications was described, such as 
slippage and erosion of the band. While these 
complications were not life threatening, they 
were very common. The unpredictable response 
of patients to hunger and weight loss after sur-
gery caused wide variation of results and ques-
tioned if “one size band fits all.” To address 
that, Kuzmak in 1986 [22] made the band 
adjustable aiming to customize the restriction 
to individual needs, compliance, and weight 
loss. The device consisted of a silicone band 
with an inflatable balloon connected via a tube 
to a reservoir placed under the skin and used for 
adjustments (Fig. 1.14).

The first successful laparoscopic banding pro-
cedure was published in 1993 by Broadbent [23]. 
During the same time, Belachew [24] designed 
an adjustable gastric band (similar to that 
designed by Kuzmak) that could be placed using 
laparoscopic techniques. He described this pro-
cedure in a porcine model a decade after the orig-
inal report by Kuzmak [22].

While unlimited adjustability was conceptu-
ally a way for long-term success, the results never 
reached the desired long-term success. We know 
now that the inferior results were, in part, due to 
the lack of the metabolic effect which are achieved 
in stapling procedures that excise or bypass the 
fundus of the stomach. While the excitement of 
banding was significant due to the perceived 
safety and reversibility, it quickly faded away 
with inferior long-term results, increased number 
of revisions, and improved safety profile of other 
stapling procedures that were once deemed “too 
risky.” Today, banding is not even an option in 
many countries around the world and continues to 
be on the decline in the rest.

Last but not least is the sleeve gastrectomy 
which has quickly become the fastest-growing 
bariatric surgery worldwide, constituting more 
than 50% of all bariatric surgeries performed in 
the USA in 2015 [25].

The early concept dates back to Johnston in 
1987, who performed the first Magenstrasse and 
Mill procedure [26]. The Magenstrasse referred 
to a thin tube created based on the lesser curva-

Fig. 1.13 Gastric band

Fig. 1.14 Kuzmak adjustable silicone gastric band

1 History of Bariatric Surgery
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ture of the stomach, and the Mill referred to the 
antrum. The operation would start by creating a 
defect in the antrum using circular stapler and 
then stapling cephalad along 40 fr bougie creat-
ing a narrow tube along the lesser curvature 
(Fig. 1.15).

Natural evolution led to resecting the lateral 
remaining part of the stomach instead of keeping 
the antral connection. This resulted in a sleeve-
like stomach similar to what was previously 
described by Hess as part of the restrictive com-
ponent of the duodenal switch [27]. Sleeve gas-
trectomy (Fig. 1.16) as a bariatric procedure was 
initially performed as first of a two-step proce-
dure in high-risk patients that may not tolerate 
the long and complex laparoscopic gastric bypass 
or duodenal switch. Splitting the operation 
proved valuable in decreasing the morbidity and 
mortality in this high-risk group [28–30].

The sleeve gastrectomy when performed as a 
first step had significant success as far as safety 
and early weight loss. This led increasing num-
bers of patients to decline proceeding with the 
second intestinal part (completion gastric bypass 
or duodenal switch). The encouraging early 

results of the sleeve gastrectomy (without the 
completion intestinal bypass) led some surgeons 
like Dr. Michel Gagner to look at the value of the 
sleeve as a stand-alone operation [31]. This 
quickly changed the demographics of bariatric 
surgery in the USA and worldwide introducing 
what became quickly the most popular and fast-
est-growing operation of our times [25].

Lastly, and aside from the actual design of the 
operation, perhaps the single most significant 
technical innovation to surgery as a whole has 
been the evolution of laparoscopic surgery. This 
was particularly significant in the field of  bariatric 
surgery as our patients would benefit most from 
avoiding large abdominal incisions given their 
large pannus and the resulting high prevalence of 
wound infection, breakdown, and hernias.

Dr. Alan Wittgrove from California was the 
first to successfully perform laparoscopic Roux-
en-Y gastric bypass in 1994 [31]. Of course, in 
the early days of laparoscopy, completing such a 
complex operation laparoscopically was a major 
technical challenge especially in morbidly obese 
patients with large fatty livers. Performing the 
gastrojejunal anastomosis was and still remains Fig. 1.15 Magenstrasse and mill operation

Fig. 1.16 Sleeve gastrectomy
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the most challenging part of this operation. 
Therefore, there was an agreement that using the 
circular stapler provides the only way for a reli-
able anastomosis, although the route to deliver-
ing the anvil remained an area of debate [32].

As complications from the anvil and circular 
stapler started to appear (esophageal injuries, 
strictures, and wound infections), alternative tech-
niques were sought. Kelvin Higa, also from 
California, was first to be able to perform a com-
pletely hand-sewn anastomosis laparoscopically 
[33]. Mastering laparoscopic suturing and knot 
tying opened the door for wider application for 
laparoscopy to be attempted on the most complex 
open surgeries. In the year 2000, Ren et  al. 
reported on successful completion of 40 duodenal 
switch surgeries laparoscopically without conver-
sion [34]; these were high-risk patients with 
median BMI of 65. There was one mortality, one 
leak, and four staple line bleeds. The authors con-
cluded that laparoscopy, while technically chal-
lenging, is feasible in this complex operation.

Introduction of laparoscopy to bariatric sur-
gery may be the single most important milestone 
in its evolution and acceptance by an apprehen-
sive public opinion. Shorter hospitalization, early 
mobility, faster recovery with less pain convinced 
many who were reluctant to consider the opera-
tion. Despite this great advancement in technol-
ogy and proven safety and efficacy [35], we 
continue to operate on only 1% of the morbidly 
obese patients who qualify for surgery.

Unrealistic fear, concerns regarding general 
anesthesia, or having an actual operation still 
hold most morbidly obese patients from coming 
to see a surgeon. Therefore, there was a need for 
less aggressive treatment to fill the gap between 
medical behavioral therapy and surgery, similar 
to stenting for coronary artery disease instead of 
open heart surgery when medical therapy fails. 
This gap in obesity treatment was filled with 
Bariatric Endoscopy.

At this date, intragastric balloons are the most 
prevalent well-studied endoscopic procedures 
performed for weight loss. While relatively new, 
the idea of occupying the intragastric space for 
restriction and weight loss goes back about a cen-
tury, where Dr. DeBakey, in 1938, observed and 

described weight loss as a long-term complica-
tion of bezoar [36]. It was not until 1979 when 
Dr. Miller from the University of Mississippi 
took that observation to the lab and placed 250 cc 
polyethylene bottles in nine dogs via laparotomy 
to test for decreased oral intake. His experiment 
however, failed to show a difference in weight 
loss between the surgical and sham group [37]. In 
Santa Ana, California, Drs. Lloyd and Mary 
Garren (gastroenterologists from Delaware) had 
a different opinion. They designed a cylinder 
shape “bubble” made of elastomer plastic and 
filled with 200 cc of air to stay in the stomach for 
3 months. This was manufactured by American 
Edwards Labs and carried the name “Edward 
Garren-Edwards Bubble.” Their data got them 
FDA approval in the USA in 1985. Concerns 
about the safety of weight loss surgery at that 
time led to high demand for these bubbles with 
more than 20,000 devices sold in the 1st year 
alone. It was soon discovered, however, that the 
procedure is not as benign as was thought, mainly 
due to the device itself causing tears, erosions, 
ulcers, and even bowel obstruction from migra-
tion [38]. These complications led the company 
to stop manufacturing the balloon in 1988 and 
recall the product in 1992.

Despite repeated failures, interest remained 
high in this concept leading many international 
experts to organize a multidisciplinary meeting 
looking at what would constitute the ideal device 
to achieve restriction without compromising 
safety. They met in Tarpon Spring in Florida in 
1987 and came up with what they called the 
Tarpon Spring criteria for the ideal balloon. 
They envisioned that to be large (to prevent distal 
migration), smooth, round, filled with saline 
instead of air, and made of durable long-lasting 
material that can withstand the acidity of the 
stomach. Based on these criteria, many types of 
balloons were later invented in different coun-
tries with varying degree of success and risks. It 
took close to three decades to have a commercial 
type be approved by the FDA for use in the USA.

In addition to placing balloons, the field of 
endoscopy grew widely, and advanced technol-
ogy allowed complex tasks to be performed endo-
scopically, potentially eliminating completely the 
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need for surgery. Endoscopic suturing allowed for 
revising a dilated pouch or anastomosis for weight 
regain and also was applied to perform a full 
weight loss procedure such as the gastric sleeve. 
Innovators did not stop at restriction but also rep-
licated malabsorption by using endoscopy to 
place a barrier in the proximal jejunum mimick-
ing the effects of gastric bypass by preventing 
absorption in the covered areas. To take this fur-
ther, upper and lower endoscopy are now used 
together to place magnets in the jejunum and 
ileum that would “mate” causing local necrosis of 
the tissues in between, creating an actual anasto-
mosis and bypassing the entire segment of bowel 
in between.

Last but not least, in addition to restriction and 
malabsorption, much work is now done on vagal 
stimulation to affect hunger and satiety signals. 
Different types of electrodes and devices are now 
in market with one at this time available in the 
USA after obtaining FDA approval. These must be 
placed laparoscopically at this time, but by the 
time many read this chapter, endoscopically placed 
electrodes to stimulate satiety may be available.

In summary, after almost a century of battling 
severe obesity with the search of the optimal 
operation, we learned that obesity is a very com-
plex chronic progressive disease, and hence, its 
therapy cannot be simply achieved by an hour or 
so operation or intervention.

Between laparoscopy and endoscopy and 
restriction, malabsorption, or electrical stimula-
tion, the optimal surgery or intervention can only 
be reached when a mutual decision is made by a 
well-informed patient who has the same success 
criteria as the surgeon. A well-informed patient 
and a competent surgeon along with a compre-
hensive team in a specialized center is the back-
bone for any successful bariatric surgery or 
intervention.
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 Introduction

Obesity and bariatric surgery are of increasing 
importance in the USA and globally. In 2014, it 
was estimated that 39% of adults were overweight 
and 13% of adults were obese worldwide. 
Additionally, 41 million children under age 5 were 
overweight or obese [1]. Obesity has more than 
doubled since 1980, with now over 600 million 
obese adults across the globe [1]. The implications 
of obesity on health, including the association with 
increased risk of cardiovascular disease, dyslipid-
emia, diabetes mellitus, sleep apnea, osteoarthritis, 
and certain cancers, were officially recognized by 
the National Institutes of Health (NIH) in 1985 
[2]. Additionally, it has been shown that class II 
and III obesities are associated with a significantly 
higher all-cause mortality [3]. The increasing 
prevalence and health implications make obesity 
one of the most important epidemics today [4].

Bariatric surgery has been shown to be an 
effective treatment for clinically severe obesity in 
multiple measures including improvement or 
remission of obesity-related comorbidities, sus-
tained weight loss, improvement of quality of life, 
and survival benefit [5–8]. Since first described 
over 50 years ago, bariatric surgery has evolved 
dramatically. In the mid-1960s, Edward Mason 
described a method for surgical weight loss 
achieved by a restrictive and malabsorptive gas-
trointestinal procedure, the gastric bypass [9]. 
Initially described as gastric bypass with a single- 
loop anastomosis, the operation was later modi-
fied to a Roux-en-Y configuration to minimize 
alkaline reflux gastritis [10]. Since then, the evo-
lution of bariatric surgery has been shaped by 
development of laparoscopic approach, technical 
refinements, and the invention of various surgical 
devices [11].

There are currently four bariatric operations 
commonly performed: Roux-en-Y gastric 
bypass (RYGB), sleeve gastrectomy, adjustable 
gastric banding, and biliopancreatic diversion 
with (or without) duodenal switch (BPD-DS). 
RYGB has been performed the greatest number 
of times and remains the most commonly per-
formed procedure worldwide [10]. However, 
sleeve gastrectomy has recently become the 
most frequently performed bariatric procedure 
in the USA [12]. Adjustable gastric banding use 
has steadily declined since the adoption of the 
sleeve gastrectomy.
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 Adoption Across the Globe

The adoption of bariatric surgery as a safe, effec-
tive treatment for obesity has been a process over 
the last four decades that continues today. The 
1991 NIH consensus statement on obesity sur-
gery recommended surgical management for 
patients with severe obesity with a BMI of 
≥35 kg/m2 with at least one comorbid condition 
(type 2 diabetes mellitus, hypertension, obstruc-
tive sleep apnea) or a BMI of ≥40  kg/m2 [13]. 
The safety of bariatric surgery has improved 
since the late 1990s with mortality dropping from 
0.5% to 1% to current mortality rates around 0.1–
0.3% [14, 15]. In the USA, the adoption of bariat-
ric surgery continues to spread. It is estimated 
that there were 196,000 bariatric operations per-
formed in the USA in 2015, up from 158,000 in 
2011 [16]. Of the operations in 2015, approxi-
mately 53.8% were sleeve gastrectomy, 23.1% 
RYGB, 5.7% laparoscopic adjustable gastric 
banding, and 0.6% BPD-DS. Although the num-
ber of operations is increasing, in the USA, it is 
estimated that only 1.24% of estimating those eli-
gible for surgical intervention underwent bariat-
ric surgery [16]. Worldwide, in 2013 there were 
468,609 bariatric procedures, 95.7% performed 
laparoscopically [17].

A major factor in the spread of bariatric sur-
gery in the USA is insurance coverage. The eco-
nomic impact of obesity in the USA has been 
estimated at $147 billion in direct medical costs 
[18]. Studies have shown that metabolic and bar-
iatric surgeries are cost-effective and provide a 
return on investment in as little as 25 months to 
5 years [19–22]. Despite evidence of the safety 
and benefits, universal insurance coverage has 
not been established. In 2004 the Centers for 
Medicare and Medicaid Services (CMS) con-
vened a Medicare Coverage Advisory Committee 
to determine whether CMS should cover bariatric 
surgery. In 2006, CMS published a favorable 
national coverage decision supporting coverage 
for Roux-en-Y gastric bypass, open and laparo-
scopic biliopancreatic diversion with duodenal 
switch (BPD/DS), and laparoscopic adjustable 
gastric banding for patients with BMI >35 with at 
least one comorbidity related to obesity and has 

been unsuccessful with medical treatment for 
obesity, limiting to operations performed at facil-
ities that were certified by the American College 
of Surgeons as a Level 1 Bariatric Surgery Center 
or certified by the American Society for Bariatric 
Surgery as a Bariatric Surgery Center of 
Excellence. In 2009, the decision was updated to 
include type 2 diabetes mellitus as a comorbidity 
for coverage. In 2012, laparoscopic sleeve gas-
trectomy was added to the list of covered opera-
tions. In 2013, the requirement that facilities be 
certified was removed by CMS; however, all 
major private insurers still require accreditation 
by the combined Metabolic and Bariatric Surgery 
Accreditation Quality Improvement Program 
from the American Society for Metabolic and 
Bariatric Surgery and American College of 
Surgeons [23]. Although there is a favorable 
national coverage decision for Medicare benefi-
ciaries, there is no universal insurance coverage, 
and often coverage can be dependent on 
insurance- mandated preoperative weight loss 
requirements. The American Society of Metabolic 
and Bariatric Surgery recently updated their posi-
tion on these requirements, recommending the 
abandonment of insurance-mandated preopera-
tive weight loss [24].

In the UK, examining the National Health 
Service (NHS) reveals similarities in coverage 
and use of bariatric surgery. The National 
Institute for Health and Care Excellence (NICE) 
recommends that after all nonsurgical measures 
have been tried without achieving or maintaining 
weight loss, bariatric surgery is considered for 
people with BMI >40, BMI ≥35 with onset of 
type 2 diabetes in the past 10 years with consid-
eration for surgery with BMI 30–34.9, and is 
recommended as the option of choice for adults 
with a BMI >50 when other interventions have 
not been effective [25]. This means 2.6 million 
people in the UK meet criteria for surgery. 
Despite this, NHS bariatric procedures have 
been dropping. From 2011–2012 to 2014–2015, 
the number of operations dropped from 8794 to 
6032, much less than 1% of those eligible for 
surgery [26]. Although coverage is described 
within the NHS according to NICE guidelines, 
restructuring in 2012 resulted in a four-tier 
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model of care [27]. This pathway requires 
patients to go through several steps before refer-
ral for surgery, including evaluation by a general 
practitioner (tier 2) and referral and treatment by 
a multidisciplinary team approach for 
12–24 months (tier 3) before referral for evalua-
tion for surgical treatment (tier 4) [28]. There is 
continued discussion about the access barrier 
this presents [28].

 Obesity Is a Disease

Discrimination against the obese is also an 
important factor in the spread of bariatric sur-
gery. Experiences of weight discrimination have 
been reported in various settings, including 
employment, healthcare, educational institu-
tions, public health, and interpersonal relation-
ships [10, 29]. As obesity is generally perceived 
as being under volitional control, it is stigma-
tized. Studies have documented that overweight 
and obese individuals are perceived as lazy, 
weak-willed, unintelligent, and lack self-disci-
pline and are non-compliant with weight loss 
care plans [30, 31]. Although stigma about obe-
sity is prevalent, there is considerable scientific 
evidence that shows many significant factors 
that contribute to obesity are beyond the control 
of individuals. Genetic and biological factors 
contribute to the regulation of body weight, and 
social and economic factors influence a com-
plex environment that promotes and reinforces 
obesity.

The WHO has additionally developed the 
“Global Action Plan for the Prevention and 
Control of Noncommunicable Diseases 2013–
2020” with a specific goal of a 25% relative 
reduction in premature mortality from noncom-
municable diseases by 2025 and a halt in the rise 
of global obesity to match the rates in 2010 [1]. 
The worsening of the obesity epidemic despite 
increased awareness highlights the need for 
increased awareness and education about the 
complexity of obesity. Obesity is a chronic dis-
ease with complex etiology, and bariatric surgery 
is and will continue to be an important part of 
multidisciplinary care for this disease.

 Future Directions

The future of bariatric surgery will be an evolv-
ing landscape. With only 1% of those who qual-
ify for surgical treatment of obesity actually 
having an operation, there is opportunity in the 
gap. Although the number of operations is 
increasing in the USA, there is still an unmet 
need in the treatment of obesity. This gap may be 
partially addressed by the emergence of new 
technology around novel and less invasive proce-
dures. Since the approval of the Realize Band in 
2007, there was a drought of new devices 
approved by the FDA for the treatment of obesity. 
In the last 2 years, there has been a surge of new 
technologies. Specifically, five novel technolo-
gies have been approved by the FDA since 2015 
for usage in the USA: VBLOC (vagal blocking 
therapy for obesity), the AspireAssist device for 
percutaneous mechanical gastric emptying, and 
three endoscopically placed intragastric balloon 
systems (ReShape™ Dual Balloon, Orbera™ 
Intragastric Balloon System, and Obalon ® 
Balloon System) [32]. Each technology has spe-
cific indications as well as outcomes [33]. These 
and other new technologies may help bridge the 
gap in treating obesity, although long-term effi-
cacy remains to be seen.
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Accreditation, Quality, and Centers 
of Excellence

Wayne J. English, Teresa R. Fraker, 
and Amy Robinson-Gerace

 Introduction

This chapter reviews the history of quality mea-
surement and improvement and discusses its 
development with the current efforts surrounding 
accreditation and quality improvement programs 
being utilized by metabolic and bariatric sur-
geons today.

 History and Timeline of Quality 
Improvement

Standardization of care can be traced back to 
1847, when Ignaz Semmelweis in Vienna, 
Austria, established hand hygiene protocols in an 
effort to reduce maternal mortality rates attribut-
able to puerperal fever after realizing hospital- 
acquired diseases were transmitted via the hands 
of healthcare workers [1].

Florence Nightingale, during the Crimean 
War in 1850, recognized correcting sanitation 
issues and improving hand hygiene could signifi-
cantly improve the mortality rate among soldiers 
treated at army hospitals with poor ventilation, 
sanitation, and hygiene standards [2].

Ernest Amory Codman, considered the pio-
neer of outcome-based quality improvement, 
developed a system in which he would follow 
up with his patients for years after treatment and 
record the end result to determine the effective-
ness of care. His concept influenced the found-
ing of the American College of Surgeons (ACS) 
in 1917 and would eventually transform into the 
hospital standardization movement, a forerunner 
to what we readily recognize today as The Joint 
Commission [3].

Federal supervision of healthcare would 
eventually follow as Congress passed the Social 
Security Amendments Act of 1965 mandating 
that hospitals participating in Medicare must be 
accredited by JCAH (conferred “deemed sta-
tus”) and be in compliance with the Medicare 
“Conditions of Participation.” This would be 
revised in 1986 [4].

Avedis Donabedian, in 1966, described a con-
ceptual framework for defining and assessing 
quality of healthcare services. He identified three 
basic components essential to quality of care 
(structure, process, and outcome), emphasizing 
that properly integrating these components is 
critical in improving the quality of care [5].
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In 1970, the National Academy of Science 
established the Institute of Medicine (IOM), 
a nonprofit independent scientific advisor, to 
improve healthcare in America. The IOM changed 
its name to the National Academy of Medicine in 
2015 [6].

In 1989, the Agency for Healthcare Policy and 
Research was established, currently known as 
the Agency for Healthcare Research and Quality 
(AHRQ), a public health service agency within 
the Department of Health and Human Services, 
since 2011 [7].

The National Committee for Quality 
Assurance (NCQA) was established in 1990 to 
oversee the accreditation program for managed 
care organizations. Performance was measured 
through the Health Plan Employer Data and 
Information Set (HEDIS), looking at six cat-
egories: access and availability, effectiveness of 
care, utilization of services, member satisfaction, 
cost of care, and health plan stability. Another 
instrument used to measure performance was the 
Consumer Assessment of Healthcare Providers 
and Systems (CAHPS) survey [8].

In 1992, the Health Care Financing 
Administration (HCFA) proposed a quality 
improvement initiative in an effort to achieve 
evidence-based continuous quality improve-
ment based on claims data [9].

The National Patient Safety Foundation 
(NPSF) was established in 1996 to provide a uni-
fied voice for the patient consumer [10].

The IOM initiated several healthcare quality 
campaigns evaluating, informing, and improving 
healthcare quality in America. In 1998, the Quality 
of Healthcare in America initiative aimed to 
improve outcomes over a period of 10 years. The 
initial focus was on medical errors and eventually 
led to a report “To Err is Human: Building Safer 
Health Systems” [11]. It was stunning to learn 
that up to 98,000 deaths annually were caused by 
medical errors. This report prompted a number of 
regulatory and legislative initiatives aimed at doc-
umenting errors and seeking solutions.

In 1999, the National Quality Forum (NQF) 
was established with a mission to lead national 
collaboration to improve health and health-
care quality through measurement. NQF efforts 

focused on developing a national consensus with 
implementing standardized performance and 
quality metrics. NQF has a diverse membership, 
which includes hospitals, healthcare providers, 
consumer groups, purchasers, accrediting bodies, 
and research and healthcare quality improvement 
organizations [12].

In 2002, JCAHO announced a new program to 
sharpen the focus of the accreditation process on 
care systems critical to safety and quality of care. 
In 2003, they announced the first set of National 
Patient Safety Goals, which include improving 
the following aspects of patient care: accuracy of 
patient identification, effectiveness of communica-
tion among caregivers, safety of using high- alert 
medications, safety of using infusion pumps, and 
effectiveness of clinical alarm systems. An addi-
tional measure focuses on eliminating wrong site, 
wrong patient, and wrong procedure surgery [13].

 The History of Metabolic 
and Bariatric Surgery 
and the Growing Need for Quality 
Improvement

The dawn of metabolic and bariatric surgery 
began in the 1950s with the introduction of the 
jejunoileal bypass. However in the 1970s, patients 
were advised to undergo reversal or conversion to 
another metabolic and bariatric procedure in order 
to prevent development or progression of the sub-
sequent development of severe nutritional defi-
ciencies, hepatic cirrhosis, and even death [14].

In 1966, Edward Mason performed the first 
gastric bypass connecting a loop of jejunum to 
the gastric pouch [15]. This technique would 
later be modified in 1977, introducing the Roux-
en-Y configuration to replace the loop gastrojeju-
nostomy [16].

In 1971, Dr. Mason introduced the vertical- 
banded gastroplasty (VBG) in an attempt to 
avoid the complications associated with JIB [17]. 
Unfortunately, less than half of the patients would 
maintain satisfactory weight loss after 5  years, 
and many patients went on to require reopera-
tions due to staple line dehiscence, pouch dila-
tion, band erosions, and weight loss failure [18].
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In 1985, the inflatable gastric band was intro-
duced, and, in the 1990s, the sleeve gastrectomy 
would be described as a component of the bilio-
pancreatic diversion with duodenal switch proce-
dure [19, 20].

Dr. Mason would eventually become a sig-
nificant contributor in the development of the 
National Bariatric Surgery Registry in 1986, 
which produced data revealing that metabolic 
and bariatric surgery could be performed safely 
with a low mortality rate [21].

Metabolic and bariatric surgery became more 
widely accepted in the 1990s as Dr. Mason’s and 
additional mounting evidence demonstrated low 
mortality rates, durable weight loss, and comor-
bidity remission. Laparoscopic techniques were 
described, thus initiating an expansion of the 
field of metabolic and bariatric surgery. However 
in 2005, Flum et al. revealed data indicating the 
risk of early death after metabolic and bariatric 
surgery is considerably higher than previously 
suggested [22].

Since the introduction of laparoscopic meta-
bolic and bariatric surgery, there has been a 
steady increase in the number of surgeons per-
forming laparoscopic metabolic and bariatric 
surgery. The metabolic and bariatric surgery rate 
per 100,000 adults increased from 6.3 in 1998 to 
67.95 in 2012 [23].

In 1998, the number of metabolic and bariat-
ric operations performed annually in the United 
States was 12,775, which increased to 70,256  in 
2002, 135,985 in 2004, and over 196,000 in 2015. 
The number of metabolic and bariatric surgeons 
with active membership in the ASMBS increased 
from 131 in 1998 to 1810 in 2015. Only 2.1% of all 
metabolic and bariatric surgery procedures were 
completed laparoscopically in 1998. This propor-
tion increased to 17.9% in 2002, greater than 90% 
in 2008, and greater than 98.5% in 2015 [24–27].

The expansion in the field of metabolic and 
bariatric surgery was not confined to the United 
States as an increase in procedure volume was 
realized in many countries worldwide. In 2013, 
the number of metabolic and bariatric procedures 
performed worldwide was 468,609 with over 
95.7% of the procedures being completed lapa-
roscopically [28].

During the growth period, many surgeons 
would become inadequately trained after 
attending an introductory course and start per-
forming metabolic and bariatric surgery with-
out the appropriate infrastructure necessary to 
provide safe care for the patient. Subsequently, 
significant complications occurred, high mor-
tality rates were realized, and adverse news was 
regularly broadcasted on prominent national 
news programs. Consequently, the public and 
payors were seriously questioning the impor-
tance and role of metabolic and bariatric sur-
gery as a means of treating morbid obesity. 
Many payors simply stopped providing insur-
ance coverage, branding the procedures as 
cost-prohibitive.

 The Commitment to Metabolic 
and Bariatric Surgery Accreditation

As the future of metabolic and bariatric surgery 
was at a despairing crossroad, critical measures 
were necessary to preserve the integrity and repu-
tation of the profession. Intensive scrutiny and 
quality improvement of the services being pro-
vided by surgeons were crucial if metabolic and 
bariatric surgery were to become more widely 
accepted as a viable treatment option for morbid 
obesity.

In an effort to resolve these issues, the 
American Society for Metabolic and Bariatric 
Surgery (ASMBS) and the American College of 
Surgeons (ACS) decided to establish separate, but 
similar, accreditation programs to improve the 
quality of metabolic and bariatric surgery care.

The ASMBS Bariatric Surgery Center of 
Excellence (BSCOE) program was developed in 
2004 to provide a mechanism that would iden-
tify programs providing high quality of meta-
bolic and bariatric surgery care. These measures 
included comprehensive standardized surgical 
care, long- term follow-up, and management of 
the morbidly obese patient. The ASMBS BSCOE 
Program was administered by the Surgical 
Review Corporation.

In a parallel effort, the ACS, in 2005, gave 
highest priority for developing the Bariatric 
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Surgery Center Networks (BSCN) to improve 
quality and facilitate access to care for morbidly 
obese patients.

Both programs consisted of standards that 
provided an opportunity for metabolic and bar-
iatric surgery centers to develop the infrastruc-
ture, process and outcomes to improve their 
standards, and education and training necessary 
to meet specific guidelines. Uniform data ele-
ments would be collected and outcomes com-
piled to provide programs with an opportunity 
to assess and verify risks and benefits of meta-
bolic and bariatric surgery. The data registries 
for both programs in 2011 had greater than 
100,000 patients per year being entered into one 
of the two registries.

 Surgical Quality Improvement

 Veterans Administration 
and National Surgical Quality 
Improvement Program (NSQIP)

The ACS NSQIP was established as a result of 
a government mandate to improve the quality 
of surgical care within the 133 Veterans 
Administration (VA) hospitals. In 1985, a 
report cited unacceptably high mortality and 
complication rates within the VA hospital sys-
tem. A mandate in 1986 led to annual outcomes 
reporting in all VA hospitals and ultimately 
improvement in the overall quality of surgical 
care at VA hospitals. Risk-adjustment models 
were developed that would take into account 
the patient’s severity of illness in order to level 
the playing field for comparison. In 1994, the 
VA NSQIP was created so that all VA hospitals 
could work in a collaborative manner to com-
ply with the legislative mandate. As a result, 
mortality and morbidity rates were reduced by 
27% and 45%, respectively [29]. In 1999, the 
ACS initiated a pilot program involving 14 
academic centers and 7 private community 
hospitals due to the great success of the VA 
NSQIP.  The study validated the VA NSQIP 
results, and thus the ACS NSQIP was officially 
established in 2004 [30].

 Michigan Bariatric Surgery 
Collaborative

Additional collaborative quality improvement 
programs were developing across the United 
States in an effort to achieve the best possible 
patient care outcomes at the lowest reasonable 
cost. In 2006, the Michigan Bariatric Surgery 
Collaborative (MBSC) was developed and quickly 
gained traction with quality improvement efforts 
in metabolic and bariatric surgery. Collecting 
standardized data, there was significant variation 
in resource utilization and outcomes noted among 
participating hospitals. This ultimately resulted in 
the development of numerous protocols for qual-
ity and process improvement.

When data was initially collected, it was noted 
that approximately 10% of patients had preoper-
ative inferior vena cava (IVC) filters inserted to 
prevent venous thromboembolism (VTE). There 
was wide variation in the use of IVC per hospi-
tal, ranging from 0% to 35%, but most IVC filter 
insertions were concentrated within only 5 of the 
20 participating centers. The data revealed that 
over 50% of the mortality and permanent disabil-
ity were associated with the IVC filter [31].

As a result, the members of the MBSC agreed 
to develop and implement statewide guidelines 
for a standardized approach to administering 
VTE prophylaxis to minimize the risks of post-
operative VTE as well as reducing complica-
tions associated with IVC filters and bleeding. A 
risk prediction model was developed, and anti-
coagulation pathways were developed depend-
ing on the VTE risk assigned [32]. This effort 
significantly reduced the number of IVC filters 
being placed for metabolic and bariatric surgery 
patients throughout Michigan and resulted in an 
overall cost savings of over $4 million.

 The Pitfalls of the Original 
Metabolic and Bariatric Surgery 
Accreditation Programs

There were several drawbacks with the accredi-
tation process at the time as programs were 
accredited based on structural and process ele-
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ments only. Accreditation was based on vol-
ume, but not on outcomes. Therefore, the 
accreditation process could not truly differenti-
ate between those programs that were “excel-
lent” and those that were not. Additionally, the 
existence of two accreditation programs created 
confusion due to slight dissimilarities within 
the standards, and some centers duplicated 
effort in data collection. Finally, access to care 
would be restricted as the Centers for Medicare 
and Medicaid Services (CMS) and some insur-
ance payors would require one of these desig-
nations in order for metabolic and bariatric 
surgery centers to provide care to beneficiaries 
within their network. Many facilities offering 
high-quality service for metabolic and bariatric 
surgery patients could not become accredited 
due to difficulty meeting annual volume 
requirements. In 2012, it was discouraging to 
learn that at least one third of the ACS- 
accredited programs would be unable to meet 
the volume requirements to maintain accredita-
tion status if the existing accreditation process 
were to continue.

The center of excellence (COE) program 
appeared to have directly contributed to improve 
patient outcomes as data from the Nationwide 
Inpatient Sample revealed in-patient mortality 
associated with metabolic and bariatric surgery 
dramatically improved from 0.8% in 1998 to 
0.21% in 2003 and would decrease even further 
to 0.1% in 2008 [24, 25].

However, studies looking at CMS’s policy 
limiting metabolic and bariatric surgery cover-
age only to hospitals designated as “centers of 
excellence” found no difference in adjusted rates 
of complications and reoperations, as well costs 
savings, in the time before and after the national 
coverage decision [33, 34]. This would eventu-
ally lead to a policy change in which patients are 
no longer required to undergo surgery only at 
programs participating in the ASMBS BSCOE 
or ACS BSCN [35]. This generated a debate 
regarding the importance of COE programs, 
as there was also data strongly suggesting that 
COE centers were indeed the foundation of 
improving quality in metabolic and bariatric 
surgery [36, 37].

Maturation of the metabolic and bariatric sur-
gery accreditation process allowed new evidence 
to emerge in order to alleviate the notorious vol-
ume requirement embedded within the previ-
ous accreditation program standards. Growing 
evidence supported reducing the annual volume 
criteria from 125 total procedures to 50 stapling 
cases, thus improving access to care for morbidly 
obese patients to undergo metabolic and bariatric 
surgery, while keeping a balance of maintaining 
high quality and safe care [38].

 The New Era in Metabolic 
and Bariatric Surgery Quality 
Improvement: Metabolic 
and Bariatric Surgery Accreditation 
and Quality Improvement Program 
(MBSAQIP)

Lessons were learned from the previous meta-
bolic and bariatric surgery accreditation pro-
grams, but it was NSQIP and the Michigan model 
that helped provide further insight allowing col-
laborative quality improvement to emerge as an 
important concept for the future development of 
the new accreditation program.

In 2012, the ACS and ASMBS announced that 
it combined their respective national metabolic 
and bariatric surgery accreditation programs into 
a single unified national accreditation program 
for metabolic and bariatric surgery centers, the 
Metabolic and Bariatric Surgery Accreditation 
and Quality Improvement Program (MBSAQIP). 
A metabolic and bariatric surgery center would 
achieve accreditation after following a rigorous 
review process to prove it can meet and main-
tain specific requirements. MBSAQIP provides a 
platform for continuous monitoring of outcomes 
and resource utilization, emphasizing continu-
ous quality improvement. Currently, there are 
approximately 750 MBSAQIP-accredited pro-
grams in the United States [39].

Within a short period of time since the incep-
tion of MBSAQIP, a collaborative effort was 
undertaken to improve the value of care metabolic 
and bariatric surgeons provide to their patients 
by decreasing readmissions. The “Decreasing 
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Readmissions with Opportunities Provided” 
(DROP) project was a nationwide effort to stan-
dardize patient care pathways and identify patients 
at risk for readmission. Of the over 120 programs 
participating in the study, those with baseline 
readmission rates within the highest quartile real-
ized a 32% reduction in their readmission rates. 
The readmission rate for all participating hospi-
tals was decreased by 10% [40].

Several studies have demonstrated a 30-day 
readmission rate of between 5.1% and 7.3% for 
laparoscopic gastric bypass (LGBP) and approxi-
mately 5.5% for laparoscopic sleeve gastrectomy 
(LSG) [41–43]. More recently, MBSAQIP data 
revealed that the average procedure-related read-
mission rate for LGBP and LSG is 7.0% and 
3.9%, respectively [27].

A study of insurance claims from metabolic and 
bariatric procedures during 2001–2002 found that 
the most costly aspect of metabolic and bariatric 
surgery was readmission. The study suggested that 
savings of approximately $38,000 could be realized 
per avoided readmission. The total risk-adjusted 
healthcare payments were $65,031 for readmitted 
patients with complications within 6-month after 
surgery, compared to $27,125 for non-admitted 
patients with complications [44]. In another study 
looking at costs in patients undergoing major non-
cardiac surgery, the average difference between 
patients with and without complications was 
$29,876 [45]. With approximately 190,000 new 
metabolic and bariatric surgery procedures being 
performed annually in the United States, approxi-
mately 9500 patients are readmitted within 30 days 
of their index procedure. A 10% reduction in the 
30-day readmission rate, as reported in the DROP 
study, could possibly result in costs savings of 
approximately 28–36 million dollars annually.

 Developing an Accredited Center 
and Maintaining Quality 
Improvement Standards

Embracing a culture of quality is critical in 
developing an accredited center. Formal struc-
ture and process allow objective assessment to 

monitor the quality and value of services pro-
vided. The following key elements must be taken 
into consideration when developing a high-qual-
ity metabolic and bariatric surgery program and 
in concordance with the current MBSAQIP stan-
dards for accreditation [46].

 1. Commitment to quality care
 (a) Leadership and governance (physician 

and executive)
 (b) Credentialing
 (c) Designated personnel

 2. Infrastructure
 (a) Equipment
 (b) Critical care support

 3. Annual procedure volume and patient 
selection

 4. Clinical pathways outlining the continuum of 
care

 5. Data collection and analyzing evidence
 6. Developing and maintaining continuous qual-

ity improvement

Safety, timeliness, effectiveness, efficiency, 
equitability, and patient centeredness are six key 
elements recommended by the IOM to accom-
plish fundamental changes within the healthcare 
system [47]. A systematic approach to quality 
improvement involves dedicated leaders, prop-
erly trained staff, and precise data collection. 
After truthful and accurate data is collected, reg-
ular data review must be performed to identify 
strengths and weaknesses within the center. Plans 
must then be implemented to correct any gaps in 
patient care.

 Commitment to Quality Care

 Leadership: Surgeon Director 
and Hospital Administrative 
Champions
One of the key components of developing a suc-
cessful metabolic and bariatric surgery program 
is to have strong surgeon and hospital administra-
tion leadership. The surgeon director would not 
be expected to fully understand the business 
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aspect of running a practice or organizing staff 
nor should an administrator be expected to fully 
understand the clinical and technical aspects of 
metabolic and bariatric surgery.

Once dedicated parties are involved, the cen-
ter should reference the MBSAQIP standards as 
a guide to achieve their goals of developing and 
maintaining a high-quality metabolic and bariat-
ric surgery center.

 Metabolic and Bariatric Surgery (MBS) 
Committee
The control of the program resides in the MBS 
Committee and should involve, at a minimum, 
a surgeon director, all surgeons performing 
metabolic and bariatric surgery at the center, 
coordinator, clinical reviewer, and institutional 
administration representatives involved in the 
care of metabolic and bariatric surgical 
patients. While it is necessary to have a sur-
geon champion and administrator lead the 
charge in the metabolic and bariatric surgery 
quality movement, it is just as critical to have 
all surgeons practicing metabolic and bariatric 
surgery at the center participate on the commit-
tee. All participants of the committee should 
provide input toward the final decisions in 
developing the structure, process, and improve-
ment plans for the metabolic and bariatric sur-
gery program.

Other members of the MBS Committee can 
include, but are not limited to, charge nurses for 
dedicated patient areas and personnel that can 
provide information on services provided with 
patient transportation, central supply, radiology, 
and equipment purchasing.

The center’s mission, vision, goals, and objec-
tives of the program are discussed and agreed 
upon, within the MBS Committee. It provides a 
setting for sharing best practices, reducing prac-
tice variation, and responding to adverse events. 
After identifying opportunities for improvement, 
committee team members must be willing to 
enact changes in an effort to decrease complica-
tion rates, as well as improve the patient’s overall 
experience at the center.

 Surgeon Credentialing
Well-trained surgeons are essential in delivering 
high-quality care to metabolic and bariatric sur-
gery patients in a consistent manner. Uniform 
credentialing guidelines assist centers in prepar-
ing their local credentialing criteria for metabolic 
and bariatric surgeons and should also include 
recommendations for surgeons with little or no 
experience. Credentialing criteria for metabolic 
and bariatric surgeons should be thoroughly dis-
cussed among the MBS committee members and 
approved before being submitted to the hospital’s 
credentialing committee for official use by the 
hospital.

 Metabolic and Bariatric Surgery 
Coordinator (MBS Coordinator)
A designated coordinator assists in center 
development, managing the accreditation pro-
cess and ensuring continuous compliance with 
accreditation bodies. Other essential duties 
include maintaining relevant policies and pro-
cedures, patient education, outcome data col-
lection, quality improvement efforts, and 
education of relevant institution staff. The coor-
dinator supports the development of written 
patient care pathways and education of nurses 
detailing the rapid communication and basic 
response to critical vital signs to minimize 
delays in the diagnosis and treatment of serious 
adverse events. The coordinator also serves as 
the liaison between the hospital and all sur-
geons performing metabolic and bariatric sur-
gery at the center.

 Data Collection and the Metabolic 
and Bariatric Surgery Clinical Reviewer 
(MBSCR)
Managing data is a critical component of opti-
mizing performance. The center must designate 
a person or department that is accountable for 
 gathering the data and making it available when 
deemed necessary. In an effort to maintain 
integrity of the data and eliminate bias, the 
designated MBSCR should not be contributing 
to patient care and should work closely with 
the institution and clinicians to ensure that 
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appropriate short- term and long-term data 
points are properly entered and available in the 
medical records and the database.

 Annual Procedure Volume, Patient 
Selection, and Procedure Choice

Deciding what operation to perform or on which 
patient we should strongly consider not offering a 
surgical alternative for treatment can often be dif-
ficult. Simply put, complex cases should not be 
performed at a center that only performs a few 
metabolic and bariatric procedures per month. 
The MBSAQIP standards outline that more com-
plex procedures should only be performed at cen-
ters performing at least 50 stapling procedures 
annually. If a center is performing fewer cases, 
then patient selection must be restricted to lower- 
risk patients.

Centers should take the necessary precau-
tions and additional supportive measures to 
further assess known and undiagnosed condi-
tions with the ultimate goal of optimizing sur-
gical outcomes. Risk assessment should be 
performed on every patient and should not only 
apply to patient factors (BMI, comorbidities, 
etc.) as surgeons are deciding which procedure 
to perform. Additionally, resource availability, 
infrastructure, and surgeon and staff expertise 
needs to be taken into strong consideration when 
selecting patients for surgery. Surgeons must 
consider the learning curves of the personnel 
within the institution and should only consider 
operating on lower-risk patients until the center 
is mature enough to handle higher-risk patients 
appropriately.

Risk prediction models can be used to assess 
the patient’s overall risk associated with meta-
bolic and bariatric surgery [48–53].

 Appropriate Equipment

Patient safety is the ultimate priority when main-
taining a metabolic and bariatric surgery center. 
The center must maintain appropriate equipment 
and instruments for the care of metabolic and 

bariatric surgical patients. Personnel caring for 
the metabolic and bariatric surgery patient must 
be trained to maintain patient and staff safety 
while the patient is on the hospital unit and being 
transported to other areas of the hospital.

 Critical Care Support and Training 
for Patient Safety

All relevant staff must be educated on the care 
pathway, patient safety, and complication recog-
nition to prevent “failure to rescue” situations, in 
which differences in mortality are proposed to 
result from the failure to timely recognize, and 
effectively manage, a postoperative complica-
tion. Additional training for the surgical teams 
and the integrated health personnel in postopera-
tive complication recognition and management 
may improve outcomes.

 Data Review and Identifying 
Deficiencies and Implementing 
Quality Improvement

Accurate data collection, feedback, and data 
review are necessary in developing a high-qual-
ity metabolic and bariatric surgery program. 
Critical analysis and interpretation of data will 
help identify opportunities for improvement. 
Once deficiencies are recognized, the center can 
apply interventions for quality improvement.

Participating MBSAQIP centers have the capa-
bility of comparing their individual center data 
to all centers entering data into the MBSAQIP 
database; thus they can determine where they 
rank among their cohorts. This data can be criti-
cally analyzed between all surgeons at the center, 
which would be known as the institutional col-
laborative, and can take place during the MBS 
Committee meetings. Collectively, decisions can 
be made based on the data to assist in develop-
ing and implementing quality improvement mea-
sures. The camaraderie that develops from these 
discussions can be extremely helpful in reducing 
practice variation and ultimately resource utiliza-
tion due to complications.
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A cornerstone of the data collection and 
review process is the MBSAQIP Semiannual 
Report (SAR). The SAR is provided to partici-
pating MBSAQIP centers twice yearly in order 
for the center to measure their outcomes against 
an aggregate data set of approximately 150,000 
principal operative procedures of gastric bypass, 
adjustable gastric band, and sleeve gastrec-
tomy procedures. Each SAR is prepared using 
sophisticated modeling by expertly trained bio-
statisticians. While risk adjustment involves 
complicated statistical methods, its goal for 
MBSAQIP is clear: to correct for differences in 
patient and procedure mix so that centers can 
be more fairly compared. An effective risk-
adjustment process based on logistic or hierar-
chical modeling allows centers to be compared 
even if there are differences in patient comor-
bidities or differences in the complexity of (or 
risks associated with) procedures performed. 
MBSAQIP adjusts for procedure mix by split-
ting procedure types into separate models. It 
should be kept in mind that statistical models 
are only approximations to reality and that no 
risk-adjustment process is perfect. Nevertheless, 
because MBSAQIP employs a large number of 
clinically relevant and accurately recorded risk-
adjustment variables using accepted statistical 
methods, it seems evident that risk-adjustment 
is effective and useful.

In addition, institutions can elect to develop a 
local, statewide, or regional (involving multiple 
states) collaborative to establish a forum in which 
they can share data with one or more institutions 
in order to share best practices. Metabolic and 
bariatric surgeons can choose to meet face-to- 
face or arrange conference calls on a regularly 
scheduled basis to discuss clinical outcomes and 
complications based on data being entered into 
the MBSAQIP database.

 International Participation in Data 
Registries and Quality Improvement

International data registries used to improve 
patient care in the field of metabolic and bariatric 
surgery include the following:

 1. Scandinavian Obesity Surgery Registry 
(SOReg): In 2004, the Scandinavian Obesity 
Surgery Registry (SOReg) was started, and 
government financing was secured to develop 
a national database covering all public and 
private hospitals. Currently, the database 
exceeds over 40,000 patients with participa-
tion of over 99% of the metabolic and bariat-
ric surgery centers in Sweden [54].

 2. Bariatric Registry  – Ontario Bariatric 
Network (OBN): The network was developed 
in an effort to examine provincial outcomes 
and current practices in Ontario. The registry 
is managed by the Centre for Surgical 
Intervention and Innovation in collaboration 
from the OBN, the Population Health 
Research Institute, and the Ministry of Health 
and Long- Term Care [55].

 3. Italian National Registry: The Italian Society 
of Obesity Surgery entered data into a registry 
from 1996 to 2006 that included 13,871 
patients, reporting that metabolic and bariatric 
surgery can be safely performed with low 
mortality [56].

 4. National Bariatric Surgery Registry-United 
Kingdom (NBSR-UK): The registry was devel-
oped in 2009  in collaboration with the 
Association of Laparoscopic Surgeons of 
Great Britain and Ireland, Association of 
Upper gastrointestinal Surgery, British Obesity 
and Metabolic Surgery Society, and Dendrite 
Clinical Systems, Ltd. Currently, the NBSR is 
the major source of data on the effectiveness of 
weight loss surgery in the United Kingdom. 
The latest published report in 2014 includes 
data on 18,283 procedures performed from 
2010 to 2013 and contained data compiled 
from 161 surgeons from 137 hospitals [57].

 5. International Federation for Surgical Obesity 
Center of Excellence Program (IFSO-COE): 
IFSO-COE officially started in 2009 and is 
overseen by the European Accreditation 
Council for Bariatric Surgery (EAC-BS). 
Participating surgeons are required to submit 
data prospectively in the International 
Bariatric Surgery registry (IBAR™). At 
present, there are 81 centers that are certi-
fied, or under evaluation for certification, in 
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countries within Europe, the Middle East, 
and Africa [58].

 6. Bariatric Outcomes Longitudinal Database 
(BOLD): The Surgical Review Corporation 
(SRC) administrates the Center of Excellence 
(COE) and Surgeon of Excellence programs, 
in which there are many participating interna-
tional metabolic and bariatric surgery centers, 
with 51 participating COE programs world-
wide. Countries represented in the program 
include centers from Australia (1), Bahrain 
(2), Brazil (13), Canada (1), India (2), Mexico 
(2), Qatar (1), Romania (1), Saudi Arabia (2), 
Taiwan (1), Turkey (2), the United Arab 
Emirates (3), the United States (20), and the 
United Kingdom (1). BOLD data is used to 
collect long-term data to evaluate the safety 
and efficacy of metabolic and bariatric sur-
gery and to establish best practices for treating 
obesity [59].

 International Centers Participating 
in MBSAQIP

International Data Collection Centers is an option 
offered by MBSAQIP as of the first quarter of 
2017. This option enables those international cen-
ters, who desire participation in the data registry, 
access to the reporting and benchmarking capa-
bilities offered by MBSAQIP as is the case with 
domestic (the United States and Canada) centers. 
While International Data Collection Centers are 
not formally accredited by MBSAQIP, the benefits 
of receiving feedback on the centers’ outcomes 
versus the aggregate data set (inclusive of the 
United States and Canada) are of extreme value, 
considering the likely different approaches to met-
abolic and bariatric surgical care across the globe.

One requirement to participation in the 
MBSAQIP data registry internationally is that the 
center must document in the local medical record 
using the English language. This is necessary 
in order for MBSAQIP to conduct a valid data 
integrity audit to measure the center against the 
variables and definitions used in the registry and 
to ensure that all MBSCRs are using and apply-
ing the definitions in a standardized fashion. 

Second, the center must use Current Procedural 
Terminology (CPT) medical coding of assign-
ing the types of metabolic and bariatric surgical 
procedures that the center performs. Again, this 
is necessary to ensure that all centers are follow-
ing the same logic as is applies to nomenclature 
of the most common surgical procedures such as 
sleeve gastrectomy and gastric bypass.

While at the present time, there are no imme-
diate plans for MBSAQIP to evolve into the inter-
national accreditation business, this will be an 
area of exploration as the program continues to 
grow and evolve. Privacy laws and local legisla-
tive laws of each country would need to be fully 
investigated with adequate resources assigned to 
achieve such an endeavor. As the international 
data collection option evolves, there may be an 
interest by the centers to participate as a col-
laborative (i.e., a Middle Eastern, European, or 
South America collaborative), but this is yet to be 
determined at the present time.

 Conclusion

A highly successful metabolic and bariatric 
surgery program requires embracing a change 
in safety culture, effective leadership, and a 
rich data registry but, mostly, a commitment to 
provide standardized high-quality care for 
metabolic and bariatric surgery patients.

Standardization of care is the basis of qual-
ity improvement and participating in an 
accreditation or data collection program pro-
vides the foundation necessary to ensure all 
metabolic and bariatric surgery centers 
achieve the best possible outcomes for their 
patients. All MBSAQIP centers are measured 
equitably, with the same set of standards and 
uniform definitions that describe patient 
demographics, comorbidities, and postopera-
tive events. This robust database is an  excellent 
resource for centers to maximize opportunity 
to correct deficiencies identified during regu-
larly scheduled data review.

By participating in a program with stan-
dardized data collection, one cannot overem-
phasize the immeasurable value for patients as 
they receive care with greater efficiency, 
higher quality, and lower complication rates.
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 Introduction

The increasing prevalence of morbid obesity 
throughout the world presents an opportunity for 
bariatric surgeons to improve the longevity and 
quality of life for patients afflicted with this dis-
ease and its associated comorbidities [1]. However, 
this opportunity also challenges the international 
bariatric community to ensure that bariatric pro-
viders have adequate training and resources to pro-
vide the best outcomes. Surgeons, for example, 
must acquire the requisite skill set and experience 

to perform technically demanding procedures, 
such as the laparoscopic Roux- en- Y gastric bypass 
(LRYGB) and laparoscopic sleeve gastrectomy 
(LSG). Mastery of this procedure requires a sig-
nificant learning curve, estimated at 75–100 proce-
dures [2–4]. During this learning curve, 
complication rates may be significantly higher [2, 
3]. Additionally, patient selection, preoperative 
optimization, and long-term follow-up are crucial 
for excellent outcomes. In order to maximize 
safety and establish an effective, standardized 
training curriculum in the USA, the American 
Society for Metabolic and Bariatric Surgery 
(ASMBS) published guidelines for bariatric privi-
leges in 2006 [5]. With similar intentions, the 
International Federation for the Surgery of Obesity 
and Metabolic Disorders (IFSO) published guide-
lines in 2007 [5]. Unlike the USA, however, many 
countries do not have well-established fellowship 
programs that allow junior surgeons to perform 
bariatric procedures under the supervision of 
experienced mentors [5]. Heterogeneity, variabil-
ity, and inconsistency in bariatric training are 
therefore among the challenges that must be 
addressed in order to meet the worldwide demand 
for skilled bariatric surgeons.

 Bariatric Surgery in the USA

The USA experienced exponential growth in the 
volume of bariatric operations performed between 
1997 and 2004, a period also characterized by a 
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paradigm shift from open to laparoscopic proce-
dures. According to insurance company data, 
albeit unpublished, this was associated with an 
increase in operative morbidity and mortality [3]. 
However, this finding may be a manifestation of 
the learning curve for the adoption of the laparo-
scopic approach to bariatric surgery, well recog-
nized to add a technically challenging dimension 
to already complex procedures. Since that time, 
there has been a focus on the role of both surgeon 
and institutional volume in relation to patient out-
comes. High-volume surgeons and institutions 
have both been associated with significant 
improvements in morbidity and mortality [6–8]. 
With regard to surgeons, the goal is to identify the 
best method of guiding trainees through the learn-
ing curve of laparoscopic bariatric surgery safely 
and efficiently.

The first opportunity to initiate this process is 
during general surgery residency, as it is clear 
that general surgery residents currently lack the 
necessary skill set to perform bariatric proce-
dures and achieve the same outcomes as experi-
enced bariatric surgeons. Untrained resident 
participation in these complex cases may have a 
negative impact on patient outcomes. For exam-
ple, Krell et al. reported that resident participa-
tion in laparoscopic gastric bypass was an 
independent risk factor for two postoperative 
complications likely mediated by longer opera-
tive times: wound infections and venous throm-
boembolism [9]. These findings highlight the 
need to identify strategies to improve technique 
and proficiency prior to assisting in the operating 
room. Furthermore, general surgery residency 
often provides inadequate training for advanced 
subspecialty fellowships. A global assessment 
survey designed by the Fellowship Council 
research committee was sent to fellowship pro-
gram directors in minimally invasive, bariatric, 
colorectal, hepatobiliary, and thoracic surgery 
specialties. The disappointing results revealed 
significant deficiencies across multiple domains, 
including independent practice ability, patient 
responsibility, motor skills, and academic inter-
est. Respondents stated that 21% of incoming fel-
lows arrived unprepared for the operating room, 
30% could not independently perform a laparo-

scopic cholecystectomy, and 66% were unable to 
operate for 30 unsupervised minutes during a 
major procedure. With regard to laparoscopy, 
30% could not manipulate tissues atraumatically, 
26% could not recognize tissue planes, and 56% 
could not suture [10]. Clearly, this highlights a 
significant challenge faced by residency and fel-
lowship program directors with implications 
beyond bariatric surgery training. However, it 
emphasizes the need for accreditation bodies to 
adapt general surgery training to keep pace with 
the technological advancements and changing 
skill sets that have reshaped the modern-day 
practice of bariatrics and general surgery.

For those who have completed general surgery 
residency and seek additional bariatric training, 
there are currently several options. The most 
comprehensive training regimen is a year-long 
minimally invasive/bariatric surgery fellowship. 
Offered at numerous academic and private bariat-
ric centers throughout the USA, these fellow-
ships provide comprehensive experience in the 
surgical and perioperative care of bariatric 
patients under the mentorship of experienced 
bariatric surgeons. There is evidence supporting 
the efficacy of this training model. Hsu et al. sug-
gest that the training background of practicing 
bariatric surgeons influences patient outcomes. 
Using a retrospective analysis, they identified 
significant differences in intraoperative blood 
loss and complications, hospital length of stay, 
admission to intensive care unit, and late compli-
cations. They suggested that participation in a 
dedicated laparoscopic fellowship may improve 
outcomes during the learning curve [11]. This 
assertion has also been echoed by others. In a 
pilot study by Oliak et al., the outcomes of two 
practicing bariatric surgeons, one with and one 
without fellowship training, were compared. The 
fellowship trained surgeon had significantly less 
major complications and operative times [2]. 
Stronger evidence comes from Ali et  al., who 
evaluated complication rates among newly 
 graduated minimally invasive/bariatric fellows 
during their first 100 consecutive LRYGBs and 
found them to be comparable to that of the fel-
lows’ experienced mentors. They concluded that 
fellowship graduates can immediately achieve 
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excellent outcomes, and year-long fellowships 
can eliminate the learning curve for laparoscopic 
bariatric surgeons who newly embark on this 
career without prior fellowship training [12].

With the growing obesity epidemic, however, 
there is concern that the limited number of bariat-
ric fellowships is unlikely to produce enough bar-
iatric surgeons to meet the demand. Therefore, 
alternate training methods have been established. 
For experienced community surgeons desiring to 
incorporate bariatrics into their practice, a year- 
long fellowship may be impractical and unneces-
sary. For these individuals, the mini-fellowship 
concept provides a focused 6-week training pro-
gram in laparoscopic bariatric surgery. This pro-
gram supplements existing knowledge and skill, 
allowing fully trained surgeons to safely and suc-
cessfully incorporate bariatrics into their current 
practice [13]. There is evidence to suggest that 
with the appropriate skill set and mentorship, the 
learning curve for LRYGB can be mitigated, and 
bariatric procedures can be safely incorporated 
into the repertoire of the experienced community 
laparoscopic surgeon [14].

Current recommendations to obtain privileges 
in bariatric surgery come from two major surgi-
cal societies: the American Society for Metabolic 
and Bariatric Surgery (ASMBS) and the Society 
of American Gastrointestinal and Endoscopic 
Surgeons (SAGES). They determine the mini-
mum amount of experience, expertise, and sup-
port necessary for general surgeons who wish to 
acquire hospital privileges in bariatric surgery. 
SAGES published their guidelines in 2003 and 
2011 with the following recommendations: com-
pletion of a general surgery residency program 
and formal training in both open and laparoscopic 
bariatric surgery. They further recommended a 
structured curriculum for those without formal 
residency or fellowship training in bariatric sur-
gery with documented practical experience. 
Additionally, practical experience must be docu-
mented [15, 16]. However, these recommenda-
tions do not specify a specific number of cases to 
be performed.

The American Society for Metabolic and 
Bariatric Surgery, formerly the American Society 
for Bariatric Surgery (ASBS), also published 

guidelines in 2003 with updates in 2006. For 
global credentialing requirements, applicants 
should achieve four main criteria: (1) have cre-
dentials at an accredited facility; (2) work with an 
integrated, multidisciplinary team providing 
comprehensive care to bariatric patients (nurses, 
dietitians, psychologists); (3) establish a program 
to prevent, monitor, and manage all postoperative 
complications; and (4) establish a system that 
provides adequate follow-up for patients. For 
procedures, they distinguish between procedures 
that require stapling/division of the gastrointesti-
nal tract and those that do not. They also recom-
mend that a certain number of procedures be 
performed under the supervision of an experi-
enced bariatric surgeon in residency or post- 
residency training. Fifteen open cases are 
required for open bariatric privileges, whereas 50 
laparoscopic stapling procedures are required for 
laparoscopic privileges. Furthermore, they 
emphasize comprehensive pre- and postoperative 
care of bariatric patients, as well as long-term 
follow-up [17].

While there is general agreement that skill 
level correlates positively with experience, the 
minimum number of procedures to achieve com-
petence in bariatric surgery is unclear. Current 
case volume requirements for bariatric surgery 
fellows were developed by the Fellowship 
Council and the ASMBS. To receive certification, 
fellows are required to act as the primary surgeon 
during 51 procedures requiring stapling of anas-
tomosis of the gastrointestinal tract and 10 gastric 
restrictive procedures. Overall, they must com-
plete 100 weight loss operations [18].

Although case volume provides an easy 
method for gaging trainee experience, it does not 
necessarily ensure competence. Thus, a 
competency- based platform has emerged in the 
USA for bariatric surgery trainees and is cur-
rently being piloted at select centers across the 
country. Participants in this new program are fel-
lows in minimally invasive/bariatric surgery who 
have successfully completed general surgery 
residency. In addition to recording case volume, 
competence in bariatric procedures will be 
assessed by instructors via a modular program 
utilizing entrustable professional activities 
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(EPAs). Among the major benefits of entrustment- 
based assessments are that they compare current 
performance against what will be required in 
future independent practice. This provides the 
basis for assessing a trainee’s progression to 
competence and their readiness for independent 
practice [19]. With the increasing prevalence of 
competency-based medical education, it seems 
plausible that training programs utilizing EPAs 
may someday become the standard in bariatrics 
and other sub-specialties.

 Bariatric Surgery in Europe

Like most of the world, European nations have 
also experienced a drastic rise in obesity in the 
twenty-first century [1] which have coincided with 
an increase in bariatric procedures [20]. Gastric 
bypass is the most common bariatric procedure 
performed (38% of all bariatric procedures) but is 
closely followed by sleeve gastrectomy (37%), 
which has rapidly increased. Although there is 
variability among nations, throughout the conti-
nent as a whole, 97% of bariatric procedures are 
performed laparoscopically [20]. The struggle for 
European surgeons to meet the demand for bariat-
ric procedures mirrors that of the USA.  Factors 
contributing to this challenge include the techni-
cally challenging nature of the procedures, need 
for multidisciplinary resources for comprehensive 
care with long-term follow- up, and lack of well-
established fellowship training programs [5].

To fill this void, several medical societies have 
published guidelines for training and obtaining 
practice privileges. The International Federation 
for the Surgery of Obesity and Metabolic 
Disorders (IFSO) recommends formal bariatric 
training in the form of 2-day courses, mini- 
fellowships, or mentoring programs [5]. 
Similarly, the Spanish Society of Surgery Obesity 
and Metabolic Diseases (SECO) developed a 
training program which includes practical 
courses, a 2-month fellowship, and a mentoring 
program during the first 40 cases for new bariat-
ric surgeons. This mentor-initiated approach was 
offered to address the marked diversity in bariat-
ric training previously being offered [5]. A sys-

tematic review published by Sanchez-Santos 
et al. suggests that this mentorship approach lead 
by an experienced bariatric surgeon significantly 
reduces complications during early cases per-
formed by a new bariatric surgeon to acceptable 
levels equivalent with experienced groups [5]. 
This training paradigm may prove to be an effec-
tive strategy to meet the demand for bariatric sur-
geons in Europe.

 Bariatric Surgery in Asia

Obesity is increasing in Asia with the adoption of 
a Western diet and lifestyle [1, 21]. This has led to 
a marked increase in the number of bariatric pro-
cedures being performed. In an investigation of a 
5-year trend in bariatric procedures from 2005 to 
2009, Lomanto et  al. report a 449% absolute 
growth rate of bariatric surgery in Asia with lapa-
roscopic adjustable gastric banding (LAGB) and 
LRYGB being the most common procedures per-
formed at 35.9% and 24.3%, respectively [22]. 
However, bariatric surgery is still a relatively 
uncommon procedure outside of Taiwan and 
South Korea [21, 22]. In fact, Lomanto et  al. 
reported a mere 155 bariatric surgeons throughout 
Asia during their 5-year span of their investiga-
tion [22]. Although there are notable limitations 
of their dataset (incomplete date, omission of 
China), the numbers are surprising and indicate a 
dire need to provide these countries with qualified 
bariatric surgeons. This is especially true when 
considering the decreased utilization of LAGB by 
many bariatric surgeons in other parts of the 
world, which has been supplanted by LRYGB and 
LSG, procedures with better long- term results but 
are more technically challenging. Additionally, 
the propensity for individuals of Asian descent to 
develop comorbid diseases at a lower BMI has led 
to a reduction in the BMI threshold to define one 
as overweight and obese to 23 and 27.5, respec-
tively [22]. These represent some of the unique 
challenges that must be addressed in order to ade-
quately address the obesity epidemic in Asia.

The Asian-Pacific Bariatric Surgery Group 
(APBSG) was established in Seoul in 2004 and 
publishes professional guidelines for providers in 
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the region. Current qualifications for bariatric 
surgery in Asian populations include BMI > 37 or 
BMI > 32 with concurrent diabetes or two other 
significant obesity-related comorbidities, failure 
of medical weight loss, and age 18–65 [21, 23]. 
Additionally, the APBSG acknowledges the need 
for additional bariatric surgeons to meet the 
growing demand. However, the increase in bar-
iatric procedures being performed in Asia has 
been associated with escalating complications. 
The APBSG is therefore developing training cen-
ters and recruiting experienced surgeons to help 
new surgeons safely navigate the learning curve. 
Interestingly, the APBSG recommended that 
LAGB be considered as the primary bariatric 
procedure for Asian countries at the beginning of 
surgical treatment of obesity due to its lower 
short-term complications [23]. It seems likely, 
however, that this recommendation will change, 
with practice patterns favoring LRYGB and LSG, 
in suit with trends in the rest of the world.

As the world’s most populous country affected 
by the global obesity epidemic, China may be 
facing the greatest demand for bariatric surgeons. 
However, there is a surprising lack of data about 
the practice of bariatric surgery in China. Central 
to this problem is a lack of a national registry 
which would provide useful demographic infor-
mation about patients and the practice patterns of 
bariatric surgeons. However, Du et al. published 
the first investigation of trends in bariatric sur-
gery in China between 2001 and 2015. They con-
cluded that although bariatric surgery is at an 
early stage, it is experiencing tremendous 
growth  – the number of bariatric procedures 
increased 148.7 times in the last 5  years com-
pared to 2001–2005. Of all procedures per-
formed, 89.4% were performed laparoscopically, 
and the most common procedure was LRYGB 
(55.5%) followed by LAGB (19%) and LSG 
(11.5%) [24]. In order to advance bariatric prac-
tices in China, the Chinese Society for Metabolic 
and Bariatric Surgery aims to develop a national 
registry and establishes indications for surgery 
and treatment standards specific to the Chinese 
population [24]. This will be a crucial first step 
toward meeting the extraordinary demand for 
bariatric surgery in China.

 Bariatric Surgery in Latin America

Latin America is a region with great potential for 
growth and development of laparoscopic bariat-
ric surgery, and perhaps the country with the 
highest demand for bariatric surgeons is Brazil. 
With 52% of its population overweight or obese, 
millions of people are affected [25]. Currently, 
Brazil is second only to the USA with regard to 
the annual number of bariatric operations per-
formed and experienced a 300% growth in the 
number of bariatric operations performed in the 
last 10 years [26]. However, there remains a sig-
nificant need for bariatric surgeons in this coun-
try and throughout Latin America. With the goal 
of addressing this need, the Brazilian Society for 
Bariatric Surgery (now the Brazilian Society for 
Bariatric and Metabolic Surgery – SBCBM) was 
founded in 1996 and is 1 of 17 National Societies 
of the Latin American Chapter of the IFSO [26]. 
Their achievements provide an excellent example 
of the positive impact that can be accomplished 
by a professional medical society tasked with the 
goal of improving access to quality care. For 
instance, the SBCBM worked with the Brazilian 
government to increase the percentage of opera-
tions covered by the Unified Brazilian Health 
System, collaborated with other Brazilian surgi-
cal societies to create guidelines aimed at improv-
ing safety and outcomes after bariatric surgery, 
and advocated for the use of laparoscopy in pub-
lic hospitals [25, 26]. The important and ongoing 
work of the SBCBM highlights the success that 
can be achieved by a dedicated medical society, 
one that may be useful model for other countries 
in Latin America, and worldwide, seeking to 
develop the medical infrastructure to provide 
quality bariatric services.

 Role of Simulation in Bariatric 
Training

Due to the steep learning curve of laparoscopic 
bariatric procedures and the increased rates of 
complications associated with early experience, 
much focus has been placed on the ideal training 
method for bariatric procedures. Simulation rep-
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resents an attractive modality by offering the 
ability to develop technical skills in a low-stakes 
setting. Published studies have demonstrated 
that simulation reduces the learning curve for 
basic laparoscopic procedures and may improve 
technical performance in the operating room 
[27]. This can serve as a useful compliment to 
real- world operative experience, which is par-
ticularly important for laparoscopic bariatric 
procedures that have a steep learning curve. 
Current modalities for laparoscopic simulation 
include anesthetized animals, human cadavers, 
virtual reality simulators, and laparoscopic box 
trainers. Although anesthetized animals and 
human cadavers offer a more realistic experi-
ence, these resources are more difficult to acquire 
and more expensive. However, teaching LRYGB 
in the operating room also carries a significant 
expense. It has been estimated that the cost of 
teaching a two-layer enteroenterostomy to a sur-
gical trainee in the operating room is € 1082 
($1215) [27]. Moreover, the increasing global 
attention to improving patient quality and safety 
outcomes is compelling mentors and trainees to 
identify training techniques outside the operat-
ing room. Zevin et al. present a framework for a 
comprehensive ex  vivo training curriculum in 
laparoscopic bariatric surgery defined by the fol-
lowing steps: knowledge-based learning, decon-
struction of procedures into tasks, training in the 
laboratory environment, transfer of skills to the 
real environment, and lastly, granting privileges 
for operating room practice [27]. This concep-
tual training platform represents a proficiency-
based framework of graduated responsibility 
that balances trainee education with patient 
safety.

 Endoscopy in Bariatric Patients

Ensuring good outcomes for bariatric patients 
extends beyond the operative skills, and bariatric 
surgeons should be capable of providing compre-
hensive care for their patients before and after 
surgery. Upper endoscopy (UE) plays a signifi-
cant role in perioperative care and should be in 
the armamentarium of all bariatric surgeons. An 

important area of controversy, however, is the 
role of preoperative screening endoscopy. This 
provides the theoretical advantage of diagnosing 
pathologies that could change clinical manage-
ment, such as peptic ulcer disease, hiatal hernia, 
gastroesophageal reflux disease, and Helicobacter 
pylori infection. However, UE is an invasive pro-
cedure associated with significant cost and some 
risk. Additionally, there is controversy regarding 
the actual actionable yield of UEs that lead to 
changes in surgical management. Although pro-
fessional societies provide their own recommen-
dations, there is no global consensus. This will be 
an important topic as countries throughout the 
world combat the obesity epidemic and bariatric 
procedures become more common.

The European Association for Endoscopic 
Surgery (EAES) guidelines state that UE is advis-
able prior to all bariatric procedures (grade C rec-
ommendation) and is strongly recommended 
prior to gastric bypass (grade B recommenda-
tion) [28]. However, this practice does not seem 
to be universally adopted throughout Europe. A 
survey of British Obesity and Metabolic Surgery 
Society members at National Health Service bar-
iatric units throughout the United Kingdom indi-
cates that 44 of 49 responding units (90%) use 
preoperative UE either routinely (15 units; 31%) 
or selectively (29 units; 59%). Five units (10%), 
however, deemed preoperative UE unnecessary 
or too risky [29]. In contrast, SAGES recom-
mends preoperative UE “if suspicion for gastric 
pathology exists” [30]. Similarly, ASMBS guide-
lines recommend evaluation of “clinically signifi-
cant gastrointestinal symptoms” with UE or 
upper gastrointestinal series (grade D recommen-
dation) [31]. A systematic review and meta- 
analysis by Bennett et al. reveal that endoscopic 
findings result in alteration of surgical 
 management in 0.4–7.8% of patients, depending 
on the interpretation by the surgeon. They con-
clude that routine preoperative UE is therefore 
unnecessary in the absence of clear clinical indi-
cations [32].

Currently, there are no recommendations from 
IFSO or any Asian medical society on this topic. 
As such, Lee et al. set out to define the prevalence 
of clinically significant lesions in the Chinese 
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bariatric population. In a retrospective analysis, 
they report that 27% had abnormalities on UE 
that may delay or change surgical approach and 
therefore recommend routine preoperative UE 
for all bariatric patients [33]. It is possible that 
regional, environmental, and ethnic differences 
may play a role in determining the utility of UE 
before bariatric surgery, but further data is needed 
before firm recommendations can be made.

There is, however, a more significant need for 
the acquisition of endoscopic skills, such as the 
therapeutic aspect of this modality. Many bariat-
ric patients will need postoperative evaluation of 
their foregut for a variety of symptoms related to 
bleeding marginal ulcers, strictures, gastrogastric 
fistulas, staple line leaks, etc. For example, stent 
placement and endoluminal suturing are two 
examples of therapeutic endoscopy that are now 
commonly being performed by bariatric sur-
geons. Additionally, there is a growing interest 
among providers and patients in endoscopic 
weight loss devices, such as intragastric balloons, 
intestinal liners, and modified gastrostomy tube- 
type devices (Aspire).

 Future Directions

The current obesity epidemic represents an 
opportunity for general surgeons to improve the 
duration and quality of life for many people 
throughout the world. However, numerous coun-
tries affected by the obesity epidemic lack an 
established training infrastructure capable of pro-
ducing qualified bariatric surgeons to meet the 
demands of the population. This represents an 
equally significant challenge and opportunity. 
Established leaders in bariatric surgery and surgi-
cal societies can provide mentorship to develop-
ing centers and help institute established, 
effective training protocols. Certainly, adaptation 
of a universal training standard faces many barri-
ers. Differences in existing training techniques, 
institutional resources, and financial constraints 
vary by region and represent some of the chal-
lenges to be overcome. However, there is a grow-
ing body of evidence that the year-long fellowship 
model established in the USA mitigates the learn-

ing curve for bariatric procedures and correlates 
with improved outcomes [2, 12, 34]. This may 
serve as a valuable template for developing bar-
iatric centers who seek credentialing and desire 
to institute and customize a training curriculum 
that fits with the needs and resources of their 
community. It would also serve to protect patients 
from unsafe practices and ensure oversight of 
new technologies as they become available. 
International collaboration with a focus on profi-
ciency standards, accreditation, and effective use 
of simulation represents some of the cornerstones 
required for the global bariatric community to 
ensure effective training for surgeons and quality 
care for patients.
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 Introduction

Obesity could be defined as an excess of body 
fat, accompanied by an increase of the relation 
between weight and height. Operationally, 
obesity can be considered as the condition in 
which body mass index (BMI) is greater than 
30.1 kg/m2.

The etiology is multifactorial. It is result of 
the conjunction of biological, genetic, and ambi-
ent factors. The greater association is with life-
style [1, 2].

The concern about obesity lies not only in its 
effects on health and quality of life of people who 
suffer from it but also in its association with the 
most prevalent non-transmissible diseases of 
actuality such as cardiovascular diseases, diabe-
tes, high blood pressure, osteomuscular diseases, 
and some kinds of cancer. Obesity could reduce 
life expectations and represent a high economic 
cost for patients and society [3].

Obesity is a public health problem. It affects 
mostly First World countries and developing 
countries [2]. A question to resolve is to deter-
mine if the observed prevalence constitutes a 
public health problem or is a speculation derived 
from the situation in the most developed coun-
tries [4]. This assertion would be based on an 

almost linear projection of the epidemiological 
transition, without regard to the dynamics of cor-
rections [4].

Another factor that should be addressed is 
whether the situation is homogeneous in the dif-
ferent countries of Latin America or varies 
according to the stages of the epidemiological 
transition or the level of economic development 
achieved. This would determine if in some geo-
graphical areas, we would be facing an epidemic 
of obesity, or it would be more appropriate to 
point out that it is a localized endemic or a simple 
temporary trend change [5].

 Trends and Extent of the Problem

The evolution of obesity has been observed in 
countries such as Chile, Mexico, Brazil, 
Argentina, Peru, Colombia, Guatemala, and 
Bolivia among others [6].

In Brazil, for example, national studies show 
an increase in the prevalence of obesity from 
1974 to the present from 2% to 5% and from 7% 
to 12% in men and women, respectively.

In Mexico, national studies showed an 
increase in the prevalence of obesity in the female 
population, increasing from 9.4% to 24.44%.

Studies in Chile also showed an alarming 
increase in obesity numbers from 6% in 1987 to 
18% in 2000 [8].

The population in Latin America and the 
Caribbean has increased systematically. 
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According to the records of the United Nations, 
an estimated total of 632,381,000 inhabitants is 
estimated by 2015. Of these total, according to 
the IFSO 2016 register of member countries, a 
total population of 536,664,563 inhabitants 
(84.8%) is registered. Of these, Brazil and 
Mexico represent the most populated, represent-
ing about 56% of the population of Latin America. 
This has a direct economic implication, since 
Mexico presents a 30% of obesity in their total 
population and Brazil a 13.9% of obesity in their 
total population. Between the two countries, it’s 
estimated 60 million obese people (Table 5.1).

Venezuela is the country with the highest per-
centage of obese population (30.3%), followed 
by Mexico with 30% and Argentina with 29.7% 
(Table 5.1). In Latin America, according to coun-
tries that have adequate records of their popula-
tion, the percentage of obese people is near 27% 
with a total close to 61 million.

In the United States, it is estimated that there 
live an about 47 million Hispanics which repre-
sent 15% of the total population. In 2010, the 
National Hispanic Caucus of State Legislators in 
a policy summary report the growth of obesity in 
this population compared to non-Hispanic whites. 
By comparing rates of overweight and obesity, 
Latinos outnumber the general population by ten 
percentage points. Compared to the general 
female population, Mexican-American women 

have the highest percentage of overweight and 
obesity (73%) (Table 5.2) [7].

 Bariatric Surgery in Latin America

Since Friedman et al. published in 1955 their obser-
vations in three diabetic patients undergoing par-
tial gastrectomy with gastrojejunal reconstruction 
who improved from the viewpoint of hyperglyce-
mia, a breakthrough was initiated with multiple 
studies. In Latin America, Álvarez Cordero 
(Mexico) was a pioneer in introducing bariatric 
surgery and observing their metabolic effects [8].

Table 5.1 Percentage of obese people according to the IFSO 2016 records

Ranking Country Total population % of obese population Total obese population
1 Venezuela 33,221,865 30.3% 10,066,225
2 Mexico 109,219,200 30.0% 32,765,760
3 Argentina 41,446,246 29.7% 12,309,535
4 Panama 3,608,431 25.4% 916,506
5 Chile 17,248,000 25.1% 4,329,248
6 Costa Rica 4,586,353 23.7% 1,086,965
7 Ecuador 15,223,680 21.4% 3,257,867
8 Dominican Republic 9,445,281 21.2% 2,002,399
9 Guatemala 14,388,929 19.2% 2,762,674
10 Bolivia 9,786,000 17.9% 1,751,694
11 Paraguay 6,802,295 17.9% 1,217,610
12 Peru 30,911,183 17.5% 5,409,457
13 Colombia 46,044,600 17.3% 7,965,715
14 Brazil 194,732,500 13.9% 27,067,817

Total 209,330,095 27.4% 61,474,239

Table 5.2 Overweight and obesity in Hispanic American 
population

Overweight 
(obesity included) Obesity
20–74 years, 
adjusted age
1976–
1980

2003–
2006

1976–
1980

2003–
2006

Population percentage
General 
population (both 
genders)

47.4 66.9 15.1 34.1

Males 52.9 72.6 12.8 33.1
Females 42 61.2 17.1 35.2
Mexican males 61.6 77.3 15.7 30.4
Mexican females 61.7 74.4 26.6 42.6

C. Boza et al.
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Due to the magnitude of the problem, as a 
worldwide epidemic associated with high mor-
bidity and mortality, the International Federation 
for the Surgery of Obesity (IFSO) was created in 
1995 with 8 member countries progressively 
increasing to 31 nations in 2003 [9, 10].

Due to the lack of international data in bariat-
ric surgery, the data collection begins with four 
general questions to the members:

 1. How many bariatric surgeries are being per-
formed annually in your country?

 2. How many surgeons practice bariatric surgery 
in your country?

 3. When did bariatric surgery begin in your 
country?

 4. When did your country join IFSO?

From Latin America only Argentina, Brazil, 
Panama, and Mexico participated in this study. 
The results are shown in Table 5.3.

According to the 2002–2003 data, a total 
number of 146.301 surgeries were estimated. In 
that ranking, Brazil was in the fourth place world-
wide with 4000 surgical procedures [11].

The number of surgeries performed in Latin 
America increases exponentially until 2013 with 
a total of 468,609 reported, an increase of 39% 
between the years 2011 and 2013. This number 
represents 30.5% of the total worldwide bariatric 
surgeries (Table 5.4 – Fig. 5.1).

Respecting the types of bariatric surgery per-
formed in Latin America, the trend shows that 
from 2003 to 2008, gastric bypass (RYGB) has 
increased sharply, with a plateau of 57.9% in 
2011 and 65% in 2013; however, RYGB still 

represents the most accomplished bariatric/meta-
bolic procedure in Latin America, which is 
heavily influenced by Brazil, with a total of 
66,000 RYGB (67.7%) out of a total of 97,480 
bariatric surgeries [12].

Vertical gastrectomy (SG) increased from 0.0% 
in 2003 to 9.2% in 2008 to 30.1% in 2011 but 
decreased in 2013 (−5.1%). The AGB fell from 
61.5% in 2003 to 20.4% (−41.1%) in 2008 and 
continued to decline in 2011 (−15.1%) and 2013 
(−1.3%) (Tables 5.5 and 5.6; Figs. 5.2 and 5.3).

Obesity as a global epidemic has forced the 
development of government policies to stop the 
socioeconomic impact of this pathology and its 
associated comorbidities. The development of 
dietary guidelines for different age groups, espe-
cially the infant as a more susceptible group, will 
enable to tackle obesity early.

In the future, it is likely that the number of 
bariatric surgeries in Latin America will continue 
to increase, observing that the vertical gastrec-
tomy and laparoscopic gastric bypass are the two 
most frequent surgeries; however, there are other 
surgical and endoscopic techniques that will be 
developed and consolidating that will be a com-
plement in the therapeutic arsenal against this 
global disease.

Table 5.3 IFSO global survey 2003

Question 1 Question 2 Question 3 Question 4
Argentina 200 30 1988 2000
Brazil 4000 510 1973 1996
Panamá 60 5 1971 2002
México 2500 200 1989 1995

Table 5.4 Number of bariatric surgeries worldwide and 
in Latin America between 2003 and 2013

Worldwide Latin America %
1997 40,000
2003 146,301 2700 1.8
2008 344,221 44,242 12.9
2011 340,768 102,984 30.2
2013 468,609 143,038 30.5

5 Bariatric and Metabolic Surgery in Latin America
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Table 5.5 Numbers of bariatric surgeries from 2003 to 
2008 to 2011 to 2013 in Latin America

2003 2008 2011 2013
RYGB 545 29,176 59,659 85,371
SG 0 4076 30,949 35,349
AGB 1660 9028 5418 5513
BPD/DS 58 1370 4376 3487

Table 5.6 Percentage of bariatric surgeries from 2003 to 
2008 to 2011 to 2013 in Latin America

2003 2008 2011 2013
RYGB 20,2 65,9 57,9 59,7
SG 0 9,2 30,1 24,7
AGB 61,5 20,4 5,3 3,8
BPD/S 2,2 3,1 4,3 2,4
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Bariatric and Metabolic Surgery 
in the Middle East

Talat Sh. Al Shaban, Ramzi S. Alami, 
and Abdelrahman Ali Nimeri

The Middle East region is defined by WHO as the 
Arabic-speaking countries (excluding Algeria) in 
addition to Turkey, Israel, Iran, and Afghanistan. 
This region is one of the regions in the world with 
the highest prevalence of obesity and type II dia-
betes [1]. In addition, two major studies showed 
that adult men and women in the Middle East 
have the highest mean BMI after the 
USA.  Furthermore, women in the Middle East 
region have the highest waist-to-hip ratio com-
pared to all other regions [2, 3].The prevalence of 
being overweight among school children and 
adolescents (6–18  years) in the Middle East 
ranges from 5.4% to 32%, while the prevalence 
of obesity ranges from 1.6% to 24.8%. Similarly, 
the prevalence of being overweight among adult 
men in the Middle East region ranges from 19.2% 
to 51.7% and 21.1% to 71% in women. Likewise 
the prevalence of obesity in the Middle East 
ranges from 5.7% to 39% in men and 7.1 to 53% 
in women [4, 5]. In particular, the Gulf region 
represents the area in the Middle East with the 

highest burden for obesity and type II DM with 
Kuwait having the highest prevalence of both 
overweight and obesity in the different age 
groups [6]. Additionally, for the last four decades, 
the Middle East has the greatest rise in diabetes 
prevalence worldwide and is currently the WHO 
region with the highest prevalence of diabetes 
(13.7%) [5, 6, 9] . Furthermore, a report issued by 
the International Diabetes Federation (IDF) in 
2009 showed that five of Middle East countries 
are among the top ten countries by percentage of 
adult population living with diabetes worldwide. 
These five countries are United Arab Emirates 
(18.7%), Saudi Arabia (16.8%), Bahrain (15.4%), 
Kuwait (14.6%), and Oman (13.4%).

The burden of obesity and type II diabetes in the 
Middle East region does not come without a heavy 
cost. For example, the worldwide rate of death 
attributed to type II DM is the highest in the Middle 
East [7]. There is compelling evidence that the high 
rates of obesity and type II diabetes are mainly due 
to the urbanization associated with the increased 
prosperity in the Middle East over the past few 
decades [8]. This has led to abundance of food with 
more exposure to fast food and consequently 
increased consumption of calorie-rich diet [9]. In 
addition, the improved socioeconomic status and 
the availability of technology (cars, electric appli-
ances, televisions, computers, electronic gaming, 
and the Internet) have encouraged a more seden-
tary lifestyle and physical inactivity [10–13].

A recent review to assess physical activity in 
the countries of the Gulf Cooperation Council 
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showed that the prevalence of adults being 
 physically active for at least 150 min week is low 
based on the international standard definition, 
ranging from 39.0% to 42.1% for men and 26.3% 
to 28.4% for women [13]. Several other factors 
are associated with the high prevalence of being 
overweight or obese in the Middle East region. 
For example, cultural factors related to traditional 
standards of beauty and cultural preference of 
body fatness among women. In addition, histori-
cally in the Middle East region, a higher body 
weight was linked to being healthy among adults 
and children. Other traditional factors include 
loose clothing, without a defined waist, unlike 
pants and skirts, resulting in delayed awareness 
of weight gain. Furthermore, limited outdoor 
activity due to hot weather, lack of exercise 
among women, and the habit of the entire family 
eating together from a large plate result in 
unawareness of the amount consumed by each 
individual. Other factors include the high number 
of pregnancies with weight gain with each preg-
nancy that is not lost after each pregnancy. All 
these factors lead to long-term weight gain and 
are all believed to be contributing factors to the 
increasing rates of obesity in women in the 
Middle East, but further studies are needed to 
prove these theories [14, 15].

History of Bariatric Surgery in the Middle 
East Bariatric surgery worldwide has been 
shown to be an effective and durable treatment 
for morbid obesity [16]. In addition, when it 
comes to the treatment of type II diabetes (DM II ), 
bariatric surgery has been shown to be more 
effective than intensive medical therapy in sev-
eral randomized controlled trials [17–21]. A 
worldwide assessment, by Buchwald et al. of the 
prevalence of different types of bariatric surger-
ies over time, has shown that some bariatric sur-
geries have lost their popularity, while others 
have become more popular [22]. In this world-
wide assessment, laparoscopic adjustable gastric 
banding (LAGB) has fallen out of favor since its 
introduction at the turn of the last century. 
Similarly, the gold standard for bariatric surgery 
for more than 50 years, the laparoscopic Roux- 
en- Y gastric bypass (LRYGB), has lost signifi-

cant ground worldwide for the newly introduced 
laparoscopic sleeve gastrectomy (LSG). In con-
trast, the prevalence of malabsorptive surgeries 
like biliopancreatic diversion (BPD) and its duo-
denal switch version (BPD-DS) has remained 
very low worldwide.

In contrast to the progress of bariatric surgery 
worldwide, the progress of bariatric surgery in 
the Middle East region is lagging behind Europe 
and North and South America when we consider 
the magnitude of the problem. Moreover, the bar-
iatric practice in the Middle East is still deficient 
in several areas when compared to the progress 
achieved in Europe and North and South America. 
These areas include, with few exceptions, the 
lack of a multidisciplinary approach (MDT) to 
bariatric surgery, lack of prospective registries 
and outcome databases, very few centers adopt-
ing outcomes data reporting programs to assess 
and maintain quality of care, and paucity of bar-
iatric surgery fellowship programs. On top of 
that, no clear guidelines are published in the 
Middle East region, with some countries in the 
Middle East having regulations that are less strict 
thereby encouraging the performance of nonstan-
dard and, sometimes, experimental procedures.

The majority of published bariatric surgery 
outcomes from the Middle East region, with few 
exceptions (Table 6.2), consist of retrospective or 
small prospective case series with few large pro-
spective series or randomized controlled trials 
[23–71] (Tables 6.1, 6.2, and 6.3). Initially, 
reports published from the Middle East in the 
1980s and 1990s showed that the most commonly 

Table 6.1 Overall bariatric surgery publications in the 
Middle East by country

Country Number of studies
Israel 217
Turkey 140
Lebanon 75
Saudi Arabia 63
Egypt 54
Iran 38
Kuwait 36
Jordan 19
United Arab Emirates 15
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performed bariatric surgeries were LAGB, open 
RYGB (ORYGB), and open VBG.  In contrast, 
reports published in the last two decades show 
that the commonest procedures performed are 
LSG, OAGB/MGB, and to a lesser degree 
LRYGB and laparoscopic greater curvature pli-
cation (LGCP) [23–71] (Table 6.4). Similarly, the 
types of bariatric surgeries performed in Asia 
based on a survey of all the representatives of the 
Asia Pacific Metabolic and Bariatric Surgery 
Society (APMBSS) have changed over time [73]. 
Initially, this survey showed that the commonest 

procedures performed in Asia were LAGB 
(35.9%), LRYGB (24.3%), LSG (19.5%), and 
MGB (15.4%). APMBSS constitutes all 12 lead-
ing Asian countries, except China; in this survey, 
a total of 6598 bariatric procedures were per-
formed by 155 surgeons. In addition, similar to 
the Middle East, LSG increased from 1% to 
24.8% and LRYGB from 12% to 27.7%, a rela-
tive increase of 24.8 and 2.3 times, respectively, 
among APMBSS surgeons from 2005 to 2009. In 
contrast to the Middle East during the same 
period, LAGB and mini gastric bypass decreased 
from 44.6% to 35.6% and 41.7% to 6.7%, respec-
tively. However, during the same 5  years, the 
absolute growth rate of bariatric surgery in Asia 
was 449%. There is no data available regarding 
the exact growth of bariatric surgery in the 
Middle East region [72].

Revisional Bariatric Surgery Revisional sur-
gery for weight recidivism or correction of 
 complications of bariatric surgery is not uncom-
mon after primary bariatric surgery. Recently, the 

Table 6.2 Pediatric and adolescent bariatric surgery pub-
lications by country

Country Number of studies
Saudi Arabia 17
Israel 10
Egypt 3
Iran 2
Lebanon 2
Jordan 1
Kuwait 1
Turkey 1

Table 6.3 Small bariatric surgery series <100 patients

Procedure Number Year BMI %EWL (FU) M&M
1. VBG 39 1988–

1992
>40 42% (4 years) 13% failure

2.5% mortality
2. LAGB 39 1997 44 BMI 35 

(6 months)
15.3% morbidity

72% FU rate 1% PE
3. LAGB 50 1998–

1999
50 (36–63) 62% (22–86%) 

1 year
Bleeding 2%

4. LAGB 51 2005–
2007

49.9 42% 6 months 1 port reposition
38–63 60% 12 months FU 16 m [3–34]

5. LAGB 94 1999–
2003

BMI 50.8 Mean BMI 35 at 
2 years

Wound inf 1
PE death 2
SQ heparin TID

6. LRYGBP 90 1999–
2001

47 70% (1 year) Leak 5.5%

7. VBG 1993–
1999

52.3 kg/m2 
(41–77.8)

64.1% 
(21.2–92.3)

Early and late complication rates were 
7.9% and 15.8%

8. LSG 61 2007 47.5 ± 9.6 30.5 ± 6.5 (1 year) Iron did not decrease
Vitamin B12 and folate did

9. RYGB 
Egypt

70 2008 48 (7 SD) 32 (SD 4) PTH did not increase

10. LSG 75 2006–
2009

58(33–77) 65% (2 years) One death from PE, DM 75%, HTN 
85%, Dys 87%

11. LSG 70 06–
2007

40.7 ± 7.8 63 (1 year) Leak 1.4%, Stricture 1.4% FU 7.1 
+/− 5 months

6 Bariatric and Metabolic Surgery in the Middle East
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American Society of Metabolic and Bariatric 
Surgery (ASMBS) has recommended the use of 
three terms to define revisional bariatric surgery 
for weight recidivism or correction of complica-
tions [73]. The first of these terms is conversion, 
when a procedure is changed to another proce-
dure (LAGB to LRYGB or LSG). The second of 
these terms is correction, when a procedure is 
corrected (gastro-gastric fistula after RYGB). 
The third term is reversal when the procedure is 
returned to normal anatomy (LAGB removal). 
Revisional bariatric surgery carries a higher com-
plication rate when compared to primary bariatric 

surgery [74]. In addition, some series have shown 
that the weight loss outcomes might not be as 
good as primary bariatric surgery [75]. Hence, 
the decision to offer a patient revisional bariatric 
surgery has to be taken after considerable consid-
eration for the causes of weight recidivism and 
the current anatomy of the patient. In addition, 
potential candidates for revisional bariatric sur-
gery must be managed by a multidisciplinary 
team, and the revisional procedure should be per-
formed by an experienced bariatric surgeon at a 
center capable of dealing with various pre- and 
postoperative complications. Finally, the type of 

Table 6.4 Large bariatric surgery series >100 patients

Study
Surgeon Number of 

patients
Year BMI kg/

m2

Weight loss %EWL Morbidity
Country Mortality

12. LAGB Biagini 591 1996–
2006

41.95 
(+/− 8.7)

66% 12 months 23% morbidity
10 years FU Lebanon 82.7% 8 years 8.6% removal

9.3% failure
5.3% slippage
4.6% erosion
2.4% infection

13. OAGB/
MGB

Noun 1000 2012 42.5 
(+/− 6)

72.5% 18 months 0.5% leak

1000 patients Lebanon No mortality
14. LAGB Al Momen 140 2001 45 ± 6.3 52 kg wt lost 12 months 

75 kg and mean BMI 29 
at 30 months

Conversion 0
SAGB Saudi 

Arabia
2004 Mortality 0

15. LAGB Nowara 108 1998–
2001

48.8 Mean BMI 37.2 
12 months 34.3 in 
24 months

Conversion 2 
Slippage 3

SAGB Egypt Port complic 6
Gastric perf 1
Mortality 0

16. Lap Vertical 
Gastric 
Plication

Taleb 100 1996–
2006

47 
(36–58)

61% 12 months Vomiting
Pour 57% 3 years Gastric 

perforation 1%
Iran (11 patients) Leak 1%

FU 18 months
17. LSG Nimeri 

et al. UAE
310 2009–

2015
45 
(35–65)

– Leak primary 0% 
revision 12.5%
Stenosis 0%

18. LRYGB Hadad 
et al. UAE

342 2009–
2014

48 
(35–92)

– Leak primary 
0.3% Revision 
3%
Stenosis 0.88%

19. LRYGBP 
55%

Nimeri 
et al. UAE

275 2009–
2013

45.8 
(35–78)

LRYGBP 74.5% Conversion 1%
Leak 0.5%

LSG 44% LSG 62% Mortality 0
LAGB 1% LAGB 45%

12 months (82% FU)

T. S. Al Shaban et al.
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revisional procedure should be determined pre-
operatively, taking into consideration the pres-
ence of reflux, concomitant type II diabetes, 
patient’s weight, as well as the patient’s prefer-
ence, while maintaining some degree of flexibil-
ity to switch to another procedure intraoperatively 
based on the operative findings. Published stud-
ies of revisional bariatric surgery from the Middle 
East are limited, and most of the studies are sin-
gle center small series for management of weight 
recidivism or complications with short- to 
medium-term outcomes at best [36, 41, 45, 50, 
54, 55, 61, 65–71]. The main reason for revi-
sional bariatric surgery published in the Middle 
East region was failed restrictive procedures such 
as the VBG, silastic ring VBG, LSG, and 
LAGB. LAGB used to be a very popular proce-
dure in the Middle East in the late 1990s as it was 
considered safe and effective. However, in the 
past 10  years, several published studies with 

long-term outcomes after LAGB have indicated 
that although LAGB has low complications in the 
short term, the long-term outcomes show a high 
rate of revisional surgery for inadequate weight 
loss, weight regain, or mechanical complications 
(erosion, slippage, dysphagia, reflux) [75–78] 
(Table 6.5). Similarly, a study from Iran reported 
the outcome of 80 patients who had LAGB 
between 2001 and 2006 after 13 years of follow-
 up and showed that 84.8% of patients had at least 
one complication. The most common complica-
tions were band erosion (25%) and weight regain 
(16%), and revisional surgery was required in 
78.5% of patients [64].

The LAGB was not the only restrictive proce-
dure revised; studies published from Israel 
described conversion of a VBG or SRVBG to 
RYGB or bilio-pancreatic diversion (BPD) with 
or without duodenal switch. Both conversion 

Table 6.5 Small revisional bariatric surgery series <100 patients

Type of surgery Number
BMI kg/m2 
preop Year

Length since 
primary surgery

BMI kg/m2 
post-op Morbidity/mortality

20. VBG or AGB 
to MiniGB

33 39.5 (28–58) 2005–
2006

36 (12–84) m 30.6 (24–50) 
6 months FU

6 patients with 
prep reflux cured

21. VBG to 
LAGB

23 Referred for 
dysphagia

2003 19 (9–72) m 7(3–16) months 
FU

None

22. 4VBG or 37 
LAGB to RYGBP

42 45 ± 7 2005–
2009

Lap 39 open 3 
conversion 
2.5%

35 ± 6.7 
ESWL% 42%

Reoperation 9.5%

FU 
(15.8 ± 13.4 m)

No mortality

23. 15 VBG 17 58.4 ± 16.9 1998–
2000

15.6 (1–72) m 5/17 referred Short FU
1 LAGB 5/17 referred 12/17 (5.9%) 

reoperation
Dysphagia/
recidivism1 RYGP

24. VBG/LAGB 2 
RYGB 
Khoursheed et al.

42 2005–2009 35 ± 6.7 %EWL 42% – 12. VBG/LAGB 2 
RYGB 
Khoursheed et al.

25. LSG to 
re-LSG or RYGB

12 
LRYGB

52 LRYGB 2009–
2014

– EWL 61% None

24 
LRSG

50 LRSG EWL 57%

26. LAGB to 
LSG

56 44 (SD 7) 2007–
2012

– 5.5% complication

27. LAGB to 
LRYGB

40 35–62 2009–
2015

– 60% EWL 
(18–111%)

Leak 5%
Mortality 0%

28. LAGB to 
LSG or RYGB

42 LSG 38.5 LSG 2005–
2012

– 47.4% LSG RYGB leak 2%
53 
RYGB

43 RYGB 45.6% RYGB

29. LAGB to 
LSG

40 44 (SD 7) 2009–
2012

6–36 months 56.9% –
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methods were found to be safe and effective. 
However, BPD was associated with high, some-
times prohibitive, complication rates (28–42%). 
In contrast, conversion to RYGB was as effective 
in treating complications of VBG and SRVBG 
and did carry significant but fewer complications 
than BPD (14.2–20.8%). Weight loss after con-
version to RYGB was comparable to weight loss 
after conversion to BPD at 1 year but inferior at 
3 years [65, 66].

Recently, the most common revisional proce-
dure published in the Middle East is conversion 
of LAGB to LSG followed by LRYGB [67–70]. 
The outcomes of conversion of LAGB to LSG in 
terms of safety (complication rates 5.5–7.1%) 
and efficacy (%EWL at 12 months 47.4–53% and 
at 24 months 51–80.1%) were reproducible by at 
least three bariatric centers in the region 
(Khoursheed et al., Alqahtani et al., and Goitein 
et al.). In addition, the series of Khoursheed et al. 
and Nimeri et al. included conversion to LSG and 
RYGB. Furthermore, Alqahtani et al. found that 
the results of revisional LSG were comparable to 
primary LSG (complications rate 5.5% vs 7% 
and %EWL at 24  months 80.1% vs 84.6%, 
respectively).

We predict that similar to the LAGB, a large 
number of patients with weight recidivism after 
LSG will need revision in the future. Al Sabah 
et  al. described algorithm to manage patients 
with weight recidivism after LSG as well as oper-
ative management by re-sleeve gastrectomy or 
conversion to RYGB [72].

 Adolescent Bariatric Surgery

Youth is the predominant age group in the Middle 
East. In 2014, 54% of the population were still 
under the age of 25 years, and 31% were younger 
than 15 years of age [79, 80]. Similar to the adult 
population, the increase in obesity prevalence 
among children and adolescents (aged 
2–18 years) in the Middle East region is alarm-
ing. In addition, the incidence of obesity-related 
conditions, particularly type II diabetes, is 
increasing [81]. The etiology of adolescent obe-
sity is believed to be similar to that in adults and 

is related to urbanization, improved socioeco-
nomic status, decreased physical activity, and 
increased consumption of calorie-rich diet. The 
cultural factors also play a similar role as among 
the adult, whereby overweight is perceived as 
healthy and a beauty criterion.

There are different definitions of overweight 
and obesity in children adopted by different bod-
ies. These different bodies include the World 
Health Organization (WHO), US Center for 
Disease Control and Prevention (CDC), and 
World Obesity Federation through their 
International Obesity Task Force (IOTF). The 
definitions adopted in children are somewhat 
overlapping, resulting in loss of precise boundar-
ies between normal weight, overweight, and obe-
sity estimates. This lack of consensus on 
definitions, which was obvious in various publi-
cations from different countries in the region, had 
an impact on prevalence estimation and treatment 
recommendations [82–84].

A meta-analysis conducted by Mirmiran et al. 
found that the highest prevalence of overweight 
and obesity was among adolescents in Bahrain 
and Kuwait (38.5% and 31.2%, respectively). In 
contrast, the lowest prevalence was in Islamic 
Republic of Iran and Lebanon (3% and 3.2%, 
respectively) [85].

We conducted a PubMed search for articles 
about Bariatric surgery in children and adoles-
cents from the Middle East by country (Table 6.2). 
Bariatric surgery in children and adolescents is 
still considered debatable and controversial in the 
Middle East. The controversy ranges from one 
extreme considering adolescent bariatric surgery 
relatively contraindicated to another extreme per-
forming bariatric surgery on children with 
Prader-Willi syndrome as well as children as 
young as 2.5 years of age [58, 86]. However, the 
majority of publications from the Middle East 
region consider it to be an acceptable solution in 
properly selected patients, with more evidence 
showing it to be safe and effective in treating obe-
sity and its associated comorbidities in this age 
group [47, 49, 51, 52, 57–59].

The initial experience with adolescent bariat-
ric surgery in the Middle East was LAGB due to 
its safety and efficacy and lower theoretic chance 
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of developing nutritional deficiencies [39]. Over 
time, this has changed, and most of the publica-
tions from the Middle East region over the past 
few years have described LSG for adolescents. In 
addition, LSG is either used as a primary proce-
dure or for conversion of LAGB in children and 
adolescents [47, 49, 51, 52, 57–59].

We did not find any publication describing the 
role of RYGB in children and adolescents in the 
Middle East region. Surprisingly, the same can-
not be said about the malabsorptive form of gas-
tric bypass (one anastomosis gastric bypass 
(OAGB) also known as mini gastric bypass). 
There is a study by Noun et al. describing mini 
gastric bypass in various age groups including 
adolescents as young as 14  years of age with 
good results [87].

Obesity, and concomitant comorbidities, 
among children and adolescents in the Middle 
East remains a major challenge to the health-
care systems in the region. Bariatric surgery can-
not be the solution, except for a small minority 
of children and adolescents. Since the prevalence 
is still increasing in an alarming fashion, there 
needs to be a call for action plan at governmental 
levels in order to address the issues and educate 
the public about causes and complications of 
obesity while encouraging and facilitating 
healthy eating habits and regular physical activ-
ity. Furthermore, access to treatment of obesity 
and/or its complications (including screening 
programs) needs to be facilitated by health-care 
systems. This is challenging in view of the lim-
ited resources and poor economy in many coun-
tries of the region.

We believe that surgical treatment of obesity 
in children and adolescents should be carried out 
by a multidisciplinary team with extensive expe-
rience in adult bariatric surgery, at a specialized 
center, and offered only to selected patients in 
these age groups as described by Alqahtani et al. 
[59]. We also believe that the lack of unified defi-
nitions of overweight and obesity and the 
absence of regional guidelines and the variabil-
ity in the standard of medical practice among 
health-care systems in the region adds to the 
challenge of adolescent bariatric surgery in the 
Middle East region.

 Future Perspectives of Bariatric 
Surgery in the Middle East

Several national bariatric surgery societies were 
established in most Middle East countries in the 
last decade. In addition, several regional societies 
are coming together such as the Gulf Obesity 
Surgery Society (GOSS) and the Pan Arab 
Society for Metabolic and Bariatric Surgery 
(PASMBS). Currently, the main function of these 
societies is organization of educational activities 
and continuous medical education conferences. It 
is hoped that these societies will address some of 
the challenges of practicing bariatric surgery in 
the Middle East such as access to bariatric sur-
gery care, unified bariatric surgery guidelines, 
establishing a unified outcome registries, and 
accreditation process for bariatric surgery pro-
grams. In addition, two of the largest regional 
societies (Gulf Obesity Surgery Society) and the 
Pan Arab Society for Metabolic and Bariatric 
Surgery have come together to form the 
International Federation for Surgery of Obesity 
and Metabolic disorder (IFSO) Middle East and 
North Africa Chapter (IFSO MENAC).
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Asian Experience

Muffazal Lakdawala and Aparna Govil Bhasker

 Overview of Obesity Demographics

With the emergence of capitalism and rise of 
romantic consumerism, currently the wheels of 
industry are spinning faster than ever. From being 
a disturbed and deprived region in the past, Asia 
has steadily risen in the global economic growth 
chart. This newfound affluence has led to a lot of 
positive changes in the arena of healthcare in 
terms of increased life expectancy, a significant 
decrease in child mortality, and reduction in infec-
tious diseases. The standard of living of an aver-
age Asian today is much higher as compared to 
50 years ago, and the caloric intake of an ordinary 
Asian today is easily double or triple of those con-
sumed by his ancestors. This has tilted the scales 
toward obesity, and as we battle malnutrition on 
one end, most Asian countries today are facing a 
concomitant epidemic of obesity and related dis-
orders especially type 2 diabetes mellitus.

Obesity is emerging as one of the biggest 
health challenges in Asia. According to a 2015 
study published in the Lancet, almost half the 
population of countries like Malaysia and 
Singapore is overweight or obese [1]. The rate of 

overweight and obese population in India and 
China is slated at a lower percentage of about 
20–30%, but the burgeoning population of these 
two countries is enough to raise an alarm. China 
and India rank as the second and third most obese 
nations in the world. These two countries also 
have the largest number of diabetics in the world, 
thus making it the largest population afflicted 
with diabesity. Table 7.1 shows the prevalence of 
overweight and obese populations in some of the 
Asian countries.

The Impact: Obesity is responsible for 3.4 
million deaths annually, 3.9% of years of life 
lost, and 3.8% of DALY’s worldwide. Till date, 
no country in the world has been able to curtail 
this ever-growing epidemic [1].
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Table 7.1 Prevalence of overweight and obese popula-
tions in men and women >20  years of age in Asian 
countries [1]

Countries Men >20 years (%) Women >20 years (%)
Singapore 44.3 32.5
Malaysia 43.8 48.6
South 
Korea

36.9 27.2

Taiwan 33.8 30.9
Bhutan 33.0 38.2
Thailand 32.1 39.7
Japan 28.9 17.6
China 28.3 27.4
Pakistan 27.9 38.4
Maldives 21.4 54.0
India 19.5 20.7
Indonesia 30.6
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 Surgical Landmarks in the Evolution 
of Bariatric Medicine and Surgery

In 1981, Prof. Kai Mo Chen and Prof. Wei Jee 
Lee of Taiwan were the first Asian surgeons to 
perform an open vertical banded gastroplasty in 
the region. They were followed in quick succes-
sion by Prof. Isao Kawamura of Japan. More than 
35 years ago, these surgeons dared to tread on a 
road less travelled, into an unchartered territory 
when bariatric surgery was yet to find its legiti-
mate place in the textbooks of general surgery.

Prof. Emeritus Ti Thiow Kong of Singapore 
in 1987, Prof. Freda Meah of Malaysia in 1996, 
and Dr. Shrihari Dhorepatil of India in 1999 per-
formed the first bariatric procedures in the form 
of open vertical banded gastroplasties in their 
respective countries. Each of these leaders is 
special in their own way as they paved the way 
for an unconventional specialty in their home 

countries. To take that first step in societies 
where obesity is perceived as a sign of good 
health, in the midst of naysayers within their 
own peers in the medical fraternity, without any 
support from the government, and in complete 
absence of insurance cover called for a lot of 
guts and courage. They were the visionaries who 
recognized obesity as a disease and bariatric sur-
gery as its treatment.

Figures 7.1 and 7.2 depict pioneer bariatric 
surgeons from various Asian countries.

The advent of laparoscopy in the late 1990s 
made bariatric surgery increasingly acceptable. 
Laparoscopy decreased surgical morbidity to a 
large extent, was less painful, and enabled the 
patient to get back to work much earlier. Dr. Wei 
Jee Lee from Taiwan was the first Asian surgeon 
to perform a “laparoscopic” vertical banded gas-
troplasty in 1998. In 2004, Dr. Muffazal 
Lakdawala was the first Indian surgeon to per-

Prof Kai Mo Chen and Prof Wei Jei Lee, 1981
Open vertical banded gastroplasty, Taiwan

Prof Emeritus Ti Thiow Kong, 1987,
Vertical banded gastroplasty, Singapore

Dr. Shrihari Dhorepatil, 1999,
Vertical banded gastroplasty, India

Prof Isao Kawamura, 1982
Open vertical banded gastroplasty, Japan

Prof. Emeritus Freda Andrea Meah, 1996,
Open vertical banded gastroplasty, Malaysia

Dr. Simon Wong & prof. Sydney Chung, 2001,
Lap gastric band, Hongkong

Fig. 7.1 Pioneer bariatric surgeons from various Asian countries
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form a laparoscopic Roux-en-Y gastric bypass, 
and in 2006, he operated on the heaviest Asian 
man in China weighing 285 kg. First single inci-
sion Roux-en-Y gastric bypass in Asia was per-
formed by Dr. C.  K. Huang, and first single 
incision sleeve was performed by Dr. Muffazal 
Lakdawala. Dr. Kasama Kazunori of Japan per-
formed the first sleeve with duodenojejunal 
bypass, Dr. Surendra Ugale from India performed 
the first ileal transposition, and Dr. W.  J. Lee 
from Taiwan performed the first omega loop gas-
tric bypass in Asia.

By 2004, many surgeons across Asia were 
performing bariatric surgery. In October 2004, a 
group of bariatric surgeons gathered in Seoul for 
the “thought leader’s summit” and decided to 
form the Asia-Pacific Bariatric Surgery Group 
(APBSG) which is currently known as the Asia- 
Pacific Metabolic and Bariatric Surgery Society 
(APMBSS). Dr. Wei Jee Lee was the founding 
president of APBSG.

The Asia-Pacific chapter of International 
Federation for Surgery of Obesity and Metabolic 
Surgery (IFSO-APC) was founded in 2008. 
IFSO-APC was formed with the intent of pro-
moting multicultural transfers between the 
Asia- Pacific region and other national societies. 
Dr. Harry Frydenberg of Australia was the 
founding president of IFSO-APC. Dr. Muffazal 
Lakdawala is the current president of IFSO-
APC (Fig. 7.3).

Dr. Pradeep Chowbey from India was the first 
president of IFSO from the region.

First bariatric and metabolic surgery guide-
lines were formed by ADSS led by Dr. W.J. Lee 
from Taiwan followed by ACMOMS guidelines 
published by Dr. Muffazal Lakdawala and Dr. 
Aparna Govil Bhasker from India [2]. Latest 
guidelines were published by IFSO-APC in 2011 
[3]. The first bariatric nutrition guidelines for 
Asian patients were published by Carlyne 
Remedios from India [4].

Dr. Barlian Suted Ja, 2002,
Laparoscopic gastric banding., Indonesia

Dr. Suthep Udomsawaengsup, 2003,
Open Roux en-y gastric bypass, Thailand

Dr. Sayeed Qureshi,
Lap gastric banding, Pakistan

Dr. Thomas Y Chua
Lap Roux en-y gastric bypass, Philippines

Dr. Sang Moon Han, 2003,
Lap Sleeve Gastrectomy, South Korea

Prof. Tran Binh Giang, 2007,
Laparoscopic gastric banding, Vietnam

Fig. 7.2 Pioneer bariatric surgeons from various Asian countries
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With increasing numbers of bariatric proce-
dures in Asia, a need for improving the quality of 
care and safety for patients was felt. In 2010, 
Bariatric and Metabolic International (BMI) 
Surgery Center of E-Da Hospital along with Dr. 
C.  K. Huang became the first Asian Center for 
Excellence (COE) recognized by the Surgical 
Review Corporation (SRC) of the USA. This was 
followed in 2011 by COE accreditation of CODS 
(Center for Obesity and Digestive Surgery, 
Mumbai) along with Dr. Muffazal Lakdawala 
and Dr. Aparna Govil Bhasker and Max hospital 
along with Dr. Pradeep Chowbey. These were the 
first few Asian centers to be awarded the status of 
COE and set the benchmark for many other bar-
iatric centers in Asia before SRC parted ways 
with ASMBS.

 Current Situation of Bariatric 
Surgery

A total number of bariatric procedures in Asia 
have gone up from 2770  in 2003 to 46,110  in 
2013 as reported by Angrisani et  al. [5]. While 
laparoscopic gastric banding was the commonest 
procedure being performed in 2003, its popular-
ity reduced manifold in the next 10 years, and by 
2013, it constituted only 14% of all bariatric 
procedures.

Laparoscopic sleeve gastrectomy (SG) is the 
most widespread procedure being performed in 
Asia currently. Technical ease of performing sur-

gery coupled with good weight loss results in the 
short term has contributed to the growth of sleeve 
gastrectomy in a short duration. In addition, 
accessibility of the stomach pouch to UGI endos-
copy has rendered it to be the preferred bariatric 
procedure in Asian countries like Japan and 
Korea that are endemic for gastric cancer. While 
there are numerous advantages of SG, leak from 
a sleeve and GERD remain to be one of its big-
gest postoperative challenges. Lack of long-term 
data is a concern, and the incidence of weight 
regain in the future is yet unknown.

Laparoscopic Roux-en-Y gastric bypass is the 
second most common surgery performed in this 
region. Variants of gastric bypass like the banded 
gastric bypass and single anastomosis gastric 
bypass are also performed in good numbers 
although exact data is unavailable. BPD-DS is 
rarely performed in Asia owing to low protein 
intake by most Asians.

Laparoscopic sleeve with duodenojejunal 
bypass (LSG with DJB) and ileal transposition 
(IT) are the other procedures that are being per-
formed by a few surgeons in Asia. LSG with DJB 
is an alternative to a Roux-en-Y gastric bypass in 
Asian countries that are endemic for gastric can-
cer [6]. Few cases of ileal transposition are being 
performed, and this procedure has not gained 
much popularity among the Asian surgeons. The 
first case of loop bipartition was reported by Dr. 
Wilfred Mui of Hong Kong, but again this proce-
dure has not found much favor among the sur-
geons [7].
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Single incision bariatric surgery (SILS) is 
worth a mention here. Unlike the west, SILS 
technique has gained a lot of popularity in Asia, 
especially in India and Taiwan. In 2009, the first 
case of SILS Roux-en-Y gastric bypass was 
reported by Dr. C. K. Huang from Taiwan [8]. Dr. 
Muffazal Lakdawala performed the first SILS 
sleeve gastrectomy in Asia in 2009. In 2015, the 
largest series of SILS sleeve gastrectomy was 
published by Dr. Muffazal Lakdawala and Dr. 
Aparna Bhasker of India [9]. SILS technique has 
found much favor especially among the young 
obese Asian women who prefer not to have any 
tell-tale signs of having a surgery done. It also 
confers the added advantage of confidentiality to 
a patient and is more acceptable culturally as 
obesity is still considered a taboo in this part of 
the world.

 Special Consideration for Specific 
Geographic Population Such 
as Indian and Far East as Far as BMI 
and Diabetes Prevalence in Lower 
BMI

India and China are the two most populous coun-
tries in the world, and together they carry more 
than half of the world’s diabetic burden. 
Environmental factors coupled with genetic pre-
dilection have predisposed Asians to develop dia-
betes at a younger age. Asians tend to acquire 
diabetes much earlier, suffer longer, develop 
complications earlier, and are likely to die sooner.

This high incidence can be attributed to mul-
tiple factors:

 1. Genetic factors: In the Asian population, sus-
ceptibility to diabetes has been attributed to 
“thrifty” gene which conferred a survival 
advantage in the past but has become detri-
mental in these times of surplus [10].

 2. Maternal and neonatal factors: Body compo-
sition has been shown to be influenced by adi-
posity levels of the mother prior to pregnancy 
as also by aspects of maternal nutritional 
intake and circulating nutrient concentrations 
during pregnancy. In a study conducted by 

KEM hospital, Pune, it was shown that low 
birth weight babies had higher degree of insu-
lin resistance by the age of 8 years. Low birth 
weight babies also had higher adiposity levels 
as compared to their Caucasian counterparts. 
“The thin fat baby” syndrome is specific to the 
Asian region [11, 12].

 3. Greater adiposity levels: It is widely known 
that Asians tend to develop metabolic syn-
drome at a BMI as low as that of 22–23 kg/m2 
[13]. Although many Asians may not classify 
as obese according to the standard WHO crite-
ria, they are metabolically obese at much 
lower BMIs owing to high visceral obesity 
levels. Multiple studies have established the 
relationship between central obesity and 
hyperglycemia [13].

As Asia undergoes rapid nutritional and life-
style transition, these genetic traits, coupled with 
food abundance, increasing psychosocial stress, 
increasing physical inactivity, and an ageing pop-
ulation, substantially increase the risk of obesity 
and diabetes in this region. As a result of this, 
today Asia accounts for more than 50% of the 
world’s diabetic load, and these numbers are 
expected to increase in the next decade. Some 
countries like South Korea, China, and Taiwan 
are routinely performing metabolic surgeries in 
patients with BMI less than 30 for T2DM.

 Challenges in the Region

Although the number of bariatric surgery proce-
dures is rising in the Asian region, there are many 
challenges for its growth. Currently less than 1% 
of eligible patients are able to avail surgery. There 
are multiple reasons for this low penetration. 
Some of these are discussed as under:

 1. Lack of insurance coverage
Many Asian countries like India, 

Bangladesh, Pakistan, etc. do not have the 
provision of compulsory health coverage for 
all. Moreover even in countries with health 
coverage, bariatric surgeries may not be 
included in the insurance cover. Presently 
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Japan, Taiwan, and Singapore are the only 
Asian countries that provide insurance cover-
age for bariatric surgery. India, Pakistan, 
Bangladesh, Korea, China, Malaysia, 
Indonesia, Thailand, and the Philippines do 
not have insurance coverage. Lack of insur-
ance coverage is a significant stumbling block 
as the eligible patient population is compelled 
to pay out of pocket. Due to the expensive 
nature of the surgery, it is rendered out of 
reach for the majority.

 2. Lack of government policy
The combined prevalence of overweight 

and obesity increased by 46% in Japan from 
16.7% in 1976–1980 to 24.0% in 2000 and by 
414% in China from 3.7% in 1982 to 19.0% in 
2002 [14]. The figures are similar for other 
Asian countries. Although obesity and diabe-
tes together have been accorded an epidemic 
status by the World Health Organization, most 
Asian countries lack a national health pro-
gram to battle the scourge of these diseases. 
Obesity is yet to be conferred a “disease” sta-
tus and is considered a taboo in most cultures. 
Obesity and its related diseases confer a huge 
economic burden on the national GDPs. In 
China alone, the total medical cost attribut-
able to overweight and obesity was estimated 
at about 2.74 billion US dollars [15]. At the 
moment there is an urgent need of concerted 
policy action in all sectors with focus on pre-
ventive, curative, and rehabilitative aspects of 
obesity.

 3. National data registries
Registries form the precursors to formula-

tion of national health policies. Data entered 
in registries is used to develop models of risk 
stratification and setting international stan-
dards for postoperative complications and 
mortality. Most of the demographic and surgi-
cal outcome data from Asia is yet unknown. In 
2016, India, China, Hong Kong, and Taiwan 
were the only four countries to contribute data 
to the IFSO Global Registry. This data how-
ever is not representative as most Asian coun-
tries failed to contribute their data. Obesity 
and metabolic surgery society of India has 
taken the lead in the region by forming the 

first Bariatric National Registry. We hope that 
this is a start of a process that will be repli-
cated by all Asian countries in the near future.

 4. Research
India and China together constitute more 

than half of the world’s diabetic burden. With 
an increasing number of bariatric and meta-
bolic professionals, there is a tremendous 
potential for clinical trials in the region. Lack 
of regulatory and ethical approval frame-
works, hospitals with inadequate research 
backup, lack of trained research personnel, 
lack of funding, and cultural barriers are a few 
stumbling blocks that prevent high-quality 
research from being carried out. In addition to 
this, the inherent problems associated with 
surgical trials tend to increase the difficulties 
around bariatric surgery research. 
Unfortunately Asia lags behind in this arena, 
and till date there is only one randomized con-
trolled trial on metabolic surgery that has been 
reported from the Asian region [16]. 
Considering that evidence-based medicine 
forms the cornerstone of medical therapy 
today, direct extrapolation of results of west-
ern studies on Asian ethnic population may 
not be a great idea. There is need for a more 
proactive approach to create a more conducive 
research environment and conduct world class 
clinical trials.

 5. Cultural factors and prejudices
Most Asian countries take pride in their 

customs of hospitality. Food forms an impor-
tant component in the life of Asian people. 
Obesity is still not considered as a disease, 
and being overweight is usually considered as 
a sign of good health and prosperity. Bariatric 
surgery is still a taboo especially for younger 
women. Lack of awareness fuels general fear 
of surgery among patients, and inconsistent 
media reports do not help the cause. Most 
people continue to live in denial and fail to 
seek treatment at appropriate time. Although 
there are exceptions, most physicians, diabe-
tologists, and endocrinologists still have a 
skeptical view of bariatric and metabolic sur-
gery. More efforts need to be made to spread 
awareness about the benefits of bariatric/met-
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abolic surgery among the general population 
as well as the medical fraternity. To add to 
this, most of those who have had good results 
with surgery prefer to deny that they have 
undergone surgery adding to mistrust around 
surgery.

 6. Infrastructure and quality control
Low healthcare budgets by most Asian 

governments have resulted into healthcare 
systems which are underdeveloped and over-
stretched. Bariatric and metabolic surgery is 
primarily being performed in the private and 
corporate setups with an exception of few 
government hospitals and universities. Dearth 
of infrastructure needed to support a bariatric 
practice limits its scope and is thus not offered 
to a vast majority in smaller towns who could 
potentially benefit. Quality control is another 
limiting factor as there are not many regula-
tions that govern the Asian market especially 
in some Asian countries like India, Pakistan, 
Myanmar, Sri Lanka, China, Taiwan, and 
Bangladesh.

 7. Training
With an increase in the number of bariatric 

procedures, there is an augmented interest 
among surgeons to take up bariatric surgery as 
a specialty. Off late a few university- 
recognized programs have been developed 
and implemented in a few countries. Centers 
led by Dr. Muffazal Lakdawala in India and 
those led by Dr. C. K. Huang and Dr. W. J. Lee 
in Taiwan have been the international training 
hubs for many years in the Asian region. 
However training in bariatric surgery still 
remains haphazard with most surgeons rely-
ing on 2–3- day workshops and observerships 
before they start practicing bariatric surgery. 
There is an unmet need, and we need many 
more fellowships and formal programs to 
inculcate the bariatric culture among the sur-
geons and paramedical support staff like dieti-
cians, bariatric coordinators, and 
psychologists.

 8. Newer procedures
Lack of regulations is a boon and bane at the 

same time in the Asian region. On one hand, it 
provides surgeons the freedom to experiment 

with newer procedures and develop better and 
more suited surgeries for their population. 
Procedures like the sleeve gastrectomy with 
duodenojejunal bypass were designed with 
Japanese and Korean population in mind as 
they have a high incidence of gastric cancer. 
Unfortunately Asia has also become the breed-
ing ground for many hybrid procedures with 
no supporting data.

 Future of Bariatric Surgery in Asia

Rising levels of obesity and diabetes are posing a 
threat to the Asian growth story. Obesity is a dis-
ease, and bariatric/metabolic surgery is the only 
way to achieve sustained weight loss. With the 
world’s heaviest woman Eman Abd el Aty choos-
ing India to come for her medical treatment, the 
world has woken up to India and Asia as a desti-
nation for bariatric/metabolic surgery. The skill-
sets of Asian surgeons are at par with their 
western counterparts. What we need is a bit more 
perspective in terms of better training, more focus 
on research, commitment to national data regis-
tries, more governmental support, and insurance 
coverage for bariatric/metabolic surgery. We 
need better standardization of the existing proce-
dures and more awareness campaigns to bring 
more physicians, diabetologists, and endocrinol-
ogists on the same page. Last but not the least, we 
need to focus more on prevention of obesity with 
special emphasis on children and adolescents.
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Gastric Banding

Jaclyn Clark, Christine Ren Fielding, 
and George Fielding

 Introduction and History 
of the Procedure

The surgical management of morbid obesity now 
has over five decades of history. In the early 
1960s, malabsorption through intestinal bypass 
was recognized to result in significant weight loss 
for obese patients [1, 2]. Paired with the restric-
tion of a gastric pouch, the RYGB (Roux-en-Y 
gastric bypass) grew to become the procedure of 
choice for surgical weight loss. Malabsorption 
was the main focus of the first generation of bar-
iatric procedures; however, in 1982 the vertical 
banded gastroplasty (VBG) was introduced after 
it became clear that gastric restriction also led to 
weight loss [3, 4]. Importantly, restrictive opera-
tions avoid the sequelae of malabsorption. The 
surgery was described by Mason in 1982 and 
modified in the years to follow [3, 5]. First, a 32F 
tube passed through the mouth defined the width 
of the gastric pouch. A gastrotomy was made 
through the anterior and posterior walls of the 
stomach approximately 2  cm from the gastro-
esophageal junction (GEJ) with a circular stapler. 

A linear stapler through this gastrotomy was 
aimed toward the angle of His and fired to create 
a small pouch and exclude the fundus. Finally, a 
band or mesh was fixed at the base of the pouch 
to restrict its expansion and provide a consistent-
sized gastric outlet. While successful in produc-
ing weight loss, the VBG was often complicated 
by staple line dehiscence, migrated bands, or 
mesh erosion [6].

To address these complications, the first 
adjustable band was placed by laparotomy in 
1986 and offered patients a weight loss procedure 
that did not involve intestinal rearrangement or 
staple lines [7]. The product and technique were 
honed through the late 1980s and early 1990s, 
until the first LAP-BAND™ (BioEnterics, Santa 
Barbara, CA) was placed in 1993 by Belachew in 
Belgium [8]. The system is comprised of a sili-
cone band placed around the proximal stomach 
that can be filled with saline to adjust the diame-
ter of the band and thus the gastric outlet. The 
band is connected to thin tubing, which is brought 
out of the peritoneal cavity, and connected to a 
port, which is then anchored to the fascia. The 
port is accessed by a non-coring needle, which 
can be used to inflate and deflate the band by 
injecting saline.

The procedure rose to international popular-
ity, and the United States began clinical trials in 
1995. Currently there are two FDA-approved 
banding devices available in the United States: 
the LAP-BAND system (Apollo Endosurgery, 
Austin, TX), as previously mentioned, approved 
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in 2001, and the REALIZE band (Ethicon, Endo-
Surgery, Cincinnati, OH) [7]. Since 2010, lapa-
roscopic adjustable gastric banding (LAGB) has 
been approved for body mass index (BMI) 
30–35 kg/m2 with obesity-related comorbidities, 
which makes it a common option for those in 
this BMI range. The adjustable band remains a 
popular option for morbidly obese patients 
today, as well as an option for revisional bariat-
ric surgery [9].

 Pre- and Postoperative Care

All patients undergoing evaluation for bariatric 
surgery are encouraged to consult with a regis-
tered dietician, mental health professional, and 
surgeon. After determining the patient’s eligibil-
ity for bariatric surgery, the surgical options 
along with data on percentage of excess weight 
loss, complications, and required follow-up are 
provided to the patient. The choice to undergo 
LAGB is often influenced by patient preference.

The idea of an adjustable band appeals to 
patients who are averse to intestinal manipulation, 
as well as those who enjoy its reversibility. Prior 
to surgery, a 2-week low-fat liquid diet is recom-
mended to both assess patient compliance and 
facilitate liver retraction during the operation.

At our institution, LAGB has largely become 
an outpatient procedure, with low postoperative 
morbidity. After surgery the patients are assessed 
and subsequently discharged from the postanes-
thesia care unit after tolerating slow sips of water 
without nausea, emesis, or pain. Patients are 
placed on a strict postoperative diet. The first 
night after surgery, patients are allowed thin liq-
uids. For the next 10 days, patients are maintained 
on clear or opaque thin liquids. In the following 
10 days, pureed foods are introduced, and at day 
21 patients can self-advance to a regular diet.

The follow-up schedule after LAGB is rigor-
ous. At 1 week, patients undergo a baseline esoph-
agram and are seen for their first postoperative 
visit. At 4 weeks post-procedure, patients are eval-
uated and undergo their first band adjustment. The 
amount of saline injected into the band system 
depends on the type and size of the band. Patients 
are seen monthly for adjustments for the 1st year, 

four to six times per year for 2 years, and eventu-
ally annually. Patients have yearly esophagrams to 
evaluate band position. Patients are also seen by 
registered dieticians and are encouraged to attend 
monthly bariatric surgery support groups.

 Technical Aspects of the Procedure

Surgical technique for LAGB has evolved since 
first described. The perigastric method, described 
by Belachew [10], involved placing the band 
through a tunnel located 3 cm below the gastro-
esophageal junction through the lesser sac. This 
technique had high rates of gastric prolapse and 
has fallen out of favor [11]. At our institution 
we use the presently mainstream “pars flaccida” 
technique, described below [12, 13]:

 1. Positioning and perioperative monitoring: The 
patient is placed in the supine position on the 
operating table with both arms extended 
(Fig. 8.1). After intubation, an orogastric tube 
is placed for gastric decompression.

 2. Port placement and access: OptiView technique 
is used to enter the peritoneal cavity under 
direct vision using a 12 mm OptiView trocar 
in the left upper quadrant, and pneumoperito-
neum is established. Three additional trocars 
are placed: a 15 mm trocar in the midline and 
two 5 mm trocars in the right and left subcostal 
regions in the maxillary line (Fig. 8.2).

 3. Liver retraction: A Nathanson liver retractor 
(Cook, Bloomington, Indiana) is placed 
through a 5  mm subxiphoid incision and is 
used to elevate the liver to reveal the hiatus 
and gastroesophageal junction (Fig. 8.3).

 4. Dissection of the angle of His: The omentum 
above the first short gastric vessel is elevated, 
and the fundus is retracted inferiorly, which 
exposes the plane of dissection between the gas-
troesophageal junction and hiatus. These perito-
neal attachments are divided (Figs. 8.4 and 8.5).

 5. Fat pad dissection: There is reliably a small 
collection of fat overlying the GE junction, 
which should be dissected off to lessen likeli-
hood of esophageal obstruction and optimize 
visualization of the stomach. The fat pad is 
grasped and elevated, and the fundus is 

J. Clark et al.



71

retracted inferiorly to expose the plane of dis-
section, which can be taken using an energy 
device of surgeon preference. If the fat pad is 
small, this step is not necessary.

 6. Pars flaccida approach: This step involves 
dividing the lesser omentum at its translucent 
aspect over the caudate lobe and carrying the 
dissection superiorly to the diaphragmatic 
hiatus. This will expose the right crus of the 
diaphragm, which should be grasped and 
elevated at its most inferior aspect. The over-
lying peritoneum is incised and a grasper 
placed through the window created, posterior 
to the esophagus and through to the left side 
via the window created in step 4. If there is 
resistance, more dissection is needed. This 

step is done without perfect visualization, 
and it should be noted that if the surgeon is in 
the wrong plane, the grasper could be dis-
secting into the esophagus or stomach—very 
little force should be used here. At this point 
the band is introduced into the abdomen 
through the 15 mm trocar and handed to the 
grasper that is in the window. The band is 
pulled into position using the grasper. The 
band is secured when the tubing is passed 
through the locking mechanism of the band, 
and the band is locked. The band should not 
be tight and should rotate with ease. This 
step becomes more complicated if the patient 
has a replaced left hepatic artery arising from 
the left gastric artery, as it will cross above 

Video
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Cautery
Harmonic Scalpel
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Nurse

Surgeon

Anesthesia
Fig. 8.1 Patient 
positioning: surgeon 
stands to patient’s right 
with assistant to 
patient’s left; arms out
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the right crus in the lesser omentum and 
should be preserved. Additionally, it is 
imperative not to mistake the inferior vena 
cava (IVC) for the esophagus or the right 

crus, as the IVC will be visible next to the 
caudate lobe (Figs. 8.6, 8.7, 8.8, and 8.9).

 7. Fundoplication: While the band is limited in 
its posterior movement by the extent of our 

5 or 10 mm

5 or 10 mm

5 mm

5 mm

15 mm

Fig. 8.2 Trocar 
placement

Fig. 8.3 Use of the Nathanson liver retractor to reveal the 
GE junction

Fig. 8.4 Caudad retraction of the stomach to reveal the 
angle of His
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dissection and the retroperitoneum, anteriorly 
it is unrestricted. We perform a plication of the 
fundus to the cardia using a nonabsorbable 
suture to restrict its movement without creat-
ing too much tension to risk erosion. This can 
be accomplished using a running or interrupted 

suture, to secure the stomach that is folded up 
and over the band (Figs. 8.10 and 8.11).

 8. Access port placement: The band tubing is 
pulled through the 15 mm trocar, all trocars are 
removed, and the abdomen is allowed to col-

Fig. 8.5 Dissection of the angle of His

Fig. 8.6 Entry into the lesser sac via the pars flaccida

Fig. 8.7 An instrument is passed behind the esophagus at 
the base of the crura

Fig. 8.8 The grasper passing through the retro-esopha-
geal window

Fig. 8.9 Securing the band in place by fastening the 
buckle

Fig. 8.10 Fundoplication securing the band’s position 
anteriorly
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lapse. The tubing is cut, left long to prevent 
bowel obstruction, and attached to the port. The 
access port is secured to the anterior fascia using 
nonabsorbable 0 Ethibond sutures in each cor-
ner. The band is left empty and the skin is closed.

We have also employed and studied the single-
incision laparoscopic surgery (SILS) technique to 
place the LAGB [14]. This involves using a single 
3–4 cm periumbilical incision with placement of a 
12 mm trocar in the Hassan fashion. The band is 
introduced into the abdomen, and two 5 mm tro-
cars are placed through the same skin incision to 
the left and right of the Hassan trocar. It is best if 
one trocar has a low profile and is short, while the 
other trocar is extra-long. This allows for the tro-
cars to move easily without clashing into each 
other. Liver retraction is used either via the same 
incision or a 5 mm subxiphoid incision. Dissection 
proceeds as described above.

 Complications

Although considered a safer alternative to other 
bariatric procedures, LAGB is not without com-
plications. These can be broadly divided into 
problems related to the band and those related to 
the port [15]. Regardless of the underlying mech-
anism, band complications are often heralded by 
oral intolerance and epigastric pain.

Gastric prolapse is the most common intra-
abdominal complication following LAGB [15]. 
Also referred to as a “band slip,” this involves 
part of the stomach, usually the fundus, herniat-

ing superiorly through the band. Etiologies are 
not definitively known but are often attributed to 
failure of the anterior gastro-gastric plication 
sutures. This can either be due to breakdown or 
tearing, the latter exacerbated by excessive vom-
iting. Patients with this entity also report dyspha-
gia and reflux. The immediate step in management 
of these patients is complete band deflation and 
observation for symptomatic improvement. This 
maneuver can distinguish patients with gastric 
prolapse from those who are simply not tolerat-
ing a recent adjustment. If symptoms are relieved 
with fluid removal and the patient can tolerate 
sips of thin liquids, no emergent imaging is 
needed. For those who have continued emesis 
and oral intolerance after band deflation, an 
esophagram is warranted to visualize the gastric 
pouch in real motion. In the event of prolapse, 
this study will show a large pouch with delayed 
emptying and rotation of the band along its ante-
rior-posterior axis (Figs. 8.12 and 8.13). The con-
sequences of a slipped band range from  nocturnal 
reflux with mild irritation to gastric necrosis. 
This complication is managed in the operating 
room and can involve repositioning of the band, 
band removal, or most drastically gastric resec-
tion for ischemia or perforation [16]. Often, 

Fig. 8.11 Band in situ

Fig. 8.12 A normal esophagram after LAGB showing 
the band in proper position and the passage of contrast
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patients will have strong feelings on removal ver-
sus repositioning, which should be taken into 
account if feasible.

A serious complication of LAGB is band ero-
sion. Patients can be asymptomatic but commonly 
present with sudden loss of restriction and weight 
gain. Another presentation of band erosion is 
port-infection due to bacterial tracking [15]. 
Proposed mechanisms include serosal injury at 
the time of surgery, placing plicating sutures 
above the band locking mechanism, or mucosal 
injury such as chronic NSAID use. The esopha-
gram is less useful for making the diagnosis in 
these patients, and esophagogastroduodenoscopy 
(EGD) is the modality of choice [17] (Fig. 8.14). 
Presentation is most often subacute, with peritoni-
tis being rare due to healing of the stomach around 
the band; and the treatment is removal of the band 
and closure of the remaining gastrotomy.

Port-related problems include infection, leak, 
and difficult access [18]. These carry less mor-
bidity; however, they are often more irritating to 
patients than dangerous. Port site infection, as 
referenced above, can herald band erosion or can 
simply represent local abscess or cellulitis. These 
entities can be treated with oral antibiotics, inci-
sion, and drainage and, if needed, port removal 
with delayed relocation.

A flipped or inaccessible port can be frustrat-
ing. Ports generally become inaccessible due to 

failure of the anchoring sutures to the anterior 
fascia during placement. After multiple attempts 
at accessing a port without success, a PA and lat-
eral abdominal plain film can be useful in identi-
fying a flipped port. Additionally, fluoroscopy 
can be used to attempt to visualize the needle 
entering the port [19]. These ports need to be 
revised and reanchored to the fascia to restore 
functionality.

The third port-related complication is system 
leakage due to tubing punctures that occur during 
access attempts. The point of extravasation can be 
located on fluoroscopy; however, as this requires 
replacement of the tubing, often local incision over 
the port site with careful examination of the tubing 
can identify the leak. This is performed by injecting 
dilute methylene blue solution into the port and eval-
uating for entry. Other areas of saline extravasation 
can be from external compression of tubing entering 
the abdominal wall, tubing break, or balloon section 
of the band. For this reason, if the port appears to be 
intact during surgical exploration, laparoscopy is 
required to evaluate the entire system (Fig. 8.15).

 Data

Several studies have examined outcomes fol-
lowing gastric banding. In 2010, Carelli et  al. 
examined complication rates 7  years after 

Fig. 8.13 The esophagram of a slipped band shows a 
complete obstruction of contrast passage at the level of the 
band, an overlying large gastric pouch Fig. 8.14 Intraluminal band demonstrated on EGD
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LAGB performed by three surgeons [20]. Data 
were collected on 2909 patients prospectively 
between 2001 and 2008 and included general 
outcomes along with band-related complica-
tions. Twelve percent of patients experienced a 
complication, most commonly slipped band at 
4.5%, followed by port-related issues at 3.3%. 
Only seven (0.2%) patients developed band ero-
sion. In terms of weight regain, there were nine 
(0.3%) reoperations, most of which were con-
verted to RYGB.

In 2013, O’Brien et  al., the authors, per-
formed a systematic review of the literature to 
examine long-term weight loss data in bariatric 
surgery [21]. Nineteen trials were included, each 
with 10 years of patient follow-up. Pooled data 
showed 33–64% EWL with 8–60% revisional 
rate for LAGB.

In 2014, Xiaojun Shen and colleagues per-
formed a systematic review of the LAGB litera-
ture in China which included 17 articles with 
10-year follow-up [22]. They corroborated results 
showing almost 50% EWL with 36% requiring 
reoperation. The most common indication or 
reoperation was band slippage, at 15.3%. Bands 
were removed in 10%.

One prospective, randomized trial by 
Angrisani and colleagues in 2013 assigned a 
cohort of 51 patients to either LAGB or laparo-
scopic Roux-en-Y gastric bypass (LRYGB) [23]. 
After a decade of follow-up, 9 out of 22 LAGB 
patients (40.9%) required band removal, and 1 
required port replacement (4.3%). The reopera-

tion rate in the LRYGB group was 6 out of 21 
(28.6%); however, 4 of these operations were 
cholecystectomies for gallstones. Mean excess 
weight loss (EWL) favored the LRYGB with 
69% compared to 46% in LAGB (p = 0.003 at 
10 years). Early complications were significantly 
higher in the LRYGB group compared to the 
LAGB group (8.3% vs 0%).

A prospective randomized study by Himpens 
et al. in 2006 compared LAGB to laparoscopic 
sleeve gastrectomy (LSG) in terms of weight 
loss and complication rate [24]. After 3 years, 
it showed percent EWL of 48% in LAGB vs 
66% in LSG (P = 0.0025). The study included 
subjective measures of hunger which were lost 
in 2.9% of band patients vs 46.7% of LSG 
patients after 3  years (P  <  0.0001). Overall, 
there is a paucity of data comparing LSG to 
LAGB.

 Discussion

The LAGB is a unique and useful option among 
bariatric surgical procedures. As its name sug-
gests, it provides the possibility of adjustability 
based on patient comfort and sustained weight 
loss. Data favors the RYGB for percent EWL; 
however, the LABG still affords patients with 
nearly 50% EWL.  It remains the only surgical 
option that does not require intestinal bypass or 
staple lines, thus avoiding the major severe com-
plications of RYGB and sleeve gastrectomy. 
These include malnourishment, leaks, and inter-
nal hernias, which often result in chronic and 
indolent hospital courses. LAGB is a safe outpa-
tient procedure which appeals to patients. Lastly, 
it is ideal for those with a BMI of 30–40 kg/m2 
who do not need to lose a dramatic amount of 
weight.

As detailed above, the LAGB is not without 
its drawbacks. The procedure has its own set of 
complications that often require reoperation, 
including gastric prolapse, band erosion, and 
port inaccessibility. By understanding how to 
diagnose and treat these complications, patients 
can continue to have long-standing weight loss 
with LAGB.  Therefore, LAGB should be per-

Fig. 8.15 Port leak demonstrated in the tubing by inject-
ing saline
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formed at bariatric centers of excellence by 
those with experience in the procedure and 
managing its complications. Patient selection, 
rigorous follow-up, and office visits are essen-
tial for success.
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Sleeve Gastrectomy

Blake R. Movitz, Arsalan Salamat, and Rami Lutfi

 Introduction

Laparoscopic sleeve gastrectomy (LSG) is the 
most commonly performed bariatric procedure in 
the United States, accounting for more than half 
of all bariatric procedures [1]. There are several 
factors that have led to its rapid traction since its 
inception. Firstly, in comparison to the laparo-
scopic adjustable gastric banding, which was still 
popular at the time, the sleeve was a simple yet a 
metabolic operation, activating significant hor-
monal pathways that lead to changes in eating 
behavior, glycemic control, and gut functions, all 
without the need for an implant. Secondly, in 
contrast to Roux-en-Y gastric bypass (RYGB), 
LSG is less technically complex and therefore 
more appealing to patients. Being limited to the 
stomach makes it simpler and evades the risk of 
internal hernias and malabsorption complications 
such as micronutrient and protein deficiency. Yet, 
if needed, it could always be converted to a mal-
absorptive operation by simply performing the 
intestinal part of these operations.

The idea of making a tubular-shaped stomach 
for weight loss dates back to 1976, when 
Lawrence Tretbar described creating a tubular 
structure as an extension of the gastric fundopli-
cation for reflux. The goal was to achieve mean-
ingful weight loss in obese individuals with 
reflux disease [2]. The first version of this opera-
tion did not involve resection; it consisted of 
making a sleeve-shaped stomach without per-
forming a gastrectomy. The “remnant” would 
remain connected through the antrum to the tubu-
lar stomach. This was first described by Johnston 
as a simpler, more physiologic gastroplasty that 
avoided the use of implant (in contrast to the ver-
tical banded gastroplasty, VBG) [3]. It was called 
the Magenstrasse and Mill, alluding to a street of 
stomach that preserves the antral mill and the 
antro-pyloro-duodenal regulation of gastric emp-
tying and secretion (Fig. 9.1).

The sleeve gastrectomy, as we know it today, 
was first described by Marceau and Hess. When 
performing the biliopancreatic diversion, 
Marceau performed the lateral gastrectomy as an 
alternative to the distal gastrectomy, described 
by Scopinaro [4]. The lateral gastrectomy 
allowed for preservation of the pylorus, limiting 
biliary reflux, marginal ulcers, and dumping syn-
drome. This came to be known as the duodenal 
switch modification. Later, Hess and Hess 
described the sleeve gastrectomy as part of their 
own modification of this procedure, leading to 
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the biliopancreatic diversion/duodenal switch 
(BPD/DS) of the modern era [5].

While highly effective operations, duodenal 
switch operations (and often gastric bypasses) 
were long procedures performed on super-obese 
and high-risk patients. Safety was a concern and 
surgeons started “staging” these operations, 
limiting the first-stage surgery to a sleeve gas-
trectomy. This allowed patients to recover, lose 
weight, and improve many of their comorbidi-
ties, making the “second-stage” intestinal part a 
safer operation with less morbidity [6–9].

Since its inception, the sleeve gastrectomy was 
performed laparoscopically. It was shown to have 
excess weight loss comparable to RYGB, signifi-
cant improvement or resolution of comorbidities, 
and a high safety profile. In fact, many patients 
did not want to return for the second- stage opera-
tion as they were satisfied with the weight loss 
and their quality of life [10]. This earned the 
sleeve to be considered as a stand- alone proce-
dure, soon to become the fastest growing and the 
most prevalent bariatric operation in the United 
States and many other countries.

 Preparation for Laparoscopic Sleeve 
Gastrectomy

Preoperative workup for bariatric surgery is 
described in detail elsewhere in this book. 
Briefly, prior to all bariatric operations, inten-
sive psychological, behavioral, and dietary 
counseling is mandatory. Medical workup is 
required to exclude primary causes for obesity 
and to diagnose and treat associated comorbidi-
ties. At the time of writing this publication, 
there is no consensus in the literature on the 
extent of preoperative evaluation of foregut 
pathology. However, it is our preference to rou-
tinely perform screening upper endoscopy even 
to asymptomatic patients, prior to sleeve gas-
trectomy. Many conditions that may be contra-
indications to sleeve gastrectomy can be 
asymptomatic. This includes Barrett’s esopha-
gus, Hill grade 3 or 4 hiatal hernia, and Los 
Angeles grade 3 or 4 esophagitis, all, if asymp-
tomatic, may go undiagnosed unless routinely 
screened for. Endoscopy has the advantage over 
UGI to allow direct inspection of the mucosa 
and perform biopsy to determine pathology 
such as Barrett’s esophagus and H. pylori, which 
may alter the surgical plan [11]. For symptom-
atic patients, additional studies such as 24-h pH 
testing, manometry, and upper GI series may be 
warranted.

 Surgical Technique

We will describe our technique while comment-
ing on other options for the critical steps of the 
operation.

Preoperatively, subcutaneous low molecular 
weight heparin is administered in the holding 
suite, and intravenous acetaminophen is initiated 
for auxiliary analgesia. Sequential compression 
devices are placed on the lower extremities bilat-
erally. In our practice, we avoid supplementary 
positioning maneuvers, such as arm tucking or 
lithotomy, to prevent complications related to 
musculoskeletal or nerve injury. The patient is 
placed in the supine position with a foot board to 

Fig. 9.1 Magenstrasse and Mill operation
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prevent sliding during reverse Trendelenburg 
maneuvering. Special attention is made to ensure 
ankle stability and prevent inward rotation 
(Fig. 9.2).

The best technique for entering the peritoneal 
cavity is a controversial topic. While Veress nee-
dle and Hasson methods are acceptable, it has 
been our experience that the large pannus in the 
morbidly obese patient makes these techniques 
cumbersome. It is our practice to enter the abdo-
men under direct vision with a 0° laparoscope 
using a bladeless optical trocar placed immedi-
ately inferior to the left subcostal margin in the 
midclavicular line. Although this high position-
ing may add slight technical difficulty to the 
assistant who must work against the view of the 
camera when assisting near the pylorus, it has 
been our experience that the rib gives counter- 
traction, while the trocar is inserted and allows 
for expeditious and safe penetration of the perito-
neum with minimal mechanical force [12] 
(Fig. 9.3).

In the majority of cases, the LSG can be per-
formed with two trocars for the surgeon and one 
trocar for the assistant. A single 12-mm trocar 
(for the stapler) is placed just lateral to the infe-
rior aspect of the falciform ligament on the right. 
An additional 5-mm trocar is placed in the right 
upper quadrant for the surgeon’s left hand 
(Fig. 9.4). With this distribution of ports, the first 
assistant can hold both the laparoscope and a 

retractor, obviating the need for a second assis-
tant for the camera. The articulating capabilities 
of today’s staplers make it possible for the sur-
geon to stand on the right side (instead of between 
the legs) and use the right-sided trocar for all sta-
pler firings of the different parts of the stomach 
(Fig. 9.5).

In patients with severe visceral obesity 
(Fig. 9.6), a second trocar can be added for the 
assistant on the left to retract the omentum, opti-
mizing exposure when dissecting the left crus.

The liver is retracted in all cases with a rigid 
liver retractor placed through a 5-mm incision in 
the sub-xiphoid area. Excellent exposure of the 
hiatus is mandatory for optimal sleeve construc-
tion in order to adequately inspect the hiatus for 
hernia and dissect the left crus to prevent retained 
fundus. It is more important in this operation than 
any other to clearly visualize the hiatus and dis-
sect the left crus due to the “refluxogenic” nature 
of the sleeve gastrectomy.

The omental attachments to the greater curva-
ture are divided beginning 3-cm proximal to the 
pylorus and continued along the greater curvature 
all the way to the left crus (Fig. 9.7).

Posterior adhesions are carefully divided, pro-
tecting the left gastric artery, splenic vessels, and 
pancreas from injury. While the splenic vessels are 
usually at a distance from the fundus, their tortuos-

Fig. 9.2 Positioning (Note the foot board with the tape to 
stabilize the ankles and prevent rotation during reverse 
Trendelenburg positions)

Fig. 9.3 Entering the abdominal cavity using a blunt 
5-mm trocar under direct vision by 0-degree scope (Note 
the tip of the trocar is penetrating the peritoneum. The 
muscle and fascia are still visible)
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ity, especially in elderly patients, may bring them 
in proximity to the posterior gastric dissection 
(Fig.  9.8a, b). Therefore, suboptimal exposure 
must be avoided during this part of the procedure 
to prevent vascular injury and massive hemor-
rhage. I do not clear the entire posterior wall of the 
stomach from its attachments as some of these 
adhesions help to prevent the sleeve from twisting 
(Fig. 9.9a–c). Care must be taken when clearing 

the top of the fundus and angle of His, as short 
gastric vessels may be present (Fig.  9.10) and 
could be covered with a large amount of fat that 
makes it difficult at times to identify them. Injury 
to these structures causes severe bleeding 
(Fig.  9.11), which is particularly challenging 
because the stump often retracts within the fat 
close to the main splenic vessels, where blind use 
of the energy device could result in catastrophic 
injury. In addition, the gastric serosa of the fundus 
is occasionally fused to the upper pole of the 
spleen (dissection leaving gastric serosa on spleen 

Fig. 9.4 Trocar 
placement for 
laparoscopic sleeve 
gastrectomy (All are 
5-mm trocars except one 
for stapling. Using 
proper articulation of the 
stapler makes it possible 
to use single right-sided 
trocar for all stapling)

Fig. 9.5 Articulation of the stapler allows for optimal 
ergonomics (Here the stapler’s cartridge is pointing 
straight up toward the angle of His, while the stapler’s 
shaft is coming from a right-sided trocar and surgeon 
standing at the right side. Articulation makes it possible to 
do this operation without lithotomy position and to use 
only one 12-mm right-sided stapling trocar)

Fig. 9.6 Sea of fat (Note that the stomach cannot be seen 
at all due to the large amount of central fat)
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(Fig. 9.12a)). In this case, and since this part of the 
stomach would eventually be resected during 
sleeve gastrectomy, we often find it safer to leave a 
thin layer of gastric serosa adherent to the splenic 

capsule during the release of the fundus, avoiding 
contact of the energy device with the spleen 
(Fig. 9.12b, c). Often, during this fine tedious dis-
section, we ask the anesthesiologist to pause respi-
rations in order to stabilize the diaphragm and the 
spleen to prevent the tip of the energy device from 
stabbing the splenic capsule during inspiration.

Fig. 9.7 Taking down the omental attachments off of the 
greater curvature

Fig. 9.8 Large tortuous splenic vessels need to be always 
thought of as they can get close to the stomach and be 
injured during posterior dissection or stapling

a

b

c

Fig. 9.9 Leaving some posterior attachments helps “fix-
ating” the sleeve and prevent twisting and often evade the 
need for omentopexy. Note in (b) how the attachments are 
preventing medial twist. In (c) the sleeve laying flat with 
the attachments in place
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The gastrophrenic ligament should be divided 
to expose the angle of His. It is our opinion that 
dissection of the left crus is the most critical step of 
this operation to ensure success. In the short term, 
a missed hiatal hernia or unresected fundus could 
lead to severe reflux and regurgitation postopera-
tively [13, 14]. In the long term, inferior weight 
loss can be expected as a result of unresected fun-
dus or presence of a neo-fundus [15, 16].

We refer to the complete exposure of the left 
crus as the “critical view” of the sleeve gastrec-
tomy, where the left crus is visualized posteriorly 
as it crosses midline and fuses with the right crus, 
forming the median arcuate ligament (Fig. 9.13). 
Inferior dissection of the left crus, and posterior 
exposure of the most proximal stomach, allows 
the surgeon to exclude hiatal hernia by visualiz-
ing the crossing fibers to the right crus and look 
for any defect in that area where an instrument 
would easily pass (Fig.  9.14). While many sur-

geons only inspect the hiatus anteriorly to iden-
tify a hiatal hernia, we strongly believe that 
posterior inspection must be performed to 
 confidently exclude its presence. In our practice, 
however, routine adoption of preoperative endos-
copy has been a major help in determining this 
issue especially in cases of super-super obesity 
when such high dissection could be of significant 
technical challenge and risk.

Fig. 9.10 Identifying and controlling the splenic 
branches going straight up to the fundus

Fig. 9.11 Bleeding from a branch from the splenic vein 
to the fundus. Note the site of bleeding is only few milli-
meters above the level of the fat and could be buried easily 
in those with severe central obesity

a

b

c

Fig. 9.12 Gastric serosa can be adherent to the splenic 
capsule making separation risky for splenic injury and 
bleeding (a). In these cases, leaving a thin strip of serosa 
adherent to the spleen decreases the risk of injury and 
bleeding as this part of the lateral fundus will be excised 
with the specimen (b, c)
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While conventional hiatal hernia repair is per-
formed through the Pars flaccida by entering the 
hiatus at the right crus, I have modified the repair 
during LSG by starting at the left crus (Fig. 9.15a). 
The rationale is the need to routinely dissect the 
entire left crus to clear the fundus. At this point, 
simple gentle spread across the midline will create 
the needed retrogastric window anterior to the left 
crus. Once created, the assistant places an instru-
ment, allowing for caudal retraction of the gastro-
esophageal junction and division of mediastinal 
esophageal attachments and complete reduction of 
the herniated fundus. Posterior vagus should be 
identified (with either approach) and retracted 
with along with the esophagus (Fig. 9.15b).

Posterior repair is performed with nonabsorb-
able sutures with “figure of eights” or simple 
stitches with slip knots for larger defect with ten-
sion. We do not see the need for calibrating bou-
gies for this part, and we keep closing till about 
few millimeters away from the posterior wall of 
the esophagus (Fig. 9.15c, d).

This technique (left to right) for hiatal hernia 
repair during LSG preserves the Pars flaccida, 
which may decrease adhesions and make future 
revisional surgery, if needed, easier. As an alter-
native, the hiatal hernia repair may be deferred 
until gastrectomy is completed. We find this to be 
particularly helpful for patients with severe cen-
tral obesity or early in the learning curve of the 
surgeon, as it simplifies the technical demand 
since the fundus will be already excised allowing 
for easier exposure.

Attention is then turned to resection of the 
stomach. A bougie is mandatory regardless of 
surgeon experience. It is our belief that the bou-
gie needs to be present before any stapler firing 
occurs. Although bougie size remains disputed, 
there is evidence to support that making a very 
tight sleeve will only have minimal short-term 
weight loss advantage while risking significant 
postoperative complications [17]. In general, it 
is advisable not to go tighter than a 40-French 
bougie. We should note that the stapling dis-
tance from the bougie is often more important 
than the actual bougie size. The stapler should 
never be placed abutting the bougie regardless 
of its size; instead, the bougie should be used 
only for guidance. Care must be taken to avoid 
tension (from excessive lateral retraction by the 
assistant) and allow for relaxed gastric tissues, 
especially at the incisura and the angle of His, 
as creation of narrowing or ischemia in these 
areas may predispose to stricture or leak. 
Alternatively, some surgeons elect to use the 
endoscope as a bougie taking care to dessufflate 
the stomach before firing the stapler, keeping in 
mind the smaller diameter of the endoscope 
(Fig. 9.16a–c). This eliminates some extra steps 
as the scope would be used to decompress the 
stomach initially and then as a bougie when sta-
pling, and last, it will be used to insufflate for 
the leak test (Fig. 9.16d).

Fig. 9.13 Exposing the entire left crus. The “critical 
view” of VSG

Fig. 9.14 Full exposure of the left crus. Note that a 
defect is being detected posterior to the upper most stom-
ach indicating a sliding hiatal hernia. In this case, the ante-
rior hiatus seems tight without any evidence of a hernia. 
Not examining the posterior hiatus, in this case, would 
have missed the hernia and potentially led to reflux symp-
toms after the sleeve gastrectomy
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As for stapling, the actual from the pylorus to 
begin gastric division remains controversial. 
Most surgeons begin the division of the antrum 
2–5 cm from the pylorus to avoid postoperative 
enlarged antrum. Care must be taken to avoid 
twisting or stenosis of the sleeve at any level; 
however this is particularly critical when 
approaching the angle made by the incisura 
(Fig. 9.17a–c).

Although no consensus exists on choice of 
cartridge and staple heights, autopsies and histo-
logic data clearly show wall thickness increases 
distally toward the gastric antrum. Therefore, it is 
our preference to choose the tallest stapler car-
tridge at the antrum and gradually choose shorter 
staplers as the division continues proximally. In 

revisional cases, however, the gastric tissues are 
typically thicker. Accordingly, in such cases, tall 
stapler cartridges are selected for the entire stom-
ach even proximally. It is our technique to place 
the anvil anteriorly when firing, in order to 
inspect the staples and ensure their “B shape” 
formation. This will ensure the absence of any 
misfiring or a mismatch that could lead to staple 
line failure (Fig. 9.18a–d).

Discrepancy in the distance between the sta-
pler and the lesser curvature between the ante-
rior and posterior gastric walls risks twisting the 
staple line, as the stomach is fixed medially but 
free laterally (Fig.  9.19a–e). Therefore, gentle 
lateral retraction should be performed by grasp-
ing only the greater curvature in order to have 

a c

db

Fig. 9.15 Posterior hiatal hernia repair “left to right tech-
nique.” After dissecting the left crus and achieving the 
“critical view,” a plane is developed between the crus and 
the esophagus (a), and the hiatus is dissected on the left. 
The midline is crossed, and gentle spreading is made ante-
rior to the right crus until a window is made (through 

which the caudate liver lobe is visualized). The posterior 
vagus nerve is visualized and retracted with the esophagus 
(b). The entire right crus is dissected without opening the 
Pars flaccida, and the circumferential dissection of the 
esophagus is then completed (c). Posterior repair is per-
formed with nonabsorbable sutures from the left side (d)
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equal traction on the anterior and posterior 
walls. It is crucial to elevate the tissues and 
inspect the posterior gastric wall, particularly 
medially, to ensure adequate tissue resection is 

performed. This step is most critical at the fun-
dus, where a large volume of gastric tissue can 
be retained posteriorly despite an adequate 
appearing sleeve anteriorly (Fig.  9.20a, b). 

Fig. 9.16 Using the endoscope as a bougie. Note the 
light staying on for guidance (a–c). The endoscopic image 
(on the right) is blurred as the stomach is deflated and the 
light intensity on low (to avoid mucosal thermal injury). 

After completing the stapling process (d), the light inten-
sity is back to high, and the scope will be withdrawn. 
Then, the sleeve will be insufflated for careful inspection 
and leak (bubble) test

a

b

c
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d

Fig. 9.16 (continued)

a b

c

Fig. 9.17 Stapling at the level of the incisura. Note that 
despite the smaller bougie diameter, we are retracting the 
bougie medially (a) and stapling a few millimeters lateral 
to it. This guarantees adequate width in the critical area of 
the incisura. The stapler is articulated away from the inci-

sura (b). Often, we retract the vessels medially to ensure 
adequate space before locking the jaws. It is critical to 
carefully examine the posterior side; the “claw foot” ves-
sels should not be within the stapler jaws (c). If they are, it 
is almost certain that a stricture will occur
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Approaching the proximal stomach, the stapler 
should be positioned a few millimeters lateral of 
the angle of His in order to avoid inclusion of 
esophageal tissue.

After complete division, inspection of the sta-
ple line is performed. We prefer to clip any area 
of oozing, no matter how minor. Clipping is the 
easier option when using staple line reinforce-
ment due to the alignment of the tissues 
(Fig. 9.21). For sleeves performed without staple 
line reinforcement, over-sewing may be a better 
option.

If twisting of the sleeve is present, omentopexy 
is indicated to straighten the staple line. As stated 
earlier, the twisting or kinking is usually due to 
width discrepancy between the anterior and poste-
rior walls of the sleeve, with redundancy in the 

posterior wall compared to the anterior wall. This 
results in rotation mostly around the site of the 
incisura medially toward the patient’s right side. 
In that case, we tend to suture (pexy) the staple 
line to the matching omental edge with absorb-
able suture (Fig.  9.22a–c). Some surgeons per-
form routine omentopexy of the staple line in 
order to fixate the sleeve and prevent potential 
twisting. Although some suggest this improves 
postoperative nausea and vomiting, as well as 
decreases the risk of torsion or obstruction, no 
evidence exists to support these claims [18].

Due to the length of the staple line in the LSG 
and the high-pressure nature of the sleeve, staple 
line reinforcement has been adopted since the 
early days of performing this operation. In fact, 
at least half of the international experts believed 

a

c d

b

Fig. 9.18 Staple line issues. Note that while the (back) 
cartridge side of the staple line may look good, it is critical 
to examine the front (anvil) side as it may not be closed 
correctly (b). This is the reason we always place the anvil 

on top. In case of malalignment, we reinforce (c, d) with a 
superficially placed monofilament absorbable stitch 
(deeper stitches may narrow the lumen and should be 
avoided)
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a

c d

b

e

Fig. 9.19 Staple line twist. Note that this is due to the 
posterior wall being larger than the anterior wall. The 
direction of the staple line should be examined well to be 
sure it is “straight,” as a twist could be subtle and may be 
missed (a) leading to narrowing postoperatively. 
Insufflating the sleeve during endoscopy generally makes 

it more apparent which is another benefit of intraoperative 
endoscopy (b). (c) shows well-aligned straight staple line 
with insufflation. The staple line direction should also be 
examined endoscopically during the leak test, and it 
should be a straight line and not have angulation (d lapa-
roscopic view, e endoscopic view)
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buttressing would decrease the risk of leaks, and 
nearly two-thirds suggested buttressing would 
be used routinely if it weren’t for the cost [19]. 
Buttress material is used more commonly than 
over-sewing the staple line. There is currently 
no consensus for the optimal buttress material. 
It is generally agreed that over-sewing should 
be performed with nonabsorbable material. In 

a

b

Fig. 9.20 Most proximal firing of the stapler. (a) Note 
that arrow “B” marks where inexperienced surgeons often 
divide the stomach, leaving a retained fundus. (b) 
Adequate lateral retraction allows inspection of the poste-
rior fundus, so the surgeon can identify the proper line of 
transection, arrow “A.” This prevents retained fundus 
which limits inadequate weight loss and post-op GERD

Fig. 9.21 Clipping area of hemorrhage made easier by 
staple line reinforcement

a

b

c

Fig. 9.22 Staple line twist (a) with omentopexy repair 
(b, c)
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a meta- analysis of 10,000 patients, it was found 
that absorbable buttress decreases the risk of 
leak compared to over-sewing and nonabsorb-
able buttressing carries the highest risk of leak 
when comparing both techniques [20]. Until 
recently, absorbable buttressing has been shown 
to improve rates of bleeding and leak. However, 
a recent analysis of MBSAQIP (Metabolic and 
Bariatric Surgery Accreditation and Quality 
Improvement Program) data showed different 
results. They analyzed 190,000 patients who had 
their sleeve gastrectomy performed by 1634 sur-
geons in 720 US Center of Excellence over 
2  years (2012–2014). Their data showed that 
staple line reinforcement was used in 80% of 
cases and was associated with decreased risk of 
bleeding but was associated with increased risk 
of leak 0.96% vs 0.65%, odds ratio [OR] 1.20, 
and 95% confidence interval [CI] 1.00–1.43 
[21]. The study was criticized due to the hetero-
geneity of the “buttress” group as far as the 
materials used.

Despite no solid evidence, it is generally 
advisable to test the anastomosis and staple 
lines in foregut surgery, particularly in bariatric 
surgery [22, 23]. Leak tests with upper endos-
copy have shown higher sensitivity than using 
oral gastric lavage tubes [24] (Fig.  9.23). In 
addition, inspection of the lumen, sleeve diam-
eter, hemostasis, and detection of an inade-
quately resected fundus can be achieved with 
upper endoscopy.

 Postoperative Care

 Immediate- and Short-Term 
Postoperative Care

Patients are admitted to the surgical floor. Patients 
are kept strictly NPO immediately postopera-
tively. Analgesia consists of scheduled alternat-
ing intravenous ketorolac and acetaminophen. 
Narcotic pain medications are routinely avoided 
and only given “as needed” after evaluation by a 
physician. Ambulation is mandatory on the day 
of surgery. Nausea is managed with ondansetron 
and scopolamine patch placed preoperatively.

Postoperative upper gastrointestinal series 
used to be standard practice to rule out a leak and 
assess patency. This practice, however, is now 
challenged due to its low sensitivity, cost, and 
unnecessary radiation exposure [25]. In addition, 
most leaks, in the case of sleeve gastrectomy, 
happen more than 48  h postoperatively, a time 
when patients in most cases have been 
discharged.

In our practice, patients get admitted postop-
eratively to a special bariatric unit. Patients 
ambulate and use their incentive spirometer. They 
stay overnight and the next day, if feeling well 
with normal vital signs, will be started on bariat-
ric clear liquids and monitored for 6 h to ensure 
adequate intake to maintain hydration. If doing 
well, patients are discharged by 2 p.m. No 
 laboratory studies or radiographic studies are 

Fig. 9.23 Positive leak test with intraoperative endoscopy (after a gastric bypass)
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ordered unless indicated, and over 90% of 
patients are discharged timely following this pro-
tocol. Historically, nausea has been the major 
reason for longer admissions; this problem was 
nearly eliminated by moving to narcotic-free 
postoperative care.

 Long-Term Care

Long-term follow-up with a multidisciplinary 
team is paramount for long-term success. 
Assessments are made by the bariatric surgeon, 
registered dietician, nurse specialized in bariatric 
surgery, social worker, and other members of the 
ancillary care staff. Biochemical surveillance is 
performed preoperatively and yearly after sur-
gery (or sooner if indicated). This includes com-
plete blood count, chemical metabolic profile, 
iron, vitamins, and mineral level. Care is taken to 
evaluate, diagnose, and treat weight regain, pro-
tein malnutrition, anemia, and vitamin and min-
eral deficiencies [26] in a timely manner.

 Results

Sleeve gastrectomy results in stable long-term 
weight loss in the majority of cases. The 5-year 
%EWL is 54.8 ± 6.9 [27]. The weight loss is 
maintained even in super-obese patients was 
5 years [28]. Several studies demonstrate diabe-
tes remission rates, improvement in inflamma-
tory markers and cardiovascular risks, and 
improvements in obesity-related comorbidities 
comparable to RYGB [29–32]. After sleeve gas-
trectomy, patients report improvements in several 
metrics for quality of life and health behaviors 
[33–36].

 Complications

In the postoperative period, tachycardia, tachy-
pnea, and fever deserve prompt evaluation and 
may indicate leak. Leaks after sleeve gastrectomy 
occur at a rate of 1–3% [20, 37]. Most often, gas-
tric sleeve leaks occur along the staple line in the 

proximal stomach within 4  cm of the gastro-
esophageal junction. Most leaks present in the 
acute period, within 7 days of surgery. However, 
they may also appear as a subacute or chronic 
complication as well. Contributing elements 
comprise of tissue ischemia including reduced 
perfusion from sacrificed left gastric artery tribu-
taries, elevated intraluminal pressures including 
stricture or stenosis, impaired healing, infection, 
and technical factors [38–40].

Management of postoperative leaks may 
involve multiple modalities including endoscopic 
stent, laparoscopic washout, percutaneous drain-
age, or open interventions. Novel approaches to 
this complicated problem are evolving. Early 
intervention with adequate drainage and nutri-
tional access remains paramount for good out-
comes when early leaks are detected [41].

Strictures after sleeve gastrectomy are often 
the result of narrowing at the incisura, leading to 
obstructive symptoms including dysphagia and 
vomiting. In the early postoperative period, this 
may be related to mucosal edema. However, 
stricture is frequently the result of poor surgical 
technique. Strictures can be avoided by keeping 
a safe distance from the bougie and always 
checking the back wall. Initial interventions to 
treat stricture may involve endoscopic balloon 
dilatations [42]. Strictures not amenable to endo-
scopic intervention may require surgical man-
agement with seromyotomy or longitudinal 
lateral gastrotomy with transverse closure. These 
interventions carry significant technical risks. 
Revision to gastric bypass remains (with anasto-
mosis above the level of the stricture) the most 
effective but may be technically challenging in 
some cases.

Anatomic and physiologic changes resulting 
from LSG may exacerbate GERD symptoms or 
induce GERD in previously asymptomatic 
patients [43]. Attention should be paid to the size 
and diameter of the sleeve, disruption of the 
antropyloric pump mechanism, as well as identi-
fication and repair of hernias at the time of sur-
gery [44]. Pharmaceutical therapy is a generally 
effective medical treatment option. For refractory 
GERD, revision to a gastric bypass would usually 
eliminate symptoms completely.
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 Conclusions

LSG is a safe and effective bariatric surgery 
with durable weight loss in compliant patients.

The simple concept of this operation, with-
out the need to manipulate the intestine, is 
what made it popular to patients and is behind 
the rapid rise of its popularity to quickly 
become the most common bariatric surgery 
performed in most countries. Nevertheless, 
the fine details in this operation are paramount 
to decrease catastrophic complications and 
adverse outcome, and therefore they cannot be 
overlooked. Therefore, we believe that while 
this is a simple operation, it should not be 
called “easy” and should be performed only 
by surgeons trained or dedicated to bariatric 
surgery.
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Gastric Bypass

Omar Ezequiel Bellorin-Marin and Alfons Pomp

 History

The initial Roux-en-Y gastric bypass (RYGB) for 
weight loss was described by Mason and Ito in 
1966 as a surgical treatment for morbid obesity 
after their observations that patients with antrec-
tomy and Billroth II reconstruction remained 
underweight. The introduction of laparoscopic (L) 
RYGB by Wittgrove and Clark in 1994 [1] ushered 
in a new era for bariatric surgery as the numbers of 
operations increased tenfold from 1998 to 2003. 
Many modifications of the gastric bypass tech-
nique have been added since but always preserv-
ing the original concept: creation of a small gastric 
pouch based on the lesser curvature and bypassing 
the biliopancreatic secretions through a long jeju-
nal limb in a Roux-en-Y fashion.

 Preoperative Care

Every patient undergoing bariatric surgery 
should be assessed preoperatively by a multidis-
ciplinary team that should include a dietitian 

and a primary care physician and may also 
include psychologists, cardiologists, pulmon-
ologists, and gastroenterologists in order to 
achieve the most successful outcome following 
the procedure [2, 3].

Nutritional evaluation is paramount prior to 
weight loss surgery. Obese patients have excess 
stores of fat but may be deficient in protein and 
micronutrients as a consequence of poor eating 
habits. If not treated, preoperative deficiencies 
may worsen in the postoperative period and can 
manifest into significant illness with potential 
devastating and irreversible outcomes.

A registered dietitian (RD) or a nutritionist 
will perform a preoperative assessment that 
includes the calculation of postoperative nutri-
tional goals and educate the patient on how to 
reach such goals. The RD will also assess the 
patient’s current food choices and eating habits 
and will work on a preoperative weight loss 
program.

The patient should undergo a routine preop-
erative laboratory workup that includes complete 
blood count, comprehensive metabolic panel, 
liver function tests, hemoglobin A1C, albumin, 
TSH, Vitamin B12, thiamine, folate, calcium, 
25-OH vitamin D, iron, and ferritin. When clini-
cally indicated, levels of Vitamin A, zinc, 
 selenium, niacin, biotin, and copper may be use-
ful preoperatively as a baseline for postoperative 
follow-up. Deficiencies should be corrected with 
supplementation preoperatively.
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A psychological assessment should be con-
sidered and performed preoperatively. Eating is 
certainly one way to cope with stress in modern 
life (“comfort food”), and other eating disorders 
are commonly found in the morbidly obese. If 
these issues are not dealt with, concurrently the 
patient can continue the same habits after sur-
gery that will negatively affect outcomes. 
Emotional concerns must be assessed and 
treated in conjunction with a successful weight 
loss surgery.

A preoperative cardiac evaluation should be 
considered for every patient undergoing bariat-
ric surgery who is 50 years or older and should 
be a routine for those with previous cardiac his-
tory. Signs and symptoms of sleep apnea should 
be assessed at the initial visit (the STOP-BANG 
questionnaire) with preoperative pulmonary 
risk assessment and polysomnography testing if 
positive. Comorbidities such as hypertension, 
diabetes, and hypothyroidism should be man-
aged and controlled preoperatively by the 
appropriate specialists. We think patients 
should undergo preoperative upper endoscopy 
in order to detect the presence of anatomical 
abnormalities like a significant hiatal hernia 
and other problems like cryptic esophagitis 
which can affect operative planning. An attempt 
should be made to eradicate Helicobacter pylori 
and to rule out premalignant lesions as the gas-
tric remnant will not be amenable to endoscopic 
surveillance postoperatively.

 Preoperative Contraindications 
of Gastric Bypass

• Mental illness that impairs the patient’s ability 
to understand the risks of surgery and postop-
erative care

• Active neoplastic disease
• Cirrhosis with portal hypertension
• Patient unable to comply with a postoperative 

dietary regimen, including vitamin supple-
mentation and follow-up

• Pregnancy
• Patient unable to participate in a postoperative 

exercise program due to debilitating chronic 

joint disease or cardiovascular limitation (rel-
ative contraindication)

• Extensive prior abdominal surgery (relative 
contraindication)

 Postoperative Care

The postoperative care of a gastric bypass patient 
is focused on minimizing postoperative pain, 
encouraging early oral intake and early ambula-
tion. Patients with minimal comorbidities may be 
safely transferred from recovery to the floor 
where specialized nurses are able to detect early 
signs of complications. Patients with cardiac or 
pulmonary comorbidities should remain in a con-
tinuous monitoring unit for the first 24  h. The 
patient can be given clear liquid diet immediately 
after surgery and progressed to a full liquid diet 
the following day.

Subcutaneous heparin injection is given pro-
phylactically during the hospital stay and may 
be continued for 1  month with low molecular 
weight heparin for patients who do not ambu-
late well before the operation and have preop-
erative BMI >60 or those with a previous 
history of DVT/PE.  Narcotic medications 
should be minimized. Our ERAS protocol con-
sists of standing acetaminophen and ketorolac 
for the first 48 h and oral oxycodone for break-
through pain. The patient is encouraged to 
ambulate in the early postoperative period and 
to use incentive spirometer for respiratory 
therapy.

A typical gastric bypass patient spends only 
one or two nights at the hospital. We make sure 
the patient is able to maintain hydration success-
fully and have adequate pain control prior to dis-
charge in order to avoid early readmissions. 
Postoperative radiologic tests (esophagram, CT) 
are not performed routinely in our practice. They 
are reserved as diagnostic tests, to rule out spe-
cific complications such as leaks or pulmonary 
embolism when suspected.

An exception to this rule is revisional surgery 
to gastric bypass, when an upper gastrointestinal 
series with oral contrast may be performed in 
selected cases.
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Patients remain on full liquid diet for the first 
week postoperatively and are progressed to 
pureed/soft for the following 3 weeks. During the 
first visit at 3 weeks, each patient is assessed by 
the RD, and the diet is progressed to soft diet. 
Each patient is routinely seen at 3, 6, and 
12 months and then yearly. Follow-up visits con-
sist of weight measurement, surgical and nutri-
tion consultation, and blood work (including 
vitamin and micronutrient levels).

 Procedure

 Patient Positioning and Room Setup

Patients routinely receive prophylaxis for surgi-
cal site infection and deep vein thrombosis with 
antibiotics and sequential compression stockings 
combined with subcutaneous heparin injection. 
An anesthesiologist with experience in difficult 
airway and overall understanding of the physiol-
ogy of the morbidly obese is recommended to 

minimize intraoperative complications. The 
operating table should be capable of supporting 
the weight of the patient and also able to tilt into 
steep reverse Trendelenburg position.

While most surgeons operate from the right 
side of the patient, we prefer the lithotomy posi-
tion allowing the surgeon to stand between the 
legs (French position). Pressure points are pad-
ded, and arms and legs are secured to the table in 
order to avoid hyperextension. Footboards are 
also applied. This is the preferred position by the 
authors, as it allows the surgeon to stand in front 
of the abdomen, following the basic principles of 
triangulation in laparoscopic surgery. It is also 
ergonomic, limiting awkward positions and body 
turns (neck, lower back, shoulders) and avoiding 
possible injuries to the operating surgeon over 
the long term. The assistant stands on the right 
side of the patient and the scrub nurse on the left. 
An additional assistant (optional) stands on the 
left side in front of the scrub nurse. Laparoscopic 
monitors are placed at the level of the patient’s 
head in front of the surgeon (Fig. 10.1).

Monitor

Second assistant (optional)

Scrub nurseFirst assistant

Surgeon

Fig. 10.1 Room setup
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 Trocar Placement

There are many different ways to establish pneu-
moperitoneum and place trocars for a LRYGB. We 
use a 5 mm incision in the left upper quadrant at 
the intersection point of the middle clavicular line 
and two fingerbreadths below the costal margin 
(Palmer’s point). A 5 mm optical trocar is placed 
under direct vision using the dominant hand to 
advance the device and the non-dominant hand to 
hold the camera. It is important to keep in mind 
that there is a marked discrepancy between the 
external and internal circumference of the abdomi-
nal cavity in the obese patient. The surgeon must 
keep a 90° angle between the trocar and the 
abdominal wall. The pneumoperitoneum is started 
to a pressure of 15 mmHg. The anesthesiologist 
should be made aware of this step and look for any 
hemodynamic repercussions of the pneumoperito-
neum. Once in the abdominal cavity, a 5 mm tro-
car is placed above the umbilicus, and the camera 
is switched to this trocar for a more central view. 
The following trocars are now placed under direct 
vision: a 12 mm trocar in the right upper quadrant, 
5 mm trocar in the epigastrium, 5 mm trocar in the 
high epigastrium, and a 5  mm trocar in the left 
upper quadrant laterally. The initial 5 mm trocar is 
replaced by a second 12 mm trocar. Another 5 mm 
trocar is added in the left lower quadrant to assist 
with the jejuno- jejunum anastomosis (Fig. 10.2). 
An orthostatic liver retractor is placed via the high 
epigastric port and positioned carefully under the 
left lobe of the liver.

 Creation of the Gastric Pouch

The objective of this step is to create a small 
25 cc proximal gastric pouch that is completely 
separated from the distal stomach and the fundus. 
First, the angle of His is identified and dissected 
free from the left crus (Fig. 10.3). This will ease 
the passage of the stapler in the final division of 
the G-E junction off the gastric fundus. During 
this step, there should be careful attention to the 
spleen and the short gastric vessels. A common 
mistake is to dissect too laterally that increases 
the risk of bleeding.

Approximately 6–8  cm below the gastro-
esophageal junction on the lesser curvature, pre-
serving the vagus nerve (perigastric technique) 
(Fig. 10.4a), blunt dissection is now carried out 
between the hepatogastric ligament and the stom-
ach into the retrogastric space. The left hand of 
the surgeon should do the actual dissection main-
taining a flat plane, while the right hand retracts 
the lesser curve of the stomach in an inverted “J” 
movement until the lesser sac is reached. This 
technique avoids injury of the pancreas and the 
peripancreatic vessels (Fig.  10.4b). The authors 
do not use the “pars flaccida technique” that con-
sists of transection of the hepatogastric ligament 
at the level of the lesser curvature to gain access 
to the retrogastric space; while more rapid, this 
technique results in transection of the vagus 
nerve with subsequent denervation of the gastric 
remnant.

12 mm trocar
5 mm trocar

Fig. 10.2 Trocar placement

Left crus

Angle of His

Gastric fundus

Spleen

Fig. 10.3 Angle of His dissection
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Once the retrogastric space is reached, a 
45  mm Endo GIA stapler is used to perform a 
transverse transection of the stomach (Fig. 10.5a). 
Sequential vertical firings of 60 mm Endo GIA 
stapler are then used aiming toward the left crus 
of the diaphragm avoiding inclusion of the gas-
tric fundus (Fig. 10.5b). A common pitfall is to 
aim too medial creating a “K”-shaped pouch with 
possible proximal narrowing or aiming too  lateral 
which results in a larger pouch size with also risk 
of staple line dehiscence due to ischemia. Some 
surgeons advocate the use of a 34 Fr calibration 
tube during this part of the procedure.

 Gastrojejunostomy Creation

There are three common techniques used to cre-
ate the gastrojejunostomy: hand sewn, linear sta-
pling, and circular stapling. We use that latter 
technique as it creates a reproducible anastomo-
sis (and is easiest to teach). An orogastric tube 
armed with the anvil of an EEA 25 (Orvil, 
Medtronic, Minneapolis, MN) is passed by the 
anesthesiologist through the mouth into the prox-
imal gastric pouch where a small opening is 
made. The orogastric tube is removed, leaving 
the anvil in place (Fig. 10.6a).

a b

Vagus nerve

Retrogastric space

Fig. 10.4 Perigastric technique. (a) Identification of the vagus nerve. (b) Access to the retrogastric space

a b

Fig. 10.5 Gastric pouch creation. (a) Horizonatal stapler firing without buttress - future site of anastomosis. (b) vertical 
stapler firing with bioabsorbable buttress on stapler
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The Roux limb can be brought in an ante- or 
retrocolic fashion; by bringing the limb over the 
colon (antecolic), a potential internal hernia site 
is avoided. A rent is created in the greater omen-
tum using the harmonic scalpel. This is to facili-
tate the cephalic advancement of the jejunal loop 
decreasing tension in the anastomosis 

(Fig. 10.6b). The ligament of Treitz is next identi-
fied and measured in a clockwise fashion caudad 
approximately 100  cm and transected with a 
45 mm GIA stapler (Fig. 10.6c). The clockwise 
measurement allows the mesentery of the small 
bowel to remain in its natural position and 
untwisted (Fig. 10.6d). The staples on the distal 

a b

c d

e f

Gastric pouch

Anvil

Ligament of Treitz

Gastric pouch & Anvil

EEA stapler

Sutures Gastrojejunostomy

Distal loop
Proximal loop

Greater
omentum

Transverse colon

Fig. 10.6 Gastrojejunostomy creation. (a) Anvil in the 
gastric pouch. (b) Division of the greater omentum. (c) 
Identification of the angle of Treitz. (d) Clockwise bowel 

motion. (e) Introduction of the EEA 25  mm stapler. (f) 
Gastrojejunostomy
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small bowel are removed, and the left upper 
quadrant trocar site is enlarged to allow the intro-
duction of an EEA 25 into the abdominal cavity. 
The EEA is carefully inserted into the opened 
distal small bowel to approximately 6 cm where 
the spike perforates on the antimesenteric side 
under direct vision (Fig. 10.6e).

The male and female parts of the EEA are 
drawn together to create an antecolic, antegastric, 
gastrojejunostomy. The EEA is fired and removed 
from the abdominal cavity in a sterile (camera) 
sheath which was previously placed on the 
EEA. The anastomosis is now inspected and rein-
forced with interrupted 2–0 absorbable sutures 
between the seromuscular layer of the gastric 
pouch and the jejunum. The opening in the small 
bowel is closed with a 45  mm GIA stapler 
(Fig. 10.6f). An orogastric tube is inserted by the 
anesthesiologist, and a methylene blue test is per-
formed to rule out leaks at the gastric suture line, 
at the anastomosis, and at the small bowel clo-
sure. Some surgeons prefer to do this verification 
with an endoscope.

 Jejunojejunostomy Creation

While many surgeons prefer to do this anasto-
mosis first and then finish with the gastrojeju-
nostomy (i.e., work in the supra-colic area to 
finish the case), others now do the whole sur-
gery in the left upper quadrant (Brazilian tech-
nique). We measure the jejunum caudad from 

the gastrojejunostomy approximately 150 cm in 
a counterclockwise fashion (Fig. 10.7a). At this 
point, the proximal and distal jejunal loops are 
anastomosed by creating two small openings in 
the antimesenteric side of each small bowel and 
advancing a 60 mm GIA stapler from the right 
upper quadrant trocar (Fig. 10.7b). The result-
ing unique opening is closed in a two-layer fash-
ion with a running 2–0 absorbable suture 
followed by nonabsorbable material. The open-
ing in the mesentery under the enteroenteros-
tomy (Fig. 10.8a) and the Petersen’s defect are 
then closed with a running 2–0 nonabsorbable 
sutures (Fig. 10.8b).

 Complications

In a high-volume center RYGB, morbidity typi-
cally ranges from 0.2% to 3.6% with a mortality 
rate of 0.1%, 1.5%, and 8% at 1, 5, and 10 years. 
Complications after gastric bypass may be classi-
fied as early (within 30 days) and late (more than 
30 days) [4–6].

 Early complications

 – Anastomotic leak
 – Hemorrhage
 – Small bowel obstruction
 – Acute gastric remnant distention
 – Wound infection

a b

Proximal loop

Digital loop

Roux limb

Biliopancreatic limb

Fig. 10.7 Jejunojejunostomy creation. (a) Counterclockwise bowel motion. (b) Linear stapler anastomosis
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 Late complications

 – Marginal ulceration
 – Gastrojejunostomy stricture
 – Small bowel obstruction
 – Pouch dilatation
 – Gastrojejunostomy dilatation
 – Symptomatic cholelithiasis
 – Gastrogastric fistula
 – Metabolic/nutritional complications

 Anastomotic Leak

The incidence of anastomotic leak in contempo-
rary series has declined and ranges from 1% to 
3%, but this is still high enough in our opinion. 
Therefore, we recommend routine intraoperative 
leak tests. Leaks are a harbinger for longer hospi-
talization and an increase in overall complication 
rate. Risk factors for anastomotic leaks include 
surgeon experience and different factors related to 
patients (super obesity, uncontrolled comorbidi-
ties). The type of anastomosis and staple manu-
facturer do not appear to alter the risk of leak; 
however, the use of buttressing material may be 
more common in cases where leaks occurred.

 Clinical Presentation

The usual presentation is within the first 7 days 
of the postoperative period. The patient pres-
ents with classic signs and symptoms of sys-

temic inflammatory response (tachycardia, 
tachypnea, fever/hypothermia, leukocytosis/
leukopenia) and abdominal pain. The presence 
of any of these symptoms should raise the sus-
picion, and immediate action must be initiated. 
The abdominal exam in the obese patient is 
unreliable, and lack of peritoneal signs does not 
rule out the presence of a leak. While persistent 
tachycardia and  tachypnea are the most com-
mon signs of leak, pulmonary embolism must 
be also considered. The patient should be 
placed in a monitored unit with the initiation of 
intravenous fluids and broad- spectrum antibiot-
ics. Imaging studies such as upper gastrointesti-
nal series (UGI) and CT of the abdomen with 
oral contrast may help in the diagnosis. There 
are a significant number of false negatives in 
these tests, and the concerned physician should 
proceed with diagnostic laparoscopy if war-
ranted by the clinical situation.

 Management

Some patients can be managed nonoperatively 
with intravenous broad-spectrum antibiotics, 
nothing per mouth, total parenteral nutrition 
(TPN), and CT-guided drainage of any intra- 
abdominal collection/abscess. Most patients will 
require diagnostic laparoscopy with abdominal 
washout and drainage. Delaying laparoscopy 
while continuing substantial fluid resuscitation 
results in increasing turgor of the abdominal 
wall making laparoscopy more difficult and 

a b

Mesenteric defect
Petersen’s defect

Fig. 10.8 (a) Mesenteric defect. (b) Petersen’s defect
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often requiring conversion to laparotomy. A 
gastrostomy tube placement in the remnant 
stomach should be considered in any reopera-
tion to allow enteral access for medications and 
nutrition.

 Gastrointestinal Bleeding

The incidence of gastrointestinal bleeding after 
RYGB ranges from 0.8% to 9.4%. Acute bleed-
ing usually is defined as occurring within the 
first 72 h after surgery, but significant bleeding 
can also present at a later time (subacute and 
chronic bleeding). This classification is helpful 
primarily in the identification of the source. 
Acute bleeding is mainly located at the staple 
lines as a result of inadequate compression of 
vessels within the cut tissue or a preexisting 
bleeding disorder. There are three possible pri-
mary locations: the gastric pouch with gastroje-
junostomy, the gastric remnant, and the 
jejunojejunostomy. Subacute bleeding 
(72  h–30  days) while possibly located at the 
staple line is more commonly associated with a 
gastric or duodenal ulcer (missed preopera-
tively), gastritis, NSAID gastropathy, and 
bleeding secondary to anticoagulation. 
Chronic bleeding (more than 30 days) is usu-
ally encountered as result of marginal ulcer-
ation at the gastrojejunostomy, although other 
causes unrelated to RYGB should be consid-
ered (malignancy, duodenal and gastric ulcers, 
coagulopathy).

 Clinical Presentation

Tachycardia, hypotension, and low urine output 
may be present in a patient with hemorrhage; 
however, early enteric leak and pulmonary embo-
lism should also be part of the differential diagno-
sis. Usually the diagnosis is made based on a drop 
in hemoglobin and the presence of hematemesis 
or melena. Bleeding at the gastrojejunostomy 
most commonly presents as hematemesis fol-
lowed by melena. Bleeding from the gastric rem-
nant and jejunojejunostomy usually presents as 

melena but can also present as bowel obstruction. 
Bleeding might also be extraluminal (intra-
abdominal); this type of bleeding should be con-
sidered in a tachycardic patient with a drop in the 
hemoglobin and unusual abdominal distention 
and pain.

 Management

The stable patient should be transferred to a mon-
itored unit. Nonoperative treatment is reserved 
for patients who adequately respond to initial 
resuscitation and should include serial quanti-
fication of hemoglobin, closed monitoring of 
vitals and urine output, acid secretion reduc-
tion therapy, and discontinuation of DVT pro-
phylaxis. An unstable patient should go to the 
operating room for an emergent upper endos-
copy with possible diagnostic laparoscopy 
under full (intubated) general anesthesia 
(Fig. 10.9). The patient should be aggressively 
resuscitated with early transfusion and correc-
tion of coagulopathy if present. It is important 
to emphasize that interventional radiology has 
a minimal role in this setting; embolization of 
a major vessel in the stomach could lead to 
ischemia and potential leak. An exception is 
embolization of the gastroduodenal artery as 
the treatment of choice in patients with known 
duodenal ulcer.

Fig. 10.9 Bleeding at the gastrojejunostomy
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 Intestinal Obstruction

Intestinal obstruction after RYGB ranges from 
1.5% to 5.2%. Common causes include internal 
hernias, adhesions, and kinking at the jejunojeju-
nostomy. This condition must be diagnosed and 
treated promptly due to the possibility of bowel 
ischemia, resulting in sepsis and even death [7].

 Clinical Presentation

The landmark symptom is periumbilical or left 
upper quadrant pain that may radiate to the back. 
Nausea and emesis are less frequent due to the 
presence of a small pouch; however, bile emesis 
should raise the suspicion of obstruction at or dis-
tal to the jejunojejunostomy. Patients with an 
obstruction of the biliopancreatic limb may have 
a nonspecific clinical presentation and laboratory 
findings, and this diagnosis maybe missed by a 
healthcare provider not familiar with this type of 
complication. A consultation with a bariatric sur-
geon should be made in this setting. CT scans of 
the abdomen with intravenous and oral contrast is 
the radiologic study of choice with a sensitivity 
of 50–90%. The presence of a “swirl sign” is a 
reliable indicator of internal hernia after RYGB, 
and surgical treatment should be immediately 
initiated (Fig. 10.10). Although highly sensitive, 

a negative CT scan should not delay diagnostic 
laparoscopy in a patient with clear signs and 
symptoms of bowel obstruction after RYGB.

 Management

A nasogastric tube placement should usually be 
avoided in a patient with RYGB, especially in 
the early postoperative period, due to the risk of 
perforation. Fluid resuscitation and continual 
monitoring of vital signs and urine output should 
be initiated. Diagnostic laparoscopy is ultimately 
the management of choice in this setting. The 
authors prefer to place the trocars in the follow-
ing manner in order to systematically run the 
bowel in a distal to proximal fashion. A left 
upper quadrant 5 mm optical trocar is used for 
access and the initial creation of pneumoperito-
neum. A second, 5 mm trocar is placed in the left 
lower quadrant followed by a suprapubic and a 
right lower quadrant 5 mm trocar. The camera is 
initially situated in the left lower quadrant to 
“run” (examine) the bowel cephalad from the 
ileocecal valve. Once about half of the bowel is 
ran, the camera is switched to the suprapubic tro-
car, and the surgeon will continue to assess the 
bowel using the right lower quadrant and the left 
lower quadrant trocars (Fig.  10.11). The adhe-
sions are taken down sharply if present; the 
spaces of Petersen, jejunojejunostomy mesen-
teric defect, and the retrocolic space in the case 
of a retrocolic Roux limb are evaluated. If an 
internal hernia is found, the surgeon should 

Fig. 10.10 “Swirl sign” in a Petersen’s internal hernia

5 mm trocar

Fig. 10.11 Trocar placement for diagnostic laparoscopy
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reduce the bowel in a counterclockwise fashion. 
The mesenteric defects should then be closed 
with a running nonabsorbable suture.

Retrograde intussusception is a rare cause of 
intestinal obstruction (0.1–0.5%). Diagnosis is dif-
ficult, and intermittent intussusception is not an 
uncommon finding in abdominal imaging of 
patients for other reasons. Pain appears to be related 
to vascular compromise and not to the degree of 
intestinal obstruction. Early diagnosis is (again) 
imperative to avoid mesenteric ischemia. There is 
no true surgical consensus on management, but 
intestinal resection/complete anastomotic revision 
appears to have a lower recurrence rate.

 Marginal Ulceration

Marginal ulceration is a late complication after 
RYGB with an incidence of 1–4%. This almost 
always occurs on the jejunal side of the anasto-
mosis due to the lack of protective mechanisms 
against acid exposure. The etiology of marginal 
ulcerations is complex and may involve a combi-
nation of factors including an increase in acid 
gastric secretion, weakening of the mucosal 
defenses, and technical aspects of the operation. 
Risk factors for marginal ulceration include 
NSAIDs, smoking, H. pylori, ischemia, alcohol, 
nonabsorbable suture, larger pouch (inclusion of 
more parietal cells), and gastrogastric fistula.

 Clinical Presentation

Marginal ulcers most commonly present as 
chronic epigastric pain that, unlike classic peptic 
ulcer disease in a non-operated patient, exacer-
bates with eating. They can also present as acute 
or chronic gastrointestinal bleeding and less 
commonly as free perforation and sepsis that 
may require emergent surgical intervention.

 Management

It is important to identify in the initial assessment 
any potential risk factor that may contribute to 
marginal ulceration. An upper endoscopy with 

biopsy is the initial tool of choice to characterize 
the size and location of the ulcer (Fig. 10.12). An 
UGI series is helpful to diagnose an excessively 
large gastric pouch and/or the presence of a gas-
trogastric fistula. Initial treatment consists of life-
style modification and discontinuation of 
potential aggravating factors such as NSAIDs, 
alcohol, and especially tobacco. A trial of acid 
reduction therapy with proton pump inhibitors 
and sucralfate is initiated. Eradication of H. 
pylori if positive is warranted. A repeat endos-
copy after the initial treatment is recommended 
to evaluate response.

Surgical treatment is considered with acute 
complications (perforation, hemorrhage), recur-
rent ulceration, gastrogastric fistula, and the pres-
ence of debilitating symptoms such as chronic 
pain, dysphagia, malnutrition, and stricture. 
Operative intervention is tailored depending on the 
findings in the initial workup (UGI, EGD). This 
usually consists of revision of the gastrojejunos-
tomy with reduction of the gastric pouch size and/
or excision of gastrogastric fistula if present. This 
procedure may be combined with a remnant gas-
trostomy for feeding purposes in selected (mal-
nourished) cases. In the setting of a free perforation 
with peritoneal contamination, the best surgical 
option is probably an omental patch placement.

 Gastrojejunostomy Stricture

Stricture at the gastrojejunostomy anastomosis is 
late complication with an incidence reported 
between 3% and 15% depending mostly on the 

Fig. 10.12 Gastrojejunostomy ulcer
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definition of stricture. The heterogeneity of liter-
ature concerning stricture rates related to stapler 
type (or hand sewn) should be interpreted cau-
tiously [8]. Stricture development is usually mul-
tifactorial, related to tension on the anastomosis, 
injury from acid exposure, submucosal hema-
toma, and additional reinforcement of the anasto-
mosis (perhaps worse with non-resorbable 
suture), all resulting in ischemia leading to scar 
formation. There is no perfect size for the initial 
gastrojejunostomy. The surgeon is challenged to 
perform a small anastomosis understanding that 
this creates the risk of developing a stricture in 
the future.

 Clinical Presentation

The patient typically presents with history of pro-
gressive dysphagia (or odynophagia) to solids 
and the need to eat slowly with intermittent epi-
sodes of nausea and vomiting. The symptoms 
usually occur after 1 or 2 months postoperatively. 
It may be difficult to discern difficulty with adap-
tation to the gastric bypass with a pathologic 
stricture.

Presentation after more than 4  months sug-
gests the presence of an associated ulcer or for-
eign body (suture). Patients who present in this 
time frame may also present with continued, inap-
propriate weight loss complicated with important 
vitamin deficiencies (thiamine and others) and 
protein caloric malnutrition.

 Management

Initial management consists of upper endoscopy 
which can be both diagnostic and therapeutic. If 
the endoscope passes the anastomosis, decreas-
ing meal size and increasing meal frequency usu-
ally help patient adapt and avoid the need for 
intervention. If a stenosis is present, dilatation of 
the stricture is the treatment of choice 
(Fig. 10.13a, b). This can be done via endoscopic- 
or fluoroscopic-guided balloon dilators. Savary- 
Gilliard dilators are another option but should be 
used with caution. The goal is to achieve a 

sequential dilatation up to 15–18  mm; more 
robust dilations increase the risk of perforation. 
Most patients will show resolution of symptoms 
after one dilatation; however, a small subset of 
patients will require multiple sessions. We think 
it is wise to start with smaller size balloons and 
progressively increase, if necessary, to the anas-
tomotic size objective in more than one session.

a

b

c

Fig. 10.13 (a) Gastrojejunostomy stricture. (b) Through 
the scope balloon dilator. (c) Status post balloon 
dilatation
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 Comorbidities Resolution 
and Weight Loss

Gastric bypass has demonstrated that it is a pow-
erful tool for weight loss and resolution of comor-
bidities. Gastric bypass achieves improvement in 
most risk factors associated with obesity: cardio-
vascular disease, diabetes, hyperlipidemia (meta-
bolic syndrome), and obstructive sleep apnea, 
decreasing the patient’s overall risk of death [9]. 
This improvement in comorbidities usually has a 
direct relationship to weight loss with a median 
percentage of excess weight loss (%EWL) of 70% 
and a percentage of total weight loss (%TWL) of 
30% at 1 year in most series [10, 11]. Table 10.1 
shows a summary of outcomes after gastric bypass 
according to the most relevant literature.

Among all postoperative benefits, RYGB often 
results in remarkable improvements in type 2 dia-
betes (T2D). The alteration in the anatomy 
increases the delivery of food to the distal intestine 
stimulating the rise of insulin-regulating hormones 
such as glucagon-like peptide 1 (GLP-1). GLP-1 is 
an incretin hormone that is released postprandially 
from the ileum and colon. This hormone stimu-
lates insulin secretion and decreases appetite. The 
overall effect is a hypersecretion of insulin with 
associated weight loss that improves glucose toler-
ance in T2D with either resolution or substantial 
improvement of the disease.

Randomized prospective studies have shown 
that RYGB is a better option than conventional 
medical management in the treatment of 
T2D. Mingrone et al. found that at 2 years, diabetes 

remission occurred in 75% of diabetic patients 
undergoing RYGB versus zero remission in the 
medical group [12]. More recently, Schauer 
et  al. demonstrated that after 5  years, surgery 
achieved a greater mean percentage reduction 
from baseline in glycated hemoglobin levels 
than did patients who received medical therapy 
alone [13].

 Special Considerations

Currently, there is no clear consensus in the bar-
iatric community as to which represents the best 
operation in weight loss surgery. RYGB is still 
considered a landmark procedure, with well- 
described complications, and the only procedure 
with a plethora of data on long-term outcomes 
[14–20]. It is important to be able to understand 
the advantages and disadvantages that the opera-
tion carries and how this could affect the decision- 
making of the patient and the bariatric surgeon.

 Advantages

 – Indicated for patients with documented gas-
troesophageal reflux disease (GERD). Also 
recommended as treatment of choice in a 
patient with a previously failed anti-reflux 
procedure

 – Better success rate in resolution of T2D when 
compared to other bariatric procedures

 – Well-documented literature on the incidence 
and management of complications

Table 10.1 Summary of outcomes after gastric bypass

Author
No. of 
patients

Follow-up 
years %EWL %TWL

HTN % 
resolution/
improvement

DM % resolution/
improvement

OSA % resolution/
improvement

Higa et al. 242 10 57.1–68.6 28.5–34 87 83 76

Kothari et al. 1402 10 57–79 nd 59 86 nd
Peterli et al. 110 3 73.8–76.6 nd 71 77 82

Adams et al. 1156 6 nd 27.7 42 75 nd
Obeid et al. 328 10 58.9 nd 46 58 nd
Mehaffey 
et al.

1087 10 nd 27.7 20.4 57.3 54.7

EWL excess weight loss, TWL total weight loss, HTN hypertension, DM diabetes mellitus, OSA obstructive sleep apnea
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 – Well-documented long-term outcomes
 – Better and more sustained weight loss achieved 

when compared to sleeve gastrectomy

 Disadvantages

 – Not recommended in the high-risk surgical 
candidate. RYGB is a more extensive and usu-
ally a longer procedure. This is likely to 
increase the chances of postoperative compli-
cations in high-risk subset of patients.

 – The procedure involves more than one anasto-
mosis with several staple lines, which increase 
the potential for staple-line complications 
such as postoperative bleeding and leak.

 – Alteration of the small bowel anatomy with 
potential development of internal hernias

 – Complex procedure that demands high level 
of surgical skills and learning curve concerns.

 – Malabsorption of micro- and macronutrients 
with the potential of severe (and irreversible) 
nutritional deficiencies in the noncompliant 
patient.

RYGB confers enormous benefits to the mor-
bidly obese patient and overall has few complica-
tions. It is of paramount importance to select the 
best procedure for any given patient, taking into 
consideration their individual risks and benefits 
after a complete initial assessment. It is the role 
of the bariatric surgeon and the multidisciplinary 
team to educate the patient on the perioperative 
course and potential complications associated to 
this procedure.
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Duodenal Switch

Sébastien Blaye-Felice, Stéfane Lebel, 
Simon Marceau, François Julien, 
and Laurent Biertho

 Introduction

The classical biliopancreatic diversion (BPD) 
was first described in 1979 by Nicola Scopinaro 
[1]. The goal of the procedure was to preserve the 
excellent long-term metabolic outcomes from the 
malabsorptive component of the jejunoileal 
bypass (JIB), while decreasing gastrointestinal 
side effects and risks of liver and kidney failures, 
which led to the abandon of the JIB a long time 
ago. In BPD surgery, the distal two-third of the 
stomach are removed, to obtain a mild gastric 
restriction, and the gastric pouch is connected to 
the distal ileum, creating a 250-cm alimentary 
tract and a 50-cm common channel. In the late 
1980s, Hess and Marceau [2, 3] modified the type 
of gastrectomy to perform a large “sleeve gas-
trectomy, SG,” keeping the same length of strict 
alimentary limb and common channel but con-
necting the alimentary limb to the first duodenum 
(“duodenal switch, BPD-DS”). This modification 
was based on animal study by DeMeester et al., 
who originally described duodenal switch proce-
dure for the treatment of bile gastritis [4]. The 
length of the common channel was later increased 
to 100  cm to decrease malabsorption and side 
effects.

In summary, a BPD-DS includes three specific 
components: a longitudinal gastrectomy (SG) to 
decrease meal volumes, acid production, and 
appetite through ghrelin reduction; a 150-cm 
strict alimentary limb; and a 100-cm common 
channel where food bolus mixes with biliopan-
creatic juices, decreasing protein and fat absorp-
tion (Fig.  11.1). Significant metabolic and 
hormonal effects result from avoiding the mixing 
of food with bile and pancreatic juices, resulting 
in bringing undigested food in the distal ileum. 
Laparoscopic BPD-DS was first performed by M 
Gagner in 1999 [5] and has since shown a reduc-
tion in complication rates compared to open 
approach [6].

 Perioperative Care

 Preoperative Assessment

All bariatric patients are evaluated by a multidis-
ciplinary team, including a bariatric surgeon, 
specialized bariatric nurse, and dietician. 
Consultation with a dietician qualified in 
BPD-DS is very important to correct eating dis-
orders and for patient’s education of the recom-
mended diet after BPD-DS (high-protein, low-fat 
diet). Before surgery, a low-calorie, high-protein 
diet can also be used to decrease the size of the 
liver and the amount of intraperitoneal fat. A psy-
chiatric evaluation is requested for patients with a 
history of mental health issue or when clinically 
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indicated. Screening for diabetes, dyslipidemia, 
and obstructive sleep apnea is performed. These 
comorbidities are controlled prior to surgery. For 
example, if sleep apnea is detected, noninvasive 
positive pressure ventilation is initiated by a 
pneumologist before surgery.

Preoperative blood work consists of a com-
plete blood cell count, liver enzymes, albumin, 
calcium, parathyroid hormone, vitamin D, vita-
min A, vitamin B12, and iron panel. In our prac-
tice, all patients receive a multivitamin complex 
(Centrum Forte©) before surgery (usually 
3  months in advance) and vitamin D3 supple-

mentation (10,000  U per day for 1  month fol-
lowed by 1000  U per day until surgery). Other 
vitamin and mineral deficiencies are corrected 
before surgery.

 Surgical Technique

 Patient Preparation and Positioning
The patient is positioned in a split leg position on 
a bariatric OR table. The patient is strapped to the 
operative table, and both arms are placed in 
abduction. Thrombo- and antibio-prophylaxis are 

Biliopancreatic diversion (Duodenal switch)

Liver

Gallbladder

Colon

Pancreas

Pylorus

Stomach

Esophagus

Alimentary limb
(150 cm)

Common limb
(100 cm)

Biliopancreatic limb
(>300 cm)

Alimentary limb (Food)

Biliopancreatic limb (Bile + pancreatic enzymes)

Common limb (Food + bile + pancreatic enzymes)

Fig. 11.1 BPD-DS: the 
first duodenum is 
anastomosed to the last 
250 cm of small bowel. 
A 100-cm common 
channel is created. 
Service audiovisuel, 
IUCPQ-UL
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given 2  h prior surgery (heparin 5000  s/c and 
cefazolin 2–3  g for patients below and above 
110  kg, respectively). Pneumatic compression 
devices are used during the procedure and until 
patients are ambulatory. The surgeon stands 
between the patient’s legs, with the assistant to 
the patient’s left. During the surgery, the surgeon 
moves to the left of the patient for the ileoileal 
anastomosis.

The following laparoscopic instrument set is 
used during the surgery:

 – A 5-mm or 10-mm 30° endoscope
 – Nontraumatic bowel graspers, including long 

(45-cm) instruments
 – Articulating linear stapler-cutter, 60  mm in 

length, with cartridges ranging from white to 
black loads (Echelon Flex long 60, Ethicon, 
Cincinnati, OH)

 – Ultrasonic shear dissection device (Ethicon, 
Cincinnati, OH)

 – Laparoscopic curved needle holder with 
DeBakey forceps

 – 5-mm and 12-mm disposable trocars, 10 cm in 
length (Endopath Xcel, Ethicon), with 15-cm 
length trocars available

 – 15-cm Veress needle
 – A 5-mm liver retractor with table-mounted 

holding device
 – V-Loc absorbable 3-0 suture (Covidien, 

Mansfield, Massachusetts)
 – Long clip applier
 – Fascia closure device

A long Veress needle (15 cm) is first inserted 
in the left upper quadrant to create a 15-mmHg 
pneumoperitoneum. A 5-mm or 10-mm optical 
trocar is used to enter the abdominal cavity under 
direct vision, two handbreadths under the 
xyphoid, and slightly off-midline to the left, to 
avoid the hepatic ligament. Two 12-mm ports are 
placed at the same level in the left and right 
flanks. A 5-mm port is placed in the epigastria 
area for the liver retractor, in the left upper quad-
rant for the assistant and in the left flank for the 
submesocolic part of the procedure (Fig. 11.2). If 
a particularly large falciform is present, a trans-
fascial suture can be placed with a suture passer 

to lift the ligament up. The first step of the proce-
dure is the gastric mobilization and creation of 
the SG. The duodenum is then transected 3–4 cm 
distal to the pylorus. The small bowel is tran-
sected 250 cm from the ileocecal valve. A hand- 
sewn duodeno-ileostomy is then created. The 
biliary limb is anastomosed side to side to the 
alimentary limb, 100 cm from the ileocecal valve.

 Gastric Mobilization
The first step of the procedure is similar to a stan-
dard SG. An ultrasonic device is used to devascu-
larize the greater curvature. Dissection of the 
gastrocolic ligament begins along the gastric 
body where the lesser omental cavity is easily 
entered (Fig.  11.3). The greater curvature is 
mobilized to the angle of His. Mobilization is 
completed up to the left crus of the diaphragm. 
Short gastric vessels can be controlled with large 
clips.

At that point, it is important to evaluate the 
feasibility of the duodenal switch. For example, 
in super-super obese patients with a short mesen-
tery, dense adhesions at the level of the  duodenum 

Fig. 11.2 Trocars position for a laparoscopic BPD-DS
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or pelvis, or patients with high intra-abdominal 
pressure with limited working space, the surgery 
can be converted to a SG alone, as a first-stage 
surgery.

 Duodenal Dissection
The duodenal dissection is the most specific step 
of the DBP-DS. The proximity of several impor-
tant anatomic structures (pancreatic head, com-
mon bile duct, and gastroduodenal artery) 
requires precise surgical approach. The liver 
retractor is placed on the right liver to expose the 
first duodenum and pylorus. The Mayo’s vein on 
the lower aspect of the pylorus can be useful to 
identify the pylorus.

The antrum is retracted to the left, which 
brings the first portion of the duodenum to the 
midline. The peritoneum is opened above and 
below the first duodenum. The common bile duct 
is often identified at the superior aspect of the 
duodenum and represents a good landmark for 
the dissection. Two different techniques can be 
used to mobilize the duodenum. The inferior and 
posterior attachments of the duodenum are mobi-
lized for the inferior approach, and a tunnel under 
the posterior aspect of the duodenum is created 
for the posterior approach.

Inferior Approach The gastrocolic ligament is 
dissected using ultrasonic energy, passed the 
pylorus. The pyloric artery can be controlled with 
clips. The posterior attachments of the duodenum 
are dissected to mobilize the first 3–4 cm of duo-
denum. The gastroduodenal artery, which lies at 

the posterior aspect of the first duodenum, marks 
the distal aspect of the dissection. A window is 
created at the upper aspect of the duodenum, just 
lateral and above the common bile duct. A 15-cm 
Penrose drain is then passed into that window to 
retract the duodenum. Care is taken to avoid 
injury to the right gastric artery. That window is 
slightly enlarged to accommodate the anvil of a 
linear stapler. An Echelon Flex with a blue car-
tridge is passed through the 12-mm port in the 
left flank to transect the duodenum.

Posterior Approach The duodenum is retracted 
medially by pulling the antrum to the left. The 
surgeon pulls the duodenum up, and the perito-
neum is opened 3–4 cm distal from the pylorus 
on the lower and the upper border of the duode-
num. A window is created at the inferior part of 
the duodenum, 3–4  cm distal to the pylorus. 
Blunt dissection is used to identify the plane 
between the posterior duodenal wall and the pan-
creas (Fig. 11.4). A 15-cm Penrose drain is then 
passed into that window to retract the duodenum. 
The window is slightly enlarged to accommodate 
the anvil of the linear stapler, and the duodenum 
is transected (Fig. 11.5).

 Sleeve Gastrectomy
A 34-Fr bougie is inserted transorally and care-
fully positioned under laparoscopic guidance. 
The first stapling is performed at the level of the 
crow’s foot, about 5 cm proximal to the pylorus, 

Fig. 11.3 Dissection of the gastrocolic ligament

Fig. 11.4 The duodenum (A) is lifted up, and the retro-
duodenal window is created above the pancreatic head (B) 
3 cm distal from the pylorus (C)
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using black or green cartridges (Fig. 11.6). The 
length of the staples is decreased, from green to 
blue cartridges, as the gastric transection pro-
gresses toward the fundus. The staple line is 
checked for hemostasis and clips are applied if 
required. The gastrectomy specimen is then 
placed in a plastic bag and removed through the 
12-mm trocar in the right flank.

 Small Bowel Transection
The patient is placed in a head-down position 
with a slight tilt to the patient’s left. The surgeon 
and first assistant now stand on the patient’s left 
side, and the surgeon uses the two lower trocars 
in the left flank. The ileocecal junction is identi-
fied and adhesions between the ascending colon 
and the omentum are released. In patients with 
prior abdominal surgery, one should examine this 
area for adhesions prior to duodenal transection. 
The ileum is then measured from the ileocecal 

valve, using small bowel graspers (the length of 
the grasper’s jaw is 5  cm). The small bowel is 
first marked at 100 cm from the ileocecal junc-
tion, using a large clip on each side of the mesen-
tery to mark the site of the future ileoileostomy. 
The small bowel is then run another 150 cm and 
transected at that level to create a 250-cm alimen-
tary limb, using a white cartridge. The alimentary 
limb is directly identified using a metallic clip on 
the mesentery to maintain orientation. The small 
bowel mesentery is usually opened a few centi-
meters to decrease tension on the duodenal 
anastomosis.

 Duodeno-ileal Anastomosis
The patient is now placed in a slight head-up 
position. The surgeon goes between the patient’s 
legs and the assistant stays on the left. The ali-
mentary limb is brought to the right upper quad-
rant in an antecolic fashion and approximated to 
the transected duodenum. A hand-sewn end-to- 
side anastomosis is then created. A 23-cm 3-0 
absorbable V-Loc suture is used for the first pos-
terior layer. The antimesenteric side of the small 
bowel is anastomosed to the duodenum 
(Fig. 11.7). The intestinal lumens are opened, and 
the back wall of the anastomosis is created using 
another 23-cm 3-0  V-Loc suture. The anterior 
layer of the anastomosis is created using a 
15-cm V-Loc suture, starting from the top of the 
anastomosis (Fig. 11.8). The two running sutures 
are crossed or attached together on the inferior 
aspect of the anastomosis. The anastomosis can 

Fig. 11.5 Transection of the duodenum (A) using a 
60-mm stapler with a blue load, 3 cm from the pylorus (B)

Fig. 11.6 The SG is started 5–7 cm from the pylorus

Fig. 11.7 The first posterior layer is created using 3-0 
absorbable suture, to approximate the ileon (A) to the first 
duodenum (B)
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be tested by insufflating air through a nasogastric 
tube or with an endoscope. This also allows test-
ing the patency of the anastomosis.

 Ileoileal Anastomosis
The ileoileal anastomosis is then created at 
100 cm from the ileocecal valve. The patient is 
place head-down and the surgeon moves back to 
the patient’s left side. The biliary limb is attached 
to the ileon using a 2-0 Vicryl in an antiperistaltic 
technique (Fig. 11.9). This stitch is used to pro-
vide an adequate exposure for the anastomosis. 
An enterotomy is made on the antimesenteric 
side of the marked ileum and on the end of the 
biliopancreatic limb. A side-to-side anastomosis 
is created using another white load of a 60-mm 
linear stapler-cutter. The intestinal opening is 
closed using a single layer of 3-0 V-Loc suture, 

starting from the mesenteric side (Fig.  11.10). 
The small bowel is then retracted to the right 
upper quadrant using the 2-0 Vicryl stay suture. 
The mesenteric window is closed using a nonab-
sorbable 2-0 Prolene suture. The Petersen win-
dow is also closed using a 2-0 Prolene suture. In 
that purpose, the patient is placed head up, and 
the assistant lifts the transverse colon up. The ali-
mentary limb is placed in the right flack to expose 
Petersen’s defect. A routine cholecystectomy and 
liver biopsy are usually performed at the end of 
the surgery; 12-mm trocars are closed with 2-0 
Vicryl using a fascia closure device, and the 
pneumoperitoneum is exsufflated under direct 
vision.

 Postoperative Care

Regular or low-molecular-weight subcutaneous 
heparin is given the day of surgery. All patients 
are switched to a low-molecular-weight heparin 
on postoperative day 1. Pneumatic compression 
devices, incentive spirometry, and noninvasive 
airway support (C-PAP or Bi-PAP) are also used. 
Patients are started on water the day of surgery, 
followed by clear liquids on the first postopera-
tive day and a full liquid diet on postoperative 
day 2. Patients are usually discharged by the third 
postoperative day on a liquid diet for 2  weeks. 
The diet is progressed to pureed diet, minced 
diet, and regular diet every 2 weeks. Patients who 
still have their gallbladder are placed on ursodiol 

Fig. 11.8 The anterior wall of the anastomosis is created, 
using an absorbable 3-0 running suture

Fig. 11.9 A 2-0 Vicryl suture is placed to approximate 
(A) the common channel and (B) the biliary limp. (C) The 
alimentary limp is located in the patient’s right flank and 
(D) proximal ileon

Fig. 11.10 The intestinal opening of the anastomosis is 
closed with a 3-0 absorbable suture. The common channel 
is on the left (A) and the biliary limb is on the right (B)
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(Actigall, Ciba-Geigy, Summit, New Jersey), 
250 mg orally, twice a day, for 6 months. Daily 
vitamins and mineral supplementations are 
started within the 1st month after surgery (ferrous 
sulfate, 300 mg; vitamin D, 50,000 IU; vitamin 
A, 30,000 IU; calcium carbonate, 1000 mg; and a 
multivitamin complex). These supplements are 
adjusted over time, and education in consuming a 
high-protein diet is reinforced. The patient is fol-
lowed with blood analysis (similar to preopera-
tive bloodwork) at 4, 8, and 12  months and 
annually thereafter. Fasting glucose, hemoglobin 
A1C, and lipid panel are performed every year.

 Technical Tips

In this section, we will review surgical pitfalls 
and methods to avoid them.

 Gastric Mobilization
The most important point is the dissection of the 
angle of His, which must be entirely freed from 
the left crus to facilitate subsequent stapling. 
Dissection follows the fat pad to avoid devascu-
larizing the cardia. An important hiatal hernia 
must be reduced and repaired with permanent 
sutures to prevent postoperative reflux. The pos-
terior vessels must be controlled and the fundus 
completely mobilized to avoid inadequate 
weight loss.

 Duodenal Dissection
One of the reasons for the lack of popularity of 
BPD-DS is the specificity of the laparoscopic 
dissection of plane between the pancreatic head, 
the duodenum, and the portal triad. Poor under-
standing of the anatomical relationships can 
result in injuries to the pancreatic head, gastro-
duodenal artery, or bile duct. Intra-abdominal fat 
or adhesion can make the dissection difficult, and 
care should be taken to avoid any bleeding at that 
level, which can blur tissue planes.

For the posterior approach, meticulous atten-
tion to the pancreas, gastroepiploic artery, and 
pyloric vessels is needed to avoid pancreatic inju-
ries or bleeding. The retroduodenal window 
should be created in an avascular plane, along the 

duodenal wall, using blunt dissection to avoid 
injuries of the right gastric vessels or common 
bile duct.

For the inferior approach, a tunnel, just ante-
rior to the pancreatic head and gastroduodenal 
artery, is created with gentle dissection. That dis-
section has to be done carefully, to avoid bleed-
ings from the small venous branches draining the 
duodenum to the pancreatic head and to prevent 
an injury to the back wall of the duodenum. The 
duodenum should be divided to the right of the 
common bile duct. Before transecting the duode-
num, the nasogastric tube must be removed to 
avoid any risk of stapling it.

 Sleeve Gastrectomy
The sleeve in BPD-DS should not be as tight as a 
stand-alone sleeve. The goal of the gastric resec-
tion in BPD-DS is to reduce acid secretion and to 
be mildly restrictive. This is in stark contrast with 
SG as a stand-alone procedure, in which the 
sleeve has to be much more restrictive due to the 
absence of associated small bowel bypass. It is 
also important to preserve the antrum to preserve 
the propulsion of the food bolus. In BPD-DS, the 
sleeve is typically started around 7 cm from the 
pylorus. Furthermore, stapler firings should be in 
the same horizontal plane to avoid creating a spi-
raled sleeve and, away from the incisura, to avoid 
a stenosis. Finally, we try to remove the whole 
fundus to avoid long-term dilatation at that level.

 Small Bowel Transection 
and Anastomosis
One should be systematical to avoid confusing 
the alimentary limb for the biliary limb. The ali-
mentary limb should be marked as soon as tran-
sected by placing a clip on the intestinal stump.

 Duodeno-ileal Anastomosis
The duodeno-ileal anastomosis is usually per-
formed first, to decrease tension on that anastomo-
sis. In smaller patients however, the distal 
anastomosis can be performed before the duodeno- 
ileal anastomosis, avoiding one position change.

For the duodenal anastomosis, we prefer a 
hand-sewn technique. An anastomosis using a 
circular stapler will yield a higher risk of wound 
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infection and leak and, in addition, will require 
enlarging a port site to accommodate the circular 
stapler. In addition, the use of a hand-sewn tech-
nique has virtually eliminated the risk of anasto-
motic stenosis, which occurred in an average of 
10% of patients who had a circular-stapled 
anastomosis.

 Petersen’s Defect Closure
The defect is closed from the patient’s left side 
because there is a wider space on the left and 
because closure from the left side permits visual-
ization of the ligament of Treitz and helps to 
avoid catching proximal jejunum in the closure. 
The omentum is placed above the transverse 
colon, and the closure has to involve the whole 
length of the transverse mesentery and the mes-
entery of the ileum.

 Complications

This section will review the management of the 
most frequent early and late surgical and nonsur-
gical complications.

 Anastomotic Leak

Anastomotic leaks are some of the most worri-
some complications, with an incidence of 1–3% 
[5]. In BPD-DS, anastomotic leaks occur mainly 
at the duodeno-ileostomy. They can also happen 
at the gastric staple line, the duodenal stump, or 
the ileoileostomy. In obese patients, clinical signs 
of anastomotic leak can sometimes be subtle. 
Sustained tachycardia (heart rate above 120 bpm 
for more than 0.5 h) is the most sensitive sign of 
leak [6]. Other signs include decreased urine out-
put, left shoulder pain (Kehr’s sign), fever, confu-
sion, and dyspnea.

Stable patients can undergo a CT scan. 
However, in unstable patients or patients with a 
clinical suspicion of leak, a diagnostic laparos-
copy should not be delayed.

In stable patients with a late leak (more than a 
week post-op) presenting as a contained abscess, a 
percutaneous drainage can be attempted. When 

reoperation is required, irrigation and drainage are 
the mainstay of the procedure. In early leaks (first 
48 h post-op), primary closure of the leak can be 
tried. Nutritional support is provided by parenteral 
nutrition, naso-jejunal feeding tube or – if techni-
cally feasible during a reoperation – a jejunal feed-
ing tube placed at the level of the Treitz angle. 
Most duodenal leaks will eventually close with 
time, drainage, and adequate nutritional support. 
These tend not to become chronic, in opposition to 
some of the leaks following sleeve gastrectomy.

 Small Bowel Obstruction

The most frequent cause of small bowel obstruc-
tion following laparoscopic BPD-DS is from an 
internal hernia at the mesenteric window. Other 
potential causes include adhesions, Petersen’s 
hernia, obstruction at the ileoileal anastomosis, 
and port site hernias. Like gastric bypass, the cre-
ation of mesenteric defects combined with mas-
sive weight loss predispose to internal hernias. 
Small bowel obstruction can present as a closed- 
loop obstruction with small bowel ischemia and 
perforation. Closure of both mesenteric and 
Petersen’s windows with nonabsorbable sutures 
is recommended.

Timely recognition of clinical signs and symp-
toms and appropriate management are essential. 
Obstruction of the alimentary limb or common 
channel will result in typical symptoms of small 
bowel obstruction (vomiting, abdominal pain and 
bloating, absence of gas or stools). Obstruction of 
the biliopancreatic limb, on the other hand, can 
be associated with minimal clinical signs. 
Initially, the only clinical symptoms can be a 
feeling of fullness, bloating, and pain. The patient 
may be able to eat and pass gas, with an abdomi-
nal X-ray showing no air-fluid levels (i.e., no pas-
sage of air in the biliary limb). Later in the 
presentation, obstruction of the duodenum can 
result in increased hepatic and pancreatic 
enzymes. This should lead to an emergency 
exploration for decompression of the biliary tree, 
to avoid obstructive pancreatitis and cholangitis. 
CT scan will show the level of obstruction, and 
early surgical exploration is recommended when 
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the obstruction is on the biliary limb. The cause 
of the obstruction is sought and repaired. All 
mesenteric defect should be visualized and closed 
if present. A feeding jejunostomy can be placed 
in the proximal biliopancreatic limb, initially to 
decompress the small bowel and, later, to be used 
for enteral feeding.

 Cholelithiasis

The pros and cons of performing a routine chole-
cystectomy in bariatric surgery are still debated 
[7]. In our practice, we have been performing 
routine cholecystectomy to avoid long-term risks 
of cholecystitis, but especially choledoco- 
lithiasis. Even though retrograde access to the 
biliary tree through the jejunum has been 
described, a former surgical exploration, with 
possible Vater’s ampulloplasty is often required. 
On the other hand, when the gallbladder is diffi-
cult to remove (i.e., steatosis with hepatomegaly), 
the gallbladder is left in place, and the patient is 
placed on ursodeoxycholic acid for 6 months.

 Gastrointestinal Side Effects

A majority of patients will have increased stool 
frequency (a mean of three bowel movements per 
day), malodorous gas, and abdominal discomfort 
from bloating. Increased bowel movements and 
steatorrhea can be related to excessive fat intake 
and will require nutritional consult. Second line 
of treatment for GI side effects includes probiot-
ics, cholestyramine, and pancreatic enzymes.

Bacterial overgrowth can also contribute to 
abdominal bloating, diarrhea, foul-smelling gas, 
and stools. Antibiotic therapy (oral metronida-
zole 500 mg TID for 10 days) followed by probi-
otics can be prescribed.

 Nutritional Complications

Besides its excellent long-term outcome, BPD-DS 
can lead to protein malnutrition and micronutrient 
and fat-soluble vitamin deficiencies.

In our 10-year data with BPD-DS, 10% of 
patients presented with one episode of protein 
malnutrition, and 5% required readmission to cor-
rect this condition [8]. First line of therapy includ-
ing nutritional consult and protein and vitamin 
supplementations, pancreatic enzymes, and nutri-
tional support with enteral feeding can be used. 
Most patients will evolve favorably, but between 
1.5% and 4.7% of patients will require a surgical 
revision [9, 10]. Surgical revision typically con-
sists in dividing the alimentary limb proximal to 
the common channel anastomosis. A new anasto-
mosis is performed more proximal on the bilio-
pancreatic limb (typically 1–2 m). This results in 
increasing the length of the common channel and 
also the length of the alimentary limb.

Other vitamin and mineral deficiencies can 
develop but are usually treated with increased 
oral supplementations on an outpatient basis. 
Long-term follow-up and adjustment of iron, cal-
cium, vitamin D, and vitamin A supplementa-
tions are, however, mandatory. This emphasizes 
the importance of proper selection and long-term 
follow-up after BPD-DS.

 Clinical Outcomes

A recent survey of the International Federation 
for the Surgery of Obesity and Metabolic 
Disorders member national societies reported 
that the proportions of BPD-DS were 4.9% in 
2008, 2.1% in 2011, and 1.5% in 2013. Even 
though the absolute number of BPD-DS proce-
dures increased from 2008 to 2013, this suggests 
that other surgeries are performed preferentially 
(i.e., SG, which has now become the predomi-
nant surgery in North America). This decrease in 
the percentage of duodenal switch can be related 
to the lack of exposure of many surgical teams to 
the BPD-DS technique, its greater complexity, 
and greater concerns about gastrointestinal side 
effects and vitamin and protein deficiencies. In 
addition, BPD-DS can only be offered to super-
morbidly obese patients (BMI above 50 kg/m2) in 
some countries.

Only a few investigators [11–14] reported 
their outcomes beyond 5  years in a significant 
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number of patients (>100 patients). These studies 
are summarized in Table 11.1. Overall, long-term 
outcomes are excellent, and BPD-DS has a 
marked effect on obesity-related diseases, spe-
cifically type 2 diabetes mellitus (T2DM) (remis-
sion in >90% for T2D on oral medications). 
Similarly, Buchwald and colleagues [15], in a 
meta-analysis of 32 studies with 4035 patients 
who underwent a biliopancreatic diversion or 
BPD-DS, reported that BPD-DS is the surgery 
offering the best long-term excess weight loss 
(EWL of 70%), improvement or remission of 
T2DM in 98%, resolution of hypertension in 
81%, resolution of sleep apnea in 95%, and 
improvement of hyperlipidemia in 99%.

 Perioperative Morbidity 
and Mortality

In a meta-analysis of 361 studies, including 
85,048 patients published in 2007, the mean 
30-day mortality after bariatric surgery was 
0.28% [16]. Perioperative mortality for 
BPD-DS was the highest, with a rate between 
0% and 2.7% for laparoscopic procedures. 
More recently, global mortality after bariatric 
surgery has been consistently reported to be 
approximately 0.1%. In a series of 1000 con-
secutive BPD-DS, including our initial experi-
ence with laparoscopic BPD-DS [5], we 
reported a 90-day mortality of 1/1000 (from 
pulmonary embolism). In that series, major 
complications occurred in 7.2%, including 

1.5% leak from the SG and 1.5% leak from the 
duodenal anastomosis. The complication rate 
after BPD-DS is usually higher compared with 
restrictive or mixed procedure, such as gastric 
bypass [17]. This is partly due to the complex-
ity of the technique but also to BPD-DS being 
specifically offered in super obese patients with 
a higher rate of metabolic complications. Even 
though there has been a significant decrease in 
both major and minor complications with lapa-
roscopic approach in recent years, this rate is 
likely to remain slightly higher compared with 
other surgeries with shorter operative times and 
lower technical complexity.

There are, however, a number of clinical situ-
ations where BPD-DS has clear advantages over 
other procedures. Super obese patients and 
patients with weight regain following another 
bariatric surgery (i.e., sleeve or gastric band) are 
most likely to benefit from BPD-DS.  Indeed, 
with the increased popularity of SG, it has 
become of increasing importance to be familiar 
with laparoscopic BPD-DS for the management 
of weight regain. A duodenal switch allows stay-
ing away from scarred tissue at the level of the 
sleeve gastrectomy, which can potentially reduce 
the risk of leak at the level of a gastrojejunos-
tomy. Also, the safety and effectiveness of redo 
SG or conversion to Roux-en-Y gastric bypass 
for patients who have failed a SG are still debated. 
On the other hand, adding a duodenal switch rep-
resents an effective way to promote weight loss 
and to induce remission of comorbidities in these 
patients.

Table 11.1 Clinical outcomes in large series of BPD-DS (>100 cases) with a minimal follow-up of 5 years

Authors
Follow-up 
(years) n Weight loss (%)

T2DM (% 
remission) HTN (%) Dyslipidemia (%)

Himpens [11] 10.8 ± 4.6 153 TBWL: 40.7 ± 10 87.5% 81% improved >90
Marceau [12] 8 (5–20) 2615 EWL: 71% (55.3 kg) 93.4% 60% cured 91% 

improved
80

Biertho [13] 8.6 ± 4 810 EWL: 76 ± 22 92% 60% cured –
Pata [14] 11.9 ± 3.1 874 21 points of BMI lost 67–97%a >96% >96

Legend: yrs years, % percentage, TBWL total body weight loss, EWL excess weight loss, T2DM type 2 diabetes, HTN 
hypertension
aRemission was 67% for patients initially on insulin and 97% when initially on oral medications
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 Standard DS Versus Single- 
Anastomosis DS (SADI or SIPS)

A variation of the standard duodenal switch tech-
nique has been described by Sanchez-Pernaute 
et  al. in 2007 [18]. This technique involves the 
creation of a sleeve gastrectomy, the transection 
of the first duodenum, and a single end-to-side 
anastomosis between the duodenum and the 
small bowel, to create a long 250-cm common 
channel. This new procedure, called Single 
Anastomosis Duodeno-Ileostomy (SADI) or 
Stomach Intestine Sparing Surgery (SIPS), has 
the potential benefit of decreasing the complexity 
of the standard BPD-DS by avoiding one of the 
two intestinal anastomoses. This could poten-
tially decrease the rate of perioperative complica-
tions and increase the access to this type of 
surgery. However, the length of the common 
channel (250 cm) is more than doubled compared 
to standard BPD-DS, which could also signifi-
cantly change clinical outcomes. Indeed, the 
length of the common channel conditions the 
absorption of fat and fat-soluble vitamins. 
Currently, the scientific literature regarding this 
procedure is scarce, with only four published 
studies on SADI (prospective or retrospective 
case series) [19–22]. Weight loss seems promis-
ing, with an EWL ranging between 70% and 
90%, with however persisting protein malnutri-
tion that required surgical revision. The side 
effects will likely be decreased compared to stan-
dard DS (decreased number of bowel movements 
and risks of vitamin and protein deficiency) to the 
cost of reduced weight loss and remission rate of 
comorbidities. There are currently a number of 
randomized trials looking at the safety, efficacy, 
and durability of this procedure in comparison to 
the standard DS procedure.

 Conclusion
In experienced hands, laparoscopic BPD-DS 
is only slightly more difficult technically, 
compared to other bypass procedures, like 
RYGB. The rate of major perioperative com-
plications is low, at 3%, which is in similar 
ranges compared to other bariatric procedures. 

In addition, BPD-DS offers some of the best 
weight loss and cure rate of obesity- related 
diseases. It also allows a better eating experi-
ence, by preserving the pyloric valve and 
avoiding dumping syndrome. These long- term 
benefits come at the cost of certain gastroin-
testinal side effects, a risk of protein malnutri-
tion, and long-term vitamin supplementation.

References

 1. Scopinaro N, Adami GF, Marinari GM, Gianetta E, 
Traverso E, Friedman D, et al. Biliopancreatic diver-
sion. World J Surg. 1998;22(9):936–46.

 2. Marceau P, Biron S, Bourque RA, Potvin M, Hould 
FS, Simard S.  Biliopancreatic diversion with a new 
type of gastrectomy. Obes Surg. 1993;3(1):29–35.

 3. Hess DS, Hess DW. Biliopancreatic diversion with a 
duodenal switch. Obes Surg. 1998;8(3):267–82.

 4. Ren CJ, Patterson E, Gagner M.  Early results of 
laparoscopic biliopancreatic diversion with duodenal 
switch: a case series of 40 consecutive patients. Obes 
Surg. 2000;10(6):514–23. discussion 524

 5. Biertho L, Lebel S, Marceau S, Hould F-S, Lescelleur 
O, Moustarah F, et  al. Perioperative complications 
in a consecutive series of 1000 duodenal switches. 
Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 
2013;9(1):63–8.

 6. Hamilton EC, Sims TL, Hamilton TT, Mullican MA, 
Jones DB, Provost DA.  Clinical predictors of leak 
after laparoscopic Roux-en-Y gastric bypass for mor-
bid obesity. Surg Endosc. 2003;17(5):679–84.

 7. Plecka Östlund M, Wenger U, Mattsson F, Ebrahim F, 
Botha A, Lagergren J. Population-based study of the 
need for cholecystectomy after obesity surgery. Br J 
Surg. 2012;99(6):864–9.

 8. Marceau P, Biron S, Hould F-S, Lebel S, Marceau 
S, Lescelleur O, et  al. Duodenal switch: long-term 
results. Obes Surg. 2007;17(11):1421–30.

 9. Dapri G, Cadière GB, Himpens J. Laparoscopic res-
toration of gastrointestinal continuity after duodenal 
switch. Surg Obes Relat Dis. 2008;4(3):451–4.

 10. Gracia JA, Martínez M, Elia M, Aguilella V, Royo P, 
Jiménez A, et al. Obesity surgery results depending on 
technique performed: long-term outcome. Obes Surg. 
2009;19(4):432–8.

 11. Bolckmans R, Himpens J. Long-term (>10 yrs) out-
come of the laparoscopic biliopancreatic diversion 
with duodenal switch. Ann Surg. 2016;264:1029–37.

 12. Marceau P, Biron S, Marceau S, Hould F-S, Lebel S, 
Lescelleur O, et al. Long-term metabolic outcomes 5 
to 20 years after biliopancreatic diversion. Obes Surg. 
2015;25(9):1584–93.

 13. Biertho L, Biron S, Hould F-S, Lebel S, Marceau S, 
Marceau P. Is biliopancreatic diversion with duodenal 

11 Duodenal Switch



124

switch indicated for patients with body mass index 
<50 kg/m2? Surg Obes Relat Dis. 2010;6(5):508–14.

 14. Pata G, Crea N, Betta ED, Bruni O, Vassallo C, 
Mittempergher F.  Biliopancreatic diversion with 
transient gastroplasty and duodenal switch: long- 
term results of a multicentric study. Surgery. 
2013;153(3):413–22.

 15. Buchwald H, Avidor Y, Braunwald E, Jensen MD, 
Pories W, Fahrbach K, et  al. Bariatric surgery: 
a systematic review and meta-analysis. JAMA. 
2004;292(14):1724–37.

 16. Buchwald H, Estok R, Fahrbach K, Banel D, Sledge 
I. Trends in mortality in bariatric surgery: a systematic 
review and meta-analysis. Surgery. 2007;142(4):621–
32. -635

 17. Prachand VN, Davee RT, Alverdy JC.  Duodenal 
switch provides superior weight loss in the super- 
obese (BMI > or =50 kg/m2) compared with gastric 
bypass. Ann Surg. 2006;244(4):611–9.

 18. Sánchez-Pernaute A, Rubio Herrera MA, Pérez- 
Aguirre E, García Pérez JC, Cabrerizo L, Díez 
Valladares L, et  al. Proximal duodenal-ileal end-to- 

side bypass with sleeve gastrectomy: proposed tech-
nique. Obes Surg. 2007;17(12):1614–8.

 19. Sánchez-Pernaute A, Herrera MAR, Pérez-Aguirre 
ME, Talavera P, Cabrerizo L, Matía P, et  al. Single 
anastomosis duodeno-ileal bypass with sleeve gas-
trectomy (SADI-S). One to three-year follow-up. 
Obes Surg. 2010;20(12):1720–6.

 20. Sánchez-Pernaute A, Rubio MÁ, Conde M, Arrue E, 
Pérez-Aguirre E, Torres A. Single-anastomosis duo-
denoileal bypass as a second step after sleeve gastrec-
tomy. Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 
2015;11(2):351–5.

 21. Cottam A, Cottam D, Medlin W, Richards C, Cottam 
S, Zaveri H, et al. A matched cohort analysis of sin-
gle anastomosis loop duodenal switch versus Roux- 
en- Y gastric bypass with 18-month follow-up. Surg 
Endosc. 2016;30(9):3958–64.

 22. Sánchez-Pernaute A, Rubio MÁ, Cabrerizo L, Ramos-
Levi A, Pérez-Aguirre E, Torres A. Single- anastomosis 
duodenoileal bypass with sleeve gastrectomy 
(SADI-S) for obese diabetic patients. Surg Obes Relat 
Dis Off J Am Soc Bariatr Surg. 2015;11(5):1092–8.

S. Blaye-Felice et al.



Part IV

Controversial and Nontraditional Bariatric 
Operations



127© Springer International Publishing AG, part of Springer Nature 2018 
R. Lutfi et al. (eds.), Global Bariatric Surgery, https://doi.org/10.1007/978-3-319-93545-4_12

Gastric Plication

Samuel Ordoñez Ortega, 
Eduardo Valdivieso Rueda, Juan Pablo Pantoja, 
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 Introduction

Bariatric restrictive procedures include laparo-
scopic adjustable gastric band (LAGB), vertical 
subtotal gastrectomy or laparoscopic sleeve gas-
trectomy (LSG), and, more recently, laparoscopic 
gastric plication (LGP).

LGP is a restrictive procedure recently intro-
duced to the armamentarium of the bariatric sur-
geon. The operation follows a similar principle as 
the LSG, which is to construct a narrow gastric 
tube with restricted drainage from the pylorus. 
While first described in 1969 by Kirk and col-
leagues as an experimental procedure for weight 
reduction in rats [1], Tretbar et al. described the 
procedure in humans for the treatment of morbid 
obesity in 1976 [2]. It was performed and pro-
posed via a laparoscopic approach in 2007 by 
Talebpour and Amoli [3].

The surgical principle for LGP is to reduce 
the gastric capacity by folding the stomach onto 
itself with one or two layers of nonabsorbable 
sutures. No staplers are required, nor major gas-
tric resection is performed. This makes for a less 

expensive approach, which in theory reduces 
the possibility of foreign body reaction and 
technical issues after implantation of a 
LAB.  Similarly, LGP minimizes the risk of 
leakage, bleeding, and nutritional deficiencies: 
well-known complications for LSG  – today’s 
most popular approach – or laparoscopic gastric 
bypass (RYGB) [4].

Moreover, and because LGP is considered a 
reversible intervention, it has been described as 
an auxiliary procedure to the existing restrictive 
surgeries without additional resections or con-
struction of new anastomosis.

More recently, endoluminal technology has 
been developed to achieve a similar restrictive 
effect without subjecting the patient to the risk of 
surgery. However, these endoscopic therapies 
frequently achieve restriction with only mucosal 
apposition of the opposing gastric walls, which 
likely compromises the durability of these emerg-
ing procedures.

 Technique

A multidisciplinary approach is always recom-
mended for all patients to ascertain the indication 
for a bariatric procedure and to prepare the patient 
for the operation. This may include gastroscopy, 
Helicobacter pylori treatment if present, control 
of comorbidities including cardiorespiratory 
complications, and preoperative nutritional 
support.
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While two basic techniques are found in the 
current literature, several variations have been 
described depending on the author. Thus, the 
anterior plication (AP) and the greater curvature 
plication (GCP) are the best-known approaches 
[5]. Irrespective of the selected approach, patients 
are placed in supine, legs spread (French) reverse 
Trendelenburg position.

Regarding the AP technique, the anterior gas-
tric wall is folded medially from the fundus to the 
antrum using two rows of 2-0 polypropylene run-
ning suture, and entering the lesser sac or divid-
ing the short gastric vessels is not required. The 
greater and lesser curvatures are thus approxi-
mated on the anterior surface to the stomach to 
create a tube similar to that of a LSG [5]. The 
GCP requires section of the gastroepiploic arcade 
and opening of the lesser sac (Fig.  12.1). 
Dissection is then carried out along the greater 
curvature, dividing the branches of both gastro-
epiploic arteries and short gastric vessels with the 
advanced energy device of choice. The assistant 
retracts the omentum laterally during this maneu-

ver to help in exposure and reduce bleeding. The 
remainder of the gastrocolic ligament is sec-
tioned distally 2–4 cm proximal to the pylorus. 
The gastrophrenic ligament is divided and the 
angle of His is exposed. This latter maneuver 
helps in exposure of the left crus and identifies a 
hiatal hernia that may need repair before com-
pleting the procedure. After the fundus and body 
are completely mobilized, the greater curvature is 
folded inward in itself with two single or running 
suture lines of 2-0 polypropylene to create a large 
intraluminal gastric fold (Fig. 12.2). This last part 
of the procedure may be gauged with the help of 
a 32 or 36 Fr bougie. The plication is started just 
below the angle of His and continued distally to 
within 2–4  cm of the pylorus (Fig.  12.3). For 
either procedure, seromuscular suture bites are 
recommended to secure the plication (Fig. 12.4). 
It is in this part of the procedure where the tech-
nique varies greatly according to the author and 
probably explains the variable results in the short, 
mid-, and long term as well [3, 5]. The approxi-
mate remaining volume is 100 ml.

Fig. 12.1 Opening the lesser sac and mobilize the 
fundus

Fig. 12.2 The greater curvature is folded inward in itself 
with two single suture lines

S. O. Ortega et al.
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 Postoperative Period

Appropriate hydration and pain and nausea con-
trol is initiated. Patients are observed for signs of 
leak or bleeding such as tachycardia, tachypnea, 
or fever. Abdominal pain and left shoulder pain 
are not reliable symptoms at this point, but should 
not be dismissed as normal. Anti-embolic stock-
ings and intermittent sequential compression 
devices can be removed as soon as the patient is 
ready to walk. Next day, an upper gastrointestinal 
contrast X-ray is recommended to identify any 
possible leaks and assess patency. If the study is 
negative for leaks and shows progress of contrast, 
liquid diet is started, and patients may be dis-
charged. Respiratory and existing medical ther-
apy is reinitiated including pain management and 
a proton pump inhibitor for 6–8 weeks.

 Results

As previously stated, large variations exist in 
technique which accounts for the variable results 
and the great difficulty in establishing compara-
ble outcomes at the present time.

 Weight Loss

While most of the data and outcomes for LGP 
result from studies with 6–24 months follow-up, 
Talebpour et al. [6] have followed and reported 
results for their patients for more than 10 years. 
Mean excess weight loss (%EWL) at 3, 4, 5, and 
10 years was 66%, 62%, 55%, and 42%, respec-
tively. All studies show a %EWL in the range of 
50% at 6 months and 60% at 12 months. Skrekas 
et al. [7] have one of the largest series with 135 
patients and an average follow-up of 
22.59 months (8–31 months). The mean %EWL 
was 51.7% at 6 months, 67.1% at 12 months, and 
65.2% at 24  months. Inadequate weight loss 
(defined as less than 50% of the %EWL) was 
observed in 21.48%, with failure (%EWL of less 
than 30%) in 5.9%.

Brethauer et  al. [5] compared the AP vs the 
GCP technique and reported better weight loss 

Fig. 12.3 The plication is started just below the angle of 
His and continued distally to within 2–4  cm of the 
pylorus

Fig. 12.4 Full-thickness or seromuscular suture bites are 
recommended to secure the plication

12 Gastric Plication
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with GCP than AP at 12  months (%EWL of 
53.4% versus 23.3%, respectively).

Information is equally limited when searching 
for studies that compare LGP against other bar-
iatric procedures. Moreover, the published stud-
ies do not count in most cases with an adequate 
design and population size. Verdi et al. [8] per-
formed a retrospective study, comparing LGP vs 
LSG, reporting a %EWL at 3 and 6 months of 
34.7% and 40.2% for the former versus 38% and 
50% for the latter. However, it is important to 
note that in this study the rate of reintervention 
due to failure (EWL <50%) was 60% in LGP ver-
sus 8.8% in LSG. Abdelbaki et al. [9], in a 1 year 
follow-up trial comparing the same techniques, 
reported a total %EWL of 52.1% vs 68.1%, 
respectively.

With a longer follow-up, Grubnik et  al. [10] 
reported a 3-year prospective randomized study 
comparing LGP vs LSG. %EWL at 6, 12, 24, and 
36 months from LGP versus LSG were 49.8%, 
45.8%, 42.4%, and 20.5% vs 51.8%, 59.5%, 
78.9%, and 72.8%, respectively. To our knowl-
edge, no studies that compare LGP to LGB have 
been published.

Only one study has addressed results from 
LGP and compared them to those of a mixed pro-
cedure. Talebpour et  al. [11] compared LGP to 
mini-gastric bypass (LMGB) results. A much bet-
ter weight loss with LMGB at 12  months was 
achieved (%EWL of 66.9% versus 60.8%, respec-
tively). Regarding complications however and as 
to be expected, lower incidence of iron deficiency 
occurred in the LGP group (20% vs 0%).

Considering the information obtained from 
other trials and meta-analysis, LGP seems to be 
inferior as a restrictive procedure for weight loss 
and other malabsorptive procedures published 
not only in the short term but also in the long 
term [11].

 Comorbidity Reduction

While the majority of studies address mostly the 
effect of the operation in weight loss, a few for-
mal analyses have reported on results regarding 
improvement for comorbidities.

Wang et al. [12] published a systematic review 
and analysis on the metabolic effects of 
LGP. Resolution and improvement rate of type 2 
diabetes mellitus after LGP ranged from 0% to 
100% with 6–24 months follow-up. While four of 
the five studies reviewed demonstrated a signifi-
cant improvement in this comorbid condition, 
only two addressed and reported significant 
changes in hemoglobin A1c (HbA1c) levels.

Talebpour et al. [13] in a 6-year study of 60 
obese and newly diagnosed diabetes patients 
found that the HbA1c levels decreased from 
9.8% at baseline to 5.6% at 12 months postopera-
tive follow-up. Diabetes remission was achieved 
in 92% of patients and reported significant mean 
blood pressure improvement from 105.9 mmHg 
preoperative to 75.5 mmHg 12 months after sur-
gery. Hyperlipidemia was also significantly 
improved. Cholesterol and triglyceride levels 
improved 12 months after surgery (226–150 mg/
dl and 227–115 mg/dl, respectively).

In his study comparing LGP and LSG, 
Abdelbaki et al. [9] reported similar comorbidi-
ties remission for both techniques: hypertension 
remission in LGP was 60% vs 58% in LSG; DM2 
remission was achieved for LGP in 50% vs 57% 
in LSG, joint pain remission in LGP was 
improved in 80% vs 70% in LSG, and dyslipid-
emia remission was reported in 71% of LGP 
patients vs 80% in LSG.

Not all studies were successful however, 
regarding changes in metabolic parameters. Taha 
et al. [14] reported no significant decrease in the 
HbA1c levels from 7.9% preoperatively to 7.5% 
in 55 patients at 12 months postoperatively. None 
of the patients modified dosage to stop their 
hypoglycemic medications.

While LGP appears to decrease the comor-
bidities associated with obesity in the short term, 
it has not been superior to other procedures (LSG 
or LGB), in the long term.

 Complications

Laparoscopic gastric plication does not require 
the use of staplers, resections, or anastomosis. 
Thus, complication rates appear to be low. A sys-
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tematic review published by Kourkoulos et  al. 
[15] included 521 patients enrolled in prospective 
studies. The rate of reported complications was 
15.1% with a reoperation rate of 3%. Only one 
conversion occurred (0.2%) due to a mesenteric 
injury from a faulty trocar, a rare but serious 
complication of laparoscopic surgery. Mortality 
was zero. Minor complications occurred in 
10.7% of patients, with nausea, vomiting, and 
sialorrhea being the most common in 5.7%. 
Intraoperative bleeding occurred in 1.7% of 
patients and managed without the need for con-
version or transfusions. Dysphagia or obstruction 
of the gastric outlet was reported in only 2.6%. 
All cases were managed conservatively.

Major complications presented at a rate of 
4.4%. Most were managed conservatively and 
included upper GI bleed managed with gastros-
copy or endoscopic hemostasis in 0.6% and 
micro-leaks requiring only observation in 0.4%.

The most common of major complications 
requiring reexploration (3%) were gastric outlet 
obstruction in 1.5% (due to fold prolapse, fold 
edema, adhesions, or significant accumulation of 
fluid within the gastric fold), leaks due to suture 
line disruption and herniation in 0.7%, and gas-
tric fistula in 0.1%. Of note, none of the studies 
analyzed for this review reported de novo gastro-
esophageal symptoms or worsening of an already 
preexisting condition.

Despite the theoretical advantages of LGP in 
reducing complications, Chouillard et  al. [16] 
published a case-control study of LGP and 
LSG. An overall morbidity rate reached 22.5% in 
the LGP group and 10% in the LSG group 
(P = 0.04). The most common complication was 
nausea and vomiting occurring in 20% of patients 
with LGP and 5% of patients with LSG, respec-
tively. Similarly, in a meta-analysis performed by 
Tang et al. [17] comparing LGP and LSG involv-
ing 299 patients, LGP was associated with more 
major complications than LSG (Z  =  2,45, 
p = 0.01) (OR = 3,3 {1,27. 8,58}.

 Conclusion
While initial results of LGP may seem prom-
ising in the short and midterm, long-term 
studies are lacking and for the most part not 

encouraging. Moreover, the number of 
patients enrolled is small, and quality studies 
are scarce.

Despite the many attractive points of the 
plication as a simple, inexpensive, reversible, 
and reproducible operation, trends and pub-
lished series do not reflect this. Therefore, the 
procedure failed to gain the attraction pre-
dicted by many. Results regarding weight loss 
and resolution of comorbidities can be com-
pared with those reported earlier and in the 
midterm for LSG [16]. However, with the 
increased safety of “stapled” procedure and 
their improved outcome, the advantages of the 
plication ceased to be of much significance. 
This, in addition to realizing that reversing a 
plication is not as simple and easy as was once 
thought, limited adoption of this operation.

At the time of writing this chapter, gastric 
plication has not achieved endorsement in the 
United States and is not recognized by 
ASMBS (American Society of Metabolic and 
Bariatric Surgery) as a standard procedure. 
Moreover, due to lack of sufficient evidence, it 
is not considered globally as a first-line pri-
mary procedure for treatment of morbid 
obesity.
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Single Anastomosis Gastric Bypass

Federico Davrieux, Luciano Antozzi, 
Mariano Palermo, and Natan Zundel

 Preoperative Management

The preoperative management of the patients is 
important as the rest of the treatment, being con-
sidered in occasions, fundamental to fulfill the 
objectives of the weight loss. This management is 
carried out by a multidisciplinary team that has as 
objective that the patient arrives to the surgery of 
the best form. It consists of the following controls 
for the following specialties:

Nutrition
Psychology
Medical Clinician
Diabetology
Traumatology
Surgery

The preparatory studies to be carried out are:

Rx Torax
Abdominal ultrasound
Upper gastrointestinal series
Upper endoscopy
Spirometry
Electrocardiogram and preoperative cardiologi-

cal control
The presence of Helicobacter pylori can also be 

investigated, and its treatment can be consid-
ered if it is positive.

Once the proposed goals are met, the patient is in 
a position to face the surgery. Prior to this, a 
liquid diet of 7–10 days is required.

 Operative Technique

The correct location of the surgical team inside 
the operating room is essential. The patient is 
placed in a modified lithotomy position in an 
anti-Trendelenburg position at 30°, with the sur-
geon standing between the patient’s legs, the 
camera operator on the right side, and a left assis-
tant. Six trocars are used [3]: one 10 mm for the 
camera, two 12  mm for the surgeon, and three 
5 mm for hepatic retraction, duodenal mobiliza-
tion, and gastric mobilization (Fig. 13.1).

Regarding anesthesia equipment, a general 
block may be added to general anesthesia for 
postoperative comfort. The venous access can be 
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peripheral or central, according to availability, 
and the use of bladder catheter can be imple-
mented for the correct handling of body fluids.

The first step is to locate the ligament of Treitz 
and measure the jejunal loop to be circumvented 
(Fig. 13.2). The small intestine can be measured 
routinely (Treitz to the ileocecal valve) to deter-
mine the length of the afferent and efferent loop. 
The middle part is selected, and therefore its 
lengths are usually similar (from ~250 to 350 cm).

The second step is to identify the angle of His 
and the esophageal-gastric junction (Fig.  13.3), 
after dissection if necessary. The aim is to visualize 
the left abutment of the diaphragm to position the 

mechanical suture correctly. If an associated hiatal 
hernia is found, the periesophageal adhesions and 
the phrenoesophageal ligament are sectioned to 
reduce it, and the hiatus is selectively closed.

The third step is to work on the minor curva-
ture. To cut the fat and blood vessels of the lower 
gastric curvature and correct hemostasis, differ-
ent energy equipment can be used. An endoscopic 
stapler loaded with a 45 mm/3.5 mm cartridge is 
inserted through the created opening and applied, 
severing the stomach horizontally (Figs. 13.4a–c 
and 13.5). A 36-Fr double lumen orogastric tube 
is inserted to calibrate the gastric reservoir. Fat 
tissues and fibrous adhesions are dissected 
between the posterior gastric wall and the pan-
creas. An endoscopic stapler loaded with 
60 mm/3.5 mm cartridges is sequentially applied, 
sectioning the stomach vertically and completing 
the gastric reservoir. The latter should be long, 
narrow, well vascularized, and easy to move cau-
dally. The orogastric tube is removed, and the 
previously selected small intestine is mobilized 
upward by placing it without tension in an 
antecolic, antegastric position.

5 mm
5 mm

12 mm

12 mm

10 mm
5 mm

Fig. 13.1 Trocar placement

Fig. 13.2 Locate the ligament of Treitz and measure the 
jejunal loop to be circumvented

a

b

Fig. 13.3 (a, b) Identification of the angle of His and the 
esophageal-gastric junction
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The fourth step is to perform the gastroen-
teroanastomosis (Fig.  13.6). Enterotomy and 

gastrotomy (distal deposit) are performed with 
ultrasound shears. An endoscopic stapler loaded 
with a 30 mm/3.5 mm cartridge is inserted par-
tially and applied between both, creating a gas-
troenteric anastomosis 2–2.5  cm long. The 
incisions in the anterior anastomotic wall are 
sutured with resorbable 2-0 continuous suture. 
The integrity of the anastomosis is checked by 
pneumatic testing (Fig. 13.7a, b). Another way 
to do this is to instill some dye through the oro-
gastric probe (methylene blue). The major omen-
tum adheres to them.

The fifth step is to place a Penrose drainage 
under the left hepatic lobe and is drawn through 
the right subcostal incision of 5 mm.

 Postoperative Management

In the immediate postoperative period, the most 
important is the control of vital signs and diuretic 
rhythm. This can be done in a general recovery 
room, without intensive therapy.

Pain management can be done with intrave-
nous analgesics of the NSAIDs or use of opioid 
derivatives if necessary.

At 24 h after surgery, the bladder catheter can 
be removed if all parameters are correct.

A hydro-soluble contrast study of the upper 
part of the digestive tract will be performed in 
order to objectify the anastomosis, to have an ini-
tial mapping of the patient’s anatomy after sur-
gery, and to rule out the presence of leaks at this 
level. At this time liquid diet begins with few 
drinks of clear liquids in a progressive way.

a

b

c

Fig. 13.4 (a–c) A stapler is inserted through the created 
opening and applied, severing the stomach horizontally

Fig. 13.5 A stapler is inserted through the created open-
ing and applied, severing the stomach horizontally

Fig. 13.6 The gastroenteroanastomosis is performed
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Hospital discharge with liquid diet, relative 
rest (not performing intense physical activity), 
analgesic and inhibited proton pump via oral, 
withdrawal of drainage, and control by office in 
1 week is granted.

Office follow-up will be done at 3, 6, 12, 18, 
and 24  months and then annually. Weight loss, 
nutritional requirements, macro- and micronutri-
ents, as well as vitamin and mineral supplements 
will be controlled. It is estimated that intestinal 
adaptation time is around 3–6 months. The rein-
sertion to the habitual work activity is important 
so that the individual feels comfortable with itself, 
as well as the physical activity that can realize in 
increasing form. At 5 years of age, a high control 
digestive endoscope can be performed.

 Complications

 Early Complications

 Leaks
It is the most common complication, about 1%. 
More than 77% can be managed conservatively, 
with no need for reoperation. Given that there is 
no enteric cut and the entire intestinal arcade sup-
plies the area, the blood flow in OAGB can accel-
erate tissue healing; also, a much longer bag and 
OAGB anti-reflux mechanism provide less mes-

enteric and vascular traction. These anastomotic 
features may have contributed to favorable out-
comes with non-operative treatments.

 Bleeding
Intra-abdominal bleeding is the second most fre-
quent complication, with 0.9%. It can be managed 
noninvasively in most cases, since the trend is 
spontaneous cessation. It is associated with the gas-
tric suture line, with the use of mechanical suture.

 Small Bowel Obstruction
It occurs only in 0.16% of surgeries, compared to 
RYGB which shows 16%. This low percentage of 
complication is reported despite the fact that the 
Carbajo et  al. group does not close Petersen’s 
hernia.

 Later Complications

 Stomal Stenosis
It represents 0.6% of complications compared to 
RYGB with 27%. This may be associated with 
the fact that the anastomosis in the latter has a 
smaller diameter. When the diameter of the anas-
tomosis exceeds 2.5 cm, no problems were found. 
Most of these complications can be treated with 
some success with endoscopic dilations and 
fewer percutaneously [4].

13-15cm

2-25cm
8-10cm

Bilio-
pancreatic
limb 250-350
cms average

a b

Fig. 13.7 (a, b) The final aspect of the surgery is observed
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 Marginal Ulcer
It can be observed in 0.6–4% of patients. It can be 
attributed to bilious reflux and increased gastric 
acid secretion, although there are no concrete 
studies about it. The risk factors to be treated are 
H. pylori eradication and stress and stimulate the 
use of sucralfate and PPIs [5]. The statistics esti-
mate that in the RYGB this complications is con-
firmed between 0.6% and 25%.

 Bile Reflux
Bile reflux may be one of the complications 
removed from this surgery. It has been found in 
at least 2% of patients undergoing this interven-
tion. Symptoms may be sporadic, with or with-
out food transgressions. They include dyspepsia, 
epigastric pain, heartburn, and vomiting. 
Follow-up can be done through endoscopy. The 
fear of developing this complication is that it 
can trigger esophagitis, GERD, and Barrett’s 
esophagus, which may be associated with the 
development of GE cancer, but there is insuffi-
cient evidence to confirm this type of surgery. In 
the few cases in which the medical treatment is 
not satisfactory, a reoperation can be consid-
ered, which consists in transforming OAGB in 
RYGB [6].

 Malabsorption and Malnutrition
The cause of malnutrition is linked to malabsorp-
tion. This can be recorded in 2% of patients [4]. It 
is estimated that much of this responsibility may 
be due to strict non-compliance with the diet 
offered by the working group. Despite this, when 
malnutrition becomes important, a solution can 
be to reoperate the patient, turning the surgery in 
laparoscopic sleeve gastric.

Anemia by iron deficiency and hair loss may 
also appear in the distant postoperative period, 
although they may be treated pharmacologically 
satisfactorily with supplements.

 Morbidity and Mortality

The morbimortality of this procedure is quite 
acceptable, as demonstrated in the work of 
Carbajo et al. [3, 5].

Intraoperative complications (hemorrhage, 
esophageal perforation by the orogastric tube) 
can be resolved by laparoscopy or with a small 
left subcostal laparotomy. They account for 0.3%.

Early complications as a whole, such as bleed-
ing, leakage of the anastomosis or gastric reser-
voir, or intestinal obstruction among the most 
frequent, represent 0.64%. Less frequently found, 
we found gastric necrosis [1].

Late complications include stenosis of the 
gastroenteroanastomosis, marginal anastomosis 
ulcer, gastroesophageal reflux, anemia, malnutri-
tion, and vomiting, constituting 1.17%.

Nutritionally speaking, the main deficiencies 
found were vitamin D, calcium, and iron. Less 
important, there may be deficiency of zinc, vita-
min B complex, and magnesium. With the extra 
contribution of these vitamins and minerals, it is 
usually enough to compensate these 
micronutrients.

Some gastrointestinal symptoms that may 
appear after surgery are increased generation of 
smelly flatulence and loose stools. They should 
be treated with symptomatic mediation and diet 
free of fats and carbohydrates.

Mortality does not exceed 0.16%.

 Weight Loss

The excess weight lost with this surgery is 
15–20 kg in the first month and 30–40 kg in the 
first trimester. Although long-term follow-up 
regurgitation can be observed, it is not clinically 
significant, according to Carbajo.

If we compare the single anastomosis gastric 
bypass with Roux-en-Y gastric bypass, we see 
that, in the long-term follow-up (2  years), the 
total weight loss corresponds to 44.4% and 
33.4%, respectively, as the data from the work of 
Parmar et al.

 Metabolism

The OAGB results associated with metabolism 
have been notable. Type II diabetes has a 94% 
remission. Similarly, hypertension artery has a 
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remission of 94%, as well as hyperlipidemia, 
which shows values around 96%, according to 
Carbajo et al. and Parmar et al.

Improvements are also seen in other aspects, 
such as sleep apnea, osteoarthritis, and fatty liver. 
In the latter, the improvement sometimes reaches 
100%.

 Conclusions
Single anastomosis gastric bypass yields 
superior weight loss at 18- and 24-month fol-
low-ups in comparison with the gold standard 
RYGB. There was no early major complica-
tion or mortality, and late complication rates 
were similar. But these findings need confir-
mation in larger randomized studies. Those 
who promote SAGB have the advantage of a 
longer gastric bag, compared to the standard 
Roux-en-Y gastric bypass, which facilitates 
easier reach of the jejunum, relieving the ten-
sion of the anastomosis [2]. The sensation is 
that OAGB has arrived to stay in the world of 
the bariatric surgery, not only as just a variant 
about RYGB, if not as a new modern and sure 
surgical procedure. This can be seen in the 
various surgical bariatrics groups that more 
frequently choose this technique and, further-

more, in the good results that can be shown 
during the postoperative times.
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Single Anastomosis Duodenal 
Switch (SADI-S)

Adriana Ruano, Cristina Sánchez-del-Pueblo, 
Andrés Sánchez-Pernaute, and Antonio Torres

 History of the Procedure

Laparoscopic single-anastomosis duodenal switch 
or SADI-S (single-anastomosis duodeno-ileal 
bypass with sleeve gastrectomy) (Fig.  14.1) was 
first described in 2007 with the intention of simpli-
fying a complex surgical technique, the biliopan-
creatic diversion with duodenal switch (BPD-DS) 
[1]. SADI-S took the one-anastomosis idea from 
the mini-gastric bypass and applied this concept 
to the duodenal switch by performing the anasto-
mosis in the first duodenal portion, beyond the 
pylorus. The problems of alkaline reflux after 
the mini-gastric bypass should not be a problem 
after the preservation of the pylorus. Initially the 
procedure was performed with a 200  cm com-
mon limb; in this way, the alimentary channel 
of the duodenal switch was reduced in length, 
but the common limb was multiplied by 2. The 
initial series of 50 patients achieved very good 
weight loss results, with more than 90% excess 
weight loss in the first 2 postoperative years. 

However, 8% of the patients had to be submitted 
to reoperation for intractable diarrhoea or mal-
nutrition. In September 2009, the common limb 
was changed to 250  cm, and reoperation rate 
decreased to 3%.
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 Pre- and Postoperative Care

All patients are thoroughly evaluated before sur-
gery by a team of specialized endocrinologists 
and undergo a number of tests among which 
stand an upper GI endoscopy, barium swallow, 
chest X-ray, electrocardiogram and blood tests. 
Patients are recommended to follow a healthy, 
low-calorie diet in order to lose as much weight 
as possible before surgery as well as to introduce 
them to a fit and healthy lifestyle.

Immediately after surgery, the patient is taken 
to a post-anaesthesia care unit during the first 
hours. After 6–8 h, the patient is encouraged to 
start drinking small sips of water, and the next 
day starts with a low caloric liquid diet. The 
abdominal drain is usually removed in the 3rd 
postoperative day, and if there is no problem, the 
patient is discharged the following day.

Postoperatively, for the first month, patients 
are nourished on a low caloric diet consist-
ing of self-prepared shakes (800  kcal/day). 
Multivitamin supplements, calcium and iron 
are initially prescribed and maintained depend-
ing upon the results of the subsequent lab tests. 
Follow-up is maintained for life with three to four 
visits/year during the first 2  years after surgery 
and then yearly.

 Technique (Video 14.1)

The procedure can be divided into a two-step tech-
nique, starting with the sleeve gastrectomy and 
continuing with a one-loop duodenoileostomy:

Setting, positioning and the surgical team:
The standard laparoscopic approach is per-
formed by placing four trocars (Fig.  14.2). 
This first part of the operation is performed 
with the operating table under forced anti-
Trendelenburg position and the surgeon posi-
tioned between the legs of the patient. The 
first assistant is placed to the patient’s left-
hand side, holding the camera, and the second 
assistant is placed to the patient’s right-hand 
side, holding the liver retractor.
Positioning the trocars:

A 10–12  mm optical trocar (Optiview) is 
inserted above the umbilicus, a little left from 
the midline. A 10–12 mm left subcostal trocar 
is placed for the use of the harmonic scalpel for 
the surgeon’s right hand and for the introduc-
tion of the stapler for the duodenal section dur-
ing the second step. Also, a 5 mm trocar for the 
surgeon’s left hand initially, and subsequently 
for the hepatic retractor, is placed subxiphoide-
ally. Finally, a 10–12  mm trocar is placed 
slightly right from the midline position for the 
use of the stapler during the gastrectomy.

 Sleeve Gastrectomy and Duodenal 
Dissection

Surgery begins with complete devascularization 
of the greater curvature. Initially the fundus is 
released and dissection of the left crus is per-
formed. Then, all vessels from the gastroepiploic 
arcade are divided, from the fundus to the first 
duodenal portion. All adhesions from the stom-
ach to the pancreatic surface are also divided with 
a harmonic scalpel. The antrum is raised, and the 
duodenum is dissected from the pancreatic sur-
face, held in right angles with the pancreas, until 
the pancreatoduodenal groove is reached and the 

Liver retractor
Right hand

Left hand/
stapler Scope

Fig. 14.2 OR position
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gastroduodenal artery identified. Then, the peri-
toneum overlying the hepatoduodenal ligament is 
slightly opened, and a vessel loop is passed from 
behind to help later with duodenal division. Care 
should be taken in completing a circumferential 
dissection of the duodenum – up to 3–4 cm from 
the pylorus  – removing all fat attachments to 
facilitate mobilization and the later anastomosis.

The sleeve gastrectomy is performed over a 
wide 54F bougie starting 5 cm from the pylorus, 
with a black cartridge linear stapler covered with 
Seamguard (Gore) strips as staple-line reinforce-
ment. The suture line is searched for bleeding 
points, placing titanium clips where needed.

Finally, the duodenum is divided with a 
60 mm blue cartridge linear stapler as far as pos-
sible from the pylorus. The stapler is introduced 
through the left subcostal trocar.

 Duodeno-Ileal Bypass

The operating table is placed horizontally and the 
surgeon moves from the initial position between 
the legs towards the left side of the patient, as well 
as the camera assistant (Fig. 14.3). The ileo-cecal 
junction is identified and 250–300  cm are mea-
sured upwards. Measurement of the bowel is per-
formed stretching the loops at the antimesenteric 
border, in 10 cm intervals, and after infusion of 
hyoscine butylbromide (Buscapina) to completely 

relax the bowel wall and obtain the maximum 
possible length. The selected loop is ascended in 
an antecolic fashion, and an end-to-side handsewn 
duodeno-ileal anastomosis is completed with run-
ning sutures of PDS 3/0 (Ethicon, Johnson and 
Johnson) or V-Loc 3/0 (Covidien).

Both the anastomosis and the sleeve are 
checked for leaks with oral-tube introduction 
of methylene blue. A vacuum drain is left and 
removed when the patient resumes an oral diet.

 Common Mistakes and What 
to Avoid

The operation involves four technical issues, i.e. 
the sleeve gastrectomy, duodenal dissection and 
division, intestinal measurement and duodeno-
ileal anastomosis. Subsequent errors are insuffi-
cient fundal dissection at the sleeve, non-revision 
of the hiatus leaving back hiatal hernia untreated, 
what predisposes to a suboptimal sleeve and gas-
troesophageal reflux, insufficient duodenal dis-
section, duodenal devascularisation, errors in the 
intestinal measurement and technical problems 
with the anastomosis.

The sleeve in SADI-S is a wide one, per-
formed over a 54 French bougie, but in spite of 
this, a complete fundal mobilization has to be 
performed to avoid building up a bicameral stom-
ach. Hiatal hernia should be searched for with the 
aim of removing the whole fundus; if the hernia 
is not reduced, a wide fundus will be left in the 
mediastinum with the aforementioned problems 
of gastroesophageal reflux and weight regain.

The first portion of the duodenum has to be 
completely dissected circumferentially. The aim 
of this step is to mobilize it, to perform an easy 
and safe anastomosis. If mobilization of the duo-
denum is not possible, the right gastric artery 
should be divided at its origin in the hepatic 
artery (Fig. 14.4). If the artery is damaged at its 
entrance in the duodenal wall, the lesser curva-
ture vascular arcade will be divided, and this 
could result in poor vascularization of the proxi-
mal duodenal cuff. Keeping dissection over the 
gastroduodenal artery avoids damage both to the 
right gastric artery and to the bile duct.

Camera assistant

Surgeon

Scrub nurse

Fig. 14.3 OR position – anastomosis
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The measurement of the common limb should 
be precise, as a short limb will predispose to 
malnutrition. It is better to obtain a less effective 
operation in terms of weight loss than to put the 
patient in danger of severe undernutrition.

The anastomosis is usually easy to perform 
either stapled or handsewn. No stricture has even 
been reported in our personal series and no prob-
lems with stomal ulcer, kinking or twisting. To 
avoid problems we perform a two-layer hand-
sewn anastomosis and test it twice intraopera-
tively with oral methylene blue and sometimes 
also with gastroscopy.

 Complications

Complications of SADI-S can be classified in 
short-term complications or postoperative com-
plications and long-term complications.

Postoperative. Anastomotic leakage has pre-
sented in 1.9% of the patients, three treated con-
servatively and two reoperated, one converted into 
a gastric bypass due to duodenal ischemia and the 
other submitted to over-suture of the defect [2].

Peritoneal bleeding has occurred in one case 
and gastric bleeding in another patient who was 
endoscopically treated.

Two patients needed reoperation for incarcer-
ated abdominal wall hernia, one in the umbilicus 
and another one in a 15 mm trocar orifice.

Long-term complications are usually nutri-
tional issues. In the first series of patients with 
a 200 cm common limb, four patients had to be 
revised to a longer common channel for recurrent 
undernutrition and diarrhoea. In the second series 
with a 250 cm common channel and sometimes 
300 cm (aged patients, low BMI), this initial 8% 
revisional rate has decreased to 2.5%. Dietary 
counselling and micronutrient supplementation 
are necessary to warrant an adequate outcome.

 Results

From May 2007 to April 2017, 239 patients have 
been consecutively submitted to SADI-S. Thirty-
three patients were submitted to SADI after a 
failed sleeve, 3 after a failed vertical banded gas-
troplasty and three were converted from a failed 
gastric bypass. The first 50 cases had a 2 m com-
mon limb, and in September 2009 the common 
limb was changed to 2.5 m; for aged patients or 
patients with liver or bowel diseases, 3  m has 
been the selected common limb length.

Surgical times ranged from 210 to 75  min, 
with a mean time of between 90 and 120 min. The 
mean age of the patients was 47 years (22–71), 
with a mean weight of 119 kg, and a mean BMI 
of 44.6 kg/m2. Sixty percent of patients presented 
type 2 diabetes or had insulin resistance; among 
them 40% were receiving insulin treatment and 

a b

Fig. 14.4 (a) Gastroduodenal and right gastric arteries. (b) Gastroduodenal and right gastric arteries
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had a mean duration of the disease of 9.8 years. 
Mean preoperative blood glucose in this group 
was 178.2  mg/dL, and glycosylated haemoglo-
bin was 7.9% (5.4–13). Seventy-two percent of 
diabetic patients had HbA1c values above 6.5%. 
The preoperative mean value of peptide C was 
2.12  ng/mL (0.4–7), and the mean value of the 
HOMA index was 7.9 (0.66–22.10). Fifty-seven 
percent of the patients had preoperative dyslipid-
emia, 27% had obstructive sleep apnea and 57% 
had high blood pressure undergoing treatment [3].

There were no intraoperative complications 
and no postoperative mortality. One patient had 
a gastric tube leak, and five patients suffered 
from anastomotic leak. Most cases were con-
servatively treated with the abdominal drain. 
One patient had an intraluminal gastric haemor-
rhage, which was treated endoscopically, and two 
patients presented an incisional hernia through a 
trocar defect or pre-existing umbilical hernia.

The mean excess weight loss was 95% in the 
first 12 months after surgery and remained at 87% 
at 5 years (Fig. 14.5), with 5% of the patients fail-
ing to achieve a 50% excess weight loss.

The metabolic results were excellent and com-
parable to the rest of the biliopancreatic diversions 
[4]. Mean glycemia values among diabetic patients 
fell to 94.7 mg/dL in the first postoperative year 
and to 93.1 mg/dL, 91.1 mg/dL and 79.6 mg/dL 
in the following 3 years, with mean HbA1c val-
ues of 5.3%, 5.2%, 5.4% and 5.0%, respectively. 
Eighty-five percent of the patients maintained 

glycosylated haemoglobin levels below 6.5%. 
The parameters that were associated with a worse 
metabolic outcome were the longer duration of 
metabolic syndrome before the intervention, its 
worse control represented by higher levels of both 
glycemia and glycosylated haemoglobin and pre-
operative insulin dependence. Dyslipidemia and 
obstructive sleep apnea were resolved in 73% and 
88% of patients, respectively. High blood pressure 
was controlled in 98% of patients with complete 
remission in 58% of cases.

The mean daily number of bowel movements 
was 2.5. A small percentage of patients had more 
than four stools per day and were occasionally 
treated with oral antibiotics and colestiramine.

Major problems were hypoproteinemia, 
which was detected in 16% of patients, and sec-
ondary hyperparathyroidism due to deficiency of 
vitamin D absorption; 40% of patients presented 
high levels of parathormone, with a mean value 
of 92 pg/mL [2].

A total of nine patients, four who underwent 
SADI-S 200 (8% at 10 years of follow-up) and 
five patients who were submitted to SADI-S 250 
(2.6% at 7-year follow-up), were reoperated to 
lengthen the common channel. The reoperation 
in three cases consisted on building a duode-
nal switch with a Roux-en-Y reconstruction by 
dividing the efferent loop close to the previous 
duodeno-ileal anastomosis and re-anastomosing 
this end in the afferent loop 100–200 cm proxi-
mal to the previous duodeno-ileal anastomosis 
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(Fig. 14.6). In one case, a dismantling of the duo-
denoileostomy and a duodeno-duodenostomy 
was performed; in the other cases, the duodenoil-
eostomy was divided, and a new anastomosis was 
performed in the same way 1 m proximally.

 Our Conclusions

Advantages of SADI-S.
Over gastric bypass: Better weight loss, as a 

malabsorptive operation. Better metabolic results 
due to distal anastomosis and fat malabsorption. 
Easy to dismantle in case of complications. More 
physiologic due to pyloric preservation. No inter-
nal hernia expected, as there is no mesenteric 
opening. No stomal problems such as ulcers or 
stricture because anastomosis is in the duodenum.

Over duodenal switch: SADI-S has been shown 
to induce the same metabolic and weight loss 
results as classical DS, with a simpler procedure 
[3, 5]. The longer common limb decreases intesti-
nal movements and faecal and anal problems.
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Vagal Nerve Control of Appetite, 
Energy, Regulation, and Body 
Weight

Sachin Kukreja, Mark Knudson, Katherine Tweden, 
Kelly Aspinwall, and Scott A. Shikora

 Vagus Nerve Function

In a review article, Camilleri described the “gut” 
functions of the vagus nerve: “If the gut is a 
“puppet on a string” controlled by the brain cen-
ters, the vagus nerve may legitimately lay claim 
to being the string!” [1].

For all practical purposes, the only truly hard-
wired activity in which humans are born experts 
is eating. And the single most important pathway 
mediating this ability is the vagus nerve, connect-
ing the brain and the gut. The vagus is also deeply 
connected to metabolic regulation, including, for 
example, endogenous gluconeogenesis.

The vagus is the 10th of the 12 cranial nerves. 
In Latin, the term “vagus” means “the wanderer” 
as the vagus is the longest of all of the cranial 
nerves [2]. Its distribution covers areas of the 
head all the way through the gastrointestinal tract 
to the proximal colon. It can truly be thought of 

as the “the spinal cord” of the parasympathetic 
nervous system. The vagus nerve performs many 
critical motor, secretory, and sensory functions 
in response not just to food intake but, in fact, 
to the sight, smell, and taste of food, the so-
called cephalic phase of vagal activity [1]. This 
role of the vagus nerve in the regulation of food 
intake, processing, transit, and digestion has been 
described extensively [2].

At the time of food intake, vagus nerve acti-
vation results in proximal stomach relaxation 
or gastric accommodation in order to receive 
the ingested nutrient volume without increas-
ing intragastric pressure. This accommodation 
permits larger nutrient intake at a single meal. 
Propulsive, peristaltic, antropyloric gastric con-
tractions, also vagally mediated, triturate solid 
food into particulate, semifluid gastric contents, 
or chyme, which is then delivered during the 
process of gastric emptying through the pylorus 
into the proximal duodenum [3]. In the duode-
num, pancreatic exocrine secretion (PES) occurs, 
providing enzymes essential for further digestion 
of carbohydrates, fats, and proteins. PES is also 
mediated by vagal input [4].

 Effects of Total Vagotomy

Multiple physiologic effects are seen when 
both the anterior and posterior trunks of the 
intra-abdominal vagus are severed, intention-
ally, accidentally, or by a pathologic process. 

S. Kukreja 
Minimally Invasive Surgical Associates,  
Dallas, TX, USA
e-mail: sachin@texasweightlossdocs.com 

M. Knudson · K. Tweden · K. Aspinwall 
EnteroMedics, Roseville, MN, USA
e-mail: mbknudson@enteromedics.com; 
kaspinwall@enteromedics.com 

S. A. Shikora (*) 
Department of Surgery, Brigham and Women’s 
Hospital, Boston, MA, USA
e-mail: sshikora@bwh.harvard.edu

15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-93545-4_15&domain=pdf
mailto:sachin@texasweightlossdocs.com
mailto:mbknudson@enteromedics.com
mailto:kaspinwall@enteromedics.com
mailto:kaspinwall@enteromedics.com
mailto:sshikora@bwh.harvard.edu


146

An early effect is loss of the gastric accommo-
dation response initiated by food ingestion into 
the mouth, let alone into the stomach itself. 
Vagotomized individuals often experience very 
early satiation (sense of fullness) at mealtime 
with associated reduced ability to eat an ade-
quate meal size. Accompanying this effect on 
satiation, there is usually an inhibition of gastric 
contractions which delays gastric emptying with 
associated prolongation of fullness and bloating 
(dyspepsia) after meals.

Further along the nerve’s path, the effect can 
be even more problematic because of the inhibi-
tion of pancreatic exocrine secretion. Since, in 
humans, the vagal innervation of the pancreas is 
preganglionic, the initiation of pancreatic secre-
tion is neutrally modulated, and the hormones 
known to modify pancreatic exocrine secretion 
act through up- or downregulation of the vagus 
nerve branches that innervate the pancreas. As a 
result, total vagotomy in humans results in long-
term pancreatic insufficiency of varying degrees. 
This insufficiency disrupts intestinal food diges-
tion with associated decreases in nutrient absorp-
tion. This also oftentimes results in frank or 
occult steatorrhea [6]. The presence of occult ste-
atorrhea is a hallmark of patients even months or 
years after total vagotomy.

 Historical Clinical and Preclinical 
Evidence for Vagotomy

A substantial body of clinical and preclinical lit-
erature describes the results of either complete or 
partial permanent surgical interruption of intra-
abdominal vagal function by either complete 
truncal vagotomy or selective vagotomy. This 
work provides the rationale for more physiologi-
cally based interventions aimed at addressing the 
neural and neurohumoral mechanisms under-
lying the dysregulation of eating behavior and 
autonomic function resulting in obesity.

The lack of vagal function has a wide range of 
consequences in humans. Chang et  al. reported 
a series of 120 patients with refractory duodenal 
ulcers who underwent either complete or highly 
selective (partial) intra-abdominal truncal vagot-
omy, along with duodenectomy [5]. The treatment 

goal was to reduce gastric acid secretion in order 
to reduce ulcer symptoms and to permit increases 
in body weight. Less than 50% of patients with 
complete interruption of the vagus nerve achieved 
the desired body weight gain post-vagotomy, 
while 94% of those with minimal vagal nerve 
interruption gained weight. This confirmed that 
vagus nerve blocking by surgery inhibits increas-
ing body weight [5]. Indeed, this is not just an 
effect seen after surgery. Patients with obesity 
have altered autonomic function related to basic 
signals of satiety and satiation. Delgado-Aros 
and colleagues demonstrated through a series of 
134 patients (BMI 17-48) a relationship between 
BMI, gastric volume (fasting and postprandial), 
and satiation. Gastric volumes were measured 
with single-photon emission computed tomogra-
phy (SPECT). Greater BMIs and greater fasting 
gastric volumes were associated with reduced 
satiation and with greater calorie intake during a 
standardized liquid nutrient ingestion test [6].

This effect is not just mechanical, affecting 
stomach filling and emptying, it also affects diges-
tion in the small intestine. As pointed out above, 
calorie absorption is disrupted even years after trun-
cal vagotomy. This was demonstrated in a series of 
48 patients admitted to a metabolic ward and stud-
ied for fecal fat absorption. Sixteen patients were 
studied prior to vagotomy and pyloroplasty, and the 
remaining 32 patients were studied at least 1-year 
post-vagotomy and pyloroplasty (complete truncal 
vagotomy, n = 11; selective vagotomy, n = 9, highly 
selective vagotomy, n = 12). Patients with highly 
selective vagotomies had similar fecal fat excre-
tion to preoperative patients, while the patients 
with more complete vagal severance and interrup-
tion demonstrated inhibition of fat absorption (and 
therefore inhibition of fat-derived calories) 1 year 
and greater after vagotomy [7].

These effects continued after significant peri-
ods of time in patients who have undergone trun-
cal vagotomy. In seven morbidly obese patients 
who underwent truncal vagotomy, at 3 and 
9 months following vagotomy, body weights, as 
well as dietary intake of both liquids and sol-
ids (as monitored by diet diaries and urinary 
nitrogen levels), were significantly decreased. 
The authors’ concluded that their study demon-
strated an appetite-suppressant effect following 
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truncal vagotomy, particularly with regard to 
liquid caloric intake [8].

Vagotomy as a therapy for morbid obesity has 
been attempted several times. Kral et al. studied 
69 morbidly obese patients with a mean BMI of 
47 who underwent vertical banded gastroplasty (a 
stomach partitioning operative procedure rarely 
performed anymore) either with (30 patients) or 
without (39 patients) truncal vagotomy [9]. They 
found that in patients followed for 1 year or lon-
ger, the vagotomy group had a mean excess body 
weight loss (EWL) of 51% as compared to 34% 
for the non-vagotomy patients. In the subset fol-
lowed for over 5 years, the differences were even 
greater. The vagotomy group had a 61% EWL, 
while the non-vagotomy group EWL was 28% [9]. 
In another series reported by the same authors, 27 
male patients who had undergone vagotomy alone 
(n = 18) or vagotomy and pyloroplasty (n = 9) for 
peptic ulcers were compared with matched control 
patients who had undergone gastrectomy alone 
for the same condition. At 15–20  years follow-
up, no differences were observed in hematology, 
serum B12, alkaline phosphatase, total protein, or 
bone density. Higher proportions of the vagotomy 
patients, however, continued to have decreased 
appetite, loss of weight, and lower serum folate 
levels thought possibly to be due to decreased 
dietary intake [10].

Interestingly, in a case report describing the 
treatment of obesity induced by damage to the 
central nervous system, a 19-year-old female 
with a history of resection of a craniopharyngi-
oma developed hyperphagia and morbid obesity. 
She was considered not to be a candidate for gas-
troplasty for her obesity, so a truncal vagotomy 
was performed. Following the vagotomy, her 
body weight decreased from 106 to 76 kg over a 
2-year period and stabilized at 80 kg [11].

These reports provide evidence for the key 
role of parasympathetic control of conscious and 
subconscious aspects of eating behavior underly-
ing the problem of obesity and metabolic disease. 
There are substantial data from preclinical studies 
suggesting a potentially important role for down-
regulating intra-abdominal vagal function to treat 
obesity and associated metabolic diseases.

A preclinical study in rats investigated the 
effects of truncal vagotomy, splanchnectomy, or 

both on body weight, as well as hypothalamic 
peptide Y and leptin levels. Animals with vagot-
omy or vagotomy plus splanchnectomy decreased 
food intake and lost weight, while animals that 
only had splanchnectomy or a sham operation 
did reduce food intake and lose weight. Peptide 
Y levels were elevated in the vagotomized rats. 
The authors hypothesized that the vagotomized 
rats lost weight either because of increased pro-
duction of satiety humoral factors or because the 
feeding signals conducted by the vagal afferent 
neurons were interrupted [12].

In rats, vagal pathways mediate gastric accom-
modation. Both truncal vagotomy and the admin-
istration of vagolytic drugs inhibited gastric 
accommodation for up to 2 weeks. By 4 weeks 
after vagotomy, gastric accommodation returned 
to normal. The authors concluded the following: 
(1) the vagus nerve plays an important role in 
gastric accommodation; (2) continuous interrup-
tion of vagal function by surgical means inhibits 
gastric accommodation for at least 2 weeks; and 
(3) gastric accommodation is restored after con-
tinuous vagal interruption for 4 weeks [13].

The effects of surgical vagotomy and anticho-
linergic drug treatment with atropine on plasma 
levels of ghrelin are similar. Ghrelin is a gastroin-
testinal hormone that increases in the circulation 
with short-term food deprivation and/or weight 
loss and then decreases rapidly with food intake. 
This hormone has been hypothesized to have an 
anticipatory role in food intake. Vagotomy did not 
modify either baseline or food intake-suppressed 
ghrelin levels. However, vagotomy completely 
eliminated increased ghrelin levels induced by 
food deprivation. In addition, after atropine 
administration, food deprivation-induced eleva-
tions in ghrelin levels were substantially reduced. 
The authors concluded that fasting-induced 
increases in ghrelin are driven by vagal efferent 
tone [14].

 Truncal Vagotomy as an Option 
for Weight Loss

Obesity in the USA and other developed 
countries has reached epidemic proportions. 
Treatments used to combat this disease include 
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diet, exercise, behavior modification, drugs, 
and bariatric surgery [15–18]. Diets have been 
documented to be ineffective in the major-
ity of long-term studies [15]. Drugs currently 
approved for human use in the USA have been 
disappointing, both in uptake and long-term 
efficacy and tolerance [18–20]. Adverse events 
reported include hypertension, abdominal dis-
comfort, diarrhea, and fecal incontinence. In 
addition, the ever-worsening epidemic of obe-
sity-related diseases and the ever-increasing 
number of patients undergoing surgical bariatric 
procedures provide strong evidence that diet and 
exercise programs, and even pharmacotherapy 
do not achieve the sustained long-term weight 
loss required for optimal health in many patient 
populations. Success rates reported for surgical 
approaches are dependent on the operative pro-
cedure and the patient’s eating pattern [17, 18]. 
The most common surgical options in the USA 
are the Roux-en-Y gastric bypass (RYGB) and 
the sleeve gastrectomy (SG). These operations 
result in 50% or more excess weight loss that can 
usually, but not always, be maintained chroni-
cally. Morbidity and mortality rates of RYGB 
and SG, however, are dependent on the experi-
ence and annual volumes of the surgical team 
and center and the comorbidities of the patient 
[17, 18]. Banding operations are currently less 
popular as they result in lower degrees of weight 
loss and have been substantially supplanted by 
the RYGB and SG as the surgical procedures of 
choice [15, 19].

As discussed above, Kral et al. conducted sev-
eral trials of vagotomy alone and vagotomy com-
bined with a vertical banded gastroplasty to treat 
severe obesity with varying degrees of initial 
success [9, 21]. These studies followed earlier 
trials in humans showing initial, but not sus-
tained, weight loss in patients with obesity who 
underwent a truncal vagotomy [22]. These early 
studies were however important in demonstrating 
the effectiveness of vagotomy in reducing both 
hunger-driven and lack of fullness-driven eating 
behavior in human with obesity [8].

A new, durable, mechanism-focused 
approach is needed. The important function 
that the vagus nerves play in the control of 

eating behavior guided the development of a 
new medical device [23], the vBloc® system 
(EnteroMedics Inc., St. Paul, MN, USA). An 
FDA-approved implantable device, the vBloc 
device, modulates vagus nerve signaling to the 
gut and is marketed for the treatment of obe-
sity. This laparoscopically implantable device 
delivers programmable, intermittent, high-
frequency electrical algorithms directly to the 
intra-abdominal vagus nerve through small 
electrodes positioned next to the anterior and 
posterior vagal trunks in the region of the esoph-
agogastric junction. These algorithms reversibly 
block compound action potential transmission, 
resulting in a device with high patient satisfac-
tion which assists with weight loss. The vBloc 
device and the research trials done with it will 
be discussed in detail below.

 Overview of Maestro Rechargeable 
System

The Maestro Rechargeable System delivers 
electrical blocking signals to the anterior and 
posterior trunks of the intra-abdominal vagus 
nerve. The Maestro Rechargeable System con-
sists of both implanted and external components 
(Figs.  15.1 and 15.2). Internal components 
include a rechargeable neuroregulator and two 
flexible leads, which connect the neuroregulator 
to the electrodes placed around the vagus nerve. 
The flexible electrode leads are secured around 
the anterior and posterior trunks (Fig. 15.3).

External components include a clinical pro-
grammer, programmer cable, mobile charger, 
transmit coil, and AC recharger. The mobile 
charger and transmit coil are used to check the 
charge level in the neuroregulator battery and 
recharge the battery when necessary. The AC 
recharger is used to charge the internal battery of 
the mobile charger. The clinician programmer is 
used during surgery and follow-up. It consists of 
a commercially available laptop computer with a 
 proprietary software program that communicates 
with the mobile charger and neuroregulator. It 
allows clinicians to modify therapy parameters 
and to retrieve diagnostic information.

S. Kukreja et al.
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The Maestro Rechargeable Neuroregulator 
is sterile and consists of a hermetic case enclo-
sure containing the battery and electronic cir-
cuitry surrounded by a header with an integrated 
coil that acts as the telemetry and recharging 
antenna.

The battery is an internal 2.6 AH Li-ion 
rechargeable battery that has been used in implant-
able medical devices since 1999. The battery is 
recharged transcutaneously using the transmit coil. 
The patient is instructed to recharge daily until 
the battery indicator on the mobile charger shows 

Transmit CoilMobile Charger

AC Recharger

Clinician Programmer and
Programmer Cable

Rechargeable
Neuroregulator

and Leads

Fig. 15.1 Components 
of Maestro Rechargeable 
System
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Fig. 15.2 Illustration of implanted and external components of the Maestro Rechargeable System
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that the neuroregulator battery is fully charged. 
Recharging takes approximately 30 min, depend-
ing on the degree of discharge of the battery.

The mobile charger and neuroregulator are 
designed to transfer energy and information 
solely between each other, up to a maximum dis-
tance of 5 cm.

 Placement of the Maestro 
Rechargeable System Leads

The rechargeable neuroregulator is placed subcu-
taneously on the lower chest region in the area 
slightly anterior to the axial line and caudal to the 
axilla. The leads are implanted laparoscopically 
and cradle the vagus nerve at the gastroesopha-
geal junction. Two sterile bipolar leads contain-
ing the electrodes are implanted: one lead for the 
anterior vagal nerve trunk and one lead for the 
posterior vagal nerve trunk.

The lead electrodes are placed in contact 
with the appropriate vagal trunk. The elec-
trodes are not secured to the nerve but are 
anchored to the esophagus by the surgeon plac-
ing a suture through the superficial muscular 
layer of the esophagus and then through the 
suture hole in the suture tongue (Fig.  15.4). 
A nonabsorbable suture is recommended for 
secure attachment. No clips are used. No com-

pression of the nerve is experienced as the 
electrode is of an open design and no suturing 
is done to the nerve. Strain relief is provided 
by placing two additional sutures through the 
suture wings along the lead in the seromuscular 
layer of the stomach.

The neuroregulator is implanted between 2 
and 3 cm deep under the skin with the flat side of 
the neuroregulator approximately parallel to the 
skin surface. Implantation at this depth produces 
optimal charging and telemetry link between the 
transmit coil and the neuroregulator.

Anterior Vagus Nerve
Trunk with Electrode

Posterior Vagus Nerve
Trunk with Electrode

Suture Wings

Neuroregulator

Leads

Fig. 15.3 Maestro 
Rechargeable System 
placement

Fig. 15.4 Intra-abdominal lead placement
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 Role in Obesity Management

The Maestro Surgical System serves to play 
a unique role in the care of the obese patient. 
Historically, the options for these patients were 
diet and exercise or traditional bariatric surgery. 
Unfortunately, the latter involved major abdom-
inal surgery with resection of the stomach and/
or re-routing of the intestine. Although consid-
ered to be the most effective and durable means 
of long-term weight loss, traditional bariatric 
surgery permanently alters the anatomy and is 
irreversible. Additionally, these techniques are 
accompanied by both short-term complications 
and long-term morbidities, some of which may 
not yet be realized due to the relative infancy of 
the procedures (i.e., sleeve gastrectomy). Vagal 
blockade helps to cover this middle ground 
of patients that aren’t interested in permanent 
alterations to the anatomy or those that fear 
complications associated with sleeve gastrec-
tomy or gastric bypass. At the same time, it 
is more aggressive and a longer-term solution 
than gastric balloon therapy, which may other-
wise cover an overlapping patient population 
in terms of both BMI and patient desires and 
goals.

Implantation of the vBloc does not require 
alteration of the anatomy (with the exception 
of hiatal dissection with interruption of the 
phrenoesophageal membrane). Although the 
initiate iteration of the device is designed such 

that the battery should last 8 years, the neuro-
regulator can be changed without violation of 
the abdominal cavity if need be with little mor-
bidity. Additionally, if the entire system needs to 
be removed (i.e., if the patient requires an MRI), 
it can be with little long-term sequelae. In fact, 
conversion to a traditional bariatric operation 
can be accomplished with little adjustment to 
the surgical technique. As such, future inter-
ventions should not be precluded by prior vagal 
blockade.

 Preclinical Animal Studies

Preclinical studies evaluated vagal nerve block-
ing therapy for safety and to determine the appro-
priate algorithm to initially evaluate in humans. 
The studies show that application of 5000  Hz 
(vBloc therapy) inhibits action potential propa-
gation, pancreatic secretions, and gastric con-
tractions but is reversible and does not adversely 
affect axonal function or nerve histopathology.

A rat model was used to understand how 
applying 5000  Hz to the vagal nerves affected 
compound action potential (CAP) propagation or 
nerve conduction [24, 25]. In a study of nine rats, 
5000 Hz was applied for 5 min which resulted in 
a complete inhibition of CAP propagation. When 
the block was terminated, the nerve recovered in 
about 5  min. This demonstrated that the block 
was reversible (Fig. 15.5).
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The juvenile porcine pancreatic exocrine sec-
tion model was used to understand how high-
frequency algorithms applied to the abdominal 
vagal trunks affects gastrointestinal organ func-
tion [26]. This model utilizes juvenile pigs that 
are fasted for 18 h. A 5000 Hz signal was then 
applied to the intra-abdominal vagal trunks for 
5 min which resulted in more than 80% reduction 
in the flow rate of pancreatic exocrine secretion. 
There was a statistically significant difference 
from baseline in the five pigs tested (p = 0.005). 
As shown in Fig. 15.6, when the block was dis-
continued, PES flow rate was 75% recovered by 
about 15 min post-block.

The same juvenile pig model was used to 
understand how 12  Hz, which is a stimulat-
ing frequency, and 5000  Hz, which is a block-
ing frequency, applied to the abdominal vagal 
trunks affected gastric contractions relative to 
baseline [27]. In this study, three pigs were used 
and they had a baseline contraction frequency 
of 5.6 ± 1.1 contractions per minute. Relative 
to baseline, when vBloc therapy was applied 
(5000 Hz, 6 mA), the contractions were reduced 
by about 80% to 1.2 ± 0.3 contractions per min-
ute. However, when stimulating parameters are 
applied (12 Hz, 6 mA), the stomach contractions 
were shown to increase by approximately the 
same 80% amount. This suggests that vBloc ther-
apy causes a relative decrease in gastric motility.

Before first use in humans, preclinical stud-
ies of vagal nerve blocking therapy were per-
formed in a porcine model using 71 animals [27]. 
The algorithm used in the studies consisted of 

5000 Hz up to 8 mA, 0.09 msec pulse width for 
5 min “on” followed by 5 min “off” up to 24 h per 
day. These studies demonstrated the following:

• Ninety-one to 98% of axons were normal 
using axonal analysis.

• There was no evidence of necrosis or Wallerian 
degeneration.

• Some isolated early-stage axonal degenera-
tion accompanied by swelling was observed. 
We interpret these instances as transient, since 
regenerating axons without inflammatory 
signs were observed in the same tissue sam-
ples. These changes were attributed to limita-
tions of the animal model due to exteriorization 
of the leads and natural growth of the animals. 
Of note, the relatively mild nature of the 
vagally mediated adverse events seen in the 
clinical human studies of vBloc therapy 
(described in detail below) supports this 
conclusion.

• Cumulative histology was primarily normal 
fascicles.

• Fibrous capsule developed between electrode 
and vagus nerve was complete by 12  weeks 
using fibrous capsule measurements.

• Organs innervated by the vagus nerve were 
not adversely affected by vBloc therapy. 
Organs evaluated included the stomach, pan-
creas, gall bladder, liver, and brain.

• Conduction velocities after 12–79  days of 
vagal nerve blocking were consistent with 
those reported in the literature when control-
ling for similar methods and temperatures.
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 Overview of Maestro Rechargeable 
System for Clinical Use

 Summary

• Maestro Rechargeable System is indicated for 
weight reduction in adult patients with obesity 
that have a BMI of 40–45 kg/m2 or a BMI of 
at least 35  kg/m2 with one or more obesity-
related comorbid conditions and have failed at 
least one supervised weight management pro-
gram within the past 5 years.

• The Maestro Rechargeable System is com-
prised of an implantable neuroregulator and 
leads and external components that are used to 
recharge the battery and monitor the system. It 
is designed to deliver vBloc therapy, which 
blocks conduction of the anterior and poste-
rior trunks of the intra-abdominal vagus nerve.

• Preclinical studies evaluated the safety of vBloc 
therapy and the effect on nerve and target organ 
function. The studies show that the application 
of 5000 Hz with vBloc therapy inhibits pancre-
atic secretions and gastric contractions and 
inhibits action potential propagation. In addition, 
it has been shown to be reversible and safe.

• Clinical mechanism of action studies evaluated 
the effect of vBloc therapy on calorie intake 
and composition, pancreatic polypeptide (PPP) 
secretion, and maximum tolerated volume. 
The studies showed that vBloc therapy resulted 
in less calorie intake with no change in dietary 
composition, suppressed PPP secretion, and 
resulted in less volume intake (early fullness).

 Clinical Mechanism of Action 
Studies

Clinical mechanism of action studies was per-
formed in humans to assess calorie intake and 
dietary composition, inhibition of plasma pancre-
atic polypeptide, and maximum tolerated volume. 
These studies show that, compared to baseline, 
chronic delivery of vBloc therapy results in a 
reduction in food intake, inhibition of plasma 
pancreatic polypeptide (PP), and a reduction in 
maximum tolerated volume (MTV) ingested.

 Calorie Intake and Diet Composition 
Study [28]

Ten patients (six females) with a mean BMI 
of 38  kg/m2 were implanted at one center 
in Australia with the Maestro Rechargeable 
System and received vBloc therapy for 
12  months. Seven-day diet diaries were taken 
at pre-implant and after 1, 3, 6, and 12 months 
of vBloc therapy to quantify changes in calorie 
intake and dietary composition. Each diet diary 
was verified during a detailed interview with a 
nutritionist. A validated program for determin-
ing nutrient and calorie content in food was 
used to quantify as percent of the total amount 
of intake from carbohydrates, fat, and protein. 
Dietary composition expressed as percent fat, 
carbohydrate, and protein in the daily intake 
was essentially unchanged throughout the fol-
low-up period. Calorie intake decreased signifi-
cantly from baseline intake of 2062 kcal/day by 
45%, 48%, 37%, and 30%, respectively, at 1, 3, 
6, and 12 months.

 Plasma Pancreatic Polypeptide  
Study [29]

Twenty-five patients (20 females, BMI: 
33–48  kg/m2) at two centers outside of the 
USA (OUS) underwent sham feeding before 
implant and after 12  weeks of vBloc therapy 
with the Maestro RF System. Plasma pancre-
atic polypeptide (PP) response to sham feeding 
was used as a noninvasive test of vagal effer-
ent function. Plasma PP levels were obtained 
in fasted patients at baseline and through-
out a 20  min sham feeding. Patients avoided 
swallowing food or saliva to eliminate the 
nutrient activation of pancreatic secretion. 
Before Maestro System implant, sham feeding 
resulted in normal plasma PP response with 
increases above baseline of at least 25 pg/mL 
(mean plasma PP above baseline at 20  min, 
42 ± 19 pg/mL). Following 12 weeks of vBloc 
therapy, plasma PP responses at 20  min were 
suppressed (mean plasma PP above baseline at 
20 min, 20 ± 7 pg/mL).
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 Maximum Tolerated Volume  
Study [30]

Eight subjects (five females; mean BMI 40  kg/
m2) were implanted with the Maestro RF System 
in an open-label study at one OUS center. 
Subjects underwent standardized nutrient drink 
tests at baseline and after at least 12  months 
of vBloc therapy. At each evaluation, subjects 
ingested Ensure® (1 kcal/ml) in 120 mL volumes 
separated by 4-min intervals until maximum tol-
erated satiation. Maximum tolerated volume 
(MTV) was calculated as total volume ingested. 
The baseline MTV of 1383 ± 161  mL was sig-
nificantly reduced by 246 ± 122 mL at follow-up 
(p = 0.05), representing a mean decrease of 18% 
in ingested volume at satiation.

 Unique Surgical Candidates

In January of 2015, the US Food and Drug 
Administration approved vBloc therapy for 
severely obese individuals (BMI 35–45  kg/m2). 
That approval implied that vBloc therapy would be 
an acceptable treatment option for patients eligible 
for conventional bariatric surgery. However, the 
unique characteristics of the vBloc system make it 
especially attractive for certain patient subgroups.

Extremes of age The worldwide obesity epi-
demic has also reached into pediatric and adoles-
cent age groups. While there are a few surgical 
centers that perform conventional bariatric sur-
gery on patients younger than 18  years of age, 
there are significant concerns about doing these 
procedures on minors. Many parents, pediatri-
cians, and even the health insurance carriers are 
concerned about the operative risks, long-term 
consequences, and patient compliance.

Conversely, there is also a growing popula-
tion of severely obese older individuals seeking 
treatment. Few come to surgery as many view the 
risks of conventional bariatric surgery to be unac-
ceptable. Additionally, while there are no formal 
age limits to bariatric surgery, many surgeons set 
their own age cutoffs. Severely obese patients, 

who otherwise would be good surgical candi-
dates, are prevented from having surgery.

Pre-existing conditions There are a number of pre-
existing conditions that might render conventional 
bariatric surgery more complicated or even contra-
indicated. These would include conditions such as 
inflammatory bowel disease, patients taking multi-
ple oral medications, patients dependent on nonste-
roidal anti-inflammatory drugs, patients with 
severe iron deficiency anemia, and patients taking 
immunosuppressive medications such as steroids.

Previous abdominal surgery While many 
patients have had previous abdominal surgery, 
some of them may be deemed higher risk for 
perioperative complications that would frighten 
the patient away from surgery or disqualify them 
altogether. These conditions include patients 
with large ventral hernias, a history of significant 
adhesions, small bowel or colon resections, or 
liver transplantation.

Miscellaneous Miscellaneous reasons for not 
having conventional bariatric surgery include 
fear or aversion to gastrointestinal alterations, 
permanent dieting, and the need for lifelong vita-
min supplementation.

All of the above conditions (and many oth-
ers not listed) prevent many otherwise good 
operative candidates from having conventional 
bariatric surgery. Many of these patients would 
probably find vBloc therapy to be acceptable as it 
has a much more favorable safety profile and does 
not anatomically alter the gastrointestinal tract. 
Additionally, with vBloc therapy, there is no need 
to follow draconian dietary restrictions, and there 
is no need for lifelong vitamin supplementation.

 Surgical Technique

Patients are prepared for surgery with a preopera-
tive “liver reduction” diet at the discretion of the 
surgeon. We typically employ this for 2  weeks 
prior to surgery. The anticipated position of the 
neuroregulator should be identified in advance. 
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This should be done in conjunction with the 
patient in the supine, sitting, and standing posi-
tions. Depending on body habitus, the patient 
may have breast or bra-line issues that may affect 
placement. It is important to remember that the 
neuroregulator will need to be placed in a loca-
tion that the charging ring can fit in the position 
that the patient anticipates charging. Ideal neu-
roregulator depth is 2 cm and typically over the 
ribs on the left side. Even in obese male patients, 
this is sometimes difficult as there may be limited 
subcutaneous fat over the ribs in this area. Some 
patients will prefer a more anterior position for 
their neuroregulator, while others may prefer 
more lateral. Additionally, depending on habitus 
and space issues, the neuroregulator may sit bet-
ter transversely or vertically.

Details of the actual surgical technique are 
variable, but in general, bed position and patient 
positioning can be accomplished in line with other 
foregut and bariatric procedures. We typically 
place the patient supine with arms extended and 
utilize a Nathanson liver retractor in the subxi-
phoid position to expose the hiatus. Alternatively, 
the patients may be placed in split leg or French 
position, and a snake retractor could be used 
depending on surgeon preference.

The procedure is performed laparoscopically. 
Exact trocar positioning may vary, but it is most 
critical that an 11  mm trocar be utilized in the 
left anterior or left mid-clavicular line depending 
on planned neuroregulator position. Leads will 
be placed and lead tails will be extracted through 
this trocar.

The operation begins with identification of 
a hiatal hernia with an anterior inspection. If a 
hernia is identified, this will need to be repaired 
before placement of the leads. Care must be taken 
to preserve both anterior and posterior vagus 
nerves in the course of this dissection. If they are 
identified during dissection of the hiatal hernia, it 
is prudent to “tag” them with a suture to facilitate 
finding them later in the operation.

If no hiatal hernia is noted, the operation 
begins with opening of the pars flaccida to expose 
the length of the right crus, all the way to the 
apex. In incision is made at the base of the right 

crus, approximately 1 cm posterior to the esopha-
gus entering the abdomen. A blunt instrument is 
used to spread in the direction of the esophagus. 
Typically, the yellow sheen of the vagus nerve is 
easily identified at the 6–7 o’clock position rela-
tive to the esophagus within this fatty tissue. The 
posterior vagus is dissected-free and encircled 
using a 2-0 silk tie. It is important to not “over-
mobilize” either vagus nerve so when the leads 
are attached they can be pulled under tension into 
the cuff.

Dissection proceeds anteriorly through the 
phrenoesophageal membrane. The anterior vagus 
may be attached to this membrane or more inti-
mately associated with the esophagus. With our 
left-handed instrument, the membrane is ele-
vated and the space between it and esophagus 
is explored for the nerve. The location may be 
variable and it can be seen from the 11–2 o’clock 
position anterior to the esophagus. If necessary, 
the membrane can be partially divided to get a 
better view of the nerve. When identified, it is 
also encircled with a suture so it can be found 
later.

The anterior and posterior leads are opened 
and inserted into the abdomen using the 11 mm 
trocar. Care must be taken to insert the leads 
via the suture wing to minimize the possibil-
ity of damage to the leads or cuffs. The poste-
rior lead is identified with a white line along the 
length of the lead while the anterior lead is clear 
throughout. We typically place the anterior lead 
first. Although it can be oriented either way, we 
generally orient the lead such that it is exiting 
toward the patient’s right side. The previously 
placed suture is used as a handle to elevate the 
nerve while minimizing manipulation. The lead 
is sutured to the anterior esophagus with the 
nerve distracted and oriented 90° to the lead cuff. 
This is repeated with the posterior lead except it 
is pointing to the patient’s left side.

The suture wings are then secured to the 
stomach, with two sutures on each lead. It is 
important that the wing be secured such that the 
lead is not arching up toward the liver but, rather, 
flat on the esophagus. The suture wings can be 
sewn to the gastrohepatic ligament if necessary 
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for orientation. The two leads together should 
appear to form a “heart shape,” and the leads can 
be brought out the 11 mm trocar.

The leads are carefully inserted into their 
respective spots on the neuroregulator. The ring 
can be brought on the field in a sterile sleeve 
and the neuroregulator interrogated and imped-
ance levels checked. It is important to note that 
normal impedance numbers do not confirm that 
the tissue in the lead is indeed nerve. If every-
thing is within appropriate ranges, the predefined 
subcutaneous pocket can be created and medical 
adhesive applied to the lead insertion points. The 
neuroregulator is inserted into the pocket and 
secured using the three sutures. The liver retrac-
tor and pneumoperitoneum can then be released 
and repeat impedance levels checked prior to 
closure. The subcutaneous depth of the device 
should be documented – ideal being 2–3 cm. If 
this is not achievable (particularly in men with 
limited fat in this area at time), a spacer such as a 
towel may be necessary to increase this distance 
for proper charging. If everything is acceptable, 
therapy can be initiated.

If impedance levels fail to be within normal 
range, placement issues need to be evaluated. It 
can be helpful to eliminate any fluid in the upper 
abdomen as well as release the liver and pneu-
moperitoneum before rechecking. Otherwise, 
the suture wings locations or leads may need 
adjusting or the equipment exchanged. Any nec-
essary troubleshooting can usually be done from 
interrogation of the device with the ring and the 
computer programmer and should be completed 
before conclusion of the case.

The risks of the surgery are shared with any 
operation requiring general anesthesia and those 
in the upper abdomen. There are no staple lines to 
fail and no gastric or esophageal injuries reported, 
but they are possible. Other structures in the area 
include the aorta and IVC so care must be taken. 
Other risks include failure to properly identify 
either vagus nerve, most commonly the anterior 
vagus nerve. As such, careful, meticulous, hemo-
static dissection is critical.

Patients are sent home on a full liquid diet 
immediately following surgery. Therapy is initi-
ated, but the initial battery charge is sufficient to 

maintain them until their first postoperative visit 
at 2 weeks. Only at that point are patients given 
their mobile charger kits and are they instructed 
about charging technique.

 Postoperative Care

 Follow-Up

Patients are routinely seen at the 2-week follow-
up. At this time, there are a few specific issues 
related to vBloc that need to be addressed. 
Although the patient has had therapy initiated, 
it is typically at too low dose for the patient to 
feel. As such, the computer programmer (CP) 
needs to be connected and the neuroregulator 
programmed. A typical introductory intensity is 
2 mA. At default, therapy will be delivered for 
5 min in 5 min intervals. A test run will be per-
formed to ensure that the patient tolerates therapy 
without any untoward sensations such as heart-
burn, globus, dysphagia, or esophageal spasm. If 
they do, the intensity should be reduced. Men are 
often more sensitive to therapy than women and 
as such require lower intensity therapy. The neu-
roregulator can also be programmed to be active 
during the patient’s typical schedule to ensure 
that all meals are blocked (i.e., it would be inap-
propriate to administer therapy during the day 
to a night worker or starting at 0800 if they eat 
breakfast around 0700 on most days).

The patient is given their mobile charger and 
needs to be taught proper charging technique. 
Initially, until they understand the longevity of 
their battery at a given therapy level, we advise 
our patients to check and charge their device 
once daily. Once a stable therapy level has been 
achieved and the discharge pattern of the device is 
understood, it is not unreasonable to charge once 
weekly. However, we don’t encourage this typi-
cally in the first few months. If they do embrace a 
weekly schedule, it must be emphasized that they 
absolutely must not forget at that 1 week interval. 
If the battery level becomes too low (typically 
after a few months), it may not be chargeable. 
Because of the importance of charging, we bring 
the patients back again at 4 weeks to ensure they 
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are charging properly. We interrogate the device 
at that time and inspect the charging history to 
verify the same.

Patients are enrolled in “vBloc Achieve” 
throughout the process. We try to enroll them pre-
operatively, but if by the first visit they have yet 
to sign up, we again encourage them. This pro-
gram provides the patients with a Wi-Fi-enabled 
scale that transmits data to a personalized dieti-
cian and support group service. This engagement 
not only allows tracking of weight loss but keeps 
the patients engaged moving forward. If the dieti-
cians note any issues, they notify the clinic so 
the patient can be returned. We routinely see the 
patients every 6–8 weeks and space out appoint-
ments further after 9 months if things are routine.

Because there is no malabsorptive or bypassed 
component to the operation, there is likely lim-
ited need to vitamin supplementation. However, 
bariatric patients have vitamin deficiencies at 
baseline; as such, we subject them to the same 
vitamin checks as our other bariatric surgery 
patients and supplement them as necessary.

 Future Directions

vBloc is a new and innovative solution for the 
care of the obese. However, mechanisms of 
weight loss remain poorly understood despite 
our existing knowledge of vagal nerve function. 
Further research into the effects of vagal block-
ade on hormones such as ghrelin, leptin, peptide 
YY, and more should be undertaken moving for-
ward. Only then will a more complete picture of 
this therapy be obtained. Also, given the wide-
ranging influence of the vagus nerve throughout 
the majority of the gastrointestinal tract, hepato-
biliary system, and pancreas, other applications 
of vagal blockade beside treatment of obesity 
may be adopted.

Many questions have been raised about the 
possibility of vBloc as a salvage operation for 
failed weight loss after other bariatric surgeries. 
At present, few surgeons offer revision of gastric 
bypass, either through gastrojejunostomy revi-
sion, limb lengthening, or conversion to duode-
nal switch, and of course, either option may be 

hampered by significant morbidity. Depending 
on surgical technique at time of initial bypass, 
the vagus nerves may have been partially or com-
pletely divided within the gastrohepatic ligament. 
Additionally, if the mechanism of action in vBloc 
is as believed it to be, then there may be no effect 
on gastric bypass. For sleeve patients, the vagus 
nerves are likely preserved, but the question of 
the role of vBloc in these patients remains as this 
has only been performed a handful of times to 
our knowledge with limited early results. Lastly, 
many gastric band patients may seek an operation 
such as vBloc; after all, they chose not to receive 
a stapled operation the first time. However, it is 
unknown if the vagus nerves could be properly 
and confidently identified in what is likely to 
be a hostile surgical field at the esophagogastric 
junction.
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Revision After Gastric Banding

Andres Giovannetti and Rami Lutfi

 Introduction

Laparoscopic adjustable gastric banding (LAGB) 
was described in 1993 and approved by the FDA 
to be used in the USA in 2001. It is a purely 
restrictive procedure designed to confront obesity. 
By 2010 these operations accounted for 46% of 
all the bariatric surgeries performed in American 
College of Surgeons accredited centers [1].

Since its introduction, LAGB placement has 
been considered as a safe, reversible, and low-
risk procedure with promising short-term out-
comes as reported by many of the initial studies 
[2–4]. However, more recent investigations 
reviewing long-term outcomes showed high rate 
of reoperation and revision for complications like 
band erosion, slippage, and gastric pouch enlarge-
ment as well as weight loss failure [1, 5–8].

Based on the National Inpatient Sample (NIS) 
database, between 2005 and 2014, 159,890 mor-
bidly obese individuals underwent LAGB inser-
tion. Utilization of this procedure started with 
around 14,000 in 2005, peaking in 2008 at 35,000 
cases to decrease to 1170 in 2014. Interestingly 
the number of procedures for removal and revi-
sion during the same period increased progres-
sively from a total of 1405  in 2005 to 7240  in 
2014 (an increase of 432%) [1].

There are multiple potential reasons for failed 
weight loss following LAGB.  These include 
complications related to the adjustable gastric 
band prosthesis, lack of compliance with dietary 
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Goals
• Describe proper evaluation and workup 

of a patient with weight loss failure after 
adjustable gastric band (AGB).

• Discuss the factors involved in the selec-
tion of the adequate procedure for 
revision.

• Discuss up-to-date opinions regarding 
main controversies in revision surgery.

• Describe the critical differences between 
one-stage and two-stage revision sur-
gery after AGB.

• Describe essential steps during laparo-
scopic AGB revision surgery to laparo-
scopic sleeve gastrectomy (LSG) and 
laparoscopic Roux-Y gastric bypass 
(LRYGB).

• Review and compare the outcomes 
regarding weight loss and complications 
between LSG and LRYGB when done 
for revision after AGB.
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advice or adjustment regimens, or low resting 
energy expenditure [5].

In general, AGB have inferior results com-
pared with stapling procedures due to lack of 
metabolic effect. However, when minimal weight 
loss or recurrence of obesity occur, a comprehen-
sive evaluation of the patient needs to be done by 
the team (including dietitian and psychologist) 
before blaming the AGB. It is our practice to look 
at the compliance and the number of adjustments 
done before going forward with further workup.

The current literature shows that up to 60% of 
patients required revision of the primary surgery 
between 30 and 80 months after placement, being 
the most common indication insufficient weight 
loss [5, 8, 9].

The goal of this chapter is to provide a review 
of the outcomes after different conversion options 
available LAGB as well as describe the essential 
surgical steps during these procedures.

 Adjustable Gastric Band Revision

Conversion from AGB to sleeve gastrectomy 
(SG) or Roux-Y gastric bypass (RYGB) is safe 
and feasible. The selection of the procedure will 

depend mainly on the characteristics of the 
patient including BMI, comorbidities, previous 
surgeries, preoperative studies (EGD, upper GI), 
and patient preference. It is necessary to consider 
the risk/benefit ratio of the surgery during the 
evaluation of the patient by a multidisciplinary 
patient care program [9, 10].

The authors consider that during the evalua-
tion of a patient with an AGB for a revisional sur-
gery, it is critical to differentiate those that present 
because they did not do well with the band (sub-
optimal response) from those with complication 
related with the band (erosion, slippage). In our 
practice, we tend to believe that the first group of 
patients would fail with another restrictive proce-
dure in a long term if they never responded at any 
time or were not compliant. Every patient with an 
AGB with suboptimal response undergoes an 
extensive evaluation by our team of dietitians, 
psychologists, and nurses, paying attention to 
details like how many band adjustments were 
done, compliance with the follow-up and pro-
gression of the weight (Fig. 16.1 illustrates our 
detailed approach).

In our institution, EGD is the study of choice 
we use routinely to evaluate patients before bar-
iatric surgery. For the workup of “failed” band 

Adjustable Gastric Band
Revision work up

Failure

Never did well

Non compliance

Recurrence after
positive response Erosion

Did well initially;
but regain weight

Deflated after GZ;
never got back

Compliant;
Never achieved

GZ despite
adjustment

RYGB / DS SG / RYGB
(1 stage)

SG: Sleeve Gastrectomy. RYGB: Roux-Y Gastric Bypass. DS: Duodenal Switch. GZ: Green Zone

SG / RYGB
(2 stages)

RYGB
Behavioral and

Dietary Management

Slippage

Complication

Fig. 16.1 Work up of failure after Lap-Band
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and revisions, we include both, upper GI study 
and endoscopic evaluation (EGD). In the pres-
ence of a band, an upper GI study will evaluate 
the esophagus and the gastric pouch above the 
band to rule out anatomical problems such as 
band slippage or esophageal dilation. This helps 
deciding between one- and two-stage approaches.

The removal of the gastric band constitutes the 
first step of any revision surgery. It can be done 
simultaneously with the second surgery (one-
stage revision) or as a separate procedure (two-
stage revision) 3–6  months before the second 
surgery. The selection of the approach will 
depend on each surgeon and center experience as 
we will discuss later in this chapter.

 One-Stage Versus Two-Stage

In the contrary to many, we feel that one-stage 
conversion from LAGB to either LSG or LRYGB 
is technically easier as opposed to the general 
belief. The band is deflated 2 weeks before the 
surgery to decrease the inflammation caused by 
pressure of the balloon and allow the gastric 
pouch to decrease in size.

The trocar positioning used is the same for 
one- or two-stage approach, using the same posi-
tion as it was a primary LSG or LRYGB (this is 
described in detail in the Gastric Sleeve chapter). 
Briefly, the abdomen is accessed using a 5  mm 
bladeless trocar just inferior to the left costal mar-
gin in the midclavicular line; once inside, we use 
an angled scope and place the remaining trocars, 
including a 5 mm trocar 16 cm from the xiphoid 
and 3 cm to the left side of the midline to obtain a 
better angle to approach the hiatus. The umbilical 
region is avoided because of its inconsistent posi-
tion in obese patients. A 12 mm bladeless trocar is 
placed on the right side near the inferior aspect of 
the falciform ligament and an additional 5 mm in 
the right upper quadrant. Unique for a one-stage 
procedure is a 15 mm trocar instead of the 12 mm 
trocar in order to remove the adjustable band.

Lysis of adhesion constitutes the initial and, 
occasionally, a complex portion of the procedure, 
but it is common for both one- and two-stage 
approaches. This step is performed using electro-

cautery close to the left lateral lobe of the liver, 
with the help of a liver retractor to reach the 
esophageal hiatus (Figs. 16.2 and 16.3).

We feel that having the band in place facili-
tates the dissection and preparation for the sta-
pling process. The body of the band can be 
followed once the adhesions are removed to iden-
tify the gastro-gastric plication suture line. The 
band is kept locked and the anterior capsule is 
identified (Fig. 16.4).

The band tubing is retracted to the right side of 
the patient, and with the use of electrocautery ini-
tially and laparoscopic scissors without cautery, 

Fig. 16.2 Adhesions to the liver after the band was 
removed (second stage)

Fig. 16.3 Taking down the adhesion between the  
stomach and the liver (second stage)
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the plication line is divided to separate the two 
portions of the stomach from medial to lateral 
(Figs. 16.5 and 16.6).

When approaching to the left side of the stom-
ach, the band is unlocked and removed (Fig. 16.7); 
the surgeon retracts the gastric pouch superiorly 
and the assistant the remaining stomach down, 
exposing the rest of the plication suture line 
which is divided with scissors until the plication 
is undone (Fig. 16.8).

During revisional surgery from LAGB, it is crit-
ical to clear the left crus completely like it is done 
during primary LSG and LRYGB. Two-stage revi-
sion has the advantage of fewer adhesions to the 
liver, but the plane of plication can be difficult to 
identify months after band removal (Fig. 16.9).

During the two-stage revision, a trick used to 
find the correct plane and dissect it is to use the 
suture previously placed in the initial surgery as a 

guide for the dissection of the plane and proceed 
as described above (Figs. 16.10 and 16.11).

Removal of the capsule in the band site is 
still a subject of controversy among bariatric 

Fig. 16.4 Separating the band from the liver

Fig. 16.5 Using the body of the band for guidance to 
undo the plication

Fig. 16.6 Having the band in place makes the plane easy 
to visualize

Fig. 16.7 In one-stage operation, after band removal the 
tunnel is easy to find

Fig. 16.8 Second stage could be tricky. Retracting the 
pouch up will usually lead to the separation plane
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surgeons, but the authors of this chapter strongly 
recommend the removal of the anterior portion 
without the need of removal of the entire cap-

sule in order to prevent gastric constriction 
(Figs. 16.12 and 16.13).

At the time of the revisional operation, thicker 
staple cartridges are used to perform the entire 
gastric stapling, compared with primary LSG or 
LRYGB where a mixture of staple heights is gen-
erally used. It is of critical importance to assure 
when staples are placed that no previous stitches 
are inside the staple line and also that the stom-
ach has to be flat without any folds (Fig. 16.14).

Authors use a 34 Fr bougie to guide the stapling 
for both, revisional and primary procedures. They 
consider the size of the bougie not to be of critical 
importance. Instead, the distance between the sta-
pler and the bougie is most critical as this could be 
fired “too tight” against the bougie increasing the 
risk of stricture or leak, even with larger bougies. 
Keeping a small distance is of most importance at 
the area of the incisura and at the top to avoid fir-
ing esophageal tissues (Fig. 16.15a, b).

It is mandatory, especially in one-stage revi-
sions, to perform posterior dissection of the 

Fig. 16.9 Taking down the adhesions to the left crus is 
critical

Fig. 16.10 Dividing the plane sharply in the second 
stage

Fig. 16.11 Traction and countertraction facilitates  
identifying the plane in second stage

Fig. 16.12 Identifying the capsule

Fig. 16.13 Excising the anterior part of the capsule
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stomach superiorly to rule out a hiatal hernia, 
which cannot be diagnosed during preoperative 
EGD due to the presence of the band 
(Fig. 16.16). If a two-stage approach is consid-
ered, then a preoperative EGD should be per-
formed before the second surgery looking for 
the presence of a hiatal hernia during the retro-

flection maneuver. Bariatric surgeons need to 
be aggressive in diagnosing and managing hia-
tal hernias in order to reduce the factors that 
may lead to failure of the procedure or persis-
tence of the patient reflux symptoms. After the 
entire stomach is dissected, the surgery pro-
ceeds as a routine LSG or LRYGB with the 
considerations mentioned before.

The only aspect that differs in the way the 
LRYGB is performed in our institution is the fact 
that when dealing with revisional surgery the dis-
section of the stomach is done first as opposed to 
the jejunojejunostomy. This is to ensure feasibil-
ity before commitment.

Usually, the band location is very high in the 
stomach; the transverse gastric transection to cre-
ate the pouch in LRYGB is done below the band 
site and below the capsule. The authors use 
absorbable staple reinforcement routinely in revi-
sional surgery (Fig. 16.17).

The advantage of the one-stage approach is 
limiting the process to one operation which limits 
cost and the need for patients to undergo general 
anesthesia twice and recover twice as well as lim-
iting days off work. Also, once the band is 
removed, the patients tend to gain weight despite 
strict follow-up and counseling.

While economically the one-stage approach 
results favorable for the health system compared 
with the two-stage approach, two separate stages 
are more profitable for the surgeon from a billing 
and collection standpoint.

Regardless of preference for routine revisions 
for failure of weight loss, the presence of dyspha-

Fig. 16.14 After undoing the plication, finding all 
sutures could lead to settle remaining fold that need to be 
taken down

a

b

Fig. 16.15 (a) Preparing flat, unfolded stomach as a 
“landing zone” for next firing of the stapler. (b) Ensuring 
the absence of any fold before firing the stapler

Fig. 16.16 In LRYGB creating the window for transec-
tion inferior to the prior band location
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gia, slippage, erosion, or severe gastroesophageal 
reflux despite band deflation all mandates two-
stage revisions. These patients will benefit from 
band removal followed by an observation period 
to allow improvement of symptoms before the 
second surgery. If no improvement of the symp-
toms is observed, additional workup is done.

When severe esophagitis (grade C or D) from 
chronically tight band is found on endoscopy, we 
would recommend LRYGB instead of LSG 
unless symptoms resolve after band removal. 
Repeat endoscopy can always be performed to 
ensure healing before a final decision is made.

 Sleeve Gastrectomy Versus Roux-Y 
Gastric Bypass

Laparoscopic Roux-Y gastric bypass has been 
considered as the procedure of choice for revision 
for weight loss failure after AGB for many years, 
partially due to the short experience with other 
bariatric procedures like LSG.  Nowadays the 
selection of the procedure is more complex and is 
usually based on patient preference, comorbidi-
ties, and response to previous surgery [11, 12].

According to recently published literature, the 
main reasons for band revision are weight loss 
failure (45–71%), band slippage (14–32%), ero-
sion (9%), and GERD (12%) among others [13, 
14]. Timing from the initial surgery varies widely 
ranging from 2 months after AGB placement up 
to 8 years without changes in outcomes or com-
plications [14, 15].

As far as the procedure of choice, a study 
based on the analysis of data from the Metabolic 
and Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP) published in 
2017 included 2708 patients that underwent 
adjustable gastric band (AGB) removal with one-
stage conversion to laparoscopic sleeve gastrec-
tomy (LSG) or laparoscopic Roux-Y gastric 
bypass (LRYGB). Groups were closely matched. 
They found that conversion to LSG has better 
safety profile in the short term compared with 
conversion to LRYGB. The latter was associated 
with higher 30-day reoperation, 30-day readmis-
sion rates, bleeding, and more cases of leakage. 
At the same time, this study showed that revision 
surgery to either LSG or LRYGB can be done 
safely in 99% of patients [16].

An Italian study analyzed a single-center 5-year 
outcome of conversion from LAGB to LSG or 
LRYGB. They studied 51 patients equally distrib-
uted. All revisions were performed in one-stage 
fashion. No perioperative complications were 
present. No statistical difference was found regard-
ing %EWL between patients that underwent LSG 
and those who underwent LRYGB.  Patients of 
both groups present remission of the comorbidities 
(hypertension and type II diabetes after 1 year of 
the revisional surgery) [9].

Carr et  al. did a retrospective study of 89 
patients that underwent conversion from LAGB 
to LSG or LRYGB in the same center where the 
band was placed. Consideration was to convert to 
LSG in patients with multiple adhesions at the 
time of surgery that interfere with performing a 
LRYGB as well as in patients with multiple 
comorbidities that required shorter surgical time. 
LSG was recommended in patients who had good 
experience with restrictive procedures. In this 
study patients that underwent band removal for 
insufficient weight loss receive a LRYGB more 
often than LSG (93% vs 60%). Overall there 
were no statistically significant differences 
between the two conversion options regarding 
length of stay, %EWL, and complications after 
2 years of follow-up [11].

Yeung et  al. in a retrospective study of 72 
patients undergoing conversion from LAGB to 
LSG and 32 patients to LRYGB found that those 

Fig. 16.17 Transecting the stomach below the capsule to 
create the gastric pouch
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who underwent LRYGB had longer operative 
times than LSG (224 min vs 156 min); the %EWL 
was not significantly different at 6-month and 
12-month follow-up (50.2 vs 30.6) for LRYGB 
and LSG, respectively. The complication rate 
was 18% for LRYGB and 12% for LSG. Overall, 
there was no statistically significant difference in 
the outcome between the two procedures [13].

Surgeons that favor revision to LSG after AGB 
consider this as a safe procedure that can be per-
formed faster compared with LRYGB (140–
160  min vs 218–224  min) which helps when 
patients are not able to tolerate longer operative 
times due to severe comorbidities and offers sim-
ilar benefits compared with LRYGB regarding 
recovery time, %EWL (up to 60% in LSG vs up 
to 70% for LRYGB), and length of stay 
(2–3 days). Multiple studies have shown no sta-
tistically significant differences in outcomes and 
complications between the LSG and LRYGB as a 
revisional surgery after AGB [9–11, 16–18].

Complications after both procedures, consid-
ering the higher complexity and challenges 
encountered, are minimal when done by experi-
enced surgeons working in centers of excellence. 
The ones reported are mainly leakage, infection, 
and bleeding with the former one being the most 
common [15, 19–21]. Many surgeons opt to per-
form a LRYGB instead of a LSG in those patients 
that did not respond well to a previous restrictive 
procedure [12].

Controversy still exists in regard to which 
approach must be adopted during the conversion 
process, performing either the band removal and 
conversion at the same time (one-stage approach) 
or removal of the band with a later conversion to 
LSG or LRYGB (two-stage approach). The stud-
ies supporting the use of one-stage approach for 
either LSG or LRYGB claim that patients will 
benefit of having only one surgery, will not carry 
the risk of gaining more weight during the inter-
val between the procedures, and will have the 
same risk for complications than when a two-
stage approach is used like it is shown in the 
meta-analysis done by Dang et al. and other stud-
ies [6, 9, 11, 17, 22].

Noel et al. compared 300 patients that under-
went LSG as a revisional procedure after AGB 

with 1060 patients that underwent primary 
LSG. Reasons for conversions were the same as 
other studies. The complication rate was 4.5% for 
the primary LSG group and 2% for the conver-
sion group, with a leak rate of 1.6% and 1%, 
respectively. The %EWL reported was 
75.9 ± 21.4% in the primary LSG group and 
62.6 ± 22.2% in the conversion group. All conver-
sion patients underwent a two-stage procedure. 
They are in favor of the two-stage approach with 
a minimum interval of 3  months after band 
removal [21].

In the opposite to this study, the group from 
Cleveland Clinic showed same outcomes and 
minimal complication rate with one-stage con-
version to LSG on their 209 patients compared 
with 3268 primary LSG. In the conversion group, 
one patient had a successfully stented leak. In the 
primary LSG group, three leak cases were 
reported and managed successfully through 
endoscopic stenting, one patient had pulmonary 
embolism that responded to standard treatment, 
and three patients had postoperative bleeding. No 
other major complications occurred, and there 
was no mortality in either group [20].

Recommendations for the use of a two-stage 
approach are mainly in patients with complica-
tions from the AGB like erosion, esophageal dila-
tion, severe comorbidities that limits the operative 
time, and intraoperative findings during the band 
removal that could increase the risk of complica-
tions if a second procedure is performed at the 
same time and also is critical to consider patient 
desire during the decision process [11, 14, 15, 21].

The myth about the benefit of the two-stage 
approach in relation to the reduction of the inflam-
matory component in the previous band site has 
been refuted by Tan et al. when they analyzed the 
histology of the stomach changes after band 
removal and concluded that the inflammatory 
changes do not experience a significant change 
for at least 3 years after band removal [23].

The capsule formed around the band may 
interfere with the stapling of the stomach, some 
authors recommend the removal of the entire cap-
sule before proceeding with the revisional surgery 
in order to avoid staple line failure and possible 
leak, but it is not mandatory for LRYGB. Surgeons 
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should consider to perform the gastrojejunostomy 
above or under the band capsule [9, 17].

The authors of this chapter recommend 
removal of the anterior aspect of the capsule and 
careful dissection on the anterior surface of the 
stomach in order for it to regain its original shape, 
facilitating this way the stapling process. A wide-
spread recommendation is to use thicker stapler 
cartridges during the stomach stapling in order to 
reduce the risk of leakage [9, 20].

 Conclusions
Adjustable gastric band was introduced and 
remained as a safe and effective procedure for 
weight loss until long-term outcomes studies 
showed an increased rate of complications and 
reoperations, leading to a search for more per-
manent procedures with sustainable results.

Revisional surgery is technically challeng-
ing and generally carries inferior results than 
primary bariatric operations. Suboptimal 
results to banding should be investigated, and 
failure should not be simply blame on the 
band. Those patients should be carefully eval-
uated by the comprehensive bariatric team to 
ensure their compliance before a surgical revi-
sion is decided.

The choice of the procedure and timing 
should be made after extensive discussion 
with the patient to understand their goals and 
expectations as no level 1 evidence exists 
today to guide toward the optimal operation or 
its timing. These operations should only be 
performed by experienced surgeons in spe-
cialized center of excellence.
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Revision After Sleeve Gastrectomy

Daniel Cottam, Hinali Zaveri, Amit Surve, 
and Austin Cottam

 Background

Laparoscopic sleeve gastrectomy (LSG) is a par-
tial gastrectomy of the fundus and body to create 
a sleeve or tubular stomach along the lesser curve 
of the stomach. Although it is considered restric-
tive procedure, weight loss results from restric-
tive as well as endocrine mechanism.

LSG was first reported as a part of two-stage 
approach for high-risk patients undergoing lapa-
roscopic Roux-en-Y gastric bypass (LRYGB) 
[1]. Soon, it was recognized safe and effective 
as a stand-alone procedure with the weight loss 
superior or equivalent to laparoscopic adjust-
able gastric banding (LAGB) and LRYGB [2, 3]. 
Today, it has become the most popular bariatric 
procedure in the world [4] and the most com-
monly performed bariatric procedure at US aca-
demic medical centers [5]. Technical simplicity 
compared to LRYGB, short operating room time, 
avoidance of a foreign body compared to LAGB, 
high safety profile; its ability to convert, revise, 
or use as a staged procedure, immediate calorie 
intake restriction, better insurance coverage, and 
superior weight loss compared to LAGB explain 
the increasing demand for LSG [2, 6]. The safety 
and effectiveness of LSG have been established 
in three international consensus summits [7–9]. 

In 2012, the American Society for Metabolic and 
Bariatric Surgery (ASMBS) recognized LSG as 
an acceptable primary bariatric procedure [4].

However, there are several disadvantages of 
this procedure, such as the potential for weight 
regain or inadequate weight loss; poor results in 
patients with body mass index (BMI) over 50; 
increased complications linked to stapling, like 
leaks; nonreversibility; and the paucity of long-
term data (>10 years).

 Overview of Results of Sleeve 
Gastrectomy

Multiple studies have shown LSG results an aver-
age of 55% excess weight loss (EWL) during 
midterm follow-up [10]. However, the durabil-
ity of LSG has been an important concern during 
the past 5 years. There are very limited studies 
that show the long-term (>5  years) weight loss 
results. Most of these studies have shown an 
excess weight loss ranging between 53% and 
69% [4] with the tendency for some weight 
regain. Himpens et  al. [11] reported 77% EWL 
at 3 years and 53% EWL at 6 years with primary 
LSG. Bohdjalian et al. reported 55% EWL with 
19.2% weight regain and 15.4% revision rate 
required at 5 years [12]. Similarly, in a research 
article by Alvarenga et al., it showed that EWL 
at 8 years was only 52% [13]. This means half 
of all LSG patients met the standard definition of 
weight loss failure at most long-term follow-up. 
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Sanchez-Santos et al. [14] reviewed 540 patients 
who had undergone LSG as a primary or staged 
procedure, using the Spanish national registry for 
bariatric surgery. At 3 years, mean %EWL was 
excellent; however, 15% of the patients were 
considered a failure because of weight regain in 
the first 3 years with 3.3% of patients requiring 
a second bariatric procedure. Younger age, lower 
BMI (<50 kg/m2), and thinner bougie size (32–
36 Fr.) were recommended for better outcomes. 
That means, in spite of the promising outcomes, 
LSG has poor results in patients with BMI over 
50 and has a larger standard deviation [6], mean-
ing that many patients do well with the sleeve but 
just as many do not. D’hondt et al. [15] observed 
decreasing %EWL at annual intervals; 81.5% 

EWL at 1  year was dropped to 55.9% EWL at 
6 years.

With such sobering long-term data, it is nec-
essary for bariatric surgeons to come up with a 
more acceptable approach for the patients who 
fail sleeve or who has weight regain.

 Predictor for Outcomes of Sleeve 
Gastrectomy

Since it’s hard to predict optimal outcomes after 
LSG, there are several predictor models that pre-
dict the outcomes after LSG [16–28]. Table 17.1 
summarizes the outcomes of predictive models 
for weight loss after LSG.

Table 17.1 Outcomes of predictive models for weight loss after sleeve gastrectomy

Authors

Number 
of 
patients Primary endpoints Predictor outcomes

Gomberawalla et al. 
[16]

100 %EWL at 1 year Preoperative BMI <50 – better weight loss

Abd Ellatifa et al. [17] 1395 %EWL Smaller bougie size (<36F), close application of 
staple line to the pylorus – higher % EWL

Cottam et al. [18] 613 >55% EWL at 1 year Preoperative diabetes, sleep apnea, % EWL at 
1 month and 3 months

Andersen et al. [19] 160 %EBMIL at 2 years Female sex, higher preoperative BMI, nonsmoking – 
lower %EBMIL
For men – higher age and no diabetes – lower 
%EBMIL
For women – unemployment, anxiety, and 
depression – lower %EBMIL

Martin et al. [20] 292 %EWL at 2 years Lower baseline BMI, absence of HTN, and greater 
clinical attendance – better %EWL

Hansen et al. [21] 30 %EWL at 7 months Preoperative increase in distance traveled in 
6-minute walk test – early postoperative weight loss

Goitein et al. [22] 99 %EWL at 1 year Delayed contrast passage on swallow study on POD 
1 – better weight loss

Figura et al. [23] 64 %EWL at 20 months An active coping style –higher %EWL
Manning et al. [24] 538 Maximal %WL Weight loss velocity at 3–6 months predicts maximal 

%WL
Sioka et al. [25] 110 %EWL Binge eating and emotional eating – lowest %EWL

Normal eating and snacking – highest %EWL
Philouze et al. [26] 128 %EBMIL at 

24 months
%EBMIL>20.1 at 3 months – success of SG at long 
term

Ortega et al. [27] 100 %EWL at 1 year Young age with low BMI but higher WC and lower 
HbA1c and TG – higher %EWL and success

Gras-Miralles et al. [28] 7 Weight loss at 1 year Higher calorie intake capacity had poor outcomes

EWL excess weight loss, WL weight loss, EBMIL excess BMI point lost, BMI body mass index, HTN hypertension, 
POD postoperative day, SG sleeve gastrectomy, WC waist circumference, HbA1c glycosylated hemoglobin, TG 
triglyceride
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 Causes for Sleeve Gastrectomy 
Failure

The most common cause of weight recidivism is 
the failure of adherence to dietary and lifestyle 
regimen as outlined by the multidisciplinary 
team [29]. Modifiable risk factors for LSG have 
been identified such as lack of nutritional behav-
ior, lack of physical activity, or lack of follow-up 
[30, 31]. A frequent cause of failure of restrictive 
surgery is said to be sweet eating, appearing de 
novo or persisting despite the procedure [32].

The typical pattern seen in several articles in 
regard to SG failure has been long-term gastric 
pouch dilation [33]. There are many reasons for 
the gastric pouch dilatation, including technical 
error during the operation. The superior pouch 
dilation may occur because of an incomplete 
release of the posterior gastric fundus or pres-
ervation of a part of the fundus to avoid injury 
of the esophagogastric junction or when the 
last stapler is fired >1 cm away from the gastro-
esophageal (GE) junction. On the other hand, an 
inferior pouch dilatation may rise due to antral 
preservation, which may occur due to the mis-
placement of the bougie or misidentification of 
the pylorus [34]. Another possibility for antrum 
dilation is when the stomach is resected >4 cm 
distance from pylorus [35]. Another factor to 
consider is noncompliance with diet regimen 
leading to mechanical stretching of the gastric 
pouch due to the consistent intake of larger meals 
[29]. Baltasar et  al. [36] reported two cases of 
pouch dilation following primary LSG result-
ing in weight regain. Both these cases required 
revisional surgery. A case report by Gagner et al. 
[37] reported dilated gastric pouch as a culprit 
for weight regain 2 years after a staged procedure 
combining SG and biliopancreatic diversion with 
duodenal switch (BPD-DS). Despite all these 
anecdotal papers, the only prospective study by 
Langer et al. [38] could not correlate the radio-
graphic evidence of pouch dilation with postop-
erative weight regain at 1 year after LSG. Thus, 
while we believe pouch dilation is the culprit in 
weight regain, the answer remains equivocal.

The other common motif associated with fail-
ure of LSG is smaller bougie size with smaller 

volume gastrectomies and high residual gastric 
volume postoperatively. The International Sleeve 
Gastrectomy Expert Panel Consensus Statement 
for best practice guidelines [39] concluded that a 
bougie not wider than 32–36F should be used for 
LSG. Deguines et al. [31] demonstrated that high 
residual gastric volume (>255 cc) at 2 years was 
related to LSG failure. Similarly, Weiner et  al. 
[40] reported a 13% failure rate, with a resected 
gastric volume of less than 500 cc being a pre-
dictor for such failure. However, recent analysis 
of the MBSQUIP data set suggests that larger 
bougie size not smaller results in better weight 
loss. This is counterintuitive and suggests there 
is still much to learn about weight loss success 
and failure.

By now we know that weight loss from SG is 
not only attributed to restrictive component but 
also endocrine/hormonal component [6]. There 
are over 40 hormones that control appetite and 
satiety in the human. Recently a large amount of 
attention has been focused on the LSG and ghre-
lin. The gastric fundus and body produce ghrelin, 
an appetite-stimulating hormone. LSG involves 
resecting the fundus and body; this reduces 
ghrelin levels, increases the paracrine effects of 
incretins, and decreases insulin resistance. It is 
hypothesized that weight regain after LSG may 
be attributed to increasing the body adapting to 
the LSG changes and increasing plasma ghrelin 
level [12]. Himpens et al. [32] showed that loss 
of appetite was seen in 75% of patients 1  year 
after LSG. At 3 years lack of appetite was only 
was seen in 46.7%. Currently there is no agree-
ment on which hormones affect the postoperative 
anorexia and what happens to cause the return of 
hunger seen in some patients.

 Work-Up of Failure of Optimal 
Weight Loss

The best way to approach the patients with weight 
loss failure or weight recidivism is to perform a 
full history and assess their BMI and their alimen-
tary habits. Any patient with the maladaptive eat-
ing disorder should first undergo psychological 
and dietary evaluation and should be treated before 
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considering the surgical revision. The next step is 
to document their anatomy with radiographical 
tools (upper gastrointestinal (UGI series), barium 
swallow, or esophagogastroduodenoscopy (EGD)) 
to look for the evidence of dilation [41].

If dilation is seen, then the best way to man-
age this patient is to perform a laparoscopic re-
sleeve gastrectomy (LRSG). If no dilation is seen 
and the patient is still regaining weight or has 
not achieved optimal weight loss (>50% EWL), 
malabsorptive intervention should be considered 
(Fig. 17.1).

 Management of Sleeve 
Gastrectomy Failure

 Medical Management with 
Behavioral and Dietary Changes

Psychological factors need to be addressed in a 
patient first presenting with weight regain, as it 
is directly correlated psychiatric comorbidities 
[42]. There is limited data available on behav-
ioral and psychological predictors of weight 
loss outcomes after bariatric surgery. The fac-

Sleeve Gastrectomy Failure

Assess HPI & BMI

Nutritional & Psychological
Counseling

Still Regaining
Weight

No Dilation

Metabolic
Intervention

Restricitve
Intervention

Banded Sleeve
Gastrectomy

RYGB SAGBP BPD-DS SADS

Dilation of the Sleeve

Re-Sleeve
(Restrictive Intervention)

Surgical
Intervention

Still Regaining
Weight

Still Regaining
Weight

Medical Weight Loss

Radiological Diagnosis

Fig. 17.1 Algorithm 
showing work-up of 
failure of sleeve 
gastrectomy
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tors that can cause weight regain after bariatric 
surgery includes lack of control over food urges, 
decreased well-being, and concerns regarding 
addictive behavior [42]. Conversely, excellent 
self-reported well-being and self-monitoring 
predict freedom from regaining. The behavioral 
treatment is effective in nonsurgical and surgi-
cal weight loss management because it tailors 
therapy to the specific concerns and behavioral 
patterns of patients [43].

The importance of proper nutritional coun-
seling after bariatric surgery has been sup-
ported by the literature. It has been shown that 
patient who maintain their food record are 
associated with more weight loss, while the 
lack of nutritional counseling follow-up is sig-
nificantly associated with weight regain [44]. 
Collectively, these strategies are essential in 
helping patients prevent weight regain. In spite 
of above changes, if patient is still not able to 
reach their desired weight loss or comorbid-
ity resolution, medical management should be 
considered.

Currently in the US, there are different med-
ications, approved by FDA, that are being used 
for weight management (Table  17.2). These 
medications work on a variety of pathways, 
and the patient should be told that if one of 
the meds is successful in controlling appetite 
or urges, that therapy should be instituted for a 
lifetime. Most patients should think of weight 
loss not as a temporary treatment but more like 
treatment of high blood pressure. If you find a 
medication or combination of medications that 
keep blood pressure under control, then you 
should stay on them forever. It is exactly the 
same for weight management. While there have 
been several studies documenting the effective-
ness of weight loss medication administered 
prospectively after LAGB, there currently are 
no papers documenting pathways or algorithms 
for medication use after LSG for poor weight 
loss results [45]. If the patient is unwilling or 
unable to try medications after surgery, then 
consideration should be given to performing a 
surgical revision.

 Surgical Management for Failed 
Sleeve Gastrectomy

 Restrictive Intervention

Re-sleeve Gastrectomy
A redo or LRSG is usually indicated in the event 
of insufficient weight loss or weight regain due 
to isolated gastric dilatation. Care must be taken 
when performing this operation as the gastric tis-
sue around the old staple line is denser because of 
the scar’s healing and remodeling. The new staple 
line should be created within the old staple line to 
prevent an area of ischemia. The surgeon must 
take into consideration important surgical revi-
sion complications when advising their patient 
for this option [33]. There is also increased risk 
of leak at the angle of His. This risk is even more 
in patient who had a previous LAGB.

Gagner et  al. [23] first proposed LRSG for 
insufficient weight loss after a BPD-DS and later 
by Baltasar et  al. [36] as a revisional operation 
for a failed LSG. The LRSG have shown favor-
able outcome in terms of excess weight loss at 
1 year with the caveat that it also increases the 
risk of gastric stenosis and risk of fistula develop-
ment [46–49].

There are several reports on the increased rate 
of gastroesophageal reflux disease (GERD) after 
LSG [32, 50–52]. GERD is described as either de 
novo or as being caused by aggravation of preex-
isting symptoms. Some authors have gone as far 
as saying that any patient with reflux should have 
a gastric bypass. However, the latest literature 
shows that GERD can be successfully treated 
in most patients with aggressive searching and 
repairing of hiatal hernia defects [41, 53]. In con-
clusion, LRSG has several advantages compared 
with malabsorptive procedures such as increasing 
the restriction and decreasing the gastric output, 
lessening dumping syndrome by preserving the 
pylorus, reducing protein and vitamin deficiency, 
and requiring shorter operative times [41].

It is important to remember that repeating a 
LSG does not protect the patient from occurrence 
of gastric dilation, and long-term weight regains. 
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Table 17.2 List of medications for weight loss

Name Mechanism
Weight 
maintenance Side effects

FDA-approved drugs
Long-term approval drugs
Orlistat (Xenical or Alli) Lipase inhibitor that causes 

excretion of 30% of ingested 
TG in stools

5% WL in 
1 year

GI symptoms

Lorcaserin HCI (Belviq 
and Belviq XR)

Selective serotonergic 
5-HT2C receptor agonist 
causing appetite suppression

7% WL in 
1 year, D/C if 
WL <5% after 
12 weeks

Headache, dizziness, fatigue, 
nausea, dry mouth, upper 
respiratory tract infection

Naltrexone HCI + 
bupropion HCI (Contrave)

Inhibitor of dopamine and 
noradrenaline reuptake+ an 
opioid antagonist

5–10%WL in 
1 year, D/C if 
WL <5% after 
12 weeks on 
max dose

Nausea, constipation, headache, 
dry mouth, vomiting, and 
dizziness

Phentermine-topiramate 
ER (Qsymia)

Noradrenergic + GABA-
receptor activator, kainite/
AMPA glutamate receptor 
inhibitor causing appetite 
suppression

14.4%WL in 
1 year, D/C if 
WL <5% after 
12 weeks on 
max dose

Dry mouth, constipation, 
dizziness, insomnia, constipation, 
tachycardia, memory or cognitive 
changes, birth defects, and pins 
and needle feeling in extremities

Liraglutide injection 
(Saxenda)

GLP-1 analogue. It 
suppresses the appetite and 
delays gastric emptying

5–10% WL in 
1 year

Nausea, vomiting, diarrhea, and 
constipation. High risk for thyroid 
cell tumor

Short-term approval drugs
Phentermine (Adipex-P or 
Suprenza) (high dose)

Noradrenergic causing 
appetite suppression

4–5% WL in 
1 year, D/C 
when tolerance 
occurs

Dry mouth, taste alteration, 
sleeplessness, tachycardia, 
increase blood pressure, dizziness, 
GI distress, tremors, anxiety, 
restlessness, headache

Phentermine (Lomaira) 
(low dose)

Diethylpropion (Tenuate) Noradrenergic causing 
appetite suppression

D/C if no 
response within 
4 weeks or 
when tolerance 
occurs

Same as phentermine

Phendimetrazine (Bontril) Noradrenergic causing 
appetite suppression

D/C when 
tolerance occurs

Same as phentermine

Benzphetamine (Didrex 
Regimex)

Noradrenergic causing 
appetite suppression

D/C when 
tolerance occurs

Same as phentermine

Dextroamphetamine 
(Dexedrine, ProCentra, 
Zenzedi)

Sympathomimetic Same as phentermine, along with 
high abuse potential, sudden death

Amphetamines (Evekeo) Sympathomimetic Same as dextroamphetamines
Methamphetamines 
(Desoxyn) (used only 
when other Rx is 
ineffective)

Sympathomimetic Same as dextroamphetamines

Non-FDA-approved drug for weight loss
Topiramate (Topamax) 
(approved for migraine 
and epilepsy)

GABA-receptor activator, 
kainite /AMPA glutamate 
receptor inhibitor causing 
appetite suppression

Vision impairment, acidosis, 
kidney stones, cognitive problems, 
insomnia, decreased sweating, 
pins and needle feeling in 
extremities. It can cause birth 
defects
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If weight regain still occurs after a longer follow-
up post-LRSG, patients should undergo further 
counseling about the possibility of malabsorptive 
operations.

Band Over Sleeve Gastrectomy
In LSG failure patients where the inadequate 
restriction is a cause of failure, a safe and efficient 
option will be to increase restriction by placing an 
adjustable gastric band below GE junction. The 
food will pass slowly across the proximal part of 
the stomach that will help in achieving satiety. At 
the same time, the ileal break mechanism will be 
triggered due to fast transit of food bolus into the 
small intestine. Greenstein et al. [54] first intro-
duced this idea of adding an adjustable gastric 
band to SG patients to increase gastric restriction. 
Initial LSG was performed over 60 Fr bougie; 

thus enough gastric tissue was available to allow 
gastric plication over the band (which is not the 
case with all SG). Banded sleeve gastrectomy 
(BSG) can also be used as preventative means to 
avoid SG failure in the first place [55]. Agarwal 
et al. [56] reported the first case report of BSG as 
a primary procedure on the superobese patient. 
The patient showed favorable outcomes.

The potential advantage of placing band over 
sleeve is that it is relatively simple to perform 
and it avoids the additional staple lines associ-
ated with revisional bariatric surgery. However, 
the theoretical drawbacks of the procedure 
include band erosion and slippage. Karcz et  al. 
[57] published an article where he matched 25 
patients of BSG with LSG. The results showed 
that additional band implantation did not increase 
weight loss in the first year but increased the rate 

Table 17.2 (continued)

Name Mechanism
Weight 
maintenance Side effects

Topiramate XR (Trokendi 
XR) (approved for 
migraine and epilepsy)

GABA-receptor activator, 
kainite /AMPA glutamate 
receptor inhibitor causing 
appetite suppression

Vision impairment, acidosis, 
kidney stones, cognitive problems, 
insomnia, decreased sweating, 
pins and needle feeling in 
extremities. It can cause birth 
defects

Exenatide (approved for 
T2DM) (Byetta, Byduren)

GLP-1 analogue Nausea, diarrhea, headache, 
nephrotoxicity

Metformin (approved for 
T2DM and PCOD) 
(Glucophage, Fortamet)

Hypoglycemia agent Diarrhea, nausea, lactic acidosis, 
hepatotoxicity

Pramlintide (approved for 
T2DM) + metreleptin 
(approved for leptin 
deficiency)

Amylin synthetic analogue + 
leptin receptor agonist

Nausea and increase risk of 
lymphoma

Cetilistat (approved in 
Japan)

Pancreatic lipase inhibitor GI symptoms

Tensofesine Norepinephrine, dopamine 
and serotonin reuptake 
inhibition

Dry mouth, nausea, constipation

Bupropion SR + 
zonisamide SR 
(Emapatic)

Dopamine and 
norepinephrine reuptake 
inhibitor+ antiepileptic 
causing enhancement of 
dopamine and serotonin 
neurotransmission

6–7% WL Nausea, headache, and insomnia

Gelesis 100 Made from food-grade 
material that expands in the 
stomach and slows gastric 
emptying

WL weight loss, GI gastrointestinal, TG triglyceride, GLP-1 glucagon-like peptide 1, T2DM type 2 diabetes mellitus, 
D/C discharged
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of vomiting after the first year. Thus, in certain 
patient populations with failed LSG, the insertion 
of a gastric band into its normal anatomic posi-
tion proximal to the staple line of the sleeve is 
feasible, but the long-term effects are unknown.

 Malabsorptive Interventions
Historically, SG was originally the first step in 
a scheduled two-step operation, where patients 
experienced significant additional EWL follow-
ing conversion to either duodenal switch (DS) 
or RYGB [58]. Therefore, it is easier to revise 
patients with LSG weight loss failure to the sec-
ond unscheduled bariatric procedure. Adding 
malabsorption to the already restrictive SG has 
been proven to be an effective means for further 
weight loss [33, 58]. The main concern with 
revising SG to a malabsorptive procedure is the 
significant increase of complication rates when 
compared to primary surgery. The safety of the 
revisional procedure is still debatable in the lit-
erature. Therefore, such high-risk revisional sur-
geries should only be performed by experienced 
bariatric surgeons to ensure maximum patient 
safety and procedural success.

There are multiple malabsorptive surgical revi-
sional options for failed LSG- RYGB, BPD-DS, 
single-anastomosis gastric bypass (SAGB), and 
recently popularized single-anastomosis duode-
nal switch (SADS) operation.

Roux-en-Y Gastric Bypass
The main indications for conversion of SG to 
RYGB are insufficient weight loss and signifi-
cant weight regain. Beside weight regain, severe 
reflux is also seen in some SG patients [32]. 
Modification of the gastric anatomy may impair 
the antireflux barrier. High-dose proton pump 
inhibitor (PPI) medications might not achieve 
relief of GERD symptoms in these patients and 
conversion to RYGB can serve as a definitive 
surgical option. Langer et  al. [59] first reported 
series of patients who underwent RYGB for 
severe reflux or weight regain after primary 
LSG. Postoperatively, all the patients with GERD 
discontinued the PPI medications. Significant 
weight reduction of 33  lbs was achieved in 
patients with weight regain within a median fol-

low-up of 33 months. Gautier et al. [60] reported 
61.7% EWL at 15 months after the second step, 
whereas Alexandrou et al. [61] reported a 71.9% 
long-term EWL for superobese patients.

Insufficient resolution of comorbidities is 
another reason for SG failure. RYGB is slightly 
superior to SG in controlling diabetes mellitus 
(T2DM) [60]. Secretion of incretins and their 
effect on insulin secretion is mainly due to duo-
denal exclusion seen in RYGB [62]. Although 
weight loss post revision is comparable to pri-
mary RYGB, the complication rate might vary 
between 0% and 47% [33].

One limitation of conversion of SG to RYGB 
is the weight regain, which is also seen primarily 
after RYGB.  Therefore, many debate that con-
version to RYGB is not effective [63]. In fact, 
25% of the patient who had a RYGB also fail to 
maintain their weight loss [64, 65]. In addition, 
the patients who regain their weight after LSG 
might be more susceptible to regain weight fol-
lowing conversion to RYGB [59]. Therefore, 
conversion to RYGB might be preferred in the 
case of dysphagia and GERD but might not be 
the best option for weight loss failure after SG, 
especially since other malabsorptive procedures 
show favorable weight loss results [66, 67].

Single-Anastomosis Gastric Bypass
Single-anastomosis gastric bypass (SAGB) has 
gained popularity and reported to have excellent 
weight loss and weight maintenance with a very 
low rate of complication [68–70]. The long-term 
results of SAGB have been equal or better than 
those of standard RYGB [69, 71]. It has been pro-
posed as a revision surgery after LAGB or LSG 
because of its combined restrictive and malab-
sorptive effects [72–74].

Chevallier et  al. [75] first reported short-
term outcomes of three patients who under-
went conversion of SG to SAGB for inadequate 
weight loss. In his series, the excess BMI loss 
(%EBMIL) was 51.6% at 24  months; however, 
the 30-day morbidity was 9.5%. Chevallier et al. 
[73] then published his 5-year outcomes on revi-
sional SAGB where he observed that SAGB was 
well tolerated and effective in the long-term. 
However, quality of life and upper gastrointesti-
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nal function were lower after revisional surgery 
compared with primary surgery. In conclusion, 
although the preliminary result of revision SAGB 
is encouraging and is simpler and an effective 
operation compared to RYGB, long-term out-
come with larger series is necessary.

Biliopancreatic Diversion with Duodenal 
Switch (BPD-DS)
BPD-DS is the feasible surgical revision option 
for patients who failed LSG because of insuf-
ficient weight loss or weight regain. However, 
there are several factors that need to be addressed 
before offering patients this revision option such 
as demonstration of good follow-up patterns and 
addressing vitamin and mineral deficiencies pre-
operatively. Compared to RYGB, conversion to 
BPD-DS yields higher weight loss [63, 76] as and 
comparable weight loss as compared to single-
stage DS [77]. Sovik et al. [78] observed a 26% 
failure rate after RYGB versus a 0% after BPD-DS 
and Prachand et al. [79] also 16% failure rate after 
BPS-DS in superobese patients; however this rate 
was less when compared to RYGB (40%).

BPD-DS has been difficult to perform with 
high risk of postoperative complications and 
malnutrition. Any preoperative low levels of vita-
mins are predictive of postoperative insufficien-
cies; BPD-DS should be completely avoided in 
patients with preoperative vitamin deficiency not 
corrected on repeated labs. Iannelli et  al. [77] 
performed BPD-DS on 25 patients after failed 
LSG. He observed an EWL of 59% at 30 months; 
however, 82% of the patients were diagnosed 
with vitamin or mineral deficiency. One of the 
other biggest concerns after BPD-DS in terms of 
nutrition is the development of protein deficien-
cies, which can be as high as 32% [80]. However, 
care must be taken when interpreting these results 
as there are many different common channel and 
Roux limb lengths in these papers and bowel 
length correlates with the level of micronutrient 
deficiencies.

Single-Anastomosis Duodenal  
Switch (SADS)
Modification of DS, a single-anastomosis duo-
denal switch (SADS), also known as the sin-

gle-anastomosis loop duodenal switch (LDS), 
single-anastomosis duodenoileal bypass with 
sleeve gastrectomy (SADI-S), and stomach 
intestinal pylorus sparing surgery (SIPS), have 
emerged and became increasingly popular [81]. 
These are technically simpler surgery as com-
pared to BPD-DS or RYGB. Juan Antonio Torres 
and Anders Sanchez in Spain first described the 
SADI-S technique in 2007 [82]. They performed 
LSG over 54 Fr bougie, preservation of pylorus, 
and a longer 200 cm common channel (later mod-
ified to 250 cm because of an unacceptably high 
rate of hypoalbuminemia) [83]. The SADI-S pro-
cedure has also been described as a second-step 
revisional procedure primarily for insufficient 
weight loss after SG (over a 42F–54F bougie) 
[84]. SADI-S showed satisfactory weight loss 
of 72% at 2 years and 88% complete remission 
of diabetes after the second-step surgery with 
minimal complications. Cottam et  al. [85] also 
have used SADS as a second stage after failed 
LSG.  Patients lost similar amount of weight as 
compared to primary surgery is performed within 
1st year after primary SG. Similarly, nutritional 
complications were less than BPD-DS and simi-
lar to RYGB [86, 87].

The conversion from LSG to SADI-S or SIPS 
is technically simpler and less demanding than 
LSG to RYGB or BPD-DS. Additionally, when 
a loop approach is taken over a Roux approach, 
the long-term one-percent incidence per year of 
internal hernias found in Roux surgeries disap-
pears [88]. However, SADS is still considered 
under investigation by many surgeons, and long-
term data would help confirm how truly robust 
this procedure is and may show a better side 
effect profile.

 Summary

• LSG shows promising weight loss during 
short-term and midterm outcomes. However, 
in the long-term follow-up, it has failure rate. 
LSG also has high failure rate in superobese 
patients.

• Patient selection is key for successful revi-
sional surgery. A more intense preoperative 
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evaluation should be implemented for patients 
who are considering revisional surgery for 
poor weight loss or weight regain.

• Nutritional and psychological evaluation 
should be recommended for all the patients 
with weight regain or insufficient weight loss.

• Medical management should be considered in 
selected patients.

• Gastric dilation is one of the most common 
causes of LSG failure. LRSG is the best initial 
treatment for these patients. However, it car-
ries the risk of leak, stricture, stenosis, or 
weight regain.

• If no dilation is seen then malabsorptive inter-
ventions are required.

• Revision RYGB is the optimal treatment for 
patients who has weight regain or insufficient 
weight loss long with GERD or dysphagia. 
However, weight regain is an important issue 
after this surgery.

• SAGB is alternative to RYGB after LSG and 
has better safety profile. However, long-term 
results are lacking.

• LSG is a part of staged BPD-DS.  BPD-DS 
after failed LSG have shown excellent weight 
loss in superobese patients, but there is high 
risk of nutritional and postoperative complica-
tion when compared to RYGB.

• SADS after LSG is an excellent alternative to 
BPD-DS and RYGB with less malnutrition 
and postoperative complications. Long-term 
data are needed to prove these benefits.
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Resleeve Gastrectomy

Patrick Noel and Marius Nedelcu

 Introduction and History

Laparoscopic sleeve gastrectomy (LSG) has 
rapidly become a preferred surgical procedure 
for morbid obesity due to its efficacy and low 
complication rates, as well as the technical ease 
of performing it. The past few years have seen 
significant growth in procedure numbers, and 
LSG has achieved becoming the most frequently 
performed bariatric procedure in France in 2011 
and in the USA in 2013 [1, 2]. In 2013, 42.815 
bariatric procedures were performed in France of 
which 56% were sleeve gastrectomy. According 
to the French National Health Insurance Fund, 
this figure has tripled in 7 years.

This growth can be attributed to the better out-
come and quality of life of the sleeve compared 
to adjustable gastric bands [3], in addition to the 
several advantages that LSG carries over more 
complex bariatric procedures, such as LRYGB 
or DS from a technical standpoint, as well as to 
the absence of the side effects of bypasses proce-
dures specifically dumping syndrome, marginal 
ulcers, malabsorption, small bowel obstruction, 
and internal hernia, and a better quality of life 
over gastric banding.

The rising numbers of LSG procedures now 
being performed (France: 480 cases in 2005 vs. 
13,557 cases in 2011 and 23,976 in 2013, up to 
56% of all bariatric procedure) will likely be fol-
lowed by increasing numbers of patients who 
will experience weight loss failure (insufficient 
weight loss or weight regain) or will develop 
certain complications, such as gastroesophageal 
reflux disease (GERD), and will seek conversion 
to another bariatric procedure. A second inter-
vention, such as revisional sleeve gastrectomy 
(ReSG) [4–9], LRYGB [10], or biliopancreatic 
diversion with DS (BPD-DS) [11–13] can be 
proposed for inadequate weight loss or weight 
regain. Single-anastomosis duodenoileal (SADI) 
bypass with sleeve gastrectomy represents a new 
alternative to standard DS, but limited results 
are present in the literature [14], and this new 
bariatric procedure must be validated over time 
(this procedure is discussed in detail in another 
chapter).

Regardless of the revisional surgery of choice, 
it is also necessary to know the reasons for failure 
or suboptimal outcome. Behavioral and dietary 
reasons should be ruled out before deciding to 
take patients for a higher-risk revisional surgery.

The concept of the resleeve (ReSG) was intro-
duced back in 2003 by Gagner [4] for a patient 
with poor weight loss after biliopancreatic diver-
sion with duodenal switch. Later on, Baltasar 
et al. [5] have reported two patients who under-
went a resleeve. A complete review of the litera-
ture is summarized in Table 18.1. Up until now, 
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the largest resleeve series [6] of patients included 
61 patients, but no long-term results regarding the 
follow-up are available. This chapter will pres-
ent the preliminary results of a 5-year follow- up 
along with the decisional algorithm of treatment 
for revisional surgery following LSG.

 Indication and Algorithm

In our experience, the requirements for revi-
sional surgery were insufficient weight loss at 
18  months after the surgery (<50% of excess 
weight loss [EWL]) and progressive weight 
regain after an initial successful weight loss 
(defined as EWL >50%) or symptomatic GERD 
(persistent heartburn despite maximum proton-
pump inhibitor [PPI] treatment with mild esoph-

agitis on upper endoscopy). A multidisciplinary 
team that includes a nutritionist, endocrinologist, 
psychologist, and surgeon routinely evaluates 
each patient according to a standardized proto-
col. Only patients cleared by the psychologist 
and dietitian ruling out compliance, behavioral, 
and dietary reasons for failure are considered 
for the standard algorithm for revisional bariat-
ric procedure (Fig. 18.1). ReSG is proposed as a 
revisional strategy if the barium swallow shows 
an upper gastric pouch dilatation, a large, unre-
sected fundus, or severe universal dilation. If the 
barium swallow test is negative for the upper-part 
sleeve dilatation or inconclusive, a CT scan volu-
metry is obtained. The residual gastric volume 
is measured by filling the gastric remnant with 
carbon dioxide, as follows: The patient is given 
a sodium bicarbonate solution (4  g in 10  cl of 
water) to drink, followed by a tartaric acid solu-
tion (4 g in 10 cl of water). Following the tartaric 
acid intake, low-dose CT acquisitions are made at 
30 and 60 s. Volume is measured using Myrian® 
software (Microsoft Inc., Redwood City, CA, 
USA) and expressed in cubic centimeters (cc).

If the volumetry exceeds 250 cc, ReSG is con-
sidered. If it is less than 250 cc, resleeve is not 
offered as an option for revision, and the pres-
ence of GERD is investigated. Depending on 
whether pathologic reflux is diagnosed, in addi-
tion to many patients-related factors (such as 
compliance, employment, support), a decision 

Table 18.1 Literature review for ReSG

Author Journal Cases Morbidity (%)
Gagner and 
Rogula

Obes Surg 
(2003)

First 0

Baltasar Obes Surg 
(2006)

2 0

Himpens SOARD 
(2011)

7 1 leak 
(14.3%)

Verhaeghe Obes 
Surg(2012)

15 2 leaks 
(13.3%)

Iannelli Obes Surg 
(2011)

13 0

Pouch dilatation
(Primary)

Gastrografin Swallow

Uniform dilatation
(Secondary)

No dilatation

GERD

DS/ SADI

CT Scan
Volumetry

ReSleeve
Gastrectomy

< 250 cc

> 250 cc

RYGBP

so
d

neg

Fig. 18.1 Algorithm of 
treatment for revisional 
surgery following LSG
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is made to proceed with either gastric bypass or 
duodenal switch.

Sleeve dilatation is classified as primary or sec-
ondary. Primary dilation is defined as an upper pos-
terior gastric pouch incompletely dissected during 
the initial procedure due to the learning curve or 
the difficult nature of the cases (super- super obe-
sity) with poor posterior exposure and incomplete 
visualization of the left crus (Fig. 18.2). A second-
ary dilation is defined as a homogeneous dilated 
gastric tube of more than 250  mL in volume in 
the CT scan volumetry, usually seen later during 
follow-up. The mechanisms involved are the nar-
rowing of the gastric incisura during the primary 
operation with consequent upstream dilation of 
the sleeve, the natural history of LSG, the use of a 
large calibration bougie, a patient’s eating habits, 
a planned second procedure, or a combination of 
these mechanisms (Fig. 18.3).

 Surgical Technique

The pneumoperitoneum is created using a Veress 
needle inserted in the left hypochondrium. Only 

three trocars were used. The initial LSG was 
performed in a similar manner with a three-port 
approach [15]. Any intraperitoneal attachment 
between the left lobe of the liver and the ante-
rior gastric surface was carefully dissected. The 
greater curvature was dissected next to expose 
the previous staple line. All adhesions between 
the stomach and the pancreas were divided, 
 taking care not to injure the splenic artery. Once 
the mobilization of the stomach was completed, 
the anesthesiologist inserted a 37F orogastric 
bougie (we prefer the MIDSLEEVE®) to reach 
the pylorus and different applications of a linear 
stapler 60–4.1 mm were fired. A methylene blue 
test was performed. A non-systematic drain was 
left in place along the staple line only for difficult 
cases. Nasogastric (NG) tubes were not used in 
the postoperative period.

A complete detailed video that illustrates all 
the technical aspects of this procedure can be 
found at [16]:

h t t p : / / w w w . s o a r d . o r g / a r t i c l e /
S1550-7289(13)00183-4/fulltext#mmc1

The most important technical detail during 
ReSG, similarly to primary LSG, is to avoid 
 stenosis at the level of the incisura angularis. 

Fig. 18.2 Primary dilatation (pouch) Fig. 18.3 Secondary dilatation
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During the primary procedure, the first two sta-
plers must be carefully fired in order to avoid a 
twist at the incisura.

For ReSG with primary dilatation (pouch), the 
resection of the stomach at the level of the inci-
sura should be avoided, and the new staple line 
should start proximal to the incisura angularis. 
At the beginning of our experience, in an attempt 
to further reduce the diameter of the stomach, a 
complete sectioning was performed. At that time, 
we recorded up to 4% of stenosis at the level of 
the incisura angularis. Since we limited the resec-
tion in primary dilation to the gastric pouch, no 
such complication was recorded.

Another technical tip is represented by the 
placement of the ports, which are slightly dis-
placed toward the left hypochondrium. The 
posterior approach is regularly used, and the 
placement of the optical port to the left side of 
the midline will facilitate the exposure of the pos-
terior part of the stomach where the dilated pouch 
is always found.

 Results and Personal Experience

Seventy patients (63 women, 7 men; mean age 
40.7  years), with an average body mass index 
(BMI) of 39.4  kg/m2 (+/− 1.32), undergoing 
ReSG in our department were enrolled in the cur-
rent study. Twenty-eight patients (40%) had their 
original LSG surgery performed at another hos-
pital and were subsequently referred for weight 
loss failure. The remaining 42 patients’ primary 
procedures were performed in our department.

Prior to the primary LSG, 44 patients (62.8%) 
out of 70 had already had a laparoscopic adjust-
able gastric banding (LAGB) with weight loss 
failure. Six patients had multiple gastric band 
procedures for technical failures. Twenty-two 
patients (31.4 %) were super obese (BMI >50 kg/
m2) before LSG, and 5 patients (7.1%) were 
super-super obese (BMI >60 kg/m2).

The median BMI prior to the SG was 46.2 kg/
m2 (+/− 1.29; range 35.4–77.9). After the initial 
LSG, a median BMI of 39.4  kg/m2 (+/− 1.43; 
range 21.9–48.2) was achieved. Revision was 
performed after a median period of 37.4 months 
(range 9–80 months).

The indications for ReSG were insufficient 
weight loss for 36 patients (51,4%), weight 
regain for 34 patients (48.6%), and symptomatic 
GERD for 4 patients (5.7%).

The analysis of the barium swallow showed 
primary dilatation (upper gastric pouch) in 51 
cases, and in the remaining 19 cases, the radio-
logical findings were compatible with a second-
ary dilatation (gastric tube dilatation). The CT 
scan volumetry (38 cases) revealed a mean gas-
tric volume of 436.3 cc (range 275–1056 cc).

All cases were completed by laparoscopy 
with no intraoperative complications. The mean 
operative time was 39 min (range = 29–70 min), 
and the mean hospital stay was 3.5 days (range 
= 3–16  days). In the immediate postoperative 
period, one complication was recorded—patient 
#12 developed a perigastric hematoma identi-
fied by CT scan with vomiting on postoperative 
day (POD) 2. An endoscopic stent was inserted, 
and the patient was discharged on liquid diet. At 
4 weeks, the CT scan and upper endoscopy were 
normal, and the stent was removed.

In two other cases (patients 39 and 51) at 1 
and 2  weeks postoperative, respectively, the 
patients developed progressive dysphagia. An 
upper endoscopy revealed the same finding—a 
stenosis of the midpart of the gastric sleeve—
and the decision of stent deployment was made 
in both cases. In one case, the stenosis was rec-
tified/cured after 4  weeks when the stent was 
removed. The other patient needed two additional 
endoscopic pneumatic dilatation sessions of the 
stenosis. The procedure was performed with an 
achalasia balloon (Rigiflex® balloon 30–35 mm) 
over a stainless steel or super stiff guidewire with 
stepwise increments in dilation pressure from 15 
to 25 psi. Inflating the balloon under radiologi-
cal guidance enables correction of the axis of the 
gastric tube. To be efficient, the treatment must 
be aggressive, and in our experience, we have not 
had any cases of iatrogenic staple line disruption.

 Five-Year Results

Thirteen patients (12 women; mean age—
41.6 years) with a BMI of 39.1 kg/m2 underwent 
ReSG between October 2008 and June 2011. The 

P. Noel and M. Nedelcu



189

mean interval time from the primary LSG to the 
ReSG was of 29.6 months (11–67 months). The 
indication for ReSG was insufficient weight loss 
for eight patients (61.5%), weight regain for four 
patients (30.7%), and gastroesophageal reflux 
disease (GERD) for one patient. In nine cases, 
the Gastrografin swallow results were interpreted 
as primary dilatation and in the remaining four 
cases as secondary dilatation. One patient died 
from a gynecological cancer. Of the remainder, 
one patient underwent a SADI at 33 months after 
ReSG for a BMI of 39.2, and one patient under-
went ReSG for reflux. The rest of the ten patients 
had available data at 5-year follow-up. The mean 
excess weight loss (EWL) was 58.2% (range 3.3–
100%). Of the ten patients, seven patients had 
>50% EWL at 5 years. All the three patients with 
failure of EWL (<50%) were the first three cases 
of our series, and two out of them had secondary 
dilatation. All cases were completed by laparos-
copy with no intraoperative incidents. One case 
of gastric stenosis was recorded. No other com-
plications or mortality were recorded.

 Discussions and Literature

LSG is considered to be a technically straightfor-
ward procedure, but the surgical technique is one 
of the major determinants of the success of this 
procedure, to reduce the complication rate and to 
improve the long-term results. The removal of the 
entire gastric fundus is a key point emphasized 
by many bariatric surgeons and probably misun-
derstood at the beginning of the procedure. The 
left crus of the diaphragm must systematically 
be visualized. Our technique includes the fol-
lowing particularity regarding the removal of the 
gastric fundus. The posterior aspect of the fundus 
is grasped repeatedly with a forceps operated by 
the right hand, while the left hand releases the 
stapler and pulls laterally before the stapler is 
definitively clamped and fired [15]. The techni-
cal aspect can be incriminated in the mechanism 
of weight regain after LSG, but other causes are 
also important to be considered: nutritional non- 
compliance, hormonal/metabolic imbalance, 
mental health, and physical inactivity [17].

Recent studies comparing LSG to LRYGB 
show equal efficacy of both procedures in terms 
of weight loss and improvement of comorbidities 
[18–21]. As bariatric procedures are performed 
more frequently, the number of revisions will 
also rise. The need for a specific definition of 
weight regain and a clear algorithm is more than 
obvious in these cases. We found that the best 
way to approach these patients is to first fully 
assess their history and then to assess their BMI 
and their alimentary habits. All patients with a 
history suggestive of maladaptive eating disor-
ders because of their bariatric surgery underwent 
further psychological evaluation and were treated 
prior to consideration for surgical revision. The 
next step was to document their anatomy with a 
barium swallow to look for evidence of primary 
or secondary dilatation of the gastric sleeve. For 
nonconclusive results on upper GI series, a volu-
metric CT scan was done.

Revisional bariatric surgery after LSG is 
becoming more common due to the rapid increase 
of patients undergoing this procedure as treatment 
for morbid obesity. The problem of the insuffi-
cient weight loss and weight regain after LSG is 
an issue as for other bariatric procedures. Possible 
explanations for LSG failure include the follow-
ing: dilatation of the residual stomach, calibration 
of the stomach with an excessively large gastric 
bougie [22], and incomplete resection of the gas-
tric fundus (where ghrelin is secreted) [23].

For the LSG, the risk of dilatation in time 
with weight loss failure was a constant source of 
debate. Facing 51 patients with primary dilata-
tion (upper gastric pouch), this question came up 
rapidly among the authors: Has this part of the 
stomach undergone secondary dilatation or was 
it incompletely dissected from the beginning? 
The answer remains unknown. With the devel-
opment of CT scan gastric volumetry, it will be 
easier to differentiate between secondary and pri-
mary dilation, as it provides useful details such as 
the position of the staple line and the 3D shape of 
the upper stomach.

Braghetto et al. [24] reported data on 15 LSG 
patients undergoing CT scan gastric volumetry 
on POD 3 and, repeatedly, at 24–36 months after 
surgery; they found that the mean gastric volume 
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had increased from 108 to 250 mL. None of these 
patients experienced weight regain, and the authors 
concluded that the gastric capacity increased after 
LSG sleeve gastrectomy even when a narrow gas-
tric tubulization was performed.

They concluded that despite enlargement with 
time, weight loss remained stable. This conclu-
sion about the absence of correlation between 
volume increase and weight regain must be inter-
preted cautiously as their follow-up was limited 
to 3 years, while weight regain in enlarged sleeve 
tends to happen at 3–5 years post-op (Table 18.2).

Langer et  al. [25] prospectively studied 23 
patients (15 morbidly obese, 8 super obese) via 
UGI contrast studies and found that the dilation 
occurred in only 1 patient, while weight regain after 
initial successful weight loss occurred in 3 more 
patients, at a mean follow-up time of 20 months. 
Also in our experience, we see many patients with 
negative UGI studies for dilatation and CT scan 
volumetry <250 cc who have weight regain.

Yehoshua et al. [26] investigated the role of the 
intraluminal pressure in the process of dilation of 
the gastric tube. The preoperative mean volume of 
the entire stomach was 1 553 cc (600–2000 cc) and 
that of the sleeved stomach 129  cc (90–220  cc). 
Results showed that the sleeve has a higher mean 
pressure of 43  mmHg when filled with saline 
(range = 32–58 mmHg) compared to the removed 
stomach that had a mean pressure of 26  mmHg 
(range = 12–47 mmHg). The study concluded that 

the notably higher pressure in the sleeve reflects its 
markedly lesser distensibility compared to that of 
the whole stomach and that of the removed fundus.

The literature data is sparse regarding long- 
term follow-up after LSG, and the results illus-
trated in the Table  18.2 are highly variable. 
Himpens et  al. [27] reported 3-year follow-up 
%EWL of 77.5% and a 6-year %EWL of 53.3% 
after LSG.  They concluded that weight regain 
and de novo GERD symptoms (21%) appear 
between the third and the sixth postoperative 
year. In our opinion, undissected fundus or upper 
gastric dilatation explain many of the failures. We 
must mention that this study was conducted on 
patients operated between November 2001 and 
October 2002 early in the learning curve for LSG 
when limited left crus exposure and incomplete 
posterior fundus dissection were common.

Unfortunately, there is a paucity of significant 
data to help the surgeon decide which revisional 
procedure to choose in case of weight loss failure 
after LSG.  Nonetheless, most bariatric centers 
advocate LRYGB as standard revisional proce-
dure despite no long-term follow-up data and no 
convincing results [33]. DS (duodenal switch) 
or the more recent SADI (single-anastomosis 
duodeno- ileostomy) represents other promising 
options for sleeve revisions because of the supe-
rior weight loss seen with the DS when compared 
to other bariatric procedures.

The ReSG has already been described as a 
revision of LSG/DS itself. Although the opera-
tion seems to be technically easier, without con-
versions and acceptable complication rates, the 
follow-up was too short to conclude on its effi-
ciency (Table 18.2). To date, no prospective trial 
has been done to adequately determine which 
revisional bariatric procedure should be carried 
out in the setting of inadequate weight loss or 
excessive weight regain after LSG. Considering 
our results and the data available in the literature, 
a new algorithm has defined our activity [34]. A 
staged approach of morbid obese patient must be 
considered when a LSG is proposed first. In case 
of weight regain, associated or not with comor-
bidities recurrence, multiple options are possible 
and future treatment must be adjusted to patient’s 
compliance. In case of weight regain associ-
ated with pouch dilatation and no recurrence of 

Table 18.2 Long-term results after LSG

Author/year
Number of 
patients

Rate 
follow-up 
(years)

Mean 
EWL

Himpens/2010 
[27]

30 78% 
(6 years)

53.3%

Rawlins/2012 
[28]

49 100% 
(5 years)

86%

Braghetto/2012 
[29]

60 11% 
(5 years)

57.3%

Catheline/2013 
[30]

45 82% 
(5 years)

50.7%

Eid/2012 [31] 21 93% 
(8 years)

46%

Peterli/ 2013 
[32]

54 91% 
(5 years)

57.4%

Noel—current 
series

99 70.7% 
(8 years)

71.6%
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comorbidities, a ReSG could be proposed with 
good results. In case of comorbidities recurrence 
with acceptable follow-up after the primary pro-
cedure, a SADI can be proposed. The RYGBP rep-
resents another option especially for patients with 
GERD.  In our experience, SADI is preferred to 
RYGBP, because the effect of the duodenal switch 
on T2D remains present 20 years later in >90% of 
patients, as reported by Marceau et al [35]

In our opinion, the weight loss after both ReSG 
and primary LSG depends on the learning curve 
and is technically dependent. For primary LSG, 
the incomplete removal of the gastric fundus 
seems to be the most valid hypothesis for weight 
regain. In some cases of incomplete removal of 
the fundus, a small unrecognized hiatal hernia 
may be associated. A transthoracic stomach may 
be missed while performing LSG in the pres-
ence of a hiatal hernia. Intraoperative exploration 
of the esophageal hiatus is advised whenever a 
hiatal hernia is suspected. That should prevent a 
missed undissected fundus as per Basso [36]. To 
avoid unnecessary dissection, Heacock et al. [37] 
attempted to improve the preoperative diagnostic 
accuracy of hiatal hernia by using right anterior 
oblique (RAO) esophagogram technique rather 
than the commonly used upright technique. He 
compared the two techniques by analyzing a 
total of 388 patients who underwent preoperative 
esophagograms (69 upright, 388 RAO). Routine 
upright esophagogram had sensitivity of 50% 
and specificity of 97%, while ROA had a higher 
sensitivity of 70% with 77% specificity.

The undissected fundus is a risk factor for 
GERD, and the ReSG with hiatal hernia repair 
represents a valid treatment option as shown 
by Parikh and Gagner [38]. In our experience 
reported earlier, we had four patients who had 
complete remission of the reflux symptomatol-
ogy after ReSG.

Sillechia et  al. [39] reported good results in 
terms of GERD symptoms control after ReSG 
for 19 cases of a residual fundus/neofundus. 
Literature data on the effect of LSG for GERD are 
contradictory. Petersen et al. [40] have reported 
on 37 patients who underwent LSG showing 
significant increase in lower esophageal sphinc-
ter pressure after surgery, independently of the 
weight loss. The preoperative stationary esopha-

geal manometry of the lower sphincter showed 
a preoperative pressure of 11 mmHg, increasing 
significantly to 24 mm Hg postoperatively.

Compared to the malabsorptive procedures, 
ReSG offers several advantages, including 
shorter operative time, regain of the early post-
operative restriction, avoidance of dumping 
syndrome, and the different conditions resulting 
from malabsorption such as anemia, osteoporo-
sis, and protein and vitamin deficiency (except 
B12 and thiamine level).

 Conclusions
ReSG is a feasible and safe surgical approach 
for weight regain post-LSG and is best applied 
when the gastric pouch is too large after the 
original LSG.  In the long-term, this dilatation 
may be responsible of weight regain, weight 
loss insufficiency, or GERD. Five years postop-
eratively, the ReSG as a definitive bariatric pro-
cedure remained effective in over half of the 
patients (58.3%). The results appear to be par-
ticularly more favorable for the non-super obese 
patients and for primary dilatation. ReSG is a 
generally well-tolerated procedure with low rate 
of long-term complications. Further prospective 
clinical trials are required to compare the out-
comes of ReSG with those of LRYGB or DS for 
weight loss failure after LSG.

Take-Home Message
 1. In case of primary dilatation, only the 

gastric fundus should be removed to 
avoid stenosis at the level of incisura 
angularis.

 2. ReSG can be proposed for GERD based 
on the dynamic aspect of UGI studies.

 3. A good selection for ReSG (mostly with 
primary dilatation) to improve the long- 
term results.

 4. The urgency for a standardized weight 
regain definition.

 5. New decisional algorithm for revisional 
surgery.

 6. A careful evaluation of comorbidities 
recurrence is important in the decisional 
process.
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Abbreviations
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LAGB Laparoscopic adjustable gastric 
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 Introduction

Laparoscopic adjustable gastric banding (LAGB) 
is a restrictive bariatric operation. The procedure 
involves the placement of a gastric band around 
the upper part of the stomach, just below the gas-
troesophageal junction. This device is adjustable, 
and the procedure is devoid of any resection—no 
staples used at all. The procedure is unique in 
the fact that it requires strict follow-up with sub-
sequent “fills” of the band in order to attain the 
proper level of satiety. These fills are performed 
in the office with a non-coring Huber needle. A 

patient’s success with a LAGB is directly propor-
tional to the patient’s ability to follow up and the 
surgeon’s availability to provide such follow-up.

The LAGB is a safe option in the world of bariat-
ric surgery. The weight loss is a bit slower and a bit 
less dramatic than seen with the other restrictive pro-
cedures. Nevertheless, with proper follow-up, one 
can expect a weight loss of 0.5–1 kg a week over a 
1.5–3 year period. With proper care and follow-up, a 
LAGB patient can successfully lose 40–55% excess 
weight (%EWL). There are many studies assess-
ing long-term outcomes of the band. The results of 
the studies are quite varied—ranging from 25% to 
70% EWL [1]. Overall, LAGB can provide a patient 
nearly 50% EWL—results comparable to the more 
aggressive stapled bariatric procedures.

Anyone who has ever taken care of a bariat-
ric surgery patient can attest that no operation is 
devoid of its unique complications and pitfalls. 
Benefits of the gastric band lie in the fact that there 
is no permanent alteration to the gastrointestinal 
anatomy, as there are no anastomoses, no staple 
lines, and no creation of defects in the enteric mes-
entery. However, as this is an implantable device, 
complications are related to the device itself and 
its relationship to the gastric anatomy.

This is a discussion of the most common 
gastric band complications with modalities of 
managing these issues. The most common com-
plications are gastric band “slippage” (gastric 
prolapse), gastric band erosion, pouch dilation, 
and gastric band access port and tubing problems. 
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The data  regarding frequency of such complica-
tions is quite varied. The reason for this is mul-
tifactorial. First of all, since about 2006 a more 
modern version of the gastric band has been the 
predominate device in use. Furthermore, in the 
last decade and a half, there has been a transition 
from a perigastric to a pars flaccida technique for 
LAGB placement. This evolution has permitted 
a significant reduction in the number of gastric 
band prolapses.

The rates of gastric band prolapse (resulting 
in subsequent operative intervention) currently 
range from about 1.8% to 6.2%. Furthermore, the 
number of gastric band erosions range, histori-
cally, from 0% to 7%. Pouch dilation, as a major 
complication, occurs approximately 1.7–5.1% of 
the time [2, 3]. In 2013, Paul O’Brien assessed 
15 years of gastric band data. His work showed 
a significant decrease in the number of compli-
cations with the evolution toward the modern 
gastric band being placed by the pars flaccida 
technique. Looking at data since this evolu-
tion, gastric band revisional surgery for “pouch 
enlargement” above the band itself (slips/opera-
tive pouch dilations) was 6.4%. The rate of gas-
tric band erosion was noted to be 0.8% with the 
modern technique. Port and tubing complications 
were noted to occur in approximately 5.9% of 
patients. Overall, since the modern technique and 
device have been used since 2006  in Australia, 
he described a 2.2% rate of band explanation [4]. 
Rates of explanation are variable based on sur-
geon, reasons for explanation, region, and type of 
band and technique used.

Overall, the gastric band is a very safe and 
effective procedure for weight loss. Nevertheless, 
there are varying reports on the rate of complica-
tions. Regardless of any controversy, it is impor-
tant to understand how to diagnose and manage 
these issues so that a patient can go on to be 
healthy and have success with their chosen bar-
iatric procedure.

 Band Slippage (Gastric Prolapse)

The most common complication described 
related to the gastric band is slippage—also 

known as gastric prolapse. Slippage occurs when 
part of the stomach, most often the fundus or the 
greater curvature, abnormally migrates through 
the gastric band (Fig. 19.1).

 Clinical Presentation

A patient who is experiencing a band slippage 
often presents with vomiting and reflux symp-
toms. They often become intolerant to solid foods 
and, in more severe cases, to liquids as well. This 
can result in dehydration. In the most severe 
cases, patients experience severe abdominal pain 
(peritonitis) related to ischemia and eventual 
necrosis of the herniated portion of the stomach. 
When a slippage occurs, there is an excess of gas-
tric tissue cephalad to the band. Unexpectedly, 
this condition can result in weight gain at times 
because this larger pouch allows more receptive 
relaxation, decreases the sensation of satiety, and 
allows more food to be consumed.

 Pathophysiology

The main cause of gastric prolapse is excessive 
gagging or vomiting. The retro-propulsion of 
the stomach during subsequent fits of vomiting 
causes these more caudal aspects of the stomach 
to herniate upward through the gastric band. As 
this herniation occurs, the device itself migrates 

Fig. 19.1 Operative image of gastric prolapse
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caudally on the stomach—thus giving the 
description of a “slip.” This results in a greater 
amount of gastric tissue above the band.

When performing the LAGB procedure, a gas-
trogastric plication (suturing distal fundus to the 
gastric pouch over the band itself) is performed 
to keep the band in its appropriate orientation 
and to avoid this complication. More often than 
not, band slippage is the result of patient non-
compliance—overeating to the point of vomit-
ing. Either from a failed gastrogastric plication 
or due to excessive emesis breaking down this 
plication, the plication breaks down, and the 
stomach more easily herniates. As this prolapse 
occurs, there is now a preferred pathway for food 
to travel into the growing pouch instead of down 
through the gastric band itself. When a slippage 
occurs due to the above-described mechanism, it 
can be anatomically described as an anterior gas-
tric prolapse.

Today, the LAGB is placed via the pars flac-
cida technique—the retrogastric tunnel is created 
at the level of the confluence of the crura through 
an avascular plane approximately 2 cm below the 
gastroesophageal junction. However, the older, 
perigastric technique involved the placement of 
the gastric band through a lower retrogastric tun-
nel with a wider dissection plane which often 
went below the confluence of the crura with fre-
quent breaching of the lesser sac. In bands placed 
via the perigastric technique, the posterior wall of 
the stomach had a tendency to herniate through 
the band during episodes of emesis. Such a her-
niation was known as a posterior gastric prolapse. 
This presented in a similar manner. However, 
with most LAGB placement performed via the 
pars flaccida technique over the past decade and 
a half, this complication is mainly of historical 
significance.

 Diagnosis

Band slippage is best diagnosed with an esopho-
gram—a limited upper gastrointestinal swallow 
study assessing the area of the distal esophagus 
and upper stomach. Esophogram findings include 
the visualization of excess stomach cephalad 

to the band, often hanging over the band itself 
(Fig. 19.2). Furthermore, the band loses its nor-
mal diagonal (approximately 45°) orientation 
and becomes horizontal in orientation. Often, one 
can make out the circular shape of the band itself 
(“O” sign) on an esophogram with a large slip-
page. As the slippage becomes more severe, there 
can be failure of oral contrast to pass distal to the 
band itself—resulting in an apparent gastric out-
let obstruction.

 Treatment

The first step in treating a symptomatic gastric 
band slippage is to remove all of the fluid from 
the gastric band reservoir using a Huber needle. 
This will alleviate symptoms of gastric outlet 
obstruction. If the patient can begin to tolerate 
liquids, sometimes, eventually, the stomach will 
reduce by itself. If the patient is comfortable after 
removal of fluid and can self-hydrate orally, the 
surgeon can re-image the patient in 2 weeks to 
assess if the slippage has corrected itself. More 
often than not, removing fluid simply alleviates 
symptoms, and surgery is necessary to repair the 
gastric band prolapse.

Gastric band slippage is most often treated by 
a laparoscopic operation—a LAGB revision or a 
complete replacement of the device. To revise a 

Fig. 19.2 Esophogram of a gastric prolapse (anterior)
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slipped LAGB, the patient is taken to the operat-
ing room. Due to the large pouch and tendency 
for vomiting and reflux, it is important for the 
patient to be induced in a rapid sequence manner 
to avoid potential aspiration.

When in the operating room, the first thing to 
assess for is necrosis or ischemia of the herni-
ated pouch. Once this is ruled out, one can pro-
ceed with revisional surgery. Should there be any 
signs or concerns for ischemia, the gastric band 
and port should be immediately removed from 
the patient. Any necrotic gastric tissue need be 
resected. Wide drainage is often required in these 
situations, especially where there is any contami-
nation. When a patient with a slippage presents 
with an acute abdomen or with pain out of pro-
portion, emergent laparoscopy is lifesaving and 
essential.

The first step in a LAGB revision is to direct 
the anesthesiologist to place an orogastric tube 
under direct laparoscopic vision. The point of this 
is to decompress the large pouch cephalad to the 
band. Due to the possibility that the gastric wall 
may be quite thin, it is best to carefully observe 
the placement of this tube to avoid perforation.

The next step of a LAGB revision is to use 
electrocautery to open the scar capsule over the 
medial aspect of the band. This should be con-
tinued all the way down to the right crura of the 
diaphragm with adequate visualization of the 
caudate lobe. After this, it is important to take 
down the gastrogastric plication. This should be 
done carefully using endoshears. Care should be 
taken not to create a gastrostomy. This plication 
need be taken down all the way to the left crura 
of the diaphragm. Additional scar tissue at the 
angle of His and scarring of the fundus to the dia-
phragm need be carefully lysed with endoshears 
or cautery. Once all of this is freed completely, 
the gastric band should be opened, and the herni-
ated stomach should be reduced caudally so that 
the band can sit, as it originally did, 2 cm below 
the gastroesophageal junction at a 45° angle.

Prior to placing new gastrogastric plication 
stitches, it is suggested to perform an air leak 
and a dilute methylene blue test via the oro-
gastric tube. This helps rule out the presence of 
any gastrostomy created during the dissection. 

Should a defect be found with no intraperitoneal 
contamination, it can be repaired with a running 
nonabsorbable suture. If there is a large amount 
of gastric spillage, one should consider removal 
of the entire LAGB system to avoid infection.

During a revision of a gastric band, it is imper-
ative to evaluate for any hiatal hernias or crural 
defects. It is helpful to dissect the right and left 
crural pillars and assess for any defect. Should 
one be present, it may be repaired, anteriorly or 
posteriorly, with nonabsorbable size 0 sutures. 
Aggressive repair of crural defects and hiatal her-
nias may result in a decreased number of post-
operative complications—including slippage, 
chronic reflux, and pouch dilation [5, 6].

Sometimes, when beginning a gastric band 
revision, it is clear that the herniated pouch is 
extremely thickened and edematous. This may 
result in difficulty in reducing the prolapse. If this 
is the situation, if there is excessive scar tissue, 
or if one is not comfortable revising the band at 
that time, a surgeon can simply unbuckle the gas-
tric band widely, assuring there is no compres-
sion on the stomach. This relieves the obstruction 
and, more often than not, the slippage symptoms. 
Then, either that surgeon or one more experi-
enced in gastric band revisional surgery can per-
form a proper revision a few months down the 
line.

If the band slippage results in a band that is 
quite distally displaced, if it is impossible to 
reduce the prolapsed portion of stomach, or if 
the gastrogastric plication is so thick and scarred 
that it is nearly impossible to safely take down (at 
the risk of entry into the gastric lumen), it may 
be best to remove the gastric band and place a 
new band (via the pars flaccida technique) at the 
appropriate level 2 cm distal to the gastroesopha-
geal junction.

 Gastric Band Erosion

In gastric band erosion, the LAGB erodes 
through the serosa (and eventually mucosa) 
of the stomach resulting in part of or the entire 
device becoming intragastric. This is a very rare 
complication (Fig. 19.3).

B. F. Schwack et al.
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 Clinical Presentation

Often, there are no acute signs or symptoms of 
gastric band erosion. It most frequently presents 
as an eventual loss of satiety over time, as there is 
less extrinsic compression on the upper stomach. 
Another sign of possible band erosion is a subcu-
taneous port site cellulitis. As the band becomes 
intraluminal, it comes into contact with the intra-
gastric microbiome. Bacteria can migrate along the 
band tubing to the port itself. Occasionally, at the 
site of erosion, a patient may develop an abscess 
and experience signs of an intra-abdominal col-
lection (fever, dull abdominal pain, leukocytosis). 
Such findings can be diagnosed by a CT scan.

 Pathophysiology

This complication is believed to be the result of one 
of two mechanisms. Often, it is hypothesized that 
this happens as a result of serosal injury at the time 
of band implantation. Overtime, the band slowly 
erodes into the wall of the stomach. Another the-
ory as to how this occurs is due to over-tightening 
of the band. In these situations, excessive extrinsic 
pressure from the band’s balloon causes an even-
tual serosal injury providing a site of erosion. In 
any event, there is no clear etiology that has been 
shown to definitively cause band erosion.

 Diagnosis

The definitive diagnosis of gastric band erosion 
is obtained by an upper endoscopy with direct 
visualization of the gastric band (partially or 
completely) within the lumen of the stomach. 
Sometimes, albeit it is subtle, one can see signs 
of erosion on an esophogram. In such cases, the 
contrast takes a path from the proximal to dis-
tal stomach around the band itself, not passing 
through the central stoma (Fig. 19.4). This, once 
again, is very subtle, is often not seen, and is 
often not picked up on the film itself. It can be 
confirmed by endoscopy. It is suggested that one 
perform an endoscopy to rule out erosion when-
ever there is a late port site infection or when a 
patient suddenly begins to gain weight with an 
apparent change in their level of satiety (assum-
ing the band is holding the appropriate amount of 
fluid in its reservoir).

 Management

The definitive management of gastric band ero-
sion is removal of the gastric band and port. This 
is most often done via a laparoscopic procedure. 
Often, there is an excessive inflammatory reac-
tion due to this complication, and an extensive 
lysis of adhesions need be performed. The best 

Fig. 19.3 Endoscopic view of a gastric band erosion

Fig. 19.4 Esophogram indicative of a gastric band 
erosion
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way to find the site of entry is to trace the gas-
tric band tubing upward toward the site of entry. 
The band tubing is cut with endoshears, the band 
is unbuckled from around the stomach, and it is 
removed through a port site using an Endocatch 
bag. Usually, the site of erosion (gastrostomy) is 
closed and sealed over by the time of operation. 
Sometimes, this is not the case. If a gastrostomy 
is found, it is best closed primarily with nonab-
sorbable sutures with an omental plication placed 
over the repair. In such situations, it is often wise 
to leave a temporary drain to assure there is no 
breakdown of the suture line or drainage at the 
site of the gastrostomy. It has been described, 
particularly when the band becomes completely 
intraluminal, that the device can be removed 
endoluminally with an endoscope by cutting the 
tubing endoscopically and removing the band 
through the mouth with the endoscope. In such 
cases, the port still must be removed surgically. 
Nevertheless, one must remain vigilant that there 
is no leftover gastrostomy that can result in intra-
peritoneal contamination.

Complications of the repair can be an intra-
abdominal abscess or scar tissue related to the 
previously eroded band. These would be man-
aged with interventional radiology drainage or 
surgical drainage of a collection.

 Pouch Dilation

There are times a patient develops symptoms 
suggestive of a slippage; nevertheless, the band 
has not moved, and the pouch cephalad to the 
band has simply expanded. The normal “pouch” 
in a LAGB procedure should be no larger than, at 
most, 15 cc. There should also be normal flow of 
swallowed material through the band without a 
significant delay. Sometimes, a patient develops a 
concentric dilation of this pouch. This often pres-
ents with an associated dilated esophagus.

 Clinical Presentation

A patient with a concentric dilation of the 
pouch often presents with dysphagia, nausea, 

vomiting, and reflux. An associated complaint 
can be a nighttime cough. Due to the ability 
to accommodate more food like in a slippage 
but perhaps a bit more dramatic, patients often 
describe increased hunger and increased toler-
ance of a larger volume of food. This can result 
in weight gain.

 Pathophysiology

Concentric pouch dilation is often the result of 
over-eager tightening of a gastric band. It also 
sometimes results for a long-standing very tightly 
adjusted band complicated by a patient’s over 
indulgence in food. The gastric pouch dilates, 
and this often is accompanied by an associated 
dilation of the esophagus. This is further compli-
cated by the fact that the pouch is unable to rap-
idly empty through the tight stoma.

 Diagnosis

This condition is often diagnosed by an esopho-
gram. The patient presents with the abovemen-
tioned complaints. An esophogram is usually 
performed, most often to diagnose a slippage. 
The findings on the esophogram are a very large 
pouch proximal to the band with little contrast 
traveling distally in the setting of esophageal dil-
atation (Fig. 19.5).

Fig. 19.5 Esophogram of a gastric band pouch dilation
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 Treatment

This condition is more often than not simply 
treated with removing a fair amount of the fluid 
from the reservoir of the band. Often, the patient 
experiences relief of the nausea, vomiting, and 
reflux within a day. A repeat esophogram done 
in a week or two will likely appear normal. 
Sometimes, if emptying all of the fluid fails to 
alleviate the symptoms, a patient may need surgi-
cal replacement of the band—often to a larger-
sized band. Such band replacement is essential 
when this complication occurs within days to 
weeks after initial band placement—often before 
even the first fill of the band.

 Port and Tubing Problems

 Port Site Infection

A patient may present with cellulitis and local-
ized infection in the area of the gastric port. If 
this happens in the first few days to weeks after 
surgery, it is likely an infectious complication 
of the operation. In such cases, it is important 
to perform a local incision and drainage of the 
port site with removal of the port itself. The tub-
ing is gently replaced into the abdominal cavity. 
The site is often left open to heal by secondary 
intention with packing. Furthermore, antibiotics 
are often given to cover normal skin flora. If this 
occurs, a few months after resolution of the infec-
tion, it is safe to replace the port. In these situa-
tions, a diagnostic laparoscopy is performed, the 
tubing is externalized, a new flushed mediport is 
attached to the tubing and attached to the ante-
rior rectus fascia in the usual technique—with 
mesh or with nonabsorbable size 0 sutures. It is 
imperative that the port location is different than 
the original site as to avoid any chance of recur-
rent infection.

If a port site infection occurs later on, as 
described in the discussion of band erosion, one 
must perform an endoscopy to rule out erosion 
as a possible cause of a latent port site infection. 
If band erosion is ruled out, one can manage the 
port site infection as described above.

 Flipped Port

As a patient loses weight, there is often a change 
to the contour and laxity of the abdominal wall. 
In these situations, the port itself may turn over or 
move. If such port migration occurs in a way that 
LAGB adjustments become painful, difficult, or 
impossible, it is necessary to reposition the port. 
This is often done by reopening the port site inci-
sion, removing any mesh or sutures which are 
present, and suturing the port with four size 0 
nonabsorbable sutures flush to the anterior rectus 
sheath.

 Defect in the LAGB Tubing

The silastic material that makes up the tubing of 
the LAGB port travels from gastric band itself to 
the port. A rupture anywhere in this tubing can 
result in leakage of saline material from the gas-
tric band system. This, ultimately, results in a loss 
of restriction, a loss of satiety, and weight gain. 
The best way to assess for leakage is to access 
the port with a Huber needle and draw back 
the fluid—if the amount of fluid in the band is 
 inappropriate (based on the amount that should 
be present), a leak must be suspected.

To manage this issue, the patient should be 
taken to the operating room. The first place to 
rule out a tubing leak is near the port—as it is 
most common that a leakage is the result of failed 
attempts at accessing the port causing a needle 
hole in the distal tubing (Fig. 19.6). The patient is 
taken to the operating room and the port site inci-
sion is opened. The port should be removed from 
the anterior sheath by either cutting the sutures 
or removing the mesh adhering it to the anterior 
rectus sheath (depending on how it was initially 
placed). The port and tubing should be pulled 
out as far as it can from the abdominal cavity, 
without too much tension. Diluted methylene 
blue is injected into the mediport. If the hole is 
noted in the distal tubing, one can cut the tubing 
proximal to the defect and attach a new gastric 
band port (with associated tubing). Then, the port 
can be reattached to the anterior rectus sheath 
in the usual manner. Should no defect be found 
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this way, it is necessary to perform a diagnos-
tic laparoscopy. Diluted methylene blue is once 
again instilled through the port. With direct lapa-
roscopic visualization of the proximal tubing and 
gastric band’s balloon itself, one can see if there 
is any leakage of blue dye. Should a tubing or 
balloon defect be present, the entire device need 
be replaced.

 Other Concerns

As with all bariatric procedures, there will be a 
subset of the population who do not achieve ade-
quate weight loss. Furthermore, perhaps unique 
to the gastric band, there will be patients who 
choose that the follow-up is too taxing on their 
way of life, that they cannot tolerate the adjust-
ments to the band, or that they cannot manage 
the dietary modifications necessary for success-
ful weight loss with the band. In these situations, 
the patient, with the help of the bariatric surgeon, 
may choose to remove the device and undergo 
a different weight loss procedure. Nevertheless, 
assessing the possible causes for weight loss fail-
ure or negative symptoms, it may be an option to 
assess radiographically if one of the abovemen-

tioned problems exists. Fixing these problems, 
many times, may result in renewed successful 
weight loss with the gastric band. A LAGB revi-
sion or replacement may very well be an option, 
particularly in those patients who remain opposed 
to a more aggressive bariatric procedure.

 Conclusion
The LAGB is an important procedure with 
which all bariatric surgeons should be famil-
iar. On the one hand, it provides an alternative 
means of surgical weight loss for a population 
of patients who do not wish to undergo any 
drastic anatomical modifications—no staples, 
no anastomoses. However, even if a bariatric 
surgeon chooses not to include this operation 
as part of his or her primary surgical manage-
ment of obesity, she or he should be aware of 
the complications of this device and offer 
options for surgical repair of the device.
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Acute and Subacute Leaks

Ricardo Funke, Camilo Boza, 
and Fernando Muñoz

 Overview

Anastomotic and staple line leaks remain a feared 
complication after laparoscopic Roux-en-Y gas-
tric bypass (LRYGB). Although the incidence of 
leaks has declined over time, recent studies still 
suggest rates as high as 1–3% [1].

The most frequent site of leak in patients 
with RYGB is the GJ anastomosis, followed by 
the gastric pouch, and jejunojejunal anastomo-
sis, whereas, in a vast majority of patients with 
SG, the location of the leak is proximal, near the 
esophagogastric junction (EGJ).

In sleeve gastrectomies, the most common 
location of staple line leak is the proximal third 
of the stomach, occurring at the level of the car-
diac notch in approximately 75–87.5% [2].

According to the UK Surgical Infection Study 
Group, a leak was defined as “the leak of luminal 
contents from a surgical join between two hol-
low viscera.” Fistulas are the abnormal commu-
nication between two different epithelia. A fistula 
could be secondary to a leak or a collection, for 
example, a gastric-cutaneous fistula [3–4].

This can be a result of stapler misfire, wrong 
staple size for the tissue, or tissue trauma. This 

produces a suture dehiscence which alters the 
normal cicatrization. A leak can also be produced 
by a tissue lesion near the suture point.

Different leak risk factors have been described 
like ischemia, infection near the suture, tension, 
and heat damage by electrocauterization [5].

Leaks can be classified based either on the 
time of onset, clinical presentation, site of leak, 
radiological appearance, or mixed factors.

Leaks are classified according to the time of 
occurrence: acute <7 days, early 1–6 weeks, late 
6–12 weeks, chronic >12 weeks.

Most post-bariatric leaks occur early and 
usually require surgical cleansing with external 
drainage and should be associated with basic 
conservative management, such as fasting, total 
parenteral nutrition, and administration of intra-
venous antibiotics [6].

In cases of late or delayed leaks, nonsurgical 
management, such as percutaneous or internal 
drainage using the GI tract rather than surgical 
debridement, is the most used option [7].

 Presentation

Most leaks are due to local factors at the site of 
the staple line, such as inadequate blood sup-
ply and oxygenation, which impede the healing 
process.

Leaks can also be due to gastric intestinal 
wall ischemia, a consequence of the heat gener-
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ated by the electrocautery used during dissec-
tion. Although the blood supply to the stomach 
is robust, the gastroesophageal junction tends to 
be an area of decreased vascularity and thus more 
liable to leaks. SG produces high intragastric 
pressure which can affect the healing process and 
lengthen the amount of time for a leak to close.

Patients with LGBYR could present leaks in 
the gastric pouch and the jejunojejunal anastomo-
sis. The most common site is the GJ anastomosis. 
There is no difference reported if the anastomosis 
is mechanic or manual, and the causes are similar 
to the leaks at SG.

Mostly the diagnosis of a leak is produced 
post discharge. Sometimes it only manifests with 
tachycardia, so a high diagnostic suspicion is 
required. Symptoms may vary from tachycardia, 
tachypnea, left shoulder pain, nausea, vomiting, 
fever, abdominal pain, poor blood tension, or 
shock. It depends on the patient comorbidities, 
the amount of the leak, and the time of detection. 
If a patient presents any of these symptoms at 
the postoperative time, a leak must be discarded 
because of the high morbidity and mortality of 
this complication.

 Diagnosis

Leak diagnosis should be supported with images 
to evaluate the size, complications, and the leak 
site. In many centers, postoperative radiographic 
imaging studies following bariatric surgical 
procedures are routinely indicated to identify 
early leaks, although there is no consensus as to 
whether imaging should be performed routinely 
or selectively following bariatric surgery [8].

Leaks are usually identified with an esopha-
gram/limited UGI series (Fig. 20.1). If a leak is 
suspected, and the UGI is negative, a CT scan 
can be obtained. If an abscess or fluid collection 
is suspected, CT of the abdomen and pelvis will 
provide the most useful information. Chronic 
leaks usually are accompanied with complica-
tions like fistulas or abscess, so a CT may be 
more useful [9].

A leak can generally be identified as an extra- 
luminal contrast material (Fig. 20.2). The clini-
cal condition of the patient should be evaluated 
along with the image to plan the management. If 
the imaging is negative, but the clinical condition 
of the patient makes us suspect of the presence 
of a leak or a fistula, action should be taken [10].

If an abscess or a collection is suspected, the 
most useful procedure is an interventional scan-
ner so that percutaneously CT-guided aspiration 
or drainage of an abscess or fluid collection can 
be performed (Fig. 20.3).

Fig. 20.1 Leaks are usually identified with an esopha-
gram/limited UGI series

Fig. 20.2 A leak can generally be identified as an extra- 
luminal contrast

R. Funke et al.
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 Management

Because of the low rate and high mortality of 
leaks in bariatric surgery, management has many 
controversies and difficulties in the adoption of a 
standard algorithm.

The management must ensure:

 – A correct sepsis control
 – An adequate drainage
 – To handle and prevent secondary obstruction
 – To administrate an adequate nutritional 

support

Based on the First International Summit for 
Sleeve Gastrectomy, the treatment may include:

 – Early over sewing
 – Drainage (open or laparoscopic)
 – Endoscopic clipping
 – Stenting or using fibrin glue
 – Roux limb or total gastrectomy as the last 

resort

The adoption of a more conservative approach 
for intermediate-late leaks in clinically stable 
patients is more reasonable with adequate hydra-
tion, proton-pump inhibitors, nutritional support, 
percutaneous drainage of any collection, and 

broad-spectrum antibiotherapy, with a follow-up 
by upper gastrointestinal series to ensure healing. 
With any concern about healing, more invasive 
approaches may be considered [11].

Unstable patients, upon presentation, justify 
prompt surgical intervention by laparoscopic or 
open means for washout and drainage at least. 
That may be coupled with debridement and sutur-
ing of the orifice if the condition of the patient 
and the tissues and the skills and experience of 
the surgeon permit.

The minimally invasive approach can be used 
initially in septic patients or with poor nutri-
tional conditions in order to leave the emergency 
and then propose the use of more invasive tech-
niques. For example, percutaneous drainage can 
be used initially to stabilize and manage the 
infection focus, while antibiotics and nutritional 
support are administrated; later, the patient could 
be in optimal conditions for a more invasive 
approach [12].

The endoscopic modalities can be divided on 
the following.

 Closure Techniques

Endoclips were used initially for hemostasis, 
later, on trials to treat esophageal, colonic, and 
duodenal mucosal defects and perforations. 
They were extrapolated to be used in post-sleeve 
gastrectomy leakage. Now the new over-the-
scope clips (OTSC) have more promising results 
(Fig. 20.4).

OTSC®System (Ovesco Endoscopy, 
Tübingen, Germany) with the potential ability to 
achieve full-thickness apposition has been used 
with more success. Mercky et  al. [13] reported 
an 89% success rate among 18 patients with 
post- sleeve gastrectomy leaks [13]. Keren et al. 
also reported a series of 26 patients after sleeve 
gastrectomy leakage treated with OTSCs after a 
median of 8 days. Sixteen patients were success-
fully managed by OTSC treatment alone [14]. 
These data suggest that OTSCs should be con-
sidered as an alternative endoscopic treatment for 
early leakage.

Fig. 20.3 If an abscess or a collection is suspected, the 
most useful procedure is an interventional scanner so that 
percutaneously CT-guided aspiration or drainage of an 
abscess or fluid collection can be performed
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Sealant Materials The endoscopic injection of 
two sealant materials, fibrin glue and cyanoacry-
late, has been used to occlude the leak orifice.

Fibrin glue acts by dual effect, as a plug 
directly occluding the defect and as a troflobro-
blast promoter to enhance wound healing. Thus, 
it is absorbed after 4 weeks and replaced by con-
nective scar tissue. There is limited evidence 
about its use.

 Exclusion Techniques

Endoprosthesis Initially stents were used to treat 
stenosis. It was shown that they decrease the 
intraluminal pressure, which may be part of the 
pathophysiology of the gastric leak post-sleeve, 
so its use gained a widespread in the management 
of proximal and middle gastric leak due to the 
advantage of the ability to resume patients feed-
ing and discharge the patient home [15] 
(Figs. 20.5 and 20.6).

To cover the defect, endoscopic stent insertion 
has been widely performed. In particular, newly 
developed, partially or fully covered SEMS are 
flexible and maintain patency of a narrow GI 
lumen, combined with a delivery system for 
through-the-scope (TTS) placement via a work-
ing channel, enabling endoscopists to insert 
stents under direct inspection of the target area.

Recently, the use of tailored stents for post- 
bariatric surgery patients has been introduced, 
with some published results. These stents were 
specially designed for the treatment of post-
SG leak; both ends of the stent had high profile 
edges allowing a more firm anchorage and longer 
length (23–24 cm) than conventional esophageal 
stents, enabling the stent to bypass the entire gas-
tric sleeve or wider diameter (40 mm) to facilitate 
sufficient sealing of the leaks. Large-scale, ran-
domized, prospective studies to compare conven-
tional and tailored stents are needed.

Gastric sleeve leaks usually take more than 
6 weeks to heal (average of 45 days) compared to 
healing time in laparoscopic Roux-en-Y gastric 

Fig. 20.5 Endoscopic view of stent

Fig. 20.6 Use of covered stent after SG leak

Fig. 20.4 OVESCO ™ device using in GI fistula after 
Sleeve Gastrectomy
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bypass leaks (30 days), at the same time, keep-
ing the stents for long period risks to damage the 
underlying mucosa, especially with uncovered 
stents. Ideally, most authors agree that 6–8 weeks 
is the optimal removal time, but these prosthesis 
should be observed closely with the possibility to 
remove them after 4 weeks [14].

In terms of complications, stent migration 
occurs most frequently (Fig. 20.7). Its reported rate 
of occurrence varies widely, from 5% to 62%, and 
more serious complications, such as perforation, 
have also been reported. A previous meta-analysis 
regarding the use of SEMS in the treatment of 
post-bariatric surgery leaks reported an 88% clini-
cal success rate, and successful endoscopic stent 
removal was achieved in 92% of cases, while stent 
migration was observed in 17% of cases.

Partially covered SEMS might be superior to 
fully cover SEMS for prevention of migration 
because mucosal hypertrophy at both uncovered 
ends of the stent may reduce the risk of migra-
tion. However, embedding of both ends of stents 
due to mucosal hyperplasia may cause difficulty 
in stent removal, which can be resolved by a 
“stent-in-stent” strategy.

The clinical success rate of the procedure, 
which indicates complete closure of leak or fis-
tular opening, has been acceptable, ranging from 

65% to 95% [16–18]. Overall, the clinical suc-
cess of stent insertion is significantly associated 
with shorter delay between bariatric surgery and 
stent insertion because delayed stenting may lead 
to fibrous change and chronic fistula formation 
from acute leaks and eventually to a higher fail-
ure rate of closure of leaks. Another important 
factor is larger leak size (≥10 mm) [15].

Several factors are important in its success. 
A  shorter delay between the initial bariatric sur-
gery. A larger leak size (>10 mm) was also reported 
as being more likely to be associated with difficult 
healing after stenting than smaller leaks.

The management of post-bariatric leaks is 
challenging and requires a multidisciplinary 
approach. Frequently, endoscopic treatment is 
an adjunct to surgery although a complete endo-
scopic approach is also feasible.
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Chronic Leak and Fistulas

Luciano Antozzi, Priscilla Antozzi, 
and Mario Norberto Antozzi

 Background

The worldwide acceptance of bariatric surgery 
is a result of its well-known results, but despite 
making our greatest efforts to achieve near-zero 
complications, some may appear. A new chal-
lenge starts when this happens, and the medical 
team must be prepared to manage them appropri-
ately [1, 2].

A chronic complication means that during 
the acute phase, the problem could not be solved 
and this can be mentally exhausting and physi-
cally deteriorating for the patient, so a multi-
disciplinary approach with gastroenterology, 
interventional radiology, nutrition, and psychol-
ogy is important to maintain good communica-
tion and attain good results.

Complication management, due to its low fre-
quency, has a learning curve hard to overcome, 
and it could be beneficial to centralize it in high-
volume centers. Endoscopic therapies require 
experienced physicians, but they are less invasive 
and usually don’t interfere with surgical manage-
ment, so, if the patient condition allows it, they 

should precede other major procedures like total 
gastrectomy, proximal gastrectomy with esoph-
ago-jejunal reconstruction, or fistulectomy with 
Roux-en-Y lateral anastomosis [3, 4].

Leaks appear when the integrity of the vis-
ceral lumen is not complete, and a communica-
tion is established with another organ or cavity. 
In some cases, a chronic tract conforms a fistula, 
an anastomotic or staple line defect that can be 
very morbid and possibly fatal. Gastric, enteric, 
gastro-bronchial, gastro-pleural, gastro-splenic, 
gastro-gastric, gastrocolic, gastro-cutaneous, and 
entero-cutaneous have been described, and when 
inflammation is significant, spontaneous closure 
is unusual [5–7].

A leak is defined as chronic when it per-
sists more than 12  weeks and surpassed acute 
(<7  days), early (7–45  days), and late (45–
90  days) stages. Predisposing and perpetuating 
factors related to the patient’s characteristics are 
male sex and age older than 50 years, while dem-
onstrated conditions like chronic heart failure, 
chronic renal failure, chronic lung disease, and 
diabetes significantly predispose to complica-
tions. To achieve the best possible results, nutri-
tional and clinical management has to be optimal 
during treatment [8–10].

Sleeve gastrectomy leaks mostly occur at the 
lateral margin of the esophagogastric junction, 
the thinnest, least irrigated portion of the stom-
ach that receives the highest pressure during 
gastric contraction. Continuous drain aspiration 
or negative pressure related to diaphragmatic 
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movement impacts negatively on resolution. The 
best described deleterious mechanisms are distal 
strictures; they can be anatomic when the gas-
tric lumen narrows unevenly (frequently at the 
incisura angularis) or functional when asymme-
try between posterior and anterior gastric walls 
alters normal motility [1, 11, 12].

In Roux-en-Y gastric bypass, a gastrojejunal 
anastomosis too small can perpetuate a pouch 
leak, but the most common acute location is 
in this anastomosis. Despite it rarely becomes 
chronic, an obstructed descending alimentary 
limb or small jejuno-jejunal anastomosis can dif-
ficult the healing process. The most common pre-
sentation of chronic fistulas is the gastro-gastric, 
normally detected after changes in the patient’s 
eating capacity and weight regain [13, 14].

An infected cavity next to the leak and the 
presence of a drain inside its lumen are perpetuat-
ing factors that can be seen regardless of the surgi-
cal technique performed and have to be properly 
identified and treated (Figs. 21.1 and 21.2).

Before adopting therapeutic measures, evalua-
tion with a computed tomography can indicate the 
presence of extravasation of liquid contrast and 
different fluid collection sites. A contrast swal-

low has interobserver variability, but it can assess 
gastric anatomy, leak location, size, strictures, 
kinking, and communication with other organs or 
cavities. Endoscopy can be safely performed and 
contributes with vital information about cavity 
characteristics, fistula size, stricture size, septum 
length, foreign bodies, and granulation process 
(Figs. 21.3 and 21.4). Utilization of caps at the 
tip of the endoscope can help evaluating leaks 
without the need of insufflation [15, 16].

Fig. 21.1 Persistent sleeve gastrectomy leak with stent 
and percutaneous drain

Fig. 21.2 After stent removal, it can be observed that the 
drain is inside the stomach

Fig. 21.3 Surgical drain inside gastric lumen
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 Treatment

Given the lack of established guidelines for 
early or acute leaks management, a patient with 
a chronic complication can present after varied 
and multiple failed treatment attempts. Decision-
making must be focused on treating not only the 
leak but also perpetuating factors.

Endoscopic strategies aim to occlude a fistula, 
reduce its size, bypass it, or favor internal drain-
age while restoring normal progression of the ali-
mentary bolus [17].

 Stents

Unlike its use in early leaks, endoscopic stent 
placement in patients with chronic leaks and anas-
tomotic strictures is discouraged due to unsatis-
factory results on definitive healing. They can 
be placed to allow for oral nutrition and enteral 
resuscitation, but naso-enteric tubes despite being 
uncomfortable for the patients are more cost-effi-
cient, are equally successful, and don’t present the 
difficulties and risks of stent removal.

 Internal Drainage

If a patient has a well-delimited collection 
next to the gastric wall that perpetuates sepsis 
and there is no access for percutaneous drain-
age, internal evacuation can be achieved with 
double pigtails. They are placed with a pusher 
through the staple line orifice leaving one end 
at the lumen and the other inside the cavity. The 
defect remains clean and granulation is stimu-
lated due to the foreign body presence. This 
technique requires naso-enteric feeding, endo-
scopic control, and pigtail replacement every 
4–6 weeks but reduces the chance of cutaneous 
fistulas.

 EVT

When a cavity is large or multiple gastric wall 
orifices drain to a common cavity, endoscopic 
vacuum technique (EVT) has shown promising 
results reducing the defect size.

To assemble the system, a porous sponge 
is secured to a regular nasogastric tube with 
sutures, and an additional loop suture fixated 
to the tip facilitates traction. All the tube holes 
should be covered by the sponge so the vacuum 
acts only at this portion. After measuring the 
defect by endoscopy, the sponge shape and size 
are trimmed to the observed dimensions before 
insertion. The tube is progressed through a nos-
tril, captured with an endoscopic grasping for-
ceps at the pharynx, and then gently pushed from 
the loop into the defect. Care must be taken to 
avoid contact of the sponge with the mucosa or 
retrieval of the system when the endoscope is 
withdrawn. After insertion, the vacuum system is 
connected, and aspiration pressure of 125 mmHg 
has to be maintained. Oral food intake is not 
permitted during treatment, and the sponge has 
to be changed every 3–5 days. Success is con-
sidered when the cavity reduced the size up to 
the gastric wall edge. This modality should be 
avoided if vascular structures are close, because 
of hemorrhage risks [18, 19].

Fig. 21.4 After drain removal their staples and suture are 
observed
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 Septotomy and Dilation

When a large cavity is present with a gastric 
wall septum in between, infection perpetuates 
due to accumulation of detritus and bacteria that 
obstruct the healing process. Unification of the 
defect with the gastric lumen by sectioning the 
septum facilitates bolus progression and evacua-
tion of contaminated material. Commonly a dis-
tal stricture coexist and if suspected it must also 
be treated.

Preferably argon plasma coagulation is used 
to cut the septum because it carries less risks of 
bleeding when compared to needle knife. The 
section is made toward the lateral edge of the 
stomach pointing to the cavity without exceeding 
its bottom. After completion of septotomy, sleeve 
gastrectomy strictures are aggressively dilated 
with a 30 mm achalasia balloon, with 15 PSI dur-
ing 1–3 min under general anesthesia with fluoro-
scopic and endoscopic guidance (Figs. 21.5, 21.6, 
and 21.7). Smaller-sized balloons are used for 
RNYGB anastomosis (18–20  mm) (Figs.  21.8, 
21.9, and 21.10) Multiple sessions are repeated 
as necessary.

 Gastro-gastric Fistulas

It is proposed that this communication between 
the gastric pouch and remnant may appear after 
incomplete stapling during RNYGB or after 
undetected chronic leaks. Altered eating capacity 

Fig. 21.5 External clip marking the stenotic site and 
30 mm balloon positioned

Fig. 21.6 The defect is recognized during balloon filling

Fig. 21.7 Endoscopic control shows the incisura angula-
ris stricture

L. Antozzi et al.
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and weight regain in the absence of other causes 
are common symptoms, and it can be easily diag-
nosed with endoscopy or barium swallow.

Ideally a small fistula can be successfully closed 
with over-the-scope clips. During endoscopy, the 
fistula is positioned in front of the cap, the wall 
contacted and aspiration used to introduce the ori-
fice completely into the cap, the clip released, and 
the result controlled by endoscopy (Figs.  21.11 
and 21.12). A barium swallow confirms the result. 
If unsuccessful, surgery with intraoperative endos-

copy is indicated to avoid closing the stapler over 
the previously deployed clip.

 Gastro-bronchial Fistulas

A gastro-bronchial fistula is suspected when 
respiratory symptoms like productive cough and 
fever start in a patient with history of a chronic 

Fig. 21.8 Small fistula at EGJ after RNYGB

Fig. 21.9 Distal severe anastomotic stenosis

Fig. 21.10 Dilation with 18 mm balloon resolved the fis-
tula without any further treatment

Fig. 21.11 OTSC clip with complete entry of the fistula 
wall
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leak. Frequency is higher in sleeve gastrectomy 
because of the usual association of distal stenosis 
and subphrenic abscess.

When it comes to management, there is no 
consensus, and reports of small series make it 
 difficult to recommend any modality. Probably 
the one that the endoscopic team has more expe-
rience with would be best. Stent placement and 
septotomy with stricture dilation have been 
described as successful, and surgery is a last 
resort because it entails high morbidity.
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Intolerance to Oral Intake, 
Refractory Nausea, and Vomiting

Aaron Lee and Samuel Szomstein

 Introduction

Obesity is not only an epidemic in the United 
States, but it has been observed beyond the 
western hemisphere as a pandemic phenomenon 
around the world. Obesity has become one of the 
leading healthcare problems today that carries 
potential socioeconomic burden to the society as 
a whole [1]. Many medical and surgical therapies 
have become available to the public with great 
success. Among all of the available therapies, 
weight loss surgery has become the gold standard 
treatment because of its durability and reproduc-
ible weight loss with resolution of comorbidities. 
Therefore, bariatric operations have become one 
of the fastest-growing operations performed [1]. 
As with all surgeries that are performed today, 
bariatric procedures, although safe and effective, 
are not free from potential complications.

Different procedures affect patients differ-
ently, but one of the most common complications 
or complaints that patients have after any bariat-
ric operation is severe food intolerance, nausea, 
and/or vomiting secondary to stricture [2]. The 
incidence of poor PO tolerance after any bariatric 

procedure secondary to stricture can range from 
2.3% to 16% [2]. Different procedures such as 
laparoscopic gastric band placement, sleeve gas-
trectomy, and gastric bypass, all have different 
incidences of stenosis or stricture. It has been 
shown that nausea/vomiting is the most com-
mon reason for hospital readmission after a bar-
iatric surgery, exceeding the rates of abdominal 
pain and dehydration [3]. Healthcare providers 
should carefully consider the causes of nausea 
and vomiting because many physicians who are 
not familiar with bariatric patients may overlook 
the sentinel signs of what can be easily managed 
if the diagnosis was promptly made and treated 
(Table  22.1). Delayed diagnosis or improper 
treatment of PO intolerance can result in severe 
nutritional deficiencies, dehydration, early read-
mission, and prolonged hospital stay.

The goal of this chapter is to better understand 
some of the common causes of complications 
and their managements, especially for poor PO 
tolerance secondary to stricture.

 Pathophysiology

Although PO intolerance is a relatively common 
problem after a bariatric procedure, the patho-
physiology behind it is still poorly understood. 
The pathophysiology may vary depending on the 
etiology and the type of the procedure.

There is a psychosocial component to this par-
ticular problem. Few people understand that bar-

A. Lee
Department of General Surgery, Cleveland Clinic 
Florida – Weston, Weston, FL, USA

S. Szomstein (*) 
The Bariatric and Metabolic Institute, Cleveland 
Clinic Florida – Weston, Weston, FL, USA
e-mail: szomsts@ccf.org

22

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-93545-4_22&domain=pdf
mailto:szomsts@ccf.org


220

iatric surgery is a lifelong commitment and that 
people need to follow a strict bariatric diet for the 
rest of their lives. Bariatric Centers of Excellence 
are required to have a supervised diet and psychi-
atric/psychologic evaluation prior to any bariatric 
operation for this reason. Also, it has been shown 
that patients with anxiety or depression tend to 
have issues with dietary compliance after the sur-
gery [4].

With rapid weight loss, the patients’ body 
goes through significant physiologic changes that 
put them at a higher risk of developing biliary 
diseases up to 30% [5]. This occurs secondary to 
bile stasis, and up to 50% of bypass patients will 
develop gallstone(s)/sludge within 6  months of 
the index procedure. Nausea/vomiting and food 
intolerance are a few of the symptoms that can 
arise from any biliary disease.

Reflux or food regurgitation is one of the com-
mon complications that can occur after a sleeve 
gastrectomy, and it can occur in up to 25% of 
cases [6]. Post-sleeve gastrectomy reflux occurs 
because of the high-pressure system that is cre-

ated. Experts agree that smaller bougies carry a 
higher risk of reflux secondary to an increased 
risk of stenosis [7]. Similarly, reflux is a com-
mon problem after gastric band placement, and 
the mechanism and pathophysiology are similar 
to the reflux after the sleeve. Reflux can have 
adverse effects on the patient’s health and his/her 
quality of life by causing severe esophagitis or 
ulcer(s). The esophagitis and ulcer(s) can start a 
vicious cycle, which will cause chronic inflam-
mation and fibrosis that can eventually lead to 
stricture (Fig. 22.1).

The mechanisms of weight loss from different 
procedures vary from purely restrictive to purely 
malabsorptive or a combination of both; there-
fore, even the same signs and symptoms may be 
derived by different pathways.

Gastric band and sleeve gastrectomy are 
restrictive procedures, and they can have both 
intrinsic and extrinsic causes of nausea and vom-
iting. The causes specific to sleeve gastrectomy 
are shown in Table 22.2. Gastric band can have 
similar phenomenon, but it is slightly different 
because the symptoms are caused mostly by the 
extrinsic compression secondary to the foreign 
body around the gastric cardia. Also, a foreign 
body causes chronic inflammation over time, 
which can lead to fibrosis and stricture. This type 

Table 22.1 Causes of nausea/vomiting

Patient behavior
  Non-compliant with the bariatric diet program
  Bulky eating
  Inadequate mastication
Physiologic
  Gastric dysmotility
  Gallstone
  Dumping
  Biliary dyskinesia
  Dehydration
  Vitamin deficiency
  Medication
Infectious/inflammation
  Esophagitis
  Marginal ulcer
  GERD
Mechanical
  Gastrojejunostomy stricture
  Sleeve narrowing/stricture
  Twist of the sleeve
  Band narrowing/stricture
  Bezoar
  Internal hernia
  Adhesion causing the obstruction

Stricture

Chronic
inflammation

Insult
Ichemia

Reflux

Marginal Ulcer

Fig. 22.1 Esophagitis and ulcer(s) can start a vicious 
cycle, which will cause chronic inflammation and fibrosis 
that can eventually lead to stricture
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of stricture can be differentiated from an overly 
tightened band by emptying it completely and 
reevaluating the patient’s symptoms.

After gastric bypass, research has shown that 
the anvil size is associated with postoperative 
stricture; therefore, it is recommended to use 
a 25 mm anvil if the circular EEA technique is 
utilized [8]. The stenosis still occurs with other 
techniques as well such as the completely hand-
sewn anastomosis or the combination of posterior 
linear stapled and anterior hand-sewn anastomo-
sis. Most surgeons hypothesize that this occurs 
because of chronic ischemia from the staple 
line or the suture. Also, a marginal ulcer is not 
an uncommon problem that occurs after gastric 
bypass that can potentially lead to symptomatic 
stenosis secondary to chronic inflammation and 
fibrosis.

As briefly discussed in the previous para-
graph, the symptoms of nausea and vomiting or 
intolerance to PO intake can be summarized into 
two main categories, intrinsic and extrinsic in 
nature. Extrinsic causes are more common than 
the intrinsic ones because it is heavily dependent 
on the surgical technique such as the angle of sta-
pling device at the incisura angularis, the bougie 
size, and the narrowing of the lumen with the 
oversewing of the staple line.

 Clinical Presentation

The patient can either present with chronic symp-
toms to an outpatient facility or to an emergency 
room with more acute symptoms. The most com-
mon acute and chronic clinical presentations for 
different bariatric procedures are summarized in 
Table 22.3. The presentation will vary because of 

a variety of different pathologies. Although most 
patients will present with nausea and vomiting, it 
is prudent that the clinicians consider a wide vari-
ety of differential diagnoses when dealing with 
patients with poor PO tolerance.

Patients can develop PO intolerance as an 
acute symptom immediately after a procedure 
because of anesthesia, edema, hematoma, and 
narrowing of or tight gastric conduit. Most com-
monly, it is due to edema or a hematoma, which 
resolves over a short period of time as the swell-
ing resolves. However, during the immediate 
postoperative period, intra-abdominal catastro-
phes such as a leak or perforation should be con-
sidered if the patient is having abdominal pain 
or early signs of sepsis along with nausea and 
vomiting.

One of the most common causes for a patient’s 
poor PO tolerance after a bariatric procedure is 
non-compliance to the strict diet program postop-
eratively. These patients will present to the clinic 
or the ED with complaints of nausea and vomit-
ing associated with food intake. The most com-
mon bariatric procedures that are performed in 
the United States are laparoscopic gastric band, 
laparoscopic sleeve, and laparoscopic Roux-
en-Y gastric bypass. These procedures all share 
a common key component, which is to create a 
small gastric pouch. Because of the smaller neo-
gastric pouch, patients will no longer be able to 
tolerate a big bulky meal. Non-compliant patients 
will complain of regurgitation of undigested food 
particles. Also, after gastric bypass, patients can 
develop dumping syndrome (DS) with high con-

Table 22.2 Causes specific to sleeve gastrectomy

Extrinsic
  Edema
  Hematoma
  Oversewing
Intrinsic
  Small bougie
  Gastric tube twisting
  Technical error

Table 22.3 Specific causes of sleeve gastrectomy

Procedure Acute Chronic
Band Slippage Fibrosis

Hematoma Erosion
Sleeve Leak Reflux

Obstruction at the 
angle of incisura

Stricture at the 
angle of incisura

Narrow gastric tube Fistula
Portal-SMV 
thrombosis

Bypass Leak Marginal ulcer
Acute angulation of GJ Stricture
Small GJ anastomosis
Hematoma
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centrated carbohydrate intake, which can present 
with poor PO tolerance along with other symp-
toms of DS including crampy abdominal pain, 
diarrhea, hypoglycemia, and fainting. It has been 
reported in the literature that patients can develop 
intolerance to certain foods, but the pathophysi-
ology of this phenomenon is unknown [9].

Additionally, patients may have these symp-
toms because of either organic or functional 
causes such as gallbladder pathology and gas-
tric or esophageal dysmotility. The incidence of 
cholecystectomy secondary to symptomatic cho-
lelithiasis after bariatric surgery is about 3.4% 
within the first 12  months [10]. Those patients 
can present with nausea and vomiting along 
with other symptoms such as right upper quad-
rant abdominal pain associated with fatty meals 
and fever/chills. Also, it has been reported that 
bariatric surgery can have deleterious effects on 
esophageal motility, especially after sleeve gas-
trectomy or gastric band placement [11]. Patients 
with dysmotility will present with nausea and 
vomiting along with severe reflux and possibly 
retrosternal chest pain or food regurgitation.

Patients can develop symptoms because of 
uncorrected nutritional deficiencies especially 
vitamin B12, D, folate, iron, and zinc [12]. 
Different nutritional deficiencies will present 
with different signs and symptoms, which are 
summarized in Table 22.4. It is critical in severe 
cases of vomiting to rule out B1 (thiamine) defi-
ciency. Severe deficiency can lead to Wernicke-
Korsakoff syndrome, which could cause 
irreversible neurologic damage if left untreated.

Patients may present with poor PO tolerance 
after any bariatric surgery secondary to mechani-
cal obstruction or stenosis. Patients can present 
with complete or partial obstruction depending 
on the degree of the stenosis. This can either 
occur during the acute or chronic phase. Acute 
phase is defined as within 2 weeks after the index 
procedure, and chronic phase is usually defined 
as time after the initial 2 weeks. Acute phase usu-
ally occurs because of poor surgical techniques, 
such as narrowing at the angle of incisura, usage 
of a small bougie or anvil, or narrowing with 
suturing; it can also occur because of intrinsic 
causes such as hematoma and/or edema. Most 
patients present with poor PO tolerance during 
the chronic phase. Because most of the steno-
sis or obstruction occurs secondary to chronic 
inflammation or fibrosis due to chronic ischemia, 
patients will complain of progressive dysphagia 
or reflux along with nausea/vomiting. If a patient 
has a combination of both stricture and poor 
compliance, patient may present with acute on 
chronic obstruction secondary to food bezoar.

When patients present with subtle signs of 
poor PO tolerance, physicians should have a high 
index of suspicion for common pathologies that 
can cause such symptoms; otherwise, patients 
may develop medical complications from malnu-
trition, dehydration, vitamin deficiency, etc.

 Diagnosis

Most patients will have indolent and progressive 
symptoms for their poor PO tolerance. When a 
patient starts to develop signs and symptoms of 
nausea and vomiting, prompt work-up should be 
done to avoid complications. Physicians should 
tailor the work-up to cover a broad differential 
diagnosis. It is key to perform a thorough history 
and physical examinations to evaluate and rule 
out behavioral or psychosocial causes of his/her 
symptoms of PO intolerance. Also, basic labora-
tory tests along with vitamin levels need to be 
checked to rule out any nutrition and/or vitamin 
deficiencies.

A proposed algorithm is shown in Fig. 22.2. 
It is prudent to assess the acuity of the patient’s 

Table 22.4 Nutritional deficiencies with clinical 
presentations

Nutritional 
deficiency Complications
Vitamin B12 Anemia, neuropathy, neuropathy
Vitamin B1 Wernicke-Korsakoff syndrome
Vitamin D and 
calcium

Osteoporosis

Copper CHF, neurologic and psychiatric 
disorders, unsteady ambulation

Folate Megaloblastic anemia, neurologic 
and psychiatric conditions

Iron Iron deficiency anemia
Zinc Folate deficiency
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symptoms and the urgency of required therapeu-
tic intervention. If a patient requires any emer-
gent/urgent intervention, delayed diagnosis or 
intervention is associated with higher morbid-
ity and mortality. Regardless of the procedure 
that the patient may have had in the past, it is 
important to rule out all potential causes that are 
acutely life-threatening. If the patient has a his-
tory of gastric band, a simple abdominal X-ray or 
an upper gastrointestinal series (UGI) can evalu-
ate the position of the band and effectively rule 
out obstruction or band slippage. Either CXR or 
KUB can rule out free air, which is an important 
diagnosis to make when patient has a history of 
gastric bypass and/or marginal ulcer.

Also, after evaluating the stomach, which is 
the most common anatomic cause of poor PO 
intake, ultrasound of gallbladder and/or CT scan 
with PO contrast can assist in diagnosing other 
potential pathologies such as cholelithiasis, 
internal hernia, or intussusception. Although a 
CT scan lacks specificity or sensitivity in diag-
nosing either internal hernia or intussusception, 
it can be a valuable tool in conjunction with a 
surgeon’s clinical suspicion [13]. A CT scan find-
ing of target sign is highly suggestive of intus-
susception or mesenteric swirling for an internal 
hernia [14]. Patients who have lost a significant 
amount of weight are at higher risk of develop-

ing an intussusception. Also, these patients can 
develop internal hernia, especially after a gastric 
bypass procedure.

In the absence of other non-bariatric surgi-
cal causes of PO intolerance, UGI and EGD can 
diagnose and potentially be therapeutic in cer-
tain cases. The most common causes of poor PO 
tolerance after bariatric surgery are procedure 
specific. The most common cause after sleeve 
gastrectomy is narrowing of the conduit. Also, 
after a sleeve gastrectomy, the surgeon should 
carefully evaluate the degree of the reflux because 
it is reported that up to 25% of patients can suf-
fer from symptomatic reflux after the procedure. 
A good-quality UGI can be utilized to evaluate 
both degree of the stricture and the reflux. After 
a gastric band placement, the patient can have 
poor PO tolerance secondary to tight extrinsic 
compression of the band or chronic fibrosis. For 
the banded patient, it is important to evaluate the 
degree of extrinsic compression before introduc-
ing any instrumentation because of the potential 
risk of perforation, especially if the patient has 
been having chronic symptoms. The patient may 
have developed esophageal dilation, which car-
ries a higher complication rate than in the nor-
mal esophagus during the endoscopy [15]. It 
is recommended to deflate the balloon prior to 
planned EGD if the patient has a gastric band. 

Acute

PO Intolerance

Chronic

Labs

OR

Hemodynamically
stable

Hemodynamically
Unstable

OR

PPI

EGD

EGD

Normal

Normal

OR
Symptoms

Marinal
ulcer

PPI and
Carafate

Abnormal
(Intussusception/
Internal hernia)

Diagnostic
Laparoscopy

OR

Refractory/Complications

Oilation

CT scan

Normal-
UGI

Reflux

Stenosis

UGI & CT
scan

Abnormal-
Correct
nutrition

deficiency

Fig. 22.2 PO intolerance algorithm
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After a  gastric bypass, patients can have obstruc-
tive symptoms because of marginal ulcer, steno-
sis, or food bezoar. Similar to other procedures, 
clinicians should start the evaluation with nonin-
vasive UGI, and if clinically indicated, EGD can 
be performed. EGD can be both diagnostic and 
therapeutic at the same time.

If the above work-up is negative and the 
patient has clinical signs and symptoms of 
esophageal dysmotility disorder, further work-
up should be taken with manometry. Also, if the 
patient’s work-up failed to reveal any significant 
pathology but the chief complaint is reflux, it is 
advisable to perform an esophageal pH monitor-
ing such as the Bravo test.

 Management

Management for PO intolerance will vary 
depending on the underlying pathology that is 
causing the symptoms. If the proposed algo-
rithm is followed, most of the common causes of 
obstructive symptoms should be addressed.

Patient’s acuity of symptoms and urgency of 
potentially required intervention should be care-
fully assessed. During the immediate postop-
erative period, should the patient develop acute 
symptoms of PO intolerance, surgical or techni-
cal complications should be considered. If the 
patient presents with chronic symptoms, the 
patient should be assessed to determine whether 
or not he/she is physically fit to undergo any 
major operation. If the patient is severely dehy-
drated or malnourished (BMI <18), IV hydration 
and/or temporary parenteral nutrition with or 
without enteral feeding via remnant gastrostomy 
or jejunal feeding tube should be started.

Although the gastric band has fallen out of 
favor secondary to lack of efficacy and durability 
of weight loss, it was the most commonly per-
formed bariatric procedure in the 1990s. It has 
its own set of complications that come with any 
intraperitoneally placed foreign body. The inci-
dence of band slippage has been reported to be 
1–22% [16, 17]. When it occurs, it could be a 
surgical emergency because it can cause stom-
ach ischemia or necrosis which could lead to 

perforation. When band slippage is diagnosed, 
the first step is to deflate the band and immedi-
ately reassess the situation. If complete resolu-
tion of symptoms is not achieved or still there is 
any degree of intolerance to drinking, it is pru-
dent to proceed to surgery and remove the band. 
When dealing with an emergent diagnosis, it is 
advisable to deal with the problem without any 
heroic measures. Sometimes, at the time of the 
surgery, a surgeon may encounter concomitant 
band erosion and perforation. When this occurs, 
an omentum or jejunal patch is recommended 
with adequate drainage and antibiotics. When a 
patient presents with more chronic symptoms, 
additional work-up can be done to diagnose the 
stenosis and fibrosis as described above. Once 
the diagnosis is made, the first thing to do is to 
make sure that the band is completely decom-
pressed. However, if the patient has been having 
chronic symptoms associated with external com-
pression of the stomach, band deflation alone 
may not be enough to control the symptoms. In 
those patients who are refractory to nonsurgical 
management, surgery should be considered with 
removal of the band. In the operating room, it is 
critical not only to remove the band with the scar 
tissue that is causing the external compression 
secondary to chronic inflammation and fibrosis.

Similar principles can be applied to patients 
who either had a sleeve gastrectomy or a gas-
tric bypass. It is important to rule out any acute 
pathology with basic imaging and endoscopy, 
along with physical examinations. Leak, steno-
sis, or reflux can cause poor PO tolerance after 
sleeve gastrectomy. Any one of these diagnoses 
can present acutely or chronically. Management 
of each of these problems may vary depending on 
the patient’s condition at the time of the presenta-
tion and the quality of the tissue found intraoper-
atively. For a leak that occurred acutely after the 
index operation, the patient should be returned to 
the OR promptly for repair and adequate drainage 
along with initiation of broad-spectrum antibiot-
ics. In spite of adequate drainage, if the patient 
fails to heal (which can happen to sleeve patients 
because of the high-pressure system), a stent can 
be considered [18]. If the stent fails to control the 
leak, the patient will require a formal revision 
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of the sleeve. For these patients, resection of the 
leaked portion of the stomach, which is usually 
located at the proximal part of the conduit, and 
reconstruction with esophagojejunostomy are a 
valid option.

Acute obstruction after a sleeve occurs due 
to narrowing at the incisura from technical rea-
sons or more commonly because of postoperative 
edema or hematoma. The latter causes usually 
improve with observation only and rarely require 
surgery. However, narrowing at the incisura will 
most likely need surgical revision, often to a 
bypass.

Patients who had sleeve gastrectomy can pres-
ent with chronic problems secondary to non-
healing fistula/leak, stenosis, or chronic reflux. 
Chronic stenosis can be managed with a stent 
[19]. Some surgeons believe that fistula and leaks 
do not heal after a sleeve because of the high-
pressure system proximal to functional pylorus. 
Therefore, most of the problems can be safely 
and effectively addressed by converting to a 
low-pressure system such as gastric bypass. It is 
important to remove the diseased portion of the 
stomach with the site of the leak, fistula, and/or 
stenosis and send for pathology to evaluate for 
any underlying conditions. Although associated 
with high morbidity and complications, sero-
myotomy or segmental resection with gastro-
gastrostomy can be considered for the patients 
who refuse revision to gastric bypass [20].

Gastric bypass has been proven to be the most 
effective and durable weight loss surgical option. 
However, patients can have complications in the 
immediate postoperative period or long after the 
surgery, and these complications can cause PO 
intolerance. As with all other surgical problems, 
early recognition is the key to decrease morbid-
ity and mortality. For early acute pathologies 
with unstable patient, it is prudent to take the 
patient to the operating room for a second look 
with or without an intraoperative endoscopy 
especially if sepsis is present. If the patient is 
stable, most contained leaks can be effectively 
treated conservatively with a drain; however, if 
the patient is septic and not responding to nonsur-
gical management, the surgeon needs to evaluate 
the patient operatively [21, 22]. Endoscopy will 

be especially helpful in the setting in which an 
intragastric bleeding needs to be ruled out. When 
clinically indicated, endoscopy can be performed 
safely and effectively during the immediate post-
operative period [23]. The patient’s tissue quality 
and clinical factors will help determine further 
management intraoperatively. Primary repair, 
reinforcement with omentum, and re-doing the 
anastomosis are all viable options, but the most 
important part of the operation when returning to 
the OR for a leak is adequate drainage [21].

Gastric bypass patients can develop acute 
obstruction because of a hematoma or edema 
similar to sleeve patients. Conservative manage-
ment is usually successful. Depending on the 
location and severity of the hematoma, the patient 
may need either an endoscopic or laparoscopic 
intervention to evacuate the source (gastrojejunal 
or jejuno-jejunal anastomosis). Acute obstruction 
can always arise from one of the trocars site in up 
to 1.6% of cases. In these cases, urgent explora-
tion is required [24].

Another common problem that patients can 
develop after a gastric bypass is a marginal 
ulcer. Marginal ulcers can develop secondary to 
smoking, NSAID abuse, or high acid secretion 
from the retained antrum. It usually occurs at 
the jejunal side of the GJ anastomosis. Marginal 
ulcers can be diagnosed endoscopically, and 
usual treatment requires high-dose PPI with 
Carafate. If the patient is a smoker, it is abso-
lutely critical to counsel the patient to cease 
smoking. Most marginal ulcers respond to medi-
cal therapy, but it can lead to stricture secondary 
to chronic fibrosis and inflammation. If stenosis 
occurs and the patient becomes symptomatic, 
UGI can help assess the degree of the stenosis. 
However, when a patient develops symptoms 
secondary to stricture that is confirmed with a 
radiographic study, the patient should undergo 
an EGD for both diagnostic and therapeutic pur-
poses. During endoscopy, accurate assessment 
of the anastomosis can be made, and the per-
forming physician can decide how aggressively 
he/she will dilate the stricture. It has been shown 
that the dilation can be performed safely with-
out added risk of perforation or complication 
up to 16 mm [25]. When the balloon dilation is 
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being considered as a therapeutic option, it can 
be dilated in increments. It has been shown that 
patients will require an average of two dilations 
or more. However, if the stenosis is a recurring 
problem and it is affecting the patient’s quality 
of life or the marginal ulcer causes significant 
complications such as uncontrolled bleeding or 
perforation, surgical correction of the problem 
is warranted. Usually, the anastomosis and the 
ulcer need to be resected, and a new gastroje-
junostomy should be reconstructed. Some sur-
geons advocate for completely removing the 
remnant stomach to decrease acid production 
for refractory marginal ulcers. There have been 
documented cases of concomitant vagotomy 
and remnant gastrectomy, but no level 1 data is 
available to support such procedures [26, 27].

Another chronic problem that can arise 
from a bypass surgery besides the stricture of 
the anastomosis and marginal ulcer is internal 
hernia. An internal hernia can occur approxi-
mately in 2.5% of the patients, and the most 
common sites are the transverse colon mesen-
tery, Petersen’s space, and at the enteroenter-
ostomy site [28]. There are several proposed 
methods to prevent an internal hernia, but 
there is no consensus on which one is the most 
effective. The key is to recognize the problem 
since patients can present without any spe-
cific signs or symptoms and there is no gold 
standard diagnostic modality. When a patient 
presents with vague intermittent abdominal 
complaints with poor PO tolerance and there 
is no obvious pathology demonstrated during 
the work-up, diagnostic laparoscopy should 
be considered to rule out an internal hernia; 
if found, closure of the defect should be per-
formed with nonabsorbable sutures [28].

 Conclusion
Poor PO tolerance after a bariatric procedure 
can impact a patient’s quality of life with sig-
nificant medical consequences; therefore, it 
needs to be carefully addressed by the physi-
cian. There are broad differential diagnoses 
that need to be carefully worked up for these 
patients. Early recognition of the problem and 
appropriate treatment will decrease morbidity 
and mortality.
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Postoperative Strictures

Mandi Joshi, Emanuele Lo Menzo, 
Samuel Szomstein, and Raul J. Rosenthal

 Bariatric Surgery Complications:  
GJ Stricture and Sleeve Stricture

Obesity is a global epidemic and has become a 
public health crisis in the United States. Multiple 
studies have shown the prevalence of this epi-
demic has been steadily increasing over the 
last three decades [1]. Reports published by 
the National Health and Nutrition Examination 
Survey (NHANES) from 2009 to 2010 showed 
one out of three American adults are obese and 
two out of three are overweight [2].

Bariatric surgery is considered the most 
effective way to achieve durable weight loss. 
Roux-en-Y gastric bypass (RYGB) and sleeve 
gastrectomy (SG) are two of the most commonly 
performed bariatric procedures and lead to excel-
lent short-term and long-term outcomes. Due to 
the widespread adoption of these procedures, 
even the rare complications, such as gastrojejunal 

(GJ) anastomotic stricture and sleeve gastrectomy 
stricture, are now encountered more frequently.

 Gastrojejunal Anastomotic Stricture 
Following RYGB

 Incidence

The incidence of GJ stricture varies from 3% to 
30% in the literature (Table 23.1). The experi-
ence at our institution is about 6% [3]. The wide 
variation in the incidence is mostly dependent 
upon the surgical technique utilized. The data 
comparing open technique to laparoscopic tech-
nique is conflicting [4, 5]. Studies comparing the 
linear stapler technique to the circular stapler 
have shown an increased incidence of stricture 
with the latter. A retrospective study by Peterli 
et al. in 328 patients has shown the stricture to 
be 0% in the linear stapler group and 7% in the 
circular stapler group [6]. The diameter/size 
of the circular stapler used is another impor-
tant factor. In fact, the 21  mm circular stapler 
causes significant stenosis (26.8%) compared 
to the 25 mm stapler (8.8%), as observed in a 
study by Nguyen et al. [7]. It is also important 
to note that the hand sewn anastomosis carries a 
similar incidence of stricture rate as compared 
to the linear staple [8]. Table 23.1 summarizes 
the incidence of GJ stricture in selected series 
of LRYGB.
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 Mechanism/Cause

Various mechanisms have been described in the 
literature for the formation of GJ stricture; how-
ever, none have strong evidence. Ischemia of the 
anastomosis with or without ulceration causing 
scarring and stricture is probably the most com-
mon mechanism. Other mechanisms include non-
ischemic ulceration, probably due to high acid 
concentration in the gastric pouch, technical fail-
ure leading to acute angulation of the anastomosis, 
or too tight anastomosis creation [15, 16]. A large 
gastric pouch has also been postulated to play a 
role in GJ ulceration and stricture formation [17].

 Presentation

The majority of patients present with symptoms of 
GJ stricture within the first 1–3 months of surgery. 
Presenting symptoms usually range from nausea, 
vomiting, intolerance to diet, dehydration, and 
abdominal pain to severe malnutrition and micro-
nutrient/vitamin deficiency in longstanding cases.

 Diagnosis

The diagnosis of GJ stricture is based on the clin-
ical evaluation followed by radiographic evalua-
tion and/or esophagogastroduodenoscopy (EGD). 
The upper gastrointestinal (UGI) study with oral 
contrast is still considered the radiographic study 
of choice [18]. A CT scan can also be performed 
if the UGI study is equivocal. However the CT 
scan only shows static signs of the stenosis, such 
as pouch enlargement, lack of passage of contrast 
in the Roux limb, and inflammatory changes at 
the anastomosis. The UGI instead will give a 
dynamic picture of the anatomy showing a dilated 
pouch, delayed emptying of pouch, visualization 
of stricture, and non-emptying of contrast in the 
jejunum (Fig. 23.1).

Flexible endoscopy is performed as both diag-
nostic and therapeutic modality in GJ stricture 
(Fig. 23.2). The inability to pass a standard adult 
upper endoscope with an external diameter of 
10.5 mm easily through the anastomosis is con-

Table 23.1 Incidence of GJ stricture in selected series of 
LRYGB

Author/year
Number of 
patients

Incidence of 
strictures (%)

Mean 
BMI  
(kg/m2)

Higa (2000) 
[9]

1040 4.9 50

Wittgrove 
(2000) [10]

500 1.6 45

Matheus 
(2000) [11]

48 27 52.3

Schwartz 
(2004) [12]

1000 3.2 45

McCarty 
(2005) [13]

2000 2.1 45

Rosenthal 
(2008) [3]

1012 6 45

Marmuse 
(2015) [14]

1500 3.4

a b

Fig. 23.1 (a, b) UGI contrast study depicting severe gastrojejunal anastomotic stricture and dilated gastric pouch
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sidered diagnostic for stricture [16]. The EGD 
also allows for visualization of concomitant 
ulceration, if any is present. The GJ stricture can 
be endoscopically categorized into four grades 
(Table 23.2) [16].

 Management

 Nonsurgical Management
As mentioned above, flexible endoscopy can be 
used for both diagnostic and therapeutic purposes. 
Following the diagnosis of stricture, different 
dilatation techniques can be used. Commonly the 
through-the-scope (TTS) technique is utilized. In 
this technique, a balloon catheter (Fig. 23.3) of 
various sizes, depending upon the grade of ste-
nosis, is passed via the working channel of the 
flexible endoscope and through the GJ stricture 
such that the midportion of the balloon lies at the 
stricture. The balloon is then inflated with water 
under direct vision to the specific pressure as per 
balloon sizes (Figs. 23.4 and 23.5) [15]. Repeated 
dilation up to three to four attempts is usually 
performed with intervals of 2–4 weeks between 
dilations in severe  stenosis. Fluoroscopy-guided 
balloon dilation can be used in difficult stenosis, 
especially if only a guide wire can be advanced 
across the stenosis (Fig. 23.6). The most serious 
complication of balloon dilatation is perforation, 
which can occur in 4.9% of cases in our institu-
tional experience [3].

Alternatively, a wire-guided dilatation with 
weighted bougies (Savary-Gilliard) can also be 

a b

Fig. 23.2 (a, b) Flexible endoscopy showing dilated gastric pouch and stenotic gastrojejunal anastomosis

Table 23.2 Grades of gastrojejunal anastomotic 
stricture

Grade I Mild stenosis; 10.5 mm endoscope can be 
passed

Grade 
II

Moderate stenosis; 8.5 mm pediatric 
endoscope can be passed

Grade 
III

Severe stenosis; only guidewire can be 
passed

Grade 
IV

Complete or near-complete obstruction, 
pinhole/untraversable

Fig. 23.3 Endoscopic balloon dilator available in various 
sizes

Fig. 23.4 Savary-Gilliard dilator
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safely and effectively used for dilation of GJ stric-
ture with good outcomes (Fig.  23.7); however, 
the data is limited [14]. The potential advantage 
of this technique is the ability of dilating by using 
shearing forces as opposed to just radial forces 
as in the TTS technique. In the case of refrac-
tory strictures, endoscopic stents have been used; 
however, stent migration and post placement pain 
have been frequently described [19].

 Surgical Management

Surgical management is reserved for the strictures 
refractory to multiple attempts of endoscopic 
dilatation, complete occlusion of the anastomo-

sis, or in case of perforation after dilatation [20]. 
Revisional bariatric surgery has good outcomes 
in experienced hands and high-volume centers. 
Meticulous dissection, with careful identification 
of anatomy and excision of the GJ  anastomosis 
with partial gastric pouch resection and creation 
of new anastomosis, is the typical surgery for 
most of the cases of GJ stricture. Large popula-
tions and long-term studies are still lacking in the 
literature regarding the efficacy of revisional bar-
iatric surgery for GJ stricture.

In summary, GJ anastomotic stricture is prob-
ably one of the most common complications seen 
after RYGB. If left untreated, it can lead to severe 
malnutrition, dehydration with multiple ER vis-
its, and hospital admissions. The diagnosis is 
usually made clinically and with the aid of UGI 
radiographic study and flexible endoscopy. Most 
of the cases are successfully treated with serial 
dilation with endoscopy-guided balloon catheter, 
although it may require several attempts. Failed 
endoscopic management usually requires surgi-
cal revision of the GJ anastomosis. Revision sur-
gery has good outcomes in experienced hands 
and high-volume bariatric centers.

 Sleeve Stricture

 Introduction

Sleeve gastrectomy is currently the most com-
monly performed bariatric procedure worldwide. 

Fig. 23.5 Flexible endoscopy post-balloon dilation 
showing moderate dilation of gastrojejunal anastomotic 
stricture

Fig. 23.6 Fluoroscopy-guided balloon dilation of gastro-
jejunal stricture and post dilation free passage of contrast

Fig. 23.7 Endoscopic balloon dilation of the stricture, 
balloon at inflated and deflated state
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Consequently, with the increase in numbers of 
this procedure, rare but severe complications 
such as sleeve stricture are becoming more com-
mon. The incidence of sleeve stricture varies 
form 0.3% to 4% in various reports (Table 23.3). 
Various causes and mechanisms have been 
described in the literature. Among the potential 
different causes of stricture are the size of the 
bougie used, the technique of stapling the stom-
ach, the proximity to the incisura angularis, the 
oversewing of the staple line, and the twisting of 
the sleeve.

 Mechanism/Pathophysiology

The International Sleeve Gastrectomy Expert 
Panel has recommended using a bougie ranged 
between 32 and 38 Fr for sizing the sleeve 
[27]. Smaller bougie size has been associ-
ated with increased incidence of leak, but not 
strongly associated with sleeve stricture [28, 29]. 
However, currently there is significant variability 
in the size of the bougie, and some centers do 
not use a bougie at all. We routinely use a 38 Fr 
bougie at our center, and our stricture rate is in 
line with the literature (0.7%) [25]. The principal 
causes of sleeve stricture are technical or iatro-
genic. Careful handling of the stapler and paying 
attention to stapling technique can prevent this 
complication most times. Overzealous attempts 
to make a narrow sleeve to achieve significant 
weight loss can definitely cause stricture and also 
sleeve leaks. Starting stapling too close to the 
pylorus or staying too close to the incisura can 
lead to sleeve stricture (Table 23.4).

Reinforcement of the staple line using contin-
uous suturing is performed to prevent staple line 
bleeding and leaks. Although the data to demon-
strate the association between staple line sutur-
ing and stricture is mixed, care needs to be taken 
not to take too much tissue, and not to include 
tissue too far apart, or too close to the lesser cur-
vature. Also, twisting of the staple line second-
ary to malalignment of the stapler, or secondary 
to too much retraction of the anterior or poste-
rior wall while stapling, can cause development 
of functional valve or angulation, thus causing 
stenosis. Other postoperative complications like 
hematoma and staple line leak can also eventu-
ally cause stenosis [24, 29].

 Clinical Presentation and Diagnosis

Although the initial presentation of sleeve stric-
ture can vary significantly depending upon the 
severity and the cause of it, most are symptom-
atic in the first 6 weeks after surgery. Similar to 
gastric bypass stricture, patients usually present 
with nausea, vomiting, and intolerance to diet. 
Dysphagia, sticking sensation of food, saliva and 
food regurgitation, and de novo GERD symptoms 
can also be seen in these patients [30]. Symptoms 
in the immediate postoperative period may be 
due to tissue edema, which usually resolves with 
conservative management. Persistent symptoms 
may warrant further investigations and manage-
ment. The diagnosis is usually made with upper 
gastrointestinal (UGI) contrast study and flexible 
upper endoscopy.

Table 23.3 Incidence of sleeve gastrectomy stricture in 
selected series

Author/year
Number of 
patients

Incidence of 
stricture (%)

Kini (2015) [21] 857 3.03
Braghetto (2013) [22] 717 0.69
Parikh (2012) [23] 230 3.5
Zundel (2010) [24] 1155 0.26
Rosenthal (2008) [25] 148 0.7
Cottam (2006) [26] 126 3.9

Table 23.4 Prevention of stricture formation

Use of bougie while stapling the stomach
Avoiding stapling close to pylorus and incisura 
angularis
Suture reinforcement if done should be performed 
meticulously
Avoiding twisting of sleeve by maintaining symmetry 
of anterior and posterior wall of the stomach while 
stapling
Preservation of blood supply of the lesser curve
Careful attention to staple line hematoma
Use of intraoperative EGD if necessary [30]
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The UGI contrast study can show any combina-
tions of these findings: thin stenotic sleeve, kinking 
or tortuosity of the sleeve, lack of progression of the 
contrast column, or dilated fundus [24]. However, 
routine postoperative UGI study is not a good pre-
dictor of future symptomatic stenosis and/or leak 
and thus has been abandoned in many institutions.

Flexible endoscopy is the gold standard inves-
tigation for the diagnosis and evaluation of the 
stenosis. It helps in identifying the characteristics 
of the stenosis, such as location, length, angula-
tion, and functional stenosis. Flexible endoscopy 
can be simultaneously diagnostic and therapeu-
tic. Cautious intubation of the sleeve in early 
postoperative days should be done; however, it is 
a safe procedure in experienced hands. A narrow 
lumen with difficulty in passage of the adult flex-
ible endoscope is considered a stricture.

 Management

 Nonsurgical Management
In the early postoperative period, a patient pre-
senting with nausea and vomiting should be man-
aged conservatively with nil per os, intravenous 
hydration, antiemetics, and protein pump inhibi-
tors. Most of these early symptoms are due to 
tissue edema, causing stenosis, and they resolve 
spontaneously. Non-resolution of the symptoms 
would trigger further investigation, such as UGI 
contrast study and flexible endoscopy. Short-
segment stenosis can be effectively managed 
with flexible endoscopy and balloon dilatation. At 
least two to five attempts of dilation are neces-
sary for the resolution of symptoms and tolerance 
of diet. Endoscopic myotomy in four quadrants 
has been described in some centers for resolution 
of short-segment stenosis [24]. Endoscopic stent-
ing has been used in cases of failed balloon dila-
tion; however, the data still is not very convincing. 
Most often, the stents are removed within a week 
because of pain and stent migration [2].

 Surgical Management

Surgical management of a sleeve stricture depends 
mainly on its location and length. Scarce data 

exists in the literature regarding standard surgi-
cal management of sleeve stricture. The possible 
techniques include stricturoplasty, wedge resec-
tion/segmental resection of the stricture, sero-
myotomy, and more radical technique such as 
conversion to RYGB and total gastrectomy with 
Roux-en-Y esophagojejunostomy. Immediate 
re-intervention for sleeve stricture in the early 
postoperative days includes evacuation of staple 
line hematoma if present, suture removal if used 
for staple line reinforcement, and untwisting and 
omentopexy of the sleeve.

 Stricturoplasty
A Heineke-Mikulicz-type strictureplasty, as 
described initially for gastric outlet obstruction 
in peptic ulcer disease and also for small bowel 
stricture, can be performed for sleeve strictures as 
well. Sudan et al. described the technique in two 
patients with sleeve stricture with robotic assis-
tance and satisfactory results [31]. The stricture 
was incised along the long axis the entire length 
and closed in the transverse axis, single layer, 
using permanent braided sutures.

 Seromyotomy
Seromyotomy has been described by a few 
authors for long-sleeve strictures [32, 33]. The 
technique described involves the use of a mono-
polar hook or ultrasonic energy to perform the 
seromyotomy until the mucosa is visualized, 
along the entire length of the stricture and 1 cm 
beyond both proximally and distally (Figs. 23.8 
and 23.9). Intraoperative esophagogastroscopy 

Fig. 23.8 Seromyotomy of the gastric musculature after 
LSG
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can be used to assess the completeness of the 
seromyotomy intraoperatively (Fig.  23.10). 
Placement of fibrin glue and omentoplasty has 
also been described for reinforcement of the 
seromyotomy (Figs.  23.11 and 23.12). Despite 
satisfactory improvement of symptoms, high 
incidences of postoperative leak and reoperation 
have been seen following seromyotomy in some 
studies.

Wedge resection/segmental resection of the 
sleeve has also been proposed as a surgical tech-
nique for short-segment sleeve stricture [32]. 
Following resection of the segment with 1  cm 
margin, end-to-end anastomosis of the proximal 
and distal remaining stomach is done using a sin-
gle-layer running suture. For patients with sleeve 
stricture not amenable to previously described 
techniques, RYGB or total gastrectomy with 

esophagojejunostomy should be performed [23]. 
The technique of RYGB in these patients is simi-
lar to revisional RYGB in patients with weight 
regain or failure of weight loss in sleeve gastrec-
tomy. All patients undergoing surgery for sleeve 
stricture should begin with diagnostic laparos-
copy and intraoperative flexible endoscopy to 
delineate the anatomy and the stricture. Revision 
surgery for sleeve stricture, similar to revision 
surgery in gastric bypass stricture, is a challeng-
ing operation and should be performed by experts 
in high-volume centers for better outcomes.

In summary, GJ anastomotic stricture and 
sleeve stricture are among the most common 
complications seen after bariatric surgery. If left 
untreated, they can lead to multiple ER visits 

Fig. 23.9 Completed seromyotomy of the LSG

Fig. 23.10 Intraoperative esophagogastroscopy to assess 
completeness of the myotomy and patency of the sleeve

Fig. 23.11 Fibrin glue placed over the gastric myotomy

Fig. 23.12 The omentum is placed over the myotomy to 
provide reinforcement
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and hospital admissions. The diagnosis is usu-
ally made clinically and with aid of UGI radio-
graphic study and flexible endoscopy. Most cases 
are successfully treated with serial dilation with 
endoscopy-guided balloon catheter, usually after 
three to four attempts. Failed endoscopic man-
agement usually is treated with revisional sur-
gery. Revisional surgery has good outcomes in 
experienced hands and in high-volume bariatric 
centers.
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Postoperative Gastroesophageal 
Reflux Disease
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Abbreviations

AGB Adjustable gastric banding
GERD Gastroesophageal reflux disease
LAGB Laparoscopic adjustable gastric banding
LES Lower esophageal sphincter
LSG Laparoscopic sleeve gastrectomy
RYGB Roux-en-Y gastric bypass
SG Sleeve gastrectomy
TLESR Transient lower esophageal sphincter 

relaxations

 Introduction

Obesity is an epidemic in the United States and 
around the world [1]. As the number of individu-
als living with obesity and its associated comor-
bidities increases, so has the number of weight 
loss surgeries being performed. Over the last sev-
eral decades, we have gained knowledge about 
the different comorbidities and complications 
that affect patients before and after bariatric 

 surgery, gastroesophageal reflux disease among 
them. This chapter aims to discuss the medical 
and surgical strategies for the management of de 
novo or recurrent GERD after the three most 
commonly performed bariatric surgeries: adjust-
able gastric banding, Roux-en-Y gastric bypass, 
and sleeve gastrectomy.

 Epidemiology of GERD

While some degree of gastroesophageal reflux is 
physiologic and characterized by postprandial, 
transient, and asymptomatic episodes, pathologic 
reflux is associated with bothersome symptoms or 
objective findings of mucosal injury not always 
correlated with symptoms. The most commonly 
reported symptoms associated with reflux include 
heartburn and regurgitation; however reflux has 
also been associated with symptoms of dyspha-
gia, chest pain, globus sensation, cough, hoarse-
ness, aspiration, and shortness of breath. Given 
the broad spectrum of conditions attributable to 
reflux and the lack of agreement on what consti-
tutes typical reflux disease, a consensus statement 
known as the Montreal classification defines gas-
troesophageal reflux disease (GERD) as a condi-
tion that develops when gastric contents reflux 
abnormally into the esophagus causing “trouble-
some symptoms and/or complications” [2].

The pathophysiology by which GERD occurs 
is likely multifactorial but centers around lower 
esophageal sphincter (LES) dysfunction with 
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three dominant mechanisms: increased fre-
quency  of transient lower esophageal sphincter 
 relaxations (TLESR), a hypotensive lower esoph-
ageal sphincter, and anatomic disruption of the 
gastroesophageal junction [3, 4]. Patients who 
experience GERD can manifest signs of mucosal 
inflammation on endoscopy, known as erosive 
esophagitis, or lack of mucosal damage, known 
as non-erosive reflux disease. Untreated and 
chronic GERD is associated with increasing fre-
quency of esophagitis, the development of Barrett 
esophagus, and is a risk factor for adenocarci-
noma of the esophagus [5].

GERD is a global problem with a significant 
impact on quality of life and considerable eco-
nomic consequences. The prevalence of GERD 
has increased since 1995, with obesity, tobacco, 
and heredity the main risk factors. In a systematic 
review investigating the epidemiology of GERD, 
Dent and colleagues [6] reported a prevalence of 
10–20% in Western populations and less than 5% 
in Asia. More recent studies, however, suggest an 
increasing prevalence of GERD in Asia over the 
last 10–20 years, with the most important factor 
being the increase in prevalence of obesity and 
metabolic syndrome in the region [7].

 GERD and Obesity

Obesity is an independent risk factor for 
GERD. There is strong evidence demonstrating a 
higher prevalence of GERD in obese individuals 
compared to normal-weight individuals [8–12]. 
Jacobson and colleagues [13] used a supplemen-
tal GERD questionnaire added to the Nurses’ 
Health Study to show that subjects who reported 
at least weekly symptoms had an increase in the 
adjusted odds ratio for reflux symptoms for each 
BMI stratum [13]. A systematic review by Corley 
and colleagues [14] further established the rela-
tionship between obesity and GERD by showing 
that, within the United States, there is a positive 
association between increasing BMI and the 
presence of GERD with odds ratios of 1.57 and 
2.15 in overweight and obese individuals, respec-
tively. Finally, obese patients have been shown to 
have an increased prevalence of complications of 

GERD, including Barrett’s esophagus and esoph-
ageal adenocarcinoma [8, 11, 15, 16]. While the 
prevalence of obesity is lower outside the United 
States, several studies support the epidemiologi-
cal relationship between obesity and GERD in 
both Europe and Asia [17–23].

The pathogenic link between obesity and 
GERD is likely multifactorial, but excessive 
abdominal fat, known as central obesity, is 
thought to be an important factor. Increased 
waist circumference has been associated with 
increases in intragastric pressure, frequency of 
tLESRs, and transdiaphragmatic pressure gradi-
ents, thereby increasing the potential for esopha-
geal acid exposure [14, 24–26]. In a 24-h pH 
monitoring study, El-Serag and colleagues [26] 
showed obese patients had a mean percentage of 
time with pH <4 of 7.7%, 47% higher than nor-
mal-weight patients [26]. The altered transdia-
phragmatic pressure gradients that promote this 
retrograde flow of gastric contents into the 
esophagus may also lead to disruption of the 
esophagogastric junction with widening of the 
angle of His and separation of the LES from the 
extrinsic crural diaphragm, also known as a hia-
tal hernia [27].

 GERD Following Bariatric Surgery

Studies investigating the effect of bariatric sur-
gery on GERD symptoms show an overall trend 
toward improvement of symptoms, yet until 
recently, there was insufficient data to reach a 
consensus. While it is broadly assumed that 
weight loss helps alleviate GERD symptoms, 
proof of this is difficult to derive. Bariatric sur-
gery is the only reliable means of achieving sig-
nificant and durable weight loss, so the procedures 
themselves become confounding variables.

Furthermore, there is significant variability in 
the efficacy of GERD improvement depending 
on the specific bariatric procedure performed. 
Pallati and colleagues [28] reviewed 116,136 
patients in the Bariatric Outcomes Longitudinal 
Database, 36,938 of whom had preoperative evi-
dence of GERD. They demonstrated that GERD 
scores improved by 56.5% after Roux-en-Y 
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 gastric bypass (RYGB), 46% after placement of 
an adjustable gastric band (AGB), and 41% after 
a sleeve gastrectomy (SG). Given the mixed pat-
tern of outcomes, many studies have attempted to 
understand how each bariatric procedure inde-
pendently affects both the subjective experience 
of GERD symptoms and objective markers of the 
disease process.

 Roux-en-Y Gastric Bypass

Current evidence indicates there is clear improve-
ment or resolution of GERD symptoms in the 
majority of patients following RYGB. Multiple 
studies have shown subjective improvement of 
GERD symptoms using patient questionnaires 
before and after RYGB [29–36]. Frezza and col-
leagues [32] surveyed 152 patients at a 12-month 
follow-up interval and found a significant reduc-
tion in reported GERD symptoms including 
heartburn (from 87% to 22%, p < 0.001), use of 
proton pump inhibitors (from 44% to 9%, 
p < 0.001), and use of H2 blockers (from 60% to 
10%, p < 0.01). Similarly, Perry and colleagues 
[37] assessed 57 patients at a mean follow-up of 
18  months with all patients reporting improve-
ment or resolution of GERD symptoms. While 
patients had a mean weight loss of 40  kg, the 
authors point out that improvement of GERD 
symptoms was not always correlated with excess 
body weight lost.

Improvements in objective findings of GERD 
after RYGB measured by 24-h pH monitoring and 
endoscopic evaluation have also been reported 
[29, 30, 38–40]. Ortega and colleagues [39] per-
formed esophageal manometry and 24-h pH mon-
itoring in 40 patients both before and after RYGB 
at 3 months and 1 year postoperatively. The preva-
lence of GERD by pH metrics decreased from 
80% preoperatively to 15% postoperatively, while 
there were no significant differences in all esoph-
ageal manometry parameters [39].

Mechanisms that explain the anti-reflux effect 
of RYGB go beyond just sustainable weight loss 
to include lowering acid production in the gastric 
pouch by decreasing the population of parietal 
cells, accelerated gastric pouch emptying, and 

the diversion of bile from the stomach [41, 42]. In 
a systematic review and meta-analysis comparing 
laparoscopic RYGB and SG to treat obesity-
related comorbidities, Li and colleagues [43] 
determined that RYGB is a highly effective anti-
reflux procedure with resolution of GERD seen 
in 70–80% of patients. As a result, the RYGB has 
become the gold standard treatment of morbidly 
obese patients with GERD who meet criteria for 
a bariatric operation [38, 44].

While traditional anti-reflux procedures have 
been shown to be safe in obese patients, the 
long-term functional outcomes remain a source 
of debate [45, 46]. Supporters of bariatric sur-
gery argue that the prevalence of comorbid dis-
ease in the obese population make RYGB 
preferable to fundoplication due to the health 
benefits associated with durable weight loss. 
Also notable are several studies that have 
assessed the use of RYGB as a revision surgery 
for traditional anti-reflux procedures that have 
failed to alleviate GERD symptoms [47–50]. 
Using the Gastroesophageal Reflux Disease-
Health-Related Quality of Life (GERD-HRQoL) 
scale, Raftopoulos and colleagues showed a sig-
nificant reduction of GERD scores (p = 0.006) in 
seven patients with previous Nissen fundoplica-
tion undergoing revision to a RYGB [47].

Although the majority of patients experience 
improvement or resolution of GERD symptoms 
after RYGB, there remains a subset of patients 
who continue to be symptomatic after surgery, as 
well as patient who develop de novo reflux. The 
Early Results of the Swiss Multicentre Bypass or 
Sleeve Study trial reported a 4% rate of de novo 
GERD at a 1-year follow-up after RYGB [51]. 
DuPree and colleagues [52] performed a retro-
spective review of the Bariatric Outcomes 
Longitudinal Database which included 33,867 
patients undergoing RYGB for morbid obesity 
and showed persistent and worsening GERD 
symptoms in 17.6% and 2.2% of patients, respec-
tively. Madalosso and colleagues [30] performed 
a prospective study that showed pathologic 
esophageal acid exposure detected on pH moni-
toring 39 months after surgery in 9% of patients 
with normal preoperative pH monitoring. In 
addition, half of the patients who developed 
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 postoperative erosive esophagitis had normal 
24-h pH monitoring [30].

Persistent or de novo reflux after RYGB has 
been attributed to either a large pouch resulting in 
remaining parietal cells and associated acid pro-
duction or a short alimentary limb allowing for 
bile reflux [53]. However, several studies suggest 
that causes other than acid or bile reflux might 
also contribute to esophageal injury. In a recent 
study, Rebecchi and colleagues [54] prospec-
tively assessed the long-term effects of RYGB on 
gastroesophageal function using both the GERD-
HRQoL questionnaire and objective evaluations 
such as upper endoscopy, esophageal manome-
try, and 24-h impedance pH monitoring preoper-
atively at 12- and 60-month follow-up intervals. 
They showed that irrespective of the presence of 
symptoms, 75% of study participants presented 
with distal esophageal exposure to weakly acidic 
reflux with a high incidence of both microscopic 
and macroscopic esophagitis. They postulated 
that the high incidence of weakly acidic reflux 
after RYGB without clinical or endoscopic signs 
of gastric stasis may be related to functional dys-
motility of the roux limb, independent of roux 
limb length [54].

 Laparoscopic Adjustable Gastric 
Band

The laparoscopic adjustable gastric band (LAGB) 
has been reported to reduce or eliminate many 
obesity-related comorbidities; however the asso-
ciation with GERD and its effect on esophageal 
function is conflicting. Several studies have 
shown improvement of reflux symptoms either 
immediately after or within 6  weeks of band 
placement and before any major weight loss has 
occurred, suggesting an effect of the band itself, 
likely due to augmentation of the LES [55–58]. 
However, studies have also demonstrated wors-
ened or newly developed GERD symptoms in 
patients postoperatively, particularly at longer-
term follow-up intervals [56, 59–63].

In 2010, de Jong and colleagues [64] per-
formed a systematic review assessing the influ-
ence of adjustable gastric banding on GERD 

and esophageal motility. They reported the 
prevalence of reflux symptoms decreased post-
operatively from 32.9% to 7.7% and medica-
tion use from 27.5% to 9.5%. De novo reflux 
symptoms were found in 15% of patients, while 
newly developed esophagitis was observed in 
22.9%. The authors concluded that AGB has 
anti-reflux properties resulting in resolution or 
improvement in reflux symptoms, normalized 
pH monitoring results, and a decrease of esoph-
agitis in the short term but that worsening or 
newly developed reflux symptoms are found in 
a subset of patients at longer follow-up inter-
vals [64].

In 2012, Woodman and colleagues [65] per-
formed a 2-year interim analysis of patients in 
the 5-year prospective APEX study who reported 
GERD requiring daily medical therapy prior to 
the AGB procedure. Among 122 patients assess 
at a 2-year follow-up interval, complete resolu-
tion of GERD was reported in 80%, improve-
ment in 11%, no change in 9%, and worsening in 
2%. The data in this study, however, is limited 
due to an unrecorded number of hiatal hernia 
repairs that were conducted, as well as the 
unknown medical history among patients who 
reported worsening or de novo onset of GERD 
symptoms [65].

Possible reasons for worsening or de novo 
reflux after LAGB include reduced esophageal 
clearance, pouch formation, food stasis, and 
reversible esophageal dilation [55, 56, 59, 60, 
66–69]. While a large pouch may be secondary to 
suboptimal technique at initial band placement, 
more often a correctly sized pouch may enlarge 
over time. Mechanisms of pouch enlargement 
include chronic over-tightening of the band or 
prolapse of the stomach through the band. This 
may explain why studies with shorter-term fol-
low-up show anti-reflux properties of the band, 
while those with intermediate- to longer-term 
follow-up show increasing symptoms and find-
ings of GERD.  Further studies are needed to 
investigate the discrepancies between early and 
late effects of LAGB on reflux; however given 
that this bariatric procedure has since fallen out 
of favor for surgeons and patients, this is unlikely 
to occur.
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 Sleeve Gastrectomy

Initially introduced as the first step in a two-stage 
procedure to treat high-risk, super-obese patients, 
sleeve gastrectomy (SG) is now a stand-alone 
bariatric procedure [70]. Due to its technical sim-
plicity and proven weight loss outcomes, SG is 
now the most commonly performed bariatric pro-
cedure [71, 72]. There have been many studies 
investigating the effect of SG on GERD. As with 
the LAGB, evidence has been controversial, with 
the majority of studies reporting worsening of 
GERD symptoms [73–80], while others have 
reported improvement [81–84].

In a retrospective review of the Bariatric 
Outcomes Longitudinal Database, Dupree and 
colleagues [52] demonstrated that among patients 
who had pre-existing GERD and underwent SG, 
15.9% reported resolution after surgery, while 
84.1% reported persistent symptoms. Of SG 
patients who did not demonstrate preoperative 
GERD, 8.6% developed de novo GERD postop-
eratively. In 2011, Chiu and colleagues [85] per-
formed a systematic review assessing the effect 
of SG on GERD, but no clear consensus could be 
drawn due in part to the heterogeneity of studies 
[85]. In 2016, Oor and colleagues [86] reexam-
ined the literature performing a meta-analysis of 
the pooled studies and reported a minimal trend 
toward an increased prevalence of GERD symp-
toms following SG, although without any statisti-
cal significance.

The relationship between GERD and SG is 
multifactorial. Anatomic factors and physiologic 
mechanisms that may explain the increased prev-
alence of GERD after LSG include hypotensive 
LES, disruption of the angle of His, resection of 
sling fibers, reduced gastric compliance with 
higher intragastric pressure, decreased gastric 
emptying, late dilatation of the sleeve, and occur-
rence of hiatal hernia. Factors associated with 
reduced GERD after LSG include weight loss, 
restoration of the angle of His, decreased acid 
production, and accelerated gastric emptying; 
however these are typically only seen after lon-
ger-term follow-up [85].

In 2014, Rebecchi and colleagues [87] per-
formed a prospective clinical study evaluating 

gastroesophageal function in morbidly obese 
patient undergoing a LSG using a clinically vali-
dated questionnaire, upper endoscopy, esopha-
geal manometry, and 24-h pH monitoring both 
before and 24 months after LSG. Patients with 
pathologic reflux were identified preoperatively 
using 24-h pH monitoring and after LSG were 
found to have statistically significant reductions 
in Gastroesophageal Reflux Disease Symptom 
Assessment Scale (GSAS) scores, DeMeester 
scores, and total acid exposure. In patients who 
did not have pathologic reflux preoperatively, the 
incidence of de novo GERD was 5.4%. 
Furthermore, no significant changes in lower 
esophageal sphincter pressures and esophageal 
peristalsis amplitudes were found. Of note, 
patients with large hiatal hernia were excluded, 
routine hiatal hernia repair was not performed 
for small hiatal hernias, and a 36-Fr bougie was 
used [87].

Beginning in 2007, there have been multiple 
international summits where expert surgeons 
gather to review all major aspects of SG. Best 
practice guidelines were developed in 2011 
from a 2-day live expert consensus panel with a 
collective experience of >12,000 cases. There 
was 83% consensus that the presence of a hiatal 
hernia should always be assessed intraopera-
tively, including dissection of the phrenoesoph-
ageal membrane and inspection of the greater 
curvature side of the stomach. Accordingly, 
82% of experts agreed that if a hernia is found, 
it should be repaired. For patients who devel-
oped GERD symptoms after LSG, 85% agreed 
that proton pump inhibitors should be the first 
line of treatment [88].

In 2016, results of an online anonymous sur-
vey of expert surgeons and general bariatric sur-
geon were compared with the aforementioned 
2011 data. Based on the findings of Rebecchi and 
colleagues, the majority of expert surgeons now 
believe that GERD is overall improved after SG 
and it should not be a contraindication. Only one 
third of expert surgeons would recommend for-
mal preoperative pH and manometry studies 
prior to SG, and not routinely but only very selec-
tively. However, complications of GERD, includ-
ing Barrett’s esophagus, remain a contraindication 

24 Postoperative Gastroesophageal Reflux Disease



244

to the LSG, necessitating preoperative gastros-
copy. This is primarily because performing a 
sleeve gastrectomy precludes a gastric pull-
through should severe dysplasia require a distal 
esophagectomy [71].

It is the author’s opinion that Barrett’s esoph-
agus is a relative contraindication to SG. While 
the incidence of progression of Barrett’s to dys-
plasia is fairly low, there is currently no data on 
progression of Barrett’s with sleeve gastrectomy. 
It is the author’s practice to offer a patient with 
Barrett’s a laparoscopic RYGB, an anti-reflux 
procedure, because as previously discussed, 
there is clear data on the impact of anti-reflux 
procedures on Barrett’s disease [89, 90]. It is 
important to describe the risks of SG compared 
with a RYGB in the patient with Barrett’s. 
Furthermore, GERD-like symptoms may be an 
indication to perform a preoperative EGD to rule 
out Barrett’s in all patients undergoing a LSG. A 
limitation in patients with asymptomatic disease 
will be missed.

 Medical Management

Unlike GERD in the general population, evalu-
ation of GERD-like symptoms after bariatric 
surgery should be approached with an expanded 
differential diagnosis. In the immediate postop-
erative period, there can be significant overlap 
between GERD and normal postoperative 
symptoms. Furthermore, surgery-specific post-
operative complications can be masked by pre-
existing GERD or present as newly developed 
symptoms.

Once surgery-specific postoperative compli-
cations have been excluded, however, first-line 
therapy is like that of the general population with 
dietary modification and cessation of smoking 
and alcohol use. After bariatric surgery, dietary 
modifications in the form of changes to eating 
behaviors are important given the restrictive anat-
omy inherent in the AGB, SG, and RYGB. Eating 
too quickly or large quantities over a short period 
of time results in food stasis in the lower esopha-
gus and consequently heartburn, dysphagia, and 
regurgitation. Paced swallowing, therefore, is a 

learned behavior that can ameliorate GERD 
symptoms.

Eating behaviors are especially important to 
elucidate in patients after AGB as GERD-like 
symptoms are frequently elicited by over-tighten-
ing of the band. It is common for patients who fail 
to achieve adequate weight loss to request tighten-
ing of their band. Oftentimes, the reason for weight 
loss failure is the consumption of inappropriate 
quantities or types of foods, such as liquid calo-
ries. A thorough knowledge of the patient’s dietary 
history and counseling on eating behaviors can 
therefore prevent unnecessary and inappropriate 
over-tightening of the AGB system [91].

Second-line therapy for GERD after bariatric 
surgery is the use of acid-reducing medications. 
The use of acid-reducing medications has been 
shown to decrease from 37.7% to 29.6% at 1 year 
after bariatric procedures; however it was not 
uniform among the different operations, with 
56.2% of patients who were previously on either 
a PPI or an H2-blocker discontinuing these medi-
cations after RYGB [92]. In a study with similar 
results, more patients after SG used acid-reduc-
ing medications as compared to RYGB (48.1% 
vs. 16.1%) [93].

In situations where acid-reducing medications 
are ineffective and weakly acidic reflux or food 
stasis due to either delayed gastric emptying or 
roux limb dysmotility has been established, pro-
motility agents may be used as an adjunct to acid 
suppression and provide relief through improved 
esophageal clearance and gastric emptying [94]. 
Finally, while H. Pylori testing is typically per-
formed as part of a patient’s preoperative work-
up, testing may be warranted in a postoperative 
patient and treatment with triple therapy initiated 
if results are positive.

 Surgical Management

Post-bariatric surgery GERD-like symptoms 
that are refractory to conservative management 
warrant further investigation to evaluate whether 
any surgical interventions are indicated for 
management. Surgery-specific complications 
should be identified and the history and clinical 
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context in which symptoms occur need to be 
thoroughly understood.

After LAGB, the possible causes of GERD-
like symptoms include over-tightening, a slipped 
band, gastric herniation, or a dilated pouch. 
Urgent surgical intervention may be indicated for 
a slipped band or gastric herniation given the risk 
for gastric ischemia. With a dilated pouch, the 
surgical options can be tailored based on the 
desired outcomes of the individual patients. 
Generally, the surgical options for patients with 
band complications or failure to lose weight 
include band removal, band repositioning, band 
replacement, or conversion to an alternate proce-
dure. Band removal is associated with a high rate 
of weight regain and is an undesirable option for 
most patients [95].

Presentation of GERD after an LSG should 
prompt an assessment for a retained fundus, a 
kinking or stricturing of the sleeve, or a hiatal 
hernia. A radiological contrast study or endos-
copy may help to make the diagnosis. In the case 
of a retained fundus, either a revision SG or con-
version to a RYGB is a surgical option. While 
gastric strictures are more commonly associated 
with persistent nausea, emesis, and intolerance to 
solids, if this complication is diagnosed in the 
setting of GERD-like symptoms, treatment may 
lead to symptomatic improvement. Endoscopy is 
recommended to confirm the diagnosis of a stric-
ture, with the possibility for therapeutic balloon 
dilation [96, 97]. Parikh and colleagues showed 
that symptomatic short-segment stenosis was 
more likely to be successfully treated with endo-
scopic balloon dilation, whereas patients with 
long stenoses or significant kinking are less likely 
to respond to endoscopic techniques and may 
ultimately require conversion to RYGB [97].

In patients with GERD after either a LAGB or 
LSG who have failed conservative management 
and in whom further work-up could not demon-
strate any treatable causes, conversion to RYGB 
should be considered for its favorable outcomes 
as an anti-reflux procedure. The conversion rate 
of SG to RYGB due to GERD is reported as 2.9% 
[71]. Langer and colleagues demonstrated suc-
cessful conversion of SG to RYGB in three 
patients, all of whom reported improvement in 

reflux symptoms and were able to discontinue 
acid-suppressive medications [98]. Abdemur and 
colleagues [99] similarly investigated reasons for 
and outcomes of conversions of LSG to 
RYGB. They reported nine patients who under-
went conversion surgery for intractable GERD, 
six of whom reported complete resolution of 
their GERD symptoms, two who continued to 
report GERD symptoms and were maintained on 
PPI therapy, and one who was kept on a PPI for 
marginal ulcerations [99].

Given the significant alteration in anatomy 
that occurs with RYGB, it is paramount to under-
stand the etiology of GERD after RYGB prior to 
performing any revision surgery. As previously 
discussed, persistent or de novo reflux after 
RYGB is most commonly due to either a large 
pouch resulting in remaining parietal cells and 
associated acid production or a short alimentary 
limb allowing for bile reflux [53]. Impedance 
studies can help to differentiate these and guide 
surgical management. A revision of the gastric 
pouch size may be indicated for a large pouch, 
whereas lengthening of the roux limb may be 
indicated if bile reflux is the offending etiology.

It is worth mentioning that while the RYGB is 
highly effective in controlling reflux symptoms, 
there are risks associated with this complex sur-
gical procedure, and not all patients are candi-
dates given unfavorable gastrointestinal anatomy 
or issues with malabsorption. Magnetic sphincter 
augmentation (MSA) is a new anti-reflux surgical 
technique for treating GERD. The LINX ® sys-
tem is an MSA device that was approved by the 
FDA in 2012 for the treatment of reflux in the 
general public as an alternative therapy to the 
gold standard, a Nissen fundoplication. It con-
trols reflux by physiologically reinforcing the 
lower esophageal sphincter (LES) with a ring of 
magnetic beads implanted around the gastro-
esophageal junction.

There are now short- and medium-term out-
comes demonstrating the efficacy of the LINX 
for management of GERD [100]. Ganz and col-
leagues [101] studied the long-term outcomes of 
patients who received the LINX system and con-
cluded that magnetic sphincter augmentation is 
capable of providing significant and sustained 
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control of reflux with minimal side effects or 
complications. All study participants were using 
PPIs at baseline, and this decreased to only 15.3% 
at 5 years after device placement. Median GERD-
HRQoL scores also decreased from 27 in patients 
not on PPIs, and 11 in patients taking PPIs, to 4 
overall. The prevalence of bothersome gas bloat 
decreased from 57% at baseline to 1.2% at 
5 years, with all study participants able to belch 
and vomit as needed. Dysphagia was the primary 
complaint in the postoperative period, but this 
seemed to be only a short-term complication as 
the prevalence of dysphagia symptoms returned 
to baseline by 5  years [101]. Laparoscopic 
removal of the LINX device can be safely per-
formed, with the causes of removal being dys-
phagia, recurrent GERD, device-related pain, 
diagnosis of esophageal cancer, and device ero-
sion [102, 103].

While the applications of MSA devices for 
management of reflux after bariatric surgery is 
still in its experimental stages, preliminary stud-
ies suggest similar outcomes in this specific pop-
ulation. Desar and colleagues [104] reported the 
LINX system is a safe and effective option for 
patients with reflux refractory to medical therapy 
after LSG despite adequate weight loss. The 
authors point to how the LINX is implanted in an 
area undisturbed with LSG, making it a relatively 
low-risk surgery compared with the alternative 
surgical option of conversion to a RYGB. Not to 
mention, implantation of the LINX does not pre-
clude later conversion in the event of failure. 
Hawasli and colleagues [105] describe case dem-
onstrating successful management of refractory 
reflux after a RYGB using the LINX system 
together with a hiatal hernia repair [105].

 Endoscopic Management

For patients with refractory GERD after bariatric 
surgery who are either unwilling or not candi-
dates for revision surgeries, endoluminal thera-
pies are a reasonable option. There are multiple 
new and emerging techniques including the 
Stretta procedure (Mederi Therapeutics, 
Greenwich, Conn), the EsophyX® (EndoGastric 

Solutions, Redmond, Wash), and the MUSE™ 
system (Medigus Ultrasonic Surgical Endostapler, 
Medigus Ltd. Omer, Israel).

The Stretta procedure uses radio-frequency 
energy to treat GERD.  It consists of a flexible 
catheter with a 30 F bougie tip and a balloon bas-
ket assembly consisting of radially placed elec-
trodes that deliver radio-frequency energy to the 
gastroesophageal junction. The proposed mech-
anism by which the Stretta system works is two-
fold. First, the thermal injury causes scarring and 
collagen deposition at the gastroesophageal 
junction (GEJ) resulting in decreased compli-
ance of the LES and a presumed reduction in 
transient LES relaxation. Second, the ablation of 
vagal afferent fibers may result in fewer transient 
LES relaxations. Mattar and colleagues [106] 
investigated the application of the Stretta proce-
dure for patients with refractory GERD after 
RYGB.  Of 369 patients, seven were identified 
who had refractory GERD and underwent the 
Stretta procedure. Five had complete resolution 
of their symptoms with normalization of pH 
studies, with one patient reporting persistent 
symptoms and one patient lost to follow-up eval-
uation [106].

The EsophyX® and MUSE™ system are both 
methods of transoral incisionless fundoplication. 
There is little to no data currently available for 
the application of these procedures for manage-
ment of GERD after bariatric procedures. The 
device profiles are such that a large retained fun-
dus or pouch would be needed to use the devices 
and may preclude their use for the treatment of 
GERD after LSG or RYGB.

 Summary

GERD is a significant comorbidity in bariatric 
patients preoperatively and postoperatively. 
Management of GERD postoperatively can be 
challenging as the temporal presentation and 
underlying mechanisms for symptom occurrence 
may vary based on the specific bariatric proce-
dure performed. Bariatric surgeons should be 
familiar with the appropriate evaluation, proce-
dures choices, and management options. Revision 
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surgery for reflux symptoms is often indicated; 
however the appropriate anatomy and outcomes 
should be considered when offering these inter-
ventions to patients.
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 Introduction

The increasing number of patients undergoing 
bariatric surgery, the broad arsenal of surgical 
techniques available, and the growing number of 
complications that can be treated endoscopically 
have led to the emergence of bariatric endoscopy 
as an advanced diagnosis-treatment interface. 
There is therefore a need for endoscopists, gas-
troenterologists, and bariatric surgeons to acquire 
knowledge of specific endoscopic aspects and 
use them for diagnosis, thereby treating compli-
cations in a manner that is minimally invasive, 
safe, and effective [1].

Endoscopic bariatric treatment can be subdi-
vided into three lines: primary treatment of obe-
sity (patients who are not candidates for surgery, 
such as intragastric balloon placement), treat-
ment of surgical complications, and secondary 

treatment of obesity after weight regain 
 (revisional procedures, such as the use of argon 
plasma). When used as a primary approach, 
endoscopic treatment produces better results 
compared to clinical treatment, but it is still not 
as durable or effective as surgery [2–4].

Training in bariatric endoscopy has tradition-
ally been carried out informally at an endoscopy 
unit in a manner similar to other areas of profes-
sional education [5, 6]. Bariatric endoscopy is 
currently evolving, using more sophisticated 
and more durable equipment, requiring the pres-
ence of a well-trained multidisciplinary team 
including surgeons, clinicians, endocrinolo-
gists, psychologists, nurses, physiotherapists, 
and nutritionists to reduce the likelihood of 
postoperative complications.

This chapter presents solutions to surgical 
challenges involving bariatric endoscopy and 
shows the importance of a team specialized in 
bariatric endoscopy for training of endoscopists/
surgeons in diagnostic and therapeutic bariatric 
endoscopy.

 Training in Bariatric Endoscopy 
for Surgeons

A multidisciplinary team is fundamental for 
ensuring good results and safety in bariatric 
endoscopy [4]. There is therefore an urgent need 
for training of new bariatric surgeons, as a way of 
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developing all-around understanding of obesity 
and achieving high success rates in both surgery 
and bariatric endoscopy. From the current peda-
gogical perspective, the need for knowledge and 
practical bariatric surgery skills requires the 
adoption of creative and innovative methodolo-
gies alongside traditional teaching.

Such a methodology requires a multidisci-
plinary team specialized in procedures such as 
fitting stents, dilation, septotomy, and removal of 
foreign bodies, among others. Implementation 
of  a bariatric endoscopy training program cer-
tainly facilitates the teaching of novice bariatric 
 surgeons [7].

The Federal University of Pernambuco’s 
Postgraduate Program in Surgery has, since 
2013, been conducting a study involving training 
of 50 physicians from 13 countries in Latin 
America and other parts of the world in bariatric 
endoscopy. These professionals were recruited 
by way of an internship program established by 
hospitals interested in training through direct 
contact with the researcher or on the recommen-
dation of other interns who had already done the 
training. They included trainee bariatric surgeons 
and gastroenterological endoscopists interested 
in bariatric surgery.

The training took the form of 4–12-week aca-
demic internships divided into three stages:

 First Stage

Teaching the fundamentals of endoscopy and 
general knowledge of equipment (assembling, 
manipulating, cleaning, and maintaining the 

endoscope and the endoscopy tower). Materials 
needed: intragastric balloon, partially covered 
esophageal stents, fully covered esophageal 
stents, needle knife, injector for control of 
bleeding, use of metal endoscopic clips, dilation 
balloon, Savary guide wire, and over tube 
(Fig. 25.1).

 Second Stage

Training in bariatric endoscopy skills: anatomy 
and endoscopic approach under supervision of a 
teaching physician specialized in bariatric endos-
copy; assemblage, placement, and removal; 
patient care; and handling of endoscopy materi-
als presented in the first stage are the responsibil-
ity of the team’s nursing monitor.

After instruction and training, the physicians 
are free to carry out procedures until they develop 
the level of skill required by the evaluation test. 
Training lasts on average 6 h, twice a week, vary-
ing according to the conditions of the inter- 
institutional agreement between the UFPE and 
the hospitals in the country of origin of each phy-
sician. Ex vivo pig models are used for all train-
ing procedures (airways, esophagus, stomach, 
and duodenum) [8] (Figs. 25.2 and 25.3).

Some techniques may be addressed and taught 
in this stage:

 Balloon Dilatation

Gastrojejunal anastomosis stenosis or fistula may 
occur in isolation or concomitantly after bariatric 

Fig. 25.1 Materials and equipment for bariatric endoscopy procedures
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surgery. Distal stenosis increases pressure in the 
gastric pouch, leading to development or exacer-
bation of fistula, which is unlikely to close spon-
taneously [9]. Endoscopic procedures, such as 
balloon dilation, have thus been used to effec-
tively resolve complications.

When the stenosis has a diameter <10  mm, 
dilation treatment using a 20 and 30 mm balloon 
is effective and safe, enabling resolution of this 

serious complication [10]. The use of a stent for 
treatment of GJA fistula is indicated when the 
diameter of the fistula orifice is greater than 
10 mm, especially in the early stages (less than 
30 days after RYGB), when severe tissue fibrosis 
has not yet occurred [11] (Fig. 25.4).

Fig. 25.2 Ex vivo pig stomach model used for endos-
copy training

Fig. 25.3 Passage of endoscope into ex  vivo pig 
stomach

Fig. 25.4 Passage, positioning, and execution of procedure to break or widen contention ring using achalasia balloon 
in pig model
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Performance of the Technique

• Procedure carried out in a hospital setting
• Patient in left lateral decubitus, under deep 

sedation, administered by an anesthesiologist
• Use of standard single-channel endoscope
• Identification of stenosis on the GJA and char-

acteristics of the gastric pouch
• Passage of balloon with center positioned on 

the site of the GJA stenosis
• Balloon filled with liquid, using insufflator 

with manometer
• Gradual insufflation to avoid proximal or dis-

tal dislocation of the balloon, reducing the risk 
of laceration and perforation

• Endoscopic viewing of dilation
• Insufflation for around 1–3 min
• Desufflation and removal of balloon
• Endoscopic review to check for signs of bleed-

ing or perforation
• Patient kept on a zero diet

 Stent Placement

The self-expandable stent has been used for 
endoscopic treatment of fistulas [12, 13]. The aim 
is to reduce intragastric pressure, remodel the 
stomach, and isolate the fistula orifice. However, 
the stents traditionally available on the market 
were designed for apposition in the esophagus 
and do not adapt well to the sleeve gastrectomy 
format, as they are short and small caliber.

Owing to this difficulty and the large number 
of sleeve gastrectomies performed, some longer 
larger caliber stents have been developed specifi-
cally for the purpose of bariatric surgery. These 
stents have less potential for migration and are 
more efficient in reducing intragastric pressure, 
with the advantage of covering the whole 
 stomach, providing better occlusion of the fistula 
and lower risk of migration. Increasingly consis-
tent studies have reported good results [14] 
(Fig. 25.5).

Fig. 25.5 Placement and removal of stent for treatment of ring slippage/fistula in pig model
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Performance of the Technique

• Pneumatic dilation with 30  mm balloon and 
introduction of self-expandable stent

• Passage of guide wire into duodenum
• Passage of 30 mm pneumatic endoscopic dila-

tion balloon over the ^^guide wire, positioned 
with the aid of radiology and endoscopic 
vision

• Dilation of the corpus-antrum axis, with bal-
loon insufflated to 20 psi

• Insertion of double covered stent over the 
guide wire

• Endoscopic evaluation
• Proximal repositioning of stent, with foreign 

body forceps
• Radiological contrast test

 Septotomy

Gastric fistula is one of the most serious compli-
cations of Roux-en-Y gastric bypass (RYGB), 
with a mean occurrence of 2.4%, and it is more 
common in the proximal segment, just below the 
gastroesophageal junction [15–17]. It is caused 
by local tension and tissue ischemia [18]. 
Septotomy is an innovative endoscopic treatment 
of gastrointestinal fistulas after gastroplasty. The 
procedure is based on treatment of Zenker’s 
diverticulum, enabling internal drainage of the 
perigastric abscess, directing the flow of gastric 
secretion, reducing cavity contamination and 
intragastric pressure, and ensuring the gastric 
lumen is clear [19, 20]. It can be carried out with 
good results in cases where there is a fistula with 
perigastric cavity, with accumulation of secre-
tions and debris and the presence of fibrous sep-
tum between the cavity and gastric pouch, 
whether in the angle of His, the gastric corpus, or 
the gastrojejunal anastomosis.

The procedure is carried out by cutting the 
septum, using electrocauterization or the 
application of argon plasma, with a view to 
guiding drainage of secretion into the pouch. 
It should ideally be combined with endoscopic 
dilation, which enables treatment of possible 

associated stenosis, facilitates the flow of 
secretions, and stimulates the formation of 
granulation tissue.

Performance of the Technique

• Patient in left lateral decubitus, under general 
anesthetic and orotracheal intubation

• Initial diagnostic endoscopy
• Pneumatic dilation of anastomosis with 

14 mm balloon
• Irrigation and washing of perigastric cavity 

(abscess) debris
• Opening of septum between perigastric cavity 

and pouch
• Review of hemostasis

 Third Stage

In this stage, the physicians are evaluated by the 
project coordinator, using the OSATS [21] scale 
modified for endoscopy, on a scale from 1 to 30, 
with a pass mark of 16.

As of the time of writing, 100% of physicians 
trained successfully developed bariatric endos-
copy skills.

 Discussion

The first challenge in endoscopy is to make an 
accurate diagnostic anatomo-endoscopic correla-
tion in order, with the aid of associated exams 
and the patient’s clinical history, to be able to 
arrive at a correct conclusion regarding the com-
plication found. The study of the anatomy of the 
stomach, the general conditions of the patient, 
the presence of a team accustomed to working 
with the obese patient, and the environment are 
all crucial factors for adequate treatment.

The multidisciplinary focus on the field of 
bariatric surgery and endoscopy has become 
increasingly important in recent years. The posi-
tive results for integral management of bariatric 
patients have certainly led to improved treat-
ments and lower incidence of complications.
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The literature shows the importance of a 
multidisciplinary team, especially nurses, who 
can safely and effectively assist in endoscopy. 
Some reviews have explored the evidence sup-
porting the performance of endoscopy by non- 
physicians, the possible difficulties, and the 
requirements of a high-quality program to sup-
port training [7].

This dynamic and synchronized working 
methodology facilitates teaching of complex and 
difficult procedures, such as placement of par-
tially covered esophageal stents for treatment of 
fistulas, placement of fully covered esophageal 
stents for ring removal, handling of septotomy 
materials (needle knife, injector to control bleed-
ing, metal endoscopic clips), and materials for 
treatment of stenoses (dilation balloon, Savary 
guide wire, and over tube).

The concentration that the therapeutic proce-
dure requires and the large quantity of materials 
that may be used in a single procedure mean that 
therapeutic endoscopy always performed by four, 
six, or eight hands. The assistant must have techni-
cal and anatomical knowledge and be familiar with 
the materials that may be needed during the proce-
dure. Correct handling of endoscopic accessories 
and focus and concentration in performing tasks 
are of the utmost importance for the success of the 
procedure. During a “simple” gastrojejunal anasto-
mosis dilation procedure, for example, the simple 
fact of the assistant having difficulty desufflating 
the balloon when the patient is agitated may lead to 
a deep laceration or even local perforation; correct 
handling of the guide wire during procedures may 
require it to be passed through repeatedly or even 
cause perforations; correct exposure of needles, 
scalpels, and so forth is essential for safe and effec-
tive endoscopy. In addition to the need for training 
of the team that works during the procedure, post-
procedure care and correct nutritional guidelines 
are fundamental for ensuring a successful outcome. 
Therapeutic bariatric endoscopy ends with the res-
olution of the problem; during post-sleeve fistula 
treatment, for example, the endoscopist should be 
involved and accompany the patient throughout the 
process: diagnosis, choice of treatment, stent place-
ment, follow-up and counseling while the stent is 
in place, removal of the stent, follow-up after 

removal of the stent, and so forth. It is a lengthy 
process, and adequate formal training and skilled 
referral services are essential for adequate manage-
ment. Bariatric endoscopy is “a world apart,” and 
most endoscopy or surgery schools do not provide 
adequate training in this field.

 Final Considerations

• Endoscopy is now being widely used for mini-
mally invasive, safe, and effective treatment of 
complications after bariatric surgery.

• Evaluation of the results of the study leads to 
the conclusion that a specialized multidisci-
plinary team improves the development of 
bariatric medicine skills.

• The introduction of training of professionals 
to attend patients with various types of post-
operative complications is of crucial 
importance.

• Pre- and post-procedure management is as 
important as the procedures themselves, and a 
trained team is essential for this.
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Endoscopic Bariatric Therapies

Anthony Choi and Reem Sharaiha

 Gastric Endoscopic Bariatric 
Therapies

Traditional bariatric surgeries, whether Roux-
en-Y gastric bypass surgery, gastric band, or 
sleeve gastrectomy, all share gastric volume 
reduction/restriction as a common component. 
Studies have shown that besides early satiety, 
such gastric manipulation may be affecting the 
neuroendocrine signaling in the body that may 
lead to weight loss [1]. In the endoscopic realm, 
several innovative therapies are offered to 
alter  the stomach’s capacity, including space-
occupying devices, gastric remodeling methods, 
and aspiration therapy.

 Intragastric Balloon

The Orbera intragastric balloon (Apollo 
Endosurgery, Austin, TX) is an FDA-approved, 
silicone-based balloon that is initially advanced 
along into the stomach in its deflated state. Once 
its position is confirmed via an endoscope, the 
balloon is inflated with fluids via an attached 
catheter, usually with saline. In the USA, a multi-
center randomized non-blinded trial compared 

125 patients receiving the Orbera balloon and 
lifestyle interventions to 130 patients receiving 
lifestyle interventions alone and noted a 10.7% 
total body weight loss for the former group and 
4.7% in the latter group [2]. In terms of adverse 
events, no mortality was observed. Serious 
adverse events (4%) included gastric outlet 
obstruction with gastritis (n = 1), gastric perfora-
tion with sepsis (n = 1), mucosal esophageal tears 
(n = 2), and laryngospasm (n = 1). The most fre-
quent adverse events were nausea, vomiting, and 
abdominal pain.

Because of its prolonged use outside of the 
USA, the data is the most robust for the Orbera 
intragastric balloon in comparison to other bal-
loons. A meta-analysis of 17 studies including 
1638 patients revealed a 25.44% mean excess 
body weight loss at 12 months [3]. Within those 
studies, three randomized control trials showed 
26.9% difference in mean excess body weight 
loss between Orbera patients and controls. In 
terms of adverse events, pain and nausea were 
most frequent at 33.7%, and serious side effects 
included migration (1.4%) and gastric perfora-
tion (0.1%). Four deaths were reported in the 
literature.

The ReShape Duo (Reshape Medical, San 
Clemente, CA) derives its name from its dual-
balloon system, which is filled with normal 
saline and methylene blue. The FDA-approved, 
dual-balloon implant is endoscopically placed 
and retrieved after 6 months. A prospective ran-
domized trial evaluated 326 patients either to 
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the dual balloon with lifestyle modifications 
group or the sham endoscopy with lifestyle 
modifications group. At 24 weeks, excess body 
weight loss was 27.9% in the dual-balloon 
group versus 12.3% in the sham group 
(p = 0.0007). Of note, ulcers occurred in 35% of 
dual-balloon patients, which led to a redesign of 
the distal device tip mid-trial that reduced ulcer 
frequency and size. Other most frequent adverse 
events were nausea, vomiting, and abdominal 
pain. Serious adverse events included esopha-
geal mucosal tear (n  =  1), ulcer-associated GI 
hemorrhage (n  =  1), esophagus perforation 
(n = 1), and pneumonitis (n = 1).

The Obalon gastric balloon (Obalon 
Therapeutics, Inc., Carlsbad, CA) is another 
FDA-approved intragastric balloon. It is initially 
enclosed within a small disintegrating capsule 
that is connected to a long catheter. The pill is 
swallowed, disintegrates, and once its intragastric 
position is confirmed via fluoroscopy, is inflated 
with gas through the detachable catheter that pro-
trudes out of the mouth. Up to three balloons can 
be swallowed in a patient, which are then removed 
between 12 and 26  weeks thereafter. A recent 
multicenter, randomized blinded clinical trial 
compared 185 patients with the Obalon balloon 
and 181 patients who underwent a sham proce-
dure (both groups underwent lifestyle modifica-
tions). At 6 months, total body weight loss was 
6.9% for the Obalon group versus 3.6% in the 
sham group [4].

The Spatz adjustable balloon system (Spatz 
Medical, Great Neck, NY) allows for adjust-
ment of the volume of the balloon once inside 
the patient’s stomach. The balloon is filled 
with saline solution and is equipped with an 
extractable inflation tube that allows the bal-
loon to be adjusted depending on tolerance and 
desired effectiveness. A European trial showed 
that in 70 patients with a follow-up of up to 
12  months, mean total body weight loss was 
19% and excess body weight loss was 45.7%, 
with 38 of those patients losing additional 
9.4  kg with adjustments [5]. Adverse events 
included intolerance, balloon deflations, and 
gastric ulcers. Currently, a multicenter trial is 
underway in the US [6].

 Other Space-Occupying Devices

The TransPyloric Shuttle (BAROnova, Inc., 
Goleta, CA) is a silicone-based device that is 
comprised of a larger bulb connected to a smaller 
bulb by a flexible tether. The device is deployed 
endoscopically into the stomach, and while the 
larger bulb remains in the stomach, the size of the 
smaller bulb allows it to naturally migrate via 
peristalsis into the duodenum, thus assuming the 
transpyloric position. In this position, the larger 
bulb sits at the gastric antrum, creating an inter-
mittent obstruction leading to delayed gastric 
emptying as well as early and prolonged satiety.

The first feasibility trial evaluated 20 patients, 
half who had the device for 3 months and half for 
6 months [7]. The mean excess weight loss and 
total body weight loss were 25.1% and 8.9% in 
the 3-month group and 41.0% and 14.5% in the 
6-month group. The most common adverse 
events were nausea, sore throat, and abdominal 
pain. There were two early device retrievals (at 
2.5 and 5.5 months) due to epigastric pain, with 
immediate resolution of symptoms after device 
removal. A multicenter randomized trial is cur-
rently underway in the USA.

The Full Sense Device (Baker, Foote, 
Kemmeter, Walburn, LLC, Grand Rapids, MI) is 
another space-occupying endoscopic bariatric 
device that transpires between two parts of the GI 
tract: the lower esophagus and proximal stomach. 
The proximal portion of the device resembles an 
esophageal stent and connects via struts to a disk 
that resides in the cardia, inciting a feeling of 
satiety. There are currently no peer-reviewed data 
published.

 Endoscopic Sleeve Gastroplasty

Endoscopic sleeve gastroplasty is an endoscopic 
procedure that imbricates the stomach to mimic a 
surgical sleeve gastrectomy. It differs from it 
slightly in that the fundus is not sutured down, 
and a small pouch is left behind. In the former, 
the Overstitch device (Apollo Endosurgery, 
Austin, TX) is introduced transorally to place 
a  series of full-thickness triangular sutures 
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 endoluminally along the great curvature of the 
stomach. The stitches are positioned from the 
prepyloric antrum to the gastroesophageal junc-
tion and, when tightened, cause the greater curva-
ture of the stomach to fold in on itself along its 
long axis, creating a smaller gastric sleeve/lumen. 
This procedure has been associated with early 
satiety and delayed gastric emptying [8].

After the initial feasibility study in 2013 [9], 
many groups have showed the safety and efficacy 
of this procedure [10–12]. A recent multicenter 
study was carried out with 248 patients at 3 cen-
ters over 24 months [13]. Total body weight loss 
was 15.17% at 6 months and 18.6% (n = 92, after 
accounting for loss to follow-up) at 24 months, 
with no significant variability between centers. 
Adverse events occurred in five cases and 
included perigastric inflammatory fluid collec-
tion (n = 2), hemorrhage from splenic laceration 
(n = 1), pulmonary embolism (n = 1), and pneu-
moperitoneum/pneumothorax (n = 1). One study 
also demonstrated improvement in A1C by 1% 
(p  =  0.03), as well as improvement in systolic 
blood pressure and liver function tests [14].

 Primary Obesity Surgery 
Endoluminal

Primary obesity surgery endoluminal (POSE) 
utilizes a peroral incisional operating platform 
(USGI Medical, San Clemente, CA, USA) to 
operate two graspers and one catheter with a nee-
dle tip. Using these tools to approximate and 
suture, the procedure involves placing transmural 
tissue anchor plications in the fundus and distal 
body of the stomach for reducing accommoda-
tion and delaying emptying. Following two sin-
gle-arm studies, two multicenter randomized 
trials have been completed to date. In the 
MILEPOST study, 39 patients were analyzed in 3 
centers, 30 in POSE with diet/exercise guidance 
group and 9 to the diet/exercise guidance-only 
control group [15]. At 12 months, statistical sig-
nificance was seen in total body weight loss 
(13.0% vs 5.3%, p  <  0.01) and excess body 
weight loss (45.0% vs 18.1%, p < 0.01) for the 
POSE groups vs the control group. No serious 

adverse events were reported, with only two 
patients experiencing minor postoperative 
bleeding.

In the ESSENTIAL study, besides 34 patients 
in an unblinded lead-in cohort, 221 patients were 
randomized to the POSE group and 111 patients 
to the sham surgery group [16]. At 12 months, the 
total body weight loss for the POSE group versus 
sham group was 4.95% versus 1.38% (p < 0.0001) 
and overall weight loss 4.81  kg versus 1.20  kg 
(p < 0.0001). In addition, statistical significance 
was seen in fasting glucose and HbA1c levels. 
The most common adverse events in the POSE 
group were pain (45.2%), sore throat (27.6%), 
and nausea (21.3%), and the most common 
device-related adverse events were gastric ero-
sion (0.5%), pain (0.5%), and mouth trauma 
(0.9%). Serious adverse events occurred in 5% in 
the POSE group and included only procedure-
related events: extra-gastric bleeding, nausea, 
and vomiting.

 Aspiration Therapy

The AspireAssist system (Aspire Bariatrics, King 
of Prussia, PA) consists of interdependent devices 
used in aspiration therapy, in which a portion of 
the consumed food is removed directly from the 
stomach after one’s meal. The A-tube is a remov-
able, silicone-based tube that is inserted much 
like a standard percutaneous endoscopic gastros-
tomy tube, with a skin-port connection. One initi-
ates aspiration about 20 min after a meal and lasts 
for about 10–15 min. For aspiration, the External 
Device and water reservoir, both of which are 
portable and detachable, are connected to the 
A-tube via the skin-port, and after subsequent 
rounds of aspiration and water flushes, about 
30% of the food is removed from the stomach, 
decreasing the calories one’s body absorbs.

The first studies were promising in terms of 
outcome, showing 14.8–20.1% total body weight 
loss and 40.8–54.6% excess body weight loss 
[17, 18], and exhibited adverse events similar to 
that of percutaneous endoscopic gastrostomy 
tubes. A 52-week, multicenter, randomized con-
trol trial compared the outcomes of 137 patients 
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who were treated with the AspireAssist system 
and lifestyle counseling to 70 patients who 
received lifestyle counseling [19]. At 52 weeks, 
the AspireAssist group saw 31.5% mean reduc-
tion in excess body weight, while the lifestyle 
counseling-only group lost a mean of 9.8% 
(p  <  0.001), and more participants in the 
AspireAssist group lost at least 25% excess 
weight loss than in the lifestyle counseling-only 
group (58.6% vs 15.3%, p  <  0.001). The most 
common adverse events were peristomal granula-
tion tissue (40.5%), abdominal pain within 
4  weeks of A-tube placement (37.8%), nausea/
vomiting (17.1%), and peristomal irritation 
(17.1%), while one patient each experienced a 
serious adverse event (severe abdominal pain, 
peritonitis, prepyloric ulcer, and A-tube replace-
ment due to malfunction). About a quarter of the 
participants had intolerance/early removal of the 
device before 52 weeks [6].

 Small Bowel Endoscopic Bariatric 
Therapies

In Roux-en-Y gastric bypass surgery, improve-
ment in blood sugars and reduction or elimina-
tion of diabetic medication are often seen quickly 
after surgery, even before (and thus likely inde-
pendent of) significant weight loss [20]. 
Furthermore, in duodenojejunal bypass surgery, 
HbA1c, glycemic control, and beta-cell response 
improve with minimal weight loss [21]. Though 
the exact mechanism is unknown, it is thought to 
be related to the bypass of the duodenum and the 
rapid delivery of nutrients to the mid to distal 
jejunum, causing a change in the gut endocrine 
environment. Hormones implicated include 
GLP-1 [22] (which enhances insulin secretion, 
inhibits glucagon release, causes delayed gastric 
emptying and decreased food intake, induces 
proliferation in islet beta cells, and inhibits beta-
cell apoptosis), peptide YY [23] (which inhibits 
gastric motility and decreases appetite), and gas-
tric inhibitory peptide [24], which has an insuli-
notropic effect.

Thus, by mimicking the effects and avoiding 
the invasiveness of classical bariatric surgery, 

increasing numbers of endoscopic therapies 
bypassing the proximal small bowel have been 
gaining traction in the bariatric therapy world 
to contribute to weight loss and diabetes 
management.

 Duodenojejunal Bypass Liner

The EndoBarrier (GI Dynamics, Boston, MA) is 
a duodenojejunal bypass liner (DJBL). Via an 
endoscopic delivery system, this 80-cm-long flu-
oropolymer-based sleeve is anchored proximally 
with ten barbs and spans from the duodenal bulb 
just behind the pylorus to the proximal jejunum. 
Because of its impermeable nature, the length of 
the sleeve prevents any contact between the food 
and digestive juices in the duodenum and proxi-
mal jejunum, artificially causing malabsorption. 
In essence, the procedure mimics the excluded 
biliopancreatic limb of a Roux-en-Y gastric 
bypass.

There have been several trials that evaluated 
the safety and efficacy of the bypass liner. Of 
these, perhaps the most significant was a multi-
center, randomized, sham-controlled trial that 
prior to early stoppage, enrolled 216 subjects in 
the DJBL arm to 109 in the sham arm. This study 
was stopped prior to completion of enrollment 
because of a 3.5% incidence of hepatic abscess; 
in addition, 11.7% of the subjects experienced 
serious adverse events that required early device 
removal [25]. In terms of efficacy, HbA1c 
decreased by 1% in the DJBL group and 0.3% in 
the sham group. A meta-analysis reviewed 271 
implantations from 11 clinical trials, of which 9 
reported adverse events and early removal rates 
[3]. It found that 18.37% implantations required 
early removal. Serious adverse events included 
migration (4.9%), GI bleeding (3.86%), sleeve 
obstruction (3.4%), liver abscess (0.126%), chol-
angitis (0.126%), acute cholecystitis (0.126%), 
and esophageal perforation (0.126%). As for effi-
cacy, in three trials with at least 12-month follow-
up and four randomized control trials with 
12–14-week follow-up, the %EWL was 35.3% 
and 9.4%, respectively. Reductions in HbA1c of 
0.7%, 1.7%, and 1.5% were also seen at 12, 24, 

A. Choi and R. Sharaiha



265

and 52 weeks, respectively. Another analysis of 
14 studies found that at time of explant of the 
DJBL, HbA1c decreased by 1.3 (p  <  0.0001) 
[26]. More studies to gather data as well as 
improve on the design and safety of DJBLs are 
ongoing [27].

 Gastroduodenojejunal Bypass Sleeve

The gastroduodenojejunal bypass sleeve 
(ValenTx endoluminal bypass; ValenTx Inc., 
Hopkins, MN) shares some similarities with the 
DJBL. It also mimics the anatomical changes of 
a Roux-en-Y gastric bypass with a fluoropoly-
mer-based sleeve. However, as the name sug-
gests, the stomach is also bypassed during this 
procedure, requiring a longer sleeve. Another dif-
ference is that this endoluminal implantation 
device is currently deployed endoscopically with 
laparoscopic assistance. The 120-cm sleeve is 
deployed through the pylorus and, after ensuring 
the distal end extends through the duodenum into 
the proximal jejunum, is anchored proximally at 
the GE junction with sutures.

The first-in-human prospective trial was pub-
lished in 2011 [28]. After pre-procedural exclu-
sion, 22 patients had attempted device 
implantation. All 22 patients had successful 
implantation and explantation without proce-
dure-related complications. Five of these patients 
underwent explantation before the 12-week 
scheduled removal due to dysphagia, and symp-
toms resolved completely with explantation. In 
terms of the efficacy of the remaining 17 patients, 
the average excess weight loss was 39.7%, and 
average total weight loss was 16.8 kg. A subse-
quent trial was designed to follow patients who 
had the device implanted for 12 months [29]. Of 
the 12 patients, 2 had early explantation due to 
device intolerance. The remaining ten patients 
reached a 12-month follow-up. No periproce-
dural complications were noted, and all ten toler-
ated the sleeve device throughout the 12 months 
without bowel erosion, ulceration, bowel obstruc-
tion, or pancreatitis. At follow-up endoscopy, six 
patients had fully attached and functional devices, 
while four had partial cuff detachment. The 

 former group had an average excess weight loss 
of 54%, while the average for all ten patients was 
35.9%. Furthermore, five of the six patients 
who reached a year with a fully attached device 
were subsequently followed for an average of 
14 months post-explant and maintained an aver-
age 30% excess weight loss. All of the studied 
patients who had diabetes, hypertension, or 
hypertriglyceridemia saw improvements of their 
disease (fasting glucose and HbA1c levels, blood 
pressure, triglyceride levels).

 Duodenal Mucosal Resurfacing

The Revita duodenal mucosal resurfacing (DMR) 
(Fractyl, Lexington, MA) is another investiga-
tional, device-based, minimally invasive, tran-
soral procedure. The theory behind the procedure 
stems from studies in type 2 diabetes rodent mod-
els, in which (1) their duodenal mucosa is charac-
terized by abnormal hypertrophy and endocrine 
hyperplasia and (2) selective denudation of the 
duodenal mucosa via abrasion resulted in imme-
diate lowering of glycemia during a glucose chal-
lenge [30]. In humans, the procedure involves 
injecting saline into the submucosal space of the 
duodenum to create a circumferential mucosal 
lift, followed by circumferential hydrothermal 
ablation. Following ablation of the “pathologic” 
mucosa, the duodenum re-epithelializes with 
normal mucosa, bringing along with it its associ-
ated benefits on glucose homeostasis.

The first-in-human clinical study on the safety, 
tolerability, and 6-month interim effectiveness 
was published in 2016 [30]. In terms of safety, 
there were no perioperative complications in all 
40 treated patients. The most common adverse 
effect (8/40 patients) was postprocedural abdom-
inal pain which self-resolved and duodenal ste-
nosis (3/40 patients) that resolved after 
endoscopic balloon dilation. Gastrointestinal 
bleeding, perforation, pancreatitis, severe hypo-
glycemia, and evidence of malabsorption were 
not seen. All follow-up patients exhibited muco-
sal healing on endoscopy and biopsy. In terms of 
efficacy, HbA1c decreased by 1.2% at 6 months 
(p < 0.001) and that the predominant effect was 
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on fasting hyperglycemia. Furthermore, the 
authors did not find a significant correlation 
between the amount of weight loss and level of 
HbA1c improvement.

 Incisionless Magnetic Anastomosis 
System

The incisionless magnetic anastomosis system 
(GI Windows, Bridgewater, MA) is perhaps the 
most unique of the investigational, minimally 
invasive, endoscopic procedures. The technology 
relies on two self-assembling magnets that are 
designed to be deployed into adjacent hollow 
organs and couple. When the magnets come 
together, they cause necrosis of the tissue in 
between the coupled magnets, followed by a 
remodeling of the surrounding tissue and forma-
tion of an anastomosis. For the desired bariatric 
effect, one magnet is deployed via upper endos-
copy to the jejunum and another via lower endos-
copy to the ileum so that when a partial jejunal 
diversion is created, it allows for nutrients and 
digested fluids to circumvent part of the small 
bowel.

The first-in-human clinical study on the feasi-
bility, safety, and 1-year interim effectiveness 
was very recently reported [31]. The study evalu-
ated ten patients, of which four subjects had type 
2 diabetes, three had prediabetes, and three did 
not have diabetes. All ten patients had successful 
patent anastomosis with no initial leak or perfo-
ration and no abnormal scarring, fibrosis, and 
significant change in size throughout the follow-
up. All ten patients reported nausea, vomiting, 
and abdominal pain, all of which resolved with 
minimal intervention. In terms of efficacy, aver-
age total weight loss was 14.6%, and average 
excess weight loss was 40.2%. The diabetic 
patients saw an average of 1.9% reduction in 
HbA1c, and prediabetic patients saw an average 
of 1.0%.

 Conclusion
Bariatric endoscopy is in its infancy. While 
mostly less effective than bariatric surgery, it 
does in most cases have a safer profile and 

surely would be more acceptable to many 
patients who fear an operation and permanent 
anatomical changes.

It could certainly fill the wide cap in obe-
sity treatment, between diet and exercise, and 
invasive surgical solution.

More research and innovation are needed 
to better understand its value and improve its 
outcome, so it can serve well the millions of 
patients who would not present for a proce-
dure otherwise.
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Endoscopic Management 
of Complications

Manoel Galvao Neto, Lyz Bezerra Silva, 
Luiz Gustavo de Quadros, 
and Josemberg Campos

 Roux-en-Y Gastric Bypass (RYGB)

 Anastomotic Stricture

Gastrojejunal anastomotic stricture is one of the 
most common complications of RYGB, defined 
when the diameter is <10  mm, and common 
endoscope (9.8 mm) passage is not possible [1]. 
Most common symptoms are food intolerance, 
vomiting, and epigastric pain, usually becoming 
symptomatic when solid diet is started [1, 2]. The 
treatment can be done through endoscopic hydro-
static balloon dilation, using TTS (through the 
scope) balloons, with diameters usually up to 
15 mm. This approach reaches success in 98% of 
cases, in a mean of 1.7 sessions per patient, with 
a complication rate of 2.5%, mostly perforations 
and bleeding [3, 4]. Some reports also use the 
Savary-Gilliard bougie for dilation [5]. In cases of 
failure, endoscopic stenotomy can be performed, 
using an endoscopic cautery to make incisions on 
the stricture, followed by balloon dilation.

 Marginal Ulcers

Marginal ulcers after RYGB have a multifactorial 
etiology, including tobacco and alcohol con-
sumption, nonsteroidal anti-inflammatory drug 
(NSAID) usage, gastrogastric fistulas, and for-
eign bodies. Ulcers are more common at the jeju-
nal side of the anastomosis, with varying size and 
depth [6]. Main symptoms are epigastric pain, 
dysphagia, nausea, and vomiting, with some 
cases being asymptomatic [7]. Any foreign bod-
ies, such as visible sutures and staples, should be 
endoscopically removed to improve ulcer heal-
ing, together with proton-pump inhibitor and 
sucralfate prescription [8]. Ulcers can cause stric-
tures due to fibrotic scar formation, and these can 
be treated through stenotomy and balloon dila-
tion [4] (Fig. 27.1).

 Ring Complications: Intragastric 
Erosion

This complication has an incidence of 0,9 a 7%; 
most common symptoms of intragastric ring ero-
sion are weight regain, nausea, vomiting, and 
bleeding [9]. Endoscopy may show the ring 
inside the gastric pouch, and in early stages, an 
ulcer at the erosion site can be the only visible 
sign. In this case, PPIs should be prescribed until 
complete ring erosion, with surveillance endos-
copy performed. Once >30% of the ring circum-
ference is visible inside the gastric pouch, 

M. G. Neto (*) 
Department of Surgery, Herbert Wertheim College  
of Medicine – Florida International University,  
Doral, FL, USA 

L. B. Silva · J. Campos 
Department of Surgery, Federal University  
of Pernambuco, Recife, PE, Brazil 

L. G. de Quadros 
Department of Surgery, ABC Medical School,  
Sao Jose Do Rio Preto, SP, Brazil

27

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-93545-4_27&domain=pdf


270

endoscopic removal is the gold standard. Removal 
is done using endoscopic scissors to section the 
ring. In cases of failure in cutting the ring, a gas-
tric band cutter or lithotripter may be used. 
Treatment should be scheduled as soon as possi-
ble, due to the risk of gastric wall bleeding or 
food impaction [10] (Figs. 27.2 and 27.3).

 Ring Slippage

Distal ring slippage promotes an angulation of 
the longitudinal axis of the gastric pouch, and 

proximal gastric dilatation, leading to obstructive 
symptoms with an incidence lower than 1% [11]. 
Diagnosis can be made with contrast X-ray, 
showing an area of contrast retention, and endos-
copy, which may show food stasis and conver-
gence of the mucosal folds, caused by the jejunal 
obstruction just beneath the anastomosis [12].

Management can be done through endoscopic 
30 mm achalasia balloon dilation that stretches or 
ruptures the thread running inside the ring, thus 
relieving symptoms with a low complication rate 
[11]. Stent placement can also be used for 
removal, causing an inflammatory/ischemic reac-
tion around the ring, promoting intragastric ero-
sion, with stent and ring removal possible after 
10–15  days. A fibrotic scar tissue forms in the 
ring erosion area, restricting the pouch diameter, 
with better weight control when compared to 
dilation [13–15] (Figs. 27.4 and 27.5).

 Food Intolerance

In some cases, vomiting episodes may occur after 
RYGB even when there is no ring slippage or gas-
tric pouch/anastomotic stricture, which can be 
defined as ring-related food intolerance. This 
affects quality of life, with difficulties in food 
ingestion. Symptoms are similar to when there is a 
stricture: dysphagia, solid food intolerance, post-
prandial vomiting, and, in advanced stages, exces-
sive weight loss, dehydration, and malnutrition.

Fig. 27.1 Anastomotic stricture secondary to ulcer 
fibrotic scar tissue formation

Fig. 27.2 Endoscopic view of eroded ring after RYGB, 
showing approximately 50% erosion; endoscopic removal 
with scissors

Fig. 27.3 Endoscopic view of eroded ring after RYGB, 
showing approximately 50% erosion; endoscopic removal 
with scissors
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These patients can also be treated by ring dila-
tion or stenting, leading to improvement of symp-
toms in more than 96% of cases. The procedure 
has low cost and morbidity, with nonsignificant 
weight regain [16].

 Sleeve Gastrectomy

 Gastric Stricture

In post-sleeve gastric strictures, endoscopy can 
show a reduction in the gastric lumen, usually 

near the incisura, associated to a difficult endo-
scope progression or axis deviation. Typical 
symptoms include dysphagia, vomiting, and 
excessive weight loss. Treatment can be done 
with pneumatic 30 mm achalasia balloon dilation, 
associated to stenotomy when necessary [17, 18]. 
When endoscopic treatment fails, surgical man-
agement can be done through RYGB  conversion, 
or, in some cases, total gastrectomy if  surgical 
manipulation is too difficult [19] (Fig. 27.6).

 RYGB and SG Leaks

Gastric leaks represent one of the most feared 
complications after RYGB and SG.  Treatment 
modality is made according to patient status and 
local fistula conditions. Initial measures include 
drainage (surgical or percutaneous), antibiotics, 
and nutritional support [20, 21]. When there is 
contamination of the abdominal cavity – perito-
nitis/perigastric abscess –, surgical drainage can 
be an option. In a stable patient with a function-
ing and well-located peritoneal drain, conserva-
tive management may be suitable. Also, the 
perigastric abscess can be approached through 
percutaneous drainage, or, in selected cases, 
internal drainage through endoscopy [22].

Early diagnostic endoscopy allows evaluation 
of the leak internal orifice and identification 
of  associated strictures and helps in correct 
 positioning of abdominal drains and performance 

Fig. 27.4 Endoscopic view of plastic stent placed to 
induce ring erosion – possible to visualize ring compres-
sion on stent  – and ring completely eroded after stent 
removal

Fig. 27.5 Endoscopic view of plastic stent placed to 
induce ring erosion – possible to visualize ring compres-
sion on stent  – and ring completely eroded after stent 
removal

Fig. 27.6 Dilation of sleeve gastrectomy stricture with 
30 mm achalasia balloon
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of internal abscess drainage. After initial leak con-
trol, specific surgical or endoscopic measures are 
taken. The endoscopic management is linked to 
decreased morbidity, involving internal drainage, 
septotomy, dilation, endoscopic suturing, clips, 
and in most cases, endoscopic stenting [23–29].

Endoscopic therapy has the aim of solving the 
three main issues perpetuating the leak: distal 
gastric stricture, increased intragastric pressure, 
and fistulous tract persistence. In SG, addition-
ally, there can be an axis deviation with associ-
ated increased intragastric pressure [18].

Treatment choice is made according to time of 
onset, divided in four phases:

• Acute (<7 days): stent
• Early (1–6 weeks): stent + balloon dilation + 

septotomy (rare)
• Late (6–12 weeks): septotomy + balloon dila-

tion + stent (rare)
• Chronic (>12  weeks): septotomy + balloon 

dilation [19]

In acute and early leaks, self-expandable 
metallic stents (SEMS) act by promoting occlu-
sion of the leak orifice, correction of axis devia-
tion, and distal strictures and also decreasing 
intragastric pressure, which leads to leak closure 
[19, 29].

Bariatric customized stents have been devel-
oped with a design customized for SG, with 
promising initial results and decreased complica-
tions [26, 30–33] (Fig. 27.7). Stents should not be 
left in place for 1–2  months, what is usually 
enough to correct strictures and deviations, with 
lower migration and easier removal [23]. After 
initial leak control, stent is removed even if com-
plete orifice closure is not achieved. When 
needed, endoscopic treatment continues through 
septotomy, stenotomy, and balloon dilations, 
which will lead to complete fistula closure. In 
some early cases, internal drainage with pigtail 
drains has been described with success, espe-
cially in smaller leaks (<10 mm) with associated 
perigastric abscess [29, 34]. Other endoscopic 
approaches include usage of endoscopic clips, 
biologic glue, and tissue sealants, with controver-
sial results [35, 36]. Endoscopic vacuum therapy 
has also been described [37, 38].

For late and chronic leaks, endoscopic multi-
modal treatment is usually done through multi-
ple sessions using different techniques. When 
there is a septum adjacent to the fistulous ori-
fice, septotomy is performed, decreasing flow of 
gastric contents through the fistula [39]. 
Septotomy is done with needle knife or argon 
plasma coagulation (associated to less bleed-
ing), followed by balloon dilation (Fig.  27.8). 
When there is stenosis and fibrotic tissue associ-
ated, septotomy  associated to balloon dilation 
may be used. This endoscopic therapy can be 
performed on an outpatient basis, with low mor-
bidity and mortality and better quality of life. 

Fig. 27.7 Radioscopic view of long bariatric stent placed 
for sleeve gastrectomy leak treatment

Fig. 27.8 Endoscopic view of septotomy: leak orifice on 
the left side, septum and gastric lumen on the right side
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The correction in digestive content flow will 
eventually lead to leak  closure [18]. Stents can 
be used in selected cases, especially when there 
are anatomical defects.

 Adjustable Gastric Band

 Intragastric Band Erosion

This complication is one of the most common 
after this procedure, occurring in about 1.6% of 
patients, with nonspecific symptomatology [40]. 
The patient may present with weight regain, epi-
gastric pain, portal infection, dysphagia, fever, 
hemorrhage, or obstruction. Endoscopy shows 
the presence of a segment of the gastric band in 
the gastric lumen, near the cardia, with better 
visualization under retroflection [4, 5].

In early stages of band erosion and asymp-
tomatic patients, conservative approach is rec-
ommended, until intragastric erosion is greater 
than 50% of the circumference of the band. 
During this period, surveillance is essential, with 
use of proton-pump inhibitor, due to the risk of 
gastrointestinal bleeding or perigastric abscess 
[41, 42]. When there is enough intragastric 
migration (>50% of its circumference), endo-
scopic cutting and removal can be performed 
with high success and low complication rates, 
using endoscopic scissors or a gastric band cut-
ter [41] (Fig. 27.9).

 Band Slippage

Distal band slippage can cause proximal gastric 
reservoir dilation, with associated obstructive 
symptoms, like nausea, vomiting, dehydration, 
halitosis, excessive weight loss, heartburn, and 
abdominal pain [9]. Diagnosis can be confirmed 
with a contrast X-ray or endoscopy, which will 
show dilation in the gastric pouch with food stasis 
above the compression area of the band. Under 
retroflection, a retraction of the mucosa is seen in 
the slippage area, with exuberant and edematous 
folds, and difficult passage to the antrum [9].

For temporary symptom relief, an endoscopic 
maneuver can be done: hyperinflation of the gastric 
body, below the compression level, which can lead 
to band repositioning. The success of this maneuver 
does not modify the need for band removal [10].

Classical laparoscopic removal is the appro-
priate therapy, with attention to the risk of bron-
chial aspiration. To avoid this, and for temporary 
symptom relief, endoscopic approach under light 
sedation can be done, with aspiration of gastric 
contents. After passing of the endoscope past the 
band compression area, the stomach is hyperin-
flated, which will promote proximal slippage of 
the device, leading to a repositioning of the band 
to its usual site. This will relieve symptoms and 
decrease risks until definitive surgical removal is 
performed [43].

 Endoscopic Treatment of Weight 
Regain

One of the potential causes of weight regain after 
RYGB is dilation of the gastrojejunal anastomosis 
and gastric pouch enlargement. In a study of 165 
patients, it was found that the diameter of the 
anastomosis is a risk factor for weight regain after 
RYGB and that this variable should be included as 
a predictor of weight regain [44]. Recently, Ramos 
et al. published a study evaluating the size of the 
gastrojejunal anastomosis and its influence on 
weight loss. In a 2-year follow-up, a stoma diam-
eter of 15 mm presented statistically better results 
than a 45 mm anastomosis [45]. The ideal anasto-
mosis should have an approximate diameter of 
10 mm, not exceeding 14 mm [44].

Fig. 27.9 Eroded adjustable gastric band, with removal 
using a gastric band cutter (similar to a lithotripter)
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The most relevant aspects to indicate endo-
scopic treatment of weight regain after RYGB are 
a large gastric pouch and gastrojejunal anastomo-
sis. However, there is a need to evaluate other 
alterations that may be leading the patient to gain 
weight, like gastrogastric fistula, ring slippage or 
stricture, and any type of stenosis [46]. A chronic 
stenosis causes food intolerance for which patients 
will, over the years, select food that most appeals 
to them, which are usually carbohydrates, sweets, 
and caloric liquids, which pass the stricture easily.

Development of endoluminal therapies for 
pouch and stoma revision can be a less invasive 
approach for failure or weight regain after bariatric 

surgery. Argon plasma coagulation leads to fusion 
of tissues and induces an inflammatory and fibrotic 
response. This fibrotic response is a side effect that 
is positive if used in order to reduce the anastomo-
sis after RYGB [47]. Argon plasma coagulation 
can only be employed to narrow the anastomosis 
as it is not indicated in cases of enlarged pouches. 
The cost is low, is more accessible, and does not 
need a service of high complexity, with sedation 
being the means of anesthesia.

To produce the desired effect, the coagula-
tion should be done in a circumferential way, 
involving the entire gastric side of the anasto-
mosis, extending for 1–2  cm (Fig.  27.10). 

Fig. 27.10 Dilated RYGB gastrojejunal anastomosis, performance of argon plasma coagulation for stoma reduction
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There  is an initial edema and inflammatory 
response, causing immediate restriction. This 
effect decreases over time, and the edema is 
substituted by fibrosis. More than one session is 
usually necessary in order to achieve long-last-
ing effects [48]. Argon coagulation reduces the 
diameter of the anastomosis and consequently 
delays gastric emptying and early satiety and 
improves weight reduction [49]. One of the pos-
sible complications of argon plasma use is stric-
ture of the coagulated anastomosis. This can be 
treated through endoscopic dilation with TTS 
balloons. In some cases, the obstructive symp-
toms will resolve by itself, hindering the need of 
intervention.

The use of sutures allows the concomitant 
treatment of a dilated anastomosis and a large 
pouch or the treatment of one or the other in iso-
lation. A retrospective series of eight patients 
evaluated safety and short-term efficacy of the 
Overstitch™ in patients with weight regain and 
dilated gastrojejunostomy. Pre-procedure pouch 
size varied from 2 to 6 cm and stoma size from 20 
to 40  mm. Procedure time ranged from 20 to 
60  min (mean 38  min), all but one patient had 
three stitches applied, reducing stoma size to a 
10 mm diameter. Post-procedure weight loss in a 
90-day follow-up varied from 6 to 8 kg, with a 
mean % of regained weight loss of 28%. No post-
operative complications were recorded [50].
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Robotic Surgery

John Cole Cowling, Aarthy Kannappan, 
Erik B. Wilson, Keith C. Kim, and Shinil K. Shah

 History of Robotics

For years, people have sought to advance 
 technologies and processes to improve speed, 
efficiency, precision, safety, and reliability. These 
fundamentals seen in the automotive and airline 
industry and space exploration improved weapon 
systems in the military, computers, and electron-
ics, as well as in the operating room to assist sur-
geons in safely performing increasingly complex 
procedures through less invasive approaches to 
improve patient outcomes.

The origins of robotics and applications to sur-
gery started long before the introduction of plat-
forms used today. While the term robot was first used 
in the early 1900s, derived from the word robota 
(Czech, definition – laborer or serf) [1], the first defi-

nition of the term “robot” was not established until 
1979 by the Robotics Institute of America. The term 
robot is defined as a  “reprogrammable, multifunc-
tional  manipulator designed to move material, parts, 
tools, or  specialized devices through various pro-
grammed motions for the performance of a variety 
of tasks.” [2]

In 1951, Raymond Goertz developed a 
 teleoperated mechanical arm for radioactive mate-
rials [2]. In 1961, the first industrial robot (Unimate) 
was integrated into an assembly line at General 
Motors [1, 2]. In 1985, Kwoh described using the 
programmable universal machine for assembly 
(PUMA) robot to perform CT-guided brain tumor 
biopsies [3]. This same robot was used for a variety 
of urological procedures in 1988  in London, 
including transurethral resection of the prostate. 
This system eventually led to the development of 
surgeon-assistant robot for prostatectomy (SARP), 
prostate robot (PROBOT), and UROBOT [2, 4]. 
The first robotic system approved by the US Food 
and Drug Administration was ROBODOC 
(Integrated Surgical Supplies Ltd., Sacramento, 
CA), a system utilized in hip replacement [4].

After the advent of laparoscopic surgery, there 
was developing interest in developing robotic 
systems that could be applied to laparoscopy. 
Research into robotic systems and applications 
for surgical procedures were spearheaded by 
NASA and the US Department of Defense, which 
were interested in the possibility of surgeons 
remotely operating (without being physically 
present) on astronauts or soldiers [2].
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Initial robotic systems included the auto-
mated endoscopic system for optimal positioning 
(AESOP, Computer Motion, Inc., Goleta, CA, 
1993), which allowed for control of a laparoendo-
scopic camera by voice commands. Intuitive 
Surgical Inc. (Mountain View, CA) developed the 
da Vinci surgical system, which was first used for 
a cholecystectomy in 1997 [1]. Computer Motion 
later developed the ZEUS system, which had a 
surgeon console with robotic arms. This was used 
first in 1998 for a fallopian tube anastomosis and 
was used for a variety of gastrointestinal, urologic, 
and cardiac operations [2]. In 2001, Dr. Marescaux, 
while in New York, used the ZEUS system to per-
form telesurgery on a patient that was located 
4000  km away in Strasbourg [2, 5]. Computer 
Motion and Intuitive Surgical merged and the 
ZEUS system was taken off the market [1].

 Current Status of Robotics in Weight 
Loss Surgery

Initial reports of minimally invasive weight loss 
surgery were published in the 1990s. The first 
known laparoscopic fixed gastric band placement 
was performed in 1992 [6]. In 1993, laparoscopic-
adjustable gastric band placement, vertical banded 
gastroplasty, and Roux-en-Y gastric bypass were 
reported [7, 8]. Performing bariatric surgery using 
minimally invasive techniques has become the 
standard of care as it provides better patient out-
comes, decreased rates of complications, faster 
recovery, and decreased overall costs.

Since the first report of robotic bariatric sur-
gery in 1999 [9], surgeons have adopted this 
advanced technology into the practice of bariatric 
surgery at increasing rates. The robot offers sev-
eral advantages to traditional laparoscopy, par-
ticularly when operating on the morbidly obese, 
where abdominal wall thickness, visceral fat, and 
patient body habitus can make the ergonomics of 
performing the operation difficult on the surgeon. 
Unfortunately, due to a lack of robust data com-
paring robotics to laparoscopy for these proce-
dures, there is still much controversy when 
comparing the two approaches. In the following 
sections, we will review use of robotic platforms 
in the most common bariatric surgical procedures 
and the pros and cons associated with using the 

robot and examine potential learning curve and 
ergonomic benefits of robotic surgery.

 Pros and Cons

 Robotics and Adjustable  
Gastric Bands

Adjustable gastric band (AGB) placement is 
technically the simplest of all laparoscopic bar-
iatric surgical procedures, requiring minimal dis-
section, tissue manipulation, and suturing. The 
procedure is often performed in the outpatient 
setting. However, its use has decreased substan-
tially because of inferior excess weight loss and 
complications, including slips, erosions, and 
revision. The first robotic bariatric procedure per-
formed was placement of a gastric band [9], but 
the literature has failed to note any significant 
benefits in performing this procedure robotically. 
Published series have demonstrated increased 
operative times and costs when compared to lap-
aroscopy [10]. There may be a role in decreasing 
operative times in patients with very high body 
mass index (BMI), with one series demonstrating 
decreased times as compared to laparoscopy in 
patients with a BMI>50 [11]. From our personal 
experience, the robotic platform is probably most 
valuable in revising patients with previous lapa-
roscopic AGB placement to other operations.

 Robotics and Longitudinal Sleeve 
Gastrectomy

The increase in popularity in laparoscopic sleeve 
gastrectomy (SG) has been almost in parallel to 
the decreased number of patients choosing AGB 
placement. In experienced hands, this procedure 
offers low morbidity and better weight loss 
results than AGB and is perceived by most sur-
geons as technically straightforward.

Diamantis reported 19 patients undergoing 
robotic SG and found equivalent operative time in 
comparison to laparoscopy. They used two  surgeons, 
one at the console and one bedside to operate the 
stapler [12]. Most other studies demonstrated lon-
ger operative times with the robotic approach. Ayloo 
et al. compared 30 robotic SG to 39 traditional lapa-
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roscopic SGs. They found longer robotic operative 
times by 21 min, which was attributable to the addi-
tional step of oversewing the staple line (not done in 
the laparoscopic group). There is no clear data that 
oversewing the staple line offers any outcome ben-
efits, but this does provide trainees an opportunity to 
sew with the robotic platform, a skill that can be 
translated to more complex cases [13]. Romero 
et  al. demonstrated similarly that robotic as com-
pared to a systematic review of laparoscopic SG 
cases resulted in longer operative times. In this 
series, shorter hospital length of stay (approxi-
mately 1 day) was noted in the robotic group [14]. A 
series in adolescents (28 patients) also noted 
decreased hospital length of stay (median difference 
of approximately 6 h) with robotic SG, but longer 
median operative times and costs as compared to 
laparoscopic SG [15]. Other series have demon-
strated longer operative times [16, 17] and/or costs 
[16, 18] with otherwise equivalent outcomes [19].

Increased operative times are a disadvantage, 
but some studies have demonstrated that this can 
be at least be partially addressed by repetition 
and training of the operating room staff. The 
learning curve to achieve decreases and normal-
ization of the operative time for robotic SG is 
estimated to be about 20 cases [20]. Another 
potential advantage of this approach may occur 
with the continued development and refinement 
of robotic staplers, which may additionally elimi-
nate the need for a bedside surgeon or assistant. 
Cost issues are prevalent in all discussions with 
robotic surgery; this is likely to become less of an 
issue with the introduction of multiple robotic 
platforms that may help to drive down costs.

In our experience, the robotic SG is a straight-
forward operation. SG may be a procedure that 
lends itself well to education of trainees in robotic 
surgery. A series of 411 patients demonstrated 
similar mean operative times as well as morbidity 
rates when compared to historical laparoscopic 
controls, albeit at increased costs [21].

 Robotics and Roux-en-Y Gastric 
Bypass and Biliopancreatic Diversion/
Duodenal Switch

Of the three most commonly performed bariatric 
operations in the current milieu (AGB, SG, and 

Roux-en-Y gastric bypass (RYGB)), the robot 
has arguably the most apparent benefits in the 
laparoscopic RYGB, especially with surgeons 
who use hand-sewn techniques. In patients with a 
higher BMI, the robot may afford better ergo-
nomics as the surgeon does not feel the impact of 
the thickness of the abdominal wall in relation to 
torque on the instruments as compared to tradi-
tional laparoscopy.

While there is currently a paucity of controlled 
data comparing laparoscopic to robotic RYGB, the 
current data does suggest certain conclusions. It is 
important to note that most studies are retrospec-
tive or uncontrolled prospective studies, small, 
report a variety of techniques including partial or 
totally robotic operations, as well as may have 
issues with learning curve-related biases.

Series comparing robotic to laparoscopic 
RYGB have reported mostly uniformly increased 
operative times [22–28] and costs [29, 30], 
although several series describe decreased [31] or 
similar operative times [32]. Only one study 
demonstrated decreased costs with robotic RYGB 
[33], but most studies that report cost variables 
demonstrate, similar to other robotic operations, 
increased costs with the robotic approach [34].

Worrisome complications after RYGB include 
anastomotic leak as well as anastomotic strictures. 
A recent systematic review comparing laparo-
scopic to robotic RYGB demonstrated that the 
robotic approach was associated with decreased 
anastomotic stricture rates [35]. In addition, there 
have been smaller studies that have noted a reduc-
tion in leak rates [33, 36] as well as strictures [33] 
with the robotic approach. A series comparing 100 
laparoscopic to 100 robotic RYGB demonstrated 
decreased length of stay and transfusions with the 
robotic approach [23]. Similarly, Buchs et al. dem-
onstrated decreased conversion rates, leaks, early 
reoperations, and shorter hospital stay [24]. The 
most recent published systematic review and 
meta-analysis demonstrated decreased stricture 
rates, reoperations, and hospital length of stay with 
robotic as compared to laparoscopic RYGB [37].

In contrast, a series published by Benizri dem-
onstrated increased 30-day complication rates and 
decreased operative times with the robotic as com-
pared to the laparoscopic approach, with increased 
complication rates related primarily to leaks and 
post-op bleeding. It is important to note that the 
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laparoscopic cases had a stapled gastrojejunal 
anastomosis as opposed to a sutured technique for 
the robotic cases [38]. A systematic review and 
meta-analysis demonstrated a higher conversion 
rate during robotic RYGB with otherwise equiva-
lent outcomes [39]. Moon et  al. reported higher 
leak rates and longer hospital stay in robotic 
RYGB as compared to laparoscopic RYGB in a 
single surgeon study comparing the first 64 robotic 
cases to 207 laparoscopic cases [40].

While there is still significant debate about the 
real advantage of the robotic approach in regard 
to outcomes, its real advantage may be in the 
learning curve. There have been a number of 
papers that have shown that the learning curve 
may be significantly shorter than with the tradi-
tional laparoscopic approach and that the rate of 
significant complications during the learning 
curve is not significantly increased [35, 41–43]. 
Most studies demonstrate significant decreases in 
operative times during the learning curve [44]. 
Given that the complications of RYGB, such as 
leaks, can be devastating for both the patient and 
the surgeon, the robotic platform may confer a 
significant advantage. In comparison, the rate of 
anastomotic leak during the learning curve for 
traditional laparoscopic Roux-en-Y bypass sur-
gery can be as high as 10% [45].

In terms of biliopancreatic diversion (BPD) 
with duodenal switch (DS), there is little pub-
lished data comparing the robotic to the tradi-
tional laparoscopic approach. The paucity of data 
is likely due to the small number of these opera-
tions performed. Sudan et al. published their ini-
tial case series of 47 patients demonstrating the 
feasibility and safety of the technique [45]. The 
authors have modified their technique to a single 
dock totally robotic operation with acceptable 
outcomes [46]. Others have reported series of 
robotic BPD/DS [47, 48]. We limit discussion on 
this topic given the relative absence of compara-
tive data with the laparoscopic approach.

 Robotics and Revisional  
Bariatric Surgery

As bariatric surgery continues to increase in popu-
larity, there will be an increase in revisional opera-

tions, either to achieve improved weight loss or 
address complications related to other procedures.

Robotics may have advantages in revisional 
surgery. One such study compared robotic, lapa-
roscopic, and open revisional weight loss surgery 
in 60 patients. Although the robotic operations 
required significantly longer operative times, the 
rate of conversion to an open procedure was 0% 
(versus 14.3% for the laparoscopic arm). 
Additionally, the robotic group had a lower com-
plication rate and hospital length of stay [49]. 
Although series are small and mostly retrospec-
tive, series describing robotic revisional bariatric 
surgery report extremely low conversion rates 
with major complication rates approaching that of 
primary weight loss surgery operations [50–52].

While significantly more data is needed, it 
seems robotic platforms may offer an advan-
tage in decreasing the rate of conversion to an 
open procedure with acceptable postoperative 
morbidity.

 Robotics and Surgeon Ergonomics

The robot offers several ergonomic and visual 
advantages over traditional laparoscopy. The con-
sole offers a three-dimensional view of the surgical 
field, ability for the surgeon to control camera 
movement, additional degrees of freedom/motion 
of the instruments, motion scaling to translate sur-
geon movements precisely within a small operative 
field, as well as the ability to decrease translation of 
surgeon tremor to the operative field. It allows for 
decreased learning curve and improved dexterity in 
intracorporeal suturing as compared to laparos-
copy, especially in novice surgeons [53–55]. One 
of the major current disadvantages of robotic plat-
forms is the lack of haptic feedback.

The ability to sit at a console during surgery 
may decrease fatigue and strain in the upper 
extremities and back, especially during lengthy 
surgery. A survey of pediatric surgeons perform-
ing laparoscopic surgery found 78% complained 
of shoulder pain and 60% complained of other 
pain in their wrist and elbows, mostly related to 
length of surgery [56]. Other studies have dem-
onstrated increased stress and fatigue associated 
with the ergonomics of laparoscopic surgery 

J. C. Cowling et al.



285

[57]. There are limited studies evaluating the 
translation of the potential benefits of robotic 
 surgery in actual perception of improved ergo-
nomics. Although physical complaints seem to 
be lower in robotic surgery, Lee et  al. demon-
strated in a survey of over 400 surgeons that over 
half (56.1%) still report physical complaints/dis-
comfort, most commonly in the fingers and neck 
[58]. Ergonomic training may help decrease 
physical complaints [59]. The ergonomic advan-
tages of robotic surgery may be magnified in the 
bariatric population, where challenges such as 
abdominal wall thickness may provide increased 
difficulty with traditional laparoscopy.

 Robotics and Training

With the introduction of any new technology, it is 
important that the surgeon and operating room staff 
are trained in its function and capability. The team 
must be able to efficiently set up, use, troubleshoot, 
and adjust to allow for safe and efficient implementa-
tion during surgery. This can be achieved in several 
fashions with respect to robotic surgery, including 
skill labs for introduction to the robotic platform, sur-
gical simulators built into the robotic console that can 
be completed by a surgeon before performing any 
operations, fellowship or mini-fellowship training, 
and wet labs. Additionally there are standardized 
industry and nonindustry curriculums used for train-
ing of residents, fellows, and surgeons, including 
Fundamentals of Robotic Surgery (FRS) [60, 61].

It is also recommended to have a surgeon’s 
initial experience be proctored by an experienced 
robotic surgeon and that they continue to use 
robotics on a regular basis to maintain their skill 
and efficiency. Lastly, robotics can be introduced 
in stages, with training and initial cases per-
formed in less complex operations such as SG or 
by using the robot during portions of the RYGB.

Probably the major advantage in robotics in 
complex weight loss surgery (RYGB) is the 
decreased learning curve and, more importantly, 
the relatively lower complication rates during the 
learning curve [42, 62].

The learning curve for robotic bariatric sur-
gery has been studied most in the RYGB. While 
the learning curve for performing laparoscopic 

RYGB has been reported to be about 100 cases, 
studies have demonstrated learning curves for 
performing this operation robotically to be less 
than 20–25 cases [31, 63, 64]. Yu et al. were able 
to demonstrate safe introduction of a robotic 
approach with performing a hand-sewn gastroje-
junostomy reporting no leaks in over 100 cases of 
RYGB [42]. As discussed previously, nearly all 
series report significantly decreased operative 
times with increased experience.

 Economics of Robotic Bariatric 
Surgery

Perhaps the largest criticism of robotic surgery has 
been cost. Inherent to introducing new technology is 
the cost of research and development. Nearly all 
studies demonstrated increased costs associated 
with using robotic platforms to perform bariatric sur-
gery when compared to traditional laparoscopy. One 
such systematic review of ten studies reviewing 
2557 patients compared robotic and laparoscopic 
RYGB. They found no differences in major or minor 
complications, but robotics was associated with 
nearly $3500 US dollars higher as compared to the 
laparoscopic group [34]. Similarly, a group in Brazil 
compared laparoscopic to robotic RYGB. While the 
 outcomes were similar, they found the robotic costs 
to be twice as much, making it prohibitive for rou-
tine use in bariatric surgery there [18]. This finding 
has been reproduced in other studies [28, 30]. As 
mentioned earlier, there are only a few studies that 
demonstrate decreased costs of robotics [33].

Strategies to reduce cost include decreased 
operative time as surgeons progress along the 
learning curve, decreased major complication 
rates, length of stay, and readmission rates during 
the learning curve of new surgeons, using hand-
sewn techniques to minimize or eliminate the use 
of endoscopic staplers, as well as continued 
development of competitive robotic platforms.

 Insurance Issues and Challenge 
of Adding Cost to the Customer

There is a paucity of data to evaluate the reim-
bursements of hospitals and surgeons performing 
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robotic bariatric surgery. In general, procedure 
codes do not differentiate robotic from laparo-
scopic cases, aside from prostatectomy. In general, 
the increased costs are absorbed by hospital sys-
tems. Indeed, in certain centers around the world, 
cost makes robotics for bariatric surgery not an 
economically feasible proposition [18]. Most hos-
pital systems evaluate robotics in the broader sense 
of contribution margins. The increased costs are 
often justified when total hospital length of stay 
and/or complications are decreased, such as with 
the adoption of robotic hysterectomy as well as in 
colon/rectal surgery, which some studies demon-
strate decreased conversion rates to open opera-
tions [19]. In other operations in which there have 
been no clear advantages to the robotic approach, 
such as in laparoscopic inguinal hernia, direct 
costs and contribution margins are nearly equiva-
lent with robotic and laparoscopic procedures 
[65]. Most cost estimates do not take into account 
the initial investment made to purchase robotic 
and/or laparoscopic systems or service contracts to 
maintain the equipment, which is a drawback of 
most cost studies. This is an area ripe for future 
research to more clearly elucidate the cost issues 
associated with robotics, which is likely to become 
increasingly important in an environment of value-
based healthcare.

 Robotic Bariatric Surgery 
Internationally

Laparoscopic and robotic bariatric surgery has 
been pioneered in the United States, with 
Wittgrove reporting the first series of laparo-
scopic RYGB [8] and Mohr describing one of the 
first reports of totally robotic RYGB using the da 
Vinci robot platform in 2005 [31]. There is, how-
ever, a significant international experience with 
robotics and weight loss surgery.

From Brazil, Ramos et  al. reported the first 
early Brazilian experience with robotic RYGB, 
with 5 surgeons operating on 68 patients, with a 
30-day complication rate of 5.9% and no mortali-
ties, leaks, or strictures [43]. Domene et  al. 
reported on 100 patients undergoing robotic 
RYGB procedures with similar results [66]. 

Others have reported using the robotic platform 
in Brazil to perform AGB, SG, as well as RYGB 
[67]. Others in Brazil have reported their initial 
series, but cost precludes further use of the 
 technology [18].

Vilallonga et  al. (Spain) reported their initial 
experience with robotic SG, demonstrating a 
learning curve of about 20 cases [20]. This group 
has published on their large series of open, laparo-
scopic, as well as robotic weight loss surgery and 
has one of the larger series of robotic weight loss 
operations in Europe [17, 68, 69]. Bodner et al. 
reported on an initial robotic surgery experience 
in Austria, including ten robotic bariatric proce-
dures. Given multiple factors including increased 
costs and times, it was not viewed by the authors 
as a feasible alternative [70]. Benizri et  al. 
(France) reported a series of 100 robotic RYGB 
compared to 100 laparoscopic procedures, report-
ing shorter operative time but higher postopera-
tive complication rates and hospital length of stay 
[38]. An additional series from Switzerland 
reported on 288 robotic RYGB, noting that in 
super obese patients (BMI>50) as compared to 
morbidly obese patients, there was increased con-
version rates and length of stay among the patients 
with super obesity [71]. The published consensus 
statement from the European Association of 
Endoscopic Surgeons (EAES) on robotics in bar-
iatric surgery states that robotics has comparable 
outcomes to laparoscopy [72]. Silverman et  al. 
reported their initial series of ten robotic SG pro-
cedures, one of the initial published reports of 
robotic bariatric surgery in Australia [73].

Other groups globally have struggled to real-
ize the technology. There have been reports of 
robotic RYGB [74] and SG [75] in India. In Japan 
currently, where the rates of morbid obesity are 
lower than in the West, the most common bariat-
ric procedure is the laparoscopic SG, with place-
ment of AGB or RYGB being uncommon. One 
reason of the decreased rates of RYGB is a fear of 
delayed diagnosis of gastric cancer in the gastric 
remnant after RYGB [76]. In Japan, robotic bar-
iatric surgery has lagged behind other nations. 
Approval of the da Vinci platform occurred in 
2009. Approval of new devices takes about 
3–5 years, and most surgeons are using previous 
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generations of the da Vinci robotic platform as 
newer versions await regulatory approval [77].

Robotic bariatric surgery is indeed developing 
at different paces and stages throughout the 
world. Cost is an important driver of surgical 
technology, especially in developing countries. It 
is also important that the published English liter-
ature does not reveal the full extent of application 
of robotic bariatric procedures, as groups may 
not publish their experience or publish in non-
English language manuscripts.

 Technical Pearls

Technical aspects of robotic-assisted SG and RYGB 
have been published extensively by our group [78] 
and others. Figure  28.1 demonstrates the typical 
docking with the da Vinci SI platform. A parallel 
side dock technique is utilized which allows for 
working space at the head of the bed for anesthesia 
as well as intraoperative endoscopy. With the da 
Vinci XI platform, the patient-side cart can be 
placed from any direction. Figures  28.2 and 28.3 

Fig. 28.1 Typical docking of the patient-side cart during 
robotic foregut and bariatric surgery. The parallel side 
dock technique allows for ease of access to the head for 

anesthesia as well as to aid in intraoperative endoscopy. 
(Reproduced with permission [78])
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demonstrate the port  placement for robotic SG and 
RYGB, respectively. Port placement is similar, with 
the exception of an 8 mm port to allow for use of the 
robotic scissors. The left-sided ports are placed 
slightly lower for the totally robotic technique to 
allow for easier manipulation of the instruments to 
access the small intestine. Ports can be placed simi-
larly for the da Vinci XI platform, although the ports 
are placed more in a horizontal line. The authors 
present an edited video of a robotic-assisted RYGB 
procedure (Video 28.1).

 Available Commercial Robots 
for Gastrointestinal and Bariatric 
Surgery

While the most popular and widely used robotic 
platform is the da Vinci platform, over the next 
several years, multiple new platforms are 
expected to enter the sphere. There are several 
that deserve mention.

Titan Medical (Toronto, Ontario, Canada) is 
developing the SPORT™ Surgical System, 
which, while has many similar features to the da 
Vinci platform, uses a single-arm patient cart. 
Verb Surgical (Mountain View, CA), which 
started as a joint venture between Google Life 
Sciences and Ethicon, is currently developing a 
surgical robotic platform as is Medtronic 
(Minneapolis, MN). Medtronic has recently part-
nered with Mazor Robotics Ltd. (Israel), which 
has the Renaissance ® Guidance System utilized 
in spine and brain surgery. Transenterix 
(Morrisville, NC) developed the SurgiBot sys-
tem, which represents a hybrid between conven-
tional laparoscopy and robotic platforms, and is 
designed for use as a single-access surgical 
robotic. Recently, Transenterix acquired SOFAR 
S.p.A (Italy) which designed ALF-X surgical 
robot system, in which each robotic arm is on an 
individual patient cart and incorporates haptic 
feedback. Auris Surgical Robotics (San Carlos, 
CA), which recently acquired Hansen Medical, is 
developing surgical robotic technology and 
recently received US FDA approval for the 
ARES (Auris Robotic Endoscopy System) robot. 
It is believed that Auris is developing robotic 

 platforms that may be utilized in endoluminal 
procedures, but little is known about this com-
pany. It may have similarities to the Flex ® 
Robotic System (Medrobotics, Raynham, MA), 
which recently received approval by the US FDA 
for applications in transoral robotic procedures in 
head/neck surgery.

 Future Technology

Future advancements in robotics are likely to 
proceed along several avenues. New platforms 
will provide increased competition as well as 
potentially decreased costs and increased inter-
national adoption of the technology. Further 
development of single-port/single-access plat-
forms, including flexible access platforms, may 
reopen applications in natural orifice or endo-
scopic (incisionless) surgery. Integration of hap-
tic feedback may increase surgeon comfort and 
decrease learning curves further. Computer-
aided navigation or creating no fly zones by 
 integrating patient imaging with the surgical 
field may assist with reoperative surgery and 
decreasing complications.
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Bariatric Surgery in Adolescence

Marc Michalsky

 Introduction

The increase in overall prevalence of childhood 
obesity in the U.S. and elsewhere appears to have 
continued to rise and, as a result, has been cited 
as a major threat to the health and well-being of 
millions of affected individuals [1]. Recent data 
estimate that approximately 17% of the US pedi-
atric population is classified as being obese. 
Furthermore, it has been recently estimated that 
an additional 7% of the affected population in 
this country are further categorized as being 
“severely obese” (i.e., body mass index (BMI) 
≥120% of the 95th percentile or BMI ≥35 kg/m2) 
[1–5]. Although there have been some indica-
tions of a “leveling off” of obesity prevalence 
within specific subgroups of general pediatric 
population, obese adolescents and in particular, 
severely obese adolescents (age 12–19  years) 
have continued to show a steady rise in preva-
lence since the 1980s [1]. In addition to these 
alarming trends in the USA and other western 
countries, recent data also suggest that a corre-
spondingly rapid increase in the rate childhood 
obesity has also been observed in the developing 
world and, as such, represents unique challenges 
to governments and populations that have tradi-
tionally struggled with significant problems asso-

ciated with ongoing undernutrition [6–8]. In 
addition to a seemingly unabated rise in the prev-
alence of childhood obesity over the past several 
decades, an expanding body of corresponding 
literature highlighting the coexistence of many 
obesity-related comorbid disease states, includ-
ing evidence of cardiovascular disease, dyslipid-
emia, impaired glucose metabolism, type 2 
diabetes mellitus, hypertension, obstructive sleep 
apnea, polycystic ovarian disease, and fatty liver 
disease, has recently emerged [9–13]. The estab-
lishment of various related comorbid conditions, 
previously thought to primarily exist only within 
the severely obese adult population, coupled with 
evidence demonstrating poor outcomes related 
nonsurgical therapeutic interventions (i.e., exer-
cise and diet and behavioral modification regi-
mens) and evidence that severely obese youth 
have an extraordinarily high risk of becoming 
severely obese adults, has resulted in an increased 
interest in the application of weight loss surgery 
(i.e., bariatric surgery) during the adolescent time 
period [14–17].

The current chapter will focus on data regard-
ing the development of several key comorbid 
conditions encountered in the severely obese 
adolescent population and review the current 
clinical indications for the use of surgical weight 
loss procedures among teens, including best 
practice guidelines and longitudinal outcomes 
related to the most commonly performed bariat-
ric procedures. In addition, the chapter will 
review the use of bariatric surgery for pediatric 
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patients with special considerations (i.e., the very 
young, individuals with syndromic or hypotha-
lamic obesity, etc.). Lastly, the current consen-
sus-driven guidelines for the development of a 
multidisciplinary care model designed to provide 
adolescent-specific treatment that is separate and 
distinct from the adult care as well as current 
challenges related to access to care for this 
 underserved and vulnerable population will be 
presented.

 Obesity-Related Comorbid Disease

As mentioned above, many of the recently 
observed obesity-related comorbid illnesses that 
have emerged within the affected pediatric popu-
lation have previously been attributed only to 
populations of severely obese adults. Examples 
of these disorders include impaired glucose 
metabolism, obstructive sleep apnea, nonalco-
holic fatty liver disease, various forms of cardio-
vascular disease, as well as evidence of increased 
cardiovascular risk factors, musculoskeletal dis-
orders, pseudotumor cerebri, and psychological 
disorders to name a few [9, 12, 18–21]. In addi-
tion to the emerging picture of an obesity-related 
comorbid disease state in the affected pediatric 
population, it has been hypothesized that such 
related diseases, when developed during child-
hood, may result in a significantly different lon-
gitudinal impact compared to the development 
and progression of obesity-related diseases later 
in life. The potential for such a cumulative impact 
further supports the need for safe and effective 
therapeutic interventions including bariatric 
surgery.

 Cardiovascular Disease

Although it has been well established that obesity 
is associated with the development of numerous 
cardiovascular risk factors as well as frank car-
diovascular pathophysiology and related func-
tional abnormalities, including atherosclerotic 
disease, heart failure, and stroke, and has been 
identified as the primary cause of premature 

 mortality in the adult population, there is a rela-
tive paucity of investigations specifically focus-
ing on the cardiovascular health among severely 
obese adolescents [12, 15]. In addition, very few 
contemporary studies have sought to directly 
address the potential changes in baseline cardio-
vascular health following surgically induced 
weight loss. As with other obesity-related comor-
bid illnesses that have been extensively docu-
mented in the adult population, a number of 
researchers have reported evidence of the patho-
logic impact of severe obesity on the adolescent 
population being considered for bariatric surgical 
intervention (i.e., hypertension, diastolic dys-
function, and elevated cardiac workload) [13, 19, 
22]. In combination with the existence of numer-
ous markers of generalized metabolic dysfunc-
tion (i.e., hypertension, dyslipidemia, and insulin 
resistance), an emerging body of literature serves 
to support the use of bariatric surgery earlier in 
life (i.e., during the adolescent time period) [10, 
11, 23]. Recent examples include studies by Inge 
and Teeple, who’ve both reported a high preva-
lence of several markers of cardiovascular dis-
ease risk at baseline (i.e., before undergoing 
weight loss surgery) when compared to the lean 
pediatric population. Examples include elevated 
rates of hypertension, dyslipidemia, insulin resis-
tance, and type 2 diabetes, among teenagers 
undergoing Roux-en-Y gastric bypass (RYGB). 
Longitudinal outcomes from both investigations 
showed significant improvements in nearly all 
variables by 2 years following bariatric surgery 
with marked improvement in most measured 
variable by 12 months. Corresponding data from 
both institutions highlight both the high baseline 
prevalence of impaired cardiovascular geometry 
and function as well as marked improvement in 
both biomarkers of cardiovascular risk and rever-
sal of abnormal cardiac function (i.e., diastolic 
performance and cardiac workload) following 
bariatric surgical intervention [13, 19]. While 
such studies serve collectively to support the use 
of bariatric surgery as a safe and effective treat-
ment algorithm, they are also fundamentally lim-
ited based on their relatively small sample sizes 
and the single institutional nature. In contrast, 
however, several ongoing studies including data 
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from the Teen-Longitudinal Assessment of 
Bariatric Surgery (Teen-LABS) study, a prospec-
tive observational study of 242 adolescents 
undergoing bariatric surgery at five US centers, 
as well as the AMOS study (Swedish Nationwide 
Study), a prospective analysis of 81 adolescent 
bariatric surgery patients, offer more robust sup-
port of such early observations. In addition, these 
ongoing investigations are likely to continue to 
yield valuable insights with regard to cardiovas-
cular health as well as several other important 
areas of study in this population [24, 25].

 Impaired Glucose Metabolism

In conjunction with current reports citing the 
high prevalence of impaired glucose metabolism 
in the severely obese adult population, including 
a high prevalence of type 2 diabetes and evidence 
demonstrating significant clinical improvement 
following surgical weight loss [26–29], corre-
sponding studies have shown a link between the 
increasing prevalence of childhood obesity and 
disruption of several aspects of normal glucose 
metabolism resulting in hyperinsulinemia (60–
80%), impaired glucose tolerance (12–35%), and 
type 2 diabetes among individuals presenting for 
adolescent bariatric surgery. Recent studies 
charcterizing adolesent baratric patients show 
correspondingly high prevalences of hyperinsu-
linemia (71%), impaired fasting glucose (26%), 
and diabetes (14%) [9, 12, 23]. Not surprisingly, 
it is the adverse cumulative impact of diabetes 
and its association with the development of many 
other health-related problems that has prompted 
an ever-increasing level of interest in the devel-
opment of aggressive therapeutic strategies to 
reverse the impact of severe obesity in the pediat-
ric population [30]. This evolving consensus is 
supported by several recent studies that have 
demonstrated significant improvement in numer-
ous biomarkers of metabolic performance [10, 
11, 25]. Recent single center studies by Inge and 
Teeple have shown improvement in fasting serum 
glucose, insulin, hemoglobin A1c, and insulin 
resistance, as determined by homeostatic model 
assessment (HOMA-IR) among teens undergo-

ing surgical weight loss procedures [10, 11]. 
More recently, the same group of investigators 
showed a 95% remission rate of type 2 diabetes 
by 3 years among a large cohort of teens under-
going bariatric surgery (sleeve gastrectomy or 
gastric bypass) [25].

 Nonalcoholic Fatty Liver Disease

To date, there is a relative paucity of data regard-
ing the overall prevalence of nonalcoholic liver 
disease (NAFLD) in the severely obese pediatric 
and/or adolescent population in general as well 
as the specific population undergoing metabolic 
and bariatric surgery. Furthermore, correspond-
ing mechanistic data regarding the identification 
of specific risk factors for the development and 
longitudinal progression of NAFLD as well as 
the impact of surgical weight loss remain unclear 
[31]. From a pathophysiological standpoint, 
NAFLD is known to consist of a well-defined 
spectrum of histopathology ranging from simple 
and uncomplicated steatosis to a state of progres-
sive hepatic inflammation resulting in the devel-
opment of nonalcoholic steatohepatitis (NASH), 
cirrhosis, and eventual death [32, 33]. Although 
the prevalence of NASH among populations with 
severe adolescent obesity appear to be lower 
when compared to adult populations [34], evi-
dence linking the development of NAFLD with 
obesity have shown that approximately 38% of 
obese children have excess fat deposition in the 
liver in which approximately 9% progress on to 
the frank development of NASH. Often consid-
ered a “hidden” disease with potentially devastat-
ing consequences, recent evidence demonstrating 
a decrease in the amount of hepatic steatosis and 
inflammation following surgical weight loss, the 
development of NASH is currently cited as an 
indication for bariatric surgery in adolescents 
(Table  29.1) [35–38]. Interestingly, the coexis-
tence of certain cardio-metabolic risk factors 
(i.e., elevated alanine aminotransferase (ALT), 
hypertension, impaired fasting glucose, diabetes, 
etc.) rather than increasing BMI have been shown 
to be associated with increased severity of 
NAFLD [31].
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 Obstructive Sleep Apnea

Sleep-disordered breathing and obstructive sleep 
apnea (OSA), consisting of a spectrum of symp-
toms including apnea, hypopnea, and snoring, 
have become a source of growing concern among 
healthcare providers and has been shown to be 
highly prevalent within the obese pediatric popu-
lation (46%) [9, 39, 40]. The clinical conse-
quences of OSA, which is characterized by 
narrowing of the pharyngeal airway resulting in 
repeated episodes of airflow cessation, oxygen 
desaturation, and sleep disruption, result in vari-
ous degrees of chronic fatigue, impaired scholas-
tic performance and development, and 
progression of significant end-organ dysfunction 
such as hypertension, ventricular cardiac dys-
function, and heart failure. If left untreated, the 
end result is associated with an increased risk of 
early mortality [9, 41, 42]. In a recent series of 
adolescents presenting for bariatric surgery, 
Kalra et al. showed that 55% of study participants 
were noted to have a diagnosis of OSA. Repeat 
polysomnographic testing after bariatric surgery, 
however, showed significant improvement in all 
patients [42]. These results are similar to a 

 number of published reports showing improve-
ment in the severity of OSA following bariatric 
surgery in the adult population [43, 44] and, 
thereby, support the argument for surgical weight 
loss for adolescents who have documented mod-
erate to severe OSA (e.g., of apnea-hypopnea 
index (AHI) >15 events/h) with a BMI ≥35 kg/
m2 or mild OSA (AHI ≥5 events/h) with a BMI 
≥40 kg/m2 (Table 29.1) [37, 38].

 Pseudotumor Cerebri

Idiopathic intracranial hypertension, or pseudo-
tumor cerebri, is characterized by raised intracra-
nial pressure not attributed to mass lesions or 
focal structural abnormalities, resulting in pulsa-
tile tinnitus, elevated cerebral spinal fluid pres-
sure, severe headaches, and visual disturbances 
including blindness. Although considered a rela-
tively uncommon disorder in the general popula-
tion, with a reported incidence of 1 case per 
100,000 per year, the corresponding incidence 
among the overweight population has been 
reported to be as high as 19 per 100,000 per year. 
Widely considered to be a complication of severe 
obesity, the exact pathophysiological event(s) 
leading to its development and progression are 
poorly understood. Despite the relative paucity of 
literature related to pseudotumor cerebri within 
the bariatric surgical population, which consists 
mostly of case reports demonstrating improved 
symptomatology in affected adults following sur-
gical weight loss, recent data demonstrating a 
higher than expected prevalence among bariatric 
surgery patients highlights the importance of 
screening for this often asymptomatic disorder 
[45]. The establishment of this diagnosis is con-
sidered a strong indication for bariatric surgery in 
both adults and adolescents [37, 46–49].

 Musculoskeletal Pain and Impaired 
Functional Mobility

The adverse consequences of obesity on func-
tional mobility and associated musculoskeletal 
pain, potentially leading to impairment in overall 
quality of life and even early morbidity, have been 

Table 29.1 Current eligibility criteria for adolescent bar-
iatric surgery

BMI (kg/m) Comorbidities

≥35 Serious: type II diabetes mellitus, 
mod/severe OSA (AHI >15), 
pseudotumor cerebri, severe NASH

≥40 Other: mild OSA (AHI>5), insulin 
resistance, hypertension, impaired 
fasting glucose, dyslipidemia, 
impaired quality of life

Eligibility criteria
Tanner stage IV or V (unless severe comorbid 

disease warrants “early” WLS)
Skeletal 
maturity

≥95% estimated growth

Lifestyle 
changes

Demonstrate ability to understand 
dietary/physical changes (post-op)

Psychosocial Evidence of mature decision-making
Understands risk and benefits of 
surgery
Evidence of family and social support
Evidence that patient/family will be 
compliant with recommended pre- 
and postoperative care (dietary, 
medication, etc.)
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previously described in the adult population. 
Corresponding data in the pediatric and adoles-
cent populations, however, are extremely limited. 
Current data suggest that like obese adults, obese 
youth are not immune from the cumulative effects 
of being overweight or obese and demonstrate a 
high prevalence of musculoskeletal pain (12–
44%) and impairment in functional mobility when 
compared to lean counterparts [20, 21, 50]. 
Similar to other disappointing outcomes related to 
lifestyle interventions, documented improve-
ments in cardiovascular fitness and walking dis-
tance may only be of temporary benefit secondary 
to the poor adherence to structured physical activ-
ity programs in the pediatric age group [51–53]. 
Bout-Tabaku et al. recently showed that 49% of 
subjects had poor functional status while 76% 
reported associated musculoskeletal pain prior to 
undergoing weight loss surgery [20]. Lower back 
pain was the most prevalent (63%) followed by 
ankle/foot, knee (49%), and hip (31%) pain. In 
additional analysis of function (i.e., walking) and 
physiological measures (i.e., heart rate), Ryder 
et  al. showed durable improvement in time to 
completion of the 400  m walk test as well as 
improvement in resting heart rate 2  years after 
undergoing an adolescent bariatric procure [21].

 Psychological Disorders

A large and consistent body of evidence reporting 
high rates of psychosocial comorbidity related to 
severe obesity in adults exists. Based on estimated 
epidemiological trends showing that a significant 
proportion of the affected adult population report 
the onset of various symptoms during their pre-
ceding childhood years (i.e., depression, anxiety 
disorder, binge eating disorder, etc.), it is reason-
able to assume that baseline rates of obesity-
related psychosocial disorder are high among the 
pediatric population presenting for weight loss 
surgery [54]. Despite this, however, there contin-
ues to be a relative knowledge gap related to our 
overall understanding of the psychosocial comor-
bidities that exist in addition to the numerous 
medical and/or physiological consequences of 
obesity and severe obesity during youth. In addi-
tion, there have been few studies that specifically 

address these issues among the pediatric popula-
tion seeking out bariatric surgical intervention. 
Recent reports have emerged that highlight poten-
tial links between obesity and interference with 
normal psychological development during child-
hood. The consequences of such impaired behav-
ioral development may result in a negative impact 
affecting the normal transition from childhood 
into early adulthood [55]. Preliminary studies 
(mostly consisting of small single institutional 
cohorts) suggest the presence of at-risk subgroups 
of psychiatric comorbidity including individuals 
with depressive symptoms (14–38%) and eating 
disorders [56–58]. In a recent study by Zeller 
et  al., investigators report significant improve-
ment in health-related quality of life (HR-QOL) 
measures and depressive symptomology in the 1st 
year following bariatric surgery (RYGB) among 
31 subjects at a single institution [56]. More 
recently, the same group of investigators exam-
ined 141 surgical subjects from multiple sites in 
comparison to a nonsurgical obese control group 
(n = 83) in an effort to correlate self-reported data 
characterizing psychopathology. Results showed 
that while both groups were at greater risk for 
psychopathology compared to national adoles-
cent base prevalence rates, the nonsurgical cohort 
appeared to be at higher risk for pathological 
behavior. Therefore, the investigators suggest that 
individuals that achieve candidacy for weight loss 
surgery may represent a section bias and represent 
lower overall psychosocial risk when compared to 
counterparts seeking nonsurgical methods of 
weight reduction (i.e., behavior modification, 
diet, and exercise) [54]. Additional longitudinal 
studies, including anticipated long-term analysis 
from the Teen-LABS research consortium, should 
offer additional insight on the potential impact of 
surgical weight loss on psychosocial health.

 Best Practice Guidelines

Although the use of bariatric surgery in the treat-
ment of severe obesity in the adult population has 
been described as early as the 1960s and has had 
formalized clinical guidelines since the early 
1990s with release of the heavily cited National 
Institutes of Health (NIH) consensus guidelines 
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statement [59], a corresponding framework for 
clinical eligibility in the pediatric population has 
only developed within the last decade. Originally 
proposed by Inge et  al. in 2004, the first pub-
lished recommendations and guidelines for the 
use of bariatric surgery in adolescents were pred-
icated on the previously established adult clinical 
guidelines and, similarly, relied heavily on 
anthropomorphic criteria (i.e., minimal BMI) in 
combination with concurrent identification of 
specific obesity-related comorbid diseases. 
Despite general similarities to the adult inclusion 
criteria, the authors of the initial adolescent rec-
ommendations supported a somewhat more con-
servative approach compared to adults. 
Adolescent-specific guidelines at that time called 
for a BMI ≥40 kg/m2 in the presence of severe 
obesity-related comorbidities or BMI ≥50 kg/m2 
with less severe comorbidities. As shown in 
Table  29.1, the more recently updated recom-
mendations while not identical to the original 
adult criteria have adopted a somewhat less con-
servative approach [37, 38]. As an example, more 
than a decade after publication of the original set 
of recommendations by Inge and colleagues, and 
in the context of a mounting body of evidence 
supporting the safe and efficacious use of bariat-
ric surgery in adolescents, the paradigm has 
shifted toward lower preoperative BMI thresh-
olds. Although the use of BMI as a critical bench-
mark for bariatric surgery eligibility has been 
recently brought into question, as evidence by the 
increased acceptance of bariatric surgery for the 
treatment of uncontrolled diabetes among adults 
with BMI ≤35  kg/m2 [60], recent data demon-
strating a potential “ceiling effect” in association 
with preoperative BMI and postoperative 
improvement in cardio-metabolic health suggest 
that efforts should be made to refer adolescent for 
bariatric surgery earlier in the spectrum of BMI 
progression [61]. Taken together, these factors 
have led to the establishment of specific recom-
mendations for the adolescent population. 
Furthermore, current consensus supports the 
development of adolescent-centered bariatric 
treatment facilities based on a multidisciplinary 
model designed to address the specific needs of 
the pediatric population in order to optimize 

 outcomes. In 2011 the Children’s Hospital 
Association (CHA) published the proceedings of 
a multidisciplinary collaborative (FOCUS on a 
Fitter Future) which was convened in order to 
develop expert recommendations pertaining to all 
aspects of childhood obesity prevention and 
treatment strategies. Recommendations brought 
forth by the panel included the use of surgical 
weight reduction for the treatment of severe ado-
lescent obesity [62]. Furthermore, the authors 
presented a consensus-driven road map for insti-
tutional development of age-appropriate bariatric 
surgery programs and highlighted the importance 
of the multidisciplinary care model using pediat-
ric and adolescent-specific healthcare resources. 
Several additional reports highlight the need for 
behavioral screening by a qualified pediatric pro-
vider as well as the need to screen for common 
micronutrient and vitamin deficiencies (i.e., fer-
ritin, vitamin A, and vitamin D) both before and 
following adolescent bariatric surgery [25].

In a series of steps designed to assign consen-
sus-driven guidelines to the development of pedi-
atric-specific bariatric surgical care that are both 
separate and distinct from the adult care model, 
the American Society for Metabolic and Bariatric 
Surgery (ASMBS) published a position state-
ment and best practice guidelines in 2012 for the 
use of bariatric surgery in the adolescent popula-
tion. The purpose of this important publication 
was to raise professional awareness regarding the 
need for safe and effective treatment strategies in 
order to counter the serious nature of obesity-
related comorbid disease(s), widely believed to 
have profound immediate and future health 
implications [37]. Also in 2012, ASMBS and the 
American College of Surgeons (ACS) announced 
a decision to combine their respective national 
bariatric surgery accreditation programs by form-
ing the Metabolic and Bariatric Surgery Quality 
Improvement Program (MBSAQIP). This 
national registry (https://asmbs.org/about/
mbsaqip) currently collects prospective data 
designed to assess clinical effectiveness and 
safety and current accounts for more than 90% of 
bariatric procedures performed in the USA and 
Canada, representing 722 accredited clinical cen-
ters as of August 2016 [63]. Building on an 
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emerging body of favorable outcomes related to 
bariatric surgery in the adolescent population as 
well as the previously published ASMBS best 
practice guidelines, it was determined that 
MBSAQIP would also define accreditation stan-
dards for centers that provide care to the pediatric 
population. Center awarded separate pediatric 
designations are required to demonstrate access 
to pediatric and adolescent-specific clinical 
resources designed to deliver optimal care. Such 
resources include incorporation of pediatric 
healthcare providers with expertise in general 
pediatric medicine, nutrition, and behavioral 
disciplines.

 Patients with Special 
Considerations

Several subgroups within the pediatric popula-
tion, including the very young (i.e., preteens) and 
individuals with hypothalamic, monogenic, and/
or syndromic forms of obesity, warrant special 
consideration. While the majority of current liter-
ature regarding the use of bariatric surgery in the 
pediatric population is focused on the adolescent 
age group (i.e. 12–19 years), a small number of 
studies have emerged that aim to address the use 
of surgical weight loss procedures in the very 
young. Current data relating to this controversial 
topic have mostly emerged from single center ret-
rospective experiences consisting for the most 
part of case reports comprised of one or two 
patients [64–66]. In contrast to such studies, 
which raise a number of concerns regarding the 
patient selection process and long-term follow-
up, Alqahtani et al., recently presented a compre-
hensive analysis of 116 children younger than 
14  years of age following sleeve gastrectomy 
(mean age 11.2 ± 2.5 years) [67]. This important 
analysis serves to refute some of the concerns 
regarding the potential for bariatric surgery in the 
very young to interfere with vertical growth and 
physiological maturation; however, additional 
factors, including the long-term impact on nutri-
tional status (micro- and macronutrient deficien-
cies), longitudinal neurocognitive development, 
and cardio-metabolic health, remain unanswered.

Obesity related to disruption of normal hypo-
thalamic-pituitary pathways, also referred to as 
hypothalamic obesity (HyOb), can be attributed 
to several conditions. HyOb has been reported 
to develop in more than 50% of individuals fol-
lowing surgical resection of an  underlying cra-
niopharyngioma, a benign and slow-growing 
epithelial neoplasm generally located in the area 
of the pituitary and hypothalamus [68]. Weight 
gain related to hypothalamic damage, from 
direct tumor infiltration and/or surgical resec-
tion, is often severe and refractory to medical 
management. The consequences of this patho-
logical process and its treatment lead to serious 
negative impact on quality of life and the con-
sideration for the use of bariatric surgical inter-
vention [68, 69]. In a recent meta-analysis 
examining the use of bariatric surgery in this 
extremely challenging population, investigators 
identified a total of 21 cases and reported that 
the maximal mean weight loss after 6 and 
12 months was observed in subjects undergoing 
RGYB.  In addition to HyOb related to cranio-
pharyngioma, several monogenic forms of obe-
sity including Prader-Willi syndrome (PWS), 
Bardet-Biedl syndrome (BBS), and individuals 
with hypothalamic melanocortin signaling 
defects have also been the subject of investiga-
tion in the context of bariatric surgical interven-
tion. Alqahtani et al. recently reported effective 
weight reduction and comorbid disease resolu-
tion in a comparative analysis of 24 adolescent 
subjects with PWS versus a matched control 
group of non-PWS adolescents undergoing 
weight loss surgery. While initial reports such as 
these are encouraging, the role of bariatric sur-
gery, including  specific procedural recommen-
dations in this subpopulation, remains uncertain 
and will require additional prospective analysis 
[70]. In addition to the use of bariatric surgery 
in special forms of obesity briefly touched on 
above, the implications and outcomes of its use 
in the cognitively impaired population also 
remain largely unexplored [71]. Although 
detailed reports highlighting this population are 
lacking in both the adolescent and adult litera-
ture, it would seem reasonable to pursue consid-
eration of surgical weight reduction on a 
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case-by-case basis and taking into account the 
need for robust family, behavioral, and social 
support resources.

 Types of Bariatric Procedures

Although there is no lack of anecdotal opinion 
regarding which operation(s) offer optimal inter-
vention for adolescents considering surgical 
weight reduction, no clear evidence-based con-
sensus has yet to emerge based on contemporary 
data. In light of the corresponding lack of defini-
tive data regarding “the best” bariatric procedure 
in the adult population, until rigorously designed 
prospective comparative data become available, 
the debate will no doubt continue for the fore-
seeable future. Currently, the vast majority of 
adolescent bariatric operations being carried out 
in both the USA and elsewhere are identical to 
the most common procedures being performed 
for adult patients and include RYGB, adjustable 
gastric band (AGB), and the vertical sleeve gas-
trectomy (VSG). In addition, similar to the 
“adult” experience, recent evidence has shown 
that there has been a shift in procedural preva-
lence during the past decade such that RYGB 
and AGB appear to have been surpassed by VSG 
[23]. Finally, while strictly malabsorptive proce-
dures such as the biliopancreatic diversion 
(BPD) or duodenal switch (DS) have been per-
formed in adolescents, these types of operations 
are generally considered inappropriate in chil-
dren over concerns for the potential of severe 
malabsorption during the postoperative time 
period [72].

A recent meta-analysis of studies involving 
RYGB in adolescents by Treadwell et al., consist-
ing of 6 studies with a total 131 adolescent 
patients, showed significant as well as sustained 
weight loss as well as improvement in comorbid 
diseases including type 2 diabetes mellitus and 
hypertension [15]. In one of the largest series of 
adolescent patients undergoing RYGB, the ongo-
ing Teen-LABS study has also demonstrated sig-
nificant improvement in nearly all measured 
variables including anthropomorphic measure-
ments, cardio-metabolic risk markers, musculo-

skeletal and physical function disorders, and 
quality of life [21, 25]. These results, along with 
others, show generally favorable outcomes that 
are similar to the large body of literature pertain-
ing to the adult population [10, 11, 42, 61, 73, 
74]. Postoperative complication rates, including 
anastomotic leaks/strictures, wound infections, 
postoperative bleeding, bowel obstructions, deep 
venous thrombosis, the need for reoperation, and/
or 30-day hospital readmission rate, appear to be 
similar if not better when compared to corre-
sponding adult studies on adults [23–25, 55].

The adjustable gastric band (AGB), which 
was approved by the US Food and Drug 
Administration (FDA) in 2001 for adults (age 
≥18 years), experienced a rapid increase in use in 
both the USA and Europe following its initial 
introduction. Since that time, however, the proce-
dural prevalence has declined significantly for a 
multitude of reasons including higher than 
expected complication and reoperation rates as 
well as evidence of disappointing weight loss 
durability. Secondary to current age restrictions 
(i.e., the AGB is currently not approved for use in 
patients <18  years of age in the USA), data in 
relation to the adolescent population remains 
limited to a series of small and mostly retrospec-
tive single institutional reports. In a recent meta-
analysis of adolescent bariatric surgery outcomes, 
investigators showed that adolescents undergoing 
AGB demonstrated results similar to numerous 
adult studies in terms of weight loss and comor-
bidity resolution. The majority of postoperative 
complications were related to device malfunction 
[15]. A randomized control trial involving ado-
lescents undergoing (AGB) versus lifestyle mod-
ification offers some of the most compelling 
evidence for the advantageous use of bariatric 
surgery as compared to nonsurgical means of 
weight reduction. These investigators demon-
strated a 28% decrease in BMI over 2 years as 
compared to 3% in the lifestyle intervention 
group [55]. Taken together, mixed reports related 
to outcomes in both the adolescent and adult pop-
ulation as well as decreasing procedural preva-
lence leave a number of unanswered questions 
regarding the overall appropriateness of AGB use 
in the pediatric population.
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A number of recent studies of adolescents 
undergoing sleeve gastrectomy demonstrate 
safety and efficacy profiles that are similar to 
reports in the adult literature. Although there is a 
limited number of studies evaluating its use in 
this population, recent evidence from both the 
Teen-LABS research consortium and others have 
been able to show significant reduction in BMI as 
well as reversal on many comorbid disease states 
related severe adolescent obesity [23, 25, 75–77]. 
Ongoing analysis by Teen-LABS investigators is 
expected to yield more comprehensive data spe-
cifically designed to assess comparative longitu-
dinal outcomes for adolescents undergoing 
RYGB versus VSG.

 Access to Care

Despite current literature in support of weight 
loss surgery for adolescents, the number of oper-
ations being performed on an annual basis is only 
a fraction of the number of the potentially eligi-
ble individuals based on anthropomorphic crite-
ria alone [17, 78]. In addition, while the number 
of publications related to adolescent bariatric sur-
gery continues to increase, recent data from the 
USA suggests that procedural prevalence has pla-
teaued during the past decade [17]. While there 
are numerous factors that may impact these 
observations, attitudes among primary care pro-
viders as well as limitations in obtaining health-
care cost coverage appear to be prominent factors 
[79, 80]. Recent data from both the USA and UK 
suggest that attitudes toward adolescent bariatric 
surgery among medical versus surgical providers 
differ between countries and may result in major 
differences in procedural prevalence [80, 81]. 
The hesitation to refer severely obese pediatric 
patients to multidisciplinary bariatric centers 
may lead to a delay in intervention. Furthermore, 
recent data from a multi-institutional retrospec-
tive review examining insurance coverage for 
adolescent bariatric surgery demonstrates an 
apparent disparity in coverage availability com-
pared to adults. In comparison to the relatively 
high success rate for procedural insurance autho-
rization among adults seeking bariatric surgery, 

investigators showed that less than half of adoles-
cents who met requirement for weight loss sur-
geries were initially approved. This is in stark 
contrast to 80–85% of adults who meet criteria 
for bariatric surgery and then gain approval on 
the initial request. Insurance approval was ulti-
mately obtained (80%) when patients engaged in 
the complex insurance appeal process; however, 
approval in some cases was withheld despite 
numerous separate appeals for some (as many as 
five) [79]. The implications of such healthcare 
disparity resulting in limited access become even 
more compelling when considering the previ-
ously discussed evidence demonstrating the 
potential for differential response rates based on 
the relative severity of preoperative BMI [61]. 
Further advocacy efforts on behalf of this vulner-
able population in combination with the results 
of ongoing studies will hopefully result in greater 
access to care in the future.

 Conclusion
The increasing prevalence of obesity and in 
particular severe forms of obesity among the 
pediatric and adolescent population is espe-
cially concerning when considering the con-
current rise in prevalence of numerous related 
comorbid diseases. Increasing evidence sup-
ports the use of bariatric surgery in adolescent 
population and has been shown to be associ-
ated with significant and long-lasting improve-
ments in various related disease states. Despite 
encouraging outcomes, the pediatric popula-
tion faces ongoing barriers including age-
related disparity in access to available 
procedures that must be challenged with strong 
advocacy from the medical community.
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Large Ventral Hernias

Luciano G. Tastaldi, David M. Krpata, 
and Michael J. Rosen

 Scope of the Problem

Obesity has become endemic in the last 50 years, 
with 30–50% of the population considered over-
weight or obese. This epidemic has increased 
throughout America with approximately 36% of 
US citizens being considered obese (BMI>30). 
From a global perspective, 5% of the world popu-
lation is morbidly obese (BMI>40), with rates 
increasing yearly [1–3]. Rising prevalence of 
obesity carries significant implications to our 
healthcare system, as it has led to increasing costs 
[2] and defining new patterns of care to manage 
this specific population and the multiple comor-
bidities associated with it.

Approximately four to five million major 
abdominal operations are performed each year, 
and about 20% of patients will develop incisional 
hernias despite refinements on abdominal wall 
closure techniques, technology implementation, 
and all measures taken by the surgeon to prevent 
hernia formation. As a result, ventral hernia 
repair remains one of the most common proce-
dures performed by general surgeons [4]. 
Consequently, general, bariatric, and hernia sur-
geons are facing more complex scenarios and 
surgical management dilemmas while taking care 
of this increasingly more common population. 

The presence of a ventral hernia in the morbidly 
obese patient represents a frequent example of 
those challenging situations. Even though it has 
been largely studied, the subject still creates con-
troversies among specialists and lacks sufficient 
data to recommend specific and uncontestable 
guidelines.

 Pathophysiology of Hernias 
in the Morbidly Obese Population

Obesity is a well-known and largely documented 
risk factor for the development of incisional her-
nias, and the incidence of herniation is positively 
correlated with the progressive increase in body 
mass index (BMI). Incisional hernia formation 
after midline laparotomies in this population 
reaches 50%, thus illustrating the magnitude of 
the problem and the need for hernia formation 
and recurrence prevention initiatives.

Incisional hernia formation is a complex and 
multifactorial event, and many theories have 
been proposed to explain the higher prevalence 
in this subgroup [5–9]. When BMI increases, fat 
deposition in the mesentery, guts, and retroperi-
toneal space creates visceral adiposity that sub-
sequently increases intra-abdominal pressure. 
Visceral adiposity, thicker subcutaneous layers, 
and increased intra-abdominal pressure create a 
tense closure of the abdomen that results in poor 
tissue approximation. Thicker subcutaneous 
layers often demand large flaps dissection, 
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increasing rates of wound complications and 
infection, predisposing to hernia formation [6]. 
Additionally, excess fat deposition in the wound 
causes defects in tissue structure and decreases 
healing capacity. Lastly, comorbidities associ-
ated with morbid obesity act synergistically to 
impair healing capacity contributing to the 
higher rates of incisional hernias.

The burden of obesity is not only related to 
hernia formation. It is notable that obesity also 
makes hernia repair more difficult. Ventral hernia 
repair in the obese population has been marked 
by high recurrence rates, reported to be as high as 
40% [10–15]. Great advances have been accom-
plished with large application of mesh, tension- 
free fascial closures and implementation of 
minimally invasive techniques. However, recur-
rence rates in this population remain high, imply-
ing that factors other than suboptimal tissue 
approximation and healing capacity might con-
tribute to hernia formation and recurrence in this 
subset [6].

For example, increases in BMI are associated 
with concurrent increases in intra-abdominal 
pressure (IAP) [16, 17], creating an environment 
of chronic intra-abdominal hypertension. This 
may explain the contribution of obesity to hernia 
formation and recurrence, as this environment 
contributes to other pressure-related comorbidi-
ties, including hypertension, stress incontinence, 
venous insufficiency, gastroesophageal reflux dis-
ease (GERD), and obstructive sleep apnea [6, 17].

Further complicating factor is that obesity is 
also correlated with the development of medical 
and wound complications following hernia 
repair. Several studies associate obesity with 
increased rates of adverse events after hernia 
repair, including wound complications, infec-
tion, readmissions, and prolonged length of stay 
[18–23]. Surgical complications directly corre-
lated to obesity include nosocomial infections, 
surgical site infections and abscess formation, 
pulmonary and thromboembolic events, and 
higher readmission rates. The aforementioned 
factors that contribute to hernia formation and 
hernia recurrence highlight the need for 
 preoperative optimization in order to improve 
outcomes.

 Special Consideration 
in Approaching Hernias 
in the Morbidly Obese Population

 Preoperative Weight Loss/
Preoperative Optimization

Recent guidelines associate obesity with poor 
outcomes after elective ventral hernia repair and 
recommend that no elective ventral hernia repair 
should be undertaken without preoperative 
weight loss in morbidly obese patients. While 
dealing with a large ventral hernia in a morbidly 
obese patient, it is imperative to recognize that 
the postoperative outcomes will be closely 
affected by the quality of a well-guided preopera-
tive optimization program. Operating on this spe-
cific population without preoperatively taking 
care of modifiable risk factors for complications 
will most certainly result in higher morbidity, 
recurrence rates, and cost of care. Therefore, 
patient counseling, patient selection, and a ratio-
nal and evidence-based use of the hernia surgery 
armamentarium are critical in order to provide 
safe and durable repairs. Importantly, a multidis-
ciplinary approach with medical weight loss spe-
cialists, bariatric surgeons, and a comprehensive 
team of caregivers is needed to provide adequate 
care for these patients.

Morbidly obese patients with large and recur-
rent abdominal defects are frequently referred to 
bariatric and hernia surgeons in a search for a 
miraculous resolution of their problems. 
Surgically treating morbid obesity and concur-
rently providing a functional and durable hernia 
repair is desirable; however, not always realistic 
or wise in practice. Preoperative weight loss is 
the cornerstone of adequate and successful surgi-
cal planning. Defining the patients that are suit-
able candidates for bariatric surgery and those 
who aren’t is the first step in deciding the weight 
loss approach to employ for an individual patient. 
As important as the weight loss approach are pro-
viding education and motivating the patient to 
take part in the process, allowing them to con-
sider themselves part of the solution rather 
than  part of the problem. A well-educated and 
 motivated patient is more likely to achieve 
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 preoperative  weight loss and comorbidity con-
trol, improving their chances of a successful out-
come after hernia surgery. We follow a specific 
preoperative optimization algorithm when deal-
ing with comorbid patients which include preop-
erative weight loss (surgical or not), smoke 
cessation, and comorbidities control, such as glu-
cose control in diabetic patients. Only when all 
preoperative goals are achieved, patients will be 
offered hernia repair. Table 30.1 summarizes the 
components of a suggested preoperative optimi-
zation protocol for obese patients undergoing 
ventral hernia repair.

No standardized or evidence-based approach 
to perioperative weight loss for hernia patients 
currently exists. Despite the potential benefits of 
preoperative weight loss in hernia patients, there 
remains a paucity of literature about medically 
supervised weight loss programs achieving better 
outcomes after ventral hernia repair. Several 
small studies report suboptimal results with med-
ical weight loss and have cast doubt on the feasi-
bility of preoperative, nonsurgical weight loss in 
morbidly obese patients [2].

It is undeniable that bariatric procedures offer 
rapid and long-term weight loss [24] and could 
be the salvation to obese patients with ventral 
hernias. Nevertheless, several factors might make 
bariatric surgery unviable in this population. Loss 
of domain, fistulas, and current infection from 

previous meshes usually make bariatric surgery 
not feasible. Lastly, a proportion of obese patients 
with hernias simply does not desire bariatric sur-
gery. Such factors leave a significant amount of 
morbidly obese patients with large and/or com-
plex abdominal wall defects that require preop-
erative optimization with a nonsurgical weight 
loss approach.

 Nonsurgical Weight Loss
Our group, in collaboration with medical weight 
loss specialists, has taken an aggressive approach 
with regard to preoperative weight loss [2]. A col-
laborative effort among surgical and medical 
weight loss specialists that delivers a clear and 
unified message to all patients is the main objec-
tive. Patients are educated about how important it 
is that they take an active role in their care if they 
want to have a good outcome after their hernia 
repair. A clear understanding of how obesity 
results in recurrent hernias and increased infec-
tious and wound complication rates with unac-
ceptable perioperative morbidity is presented to 
the patient. The crucial and imperative weight 
loss in the preoperative optimization period is 
largely discussed with the patient to demonstrate 
that a positive outcome is a result of not only 
medical or health professionals but, importantly, 
patient efforts. Surgical repair is not offered to 
patients until they achieve the desired weight 
loss. Our group advocates that patients achieve a 
BMI of less than 40 prior to undertaking a com-
plex hernia repair.

Dietary Approach
Our medical weight loss specialists employ a 
protein-sparing modified fast (PSMF) diet in 
order to achieve a reasonable weight loss in a fast 
and safe manner. This dietary approach consists 
of a protein ingestion of 1.2–1.4/kg/day, calcu-
lated according to the patient’s ideal body weight 
(BMI 25). A maximum daily carbohydrate inges-
tion of 40 g is permitted and the maximum caloric 
intake is 800 kcal/daily. All patients receive mul-
tivitamin and mineral supplementation during the 
weight loss treatment. Patients are encouraged to 
follow this program until they reach an ideal 
body weight with a BMI ranging from 25 to 27 or 

Table 30.1 Suggested preoperative optimization proto-
col for obese patients undergoing ventral hernia repair

Preoperative 
weight loss

Medically supervised weight 
loss with PSMF diet or surgical 
weight loss
Target BMI<30 kg/m2

In some instances a BMI<40 kg/
m2 might be acceptable

Smoke cessation Minimum 6 weeks before the 
operation
Cotinine urine testing is 
encouraged prior VHR

Glucose control Referral for endocrinology for 
diabetes control
Target: HbA1C <6.5%

Surgery should be postponed when:
HBA1C>8,0%
BMI>40 kg/m2

Active smoking
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they plateau. Often, when patients are operated 
prior to achieving their ideal body weight, they 
are reintroduced to the PSMF during the postop-
erative period and continue until they achieve the 
desired goal.

After this initial weight loss period, and par-
ticularly after the surgery, maintaining the weight 
loss can be a challenge; however, this is essential 
to maintaining good long-term outcomes. 
Patients are encouraged to maintain a healthy, 
balanced, and individualized long-term mainte-
nance diet for at least 5 years. Physical activity is 
encouraged according to the individuals’ physi-
cal capacity, with a goal of at least 30 min a day, 
four times a week. Psychological counseling is 
provided according to the patient’s needs and 
inclination.

The time it takes patients to achieve the neces-
sary preoperative weight loss varies, ranging 
from 6 to 36  months. Using this approach, an 
expected body weight reduction of 18–20% can 
be achieved, and according to our experience, 
approximately 80% of the patients will lose and 
maintain the weight loss during long-term 
follow-up.

Like any other nonsurgical weight loss 
method, this approach is only feasible and suc-
cessful for a motivated patient, who is willing to 
take part in their treatment.

 Surgical Weight Loss
Bariatric procedures should be offered to the 
patients that desire surgery and are determined 
appropriate candidates after meticulous clinical, 
nutritional, and psychological evaluation. 
Included in this is documentation of a failed 
nonsurgical weight loss programs despite evi-
dence of adequate involvement. We typically 
offer upfront bariatric consultation for super 
morbidly obese (BMI>50) and super-super mor-
bidly obese (BMI>60) patients, in which non-
surgical weight loss would demand an excessive 
amount of time and would delay hernia repair. 
The initial weight loss is imperative to achieve 
adequate comorbidities control thus reducing 
intraoperative and postoperative complications. 
Bringing a super morbidly obese patient or a 
super-super morbidly obese patient to a BMI 

around 40 also enhances patient’s capacity for 
physical activity, positively contributing to sub-
sequent weight loss and comorbidities control, 
further improving outcomes and reducing surgi-
cal risk.

The specific bariatric procedure should be 
decided among a multidisciplinary evaluation 
and at the discretion of the bariatric and hernia 
surgeons. A laparoscopic sleeve gastrectomy is a 
good option for patients with large and complex 
ventral hernia patients, as it offers good weight 
loss results and avoids intestinal mobilization. 
Also, it can subsequently be converted to a Roux- 
en- Y gastric bypass at a future time if necessary. 
Additionally, leaving the hernia undisturbed dur-
ing the bariatric procedure may decrease compli-
cations and reduce the chance of incarceration 
after surgery. Another option is going straight to 
the gastric bypass. However, this can be chal-
lenging as there is typically a large portion of 
small bowel involved in the hernia. For smaller 
and less complex hernias without intestinal 
involvement in the hernia sac, the laparoscopic 
gastric bypass is a safe option. Lastly, the intra-
gastric balloon has arisen as an option for preop-
erative weight loss, but there is little data to 
support its efficacy in patients with ventral 
hernias.

 Optimal Time to Intervene

After weight loss surgery, we recommend wait-
ing a minimum of 6  months and assessing for 
weight stabilization prior to attempting a hernia 
repair in minimally symptomatic hernias. When 
symptoms cause quality of life impairment and/
or predispose to incarceration, the abdominal 
wall operation should be scheduled as is clini-
cally indicated.

 Management of Ventral Hernias 
Found Intraoperatively During 
Bariatric Procedures

Hernias found intraoperatively are seldom 
encountered, and different strategies to address 
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these defects have been proposed [4, 25, 26]. 
Surgeons should keep in mind that during the 
bariatric procedure, the ultimate goal is to per-
form the bariatric surgery safely, and the hernia 
repair should be only made in order to avoid 
postoperative complications and not in an 
attempt to provide a definitive repair. Leaving 
smaller hernias untouched raises concerns 
related to the risk of bowel incarceration and 
obstruction in the rapid weight loss period fol-
lowing the surgery. This risk has been reported 
as high as 37% in some series [25]. Repairing 
large and complex hernias concurrently, as 
already stated before, carries significant recur-
rence and complication rates and should not be 
undertaken at the same time as the bariatric oper-
ation. Nevertheless, even for smaller hernias that 
were repaired at the time of the bariatric proce-
dure, recurrence rates of up to 100% [10] have 
been documented.

In smaller hernias with only omentum in the 
hernia sac, the repair can be delayed, as the incar-
cerated omentum prevents intestinal incarcera-
tion during the weight loss period. When an 
empty hernia sac is found or when small bowel is 
the hernia sac content, considering the risk of 
bowel obstruction and incarceration, the best 
option is to reduce its contents and close the 
defect primarily with transfascial sutures. It’s 
easy and feasible and limits any additional opera-
tive time. Although recurrence rates are expected 
to be high, the risk to benefit ratio tends to be for 
this approach. Another option for smaller hernias 
is bridging the defect with bioresorbable or bio-
logic mesh. The utility of this repair is limited, as 
biologic scaffolds are costly and recurrences for 
bridging repairs are high, making this a low- 
value approach. Nonetheless, it can be used in 
difficult situations to limit the risk of hernia- 
related postoperative complications. Definitive 
repair can then be undertaken later when there is 
no gastrointestinal violation with a concomitant 
procedure.

In larger and complex hernias, the staged her-
nia repair is the preferred approach. The risk of 
incarceration is small and repairing large hernias 
concurrently has not proven beneficial. When 
possible, the contents of large hernias should be 

left intact during the bariatric procedure, which 
will decrease the risk of complications in the 
postoperative period. When reduction of the her-
nia and adhesiolysis are essential so that a gas-
tric bypass can be performed, we recommend 
bridging the defect with bioresorbable or bio-
logic mesh, reducing the risk of incarceration 
and making definitive hernia repair in the future 
easier.

 Surgical Management of Ventral 
Hernias in Obese Patients: Tips 
and Tricks

 Tips for Abdomen Closure in Obese 
Patients with Large Defects

Despite the fact that many systematic reviews 
have been published in recent years comparing 
types of sutures and different techniques for 
abdominal closure [27–29], there remains a lack 
of strong data to recommend a universal tech-
nique for abdominal wall closure. Mainly, the 
group’s heterogeneity and the lack of adequate 
comparison between elective and emergency lap-
arotomies in the studies limit the ability to make 
definitive recommendations [29]. As it’s a faster 
method for closing the abdomen, current recom-
mendation is to utilize a running suture for clo-
sure. Peritoneal closures have not proven 
beneficial in short or long-term data and may 
increase surgery duration. Thus, peritoneal clo-
sure can be avoided [28].

Following current recommendations [29], we 
suggest performing a running suture for fascial 
closure. For running closures, the small bites 
technique (stitches with a 5 mm separation and 
5–8  mm fascial bites) has shown a significant 
reduction in surgical site infections and incisional 
hernia formation [30, 31]. With respect to suture 
materials, slowly absorbable sutures are recom-
mended, leading to decreased hernia formation 
when compared to rapidly absorbable sutures 
[31]. There has also been some implication that 
slowly absorbable sutures lead to less chronic 
wound pain and sinus formation when compared 
to nonabsorbable sutures [27].
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 Optimal Operation in the Morbidly 
Obese Patient with Large Ventral 
Hernias

More often than not, morbidly obese patients 
have large abdominal wall defects. Weight gain, 
multiples attempts of hernia repair, and subse-
quent recurrences contribute to increased hernia 
size and complexity. The surgeon’s main objec-
tive when managing large abdominal wall defects 
is to employ a technique that will provide a 
tension- free medialization of the rectus muscles 
with reconstitution of the linea alba, resulting in 
a functional repair. Multiple factors have to be 
taken into account during surgical decision- 
making, but in general, for defects larger than 
8  cm, an open approach is required for formal 
reconstruction.

For years, open hernia repair consisted of pri-
mary repair, with or without onlay mesh rein-
forcement, leading to high recurrence rates due to 
tension applied to tissue structures in the postop-
erative period. The increased rate of wound com-
plications in the obese population makes onlay 
mesh less desirable in morbidly obese patients. 
Significant reduction in surgical site complica-
tions and hernia recurrence were seen with the 
retro-rectus dissection and sublay mesh place-
ment, the Rives-Stoppa repair. Nevertheless, it is 
still difficult to achieve a tension-free fascial clo-
sure on larger defects with this approach. The 
advent of components separation technique intro-
duced by Ramirez in 1990 [32] created the oppor-
tunity to achieve fascial closure in larger defects. 
Nevertheless, this approach as originally 
described was associated with high wound mor-
bidity rates related to extensive raising of skin 
flaps. As previously stated, the creation of large 
skin flaps with wide subcutaneous tissue dissec-
tion leads to soft tissue devascularization by 
injuring perforators that arise from the rectus 
muscle and result in increased rates of wound 
complications.

The ideal technique should be one that pro-
vides tension-free fascial closure with wide 
overlap mesh reinforcement while avoiding sub-
cutaneous flaps. One technique that meets these 
criteria is the posterior component separation 

with transversus abdominis release. This 
approach allows for wide mesh overlap in sublay 
position, while avoiding the need for large skin 
flaps but also resulting in equivalent myofascial 
advancement when compared to the anterior 
components separation. The retromuscular sub-
lay position, unlike onlay or intraperitoneal 
mesh placements, also has the advantage of 
maintaining the mesh in a well-vascularized 
position which benefits tissue integration. 
Adhesions to the mesh, fistula formation, and 
fixation-related complications are also avoided 
by not placing the mesh intraperitoneally.

 Open Retromuscular Ventral Hernia 
Repair with Posterior Component 
Separation and Transversus Abdominis 
Release

Surgical Planning Considerations
Preoperative imaging is routinely obtained with a 
non-contrast CT scan to provide adequate surgi-
cal planning, assessing the integrity of the 
abdominal wall musculature, measuring the 
defect dimensions, and detecting previous 
meshes or occult infections. With respect to mesh 
choice, a permanent synthetic mesh can safely be 
utilized in clean cases. A medium- or heavy- 
weight polypropylene mesh can be used for most 
repairs. However, the authors tend to utilize an 
uncoated, medium-weight, macroporous poly-
propylene mesh due to its improved capacity of 
bacterial clearance in case of infection. In a con-
taminated surgical field, bioresorbable or bio-
logic meshes can be used but are related to 
increased cost and higher rates of eventration.

Operative Steps [33]

 1. Patient Preparation and Positioning
The patient should be maintained in dorsal 

decubitus position, under general anesthesia. 
Prophylactic antibiotics are administered 
according to institutional protocols. Special 
attention should be given to prophylaxis of 
venous thromboembolic events, as patients 
with large ventral hernias are at high risk for 
such complications.
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 2. Incision, Adhesiolysis, and Prior Mesh 
Removal

A generous midline laparotomy should be 
performed with excision of the previous scar. 
The electrocautery for subcutaneous dissec-
tion should be minimized, in order to decrease 
seroma formation due to lipolysis. Manual 
traction is the best way to fracture a thick sub-
cutaneous tissue. The abdominal cavity is 
entered sharply, taking caution that underly-
ing abdominal wall adhesions may be present. 
A complete adhesiolysis is performed, taking 
down all adhesions between the visceral con-
tents and the abdominal wall. Sharp dissection 
should be used exclusively, avoiding the use 
of cautery in order to prevent bowel thermal 
injuries. For recurrent hernia repairs, the pres-
ence of prior mesh may impact healing and 
tissue integration of the new mesh. As such, 
we suggest complete mesh removal at this 
time. After all adhesiolysis is completed, 
attention is then turned to the abdominal wall.

 3. Retro-rectus Dissection
Figures 30.1 and 30.2 illustrate operative 

steps of posterior rectus sheath incision and 
retromuscular dissection. The retro-rectus 
space is accessed by incising the posterior rec-
tus sheath just lateral to the linea alba. The 
incision is performed 0.5–1.0 cm below linea 
alba and should be extended the full extent of 
the abdominal wall. The posterior rectus 
sheath should be grasped with Kocher clamps 
and retracted medially. The linea alba can be 
grasped with Kocher clamps by the assistant 
and retracted straight up. Using electrocau-
tery, the retromuscular space is dissected 
 laterally until the linea semilunaris is identi-
fied; blunt finger or gauze dissection often 
leads to bleeding and should be avoided. The 
neurovascular bundles that penetrate the 
 rectus muscle should be carefully pre-
served.  Transecting neurovascular bundles 
leads to rectus muscle denervation, causing 
weakness, laxity, and impaired abdominal 

Incision of posterior
rectus sheath

Fig. 30.1 Posterior 
rectus sheath incision. 
(Reprinted from [33], 
Chapter 5, Page 87, 
Copyright (2017), with 
permission from 
Elsevier)
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wall  functionality. Additionally, the deep epi-
gastric vessels which will be running anteri-
orly on the posterolateral surface of rectus 
muscles should be identified and preserved. 
Upon completing the retromuscular dissec-
tion, assessment of tension when bringing the 
fascia to midline is performed in order to 
determine if a posterior component separation 
with transversus abdominis release will be 
needed to achieve tension-free fascial closure.

 4. The Posterior Component Separation
Figures 30.3 and 30.4 illustrate operative 

steps of posterior component separation. The 
posterior rectus sheath should be incised just 
medial to the entry of the neurovascular bun-
dles. The incision can begin in the most cra-
nial or caudal position depending on the 
exposure. The initial layer released is the pos-
terior lamella of the internal oblique. Release 
of the posterior lamella of the internal oblique 
exposes the transversus abdominis muscle. 
With the aid of a right-angle clamp, tranversus 
abdominis fibers are dissected from the under-
lying peritoneum and transected with cautery. 
The correct plane consists of fatty areolar 

 tissue and peritoneum. By transecting tranver-
sus abdominis fibers, lateral forces are 
released allowing medial advancement of the 
posterior structures. A preperitoneal plane in 
the lateral abdominal wall is entered and 
developed using blunt dissection. This dissec-
tion is extended to the retroperitoneum in 
order to gain adequate space for wide mesh 
overlap. The medial border of the Psoas mus-
cle marks the end of your lateral dissection. 
Dissection is carried out in the same manner 
on the contralateral side.

 5. Pelvic Dissection
Preperitoneal dissection is extended to the 

pelvis entering the space of Retzius. Dissection 
should be performed using the epigastric ves-
sels as guides to prevent disorientation and vas-
cular injuries. Anatomic landmarks are pubic 
bone and Cooper’s ligaments medially and 
both iliac crests laterally. Medially, Cooper’s 
ligaments are exposed, and the bladder is swept 
down. The lateral aspect of the pelvis is 
exposed, and cord structures skeletonized. In 
females, the round ligaments are divided to 
facilitate advancement of the peritoneum.

Linea semilunaris
(anterior and posterior
rectus sheath junction)

Anterior rectus sheath

Cephalad

Posterior leaflet sheath of internal oblique
overlying transversus abdominis muscle

Intercoastal nerve

Peritoneum

Transversalis fascia

Posterior leaflet of internal oblique

Caudal

Dissection of 
retromuscular space

Inferior epigastric vessels

Fig. 30.2 Retromuscular dissection. (Reprinted from [33], Chapter 5, Page 89, Copyright (2017), with permission 
from Elsevier)
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 6. Subxyphoid Dissection
For hernias located in the mid-abdomen, 

cranial dissection 5–7 cm above the defect is 
typically adequate for repair. If the defect 

extends to the subcostal region or the xyphoid 
process, subxiphoid dissection is imperative 
to achieve adequate mesh overlap. Each leaf-
let of the posterior sheath is incised to its 
insertion on the xyphoid process. The perito-
neum can be cleared off the diaphragms and 
taken all the way down to the central tendon of 
the diaphragm. This creates a large pocket to 
accommodate mesh, ensuring that mesh over-
lap is extended above the costal margins. 
Figure  30.5 illustrates final aspect of pelvic 
and subxiphoid dissections, respectively.

 7. Posterior Rectus Sheath Closure: Recreation 
of the Visceral Sac

Figure 30.6 illustrates posterior rectus 
sheath closure and mesh placement and fixa-
tion. After bilateral releases are complete, 
eventual peritoneal defects should be closed 
with absorbable sutures. The posterior rectus 
sheath is then reapproximated in the midline 
with running absorbable suture. This layer 
does not provide structural support to the 
abdominal wall, and its intent is to exclude the 
mesh from the visceral sac and prevent bowel 
herniation below the mesh. Uncoated perma-
nent synthetic mesh should not be placed if 
the entire posterior rectus sheath and perito-
neum are not intact. In those cases, a rapidly 
absorbable mesh or omental patch can be used 
to reconstruct the posterior sheath and exclude 
the mesh from the viscera prior to mesh 
placement.

 8. Mesh Placement and Fixation
An appropriately sized mesh is brought to 

the operative field and placed in a diamond 
configuration. In the pelvis, the mesh is fix-
ated to both Cooper’s ligaments with inter-
rupted slowly absorbable sutures. Superiorly, 
the mesh is placed beyond the costal margin. 
This overlap can be extended beyond the 
xiphoid process and down to the central ten-
don of the diaphragm when necessary. 
Interrupted absorbable sutures are used for 
fixation at the xiphoid.

Circumferentially, full-thickness transfas-
cial sutures using #1 slowly absorbable 
 material are used to fixate the mesh with the 
aid of a Carter-Thomason (CooperSurgical, 
Trumbull, CT) suture passer. For such, a small 

Fig. 30.3 Identification and transection of transver-
sus  abdominis muscle fibers. (Reprinted from [33], 
Chapter 5, Page 87, Copyright (2017), with permission 
from Elsevier)

Fig. 30.4 Completed posterior component separation 
with transversus abdominis release (TAR). (Reprinted 
from [33], Chapter 5, Page 99, Copyright (2017), with 
permission from Elsevier)

30 Large Ventral Hernias



314

stab incision is made in the skin with a #11 
blade; the suture passer is introduced through 
the skin incision and abdominal musculature 
to retrieve a suture which has already been 
placed through the mesh. The suture passer is 
introduced again through the same incision 
and catches the opposite end of the suture. 
Three sutures are typically placed on each 
side of the abdomen. Once all transfascial 
sutures are placed, they are then tied.

 9. Linea Alba Closure/Drainage/Skin Closure
Two large closed suction drains are placed 

in the retromuscular space (above the mesh) 
and exteriorized through the lateral abdomi-
nal wall on separate skin incisions. The ante-
rior rectus sheath is reapproximated in the 
midline with a running or figure-of-eight 
suture of #1 slowly absorbable suture. The 
subcutaneous tissue and skin are closed in 
layers.

Fig. 30.5 Final aspect of pelvic and subxyphoid dissections. (Reprinted from [33], Chapter 5, Pages 91 and 93, 
Copyright (2017), with permission from Elsevier)

Bilateral
transversus
abdominis

release (TAR)
Psoas muscle

Reflected rectus
abdominis muscle

Peritoneum/
Transversalis fascia

Transversus
abdominis

Buried
sutures

Fig. 30.6 Posterior rectus sheath closure and mesh fixation. (Reprinted from [33], Chapter 5, Pages 101 and 103, 
Copyright (2017), with permission from Elsevier)

L. G. Tastaldi et al.



315

 Laparoscopic Ventral Hernia Repair

 Role of Laparoscopy

The laparoscopic approach to ventral hernia sur-
gery has been widely adopted. Its safety and feasi-
bility and a significant reduction in wound 
morbidity have been proven in multiple studies. 
Additionally, less postoperative pain, shorter length 
of stay, and faster return to normal activities are just 
a few examples of the numerous advantages pro-
vided by the laparoscopic approach [34–38].

The main benefits of laparoscopy are directly 
related to less tissue trauma and a blunted inflam-
matory response which may reduce general com-
plications seen in obese patients during long 
hospital stays. Laparoscopy also reduces wound 
morbidity by avoiding the large, deep surgical 
wounds seen with open surgery. All these ele-
ments make a laparoscopic hernia repair a formi-
dable approach to the obese hernia patient. 
However, not all hernias are amenable to laparo-
scopic repair. Patients with multiple prior abdom-
inal surgeries, previous intra-abdominal meshes, 
adhesions, and large defect sizes increase the 
complexity and can make the laparoscopic repair 
difficult and sometimes impossible.

Initially, laparoscopic hernia repairs consisted 
of bridging the defect with intraperitoneal mesh 
placement. Intraperitoneal mesh placement with 
anti-adhesive barriers, which avoid intestinal adhe-
sions to the prosthetic material, is fast and easy and 
provides reasonable long-term recurrence- free 
results. When amenable, defect closure can be 
achieved with transfascial sutures. For larger 
defects, frequently seen in obese and morbidly 
obese patients, tension-free defect closure cannot 
be achieved without employing myofascial release 
techniques. In these cases, the open approach is 
preferable. There is no well- defined cutoff for 
defect size for laparoscopy. In general, we reserve 
laparoscopy for defects with less than 8 cm.

 Laparoscopic Ventral Hernia Repair

In this section, we will describe step-by-step the 
standard laparoscopic ventral hernia repair with 

intraperitoneal mesh placement [38]. Preoperative 
optimization, as mentioned before, remains as 
important and shouldn’t be deferred.

 Surgical Planning Considerations
The surgeon has to keep in mind some contrain-
dications for laparoscopy when making the deci-
sion to perform laparoscopic ventral hernia 
repair. Contraindications include loss of domain, 
skin alterations (ulcerations, skin grafts), active 
infection, hypercoagulability, and patient expec-
tations (i.e., scar revision). Surgeons should rea-
sonably consider their laparoscopic skills prior to 
undertaking laparoscopic ventral hernia repairs, 
since adhesiolysis will demand ability and 
patience, and outcomes will dramatically change 
if not correctly performed. Abdominal imaging 
should be obtained preoperatively, especially in 
the morbidly obese, helping to define defect size, 
hernia sac contents, previous intra-abdominal 
meshes, and loss of domain.

Operative Steps

 1. Patient Preparation and Positioning
Prophylactic antibiotics and thrombopro-

phylaxis should be administered according to 
institutional protocols. Patients are placed 
supine with arms tucked to maximize intra- 
abdominal accessibility. In the morbidly 
obese, arm sleds are often required due to 
patient and surgical bed dimensions. For off-
midline defects, a bump should be placed 
under the hip on the same side as the hernia. 
Bladder and gastric decompression should be 
obtained after induction of anesthesia.

 2. First Port Placement and Pneumoperitoneum
Figure 30.7 illustrates suggested port 

placement. Initial port placement should take 
into  consideration previous surgeries and her-
nia location. Palmer’s point (below left costal 
margin) is a safe area to gain abdominal 
access. We suggest using the cutdown tech-
nique, since adhesions from previous surger-
ies may lead to unrecognized bowel injuries 
during abdominal punction and first trocar 
placement. Once the abdominal cavity is 
accessed, two additional 5 mm trocars can be 
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placed laterally on the same side of the first 
trocar, under direct vision. Auxiliary 5  mm 
trocars can be positioned on the contralateral 
side and help visualization and traction during 
adhesiolysis.

 3. Laparoscopic Adhesiolysis
After all trocars are placed, all adhesions 

between visceral contents and the abdominal 
wall should be undertaken using exclusively 
cold, sharp dissection. It is critical to avoid 
using energy devices at this point, which could 
lead to thermal injuries. The primary tool dur-
ing adhesiolysis will be endoscopic scissors, 
sharply dissecting and cutting adhesions while 
they are under traction with bowel graspers.

 4. Sizing the Defect
After all adhesions are taken down, mea-

suring the defect is a critical step and shouldn’t 
be neglected. We suggest measuring the defect 
inside the abdominal cavity and with the 
abdomen insufflated with the help of paper or 
plastic ruler. Spinal needles can be inserted 
into the defect edges to assist in measurement, 
but aren’t mandatory. Hernia width and length 

should be measured in order to plan adequate 
mesh overlap. A minimum overlap of 4 cm is 
adequate for most hernias.

 5. Defect Closure
Transfascial sutures using permanent 

monofilament sutures are a fast way to 
achieve defect closure before mesh place-
ment. Defect closure during laparoscopic 
ventral hernia repair has become routine 
since it’s been associated with fewer seroma 
formation. This measure still lacks high-
quality data to become a formal recommen-
dation, but its benefits have already been 
addressed in case series and suggested by 
experienced laparoscopic hernia surgeons. 
Utilizing a Carter-Thomason suture passer, 
the defect can be closed with simple or fig-
ure-of-eight sutures. Starting at one of the 
defect’s edges, a stab incision is made in the 
skin at the center of the defect. Under direct 
visualization, the suture passer device passes 
the permanent suture through the abdomen in 
one edge of the defect. Using the same stab 
incision, the device is passed on the contra-
lateral edge of the defect and grasps the 
suture, pulling it out through the incision 
(Fig. 30.8).

This process is repeated every 2–3 cm until 
the full length of the defect is approximated. 
After all sutures are passed, they can be tied 
down sequentially, with the abdomen deflated. 
After tying and cutting the sutures, a Kelly 
clamp is placed into the skin incision to allow 
the knot to fall below the skin. For smaller 
defects, surgeons skilled in laparoscopic 
suturing can close the defect intraperitoneally 
with the aid of barbed sutures in a running 
fashion.

 6. Mesh Placement and Fixation
Figure 30.9 illustrates mesh placement 

and fixation. The edges of the closed defect 
are marked on the skin with a surgical pen. 
Placing the mesh on the abdomen will help 
plan the adequate mesh overlap. Remember 
that meshes for laparoscopic ventral hernia 
repair must be coated with an antiadhe-
sive  barrier, preventing prosthetic material 

Tip of 11th
rib

10/12 mm

5 mm
5 mm

5 mm
(optional)

Location of trocars

5 mm

ASIS

Fig. 30.7 Port placement. (Reprinted from: Atlas of 
Abdominal Wall Reconstruction, 2nd Edition, Michael 
J.  Rosen, Laparoscopic Repair of Ventral Hernias: 
Standard, Chapter 2, Page 27, Copyright (2017), with per-
mission from Elsevier)
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 adhesions to intraperitoneal contents. After 
the size of the mesh is defined, sutures can be 
placed on its edges to allow pulling the mesh 
through the abdominal wall. We suggest 
using four nonabsorbable monofilament 
sutures, each placed on cardinal points. The 
tails of mesh sutures are tucked in, and the 

mesh is rolled and inserted through a 
10–12 mm port. After mesh introduction, the 
mesh is unrolled and placed in the proper ori-
entation. The sutures on cardinal edges of the 
mesh will help to achieve the correct orienta-
tion. The first suture to be pulled out is at the 
cranial edge of the mesh. A small stab inci-
sion is made in the appropriate location, and 
the suture is pulled out using the suture passer 
device. The same process is done with all car-
dinal sutures, leaving sutures untied and taut 
to the skin with hemostatic clamps. After all 
cardinal sutures are pulled out of the abdo-
men, they can be tied.

Tacks are then placed every 1 cm along the 
edge of the mesh circumferentially. A double- 
crown technique with an inner circle of tacks 
is placed in the periphery of the mesh. The 
inner row of tacks can be spaced out every 
2–4  cm. If needed, additional transfascial 
sutures can be placed at this moment.

A careful review of the entire abdominal 
cavity is performed prior to removing the 
ports under direct visualization. If a 10  mm 
port was required, the fascia at the port site 
should be closed prior to terminating the 
operation.

Fig. 30.8 Defect closure with transfascial sutures. 
(Reprinted from: Atlas of Abdominal Wall Reconstruction, 
2nd Edition, Michael J.  Rosen, Laparoscopic Repair of 
Ventral Hernias: Standard, Chapter 2, Page 32, Copyright 
(2017), with permission from Elsevier)

Pulling tagged sutures to bring
mesh against abdominal wall

Circumferential fixation of mesh edges

1

2
4

3

Fig. 30.9 Mesh placement and fixation. (Reprinted from: 
Atlas of Abdominal Wall Reconstruction, 2nd Edition, 
Michael J. Rosen, Laparoscopic Repair of Ventral Hernias: 

Standard, Chapter 2, Page 41, Copyright (2017), with per-
mission from Elsevier)
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 Conclusion
Large ventral hernias in morbidly obese 
patients are a frequent and challenging clini-
cal scenario that surgeons will be facing 
with increasing frequency on clinical prac-
tice. We have included three suggested algo-
rithms according to our current practices to 

aid in surgeon decision-making (Figs. 30.10, 
30.11, and 30.12), when dealing with mor-
bidly obese patients with ventral hernias. 
Clinical judgment remains necessary to 
 tailor the options of the surgical armamen-
tarium according to patient’s needs and 
expectations.

Initial visit

Morbidly obese patient
with large ventral hernia

(>8 cm)

Severe symptoms 
Obstructive symptoms

Mild symptoms or 
Asymptomatic

Abbreviated preoperative
Optimization

Medically supervised weight loss
(PSMF diet)

*Consider upfront repair with
minimally invasive technique if

feasible

Non-candidate for
bariatric surgery

Candidate for bariatric
surgery

Staged repair

1. Preoperative
    optimization
2. Medically
    supervised
    weight loss (PSMF 
    diet)

Staged repair

1. Preoperative
    optimization
2. Referral for
    bariatric
    service

LAP. Sleeve
gastrectomy

or

LAP. Gastric
bypass

Fig. 30.10 Algorithm 1 – suggested management of morbidly obese patients with large ventral hernias
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Management of hernias during bariatric procedures

<8 cm

Incarcerated omentum Incarcerated bowel or
empty hernia sac

>8 cm/complex defects

Contents reduction

Primary closure
(Transfascial sutures)

or bridging with
bioresorabable or
biologic mesh

If hernia reccur, definitive repair
after weight is stabilized

Staged repair

Maintain
untouched
during
bariatric
procedure

Staged repair

Maintain
untouched
during
bariatric
procedure

Fig. 30.11 Algorithm 
2 – suggested 
management of hernias 
during bariatric 
procedures

Staged ventral hernia repair

Preoperative optimization
Surgical or medically supervised

weight loss

<8 cm
Non-complex defects

Laparoscopic ventral hernia
repair

Open retromuscular
ventral hernia repair

Rives stoppa repair
might be sufficent for
defects up to 10 cm

Posterior components
separation with
Transvers abdominis
release (TAR) for larger
defects

Defect closure wirh
transfascial sutures If feasible

Intraperitoneal placement of
coated permanent synthetic
mesh with anti-adhesive
barrier

>8 cm or complex
defects

Fig. 30.12 Algorithm 
3 – suggested operative 
strategy after 
preoperative 
optimization and weight 
loss
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Post-Bariatric Body Contouring

Ramsen Azizi

 Introduction

Along with the increase of obesity in the general 
population has come an increase in bariatric sur-
gery for its control. Patients who successfully 
undergo massive weight loss and attain their ideal 
weight are often left with a new body that brings 
its own challenges. These patients have developed 
a moderate to severe amount of skin excess and 
laxity and are enthusiastic to begin the reconstruc-
tive process. They should be congratulated on 
their weight loss and taking steps to ensure their 
own health as well as counseled pre- and postop-
eratively through the process. Although the rate of 
minor wound complications can be frequent, the 
vast majority of patients are very happy and satis-
fied with their newly contoured bodies.

 Abdominoplasty

 Introduction

One of the most commonly performed aesthetic 
procedures, and often the first procedure that 
massive weight loss patients undergo is abdomi-
noplasty. It can make the most dramatic differ-
ence in the patient’s body contour as well as 
helping to reshape an area that has been a lifetime 

concern. Patients who have been fortunate 
enough to lose a great amount of weight from 
bariatric surgery can have difficulty accepting 
their new body with the skin excess that has 
resulted [1]. Abdominoplasty can help to return 
the patient’s self-confidence and renew their 
resolve in their new healthy lifestyle.

Several different abdominoplasty type exci-
sions and resections have been developed since 
the procedure was first described in the late 1800s 
[2]. The classic and proven procedure as well as 
common modifications will be reviewed. 
Mastering the basic technique prior to adding 
modifications can help to decrease complications 
in the beginning learning curve.

 History and Physical Exam

As with any procedure, a thorough history is 
essential. The goal is to identify patient’s areas of 
concern and to rule out any habits which may 
lead to wound complications, nonadherence to 
recovery instructions, and suboptimal results. 
Interview should begin with noting patient’s 
BMI, weight loss history and fluctuations, possi-
bility of further weight loss, smoking history, and 
plans for further pregnancy. Ideal patients are 
those with excess of abdominal skin and with 
BMI scores of 30 or less. Slightly higher BMI 
patients can be selected if it is felt that the major-
ity of their weight does not affect the abdominal 
region. However, careful attention must be paid to 
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decreasing wound tension and limiting perforator 
dissection in order to decrease complications. 
Patients who are current or casual smokers are 
contraindicated to undergo abdominoplasty and 
procedure should be postponed until they are able 
to stop smoking. Studies have shown that patients 
should stop smoking at least 4 weeks prior to sur-
gery [3]. If there is skepticism of the patient’s 
nonadherence to smoking cessation protocol, it is 
prudent to have a urine nicotine test done on the 
day of surgery or to delay indefinitely.

Patients that are actively losing weight stand 
to have better postoperative results if surgery is 
performed after weight has been stable for 
3–6 months. Excellent surgical results can often 
turn into average results if the patient loses or 
gains significant weight after the procedure. 
History and lab values should also investigate 
any nutritional deficiencies the patient may have. 
The vast majority of bariatric patients presenting 
for abdominoplasty have stable weight and are 
taking multivitamins. However, many over-the- 
counter multivitamins can contain ingredients 
that increase bleeding and therefore should be 
stopped along with aspirin, 2 weeks prior to sur-
gery [4]. For optimal results, patients who are 
still planning on becoming pregnant are coun-
seled to delay surgery until they have completed 
having children. However, pregnancies after 
abdominal contouring have still been shown to 
have enduring results [5].

Physical examination should carefully include 
the entire abdominal wall and flanks. Special 
concerns are paid to any previous surgical scars 
that may have affected blood supply to the 
abdominal wall. Lower abdominal appendec-
tomy, cesarean section, and hysterectomy scars 
generally do not affect abdominoplasty results 
and can be included in the excision pattern for an 
improved result. Laparoscopic access scars do 
not significantly affect blood flow. However, 
open cholecystectomy, transverse upper abdomi-
nal, or laparotomy scars can leave reverse abdom-
inoplasty as the patient’s only option. The 
majority of patients have lower abdominal striae 
indicating a degree of irreversible skin damage. It 
should be noted to patients that striae above the 
umbilicus will unlikely be removed.

Examination should note the extent of rectus 
diastasis and abdominal wall laxity. If there is 
concern of ventral hernia, it is prudent to have CT 
imaging to help with surgical planning. Small- or 
medium-sized umbilical hernias can easily be 
repaired during the procedure. A large amount of 
patients have increased fat and fullness in the 
upper midline abdomen. These areas of fullness 
should be noted to patients preoperatively as 
regions that will have limited improvement after 
the procedure. Patients with BMI levels higher 
than 30 should also be counseled of a signifi-
cantly increased thromboembolic risk. Caprini 
scores should be calculated in all patients in order 
to identify those that need preoperative prophy-
lactic heparin and early ambulation [6]. It is much 
easier to treat mildly increased bleeding than a 
DVT or pulmonary embolism in an elective 
procedure.

Special attention should also be paid to the 
distance between the umbilicus and the proposed 
lower abdominal scar. This is the area that the 
umbilicus excision site needs to traverse in order 
to not result in a vertical scar at the lower abdo-
men. Patients with a large excess of lower 
abdominal skin on “pinch” test can be identified 
as having a more straightforward excision with 
minimal undermining. In patients with less lower 
abdominal laxity and a large umbilical to scar 
distance, “floating” of the umbilicus should be 
considered. In this modification, the umbilicus is 
left connected to the surrounding skin and the 
lower stalk is transected. It is allowed to move 
downward a conservative distance and does not 
need to be inset back into the flap as with tradi-
tional abdominoplasty.

 Abdominoplasty Procedure

The procedure begins with preoperative mark-
ings while the patient is standing. It is helpful to 
have the patient wear their typical bathing suit or 
underwear in order to mark an inferior excision 
that is lower. The midline of the patient is first 
marked from the xyphoid down to the midline 
mons or penis. The midline, inferior scar is 
marked in a range of 6–8 cm above the vaginal 
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introitus. Placing it at the 6 cm mark can increase 
tension on the wound and also create a temporary 
change in the urethral angle. However, placing it 
at the 8  cm mark can cause a high-riding scar 
with which patients are not satisfied. For the 
beginning surgeon, placing the scar at unstretched 
skin 7 cm above the introitus allows an accept-
able compromise that can be changed with more 
experience.

The elliptical excision pattern markings are 
drawn out with a gradual line that moves laterally 
from this first midline mark. The classic teaching 
is to mark to the laterality level of the anterior 
superior iliac spine (although not as high). 
However, if the patient has significant flank full-
ness, they are often happy to have this removed in 
exchange for a longer scar. It is helpful to mark 
the superior aspect of the proposed elliptical 
excision pattern. It can help as a guide during sur-
gery if the upper abdominal flap is either more or 
less difficult to mobilize as expected. The upper 
markings are begun with placing a transverse line 
about 1  cm above the umbilicus and gradually 
curving the line down to both lower corner 
markings.

The procedure is performed with the patient 
supine, routine preoperative antibiotics, and 
sequential compression devices on the lower 
legs. The lower transverse incision is made and 
dissection is taken down to the level of the ante-
rior rectus fascia. Medium to large vessels such 
as the inferior superficial epigastrics can be 
ligated with hemoclips. Dissection is then taken 
superiorly toward the umbilicus. Dissection is 
relatively easily done in the loose areolar plane 
above the rectus, but some surgeons find that 
leaving a “carpet” of fat or areolar tissue on the 
fascia decreases postoperative serous drainage. 
Once the level of the umbilicus is attained, 
attention is turned to the overlying skin. The 
umbilicus is marked in a circle around its mar-
gins and the skin is incised. Metzenbaum scis-
sors can be used to dissect around the umbilicus 
down to the anterior rectus fascia. Careful atten-
tion must be paid to saving a rim of periumbili-
cal fat as this is where the vascular supply comes 
from. About 1 cm of periumbilical fat can be left 
in place to protect these perforators. Once the 

umbilicus has been dissected away from the 
abdominal wall skin and flap, it can be helpful 
to incise the inferior abdominal flap vertically, 
from the umbilical defect down to the lower 
abdominal transverse incision. This is done in 
full thickness through the flap and leaves two 
triangular portions of tissue that will eventually 
become the final excision.

Dissection is continued past the umbilicus, 
upward toward the costal margins. Medium to 
large perforators are often encountered and it is 
helpful to ligate these to limit postoperative 
hematoma. The traditional teaching is to under-
mine to the level of the xiphoid in the midline and 
the costal margins laterally. It should be noted 
that the more undermining this is done laterally, 
the more that vital perforators will be coagulated. 
A good technique for the new abdominoplasty 
surgeon is to create a narrow tunnel of dissection 
in the midline above the umbilicus. The margins 
of this tunnel can be the linea semilunaris. If 
there is increased tension of the closure or dim-
pling of the upper abdominal skin, more lateral 
resection can be done as needed.

Once the upper flap has been elevated, the 
markings for rectus plication can be made. The 
medial edge of the rectus muscle is identified 
either by visual inspection or using the electro-
cautery to cause muscle contraction. The medial 
edge is marked from the xiphoid down to the 
pubic tubercle. Both edges can be grasped with 
an Allis clamp and brought together to test the 
tension. The plication can be done with either 
permanent or long duration absorbable suture 
and with either interrupted or running fashion. 
The author uses a tensile strength 0 barbed 
6-month-long duration absorbable suture to run 
from the xiphoid down to the level of the inferior 
rectus attachment. Careful attention is paid to 
only pass the needle through the medial edge of 
the fascia and not the muscle itself. A long umbil-
ical stalk will often retract downward by plicat-
ing the rectus around it. However, it is important 
not to constrict the stalk and the aforementioned 
periumbilical perforators. After the initial run-
ning suture, the author reinforces the repair with 
several, interrupted permanent 0 sutures over the 
previous suture.
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After the rectus plication is done, the operat-
ing table is reflexed so the hips are bent at about 
a 20–30° angle. This allows the upper flap to 
come down to the lower incision and decreases 
tension on the closure. If undue tension is encoun-
tered at this stage, more lateral dissection up to 
the costal margins can be done. In the rare patient, 
it may be necessary to leave a small vertical ele-
ment of the scar in the midline to facilitate clo-
sure. As the superior flap is brought inferiorly, 
progressive tension sutures can be used to 
decrease the dead space and relieve tension off 
the closure. This has been shown to decrease 
seroma risk, as well [7]. For this technique, 
absorbable 2-0 Vicryl suture is used to suture the 
underside of the flap to the anterior rectus fascia. 
This is done symmetrically from a superior to 
inferior fashion.

Two 10 mm drains are typically placed in the 
dissection space. It is important to mark the loca-
tion on the umbilicus on the anterior abdominal 
wall for later inset prior to closing the incision. 
The Scarpa’s fascia layer is then approximated 
with interrupted sutures from the midline to 
approximately 15 cm laterally. The author pre-
fers to use 2-0 Vicryl suture for this portion. It is 
helpful to place a few of the sutures through the 
anterior rectus fascia to prevent upward scar 
migration due to tension. Finally, the skin is 
closed with multiple interrupted, buried dermal 
sutures and a running subcuticular with a 3-0 
Monocryl. The final part of the procedure is the 
umbilicus inset. Various incision types have been 
reported for inset (gentle “V” shape, vertical 
“cross” shape, inverted “V”). These eventually 
become a personal decision of the surgeon as to 
which aesthetic is desired. After the incision has 
been made in the aforementioned marked loca-
tion, dissection is done with electrocautery to 
ensure hemostasis of the tunnel. The umbilicus 
is delivered anteriorly and sutured into place 
with interrupted dermal and running subcuticu-
lar sutures.

Steristrips and gauze sterile dressings are 
placed over all incisions. It can be beneficial to 
place a small wad of Xeroform in the umbilicus 
to aid in keeping its shape until the first postop-
erative appointment.

 Recovery

The patient is allowed to shower after 48 h but no 
bathing or soaking for 2 weeks. Patients are kept 
in an abdominal binder for a minimum of 3 weeks 
after surgery. This is done to decrease edema 
through compression as well as to serve as a gen-
tle reminder to limit abdominal activity. The 
patients are instructed to sleep in a semi-fowler 
“beach chair” position to take tension off of the 
incision. Drains are removed when they capture 
less than 30 mL of fluid per 24 h period, which 
typically takes 1–2  weeks. A small portion of 
patients may feel more tired than normal for the 
1st month after surgery, but it is important to have 
a low threshold for dyspnea and pulmonary 
embolism workup. Small dehiscence of wounds 
is treated with daily bacitracin and gauze dress-
ing. The vast majority of dehiscence closes with-
out surgical intervention. The majority of edema 
in the anterior abdomen resolves in 3 weeks, but 
patients are instructed that it may last as long as 
2–3 months. They are allowed to begin light exer-
cise at 6  weeks and to gradually increase as 
tolerated.

 Breast Contouring

 Introduction

Breast lift surgery has grown 97% from 2000 to 
2016 according to American Society of Plastic 
Surgeons statistics [8]. Following massive weight 
loss (MWL), the breasts will often undergo dra-
matic changes. Women who have become used to 
larger breasts are now faced with both ptosis as 
well as volume loss. However, the changes seen 
with MWL are often more severe than with 
 natural aging.

Several characteristic changes are seen in the 
MWL breast. Most significant is upper pole 
deflation and volume loss. The skin has typi-
cally been stretched beyond its limits and pres-
ents with severe stretch damage. The nipples 
become more medialized and grade 3 ptosis is 
very common. Asymmetry in the MWL breast is 
often the rule rather than the exception. Lack of 
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definition in the lateral breast happens as it 
begins to blend with the lateral chest rolls from 
the back [9].

 History and Physical Exam

History begins with evaluating for occult breast 
pathology. History of breast lumps, abnormal 
discharge, pain, or suspicious mammograms is 
ruled out. Family history of breast cancer must be 
investigated prior to any breast surgery. Patients 
are expected to have a stable weight for at least 
3–6 months and have no realistic plans for further 
weight loss. In the event of active weight loss, 
patients are encouraged to delay surgery until 
they have stabilized. Not only does this optimize 
the results of surgery, but it decreases the chances 
of future revisional surgery. Patients 50 years and 
older require a mammogram, and most surgeons 
will get one for 40-year-old patients, prior to sur-
gery. Women who are younger than 40 with sus-
picious findings on exam or family history of 
breast cancer should undergo preoperative imag-
ing [10]. Smoking is an absolute contraindication 
and should be eliminated at least 4 weeks prior to 
surgery. Active smokers are counseled about the 
vastly increased risk of wound healing problems 
and overall complication risk.

Physical exam begins with inspection for 
masses and clinically positive lymph nodes. 
Routine measurements are taken of the supraster-
nal notch to nipple distance, breast width, and 
nipple to inframammary fold (IMF) distance. It is 
helpful to document nipple to midline distance 
with asymmetrical breasts. The quality of the 
breast soft tissue envelope is examined. Severe 
skin damage evidence often will predispose 
patients to soft tissue envelopes that will stretch 
after surgery [11]. It may be necessary to do more 
parenchymal shaping in these patients than to 
rely on a “skin-only” mastopexy technique for 
increased longevity of results. Raising the 
deflated breast to the appropriate position and 
simulating the mastopexy result help in deter-
mining if patients need volume augmentation. 
Those patients who are unhappy with the size of 
their breasts while wearing a bra often will need 

a breast implant to increase volume and upper 
pole fullness.

The Pittsburgh Rating Scale was developed by 
Song et al. to describe post-bariatric body shapes 
and give relative recommendations for treatment. 
Patients with grade 1 breasts (ptosis grade 1/2 or 
severe macromastia) are benefitted by traditional 
vertical or Wise pattern mastopexy, reduction, or 
augmentation techniques. Those with grade 2 
breasts (ptosis grade 3 or moderate volume loss) 
can be treated with traditional mastopexy with or 
without augmentation. Patients with grade 3 
breasts (severe lateral rolls or volume loss with 
loose skin) are treated with auto-augmentation 
using parenchymal flaps and dermal suspension 
to the pectoralis [12]. The overall goals of MWL 
breast shaping is to raise the nipple to the appro-
priate position, tighten the overall skin envelope, 
and reshape the parenchyma into a more pleasing 
shape.

 Mastopexy Procedure 
with Auto-augmentation

In MWL patients, it is helpful to recruit as much 
of their native breast parenchyma as possible dur-
ing the lifting procedure. Despite appearing very 
deflated and ptotic, the breasts can have a surpris-
ingly high amount of volume in the parenchyma 
once it becomes lifted to the appropriate position. 
The patient is marked in the standing position 
with the full weight of gravity. Vertical lines are 
drawn from the clavicle down the breast and onto 
the abdomen to mark the breast meridian. This 
confirms the future midline of the breast. Next, 
the inframammary fold (IMF) is transposed onto 
the anterior breast and marked at the meridian 
line. This will become the future nipple position. 
A keyhole marking pattern can be done at this 
point which predetermines the excision pattern 
for the future nipple-areola complex. However, 
for the beginning surgeon, it can be advantageous 
to mark the excision pattern without committing 
to the areola and do an inset/marking 
 intraoperatively. In this case, the previous nipple 
marking is used as a guideline for an equilateral 
triangle with 8 cm arms. The apex of the triangle 
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is placed 1 cm above the nipple marking and the 
bottom line is not drawn. The traditional Wise 
pattern markings are then done, with gentle curv-
ing line from the inferior aspect of the vertical 
8 cm limps both medially and laterally to meet 
the IMF. The IMF is marked from the medial fold 
of the breast to the lateral extension of the breast. 
Often, the lateral marking is longer due to 
increased breast fullness in this region. An 
8–10-cm-wide inferior pedicle is marked from 
the IMF up to the level of the current nipple. The 
lateral pedicle markings are curved above the 
current nipple, leaving at least 2 cm above in all 
directions.

The procedure is performed in the supine 
position, ensuring the bed can be raised to 90° to 
check for symmetry intraoperatively. Routine 
preoperative antibiotic and sequential compres-
sion device prophylaxis is used. A 42 mm cookie 
cutter is used to mark out the margins of the are-
ola. The inferior pedicle is sharply de- 
epithelialized with a scalpel from the previously 
mentioned 2  cm semicircular rim down to the 
IMF.  Electrocautery can be used to remove the 
medial pole and lateral pole skin overlying the 
triangular breast parenchyma tissue in the exci-
sion pattern. The medial, superior, and lateral 
breast skin flap is dissected using electrocautery. 
This is done with at least a 2 cm width of skin and 
fat (about twice the thickness of a thick mastec-
tomy flap. The primary goal here is not to skele-
tonize the skin flaps, but to allow a robust blood 
supply to course through the fat down to the dis-
tal edges of the flap. There are significant perfo-
rators at the medial T2 intercostal level as well as 
from the superior, lateral thoracoacromial region 
which should be avoided during dissection. The 
superior flap is dissected up to the level of the 
clavicle. This aids in allowing room for the infe-
rior pedicle to lie within the new soft tissue 
envelope.

When dissecting the posterior and lateral mar-
gins of the inferior pedicle, care must be taken to 
bevel the electrocautery away from pedicle tissue 
in order to not undermine it accidentally. 
Dissection is taken down to the pectoralis fascia. 
Leaving a “carpet” of 1 cm of parenchyma on the 
pectoralis muscle decreases postoperative pain 

and minimizes pectoralis trauma. Once the supe-
rior breast flaps and inferior pedicle have been 
dissected and the excess tissue eliminated, breast 
shaping can begin. The medial and lateral trian-
gular extensions of the inferior pedicle are rotated 
upward 90° and sutured with absorbable 2-0 
braided suture to the inferior pedicle. This allows 
both medial and lateral fullness to remain and 
maximizes the use of remaining parenchyma fol-
lowing massive weight loss. A temporary 3-0 silk 
suture is used to bring together the superior flap 
corners to the “triple point” at the midline of the 
lower inferior pedicle. The vertical and trans-
verse incisions are then tailor tacked with staples, 
and the bed is adjusted to bring the patient to a 
sitting position to evaluate for symmetry.

At this point, the breasts are evaluated for 
symmetry and areas of excess fullness can be 
marked for excision. If volume is satisfactorily 
symmetrical, the previous cookie cutter is used to 
mark the nipple-areola inset. The ideal inset is at 
the most projected portion of the breast and typi-
cally lies at the superior aspect of the vertical 
scar. Ideal nipple position is 5–7  cm above the 
IMF. It is beneficial to use a loose silk tie suture 
to compare the sternal notch to nipple distance 
from the left to right breast for symmetry. Care 
must be taken to not place the nipple position too 
high. As the lower breast skin settles and expands 
in the postoperative position, the nipple can come 
to migrate too high or point upward. A high- 
riding nipple is difficult for the patient to mask 
while wearing swimwear or revealing blouses.

The patient is laid back down flat, and the ver-
tical and horizontal skin is closed with 3-0 
Monocryl absorbable suture and a running 3-0 
Monocryl subcuticular suture. The marked are-
ola position is sharply incised and removed full 
thickness with its parenchyma with electrocau-
tery. It is helpful to bevel outward slightly so as 
not to create a tight “tunnel” for the nipple-are-
ola complex to be pulled through. Once the com-
plex is carefully brought through the new inset 
position, it is sutured into place circumferen-
tially with 3-0 Monocryl interrupted dermal 
sutures and a running 4-0 Monocryl subcuticular 
suture. Sterile dressings are applied as well as a 
surgical bra.
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 Recovery

The patient is allowed to shower in 48 h, but it is 
helpful to avoid direct water to the incisions on the 
chest. It is recommended to wear the surgical bra as 
much as possible during the first 2–3 weeks. This 
helps the patient’s comfort and support, as well as 
decreasing edema. Ecchymosis generally resolves 
in 1–2 weeks. Edema can last for up to 2 months, 
but the majority resolves in 4 weeks. Patients are 
allowed to wear a bra that is more comfortable to 
them at the 4 week point. However, they must avoid 
an underwire bra in order to not add pressure to the 
transverse incision. If wound dehiscence occurs, it 
is most commonly at the inferior “triple point.” 
Typically this happens in a minor fashion with less 
than 1  cm of separation or epidermolysis. It is 
treated with bacitracin daily dressings and gener-
ally heals very well in this hidden area. Patients are 
asked to follow up at 1 week, 2 weeks, 1 month, 
3 months, 6 months, and 1 year postoperatively to 
observe healing and “settling” of the breast shape.

 Upper Extremity Contouring

 Introduction

One of the greatest complaints of patients with 
massive weight loss is the resultant excess skin 
and tissue at the proximal upper extremity. 
Brachioplasty is often the next procedure patients 
undergo after breast and trunk reshaping. The 
scar in the upper extremity is not as easily hidden 
as the abdomen. Therefore, patients must be 
counseled that brachioplasty is a “trade-off” 
between the hanging skin they dislike and a scar 
that can often become hypertrophic due to the 
mobility of the region. Despite this concern, the 
vast majority of patients are very much satisfied 
with the new contour and ability to more easily 
shop for clothing [13].

 History and Physical Exam

History should include the amount of weight loss 
and ability to remain stable at their new lower 

weight. If patients are still losing significant weight, 
the excision procedure should be delayed until they 
are stable for a period of at least 3 months. Patients 
should be asked to describe any history of localized 
rashes, lymphedema, nerve sensation changes, 
areas of particular concern, and goals of surgery.

When examining the arm in the MWL patient, 
it can be helpful to assess the skin and fat sepa-
rately. Skin exam should include noting which 
areas from proximal to distal have the majority of 
excess. This helps to guide the extent to which an 
incision must be made [14]. Next, one should 
note which areas of localized adiposity remain. 
Patients often have localized adiposity on the 
posterior upper extremity, and the excess skin lies 
medial and anterior. Deflation of the skin comes 
with descent of the posterior axillary fold when 
the patient abducts the arm. The region of the 
mid-humerus will often have the greatest degree 
of descent, followed by the proximal arm. Care 
should be taken to determine if the skin excess 
extends onto the upper lateral chest wall.

 Surgical Decision-Making

Both liposuction and skin excision are tools to 
reshape the proximal upper extremity. The choice 
of modality is dictated by degree of skin excess 
and presence of skin damage in the form of stretch 
marks. It is rare to find a MWL patient with a mild 
to moderate amount of localized adiposity and 
good skin quality. However, these patients are best 
served with conservative liposuction. Good skin 
quality will often benefit the patient by properly 
retracting following liposuction. Patients who 
have a moderate to high amount of skin excess will 
require a skin excisional procedure with or without 
the use of liposuction. The upper extremity is not 
as forgiving as the trunk when treated with lipo-
suction. Therefore, it is prudent to have a low 
threshold for skin excision procedures.

The majority of patients have a combination 
of moderate to severe skin excess as well as local-
ized adiposity on the posterior arm. These 
patients can be treated with either a combination 
liposuction and brachioplasty procedure or a 
staged excision. Patients who have mild to 
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 moderate posterior arm adiposity are able to be 
treated with liposuction at the beginning of pro-
cedure then an excision of the resultant skin 
excess as it is drawn up medially. Those who still 
have a large amount of fat on the posterior arm 
and a severe skin excess should be offered a 
staged procedure. In these cases, more fat is able 
to be removed in the initial liposuction proce-
dure, and the skin is allowed to retract. A second 
procedure in 3  months’ time can then be per-
formed to excise the resultant skin excess.

 Brachioplasty Procedure

The patient is seen in the preoperative area and 
marked in the standing position with arms 
abducted 90° at the axilla. Markings are done in 
order to have the final scar lie just posterior to the 
bicipital groove. This allows the scar to be hidden 
while the arms are in a relaxed position, as well 
as from anterior and posterior views. While the 
patient holds their arms in the “victory” position, 
an initial line is drawn from the axilla, across the 
bicipital groove, to just medial to the elbow. The 
distal aspect of the line corresponds with the dis-
tal excess of skin. Next, the previously drawn line 
is pulled downward with the left hand to simulate 
tension and the right hand marks where it previ-
ously lay as the anterior/upper aspect of the exci-
sion. The medial apex of the ellipse in the axilla 
is then drawn downward, curving slightly. This is 
taken down to the inferior extent of skin excess 
on the lateral chest wall, if present. It is often no 
more than 6 cm. A pinch test of the inferior/pos-
terior aspect of skin is done to determine the pos-
terior extent of the excision. It is pulled upward 
toward the superior anchor line and the skin is 
marked. This creates the lower/posterior line of 
the ellipse of excision. This is taken from the dis-
tal elbow mark to the proximal axilla mark. It is 
then curved downward toward the inferior apex 
of the previously marked 6 cm vertical axilla line. 
The inferior line is only a guide. Vertical hash 
marks are drawn across the arm to help with 
alignment intraoperatively.

The patient is laid in the supine position with 
the arms abducted to 90°. Standard sterile prep is 

used. One percent lidocaine with epinephrine is 
infiltrated into the incision lines to help with 
hemostasis. The vertical axillary line is incised 
along with the superior anchor line. Dissection is 
taken down through the subcutaneous fat into a 
level just above the brachial fascia. Care must be 
taken to leave a small “carpet” of tissue on the 
brachial fascia to preserve the medial antebrach-
ial cutaneous nerve. It is often seen in the middle 
of the dissection. A uniform flap thickness is car-
ried posteriorly at the level of the brachial fascia 
toward the previously marked “pinch test” line. 
Once the tissues have been fully undermined, the 
flap is brought upward toward the anchor line. 
The previous vertical hash marks act as guides 
for the segmental resection.

The lower flap is held with penetrating towel 
clamps at its edge and brought up and over the 
superior anchor line. The resection level is double 
checked at this point. Starting at the distal most 
hash mark, a knife is used to incise vertically 
downward until the lower flap meets the superior 
anchor line. A staple holds this temporarily 
together. The other two proximal hash marks are 
incised vertically in the same fashion. This seg-
mental type resection ensures that too much skin 
is never removed and is a safe way to eliminate 
difficulties in closure. The final excess skin is 
drawn into the axilla, and the incision is drawn 
downward to meet the inferior axilla vertical 
marking. This leaves a 90° final scar at the axilla 
which prevents scar contracture mobility issues. 
Using a 2-0 permanent suture, the superficial fas-
cial system of the inferior flap is sutured to the 
clavipectoral fascia at the axilla. This prevents 
scar migration and hypertrophy in the final result. 
The incision is closed with 2-0 Vicryl suture for 
the superficial fascial system approximation. 
Following, 3-0 Monocryl interrupted dermal 
sutures and a running 3-0 Monocryl subcuticular 
suture are used for the skin closure. Drains are 
typically not needed in the author’s opinion, 
although may be used. Adhesive sterile tape strips 
are applied to the incisions, and an ACE elastic 
wrap is placed from the elbows to the axilla. In 
lieu of wrapping the arms from wrist to axilla, the 
patient is told that they will have distal arm swell-
ing secondary to the upper arm wraps.
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 Recovery

The ACE wraps are removed on the 1st week post-
operative visit, and more comfortable shirts with 
compressive sleeves are encouraged for the first 
3 weeks. Patients are encouraged to begin range of 
motion movement at 1  week but to continue to 
avoid heavy lifting for 3 weeks. If the medial ante-
brachial cutaneous nerve was not transected, distal 
parasthesias are generally temporary and return to 
normal in a couple months. Scar reduction tech-
niques such as scar massage and silicone strip 
therapy are begun at the 3-week point to attempt to 
prevent hypertrophy. It is not uncommon to have 
small areas of dehiscence, and these are treated 
with bacitracin daily dressings in the traditional 
fashion. Patients are instructed preoperatively and 
reminded at the 3 week point that scars will con-
tinue to improve over the course of the year.

 Thigh Contouring

 Introduction

One of the greatest areas of concern for MWL 
patients is the medial thigh excess tissue that 
develops. Complaints include persistent rashes, 
difficulty with clothing, and a general dissatisfac-
tion with the appearance of the excess skin. The 
thighs are a complex area to reconstruct. The 
medial thigh tissues have less adherent skin and fat 
than laterally which leads to significant descent. 
Lateral and medial aspects of the thigh are treated 
separately and each side influences the other to a 
very limited degree. For the scope of this chapter, 
focus will be on medial thigh contouring as this 
area is most often symptomatic in MWL patients.

 History and Physical Exam

As with all MWL patients, a stable weight for at 
least 3 months is the initial requirement. Patients 
should attempt to achieve their goal weight 
before undergoing thigh resection procedures 
because laxity after further weight loss is diffi-
cult to correct. History of lymphedema, lower 

extremity surgery, rashes, and areas of concern 
should be noted. On physical exam, one should 
note the distal extent of skin excess. The area 
around the knee will occasionally have increased 
adiposity which requires an element of liposuc-
tion rather than skin excision. Performing a 
“pinch test” of the medial thigh tissues aids in 
showing the patient the extent of improvement 
as well as indicating that lateral thigh will be 
relatively unaffected. In patients who have sig-
nificant adiposity still, one can consider doing a 
two-stage procedure. The first stage is a rela-
tively aggressive debulking liposuction of the 
stubborn areas. This is followed by the actual 
skin excision medial thigh lift procedure. In the 
initial consultation, patients are also instructed 
that there is a relatively high rate of minor 
wound healing complications, but the procedure 
has been found to improve the quality of life 
overall.

 Medial Thigh Lift Procedure

The patient is marked while lying in bed with the 
legs abducted in a “frog leg” position. A curvi-
linear vertical line is marked lateral to the mons, 
along the perineal crease into the posterior part 
of the mid-thigh. The medial thigh skin is pulled 
anteriorly to simulate tension and the perineal 
line is extended longitudinally downward toward 
the knee. It ends just proximal to the medial 
knee, where the skin excess dissipates. Using a 
“pinch test” of the medial thigh skin, the anterior 
aspect of the excision is marked from superior to 
inferior. A gentle line joins these pinch test 
markings from the superior aspect of the peri-
neal marking down toward the previously 
marked distal incision. The anterior marked line 
serves as an estimate of how much skin will be 
resected, whereas the posterior line is generally 
the scar anchor line. A final pinch test of the 
entire elliptical- shaped segment ensures ade-
quate skin has been marked for removal. 
Transverse hash marks made every 6  cm are 
helpful in alignment at the end of surgery.

The patient is brought into the operating 
room and placed in a “frog leg” position. The leg 
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skin is prepped in the standard sterile fashion 
circumferentially. The incisions are infiltrated 
with 1% lidocaine with epinephrine to help with 
hemostasis. The anterior incision is made first 
from the perineum down to the knee. Dissection 
is kept at just deep to the subcutaneous fat level, 
ensuring that the saphenous  system is not 
injured. Using electrocautery, dissection is 
taken posteriorly, toward the previously marked 
posterior suture anchor line. Once this is 
reached, the skin flap is held with penetrating 
towel clamps and pulled up and over the ante-
rior incision. A pinch test is once again done to 
ensure that the posterior line reaches the ante-
rior one [15].

Starting distally, the first hash mark is incised 
from the flap edge until the anterior incision is 
reached. A temporary towel clamp or staple is 
placed here to hold the posterior flap to the ante-
rior incision. Then, moving sequentially through 
the hash marks from distal to proximal, the 
resection is segmentally done and temporarily 
stapled in place. The final amount of excess skin 
is drawn up into the perineal region and incised 
to prevent a “dog ear.” At this point, each seg-
ment is incised where it meets the anterior inci-
sion. Tension is avoided especially in the female 
perineal area in order to prevent labial spreading, 
postoperatively. Ten millimeter drains are placed 
from the perineum and into the distal aspect of 
the dissection in order to collect the gravity-
dependent drainage. The incisions are closed 
with 2-0 braided absorbable suture for the super-
ficial fascial system. This is followed by 3-0 
absorbable monofilament interrupted dermal 
sutures and a running 3-0 absorbable monofila-
ment subcuticular suture. Sterile dressing adhe-
sive tape is used to offload more tension from the 
wound. The legs are wrapped with an ACE ban-
dage for compression.

 Recovery

The patient is seen 1 week postoperatively. The 
drains are removed when they reach less than 
30 cc of fluid in a 24 h period. ACE wraps are 

kept for 4 weeks postoperatively, but patients are 
allowed to switch into compressive legwear if 
that is more tolerable. Patients are instructed to 
avoid strenuous activity for 3 weeks postopera-
tively. It is relatively common to have small areas 
of delayed wound healing. These are treated with 
daily bacitracin dressing changes and allowed to 
close spontaneously. Scar improvement tech-
niques such as massage and silicone therapy are 
instituted at the 3 week mark. Lower extremity 
edema is very common in the first few weeks 
after surgery and patients are instructed to use 
elevation to decrease this.

 Conclusion
Although the rate of minor wound healing 
complications is common in post-bariatric 
body contouring, the ultimate result is very 
satisfactory. Patients are ready to transition 
into their newly contoured bodies as a reward 
for having lost all their excess weight. Staging 
procedures help with decreasing operative 
times and improving recovery when there is 
only a single surgeon available for the opera-
tion. Proper patient selection, discussion of 
realistic expectations, conservative and safe 
operative technique, and management of 
minor complications make way for a very 
happy patient population.
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The Super Super-Obese

Kelvin D. Higa and Alan C. Wittgrove

Super-obesity as defined as BMI (body mass 
index) > 50 Kg/m2 appears to be increasing at a 
faster rate than BMI < 50 kg/m2. This is relevant 
as individuals with higher BMIs are more likely 
to have more complex health issues such as 
obstructive sleep apnea, metabolic syndrome, 
and hepatic steatosis which are associated with 
higher surgical risk, readmission rates, and long- 
term complications [1]. Also, higher BMIs have 
been shown to be more resilient to treatment, 
with less absolute weight loss and comorbidity 
resolution [2]. See Figs. 32.1 and 32.2.

The higher surgical risk and the trend to offer 
more complex operations, such as the duodenal 
switch, have prompted recommendations for the 
super-obese individuals to have surgery only at 
accredited centers. However, with the emphasis 
on performance, length of stay, readmission rates, 
and overall complications, there is a rising trend 
to avoid these patients for financial and access 
issues; some insurance plans will unilaterally 
eliminate centers that are above arbitrary compli-
cation rates regardless of risk stratification. 
Ironically, the patients who have the most urgent 
need for surgical intervention may be eliminated 

from consideration by virtue of the quality 
improvement programs originally conceived to 
ensure their safety.

As we continue to recognize the need to elimi-
nate BMI as criteria for metabolic intervention, 
the availability of qualified surgeons and pro-
grams will be strained; our fear is that those indi-
viduals with the highest risk will be abandoned 
for the reasons already stated. This chapter will 
deal with the special consideration for treatment 
of the super-obese from a practical and philo-
sophical perspective.

 Preoperative Workup 
and Evaluation

The super-obese individual presents many chal-
lenges to the health-care system. At the extreme, 
gurneys, hospital beds, wheelchairs, and facili-
ties must be able to accommodate extremes of 
weight. Personnel must be trained on moving 
such individuals, and lifts must be available for 
transport or simply to assist a patient who has 
fallen back into bed. Every piece of equipment 
has a weight limit or size capacity. Specialists 
often show their frustration and lack of empathy 
knowing the extra effort needed to care for per-
sons of size. The super-obese have more comor-
bidities and are more often neglected by the 
medical community; therefore they will require 
a more extensive workup and preparation than 
the lower BMI patients.
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Apart from the health-care maintenance items, 
the super-obese will require sleep studies and 
cardiopulmonary evaluation. Psychological and 
nutritional optimization is imperative. An objec-
tive risk assessment and multidisciplinary discus-
sion is often helpful in advising a treatment 
program but also in deciding which surgical pro-
cedure to offer. Anecdotally, in our practices, 
these patients appear to have more psychosocial 
issues and are on more psychotropic medications 
than BMI < 50 kg/m2 patients.

 Preoperative Weight Loss

Preoperative weight loss has been shown to 
decrease surgical risk and operative time purport-
edly by decreasing liver volume and fat adiposity 
[3]. However, preoperative weight loss has not 
been shown to increase postoperative weight loss 
in at least two randomized controlled studies. 
Therefore, it is reasonable to advise preoperative 
weight loss for all patients, especially the super- 
obese, through lifestyle modification and phar-
maceuticals for those patients who seem to be a 
higher risk by virtue of their central obesity. 
Contrarily, failure to achieve weight loss should 
not be a sign of non-compliance and eliminate an 
individual from surgical consideration.

As the intragastric balloon (IGB) is now avail-
able in the United States, it has been recom-
mended as a bridge therapy to decrease surgical 
risk by immediate weight loss and improvement 
of medical comorbidities prior to bariatric/meta-
bolic surgery. In a case controlled study, Busetto 
et al. demonstrated reduced risk of conversion and 
intraoperative complications in patients undergo-
ing adjustable gastric banding [4]. However, in a 
multicenter, randomized trial, Coffin et al. found 
that IGB increased complications in patients 
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preBMI ³ 50 kg/m2 (53 pts)
70

60

50
0 2 4 6

Postoperative years

P
er

ce
nt

 e
xc

es
s 

w
ei

gh
t l

os
s

8 10

Fig. 32.1 Higher BMIs have been shown to be more resilient to treatment, with less absolute weight loss and comor-
bidity resolution

Fig. 32.2 Individuals with higher BMIs are more likely 
to have more complex health issues such as obstructive 
sleep apnea, metabolic syndrome, and hepatic steatosis 
which are associated with higher surgical risk, readmis-
sion rates, and long-term complications
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undergoing gastric bypass despite superior weight 
loss to the control group [5]. Out of 55 patients 
randomized to IGB, 5 patients experienced sig-
nificant complications of hemorrhage, abscesses, 
fistula, peritonitis, and occlusions (p = 0.02). In 
addition 35% of patients experienced significant 
complications at the time of explant. In addition, 
there was not improvement in surgical time, hos-
pitalization stay, or postoperative weight loss at 
6  months. It was conjectured the reason for 
increased complications had to do with the 
changes to the gastric wall, innervation, and blood 
distribution.

 Operative Considerations

Larger patients require additional consider-
ations during the operative procedure. Patient 
positioning with attention to pressure points and 
fixation are important as these cases often are 
more difficult and take longer to complete. 
Video-assisted intubation devices should be 
standard, as well as the capability for proper 
monitoring. Mechanical and chemo VTE pro-
phylaxis is advised. Unfractionated heparin can 
have unpredictable pharmacokinetics; so low-
molecular-weight heparin is advised. Continuing 
prophylaxis for several weeks after discharge 
may be indicated, especially in the sleeve 
patients for prevention of portal and deep vein 
thromboembolism. Longer instrumentation, tro-
cars, and staplers are often necessary as well as 
sturdy liver retraction devices.

 Postoperative Considerations

In our centers, most patients do not require ICU 
post-op. However, we do have 24-h oxygen satu-
ration monitoring and capnography available on 
the surgical floor. Having patients bring their own 
CPAP machines is critical in some cases because 
the patient already is familiar with the machine 
type, the pressure, and the mask fit. Because 
more individuals in this category suffer with 
obstructive sleep apnea (and narcotic and anes-
thetics aggravate sleep apnea) and there may be a 

more difficult intubation, they present a more 
challenging re-intubation. To offset this risk, the 
anesthetist may delay extubation until the patient 
has shown they are well able to protect their air-
way. In the preoperative educational process, the 
patient should be informed that they may awaken 
in the recovery room still intubated and they will 
not be able to talk, but a nurse will be right there, 
and it does not mean anything went wrong with 
the operation; it is designed for their safety! 
Physical therapy and ambulatory protocols are 
necessary. Increasing BMI has been shown to 
influence the postoperative course and anesthetic 
outcomes after surgery. However, with aggres-
sive preparation and clinical pathways, it is pos-
sible to limit the BMI influence [6]. See Fig. 32.3.

The use of drains and G-tubes should not be 
routine, but use in certain circumstances should 
be considered. For example, if an operation is 
particularly difficult because of the challenging 
anatomy and there is increased risk for fistula, 
then placement of drains prophylactically and a 
G-tube for potential enteral feedings might avoid 
a reoperation, especially when the patient exceeds 
the weight limit for CT drainage. Gastric disten-
sion and early leaks are often difficult to diagnose 
in the super-obese patient, yet early detection and 
treatment is critical to their survival.

Routine use of urinary catheters is becoming 
less frequent as operative times are reduced. 
However, fluid status is important in the meta-
bolically challenged patient with multiple system 
involvement, and accurate measurement of urine 
output may be impossible depending on the 
mobility of the individual patient.

 Choice of Procedure

At the time of this publication, there are four pro-
cedures that encompass more than 99% of all 
operations: the adjustable gastric band, the gas-
tric bypass (including single anastomosis and 
banded forms), the sleeve gastrectomy, and the 
duodenal switch. The algorithm for recommend-
ing a particular operation is not as controversial 
as it is inconsistent among different surgeons, 
even within a single practice. Add to this, the lack 
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of standardization, outcomes interpretation is 
nearly impossible given the paucity of high-level 
studies that exist today. Systemic reviews only 
seem to amplify the uncertainty and add little to 
the process. Given the lack of consensus, one 
must and should rely upon his or her personal 
experience, assuming diligent data collection and 
analysis.

In a rapid evidence review of bariatric surgery 
in the super-obese, Peterson, et  al. summarize 
(2) systematic reviews, (2) RCT, and (19) retro-
spective cohort studies. The only comparison 
that has over 5-year follow-up is between the 

gastric bypass and duodenal switch. The DS 
achieves better weight loss (p  =  0.001), and 
higher risk of readmissions (p = 0.02), but com-
parable diabetes remission and mortality [7]. 
Using the Bariatric Outcomes Longitudinal 
Database (BOLD) from 2007 to 2012 (Celio 
et al.), although GBP had higher reoperation and 
readmission rates compared to SG (p < 0.001), 
percent total weight loss (%TWL) (p < 0.001), 
diabetes (p < 0.001), hypertension (p < 0.001), 
hyperlipidemia (p < 0.001), GERD (p < 0.001), 
and obstructive sleep apnea (p  =  0.058) were 
higher at 1 year compared with SG [8].
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Fig. 32.3 Increasing 
BMI has been shown to 
influence the 
postoperative course and 
anesthetic outcomes 
after surgery. However, 
with aggressive 
preparation and clinical 
pathways, it is possible 
to limit the BMI 
influence
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It is generally agreed that the adjustable gas-
tric band is a poor choice for most patients whose 
BMI > 50 kg/m2.

As conversion from gastric bypass to duode-
nal switch is one of the more complex procedures 
and with consideration that the sleeve gastrec-
tomy can give similar metabolic response in the 
less than 50 kg/m2 patient, it has been advised to 
use the sleeve gastrectomy as a staging operation 
toward the duodenal switch. Response to the 
sleeve gastrectomy, as well as ongoing evaluation 
as to the compliance of the patient, gives addi-
tional information prior to committing to this 
procedure. For these reasons, sleeve gastrectomy 
may be the better option initially for many super- 
obese patients. As the patient and the surgeon are 
determining the proper operation for that specific 
patient, the surgeon needs to be clear about their 
own feelings about following patients who have 
undergone a malabsorptive operation, and they 
need to be sure the patient fully understands the 
potential medical and social issues, even to the 
amount and type of supplements required. Not 
every program is designed to care for patients 
who have undergone a malabsorptive operation.

Although more aggressive operations such as 
the duodenal switch are associated with greater 
weight loss and metabolic syndrome resolution 
or control, trade-offs include a higher propensity 
for vitamin, mineral, and protein-calorie malnu-
trition. The breakpoint for safety and perfor-
mance is still to be determined; recommendations 
for each patient must be individualized.

The super morbidly obese patient presents 
many challenges for the health-care system. 
Access to care is often limited because of the dis-
ability preventing employment and insurability. 
These patients often do not participate in health- 
care maintenance of preventative measures and are 

often ostracized by the medical community. 
Surgical programs are inadvertently encouraged 
not to operate on these higher-risk patients or pro-
vide the care they deserve. Surgical procedures are 
more difficult, time-consuming, and less reward-
ing by virtue of a disease that is more difficult to 
control. Yet, these are the patients for whom the 
system should prioritize: those individuals whose 
higher risk makes therapy more urgent.
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Optimizing the Staple Line

Edgardo Serra and Carlos Eduardo Jacob†

 Background

The idea stemmed from the need that the surgeon 
has to open the digestive tract with its highly con-
taminated lumen, thereby, risking consequent peri-
tonitis with its associated increase in mortality. 
Simple manual suturing of the infected lumen of 
the intestine is time consuming, thus prolonging 
surgery and increasing the risk of mortality for 
patients under anaesthesia. Written by Aladár Petz 
(Oláh 2002) [1, 2]

To optimize means to make something as 
good as possible. This is the aim of a surgeon 
when performing any surgical procedure, includ-
ing all bariatric techniques. Gastrointestinal sur-
geries are performed either openly or through 
minimally invasive techniques using regular 
sutures or mechanical staplers. Mechanical sta-
plers are a mainstay of laparoscopic gastrointesti-
nal surgery, in particular bariatric surgery.

Stapling devices can create transections and 
anastomoses quickly, safely, and with minimal, if 
any, bleeding or spillage. Staple-line failure, 

although uncommon, can result in significant 
morbidity and mortality [3].

Despite the routine nature of intestinal anas-
tomosis procedures, the rate of complications, 
such as anastomotic leakage and strictures, is 
between 1% and 19% and remains unchanged in 
spite of the introduction of newer techniques and 
technologies. Postoperative leak can occur in 
1–3% of patients submitted to sleeve gastrec-
tomy and 0.1–5.6 after a laparoscopic Roux-
en-Y bypass [4].

The long staple line in sleeve gastrectomy is a 
potential risk for disruption, especially near the 
esophagogastric junction, and sometimes this 
leakage is difficult to heal probably due to high 
gastric pressure and the presence of biliary and 
gastric contents [5, 6].

After a gastric bypass, surgeons care about 
gastrojejunal anastomosis because a leakage can 
mean reoperation and risk of death.

Staple-line failure is the most common cause 
of postoperative gastrointestinal hemorrhage after 
sleeve gastrectomy and Roux-en-Y gastric bypass 
and occurs in 1–3% and 1.9–4.4%, respectively 
(Aurora et al., Committee et al.). Possible factors 
that affect the risk of bleeding can be related to the 
device (staple height, type of device), to the tissue 
(anatomical location, tissue viscosity), and also to 
the surgeon’s experience [7].

Although several papers discuss postoperative 
leaks and bleeding, few discuss intraoperative 
events. It seems that intraoperative bleeding and 
staple failure are not frequent, but it is clearly 
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affected by surgeons’ experience and methods 
used to prevent these events. Staple-line rein-
forcement with sutures, tissue sealants, glues, or 
buttressing materials can address these problems. 
In this chapter we will discuss the role of staple- 
line reinforcement [8].

 World Staple History

There were several changes and improvements in 
the digestive surgery field. As wrote Dietz, 
“within the past 200 years, gastrointestinal anas-
tomosis has been transformed from a life- 
threatening adventure to a safe and routinely 
performed procedure.”

Difficult to evaluate its impact, the stapler, like 
laparoscopic approach, is one of the most useful 
inventions and has advanced surgery. Its applica-
tions were adopted worldwide from 100  years 
ago and help surgeons in many fields.

It was Hümer Hültl, a Hungarian surgeon, 
who started with the idea of a mechanical suture 
machine in 1907. He met with Victor Fischer, a 
surgical instruments manufacturer, and designed 
the first stapler. In May of 1908, this stapler was 
used clinically by its designer.

Another Hungarian surgeon, Aladár von Petz, 
worked on the disadvantages of the Hültl machine 
and designed a modern version of the stapler that 
was lightweight, easy to clean, and easy to refill 
and had better structure. This new instrument was 
first used clinically in 1920 and became a land-
mark in the history of surgery and surgical instru-
ments. Later, Mark Ravitch introduced this 
technology in United States in 1959 [9].

Through time, mechanical stapling changed 
gastrointestinal surgery, reducing operating time 
and complications; this simultaneously decreased 
the cost of procedures and improved outcomes 
for the individual patients.

From the clamp, scissors, and suture, to the 
actual devices with two lines of three rows of 
staples, and the simultaneous transection and the 
simplicity and security in use, we can say, thanks 
to this machine, we have the possibility of bariat-
ric surgery.

 Thought Behind Enforcing

All surgeons’ aim is to decrease the risk of com-
plications. Therefore, many use various materials 
to provide hemostasis and reinforce the staple 
line. According to the report from the Fourth 
International Consensus Summit on Sleeve 
Gastrectomy, 75% of surgeons choose to perform 
staple-line reinforcement, and among them, 57% 
use buttressing materials and 43% oversew the 
staple line [11, 12].

Twenty-five years ago, gastric leak and fistula 
were the most significant complications of gas-
trointestinal surgical procedures like duodenal 
switch. Today, gastric leak still persists as a com-
plication of the long suture of sleeve gastrectomy 
[9, 11]. Ischemic factors and intraluminal pres-
sure could be the explanation of the disruption of 
the staple line. Other technical factors are consid-
ered causes as well.

The current generation of surgical staplers has 
remarkable reliability. However, staple-line com-
plications do still occur and can result in signifi-
cant morbidity and mortality. Because of this, 
gastrointestinal surgeons, especially bariatric 
surgeons, seek out techniques and devices that 
can reduce this risk [10].

One point to be stressed is the use of intraop-
erative testing as a recommendation for leak pre-
vention during a sleeve gastrectomy and gastric 
bypass. Three papers reviewed the role of this 
kind of test after a sleeve gastrectomy. Aurora 
et al. reviewed 29 publications with 4888 patients 
and found that the test was performed in 15 stud-
ies (52%). Parikh et  al. published a systematic 
review of 112 studies with 9991 patients submit-
ted to sleeve gastrectomy and noticed that leak 
testing was used in 6717 patients (67%) and 62 
studies (55%). Some measures were suggested 
by Abu Rached et al. to decrease the incidence of 
staple-line failure: staple-line reinforcement, 
larger bougie size, and routine use of dye intraop-
erative test.

Three other retrospective publications consid-
ered the value of intraoperative leak testing after 
sleeve gastrectomy [12]. These studies recog-
nized the importance of the test allowing to detect 
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and fix intraoperative leaks due to staple-line dis-
ruption, avoiding postoperative complications.

Four papers studied intraoperative leaks and 
bleeding after gastric bypass. Studied upper GI 
hemorrhage and found that gastrojejunal anasto-
mosis was the site of bleeding in 90% of the 
patients [14].

Found 8.26% of the patients had staple-line 
dehiscence or evidence of gastric pouch/gastroje-
junal anastomosis leak [15]. They proposed the 
selective use of fibrin glue and omental 
reinforcement.

Investigated the use of intraoperative endos-
copy in managing leaks [16]. Air leak test 
detected problems in 11 patients (3.79%) and 
prompted repair with oversewing [3].

The Longitudinal Assessment of Bariatric 
Surgery study, published by [17], is a prospec-
tive multicenter research of intraoperative 
events in 2973 patients. They found a 0.98% 
incidence of equipment failure including stapler 
misfiring.

There are several controversies regarding 
staple- line reinforcement’s role in the prevention 
of complications, especially preventing leaks. 
Wang tell us “staple line reinforcement did not 
significantly influence the frequency of staple 
line leakage overall” [4].

In fact, staple-line integrity is important to 
achieve good results, either to gastric bypass or 
sleeve gastrectomy, and has been the focus of 
continuing innovation by medical companies.

The potential physiologic effect of reinforce-
ment is to improve the durability of staple line, 
increase the burst pressure of the intestinal or 
anastomotic mechanic suture, distribute the com-
pressive force of the staples, improve the techni-
cal failures of the staple line, and decrease 
hemorrhage, among others. Buttressing materials 
add thickness and potentially strength [6].

We need to take into account other factors that 
reduce complications, like the correct use of lap-
aroscopic instruments and devices, gentle han-
dling of tissue with specific intestinal grasper, 
and correct use of energy devices to reduce isch-
emia, perforations, and lacerations. The correct 
use of stapler devices, such as the appropriate 

stapler election for tissue thickness, sustaining 
compression to the device over the tissues before 
firing to wash out the fluids, and the soft handling 
of the staple line are other necessary recommen-
dations. And of course, the general condition of 
the patients and patient’s preparations before the 
surgery, as in bariatric surgery, improve the gen-
eral results over complications rates [8].

There are reasons for non-reinforcement of 
the staple line in laparoscopic surgery in bariatric 
surgery. The author’s opinion is that reduction on 
operative time is one of the most important expla-
nations from surgeons who do not reinforce. 
Other situations like cost reduction or lack of 
technical skills in laparoscopic suture and but-
tressing handle are at the top of our consider-
ations as causes of non-reinforcement from the 
surgical community. The above situations win to 
the controversial results of some papers as the 
cause of non-reinforcement use.

 Available Technology

Surgeons choose between multiple surgical 
options including no reinforcement, staple-line 
reinforcement with suture oversewing, nonab-
sorbable bovine pericardial strips, polymer mem-
brane, or biological sealant [11]. All of these 
methods have been used to try to reduce the inci-
dence of complications.

 Without Reinforcement

What are the fundamentals for non-reinforcement 
of staple line in laparoscopic bariatric surgery? 
We think that reduction of operative time is one 
of the most important explanations from sur-
geons who do not reinforce. Others like cost 
reductions, lack of technical skills in laparo-
scopic suture, and buttressing handle are in the 
top of our consideration as a cause of non- 
reinforcement for the surgical community [2].

We believe that the above situations win to the 
controversial results of some papers as the cause 
of non-reinforcement use.
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 Oversewing

In bariatric surgery the most chosen method of 
reinforcement of the staple line is oversewing as 
reported by Rosenthal et  al. during the 
International Sleeve Gastrectomy Expert Panel 
Consensus Statement. This is the cheaper 
method of reinforcement, but it increases surgi-
cal time. There are several techniques for over-
sewing the staple line: baseball stitch, simple 
oversewing, locking, imbricating, and more. It 
is possible to choose nonabsorbable or absorb-
able suture material. The surgeon could rein-
force the cross- section between the staple line 
or, as we prefer, reinforce all the staple line. In 
our protocol, we reinforce all the staple line 
with a simple oversewing with absorbable mate-
rial (Video 33.1).

Oversewing has same disadvantages like pos-
sible ischemia and increased blood loss. Despite 
that, it seems to reduce the general rate of hemor-
rhage and leak compared to non-reinforcement. 
In our experience, over 1055 sleeve gastrecto-
mies, we had 0.47% of leak, without any reopera-
tions because of hemorrhage and only 0,1% of 
blood transfusions.

However, for those who suture oversews, there 
is no consensus as to which suture material 
(absorbable vs. nonabsorbable) or type of sewing 
technique (baseball stitch, simple oversewing, 
locking, imbricating, etc.) is best. In addition, 
while some surgeons oversew the entire staple 
line, others only selected regions of the staple 
line. Oversewing a staple line has not unani-
mously been shown to be beneficial and might, in 
fact, lead to a greater.

In our technical protocol of sleeve gastrec-
tomy, we reinforce the entire staple line with a 
simple oversewing with absorbable material. We 
prefer simple oversewing close to the staple rows 
because it has less sleeve gastric lumen reduction 
that imbricate suture (Fig. 33.1).

As reported by Shikora et al. (1), oversewing 
is better than no reinforcement in sleeve gastrec-
tomy, but not as good as buttressing with bovine 
pericardium. But, Baxter, the company owner of 
the buttressing bovine pericardium material, sup-
ported the article.

 Buttressing Material

Several publications show staple-line buttressing 
to decrease bleeding and to possibly reduce leak 
rates. It is well known that it increases staple-line 
burst pressure.

The hemostatic action of the roofing material 
is possibly related to the compression of the gas-
trointestinal wall transected and the hemostatic 
effect of the materials. Others explain that but-
tressing materials add thickness on the tissue 
stapled and distribute the tension of each indi-
vidual staple over the length of the buttress mate-
rial as a hemostatic effect. These factors are 
related to decrease the general rates of leaks, too. 
But there is no statistic significance, especially 
compared with other reinforcement techniques 
like oversewing suture [11].

On the other hand, there are controversies in 
the operative time when comparing buttressing 
reinforcement use versus not using. Dapri showed 
us extra procedures timed longer with the 

Fig. 33.1 Oversewing reinforcement of all the staple line of sleeve gastrectomy
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 application of buttressing/roofing material. 
Although others gave different results, they didn’t 
find statistical significance in his series [11].

Buttressing material must be preloaded onto 
the stapler device and delivered at the moment of 
stapler firing. The buttressing strip should be 
flexible and thin because it needs to be easily cut 
by the blade of stapler device, leaving the buttress 
incorporated into the staple line. However, the 
cost of the product is only one factor when deter-
mining total cost. To better assess the total finan-
cial cost, one must also take into account other 
factors such as operating room time and improve-
ments in outcome (i.e., reduction of complica-
tions, the need for other resources, reduction of 
hospital length of stay).

 Bovine Pericardium
It is a biologic collagen matrix developed from 
bovine pericardium (Peristrips Dry and PSD 
Veritas; Synovis Surgical Innovations, St Paul, 
MN). The strip adds 1  mm. of thickness when 
this material is stapled onto the tissue when the 
device is fired. Two dehydrated BPS are secured 
on each side of a foam spacer by a plastic mount-
ing unit. BPS (PSD) hydrogel creates a  temporary 
bond between the strips and the forks of the sta-
pler, promoting rehydration of the strips. 
Application of BPS requires some training and 
experience. Increased care is necessary to choose 
the correct cartridge size to fit the tissue thick-
ness; if the staple height is too small to accom-
modate the tissue and the BPS, or if BPS is 
improperly loaded, the stapler may misfire [12].

In one of the largest meta-analyses, it was 
demonstrated that reinforcement of staple line 
reduces leakage and bleeding and bovine pericar-
dium was superior in complication preventions 
versus suture reinforcement and biocompatible 
glycolide copolymer buttress. Others studies 
show different results [11].

It seems collagen matrix biologic buttress has 
more hemostatic power than synthetic buttress.

 Biocompatible Glycoside Copolymer
This material synthesized from polyglycolic acid 
and trimethylene carbonate (Gore Seamguard®; 
W.L. Gore & Associates, Inc., Flagstaff, AZ) is 

bioabsorbable and developed with a 0,5  mm 
thickness. The strength effect into the staple line 
is maintained 4–5  weeks and it is completely 
absorbed within 6 months. The use of this but-
tress material requires extra operative time and a 
well-trained team in the surgery room.

In term of blood loss reduction, the effect can 
be related to the compression of the reinforce-
ment material on the transected tissue.

 Fibrin Sealant

This agent has two components, thrombin and 
fibrinogen, and provides hemostasis, sealing, and 
adhesion [1]. It is a biological tissue adhesive 
that, in contact of small amounts of factor XIII 
and calcium, initiates the last step of the coagula-
tions and forms fibrin polymer and then precipi-
tates as fibrin fibrils in the tissue. This fibrin 
sealant is expected to be completely resorbed in 
10–14 days.

Technically, after the methylene blue test, two 
boxes (8 ml) of human fibrin sealant are sprayed 
along the suture line and posterior to the sleeved 
stomach through a delicate laparoscopic set.

 Comparative Studies

Eight prospective comparative studies are 
always cited as the source of evidence when we 
discuss staple-line reinforcement after sleeve 
gastrectomy.

Published a prospective analysis of 75 patients 
comparing no reinforcement with staple-line 
reinforcement using Seamguard (WL Gore Inc., 
Flagstaff, AZ) and staple-line suturing. The use 
of buttress material reduced blood loss during 
stomach sectioning and overall blood loss. No 
difference was evidenced concerning postopera-
tive leaks. Of course, the first group was associ-
ated with lower operative time.

Aggarwal et al. (2013) analyzed 60 patients; 
half of them submitted to staple-line reinforce-
ment with continuing suture, and for the others, 
no reinforcement was used. There was no 
 statistical difference between the two groups 
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although two leaks were observed in the no-rein-
forcement group. No bleeding was observed in 
both groups. On the other hand, found that over-
sewing the staple line reduced the chance of 
bleeding. Albanopoulos also suggested oversew-
ing the staple line to improve strength.

Studies by Shah and Musella et al.’s suggested 
that use of buttress or roof material reduces intra-
operative events and, in this way, reduces the over-
all surgical time.

Two meta-analyses were published about 
staple- line reinforcement over the last years since 
this subject became a trending topic in bariatric 
surgery.

Analyzed 1345 patients from two randomized 
control trials and six cohort studies. They found 
that staple-line reinforcement decreased postop-
erative leaks and overall complications. A sub-
group analysis showed that reinforcement of the 
suture line with buttress material may decrease 
the risk of staple-line hemorrhage and overall 
complications.

Reviewed 8 randomized controlled trials with 
791 patients comparing no reinforcement and 
suture-line reinforcement. The last group was 
associated with a lower risk of staple-line hemor-
rhage and overall complications and longer oper-
ative time. No difference was observed regarding 
postoperative leakage. The subgroup analysis 
showed that hemorrhage is lower after applica-
tion of buttressing materials, but not with over-
sewing when compared with no reinforcement.

It is also important to cite the meta-analysis 
published by Shikora and Mahoney that analyzed 
253 studies about staple-line reinforcement in 
gastrointestinal surgery, most of them concerning 
bariatric surgery. Forty percent of the patients 
had no reinforcement with higher leak (2.75%) 
and bleed (3.45%) rates. Any type of staple-line 
reinforcement was better than no reinforcement 
concerning bleeding and leak rates (Tables 33.1, 
33.2, and 33.3).

Since the basal leak rate is rather low, pow-
ering a study sufficiently to result in statisti-
cally significant differences would require large 
numbers of patients and is likely impossible to 
perform. Yet despite the relatively low inci-

dence, leaks are often highly clinically signifi-
cant and can result in prolonged hospitalization, 
critical illness, sepsis, debilitation, and even 
death.

Table 33.1 Leak rate by reinforcement type (sleeve and 
gastric bypass)

Buttress material
N of study 
arms

Event rate 
(%)

Number of 
patients

None 116 2.75 26,023
Glycolide 
copolymer

52 2.61 3693

Oversuture 92 2.45 19,755
Bovine 
pericardium

41 1.28 6838

Modified from Shikora and Mahoney [13]
Bovine pericardium versus none, p < 0.001; bovine peri-
cardium versus oversuture, p < 0.001; bovine pericardium 
versus glycolide copolymer, p < 0.01

Table 33.2 Bleed rate by reinforcement type (sleeve and 
gastric bypass)

Buttress material
N of study 
arms

Event rate 
(%)

Number of 
patients

None 83 3.45 17,808
Oversuture 58 2.69 14,368
Glycolide 
copolymer

44 2.48 2929

Bovine 
pericardium

30 1.23 6759

Modified from Shikora and Mahoney [13]
Bovine pericardium versus none, p < 0.001; bovine peri-
cardium versus glycolide copolymer, p  <  0.01; bovine 
pericardium versus oversuture, p ≤ 0.05; glycolide copo-
lymer versus none, p < 0.01

Table 33.3 Bleed rate by reinforcement type for sleeve 
gastrectomy

Buttress material
N of study 
arms

Event rate 
(%)

Number of 
patients

None 25 4.94 2865
Oversuture 33 2.41 4682
Glycolide 
copolymer

28 2.09 1997

Bovine 
pericardium

14 1.16 1632

Modified from Shikora and Mahoney [13]
Bovine pericardium versus none, p  <  0.001; oversuture 
versus none, p < 0.001; glycolide copolymer versus none, 
p < 0.001; bovine pericardium versus oversuture, p < 0.05; 
bovine pericardium versus glycolide copolymer, p < 0.05.
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More high-quality randomized controlled 
studies with large sample sizes should be under-
taken to better evaluate the effects of different 
methods of staple-line reinforcement.

 Costs
Ghosh referred that published studies were 
insufficient to address the economic impact of 
bleeds and leaks or interventions, but develop-
ment of improved stapler designs that obviate 
the need for SLR may reduce costs and improve 
outcomes.

The experience of the surgeon and the interac-
tion with devices are one of the most important 
points in the creations of anastomosis and intesti-
nal sutures with sufficient staple-line integrity, 
reducing leak and healing complications.

Shah and Musella et  al.’s studies suggested 
that using buttressing or roof material is associ-
ated with decreased operative time because B/R 
material reduced intraoperative complications 
and thus saved time, while Dapri and Sroka et al. 
showed that application of B/R materials required 
extra procedures and it took longer time. The 
pooled data suggested that using B/R materials 
didn’t significantly affect the operative time.

Staple-line buttressing has been shown in sev-
eral publications to decrease bleeding, increase 
staple-line burst pressure, and possibly even reduce 
leak rates. However, as stated above, its use is not 
widespread. This may be due in part to the concern 
of added cost. However, the cost of the product is 
only one factor when determining total cost [11]. 
To better assess the financial cost, one must also 
take into account other factors, such as operating 
room time and improvements in outcome (i.e., 
reduction of complications, the need for other 
resources, and reduction of hospital length of 
stay). For example, while several studies have con-
firmed that buttressing materials reduce intraoper-
ative bleeding, the difference in estimated blood 
loss was clinically insignificant [3]. However, in 
some studies, with the use of buttressing materials, 
the reduction in costly operating room time was 
greater than 30 min per case and the length of hos-
pitalization was reduced almost a full day.
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Preoperative Preparation 
and Workup

Paul R. Kemmeter and Eric J. Krebill

 Introducation

Obesity rates continue to increase worldwide with 
an estimated 400 million adults being classified as 
obese and an estimated 300,000 yearly deaths 
attributable to complications of obesity such as 
heart disease, diabetes, and hypertension [1, 2]. 
Bariatric surgery remains the most efficacious 
treatment for obesity and its comorbidities. Over 
the past 15  years, surgery-associated morbidity 
and mortality rates have decreased substantially 
secondary to the development of dedicated mini-
mally invasive bariatric surgery fellowships, cen-
ters of excellence, defined protocols and 
procedures, databases, and ongoing research. 
Attention to appropriate patient selection, preop-
erative workup, and preparation are essential to 
continue these trends. The purpose of this chapter 
is to share our group’s experience and knowledge 
combined with that of the published literature in 
the preoperative process. Although we are aware 
that this process can seem lengthy and may result 
in a delay to surgery, our aim is to fulfill the 
essence of the Hippocratic Oath: first do no harm. 

Additionally, at least within the USA, bariatric 
surgery continues to be quite litigious, and proper 
attention to the development of a thorough preop-
erative process can prove “an ounce of prevention 
is worth a pound of cure.”

 Patient Selection and Preparation

In 1991, the National Institute of Health (NIH) 
developed a consensus statement for bariatric 
surgery candidacy with the accepted criteria 
including (1) BMI ≥40 kg/m2 or BMI = 35–40 kg/
m2 with associated comorbidities (Table  34.1), 
(2) patients who are motivated and well-informed 
about the benefits and risks of bariatric proce-
dures, (3) failure of nonsurgical weight loss, (4) 
psychiatric stability without current alcohol 
dependence or illicit drug use, and (5) no medical 
problems that would preclude surgery [3]. Over 
the past two and a half decades, our understand-
ing of obesity and its metabolic detriments has 
increased substantially, and it is now recognized 
that bariatric surgery has a significant metabolic 
component. Worldwide, the criteria for surgery 
vary based on regional/ethnic differences in met-
abolic derangements, with the most notable being 
type II diabetes mellitus (T2D). In various parts 
of Asia and the Middle East, where T2D is more 
prevalent, the BMI criterion has essentially been 
eliminated.

Within the USA, the NIH criteria continue to 
be the basis for eligibility for bariatric surgery; 
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however, these criteria are just the starting points 
in the selection process. The overall goal with 
bariatric surgery is to safely provide lifelong 
treatment for obesity and its metabolic and life-
altering sequelae. Unfortunately, bariatric sur-
gery can be associated with weight recidivism 
and concomitant relapse in comorbidities, along 
with psychological alterations such as alcoholism 
and suicide. To our knowledge, there are cur-
rently no data demonstrating how to identify 
patients who will have “success” versus those 
who will have “failure,” with neither of these 
terms being defined uniformly. Therefore, a goal 
in picking the “right” patient is impossible. 
However, our group’s experience with over 
13,000 patients has provided us some insight on 
patient selection and preoperative preparation. 
We employ a multidisciplinary approach in 
patient selection utilizing our entire staff includ-
ing surgeons, bariatricians, advanced practice 
providers, dietitians, behaviorists, exercise physi-
ologists, receptionists, coordinators,  and office 
administration. When appropriate, we also seek 
input from our colleagues in  pulmonology, endo-

crinology, cardiology, and psychiatry. Every 
member of the team has the responsibility of 
identifying patients who may require additional 
screening, as we have found that patients can 
behave very differently depending on which team 
member they interact with (Table  34.2). 
Additionally, the American College of Surgeons 
(ACS) has utilized the National Surgical Quality 
Improvement Program (NSQIP) database to 

Table 34.1 Obesity-related comorbidities (partial list)

Metabolic
  Type II diabetes mellitus, dyslipidemia, 

hypercholesterolemia
Cardiovascular
  Hypertension, coronary artery disease, pulmonary 

hypertension, venous stasis, arrhythmias, stroke
Pulmonary
  Obstructive sleep apnea, asthma, hypoventilation 

syndrome
Gastrointestinal
  Gastroesophageal reflux disease, nonalcoholic fatty 

liver disease, cholelithiasis
Psychiatric
  Depression, anxiety, binge eating disorder, history 

of physical/sexual abuse
  Decreased quality of life
Musculoskeletal
  Degenerative joint disease, back pain, immobility, 

gout, fibromyalgia
Oncologic
  Cancers of breast, ovary, endometrial, colon and 

rectum, pancreas, esophagus, kidney, prostate, liver, 
gallbladder

Table 34.2 Our preoperative office check list

Prior to initial office visit
  Referral from primary care provider (if required)
  Initial education with an informational seminar 

(online or in-person) with review of office 
processes, surgical procedural choices and 
mechanisms of action, and potential complications

  Provide complete health history questionnaire 
(including diet attempts)

Office consultations
  Bariatrician consult with complete history and 

physical with appropriate behavioral counseling 
(dietary, physical exercise) and preparatory surgical 
education (including brochures). Additional testing 
ordered as needed, including referrals to specialists. 
Psychiatric questionnaire provided

  Behaviorist consult with review of questionnaire 
and 1 h interview. Referral to outside psychologist/
psychiatrist as needed

  Bariatric surgeon consult with focused history and 
physical, further education on bariatric procedures 
(brochures provided), and selection of bariatric 
procedure. Additional testing ordered as needed

Subsequent visits
  Dietitian visit with education on food choices, nutrition 

label comprehension, and vitamin supplementation
  Exercise physiologist visit with in-office exercise 

demonstration and recommendations
  Screening upper endoscopy
2-week preoperative visit
  Group visit led by physician assistant educating on 

very low-calorie diet, hospital processes including 
in-hospital expectations, and review of potential 
surgical complications

  Dietitian-led group visit detailing very low-calorie 
diet (VLCD)

  Individual physician assistant visit for adjusting 
medications and signing of operative consents

1-week preoperative visit
  Final history and physical with evaluation for 

weight loss and possible side effects of VLCD (i.e., 
dehydration), review of labs, and final education 
prior to surgery
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develop a Bariatric Surgery Risk Calculator 
(http://glyconverter.altervista.org/basscore/
index.html) attempting to improve patient and 
physician decisions about bariatric surgery [4]. 
Identifying patients at increased risk for a post-
surgical complication and, when possible, modi-
fying these risks preoperatively should be the 
goal of preoperative preparation. Identification of 
unmodifiable risk factors should heighten the 
bariatric surgery team’s awareness for any possi-
ble postoperative complications.

 Age

The influence of increasing age on postoperative 
morbidity and mortality has been evaluated in 
numerous studies with some suggesting no rela-
tionship and others demonstrating increased rates. 
Secondary to smaller sample size, most studies 
have divided patients into age groups. However a 
study utilizing the ACS-NSQIP data of over 
20,000 patients demonstrated that with each 
increased year of age, there was a 1% increase in 
odds of complications [5]. Additionally, an analy-
sis of the German Bariatric Surgery Registry 
showed a 1.13-fold increase in complication rate 
with every 10 years increase in age [6]. Although 
many centers will limit surgery to patients under a 
certain age, the NIH criteria do not indicate an 
upper age limit. Our group has identified that 
“chronologic age” does not predict “physiologic 
age,” and we have performed bariatric surgery in 
patients up to 78 years of age with acceptable out-
comes [7].

Although the NIH criteria do limit bariatric 
surgery to patients ≥18  years of age, surgery 
has been successfully performed on adolescents 
for well over the past decade, with acceptable 
morbidity and mortality rates of 2.9% and 0%, 
respectively [8]. Our program does not offer 
adolescent bariatric surgery secondary to its 
unique challenges. Centers providing this must 
include the resources to provide specialty care 
in relation to adolescent psychology, family 
counseling, anesthesiology, and appropriate 
equipment.

 Body Mass Index, Gender, 
and Preoperative Weight Loss

The size of a patient and the distribution of adi-
pose tissue can greatly influence the difficulty of 
performing bariatric surgery. Surgical field expo-
sure in patients with android adiposity can be sig-
nificantly limited by hepatomegaly and increased 
visceral fat [9, 10]. This limitation can translate 
into increased postoperative complications with 
data from the USA indicating an increased risk of 
2% for every increase in BMI point and data from 
Germany demonstrating a 1.16-fold increase for 
every five BMI points [5, 6]. Additionally, ele-
vated waist-to-hip ratio is associated with 
increased surgical difficulty in bariatric surgery 
and, in colorectal surgery, is a better predictor of 
morbidity and mortality than is BMI [11, 12]. 
Although male gender has not consistently been 
recognized as a risk factor for postoperative com-
plications, men tend to have higher body mass 
indices and more central obesity compared to 
female patients, so it is not surprising that male 
gender may carry a higher risk for postoperative 
complications, including mortality [6, 13].

Fortunately, preoperative weight loss has been 
demonstrated to reduce both liver volume and 
intra-abdominal adipose tissue with a resultant 
decrease in perioperative blood loss, operative 
time, length of stay, and overall complication 
rates [14–19]. During a 4-week low-calorie diet 
in morbidly obese women, the intrahepatic fat 
content can decrease by 50%, with the majority 
of volume change occurring in the first 2 weeks 
[20]. However, patients with very large livers can 
obtain an additional 20% decrease after the initial 
2 weeks, and therefore longer preoperative diets 
may be beneficial in this subgroup [15].

Within our group, we begin educating patients 
regarding the benefits of preoperative weight loss 
at our presurgical seminar, and we have found 
some patients will begin losing weight from that 
time forward. All patients receive education from 
our on-site dietitians regarding food choices and 
associated nutrients, understanding nutrition 
labels, and vitamin supplementation. We will 
individualize the length of our preoperative very 
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low-calorie diet (VLCD, 800 calories/day) based 
on BMI, central adiposity, and amount of weight 
loss from the patient’s historical high. All patients 
placed on the VLCD are monitored for renal 
function with blood urea nitrogen and creatinine 
(BUN/Cr) checked after the first 5–7  days of 
therapy, and patients who are on a diuretic will 
have their dose cut in half at the start of the diet. 
Patients with renal insufficiency are monitored 
much more closely with the potential of decreas-
ing the amount of protein consumed during the 
diet, further reduction in diuretics, and increased 
fluid intake.

 Health and Functional Status 
and the Edmonton Obesity Staging 
System

The patient’s overall well-being is a predictor of 
outcomes following bariatric surgery with mul-
tiple risk factors being associated with increased 
morbidity and mortality including a history of 

deep venous thrombosis/pulmonary embolism, 
bleeding disorders, obstructive sleep apnea, 
hypertension, dyspnea, chronic obstructive pul-
monary disease, impaired functional status, 
chronic renal insufficiency requiring dialysis, 
low preoperative serum albumin, congestive 
heart failure, and increased American Society of 
Anesthesiologists (ASA) classification [5, 21–
27]. Indeed, preoperative functional status is the 
strongest predictor of postsurgical inpatient 
morbidity and mortality [2]. The Edmonton 
obesity staging system (EOSS) incorporates 
many of these risk factors, divides patients into 
five stages (0–4), and has been shown to be 
more accurate in predicting all-cause mortality 
in overweight and obese patients compared to 
standard anthropometric-based classification 
schemes (Figs.  34.1 and 34.2) [28]. Although 
hyperglycemia has not been demonstrated as a 
separate risk factor for increased morbidity and 
mortality following bariatric surgery specifi-
cally, it has been identified in postsurgical 
patients to cause increased cardiovascular, 

Criteria for assigning Edmonton Obesity Staging System score [17]

EOSS
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impairment of well-being.
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Fig. 34.1 Criteria for assigning Edmonton obesity staging system score. (From Chiappetta et al. [31])
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respiratory, neurologic, and infectious morbid-
ity as well as mortality and is incorporated into 
the EOSS [29, 30]. By obtaining data regarding 
the patient’s overall health and functional status, 
the EOSS has also been shown to predict 
patients at increased risk for 30-day postopera-
tive morbidity and mortality [31].

Secondary to the complexity of assessing the 
degree of physiologic derangements in the bariat-
ric surgery patient, our multidisciplinary team 

includes bariatricians who determine the need for 
additional testing above and beyond the typical 
history, physical, and laboratory evaluation. 
Additionally, they attempt to improve the 
patient’s baseline well-being prior to surgery by 
utilizing recommendations from the American 
Society of Metabolic and Bariatric Surgery 
(ASMBS) clinical practice guidelines, such as 
improving preoperative glycemic control. Our 
center also has on-site exercise physiologists who 
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Fig. 34.2 Comparison of staging system and anthropo-
metric classification scheme for predicting all-cause mor-
tality among people with overweight and obesity. BMI 
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Examination Surveys. (From Padwal et al. [28])
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provide education and training to patients with 
impaired physical functioning in an attempt to 
improve this preoperatively. For patients with 
more severe limitations, we may also refer for 
preoperative rehabilitation and conditioning [32].

 Obstructive Sleep Apnea, 
Atelectasis, and Preoperative 
Pulmonary Training

Morbidly obese patients are at increased risk for 
a variety of postoperative pulmonary complica-
tions including atelectasis, pneumonia, laryngo-
spasm, respiratory distress, impaired gas 
exchange, and the need for re-intubation, which 
may result in prolonged length of hospitalization 
and increased morbidity and mortality [33–35]. 
Multiple mechanisms involved in the physiologic 
changes associated with reduced pulmonary 
function in the morbidly obese are related to 
reduction in lung volumes, impaired ventilation/
perfusion ratios, increased work of breathing, 
and hypoxemia [36, 37].

Additionally, increasing BMI is associated 
with increased prevalence of obstructive sleep 
apnea (OSA), with an overall prevalence rate in 
bariatric surgery patients ranging from 70% to 
94% and severe OSA ranging from 20% to 50% 
of those patients [38–46]. Given the high fre-
quency of OSA in the obese population, all 
patients being evaluated for bariatric surgery 
should be screened for this comorbidity. A cross-
sectional comparison of four OSA screening 
questionnaires (Berlin, Epworth Sleepiness 
Scale, STOP, and STOP-Bang) verified against 
polysomnography demonstrated various sensi-
tivities and specificities [47]. Within our practice, 
any patient with observed apnea, loud snoring, 
daytime sleepiness, frequent nighttime urination, 
or morning headaches receives testing with poly-
somnography and is treated accordingly.

Although morbidly obese patients are at 
increased risk for postoperative pulmonary 
complications, there is currently no evidence to 
recommend preoperative pulmonary function 
tests in the asymptomatic patient [48–50]. 
However, postoperative atelectasis develops in 

up to 90% of patients with normal lungs follow-
ing intubation, can exceed 20% of lung volume 
in obese patients, and can persist for several 
weeks [51, 52]. Obesity and its associated 
increased intraabdominal pressure and upper 
displacement of the diaphragm, along with 
decreased chest wall compliance from excess 
adiposity, results in a decrease in functional 
residual capacity [53, 54]. Reports documenting 
the benefits of postoperative deep breathing 
with associated 3–5 s breath hold demonstrated 
a lower incidence of atelectasis (27% vs. 42%), 
with a further 12% reduction in patients who 
received preoperative instruction in deep breath-
ing exercises [55]. A recent cross-sectional 
study demonstrated that preoperative deep 
breathing exercises and incentive spirometry 
increased thoracoabdominal mobility [56]. 
Furthermore, a meta-analysis demonstrated that 
incentive spirometry, intermittent positive pres-
sure breathing, and deep breathing exercises 
appeared to be more effective than no physical 
therapy for preventing postoperative pulmonary 
complications following upper abdominal sur-
gery [57]. We have incorporated preoperative 
incentive spirometer training in our program 
because it is low-cost and minimally labor 
intensive and mandates patient involvement. 
This training in conjunction with improved pre-
operative exercise tolerance and early postoper-
ative ambulation has been beneficial in limiting 
our postoperative pulmonary complications.

 Cardiovascular Evaluation

Obesity is an independent risk factor for hyper-
tension, coronary artery disease (CAD), myocar-
dial infarction, congestive heart disease, and 
atrial fibrillation [58, 59]. Secondary to these, 
coronary artery disease remains one of the most 
common etiologies of postoperative morbidity 
and mortality for the bariatric surgery patient 
[60]. Currently, there are no published guidelines 
for the preoperative cardiac evaluation prior to 
bariatric surgery, but given the prevalence of 
CAD in obese patients, the workup should be 
the  same as for any high-risk surgical patient. 
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A detailed history and physical with assessment 
of functional status, exercise tolerance, and his-
tory of chest pain must be completed. All patients 
with any signs of cardiac disease should undergo 
an electrocardiogram (ECG) [61, 62]. Referral 
for a stress test (either dobutamine or exercise) is 
individualized based on symptoms and findings 
on the ECG, and any patient with an abnormal 
stress test is referred to a cardiologist. The rou-
tine use of echocardiography in the bariatric 
patient does not alter perioperative management 
and should be confined to patients with known 
heart disease [63].

 Renal Disease

Obesity is associated with hypertension, hyper-
glycemia, dyslipidemia, inflammation, and ath-
erosclerosis, which can each independently 
contribute to renal dysfunction. In addition, the 
increased prevalence of chronic kidney disease 
(CKD) has paralleled the increase in obesity 
rates [64, 65]. Patients with android obesity are 
at a higher risk for renal insufficiency indepen-
dent of BMI, dyslipidemia, hypertension, and 
hyperglycemia [66]. Fortunately, bariatric sur-
gery-induced weight loss has demonstrated 
improvement in renal function, although malab-
sorption and hyperoxaluria associated with mal-
absorptive procedures (roux-en-Y gastric bypass, 
and biliopancreatic diversion ± duodenal switch) 
can lead to further renal dysfunction [67, 68].

The evaluation for renal disease includes a 
detailed history and lab work consisting of 
BUN/Cr levels. Patients with documented CKD 
typically will already have a relationship with a 
nephrologist, which can be valuable in the pre-
operative preparation of the bariatric surgery 
patient. With appropriate preoperative optimiza-
tion of renal function and education regarding 
the risk of renal failure following surgery, renal 
insufficiency of any degree is not an absolute 
contraindication for bariatric surgery. We have 
successfully performed surgery on patients with 
end-stage CKD requiring dialysis and those 
with renal transplants. As mentioned previously, 
alteration in preoperative VLCD is required for 

patients with CKD, including adjustment of 
diuretics, lower protein goals, and additional 
monitoring.

 GERD, H. pylori,  
and Preoperative EGD

There is considerable debate regarding the need 
for preoperative evaluation of the upper gastroin-
testinal tract. A significant portion of bariatric 
patients have gastroesophageal reflux disease 
(GERD), which has been demonstrated as a risk 
factor for pathologic findings on esophagogastro-
duodenoscopy (EGD). Additionally, both GERD 
and obesity are known risk factors for esophageal 
cancer [69, 70]. Moreover, although there is 
debate regarding the impact of H. pylori infection 
on postoperative outcomes, H. pylori occurs in 
9–61% of bariatric patients with regional varia-
tion [71, 72]. The American Society for 
Gastrointestinal Endoscopy (ASGE), the Society 
of Gastrointestinal and Endoscopic Surgeons 
(SAGES), and the ASMBS jointly developed a 
guideline for the use of upper endoscopy in bariat-
ric patients, recommending evaluation on all 
symptomatic patients and indicating a possible 
role in asymptomatic patients [73]. Indeed, up to 
65% of asymptomatic patients will have findings 
on EGD, including a 0.5–1% incidence of carci-
noma in bariatric patients [74, 75]. Even in 
patients who are symptomatic, there may be no 
correlation between symptoms and pathologic 
results [74]. Although barium swallow can evalu-
ate for hiatal hernias and gross lesions, it is lim-
ited in its ability to identify mucosal abnormalities, 
while studies investigating EGD demonstrate 
abnormal findings in 5–90% of patients [76–78]. 
Additionally, some authors advocate biopsy of 
macroscopically normal appearing mucosa since 
microscopic findings can be present (including 
the presence of H. pylori) [79]. The preoperative 
identification of a hiatal hernia allows for appro-
priate education, operative consent, and schedul-
ing, but does not reduce the operative time 
compared to intraoperative identification alone 
[76]. Although there are economic costs and risks 
associated with performing an EGD, the overall 
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complication rate is low at 0.22% [80]. Given the 
high prevalence of pathologic findings (even in 
normal appearing mucosa), some of which can 
alter surgical decision-making, and the low risk of 
complications, we recommend the routine use of 
preoperative screening EGD with biopsies of any 
suspicious areas and the antrum to evaluate for H. 
pylori or other microscopic conditions. Any con-
dition diagnosed on preoperative EGD is treated 
or evaluated further prior to proceeding with sur-
gery. Within our group, we have unfortunately 
had patients develop esophageal carcinoma after a 
vertical sleeve gastrectomy, a roux-en-Y gastric 
bypass, and a biliopancreatic diversion with duo-
denal switch, and therefore, a preoperative EGD 
can also serve as a baseline evaluation.

 Nonalcoholic Fatty Liver Disease

Obesity and metabolic syndrome are risk factors 
for nonalcoholic fatty liver disease (NAFLD), 
which encompasses a spectrum of severity from 
simple steatosis to cirrhosis. Up to 90% of bariat-
ric surgery patients have some form of NAFLD, 
with a prevalence of nonalcoholic steatohepatitis 
(NASH) in up to 35% of these patients [81–83]. 
Unfortunately, 32–53% of patients with NASH 
will develop progressive liver fibrosis [84, 85]. 
Fortunately, bariatric surgery has demonstrated 
improvement in liver function, resolution of 
NASH in up to 82% of patients, as well as possi-
bly clearing sinusoidal fibrosis [86–88]. Despite 
these studies, both a Cochrane review and a meta-
analysis indicate that the evidence is too limited 
to make recommendations that bariatric surgery 
is an effective treatment for NASH [81, 89]. 
Although NASH has not been associated with 
increased perioperative morbidity or mortality, 
hepatic dysfunction has been, and therefore these 
patients must be considered at a higher risk [90]. 
The data regarding compensated cirrhosis (i.e., 
cirrhosis without hepatic dysfunction) are not 
completely clear but seem to indicate that bariat-
ric surgery can be performed relatively safely 
[91]. However, the mortality rate in patients with 
decompensated cirrhosis carries an odds ratio of 
21.2 higher than non-cirrhotic patients and should 

be considered an absolute contraindication for 
bariatric surgery.

Since physical examination findings of a cir-
rhotic or enlarged liver are difficult to determine 
in the obese population, NAFLD is typically 
determined by a detailed history of fatty liver, 
NASH, cirrhosis, hepatitis, jaundice, and alcohol 
dependence as well as laboratory evaluation of 
albumin, alanine aminotransferase, aspartate 
aminotransferase, and bilirubin. Patients with 
evidence of hepatic dysfunction should also have 
a prothrombin time/international normalized 
ratio (PT/INR) evaluated, as well as a hepatic 
ultrasound with probable biopsy, and be coun-
seled to avoid potentially hepatotoxic substances 
such as alcohol and acetaminophen. Referral to a 
gastroenterologist for further evaluation and 
management is also warranted. If patients with 
hepatic dysfunction are deemed to be appropriate 
candidates for bariatric surgery, malabsorptive 
procedures should be avoided secondary to the 
risk of protein malabsorption and worsening of 
hepatic function, which can result in complete 
hepatic failure [92].

 Mental Health Disorders 
and Socioeconomic Deprivation

There is an increased prevalence of mood disor-
ders, depression, and binge eating disorder 
among bariatric patients (23%, 19%, and 17%, 
respectively) compared to estimates of the US 
population (10%, 8%, and 1–5%, respectively) 
[93, 94]. The true incidence within bariatric sur-
gery practices may actually be higher since 
patients with uncontrolled disorders, such as 
current substance dependence, severe depres-
sion, psychosis, suicidal ideation, and untreated 
eating disorders, typically do not proceed to sur-
gery. Secondary to this, the ASMBS recom-
mends routine preoperative review of patients’ 
mental health conditions, with most authors rec-
ommending a more comprehensive mental 
health examination, including clinical interviews 
conducted by mental health professionals with 
bariatric experience and the use of formal psy-
chological testing if desired [95–97]. Patients 
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with  psychological issues require a more time  
and resource-intensive preoperative evaluation 
resulting in a longer preoperative duration to sur-
gery [98]. With appropriate identification and 
treatment of mental health disorders, it appears 
that these do not interfere with postoperative 
weight loss as demonstrated in a meta-analysis 
and a systematic review of the literature [93, 99]. 
Additionally, severely obese patients with 
depression appear to gain psychological benefits 
from bariatric surgery including a reduction in 
the prevalence, frequency, and severity of 
depressive symptoms postoperatively [93, 100–
103]. However, the bariatric team must also edu-
cate and monitor patients for postoperative 
mental health problems, such as addiction trans-
ference and resultant alcoholism or loss of con-
trol eating in patients with a history of binge 
eating disorder.

Although socioeconomic deprivation should 
not be a final determinant in eligibility for bariat-
ric surgery, evidence suggests that outcomes after 
bariatric surgery are influenced by self-esteem, 
cognitive function, support networks, and socio-
economic stability [99, 104]. Bariatric centers 
must be aware of the unique challenges that need 
to be addressed for these patients, such as poor 
social networks and support, financial limitations, 
and knowledge deficits. Each of these factors can 
decrease access to care, but with appropriate sup-
port, postsurgical weight loss outcomes can be 
equivalent to non-deprived groups [105]. It is 
imperative that the entire multidisciplinary team 
is involved in the evaluation process since poor 
patient selection and education can result in 
increased workload postoperatively [106].

For all patients, we encourage involvement of 
family and friends in the process, but for those 
with poor social networks and support, we help 
the patient establish and strengthen these areas. 
Financial limitations can be addressed with local 
support (donations from individuals, institutions, 
or charities) and regional and national programs. 
Knowledge deficits are addressed based on the 
areas of weakness and can involve additional vis-
its with any member of our team and must be cor-
rected prior to proceeding with surgery. Our 
in-office behaviorists and psychologists not only 

perform the preoperative behavioral evaluation 
and postoperative education, but they also serve 
as resources for patients who require additional 
mental health support both pre- and postopera-
tively. We also recommend both preoperative and 
lifelong postoperative attendance at our behav-
ioral education groups and surgical support 
groups where a multitude of topics are addressed, 
including cognitive behavioral therapy skills, 
body image, shame reduction, coping with obe-
sity stigma, etc. Additionally, we will pair past 
patients with new patients to develop a mentor-
mentee relationship, which we have found to be 
very beneficial. Although most of these efforts 
are carried out face to face in our office, we have 
been introducing social media in our ongoing 
education and support groups, which the patients 
report is very convenient and useful.

 Substance Abuse

Substance abuse may be present in up to 25% of 
patients seeking bariatric surgery with high-risk 
psychiatric profiles including 14% with tobacco 
dependency, 16% with alcohol abuse, and 2% with 
illicit drug use [96, 97]. Substance abuse among 
bariatric surgery candidates results in program 
congestion secondary to patients having a 
decreased likelihood of making it to surgery [106].

Tobacco abuse has been associated with an 
increase in postsurgical complications including 
myocardial infarction, delayed wound healing, 
pneumonia, and mortality [107, 108]. The patho-
physiologic effects of tobacco use include an 
increase in heart rate, blood pressure, and oxygen 
demand secondary to decreased blood flow from 
vasoconstriction, narrowing of small airways, 
reduction in immune responses, and increased 
risk of thrombosis [109–112]. In bariatric surgery 
specifically, smoking is associated with a twofold 
increase in mortality and a 1.5 times higher 
30-day complication rate including venous 
thromboembolism, which remains elevated for at 
least 6  months postoperatively [113–115]. 
Secondary to these issues, the evidence-based 
bariatric surgery guidelines recommend tobacco 
cessation at least 6  weeks preoperatively and 
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 provide support for long-term abstinence [116]. 
It is our practice to require all patients to stop the 
use of tobacco and nicotine, as demonstrated by a 
negative nicotine urinalysis prior to proceeding 
with bariatric surgery. Additionally, we educate 
patients on the negative effects of secondhand 
smoke and encourage patients to distance them-
selves from this exposure.

Worldwide, cannabis is the most widely used 
illicit drug, and unfortunately it carries risk fac-
tors both similar to and unique from tobacco use 
[117]. Inhaled marijuana smoke is associated 
with inflammation and atypia of airway epithe-
lium accompanied by symptoms of chronic bron-
chitis, including a sore throat and cough [118, 
119]. Patients with pre-existing cardiac disease 
have an increased risk of myocardial infarction in 
the hour following cannabis smoking, and even 
brief exposure to secondhand smoke results in 
impaired vascular endothelial function [120, 
121]. Cannabis also has additive effects with 
anti-cholinergics and central nervous system 
depressants, resulting in increased sedation, diz-
ziness or lightheadedness, muscle weakness, dry 
mouth, and confusion [122, 123]. Although infre-
quent, tachycardia and postural hypotension can 
occur in patients with cardiovascular disease 
[122]. Secondary to the potential complications 
and side effects associated with cannabis use, we 
require all recreational users to have three nega-
tive random urine screens over a 6-month time 
frame. For patients who have a clear medical 
need for cannabis, we discuss the risk and bene-
fits of continuing versus discontinuing this ther-
apy and strongly encourage cessation.

The exact prevalence of alcohol use disorders 
(AUD, previously alcohol dependence and alco-
hol abuse) in patients seeking bariatric surgery is 
unknown but ranges from that of the general pop-
ulation to as high as 16% in high-risk psychiatric 
patients [96, 124]. Although a current diagnosis 
of AUD is considered a contraindication to bar-
iatric surgery, the history of this diagnosis is not. 
However, patients with a history of AUD may be 
at increased risk for relapsing to alcohol use fol-
lowing roux-en-Y gastric bypass procedures, 
which typically presents greater than 2  years 
postoperatively [124, 125]. This association has 

not been seen in patients undergoing adjustable 
gastric banding or vertical sleeve gastrectomy. 
Within our practice, any patient with an active 
diagnosis of AUD is put on hold, provided 
resources to stop drinking, and is required to be 
alcohol-free for 6 months prior to surgery.

Interestingly, patients with a history of preop-
erative treatment for substance abuse lost more 
weight 2 years postoperatively following a roux-
en-Y gastric bypass compared to those who had 
not required treatment (79% versus 67%) [126]. 
Therefore, a history of substance abuse should 
not be a contraindication to bariatric surgery, but 
rather may actually be a prognosticator of 
improved outcomes secondary to previous suc-
cess with long-term behavioral changes.

 Preoperative Laboratory Evaluation

Successful management of the bariatric patient’s 
postoperative nutrition begins with a strong pre-
operative educational program, thorough assess-
ment of nutritional status, and follow-up to 
reinforce important principals associated with 
long-term weight loss maintenance. While it is 
important to evaluate a patient’s readiness for 
change, realistic goal setting, and general nutri-
tional knowledge, standard laboratory assess-
ment is critical. It is our practice to require all 
bariatric surgery candidates be screened with a 
comprehensive panel of laboratory studies to 
assess their baseline health and nutritional status. 
Routine labs consist of fasting blood glucose, 
lipid panel, kidney function, liver profile, thy-
roid-stimulating hormone (TSH), parathyroid 
hormone (PTH), complete blood count (CBC), 
urinalysis, and select vitamin levels (see below). 
This information may then be used to optimize 
their preoperative health by modifying medica-
tions or starting new medications to treat comor-
bid conditions or restore vitamin deficiencies.

 Diabetes: Glycemic Control

Preoperative glycemic control should be opti-
mized with the help of a diabetes comprehensive 
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care plan as described by the American 
Association of Clinical Endocrinologists (AACE) 
in 2011 [127]. Measures include healthy dietary 
patterns, medical nutrition therapy, physical 
activity, and, as needed, pharmacotherapy. In the 
end, a shorter duration and better preoperative 
glycemic control is associated with a higher rate 
of T2D remission after bariatric surgery [128]. 
Reasonable treatment targets include a hemoglo-
bin A1c value of 6.5–7.0% or less, a fasting blood 
glucose level of ≤110 mg/dL, and a 2-h postpran-
dial blood glucose concentration of ≤140  mg/
dL.  However, clinical judgment should be con-
sidered in patients with microvascular or macro-
vascular complications, extensive comorbidities, 
or long-standing, treatment-resistant diabetes. A 
more liberal preoperative hemoglobin A1c target 
of 7–8% may be appropriate in this population, 
and, on a rare occasion, patients with extremely 
treatment-resistant T2D may only be able to 
obtain a level less than 10%. Nevertheless, an 
elevated preoperative A1c in patients undergoing 
RYGB is associated with elevated postoperative 
hyperglycemia, which, in turn, is independently 
associated with higher rates of wound infections, 
acute renal failure, and reduced T2D remission 
rates [129]. Baseline C-peptide levels are a sur-
rogate for beta islet pancreatic cell mass and are 
commonly elevated in T2D, and remission rates 
after RYGB were positively correlated with pre-
operative C-peptide levels. Although we do not 
routinely check this biomarker, it may be used to 
assist in the selection and counseling of patients 
with obesity-related T2D that are most likely to 
benefit from bariatric surgery [130].

 Thyroid Disease

Subclinical hypothyroidism and increased TSH 
levels are associated with severe obesity. It is also 
widely known that TSH levels decrease after bar-
iatric surgery and significant weight loss [131–
135]. Although routine screening for primary 
hypothyroidism in obese patients is not recom-
mended per the American Thyroid Association, 
appropriate testing should proceed with at-risk 
patients based on clinical presentation, family 

history of thyroid disease, or the presence of 
other autoimmune disorders such as rheumatoid 
arthritis and type 1 diabetes [136]. Nevertheless, 
many insurance companies in the USA require 
TSH testing before proceeding with bariatric sur-
gery, which is our standard practice.

 Lipids

A fasting lipid panel should be obtained for all 
obese patients considering bariatric surgery. 
Currently within the USA, most insurance require 
a 6–12-month presurgical medical weight loss 
program, and therefore, treatment should be initi-
ated for the management of dyslipidemia and 
prevention of atherosclerosis. Improvement in 
serum lipid levels after bariatric surgery has been 
well documented, but results are often variable 
and incomplete and are not simply due to weight 
loss. Changes in gastrointestinal absorption and 
altered dietary patterns contribute to lowering 
low-density lipoprotein and total cholesterol 
while raising high-density lipoprotein levels. 
Therefore, the need for lipid-lowering medica-
tions, such as statins, should be periodically eval-
uated and not be stopped unless clearly indicated 
[137].

 Pregnancy

All premenopausal women considering bariatric 
surgery should be screened for pregnancy with a 
urine human chorionic gonadotropin on the day of 
surgery. Current pregnancy is an absolute contrain-
dication for bariatric surgery and should be avoided 
for 12–18  months postoperatively. This has been 
supported by numerous reviews and position state-
ments related to the harmful effects of various defi-
ciencies on the developing fetus, including iron, 
calcium, vitamin B12, folic acid, and vitamin D, as 
well as teratogens such as vitamin A [138–140]. 
Therefore, all women of  reproductive age should 
be counseled on both barrier and pharmacologic 
contraceptive choices prior to surgery. Many bar-
iatric surgery practices routinely advise patients to 
stop taking combined hormonal oral contraceptives 
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for a period of time before surgery until at least 30 
days postoperatively due to the relative increased 
risk of venous thromboembolism (VTE). During 
that time frame, we recommend the use of barrier 
contraceptives due to the inconsistency of pharma-
cokinetics in obese women, especially after malab-
sorptive procedures (RYGB, BPD-DS). Our group 
has recently recommended the ongoing use of both 
oral hormonal and barrier contraceptives during the 
perioperative period due to the risk of VTE in mor-
bidly obese women who experience unintended 
pregnancy compared to nonpregnant women tak-
ing oral contraceptives. For the women who 
become pregnant after bariatric surgery, they 
should be monitored for appropriate weight gain, 
nutritional supplementation, and fetal health. 
Nutritional surveillance should include screening 
for deficiencies in iron, folate, vitamin B12, cal-
cium, and fat-soluble vitamins every trimester.

 Biochemical Monitoring 
for Nutrition Status

Establishing baseline laboratory values for all 
potential bariatric surgery candidates is critical, 
especially in patients who proceed with a malab-
sorptive operation (Fig. 34.3a, b). This informa-
tion becomes important when trying to distinguish 
between pre-existing deficiencies, postoperative 
complications, and noncompliance with recom-
mended nutrient supplementation. Numerous 
biologic processes are dependent upon vitamins 
and minerals as essential factors and cofactors in 
the regulation of body size. They help in the mod-
ulation of appetite, hunger, nutrient absorption, 
metabolic rate, fat and sugar metabolism, thyroid 
and adrenal function, glucose homeostasis, and 
neural activities. A growing body of literature has 
documented several micronutrient deficiencies 
that may actually be more prevalent in over-
weight and obese adults and children. This may 
seem paradoxical in light of the typical excess 
caloric intake associated with obesity. Poor 
dietary selection and habits coupled with reduced 
vitamin and mineral contents of processed foods 
can lead to micronutrient deficiencies among the 
general population. Increased adiposity itself 

may also contribute to altered fat-soluble vitamin 
metabolism, such as vitamin D. Therefore, ade-
quate preoperative micronutrient repletion is not 
only important for good health but for weight 
loss success and longevity. The following sec-
tions discuss potential signs, symptoms, and 
treatment or supplementation of micronutrient 
deficiencies as they relate to bariatric surgery.

 Vitamin B12 and Folate

Both vitamin B12 (cobalamin) and folate (folic acid) 
are involved in the maturation of red blood cells, 
and chronic deficiency can lead to macrocytic ane-
mia. Among the most commonly performed bariat-
ric operations, RYGB patients are at most risk. They 
experience a significant decrease in hydrochloric 
acid production, resulting in a decreased conversion 
of pepsinogen to pepsin, which is necessary for the 
release of vitamin B12 from protein [141]. The 
reduced availability of intrinsic factor (IF) only 
compounds the problem as it is a glycoprotein pro-
duced by parietal cells that is required for absorp-
tions of cobalamin in the terminal ileum. A reduction 
in hydrochloric acid and subsequently vitamin B12 
is not as prevalent in patients who undergo adjust-
able gastric banding (AGB), vertical sleeve gastrec-
tomy (VSG), and biliopancreatic diversion with 
duodenal switch (BPD-DS). This is because AGB 
patients retain full use of the exocrine and endocrine 
properties of the gastric mucosa while VSG and 
BPD-DS patients retain the use of a larger gastric 
volume, better tolerance of animal proteins, and 
greater pepsin and gastric acid production, which 
allows increased availability and interaction of IF 
with pouch contents.

Several medications commonly taken by bar-
iatric patients may elevate their preoperative risk 
of deficiency by altering vitamin B12 absorption 
and liver stores. Of patients taking metformin for 
impaired glucose tolerance or T2D, 10–30% 
present with reduced vitamin B12 absorption 
[142]. The high incidence of GERD in obese 
patients translates to prevalent use of proton 
pump inhibitors (PPIs), which may increase the 
potential risk of developing vitamin B12 
deficiency.

P. R. Kemmeter and E. J. Krebill



363

Fi
g.

 3
4.

3 
(a

, 
b)

 S
ug

ge
st

ed
 b

io
ch

em
ic

al
 m

on
ito

ri
ng

 f
or

 n
ut

ri
tio

n 
st

at
us

. 
(©

 J
ea

nn
e 

B
la

nk
en

sh
ip

, 
M

S 
R

D
. 

U
se

d 
w

ith
 

pe
rm

is
si

on
)

S
ug

ge
st

ed
 B

io
ch

em
ic

al
 M

on
ito

rin
g 

To
ol

s 
fo

r 
N

ut
rit

io
n 

S
ta

tu
s

V
ita

m
in

/m
in

er
al

S
cr

ee
ni

ng
N

or
m

al
 r

an
ge

A
dd

iti
on

al
 la

bo
ra

to
ry

in
de

xe
s

C
rit

ic
al

 r
an

ge
P

re
op

er
at

iv
e 

de
fic

ie
nc

y
P

os
to

pe
ra

tiv
e 

de
fic

ie
nc

y
C

om
m

en
ts

S
er

um
 th

ia
m

in
 r

es
po

nd
s 

to

C
on

si
de

r 
w

ith
 u

nr
es

ol
ve

d

W
he

n 
sy

m
pt

om
s 

ar
e

S
er

um
 fo

la
te

 r
ef

le
ct

s

E
xc

es
si

ve
 s

up
pl

em
en

ta
tio

n

L Aills et al/ Surgery for Obesity and Related Diseases 4 (2008) S73-S108

Lo
w

 H
gb

 a
nd

 H
ct

 a
re

O
cu

la
r 

fin
di

ng
 m

ay
C

om
m

on
 (

50
%

) 
w

ith
U

nc
om

m
on

; u
p 

to
 7

%
 in

R
B

P
P

la
sm

a 
re

tin
ol

 <
10

20
–8

0 
mg

/d
L

P
la

sm
a 

re
tin

ol
V

ita
m

in
 A

Ir
on

F
er

rit
in

M
al

es
:

R
B

C
 fo

la
te

F
ol

at
e

B
12

 (
co

ba
la

m
in

)

B
6 

(p
yr

id
ox

in
e)

B
1 

(t
hi

am
in

)
S

er
um

 th
ia

m
in

10
–6

4 
ng

/m
L

P
LP

5–
24

 n
g/

m
L

R
B

C
 g

lu
ta

m
ic

 p
yr

uv
at

e
O

xa
lo

ac
et

ic
tr

an
sa

m
in

as
e

20
0–

10
00

 p
g/

m
L

S
er

um
 B

12

28
0–

79
1 

ng
/m

L
U

rin
ar

y 
F

IG
LU

<
22

7 
nm

ol
/L

 a
ne

m
ia

de
fic

ie
nc

y,
<

30
5 

nm
ol

/L
R

B
C

 fo
la

te

m
m

ol
 C

R
T

tH
cy

 >
 1

3.
2 
mm

ol
/L

mM
M

A
 >

3.
6 
mm

ol
/

sM
M

A
 >

0.
37

6 
mm

ol
/

su
bo

pt
im

al
<

40
0 

pg
/M

L
<

20
0 

pg
/M

L 
de

fic
ie

nc
y

S
er

um
 B

12

P
LP

 <
3 

ng
/M

L

P
yr

uv
at

e 
>

1 
m

g/
dL

Tr
an

sk
et

ol
as

e 
ac

tiv
ity

15
-2

9%
; m

or
e 

co
m

m
on

 in

A
fr

ic
an

 A
m

er
ic

an
s 

an
d

H
is

pa
ni

cs
; o

fte
n

as
so

ci
at

ed
 w

ith
 p

oo
r

hy
dr

at
io

n
U

nk
no

w
n

R
ar

e

C
om

m
on

 w
ith

10
–1

3%
; m

ay
 o

cc
ur

 w
ith

ol
de

r 
pa

tie
nt

s 
an

d 
th

os
e

ta
ki

ng
 H

2 
bl

oc
ke

rs
 a

nd
P

P
Is

U
nc

om
m

on

F
er

rit
in

 <
20

 n
g/

m
L

9–
16

%
 o

f a
du

lt 
w

om
en

 in
20

–4
9%

 o
f p

at
ie

nt
s;

co
m

m
on

 w
ith

R
Y

G
B

 fo
r

m
en

st
ru

at
in

g
w

om
en

 (
51

%
),

 a
nd

pa
tie

nt
s 

w
ith

 s
up

er
ob

es
ity

 (
49

–5
2%

)

ge
ne

ra
l p

op
ul

at
io

n 
ar

e
de

fic
ie

nt
S

er
um

 ir
on

 <
50

 m
g/

dL
T

IB
C

 >
45

0 
mg

/d
L

U
nc

om
m

on

R
Y

G
B

 in
 a

bs
en

ce
of su

pp
le

m
en

ta
tio

n,
12

–3
3%

R
ar

e,
 b

ut
 o

cc
ur

s 
w

ith
R

Y
G

B
, A

G
B

, a
nd

B
P

D
/D

S
>

20
%

N
or

m
al

 s
er

um
 a

nd
ur

in
ar

y 
M

M
A

15
–2

00
 n

g/
m

L
↓ 

S
er

um
 ir

on

↑ 
S

er
um

 tH
cy

↑ 
T

IB
C

↑ 
S

er
um

 a
nd

 u
rin

ar
y

↑ 
S

er
um

 tH
cy

↑ 
P

yr
uv

at
e

↓ 
R

B
C

 tr
an

sk
et

ol
as

e

M
M

A

F
em

al
es

:
12

–1
5p

 n
g/

m
L

mg
/d

L
so

m
e 

st
ud

ie
s

B
P

D
/D

S
 a

fte
r 

1 
yr

up
 to

 7
0%

 a
t 4

 y
r;

m
ay

 o
cc

ur
 w

ith
R

Y
G

B
/A

G
B

su
gg

es
t d

ia
gn

os
is

co
ns

is
te

nt
 w

ith
 ir

on
de

fic
ie

nc
y 

an
em

ia
 in

st
ag

e 
3 

or
 s

ta
ge

 4
an

em
ia

; f
er

rit
in

 is
 a

n
ac

ut
e 

ph
as

e 
re

ac
ta

nt
 a

nd
w

ill
 b

e 
el

ev
at

ed
 w

ith
ill

ne
ss

 a
nd

/o
r

in
fla

m
m

at
io

n;
 o

ra
l

co
nt

ra
ce

pt
iv

es
 r

ed
uc

e
bl

oo
d 

lo
ss

 fo
r

m
en

st
ru

at
in

g 
fe

m
al

es

re
ce

nt
 d

ie
ta

ry
 in

ta
ke

ra
th

er
 th

an
 fo

la
te

 s
ta

tu
s;

R
B

C
 fo

la
te

 is
 a

 m
or

e
se

ns
iti

ve
 m

ar
ke

r

ca
n 

m
as

k 
B

12
 d

ef
ic

ie
nc

y
in

 C
B

C
; n

eu
ro

lo
gi

c
sy

m
pt

om
s 

w
ill

 p
er

si
st

pr
es

en
t a

nd
 B

12
 2

00
–

25
0 

pg
/m

L,
 M

M
A

 a
nd

tH
cy

 a
re

 u
se

fu
l; 

se
ru

m
B

12
 m

ay
 m

is
s 

25
–3

0%
of

 d
ef

ic
ie

nc
y 

ca
se

s

an
em

ia
; d

ia
be

te
s 

co
ul

d
in

flu
en

ce
 v

al
ue

s

di
et

ar
y 

su
pp

le
m

en
ta

tio
n

bu
t i

s 
po

or
 in

di
ca

to
r 

of
to

ta
l b

od
y 

st
or

es

a
34 Preoperative Preparation and Workup



364

C
on

tin
ue

d

V
ita

m
in

/m
in

er
al

S
cr

ee
ni

ng
N

or
m

al
 r

an
ge

A
dd

iti
on

al
 la

bo
ra

to
ry

in
de

xe
s

C
rit

ic
al

 r
an

ge
P

re
op

er
at

iv
e 

de
fic

ie
nc

y
P

os
to

pe
ra

tiv
e 

de
fic

ie
nc

y
C

om
m

en
ts

C
om

m
on

 w
ith

 B
O

D
/

W
ith

 d
ef

ic
ie

nc
y,

 s
er

um

Lo
w

 p
la

sm
a 

al
ph

a
U

nc
om

m
on

C
om

m
on

 w
ith

 B
P

D
/

C
om

m
on

 w
ith

 B
P

D
/

M
on

ito
r 

al
bu

m
in

 le
ve

ls

H
al

f-
lif

e 
fo

r 
pr

ea
lb

um
in

 is
R

ar
e,

 b
ut

 c
an

 o
cc

ur
U

nc
om

m
on

A
lb

um
in

 <
3.

0 
g/

dL
P

re
al

bu
m

in
 <

20
 m

g/
dL

S
er

um
 p

re
al

bu
m

in
(t

ra
ns

th
yr

et
in

)
4–

6 
g/

dL
S

er
um

 a
lb

um
in

P
ro

te
in

   
R

Y
G

B
 =

 R
ou

x-
en

-Y
 g

as
tr

ic
 b

yp
as

s;
 A

G
B

 =
 a

dj
us

ta
bl

e 
ga

st
ric

 b
an

di
ng

; B
P

D
/D

S
 =

 b
ili

op
an

cr
ea

tic
 d

iv
er

si
on

/d
uc

de
na

l s
w

itc
h;

 P
LP

 =
 p

yr
id

ox
al

-5
′ -

 p
ho

sp
ha

te
; R

B
C

 =
 r

ed
 b

lo
od

 c
el

l; 
M

M
A

 =
 m

et
hy

lm
al

on
ic

 a
ci

d;
  t

H
cy

 =
 to

ta
l h

om
oc

ys
te

in
e;

 C
R

T
 =

 c
re

at
in

in
e;

 P
P

Is
 =

 p
ro

te
in

 p
um

p 
in

hi
bi

to
rs

; F
IG

LU
 =

 fo
rm

im
in

og
lu

ta
m

ic
 a

ci
d;

 C
B

C
 =

 c
om

pl
et

e 
bl

oo
d 

co
un

t; 
T

IB
C

 =
 to

ta
l i

ro
n 

bi
nd

in
g 

ca
pa

ci
ty

; H
gb

 =
 h

em
og

lo
bi

n;
 H

ct
 =

 h
em

at
oc

rit
; R

P
B

 =
 r

et
in

ol
 b

in
di

ng
 p

ro
te

in
; P

T
H

 =
 p

ar
at

hy
ro

id
 h

or
m

on
e;

 2
5(

O
H

)D
 =

 2
5.

hy
dr

ox
yv

ita
m

in
 D

; P
T

 =
 p

ro
th

ro
m

bi
n 

tim
e;

D
C

P
 =

 d
es

-g
am

m
a-

ca
rb

ox
yp

ro
m

th
ro

m
bi

n.

   
In

 g
en

er
al

, l
ab

or
at

or
y 

va
lu

es
 s

ho
ul

d 
be

 r
ev

ie
w

ed
 a

nn
ua

lly
 o

r 
as

 in
di

ca
te

d 
by

 c
lin

ic
al

 p
re

se
nt

at
io

n.
 L

ab
or

at
or

y 
no

rm
al

 v
al

ue
s 

va
ry

 a
m

on
g 

la
bo

ra
to

ry
 s

et
tin

g 
an

d 
ar

e 
m

et
ho

d 
de

pe
nd

en
t. 

T
hi

s 
ch

ar
t 

pr
ov

de
s 

a 
br

ie
f s

um
m

ar
y 

of
 m

on
ito

rin
g 

to
ol

s.
 S

ee
 th

e 
A

pp
en

di
x 

fo
r 

ad
di

tio
na

l d
et

ai
l a

nd
 d

ia
gn

os
tic

 to
ol

s.
©

 J
ea

nn
e 

B
la

nk
en

sh
ip

, M
S

 R
D

. U
se

d 
w

ith
 p

er
m

is
si

on
.

Z
in

c

V
ita

m
in

 K

V
ita

m
in

 E

25
(O

H
)D

P
la

sm
a 

al
ph

a

P
T P
la

sm
a 

zi
nc

10
–1

3 
se

co
nd

s
ph

yl
lo

qu
in

on
e

60
–1

30
 m

g/
dL

5–
20

 m
g/

m
L

25
–4

0 
ng

/m
L

P
la

sm
a 

lip
id

s
<

5 
mg

/m
L

P
la

sm
a 

zi
nc

 <
70

 m
g/

dL

V
ar

ia
bl

e

S
er

um
 2

5(
O

H
)D

 <
20

ng
/m

L 
su

gg
es

ts
de

fic
ie

nc
y 

20
–3

0
m

L 
su

gg
es

ts
in

su
ffi

ci
en

cy

↓ 
S

er
um

 p
ho

sp
ho

rs
↑ 

A
lk

al
in

e 
ph

os
ph

or
s

↑ 
S

er
um

 P
T

H
↓ 

U
rin

ar
y 

cl
ac

iu
m

↑ 
D

C
P

 ↓
 P

la
sm

a

↓ 
R

B
C

 z
in

c

to
co

ph
er

ol

S
er

um
 to

ta
l

pr
ot

ei
n

6–
8 

g/
dL

↓
w

ith
 R

Y
G

B
, A

G
B

,
an

d 
B

P
D

/D
S

 if
pr

ot
ei

n 
in

ta
ke

 is
lo

w
 in

 to
ta

l i
nt

ak
e

or
 in

di
sp

en
sa

bl
e

am
in

o 
ac

id
s

2–
4 

d 
an

d 
re

fle
ct

s
ch

an
ge

s 
in

 n
ut

rit
io

na
l

st
at

us
 s

oo
ne

r 
th

an
al

bu
m

in
, a

 n
on

sp
ec

ifi
c

pr
ot

ei
n 

ca
rr

ie
r 

w
ith

 a
ha

lf-
lif

e 
of

 2
2 

d

an
d 

in
te

rp
re

t z
in

c
ac

co
rd

in
gl

y,
 a

lb
um

in
 is

pr
im

ar
y 

bi
nd

in
g 

pr
ot

ei
n

fo
r 

zi
nc

; n
o 

re
lia

bl
e

m
et

ho
d 

of
 d

et
er

m
in

in
g

zi
nc

 s
ta

tu
s 

is
 a

va
ila

bl
e;

pl
as

m
a 

zi
nc

 is
 m

et
ho

d
ge

ne
ra

lly
 u

se
d;

 s
tu

di
es

ci
te

d 
in

 th
is

 r
ep

ot
 d

id
no

t a
de

qu
at

el
y 

de
sc

rib
e

m
et

ho
ds

 o
f z

in
c 

an
al

ys
is

U
nc

om
m

on
, b

ut
 in

cr
ea

se
d

ris
k 

of
 lo

w
 le

ve
ls

as
so

ci
at

ed
 w

ith
 o

be
si

ty

D
S

 a
fte

r 
1 

yr

D
S

 a
fte

r 
1 

yr
; m

ay
oc

cu
r 

w
ith

 R
Y

G
B

U
nc

om
m

on

U
nc

om
m

on

C
om

m
on

; 6
0–

70
%

P
T

 is
 n

ot
 a

 s
en

si
tiv

e
m

ea
ur

e 
of

 v
ita

m
in

 K
st

at
us

to
co

ph
er

ol
 to

 p
la

sm
a

lip
id

s 
(0

.8
 m

g/
g 

to
ta

l
lip

id
) 

sh
ou

ld
 b

e 
us

ed
w

ith
 h

yp
er

lip
id

em
ia

ca
lc

iu
m

 m
ay

 b
e 

lo
w

 o
r

no
rm

al
; s

er
um

ph
os

ph
or

us
 m

ay
de

cr
ea

se
, s

er
um

 a
lk

al
in

e
ph

os
ph

at
as

e 
in

cr
ea

se
s;

P
T

H
 e

le
va

te
d

D
S

 a
fte

r 
1 

yr
; m

ay
oc

cu
re

 w
ith

 R
Y

G
B

;
pr

ev
al

en
ce

un
kn

ow
n

V
ita

m
in

 D

L Arills et al/ Surgery for Obesity and Related Diseases 4 (2008) S73-S108

b Fi
g.

 3
4.

3 
(c

on
tin

ue
d)

P. R. Kemmeter and E. J. Krebill



365

Some vitamin B12-deficient patients may 
develop significant symptoms such as polyneu-
ropathy, paresthesia, and permanent neural 
impairment including delusions, hallucination, 
and overt psychosis [143]. Catastrophic conse-
quences of undetected chronic deficiency are too 
great to forego supplementation. Therefore, we 
recommend both preoperative and annual post-
operative screening among all bariatric patients 
but especially those undergoing RYGB.  Both 
patient compliance and practitioner preference 
can be taken into consideration when choosing 
the doses of daily, weekly, or monthly supple-
mentation. It can be given parenterally, via nasal 
sprays, sublingual preparations, and intramuscu-
lar injections. Oral supplementation with 350–
500 μg/d may prevent most postoperative vitamin 
B12 deficiency in RYGB patients [144, 145].

It is common knowledge that folic acid defi-
ciency or failing to consume the recommended 
dietary intake of 400  μg/d among pregnant 
women is associated with a greater risk of fetal 
neural tube defects. Despite the pervasiveness of 
folate-fortified grain products, the increasing 
popularity of high-protein/low-carbohydrate 
diets may exacerbate this risk. Boylan et al. found 
that 56% of preoperative RYGB patients were 
deficient in folic acid [146]. Since the majority of 
patients remains asymptomatic or has subclinical 
symptoms, the consequences of failing to iden-
tify folate deficiency are potentially much greater 
for women than men. Folate absorption occurs 
preferentially in the proximal small bowel, but it 
can occur along the entire length of the small 
bowel with postoperative brush border adapta-
tion. Folate deficiency is preventable with sup-
plementation that provides 200% of the 
recommended daily value (800 μg/d) or corrected 
with 1000 μg/d [147].

 Iron

Iron deficiency has been reported in nearly 50% 
of morbidly obese preoperative candidates [148]. 
Symptoms of fatigue and a diminished capacity 
to exercise are often experienced when total body 
iron stores are depleted and erythropoiesis is 

impaired. Women of child-bearing age comprise 
the majority of bariatric surgeries performed 
each year in the USA. Iron deficiency as a result 
of menstrual losses should be considered and 
addressed given that oral contraceptives alone 
can decrease blood loss by as much as 60% [149]. 
Screening for iron status should begin with mea-
suring serum iron and total iron-binding capacity. 
Serum ferritin is an acute phase reactant and 
should not be used to diagnose deficiency since it 
can fluctuate with age, inflammation, and infec-
tion. Hemoglobin and hematocrit should be 
obtained as part of a complete blood count; how-
ever, they reflect the later stages of iron defi-
ciency anemia. Pre-existing iron deficiency 
anemia should be factored into the surgeon’s dis-
cussion with the patient regarding the selection of 
an appropriate bariatric surgery. For instance, the 
reports of iron deficiency after RYGB range from 
20% to 49%, since the duodenum and proximal 
jejunum where iron is most efficiently absorbed 
are bypassed [150]. The problem of decreased 
absorption is often magnified by reduced intake 
of iron-rich foods such as red meats, enriched 
grains, and vegetables, due to poor tolerance by 
RYGB patients postoperatively.

 Calcium and Vitamin D

Similar to iron, calcium is absorbed preferentially 
in the duodenum and proximal jejunum; however, 
its absorption is facilitated by vitamin D in an 
acidic environment. Vitamin D is absorbed more 
distally in the jejunum and ileum. While it is impor-
tant to consider the elevated risk of deficiency in 
patients undergoing malabsorptive operations, 
attention must be focused on early identification 
and treatment in the preoperative setting. For 
instance, vitamin D deficiency has been found in 
60–80% of morbidly obese preoperative candi-
dates [148, 151–153]. This results in a cascade of 
reduced dietary calcium absorption and increased 
calcitriol which causes metabolic changes that may 
also favor fat accumulation [154–156]. Even 
though low vitamin D levels are associated with 
decreased dietary calcium absorption, it does not 
always equate to a reduction in serum calcium. 
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Calcium homeostasis is maintained by an upregu-
lation of PTH with downstream effects on the kid-
ney, liver, and the skeletal system in the form of 
bone resorption. Measurable calcium deficiency is 
often not expected until osteoporosis has severely 
depleted the skeleton of calcium stores.

Observational studies and clinical trials alike 
show that calcium malnutrition and hypovitamino-
sis D can predispose patients to a variety of com-
mon chronic diseases, such as skeletal disorders, 
malignancies (colon, breast, and prostate), chronic 
inflammation and autoimmune diseases (e.g., type 
1 diabetes mellitus, inflammatory bowel disease, 
multiple sclerosis, rheumatoid arthritis), metabolic 
disorders (metabolic syndrome and hypertension), 
and peripheral vascular disease [157, 158]. 
Treatment for vitamin D deficiency can consist of 
50,000  IU of ergocalciferol taken orally, once 
weekly, for 8 weeks [148]. Standard multivitamins 
containing 1200  mg of daily calcium and 400–
800  IU of vitamin D may not provide adequate 
protection in the postoperative setting against 
increasing PTH and bone resorption [159, 160]. 
Supratherapeutic dosing of calcium citrate and 
vitamin D is often required because deficits in 
vitamin D, calcium, and potentially secondary 
hyperparathyroidism will result in osteopenia, 
osteoporosis, and ultimately osteomalacia [161]. It 
is our practice to correct hypovitaminosis D preop-
eratively with 2000–10,000  IU of ergocalciferol 
daily and adjust the dose postoperatively as needed 
based on regular assessment of laboratory values. 
In addition to medical therapy, patient should be 
encouraged to participate in weight-bearing physi-
cal exercise; increase the dietary intake of calcium 
and vitamin D-rich foods, moderate sun exposure, 
and smoking cessation; and reduce intake of alco-
hol, caffeine, and phosphoric acid to promote 
strong and healthy bones.

 Vitamins A, E, and K and Zinc

The risk of fat-soluble vitamin deficiencies 
among preoperative bariatric surgery patients 
remains relatively low. Few studies have investi-
gated preoperative fat-soluble vitamin deficien-
cies, but Madan et  al. investigated vitamin and 
trace minerals before and after RYGB and found 

vitamin A was deficient in only 7% of patients 
prior to surgery [162]. Boylan et al. found 23% 
of RYGB patients had low vitamin E levels prior 
to  surgery [146]. Routine screening for zinc 
 deficiency should be reserved for the postopera-
tive setting as well, unless there are signs of hair 
loss, pica, altered sense of taste (dysgeusia), or 
in male patients with hypogonadism or erectile 
dysfunction. To summarize, more effort should 
be put into appropriate screening for the signs 
and symptoms of vitamin A, E, K, and zinc defi-
ciencies in the postoperative care of patients 
undergoing malabsorptive procedures, particu-
larly the BPD-DS.  Even though the RYGB, 
VSG, and AGB may have variable effects on the 
digestion, absorption, and transport of fat-solu-
ble vitamins, they do not result in a 72% decrease 
in fat absorption as seen with the BPD-DS [163].

 Protein

Few studies have investigated the rate of preopera-
tive protein deficiency in bariatric surgery patients. 
Overall, it is very unlikely, but it would be unwise 
to assume that it does not exist altogether among 
morbidly obese patients, given the popularity of 
food faddism and the often disordered eating pat-
tern observed in the morbidly obese. With a half-
life of 3  weeks, preoperative albumin levels 
(normal range 3.5–5.0 g/dL) should suffice as an 
indicator of long-term protein status. If needed, 
diagnosis of protein malnutrition (PM) can be sup-
ported with additional laboratory testing of serum 
transferrin (half-life 8–10  days), retinol-binding 
protein (half-life 12  h), or prealbumin (half-life 
2 days). The concomitant anemia often seen in the 
setting of PM or protein-energy malnutrition can 
be due to iron, vitamin B12, folate, and/or copper 
deficiency [150].

 Venous Thromboembolism 
Prophylaxis

Deep vein thrombosis (DVT) occurs in 0.3–2.2% 
of post-bariatric surgery patients with an approx-
imate 1% incidence of pulmonary embolism (PE) 
[25, 164–168]. Unfortunately, despite attempts 
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at reducing these complications, PE remains one 
of the leading causes of 30-day postoperative 
 mortality representing 17–20.7% of post-bariat-
ric surgery mortalities [60, 169]. Patient-related 
risk factors for VTE include increasing age, male 
sex, increasing BMI (37% increased risk with 
each ten point increase in BMI), history of VTE, 
and smoking [60, 114, 115, 168, 170]. 
Additionally, procedure-related risk factors 
include open procedure, operative time >3  h, 
postoperative RYGB leak, and procedure type 
including revision surgery [114, 167, 171]. 
Analysis of data from a state-wide registry 
including 27,000 patients stratified patients into 
low- (<1%), medium- (1–4%), and high-risk 
(>4%) categories and identified that 97% of 
patients fell in the low-risk category [168].

Strategies to reduce VTE rates include lower 
extremity compression devices (LECD), early 
postsurgical ambulation, and chemoprophylaxis. 
In a Cochrane review and meta-analysis, the use 
of LECD reduced the risk of DVT by >60% com-
pared to no prophylaxis [172–174]. The data 
regarding the direct impact of early ambulation 
on VTE reduction are limited since this strategy 
has not been studied in isolation. The use of che-
moprophylaxis with either unfractionated hepa-
rin (UFH) or low-molecular-weight heparin 
(LMWH) has demonstrated risk reductions in 
VTE rates of 47% and 71%, respectively but also 
demonstrated an increased risk of bleeding com-
plications in 57% with UFH and relative risk of 
hemorrhage of 2.03 with LMWH [174, 175]. 
Unfortunately, data are limited to suggest the 
superiority of UFH compared to LMWH, and the 
appropriate VTE prophylaxis dosing continues to 
be debated. Although most studies focus on 
LMWH and have evaluated standard- versus 
adjusted-dose regimens, there is significant het-
erogeneity in the study groups, and the relatively 
small size of the cohorts limits their power 
[176–180].

Based on recommendations from the Michigan 
Bariatric Surgery Collaborative (MBSC), our 
current practice for low-risk patients is to give 
enoxaparin 40 mg subcutaneously 2 h preopera-
tively and then 30 mg twice a day while hospital-
ized. For moderate- and high-risk patients, we 
discharge on 40  mg subcutaneously once or 

twice daily, respectively, for 30 days. Patients on 
 lifelong anticoagulation for a history of DVT/PE 
are typically transitioned off their oral medica-
tion and onto enoxaparin preoperatively, and then 
the process is reversed postoperatively. We have 
intermittently utilized postoperative oral factor 
Xa inhibitors with success, but there are limited 
data related to their use. The use of inferior vena 
cava (IVC) filters as PE prophylaxis has fallen 
out of favor, and the combined VTE prophylaxis 
guidelines of the AACE, the Obesity Society, and 
the ASMBS indicate that its risks may outweigh 
its benefits [61]. Our group abandoned the use of 
IVC filters in 2010 after data from the MBSC 
suggested increased complications, including 
mortality, associated with their use [181].

 Antibiotic Prophylaxis

Following the introduction of laparoscopic bar-
iatric surgery with the resultant smaller inci-
sions, shorter hospital length of stay, and 
minimal blood loss, the incidence of surgical 
site infections (SSI) has decreased to approxi-
mately 4% [182–184]. The organisms causing 
SSI following bariatric surgery are most com-
monly Gram-positive (staphylococci and strep-
tococci), but can be Gram-negative or anaerobic 
[185, 186]. Per the Antimicrobial Prophylaxis in 
Surgery guidelines jointly developed by the 
American Society of Health-System Pharmacists 
(ASHP), the Infectious Diseases Society of 
America (IDSA), the Surgical Infection Society 
(SIS), and the Society for Healthcare 
Epidemiology of America (SHEA), cefazolin 
2 g intravenously (3 g if weight >120 kg) within 
60  min of incision is adequate for low-risk 
patients undergoing gastrointestinal surgery 
[187]. However, cephamycins have improved 
anaerobic coverage, with cefoxitin having the 
greatest activity against B. fragilis, and there-
fore have also become a common prophylactic 
agent in bariatric surgery [188]. For those 
patients with an allergy to cephalosporins or 
severe allergy to penicillin (e.g., IgE mediated), 
clindamycin or vancomycin with an aminogly-
coside or aztreonam or fluoroquinolone should 
be utilized [187]. Given variations in regional 
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pathogens and antimicrobial resistance, choice 
of antibiotic prophylaxis should be driven by 
local population susceptibility profiles.

It is our protocol to utilize cefoxitin 2  g IV 
30–60  min prior to incision with intraoperative 
repeat dosing every 2 h for extended procedures. 
For patients with allergies to cephalosporins or 
anaphylactic reactions to penicillin, we use 
clindamycin 900  mg and gentamicin with 
adjusted dose to BMI and renal function, intrave-
nously. We previously continued patients on anti-
biotics for the first 24 h postoperatively but found 
an increased rate of oral candidiasis and, after 
switching to only preoperative and intraoperative 
dosing, found no change in our SSI infection 
rates but a decrease in the incidence of oral 
candidiasis.

 Consents

The informed consent is more than a document 
the patient signs but rather is a dynamic process 
that represents the education a patient receives 
regarding the options for treatment and the risks 
and benefits of each of these options [189]. When 
done appropriately, the informed consent can 
have positive effects on physician-patient rela-
tionships and communication with more realistic 
expectations, increased patient sense of empow-
erment and satisfaction, and potentially decrease 
medical errors and malpractice claims [190–194]. 
Our process of informed consent begins with an 
initial educational seminar (available both online 
and in-person) and ongoing education from all 
segments of our multidisciplinary team including 
handouts and a presurgical informed consent 
seminar and is completed in the preoperative 
holding area. The typical patient within our pro-
gram will receive this information at least three 
separate times throughout the process, with some 
patients requiring even more attention. We have 
found that the additional effort invested in the 
preoperative education pays dividends in 
increased patient satisfaction and reduced mal-
practice claims.

 Reoperative Surgery

With the significant number of bariatric surgeries 
performed worldwide and their associated com-
plications including failed weight loss, reopera-
tive surgery is becoming much more common. 
Additionally, patients with a history of an anti-
reflux procedure who meet criteria for a bariatric 
operation represent a significant surgical chal-
lenge. In addition to all the risk factors discussed 
above, these patients have the added challenge of 
altered surgical anatomy and scarring and may 
also have protein-calorie and micronutrient defi-
ciencies. The evaluation of the reoperative sur-
gery patient typically requires a detailed history 
and physical with specific attention to signs and 
symptoms of complications from their previous 
procedure(s), review of previous operative notes, 
extended laboratory testing to assess nutrient lev-
els, additional imaging modalities for appropriate 
identification of the altered anatomy, and appro-
priate nutrient supplementation to address defi-
ciencies. In-depth education is required to guide 
the patient toward appropriate expectations with 
the procedure. The complexities of these reopera-
tions are associated with higher postoperative 
complication rates. Reoperative procedures 
should only be performed by experienced bariat-
ric surgeons [195].

Within our group, we have four experienced 
bariatric surgeons who perform our complex 
reoperative procedures and will assist each other 
for extremely complex operations. With each 
new surgeon we add to our group, we provide a 
mentorship throughout their first year of practice 
and will assist them as they develop the skills 
required for reoperative procedures, including a 
backup surgeon who is on-call to assist with 
complex emergent surgeries. It has been our 
experience that patients will seek treatment for a 
specific complication (i.e., chronic marginal 
ulcer) with the unspoken desire for additional 
weight loss. Patients who present for additional 
bariatric surgery after a “failed” VSG, RYGB, or 
BPD±DS undergo an extensive evaluation as dis-
cussed above and, if an anatomic abnormality is 
not detected, are enrolled into our 6-month 
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 revision surgery protocol. This protocol involves 
monthly educational visits with recommenda-
tions from a bariatrician with the possible addi-
tion of weight loss medication, dietitian for 
review of their daily food diary, behaviorist for 
ongoing counseling, and exercise physiologist 
for review of their daily exercise diary. It has 
been our experience that this protocol is effective 
in determining which patients have a behavioral 
component to their weight regain and prevents 
the vast majority from undergoing a high-risk, 
low-benefit reoperative procedure. Although our 
desire is to help all patients with morbid obesity, 
our experience has demonstrated that some 
patients have “metastatic” or “terminal” obesity 
and, similar to stage IV cancer, cannot be treated 
successfully with surgery.

 Hospital Standards for Optimal 
Care of the Metabolic and Bariatric 
Surgery Patient

The ACS and the ASMBS have jointly published 
the latest standards manual for the Metabolic and 
Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP) for 2016. 
This collaborative effort outlines the necessary 
resources for the optimal care of the metabolic 
and bariatric surgery patient in the USA.  This 
comprehensive focus on patient safety has been 
supported in the literature with a large-scale 
study (n  =  277,760) demonstrating in-hospital 
mortality rates at non-accredited centers to be 
more than three times higher than accredited cen-
ters (0.22% vs. 0.06%) [196]. The following dis-
cussion summarizes the basic requirements of a 
hospital-based bariatric surgery program ranging 
from staffing personnel to hospital facilities and 
equipment [197].

 Staffing and Services

A bariatric center must have procedures in place 
that employ an integrated health approach to the 
metabolic and bariatric surgery patient. The team 

is typically led by an actively practicing surgeon 
as the metabolic and bariatric surgery (MBS) 
director. Administrative assistance is provided 
by  a designated MBS coordinator. The MBS 
coordinator manages the accreditation process 
and compliance with MBSAQIP requirements 
through maintenance of policies, patient educa-
tion, outcomes data collection, quality improve-
ment process, and education of relevant staff in 
the various aspects of bariatric patient care with a 
focus on patient safety. The team should include 
registered nurses, advanced practice nurses or 
other physician extenders, registered dietitians, 
psychologists, psychiatrists, social workers, and 
physical or exercise therapists. Specialized desig-
nation may also be pursued, such as Certified 
Bariatric Nurses (CBN) certification. Recovery 
room staff should be experienced in difficult ven-
tilator support. Nurses working on the floor or 
unit should be experienced in respiratory care, 
management of nasogastric tubes, intraabdomi-
nal drains, ambulation of the morbidly obese 
patient, knowledge of common perioperative 
complications, and early recognition of intravas-
cular volume depletion, cardiac, diabetic, and 
vascular problems. Comprehensive bariatric cen-
ters must also be able to provide anesthesia ser-
vices, critical or intensive care unit (CCU/ICU) 
services, comprehensive endoscopy services, and 
on-site diagnostic and interventional radiology 
services. Specialists in cardiology, pulmonology, 
rehabilitation, and psychiatry should be readily 
available as well.

 Operating Room and Hospital 
Facilities

The MBSAQIP requires facilities to have a full 
line of equipment and instruments for the care of 
patients who undergo metabolic and bariatric sur-
gery. Furniture and equipment must be able to 
accommodate patients within the weight limits 
established by the center (e.g., 750  lbs). Staff 
must be trained to use appropriate patient move-
ment and transfer systems without injury to the 
patient or themselves. The following list includes 
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but is not limited to equipment and instruments 
needed in the care of bariatric patients:

• Examination tables
• Operating room tables
• Radiological tables and facilities
• Fluoroscopic technologies
• Medical imaging equipment for diagnostic 

purposes
• Surgical instruments (specifically designed 

stapling instruments, retractors, and appropri-
ately long instruments)

• Intensive care unit (ICU) equipment
• Crash carts
• Blood pressure cuffs
• Sequential compression device sleeves

Additional facility requirements must also be 
considered and should be constructed to accom-
modate morbidly obese patients.

• Doorways
• Chairs
• Beds
• Scales
• Gowns
• Floor-mounted or floor-supported toilets
• Shower rooms
• Wheelchairs
• Walkers

 Conclusion
Bariatric surgery is the most successful treat-
ment of obesity and its comorbidities with 
complication rates that have decreased signifi-
cantly over the past decade and a half. The 
development of bariatric multidisciplinary 
teams, dedicated centers, proper equipment, 
and thorough training of laparoscopic bariat-
ric surgeons in the appropriate patient selec-
tion, workup, and preoperative preparation 
has led to these improvements. Novice bariat-
ric surgeons would be wise to select patients 
with low-risk profiles to gain the necessary 
experience prior to performing surgery on 
higher-risk patients. Reoperative surgery with 
its significantly higher risks should only be 

performed by seasoned surgeons at facilities 
with the necessary resources to deal with com-
plex complications.
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Medical Management of Obesity

Marianela Aguirre Ackermann

 Introduction

The genetic-environment combination is central 
to the genesis of obesity. Obesity emerged as one 
of the major health problems during the last cen-
tury, from the enormous environmental changes 
that the world experienced. The environmental 
factors favoring a positive energy balance and 
weight gain include, on the one hand, increased 
availability of food, particularly high-calorie 
foods and increased portion sizes [1]. On the 
other hand, decreased movement, with less time 
of physical activity at work and the replacement 
of physical activity in leisure time with sedentary 
activities such as watching TV and the use of 
electronic devices [2]. Other factors considered 
to contribute to the obesity epidemic are use of 
drugs that have weight gain as a side effect, 
reduction in variability of ambient temperatures, 
sleep debt, increasing maternal age, greater 
fecundity among people with higher adiposity, 
assortative mating, endocrine disruptors, micro-
organisms, epigenetics and intrauterine and inter-
generational effects [3]. These and many other 
factors, combined with medical innovations that 
have reduced mortality and prolonged life, laid 
the foundation for the obesity epidemic.

Weight loss produces multiple benefits, 
including improved risk factors, disease preven-
tion, functional improvement and self-esteem. 
Increased weight loss produces greater benefits, 
but even the loss of only 5–10% of weight has 
been shown to produce significant improvements 
in many conditions [4].

The central strategies for any weight loss 
effort are lifestyle change, eating plan and 
increased physical activity. In those patients with 
difficulties in weight loss, the use of approved 
weight management drugs coupled with lifestyle 
changes is appropriate. Surgical management can 
produce remarkable health improvement and 
reduce mortality for patients with severe obesity.

However, surgery is not a procedure to be used 
in all patients but only in selected patients. On the 
other hand, patients before and after surgery 
should perform treatment for obesity and achieve 
lifestyle changes. In this chapter we will review 
the current nonsurgical approach to obesity.

 Components of Running 
a Successful Medical Weight 
Management Practice

A structured lifestyle intervention program 
designed for weight loss (lifestyle therapy) con-
sisting of a healthy meal plan, physical activity, 
and behavioral interventions should be available 
to patients who are being treated for overweight 
or obesity [5].
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Primary care professionals often provide gen-
eral recommendations for weight loss, but they 
are usually not trained to offer intensive treat-
ments for obesity because they receive minimal 
training in obesity, nutrition, and exercise [6, 7]. 
One of the most important barriers is the well- 
documented negative attitude of physicians 
toward obese patients, and low levels of emo-
tional rapport in primary care visits with over-
weight and obese patients may weaken the 
patient-physician relationship, diminish patients’ 
adherence to recommendations, and decrease the 
effectiveness of behavior change counseling [8].

Also, the approaches in which it is performed 
only recommendations result in very limited 
weight loss, which may frustrate both patients and 
their physicians. Therefore, it is essential to have 
more training in primary care physicians so that 
they can adequately refer obese patients to teams 
that have the tools to perform safe treatments with 
scientific approval of overweight and obesity.

The cornerstone for the treatment of an obese 
patient is an intervention with interdisciplinary 
strategies that involve multiple components, to 
achieve a better integral lifestyle. The term inter-
disciplinary refers to the simultaneous implemen-
tation of three strategies: behavioral training, 

changes in dietary plan to reduce energy intake, 
and an increase in physical movement (Table 35.1).

Multicomponent interventions are the treat-
ment of choice [10]:

 (a) When instituting a treatment in an 
overweight- obese person, it is important to 
verify that health professionals working in 
weight management interventions have rele-
vant competencies and have had training in 
the management of these patients.

 (b) Take into account the following 
considerations:
• Individual preferences and sociocultural 

circumstances
• The experiences and results of previous 

treatments
• The level of risk of the person, based on 

BMI, waist circumference, and 
comorbidities

 (c) Document the agreed goals and actions and 
the results.

 (d) Provide support according to the needs of the 
individual and be attentive to changes over 
time.

 (e) Provide information using standard lan-
guage. Take into account the person:

Table 35.1 Elements for comprehensive lifestyle intervention

Element Recommendation
Reduced calorie diet Effective methods to reduce calories:

  Set a caloric goal (1200–1500 kcal/day for women, 1500–1800 kcal/day for 
men, adjusted for body weight)

  Specify a caloric deficit (500–750 kcal/day)
  Restrict/reduce intake of certain food types to create energy deficit
Consider patient preferences and health status when identifying a diet. A variety of 
approaches can produce weight loss

Increased physical activity Aerobic activity >150 min/week for weight loss
Resistance training to preserve lean mass 200–300 min/week aerobic activity to 
maintain weight loss

Behavioral intervention Ideal:
  Face-to-face sessions (>14 with a trained interventionist over the first 6 months)
  Maintain efforts over 1 year
  Incorporate strategies such as goal setting and self-monitoring
Alternatives:
  Telephone or electronic counseling with a trained interventionist
  Commercial weight loss programs
Tend to produce less weight loss tan face-to-face counseling
Maintenance: Continued contact (once monthly) with a trained interventionist

From: Jensen et al. [9]
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• Age, stage of life, ethnicity, and gender
• Cultural needs and social and economic 

circumstances
 (f) Praise progress in behaviors—even small 

ones—at every opportunity, to encourage the 
person through the difficult process of chang-
ing established behaviors.

 (g) Give patients relevant information on obe-
sity in general, related health risks, realistic 
targets for weight loss, the distinction 
between losing weight and maintaining 
weight loss, and the importance of develop-
ing skills for both; advise them that the 
change from losing weight to maintenance 
typically happens after 6–9 months of treat-
ment. It is also important to focus on behav-
ioral goals (increased physical activity and 
healthier eating) rather than a particular 
body weight.

 (h) It is important to explain treatment options 
and—if the patient has indication—surgical 
treatments.

 (i) If a person does not feel this is the right time 
for them to take action, the treating profes-
sional should explain that advice and support 
will be available in the future whenever they 
need it. Also, provide contact details so that the 
person can get in touch when they are ready.

One of the largest and longest randomized 
evaluations supporting the efficacy of implemen-
tation of lifestyle intervention in obesity treat-
ment is the LOOK AHEAD. Overweight/obese 
individuals assigned at intensive lifestyle inter-
vention (ILI) lost 4.7% of initial body weight at 
year 8, compared with 2.1% for participants 
assigned to usual care (DSE). At year 8, 50% of 
ILI and 37% of DSE participants achieved a 
mean loss ≥5% of initial weight. Nearly 40% of 
ILI participants who lost ≥10% of initial weight 
at year 1 maintained this loss at 8 years, and 50% 
of participants who lost ≥5% maintained this loss 
at 8 years, revealing that long-term weight con-
trol is possible with continued practice of skills 
taught in intensive lifestyle interventions [11]. 
An interesting aspect of this study is that the ini-
tial rate of weight loss in the first and second 
months of ILI was positively associated with 
weight loss at 4 and 8 years (Fig. 35.1). This sug-

gests that early weight loss may be a useful indi-
cator of long-term success. Achievement of >2% 
weight loss at month 1 or >6% weight loss at 
month 2 increased the likelihood of achieving a 
clinically significant weight loss at year 8, com-
pared to those losing <2% at month 1 and <3% at 
month 2, respectively [13].

Taking into account that the success of obesity 
treatment programs is the long-term maintenance 
of lost weight, these findings demonstrate the 
importance of participants having a good start in 
a lifestyle intervention.

The problem of long-term interdisciplinary 
intensive approaches such as LOOK AHEAD is its 
high cost. That is why other alternatives are evalu-
ated either as support for treatment or for long-
term maintenance. Web-based programs are a 
potential medium for supporting weight loss 
because of their accessibility and wide reach. A 
Randomized Control Trial (RCT) evaluated the 
effects of a web-based component of a weight loss 
service in an overweight/obese population at risk 
of cardiovascular disease (CVD) using a control 
group [14]. More intervention group participants 
lost ≥5% of their baseline body weight at 3 months 
(34% vs 3%, P < 0.001) and 6 months (41% vs 
18% P  =  0.047), but not at 12  months (22% vs 
21%, P = 0.95) versus control group. Although the 
intervention group had high attrition levels, this 
study provides evidence that a web-based program 
can be used at least to initiate treatment for weight 
loss and lower CVD risk up to 3–6 months.
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 Behavioral Modification

The oldest report of the use of BT in the manage-
ment of obesity came out around 1967 [15]. 
Comprehensive lifestyle interventions usually 
provide a structured behavior change program 
that includes regular self-monitoring of food 
intake, physical activity, and weight. These same 
behaviors are recommended to maintain lost 
weight, with the addition of frequent (i.e., weekly 
or more often) monitoring of body weight [9].

Behavioral therapy is a central aspect of life-
style change intervention, as it provides patients 
with techniques to implement dietary recommen-
dations and physical activity and to incorporate 
them as their own habits [16].

Among these recommendations is the record-
ing of food intake (through writing or photos), 
physical activity performed, and weight. Self- 
monitoring provides personal accountability and 
allows for greater awareness of how behaviors 
are impacting weight [17].

Self-weighing is a simple way to perform 
self- monitoring, which has been shown to be 
useful for self-monitoring and self-regulation of 
body weight. Self-weighing provides informa-
tion by acting as a suggestive indicator of how 
changes in eating and exercise behavior are 
influencing weight. It acts as a tool so that the 
patient can consider making small adjustments 
in his behavior according to the evolution of the 
weight that he registers himself. This allows for 
better self- regulation as small changes in body 
weight can be identified and resolved, likely 
leading to greater self-efficacy and empower-
ment over one’s ability to regulate their body 
weight.

The National Weight Control Registry 
(NWCR) is a study that included individuals who 
have maintained a required minimum weight loss 
of 13.6 kg for 5 years. The authors identified a 
large sample of individuals who were highly suc-
cessful at maintaining weight loss; within the 
behaviors that had the successful ones, 75% of 
the NWCR subjects weigh themselves at least 
once a week [18]. In another study, weight loss 
maintainers reported that they currently perform 
more weight-controlling behaviors than those 

who had regained weight or controls: 55% of 
maintainers weigh themselves at least once a 
week, compared with 35.7% of regainers [19].

On-site (face-to-face, group or individual), 
comprehensive, high-intensity lifestyle inter-
ventions (14 or more contacts in first 6 months) 
represent the standard for behavioral weight [9]. 
However, registration can be facilitated by 
smartphone applications, counters, web-based 
weight loss graph, weekly emails with tailored 
feedback, and cell-connected scales. Patients 
can review their progress two to four times a 
month, with an interview with a trained profes-
sional who evaluates progress and provides 
motivational, objective, and problem-solving 
training [20].

The Diabetes Prevention Program (DPP) is an 
excellent example of a comprehensive behavioral 
intervention [21]. More than 3200 overweight or 
obese subjects with impaired glucose tolerance 
were randomly assigned to placebo, metformin, 
or an intensive lifestyle intervention (ILI) 
designed to induce and maintain a 7 kg reduction 
in initial weight, and the primary outcome was the 
reduction in the incidence of type 2 diabetes 
(DM2).

Participants in the lifestyle change group attended 
16 individual counseling sessions (with a nutrition-
ist) for the first 24 weeks and then had contact at 
least every 2 months for the remainder of the 4-year 
study. Subjects were given a hypocaloric and low-fat 
eating plan and 150 min/week of physical activity 
(mainly fast walking). The study was stopped after 
an average of 2.8 years; up to that point, participants 
in lifestyle changes had achieved an average loss of 
5.6  kg, compared to significantly lower losses of 
2.1 kg for metformin and 0.1 kg for placebo.

The lifestyle intervention, compared to the 
placebo and metformin groups, reduced the risk 
of developing DM2 by 58% and 31%, respec-
tively, which led to the early termination of the 
study to provide the modification of the style of 
life to the other two groups.

At 10-year follow-up, it was found that, in 
comparison with placebo, lifestyle intervention 
maintained a 34% reduction in the risk of devel-
oping DM2, although the latter had regained 
most of the weight lost [22].
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 Components of Behavioral 
Interventions

• Diet: Behavioral weight control typically pre-
scribes a calorie target to induce a loss of 
about 1% of the weight per week. As we will 
see in this chapter, a variety of different inter-
ventions can be incorporated in behavioral 
treatment considering that all diets will pro-
duce weight loss, regardless of their macronu-
trient composition, if a consistent caloric 
deficit is achieved.

• Include the following strategies in behavioral 
interventions:
 – Self-monitoring of behavior and progress: 

The record of the type and amount of foods 
and beverages consumed is a central compo-
nent of behavioral treatment. The goal is to 
increase awareness of behaviors needing 
change, not trying to catch a patient in an 
inconsistency. Self-monitoring helps patients 
identify patterns in their eating, select targets 
for reducing intake, and track progress in 
meeting goals. More frequent self-monitoring 
is associated with greater weight loss [23, 24].

 – Stimulus control: The food “enters” through 
the senses. Stimulus control teaches patients 
to manage external cues from food, which 
are perceived through sight or smell. Also, 
to manage the times, places, and events 
associated with feeding [25].

 – Goal setting: Behavioral treatment helps 
patients make concrete, objective, and tan-
gible changes in diet, in movement, and in 
managing everyday situations. Goal setting 
clearly identifies the behavior to be changed 
and stipulates when, where, and how it will 
be carried out. However, change is a pro-
cess. Patients periodically review the prog-
ress made in meeting the objectives with 
the support of their food and activity 
records [26].

 – Slowing rate of eating: Slow eating may be 
associated with reduced energy intake; the 
evidence shows that eating at a physiologi-
cally moderate pace leads to a more pro-
nounced anorexigenic gut peptide response 
than eating fast [27]. Techniques include 

concentrating on tastes, pausing in between 
meals, and drinking water in between meals.

 – Social support: Provides patients motiva-
tion for lifestyle change, role models, 
enhancement of self-acceptance, and con-
fidence feelings. Enhancing social sup-
port by including spouses and family 
members is one of the best ways to 
accomplish this. A meta-analysis has con-
cluded that including family members led 
to an additional 3  kg weight loss com-
pared to programs that did not include 
family members [28].

 – Problem-solving: Problem-solving skills 
help patients analyze the challenges they 
face in adhering to their eating plan and 
activity requirements.

 – Assertiveness: Assertiveness training 
includes learning to say “no.”

 – Behavioral contracting: Patients agree with 
the therapist one or more healthy behaviors 
they commit to perform for the next session 
and then translate it in writing. Healthy 
behaviors chosen should be short term, real-
istic, simple, somewhat challenging, but pos-
sible. For example, increase the days a week 
by walking, add a vegetable dish to lunch or 
dinner, or start having breakfast [29].

 – Reinforcement of changes: Rather than 
reinforcing successful outcomes, it is 
important to reward good behaviors.

 – Cognitive restructuring (modifying 
thoughts): Assists patients in identifying 
and changing unhealthy beliefs about 
themselves.

 – Stress management: Teaches patients to use 
cognitive behavioral strategies to lessen 
and relieve negative affective states.

 – Relapse prevention: Teaches patients that 
lapses are normal, expected, and manage-
able by developing behavior strategies to 
cope with and prevent them. Relapse pre-
vention involves helping patients under-
stand that to err is human. Interventionists 
can help patients anticipate the situations 
when lapses may occur; the goal is not spe-
cifically to prevent all lapses, but to prevent 
them from becoming relapses [29].
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The “Clinical Practice Guidelines” [5] for 
patients with obesity from AACE/ACE (American 
Association of Clinical Endocrinologists and 
American College of Endocrinology) give these 
guidelines on behavioral therapy:

• Lifestyle-enhancing treatment should include 
behavioral interventions that increase adher-
ence to a reduced-calorie meal schedule and 
increased movement.

• Behavioral intervention should be performed 
by a multidisciplinary team that includes phy-
sicians, dietitians, health educators, fitness 
trainers, and psychologists.

• Psychologists and psychiatrists should partici-
pate in treatment when, in addition, over-
weight patients suffer from eating disorders, 
depression, anxiety, psychosis, and other psy-
chological problems that may affect the effec-
tiveness of lifestyle intervention programs.

• Behavioral lifestyle intervention and support 
should be intensified if patients do not achieve 
a 2.5% weight loss in the 1st month of treat-
ment. As mentioned earlier, initial weight 
reduction is a key factor for long-term treat-
ment success.

• The behavioral approach should teach the 
management of the different possible situa-
tions for each person, as well as problem- 
solving skills, and should evaluate the results 
during the change process.

• Behavioral lifestyle intervention must be 
adapted to the characteristics of each person: 
ethnic, cultural, socioeconomic, etc.

Weight regain is frequent after a patient com-
pletes a lifestyle intervention program. The con-
tinued long-term support (weekly, monthly, in 
person, or by telephone) is the most effective 
behavioral method for preventing weight regain, 
but it is infrequent, because of several causes. 
One of them is that is not widely available. 
Another, the dropout in the treatment of obesity 
is high. In the event of failure to obtain weight 
loss, or not continuing to lose weight, patients 
generally do not sustain treatment [16, 30].

It is important to note that the maintenance 
phase is an active phase of the treatment. The 

weight is not maintained only with what has 
already been learned. The most commonly used 
behavioral resources for the maintenance of lost 
weight are occasional or frequent monitoring of 
food intake and physical activity, as needed; 
weekly monitoring of weight; and curriculum of 
behavioral change including problem-solving, 
cognitive restructuring, relapse prevention, and 
regular feedback from a trained interventionist 
[31]. Therefore, it is important to include within 
the behavioral treatment strategies for dealing with 
weight regain. And during the process of change in 
the treatment of obesity, transmit to the patient that 
the important thing is consistency, not perfection.

 Dietary Strategies for Weight Loss

 Which Dietary Strategies Are 
Effective for Weight Loss?

One diet is “THE diet”? When we are selecting a 
diet for weight loss, we need to take several con-
siderations. One of the most important aspects in 
the selection of the diet is that it achieves the 
patient’s adherence.

Basically there are two strategies used in the 
development of the diet plan for weight loss:

• Based on the energy value (calories)
• Based on macronutrients (proteins, carbohy-

drates, fats)

The diet must have less calories than is 
required daily to generate a negative calorie bal-
ance. Any of the following methods can be used 
to reduce calorie intake [32]:

• Reduction of 500/750  kcal below daily 
requirements.

• Prescribe 1200–1500 kcal/day for women and 
1500–1800  kcal/day for men. The selection 
should be adjusted for personal body weight.

• Prescribe a calorie-restricted diet, based on 
each patient’s individuality, health status, and 
personal preferences.

• While restricting a particular group of foods 
(e.g., high-carbohydrate foods or high-fat 
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foods) could be considered a method to restrict 
calories, there is no evidence that avoiding a 
food group is more beneficial in the long term, 
than include it in the correct portions. Finally, 
it is the caloric deficit that provides the weight 
loss.

Randomized controlled trials often involve 
hundreds or thousands of subjects prescribed to 
follow different diet regimens, with investigators 
providing instructions and support to participants 
on how to eat the prescribed diets. However, 
there is little evidence that people actually adhere 
to the diet prescriptions. The weight decrease 
curve in the studies is not linear. After a few 
weeks, it does not reflect the targeted energy defi-
cit resulting in pounds lost. This is the effect of 
metabolic adaptation and mainly suboptimal 
dietary adherence [33].

Such studies actually test the effects of dif-
ferent diet prescriptions rather than the effects 
of different diets. As an alternative, controlled 
feeding studies can provide more useful physi-
ological information, but diet adherence is often 
poor in outpatient studies even when partici-
pants are provided with all of their food [34]. 
That is why food studies are required to prop-
erly control physiological diets and measure 
effects, but these studies are very expensive and 
labor intensive, making them typically small in 
size.

We will analyze the available evidence of dif-
ferent dietary approaches in the management of 
obesity.

There is no doubt that in the short term, diets 
with fewer calories and diets with higher protein 
content are the ones that achieve greater weight 
loss. However, long-term differences are minimal 
or nonexistent.

A meta-analysis of 48 RCTs (N = 7286 indi-
viduals) shows that all types of diets are the same. 
In the analysis adjusted for diet class, all treat-
ments were superior to no diet at 6-month follow-
 up. At 12-month follow-up, the estimated average 
weight losses of all diet classes compared with no 
diet were 1–2 kg less than after 6-month follow-
 up. The results show that both the low- 
carbohydrate and low-fat diets were associated 

with average weight losses of approximately 8 kg 
at 6 months and 6–7 kg at 12 months compared 
with no diet. Although statistical differences 
existed among several of the diets, the differ-
ences were small [35].

These findings support the recommendations 
for weight loss in that most calorie-reducing diets 
result in clinically important weight loss—as 
long as the diet is maintained [16].

Several organizations have published guideline 
recommendations for weight management in 
patients who are overweight or obese [9, 36, 37]. In 
general, guidelines recommend lifestyle and 
behavioral modifications as the foundation of 
weight loss (Table 35.2). In some they specifically 
recommend a caloric gap, for example, Scottish 
Guidelines recommend that dietary interventions 
for weight loss should be calculated to produce a 
600 kcal/day energy deficit, and programs should 
be tailored to the dietary preferences of the indi-
vidual patient [38]. Although this can produce 
meaningful weight loss, long-term and sustainable 
weight loss is difficult to achieve for most patients, 
and alternative options such as medications should 
be considered.

Table 35.2 Lifestyle interventions, physical activity, and 
dietary approaches (NICE 2014)

Multicomponent interventions are the treatment of 
choice
Weight management strategies should include 
behavior change strategies to increase people’s 
physical activity levels or decrease inactivity and 
improve eating behaviors
People should have relevant information on realistic 
targets for weight loss (5–10% of original weight)
To prevent obesity, most people may need to do 
45–60 min of moderate intensity activity a day, 
particularly if they do not reduce their energy intake. 
Advise people who have been obese and have lost 
weight that they may need to do 60–90 min of activity 
a day to avoid regaining weight
The main requirement of a dietary approach is that 
total energy intake should be less than energy 
expenditure
Diets with 600 kcal/day deficit (600 kcal fewer than is 
needed to stay the same weight) or that reduce energy 
intake by reducing fat content in combination with 
expert support and intensive follow-up are 
recommended for sustainable weight loss

From: Stegenga et al. [37]
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 Very Low Calorie Diets: Which Is Their 
Place?
Treatment with a very-low-calorie diet (VLCD; 
≤800 kcal/day) is associated with substantial ini-
tial weight loss but also greater weight regain 
compared with weight loss achieved through a 
more moderate restriction in energy intake [39].

Several organizations have expressed in 
guidelines regarding VLCD. NICE recommended 
do not routinely use VLCD to manage obesity. 
Do not use excessively restrictive and nutrition-
ally unbalanced diets, because they are ineffec-
tive in the long term and can be harmful [37].

Only consider VLCD as part of a multicompo-
nent weight management strategy for people who 
are obese and who have a clinically assessed need 
to lose weight rapidly (e.g., those who need joint 
replacement surgery or who are seeking fertility 
services). The maximum time that should be fol-
lowed is 12  weeks (continuously or intermit-

tently), and people following the diet are given 
ongoing clinical support.

Before starting people on a VLCD as part of a 
multicomponent weight management strategy, it 
is important to consider counseling and assess for 
eating disorders or other psychopathology, 
explain the risks and benefits, and tell patient that 
this is not a long-term weight management strat-
egy. And it is important to provide a long-term 
multicomponent strategy to help people maintain 
their weight after the use of a very-low-calorie 
diet (see Table 35.3).

 Macronutrients: What About 
Proteins?

The macronutrient composition of meals has less 
impact on weight loss than adherence rates in most 
patients. Although, in certain patient populations, 

Table 35.3 Association of macronutrient composition on health and weight loss efficacy [5, 39–42]

Macronutrient change Effect
Low carbohydrate Benefits

  Improved glycemic status and HDL cholesterol
  Improved TGL
  Improved satiety
Disadvantages
  Increased LDL cholesterol
  Ketosis
  Excess of protein intake: risk in kidney disease, liver disease, diabetes, gout
  Low in fiber
  Low in vitamins and minerals (C, D, A, B1, B5, B6, folic acid, Ca, Mg, K, Zn, Cu)
No incremental effect on weight loss (some studies show more short-term weight loss)

Moderate  
carbohydrate- moderate 
protein

Improved body composition, lipid, post-prandial insulin response
No incremental effect on weight loss

Low fat Beneficial effects on lipids
Benefits on lipids replacing with unsaturated fat
Improved renal function
No incremental effect on weight loss

Mediterranean diet Reduces cardiometabolic risk factors
Reduces metabolic syndrome
Reduces markers of inflammation
Decreased risk certain cancers
Improves hepatic steatosis and insulin sensitivity
Improves renal function
Reduces mortality
No incremental effect on weight loss
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modifying macronutrient composition may be 
considered to optimize adherence, eating pat-
terns, weight loss, metabolic profiles, risk factor 
reduction, and/or clinical outcomes [5].

While low-fat diets were popular in the latter 
part of the twentieth century, carbohydrate 
restriction has regained popularity in recent 
years. Dietary carbohydrate restriction has been 
sustained to cause endocrine adaptations that 
promote body fat loss more than dietary fat 
restriction, with proponents claiming that the 
resulting decreased insulin secretion causes ele-
vated release of free fatty acids from adipose tis-
sue, increased fat oxidation and energy 
expenditure, and greater body fat loss than 
restriction of dietary fat [40, 43].

Hall et al. investigated adults with obesity that 
selectively restricted dietary carbohydrate versus 
fat. Cutting carbohydrates increased net fat oxi-
dation, while equal calorie fat restriction had no 
effect. However, cutting fat resulted in more body 
fat loss than cutting carbohydrates as measured 
by metabolic balance. Mathematical model simu-
lations predicted small long-term differences in 
body fat [44].

In overweight people, low-carbohydrate diets 
can produce more rapid and greater short-term 
(less than 6 months) weight reductions than other 
dietary prescriptions [45]. However, longer-term 
studies (more than 12 months) show only a small 
difference (typically around 1  kg) between 
“high”- and “low”-carbohydrate weight-reducing 
diets and suggest that compliance with dietary 
advice rather than macronutrient composition is 
the main determinant of weight loss [41].

Why was long-term weight loss so poor, 
regardless of the type of diet prescribed? This 
question has been hotly debated for decades. 
One key reason is that adherence to the diets 
decreases with the course of treatment time. 
Weight loss studies achieve a maximum weight 
loss after about 6–8 months, followed by weight 
regain [46].

Energy balance calculations suggest that at the 
point of maximum weight loss, diet adherence 
has already been substantially reduced [47, 48].

RCT comparing different types of diets shows 
huge differences, but very little evidence has 

been published about the effects of the prescribed 
diets over the long term. A major problem is that 
accurate assessment of diet adherence in outpa-
tient studies is very limited, although new meth-
ods are being developed [48].

What is surprising is that in the long run, the 
same pattern of weight loss is repeated, regard-
less of the diet used [46]. Much more research is 
needed to determine factors that affect diet adher-
ence and thereby help maintain weight loss over 
the long term [49]. What seems to be clear is that 
long-term diet adherence is extremely bad, irre-
spective of what type of diet is prescribed [42].

And, as weight loss occurs, energy require-
ments decrease out of proportion to the reduction 
accounted for in lowered weight. Consequently, 
targeted energy intake needs to be decreased if 
continued weight loss is to be achieved, as well 
as for the maintenance of lost weight.

The appeal of abundant highly palatable food 
that influences eating patterns can make caloric 
restriction an unachievable goal for many indi-
viduals and does not seem to be a problem of 
“lack of will.” Powerful biological forces propel 
the body to regain lost weight. In obese patients 
who have achieved weight loss, clinical data sug-
gest the presence of compensatory mechanisms 
that may lead to weight regain. One study reported 
that obese patients who underwent a 10-week 
weight loss program had significantly lower lev-
els of the saciogenic peptides leptin, PYY, CCK, 
insulin, and amylin and significant increases in 
the orexigenic peptide ghrelin levels from base-
line. These differences persisted at 1  year and 
were accompanied by significant increases in 
appetite and preoccupation with food [50].

 Physical Activity

Increased physical activity is one of the essential 
components of the comprehensive approach to 
life changes in the management of obesity.

Recommendations typically prescribe a grad-
ual and progressive increase in physical activity 
(e.g., rapid walking) to reach a minimum goal of 
at least 150  min/week (30  min or more/day, at 
least 5 days per week) [10, 32]. Beyond weight 
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loss, achieving this goal brings additional  benefits 
to health. However, some guidelines [38] recom-
mend prescribe in overweight and obese individ-
uals a higher volume of physical activity, equal to 
approximately 1800–2500  kcal/week (225–
300  min/week of moderate intensity physical 
activity).

For maintenance of lost weight, more exercise 
is needed, at least 60–90 min a day [32, 37, 51].

The type of physical activity (e.g., aerobic vs 
resistance or high intensity vs low intensity) does 
not seem to affect overall weight loss, but as 
more intensive activity produces similar weight 
loss with a reduced time commitment, this might 
be preferable to some; it would therefore seem 
appropriate to recommend programs that are 
acceptable to patients [52].

In a meta-analysis of three small RCTs, weight 
loss at 12 months was significantly greater with 
physical activity than control. Physical activity 
(minimum of 45 min, three times per week) com-
bined with diet results in significantly greater 
weight loss at 12 months than diet alone. Median 
weight change across three studies was a loss of 
5.60 kg for physical activity and diet and a loss of 
4.10 kg for diet alone [53].

The recommendations from NICE for physi-
cal activity for adults include encourage patients 
to increase their level of physical activity even if 
they do not lose weight as a result, because of the 
other health benefits it can bring (e.g., reduced 
risk of type 2 diabetes and cardiovascular dis-
ease) [37]. Also, encourage adults to build up to 
the recommended activity levels for weight main-
tenance, using a managed approach with agreed 
goals. Recommend types of physical activity, 
including activities that can be incorporated into 
everyday life, such as brisk walking, gardening, 
or cycling, supervised exercise programs, and 
other activities, such as swimming, aiming to 
walk a certain number of steps each day, or stair 
climbing.

The recommendations from AACE 2016 are [5]:

• Voluntary aerobic physical activity progress-
ing to >150  min/week performed on 3 to 5 
separate days per week.

• Resistance exercise: single-set repetitions 
involving major muscle groups, two to three 
times per week.

• Reduce sedentary behavior.
• Individualize program based on preferences 

and take into account physical limitations.

Physical activity alone, however, contributes 
minimally to weight loss in the short term. 
Individuals who engage in high levels of physi-
cal activity in the absence of dietary restriction 
lose small amounts of weight. In a RCT with 120 
sedentary overweight adults, the objective was 
determine the effects of the amount of exercise 
on body weight, in 8 months of treatment [54]. 
Patients were divided into three groups with dif-
ferent amounts and intensity of exercise, and 
subjects were counseled not to change their diet. 
It was found a dose-response relationship 
between the amount of weekly exercise and the 
amount of weight change. However, weight loss 
with physical exercise without dietary support 
was minimal. The patients with high amount/
vigorous intensity lost 3.5 kg, patients with low 
amount/moderate intensity lost 1.3  kg, and 
patients with low amount/vigorous intensity lost 
1.1 kg. Control group gained 1.1 kg in 8 months. 
So, in the short term, physical activity alone con-
tributes minimally to weight loss. In the absence 
of caloric reduction, people lose little weight 
despite adhering to high levels of physical 
activity.

Nevertheless, although physical activity is 
effective in the short term in controlled settings, 
the activities and their benefits are not readily 
sustained, as was found comparing the 1- and 
4-year results in the LOOK AHEAD study [11].

 Pharmacotherapy

Weight loss is difficult for most patients, and the 
patient’s desire to restrict food and energy intake 
is counteracted by adaptive biological responses 
to weight loss [55, 56]. Pharmacotherapy for 
overweight and obesity is an interesting strategy 
but should be used as an adjunct to lifestyle ther-
apy and not alone.
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A systematic review and clinical guidance of 
the Endocrine Society promotes the concept that, 
for patients with obesity, medicating for chronic 
diseases should be with a weight centric focus 
[31]. Both, the AHA/ACC/TOS Guidelines and 
the Endocrine Society Guidelines recommend 
that medications be considered as an adjunct to 
lifestyle or behavioral interventions in patients 
with a BMI ≥30 kg/m2 or patients with a BMI 
≥27 kg/m2 plus one or more associated comorbid 
medical conditions (e.g., hypertension, dyslipid-
emia, diabetes) [9, 36].

FDA approval of weight loss medications 
requires demonstration of at least a 5% mean 
weight loss after 1 year of treatment and at least 
35% of patients treated achieving a 5% weight 
loss [57].

Although there have been limited medications 
available in the past, there are currently six medi-
cation options available—namely, phentermine, 
orlistat, lorcaserin, phentermine/topiramate ER, 
naltrexone/bupropion, and liraglutide—the latter 
four of which have been approved by the Food 
and Drug Administration (FDA) within the past 
4 years for chronic weight management.

Significant differences exist between the med-
ications in regard to efficacy, safety, adverse 
effects, precautions, dosing, and costs.

Guideline recommendations provide minimal 
guidance on patient-specific decision-making for 
drug selection [58]. Nevertheless, several guiding 
principles should be followed when prescribing 
drugs for weight loss [36].

First, effective lifestyle support for weight 
loss should be provided during their use. These 
medications work to reinforce the patient’s 
attempts to change eating behaviors and produce 
an energy deficit.

Second, the prescriber and patient should be 
familiar with the drug and its potential side 
effects.

Third, unless clinically meaningful weight 
loss occurs after 3–4 months (generally defined 
as loss of more than 4–5% of total body weight in 
patients without diabetes; in patients with obesity 
and diabetes, loss of more than 3% of total body 
weight can be considered satisfactory), a new 
treatment plan should be implemented.

No one medication is effective in every patient 
just as not every patient is appropriate for every 
medication.

These are the recommendations of the AACE 
2016 [5] about the pharmacotherapy of obesity:

• The addition of pharmacotherapy produces 
greater weight loss and weight loss mainte-
nance compared with lifestyle therapy alone.

• The concurrent initiation of lifestyle therapy 
and pharmacotherapy should be considered in 
patients with weight-related complications 
that can be ameliorated by weight loss.

 Mechanisms of Action 
of Pharmacological Agents

With the exception of orlistat, medications 
indicated for obesity target appetite mecha-
nisms. The medications available for obesity 
treatment work primarily in the arcuate nucleus 
to stimulate the POMC neurons, which pro-
mote satiety [36].

Five medications have been approved in the 
USA for chronic weight management, and three 
of these have also been approved in the European 
Union. Phentermine is available only in the 
USA (for short-term use). For chronic use, orli-
stat, naltrexone SR/bupropion SR, and liraglu-
tide are available both in the USA and European 
Union. And lorcaserin and phentermine/topira-
mate ER are available only in the USA 
(Table 35.4) [12].

Every patient is appropriate for every 
medication.

Phentermine is a sympathomimetic drug with 
cardiostimulatory properties. Approved in 1960s 
for short-term use (3 months), it has only been 
studied in short-term trials and is a controlled 
substance in the USA.  It has misuse potential 
(albeit small) and small risk of primary pulmo-
nary hypertension, thus making its use for man-
aging a chronic disease less than ideal.

Mechanism of Action Inhibits Na-dependent 
NE transporter. Reduces NE uptake. Inhibits 
serotonin and dopamine reuptake
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Dosing 15–30 mg/day

Contraindications Anxiety disorders (agitated 
states), history of heart disease, uncontrolled 
HTA, seizure, MAO (monoamine oxidase) inhib-
itors, pregnancy and breastfeeding, hyperthyroid-
ism, glaucoma, history of drug abuse, 
sympathomimetic amines

Adverse Effects Dry mouth, headache, insomnia, 
constipation, anxiety. Cardiovascular: palpitation, 
tachycardia, elevated BP, ischemic events. Central 
nervous system: overstimulation, restlessness, diz-
ziness, insomnia, euphoria, dysphoria, tremor, 
headache, psychosis. Gastrointestinal: dryness of 
the mouth, unpleasant taste, diarrhea, constipation, 
other gastrointestinal disturbances. Allergic: urti-
caria. Endocrine: impotence, changes in libido

Although phentermine is FDA approved for 
weight loss, it is not approved for long-term use.

The problem is that once the drug is stopped, 
the risk of weight regain is high. One approach 
that has been tried to avoid this situation is inter-
mittent therapy [59]. Although this approach 
appears to work, it is not a logical way to pre-
scribe given what is understood about the effects 

of weight loss medications on weight regula-
tion. The question then is whether or not it is 
reasonable to prescribe phentermine off-label 
long term. Phentermine is currently the most 
widely prescribed weight loss medication, and it 
is likely that much of this prescribing is off-
label [36].

Orlistat is a pancreatic lipase inhibitor that 
blocks absorption of 30% of ingested fat when 
eating a 30% fat diet [60].

Dosing Starts 120 mg daily and ranges 120 mg/
day 120 mg TID

Contraindications Orlistat is one of the safest 
drugs in this category and is approved for use in 
adolescents [61]. Also, the study XENDOS of 
4 years of duration supports its long-term safety 
and efficacy and shows that orlistat reduces the 
development of diabetes mellitus in people with 
prediabetes [62]. However the drug’s gastrointes-
tinal side effects (flatulence, diarrhea, bloating, 
cramping, abdominal pain) limit its popularity 
with patients. Other contraindications are chronic 
malabsorption syndrome, pregnancy and breast-
feeding, and cholestasis.

Table 35.4 Medications for weight management: mechanism of action, dosing, and results [12]

Drug Mechanism of action
Mean % weight loss 
placebo drug

Phentermine
15–30 mg orally

Sympathomimetic Not stated 
in label

Not stated 
in label

Orlistat
120 mg orally three times a day 
before meals

Pancreatic lipase inhibitor −2.6%a −6.1%a

Lorcaserin
10 mg orally twice a day

5-HTxserotonin agonist with little affinity for other 
serotoninergic receptors

−2.5% −5.8%

Phentermine/topiramate ER
7.5 mg/46 mg or 15 mg/92 mg 
orally indicated as rescue 
(requires titration)

Sympathomimetic anticonvulsant (GABA receptor 
modulation, carbonic anhydrase inhibition, 
glutamate antagonism)

−1.2% −7.8% 
(mid-dose)
−9.8%
(full dose)

Naltrexone SR/bupropion SR
32 mg/360 mg orally
(Requires titration)

Opioid receptor antagonist; dopamine and 
noradrenaline reuptake inhibitor

−1.3% −5.4%

Liraglutide
3.0 mg injection
(Requires titration)

GLP-1 receptor agonist −3% −7.4%
(full dose)

From Bray et al. [12]
Information is from US product labels, except where noted. The data supporting these tables are derived from prescrib-
ing information labeling approved by the US Food and Drug Administration
ER extended release, SR sustained release
aAssuming the average patient in the orlistat and placebo groups weighed 100 kg at baseline
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Advice/Precautions Advise daily multivitamin, 
monitor fat-soluble vitamins, and decrease levels 
of cyclosporin if co-administered.

In recent years, four medications have reached 
the market in the USA:

• Lorcaserin (Belviq) [63, 64]
• A combination of phentermine/topiramate 

extended release (ER) (Qsymia) [65, 66]
• A combination of naltrexone sustained release 

(SR)/bupropion SR (Contrave) [67, 68]
• Liraglutide 3 mg (Saxenda) [69]

These drugs are required by regulatory agen-
cies in the USA and European Union to present 
data to approximate or exceed 5% greater weight 
loss than placebo and to show positive effects on 
various risk factors and disease markers. Also, 
the studies must have included more than 2500 
patients, and all of these drugs must show evi-
dence of no increase in cardiovascular risk 
(Table 35.5), and they were studied with a suicid-
ality rating scale [73].

Lorcaserin is a specific 5-HT 2c serotonin 
receptor agonist, with little affinity for other sero-
toninergic receptors.

Mechanism of Action It increases satiety via 
alpha-MSH and POMC neuron activation.

Dosing 10 mg BID

Contraindications Congestive heart failure, 
depression. Pregnancy and breastfeeding. Use with 
caution: SSRI, SNRI/MAO inhibitors, St John’s 
wort, triptans, bupropion, dextromethorphan

The drug should not be used with monoamine 
oxidase inhibitors because of the risk of sero-
tonin syndrome. It has not been studied with 

serotonin reuptake inhibitors, serotonin- 
norepinephrine reuptake inhibitors, or other sero-
tonergic drugs, and extreme caution should be 
used in combining it with those drugs.

Adverse Effects Nasopharyngitis, headache, 
nausea, dizziness, fatigue, priapism

The combination of phentermine and topira-
mate as an ER formulation uses lower doses of 
both drugs (7·5 mg of phentermine and 46 mg of 
topiramate at the recommended dose) than are usu-
ally prescribed when either drug is used as alone.

Mechanism of Action It combines GABA 
receptor modulation (topiramate) plus 
norepinephrine- releasing agent (phentermine). 
This medication is associated with greater mean 
weight loss than other available medications.

Dosing 3.75/23−15/92 mg/day

Contraindications Pregnancy and breastfeed-
ing. Cardiovascular disease (MI, atrial fibrilla-
tion, arrhythmia, uncontrolled HTA). 
Hyperthyroidism, seizures, anxiety, panic attacks. 
Nephrolithiasis, Glaucoma. The combination is 
also contraindicated with MAO inhibitors and 
with sympathomimetic amines.

Topiramate is associated with fetal toxic effects 
(oral clefts). A pregnancy test before  initiation of 
therapy, and monthly thereafter, is recommended.

Adverse Effects Dry mouth, restlessness, 
insomnia, palpitations, constipation. Paresthesias, 
dysgeusia, somnolence, cognitive impairment. A 
rare side effect of topiramate is acute myopia 
with glaucoma, and that is the reason of the con-
traindication in glaucoma.

The combination of naltrexone SR/bupropion 
SR was approved in the USA in 2014 and in the 
European Union in 2015.

Mechanism of Action Bupropion is a mild 
reuptake inhibitor of dopamine and noradrena-
line. Naltrexone, an opioid receptor antagonist, 
has minimum effect on weight loss on its own.

Naltrexone is thought to block the inhibitory 
effects of opioid receptors activated by the 

Table 35.5 Cardiovascular outcomes with anti-obesity 
drugs [70–72]

Drug LDL HDL TGL SBP A1C
Phen/Top CR ↓ ↑ ↓ ↓ ↓
Lorcaserin ↓ – ↓ ↓/− ↓
Nal/Bupr SR – ↑ ↓ ↑ ↓
Liraglutide ↓ ↑ ↓ ↓ ↓

35 Medical Management of Obesity



392

β-endorphin released in the hypothalamus that 
stimulates feeding, thus allowing the inhibitory 
effects of α-melanocyte stimulating hormone to 
reduce food intake.

Dosing 8/90–32/360 mg/day

Contraindications Seizure disorders. 
Uncontrolled HTA, anorexia nervosa or bulimia, 
drug or alcohol withdrawal, MAO inhibitors.

Adverse Effects Naltrexone SR/bupropion SR 
can increase blood pressure, and therefore the 
combination should only be prescribed to patients 
with controlled hypertension, and the patient’s 
blood pressure should be monitored in the early 
weeks of therapy. Nausea, constipation, head-
ache, vomiting, dizziness. Tolerability issues, 
chiefly nausea on initiating the drug, mandate a 
dose escalation over 4 weeks.

Liraglutide is a GLP-1 agonist with a 97% 
homology to GLP-1 which extends its circulat-
ing half-life. It has been used for management of 
diabetes at doses of up to 1.8 mg, given by injec-
tion. It is now approved in the USA and European 
Union for chronic weight management.

Mechanism of Action Acylated human GLP-1 
receptor agonist

Dosing 0.6–3 mg/day. Injectable. The dose can 
be increased by 0.6 mg per week up to a maxi-
mum of 3.0  mg. If side effects such as nausea 
develop during dose escalation, the dose should 
not be increased further until tolerated.

Contraindications Pancreatitis. Medullary thyroid 
cancer. MEN type II. Gastroparesis. GLP-1 agonists 
are associated with thyroid C cell tumors in animals, 
but this has not been shown with certainty in humans. 
Liraglutide should not be prescribed in patients with 
family or personal history of medullary thyroid can-
cer or multiple endocrine neoplasia.

Adverse Effects Nausea has been one of the 
principal complaints in patients injecting this 
drug, and a slow dose escalation over 5 weeks is 
prescribed. Nausea may improve with time. 

There is also a small but significant increase in 
heart rate, but blood pressure tends to fall. Acute 
pancreatitis, gall bladder disease, and hypoglyce-
mia in diabetics are safety issues that require 
managing if they occur [69].

 How to Choose a Medication: Adverse 
Effects Versus Efficacy

Khera R et  al. published recently a systematic 
review and meta-analysis to compare weight loss 
and adverse events among drug treatments for 
obesity [74]. For this meta-analysis, researchers 
identified 28 randomized trials that involved 
29,018 patients (median age, 46; median baseline 
body mass index, 36.1 kg/m2); in all trials, one or 
more of the five approved medications were com-
pared with placebo. Excess weight loss over pla-
cebo at 1 year was 8.8 kg for phentermine-topiramate, 
5.3 kg for liraglutide, 5.0 kg for naltrexone-bupro-
pion, 3.2 kg for lorcaserin, and 2.6 kg for orlistat. 
The likelihood of participants discontinuing 
because of adverse events was highest with lira-
glutide (odds ratio, 2.95) and lowest with lorcase-
rin (OR, 1.34) compared with placebo. In 
conclusion the results of this review show that 
phentermine-topiramate might be the best choice 
to optimize weight loss success with a low 
adverse-event rate.

The best balance of weight loss success and 
lack of adverse events seems to reside with 
phentermine- topiramate [74].

 When to Refer Patients to Bariatric 
Surgery?

Bariatric surgery is the most effective treatment 
for severe obesity. It achieves substantial and sus-
tained weight loss, comorbidity resolution, and 
improvements in quality of life and is associated 
with extended life span [75–77]. Also, it’s a cost- 
effective treatment [78].

A lot of professional societies that represent 
physicians who manage severely obese patients—
the American College of Cardiology/American 
Heart Association [16], the American Association 
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of Clinical Endocrinologists [5], the Obesity 
Society [79], the American Society for Metabolic 
and Bariatric Surgery [79], and the American 
Academy of Family Physicians (AAFP) [80]—
recommend bariatric surgery referral and evalua-
tion for morbidly obese patients considered 
appropriate surgical candidates. Despite these 
data, 1% of severely obese US adults undergo 
bariatric surgery annually [81].

In a qualitative study, primary care physicians 
(PCPs) were asked to discuss prioritization of 
treatment for a severely obese patient with mul-
tiple comorbidities and considerations regarding 
bariatric surgery referral [82]. Five factors made 
PCPs hesitate to refer patients for bariatric sur-
gery: (1) wanting to “do no harm,” (2) question-
ing the long-term effectiveness of bariatric 
surgery, (3) limited knowledge about bariatric 
surgery, (4) not wanting to recommend bariatric 
surgery too early, and (5) not knowing if insur-
ance would cover bariatric surgery.

So, decision-making by PCPs for severely 
obese patients seems to underprioritize obesity 
treatment and overestimate bariatric surgery 
risks. Many of the concerns expressed by PCPs 
about bariatric surgery can be addressed through 
education and improved communication with 
bariatric surgery teams and patients.

Furthermore, discussions about medical and 
surgical weight management options should be 
provided early in the course of the patient’s dis-
ease. Such discussions not only inform patients 
about the health risks of ongoing obesity but also 
provide knowledge about risks, benefits, and out-
comes of treatments. Support that facilitate shared 

decision-making could help providers optimize 
care for individuals with severe obesity.

Finally, the current practice environment 
makes it difficult and frustrating for health team 
to medically manage severe obesity successfully. 
Although PCPs believe that bariatric surgery is 
effective, they have concerns about its long-term 
benefits. Severe obesity care can be substantially 
improved with improvements in communication, 
PCP and patient education, establishment of 
standardized metrics, and additional research. 
These are potentially high-impact areas from a 
public health perspective and should be 
prioritized.

 Treatment Algorithm

Currently, a BMI-centric approach represents the 
most commonly employed algorithm for care 
(Table 35.6).

The advancements in therapy and understand-
ing of the relationship between BMI and obesity- 
related complications call for a reexamination of 
this approach. This approach emphasizes the 
identification and staging of complications, and 
treatment paradigm directed at patients who 
would derive the most benefit from weight loss.

Therefore, the first step is to evaluate the 
patient for the presence and severity of obesity 
complications in order to develop an appropriate 
therapeutic strategy. In patients with cardiometa-
bolic disease or risk factors, the objective of 
weight loss therapy is to reduce risk of future 
T2DM and CVD and to treat patients with overt 

Table 35.6 National Heart, Lung, and Blood Institute guide to selecting treatment for overweight and obesity [83]

Treatment

BMI category
25–
26.9 27–29.9 30–34.9 35–39.9 ≥40

Lifestyle (diet, physical 
activity, behavior)

Yes Yes Yes Yes Yes

Pharmacotherapy No Only with 
comorbidities

Yes Yes Yes

Surgerya No No No. only LAGB approved 
with ≥1 comorbiditya

Only with 
comorbidities

Yes

Adapted from Ref. [83]
aUS Food and Drug Administration (FDA)-approved Lap Band surgery for patients with BMI of at least 30 and one 
weight-related medical condition (February 2011)
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diabetes, hypertension, and dyslipidemia. The 
clinician should evaluate patients for the meta-
bolic syndrome and prediabetes, as this effec-
tively identifies individuals at high risk for future 
diabetes and CVD. The initial evaluation should 
also screen for other disease entities that will 
benefit from weight loss, including nonalcoholic 
fatty liver disease (NAFLD) and sleep apnea. 
Finally, obese patients should be evaluated for 
mechanical complications such as problematic 
degenerative joint disease, GERD, stress inconti-
nence, and immobility/disability [84].

 Current Obesity Staging Systems

There are two paradigms that have been devel-
oped for comprehensive clinical staging of obe-
sity according to the severity of comorbidities 
that can be used to guide the modality and inten-
sity of therapy.

 Edmonton Obesity Staging System
In 2009 Sharma and Kushner from the University 
of Alberta proposed complementing the existing 
system using a simple staging framework that 
provides an indication of obesity-related disease 
extent and severity [85]. The proposed EOSS 
(Edmonton obesity staging system) establishes 
five stages (0 through 4) that integrate the sever-

ity of obesity-related complications together 
with an assessment of the adverse functional 
impact imposed by complications on the well-
being and functional status of the patient. EOSS 
was the first cogent complications-centric strat-
egy that went beyond BMI level and empha-
sized obesity- related complications as a basis 
for the intensity of weight loss therapy 
(Table 35.7).

 Cardiometabolic Disease Staging 
System
Garvey and coworkers [86] have proposed CMDS 
as a guide for treatment of obesity.

CMDS is a single staging system that pro-
vides a strong predictor of diabetes, CVD mor-
tality, and all-cause mortality independent of 
BMI. CMDS assigns patients to one of five risk 
categories using quantitative parameters avail-
able to the clinician, including waist circumfer-
ence, SBP and DBP, fasting blood levels of 
glucose, triglycerides, and HDL-C, as well as 
the 2-h oral glucose tolerance test (OGTT) 
value. With advancement of CMDS from stages 
0 to 4, there is a progression of risk for both dia-
betes and all-cause and CVD mortality 
(Table 35.8).

Individuals in stage 0 have no risk factors (i.e., 
metabolically healthy obese) and exhibit minimal 
rates of incident diabetes and all-cause and CVD 

Table 35.7 Edmonton obesity staging system [85]

Stage
Cardiometabolic and mechanical disease 
complications Functional impact

0 No risk factors No functional impairments or impairments in 
well-being

1 “Subclinical risk factors”: prediabetes, 
metabolic syndrome, NAFLD, borderline 
hypertension, dyspnea, or moderate exertion

Mild functional limitations and impairment of 
well-being, mild psychopathology, occasional aches 
and pains

2 Established chronic disease: T2DM, 
hypertension, sleep apnea, PCOS, osteoarthritis, 
GERD

Moderate limitations in activities of daily living, 
moderate impairment of well-being, and/or moderate 
psychopathology (e.g., anxiety disorder)

3 Established end organ damage: myocardial 
infarction, heart failure, strokes, diabetes 
vascular complications, incapacitating 
osteoarthritis

Significant functional limitations and/or impairment 
of well-being

4 Severe end-stage disabilities Severe limitations and impairment of well-being, 
severe disabling psychopathology

Adapted from Sharma and Kushner [85]
GERD gastroesophageal reflux disease, NAFLD nonalcoholic fatty liver disease, PCOS polycystic ovary syndrome, 
T2DM type 2 diabetes mellitus
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mortality. Patients with one or two risk factors 
(waist, blood pressure, HDL, or triglycerides) com-
prise stage 1; these patients do not meet criteria for 
either metabolic syndrome or prediabetes, but 
exhibit increased risk of future diabetes. In stage 2, 
patients meet criteria for only one of the following: 
metabolic syndrome (three or four of the following 
risk factors: waist circumference, blood pressure, 
HDL, triglycerides), or impaired fasting glucose 
(IFG), or impaired glucose  tolerance (IGT). Stage 3 
describes patients who meet criteria for any two out 
of three: metabolic syndrome, IFG, and IGT. Stage 
4 represents the highest severity stage of CMDS 
and includes patients with overt T2DM and/or CVD 
and considers T2DM as CVD equivalent due to the 
high risk of future CVD events conferred by T2DM 
even in the absence of known CVD.

The table shows the basic elements of a 
complications- centric approach to obesity treat-
ment. The presence and severity of complications 
that can be ameliorated by weight loss are the 

critical determinants for the selection of treat-
ment modality and intensity. The BMI cutoff of 
27  kg/m2 reflects the US Food and Drug 
Administration indication threshold for medica-
tions at which point expanded treatment options 
are available to the clinician.

Several Guides of Scientific Societies Have 
Proposed Algorithms of Treatment
This is the algorithm proposed by the AHA/ACC/
TOS Obesity Guideline 2013 (Fig. 35.2) [9]:

• They recommend treatment if BMI >30 or 
BMI 25–30 with additional risk factors (e.g., 
diabetes, prediabetes, hypertension, dyslipid-
emia, elevated waist circumference) or other 
obesity-related comorbidities.

• All patients for whom weight loss is recom-
mended should be referred for comprehensive 
lifestyle intervention. By expert opinion, if the 
weight and lifestyle history indicates that the 

Table 35.8 Cardiometabolic disease staging

Stage Descriptor Criteria
0 Metabolically 

healthy
No risk factors

1 One or two risk 
factors

Have one or two of the following risk factors:

 (a)  High waist circumference (≥88 cm in women; ≥ 102 cm in men; and 
≥80 cm in Southeast Asian women and ≥90 in Southeast Asian men)

 (b)  Elevated blood pressure (systolic ≥130 mmHg and/or diastolic ≥85 mmHg) 
or on antihypertensive medication

 (c)  Reduced serum HDL cholesterol (<1.0 mmol/l or 40 mg/dl in men; 
<1.3 mmol/l or 50 mg/dl in women)

 (d)  Elevated fasting serum triglycerides (>1.7 mmol/l or 150 mg/dl)
2 Metabolic syndrome 

or prediabetes
Have only one of the following three conditions in isolation:
 (a)  Metabolic syndrome based on three or more of four risk factors: high waist 

circumference, elevated blood pressure, reduced HDLC, and elevated 
triglycerides

 (b) I mpaired fasting glucose (fasting glucose ≥5.6 mmol/l or 100 mg/dll)

 (c) Impaired glucose tolerance (2-h glucose ≥7.8 mmol/l or 140 mg/dll)
3 Metabolic syndrome 

and prediabetes
Have any two of the following three conditions:
 (a) Metabolic syndrome
 (b) IFG
 (c) IGT

4 T2DM and/or CVD Have T2DM and/or CVD:

 (a)  T2DM (fasting glucose ≥126 mg/dll or 2-h glucose ≥200 mg/dll or an 
antidiabetic therapy)

 (b)  Active CVD (angina pectoris or status after a CVD event such as acute 
coronary artery syndrome, stent placement, coronary artery bypass, 
thrombotic stroke, non-traumatic amputation due to peripheral vascular 
disease)

Adapted from Guo et al. [92]
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patient has NEVER participated in a compre-
hensive lifestyle intervention program, it is 
recommended that he or she be encouraged to 
undertake such a program prior to adding 
adjunctive therapies. This recommendation 
may be modified by the availability of compre-
hensive lifestyle intervention or by patient fac-
tors, such as medical conditions that warrant 
earlier initiation of more intensive treatment.

• If the patient has been unable to lose weight or 
sustain weight loss with comprehensive life-
style intervention and they have a BMI ≥30 or 
≥27 with comorbidity, adjunctive therapies 
may be considered.

• Patients who are candidates for obesity drug 
treatment or bariatric surgery, whose weight 
and lifestyle history indicates a history of 
being unable to lose weight or sustain weight 
loss, may be offered the option to add phar-
macotherapy at the time of initiation of a 
lifestyle intervention program (BMI ≥30 or 
≥27 with comorbidity) or to be referred for 
evaluation for bariatric surgery (BMI ≥40 or 
BMI ≥35 with comorbidity) (expert 
opinion).

Similarly, The AACE/ACE Guidelines for 
Medical Care of Patients with Obesity [5] recom-
mend algorithm according to BMI and stages of 
disease. Stages are determined using criteria spe-
cific to each obesity-related complication: stage 
0 = no complication, stage 1 = mild to moderate, 
and stage 2 = severe.

• All patients with BMI ≥25 have either over-
weight or obesity stage 0 or higher, depending 
on the initial clinical evaluation for presence 
and severity of complications. The diagnoses 
of overweight/obesity stage 0, obesity stage 1, 
and obesity stage 2 are not static, and disease 
progression may warrant more aggressive 
weight loss therapy in the future.

• BMI 25–29,9  kg/m2 Overweight stage 0 (no 
complications): lifestyle therapy.

• BMI ≥27 is consistent with the recommen-
dations established by the US Food and Drug 
Administration for weight loss medications.

• BMI >30 kg/m2 Obesity stage 0 (no complica-
tions): lifestyle therapy. Consider weight loss 
medications if lifestyle therapy fails to prevent 
progressive weight gain (BMI >27).

• BMI >25 kg/m2 Obesity stage 1 (one or more 
mild to moderate complications): Consider 
weight loss medications if lifestyle therapy 
fails to achieve therapeutic target or initiate 
concurrently with lifestyle therapy (BMI >27).

• BMI >25 kg/m2 Obesity stage 2 (at least one 
severe complication): Add weight loss medica-
tion concurrently with lifestyle therapy (BMI 
>27). Consider bariatric surgery (BMI >35).

Based on the algorithm of AACE/ACE 
Guidelines, Sunil Daniel et  al. proposed COTA 
[84] (comprehensive complications-centric obe-
sity treatment algorithm), a complications-based 
clinical staging of obesity to guide treatment 
modality and intensity. In this way, they had incor-

Primary assessment

BMI ≥30 or
≥25 with comorbid
disease*

Determine readiness
for lifestyle changes
and establish weight
loss goals

Intervention Follow-up

Yes

No
Advice on weight gain avoidance
and treatment of any identified
risk factors

High-intensity comprehensive
lifestyle intervention treating
CV risk factors and comorbidities

Consider pharmacotherapy as an
adjunct to lifestyle intervention

Offer referral to specialist bariatric
surgical MDT for evaluation as an
adjunct to lifestyle intervention

Yes

Weight loss 5% and
sufficient health
improvements

No

Not ready

Ready

BMI:
a ≥25 and <27

a

b

c

b ≥30 or ≥27
with comorbid disease*

c ≥40 or ≥35
with comorbid disease*

Continue intensive
medical management
of CV risk factors and
obesity-related
comorbidities and
consider escalation
of treatment

Follow-up and weight-
loss maintenance with
medical management
of CV risk factors and
obesity-related
comorbidities

Fig. 35.2 Obesity management flow. Summarized from AHA/ACC/TOS 2013 [87]. (From Beamish et al. [87])
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porated the comprehensive approach pioneered by 
the EOSS, and they added cardiometabolic disease 
staging (CMDS) as a quantitative approach to 
assessing severity of cardiometabolic disease and 
the attendant risk of T2DM and CVD, together 
with the broad-based evaluation of all other key 
complications that can be treated with weight loss.

Figure 35.3 illustrates the three steps of a com-
plications-centric model for the management of 
obesity. In step 1, a comprehensive approach to the 
identification and staging of obesity-related com-
plications is depicted using quantitative measures 
wherever possible. Step 2 indicates that weight loss 
therapy can be intensified, whether involving life-
style therapy or medications or bariatric surgery 
options. Step 3 reflects the observation that there is 
a dose-response relationship between the amount 
of weight loss and the degree of improvement for 
multiple complications (GERD, gastroesophageal 
reflux disease; OSA, obstructive sleep apnea).

Finally, and using EOSS, the Italian Society 
for Obesity (SIO) [88] proposed recently a sim-
pler and interesting algorithm (Fig. 35.4). At each 
intersection a color code identifies the proposed 
preferred treatment option. Obviously, treatment 
options are not mutually exclusive but have to be 
understood as additive.

And what is the role of bariatric surgery in the 
main guidelines of patient management?

Role of bariatric surgery within medical 
guidelines:

• International Diabetes Federation (2011) [89]

This position statement recommended that 
bariatric surgery is an appropriate treatment for 
people with type 2 diabetes (T2DM) and obesity 
(BMI ≥35 kg/m2) not achieving recommended 
targets with medical therapies, especially where 
other obesity-related comorbidities exist.

STEP 1: EVALUATE AND STAGE OBESITY-RELATED COMPLICATIONS AND LIFESTYLE FACTORS

STEP 3: REASSESS COMPLICATIONS ® IF TARGET NOT MET, INTENSIFY TREATMENT
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pressure, c) reduced serum HDL-c, d) elevated
fasting serum triglyceridesMetabolically Healthy
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STEP 2: SELECT TREATMENT MODALITY AND INTENSITY BASED ON STAGING

NOTE: Requires intensive or specialized lifestyle modification program:
(i) Abnormal Eating Behavior/ Eating Disorder, and/or
(ii) Psychopathology: Depression, Anxiety
(iii) Multiple Prior Weight Loss Attempts

Quality of life: Mild limitations as a direct consequence of obesity Quality of life: Significant limitations Quality of life: Severe limitations

Polycystic Ovary Syndrome
Stress Incontinence
Cancer

(clinical judgement)

Obstructive
Sleep Apnea

None OSA - mild (AHI5-15) OSA - moderate (AHI 15-30) OSA - severe (AHI >30) OSA - severe (AHI >30)

GE Reflux Disease

Osteoarthritis

– Mild – Moderate – Severe

– Severe

– Severe

– Moderate
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GERD GERD
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Fig. 35.3 Comprehensive obesity treatment algorithm (COTA). (From Daniel et al. [84])
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• AHA–ACC–TOS (American Heart 
Association, American College of Cardiology, 
The Obesity Society) Guideline for the 
Management of Overweight and Obesity in 
Adults (2013) [9]

This guideline advises that bariatric surgery 
could be an appropriate option to improve health in 
adults with a BMI >40 kg/m2 (or BMI ≥35 kg/m2 
with obesity-related comorbid conditions), who are 
motivated to lose weight but have not responded to 
behavioral treatment (with or without pharmaco-
therapy) with sufficient weight loss to achieve tar-
geted health outcome goals. Referral of these 
patients to an experienced bariatric surgeon for 
consultation and evaluation is recommended.

• American Association of Clinical 
Endocrinologists and American College of 
Endocrinology [90]

This statement advised that bariatric surgery 
should be considered in patients with severe obe-
sity and obesity-related complications including 
T2DM if the BMI is ≥35 kg/m2.

• American Diabetes Association [91]

They use the term “metabolic surgery.” 
Three recommendations were made regarding 
metabolic surgery for individuals with obesity 
and T2DM.  Firstly, metabolic surgery should 
be recommended to treat type 2 diabetes in 
appropriate surgical candidates with BMI 
≥40  kg/m2 (BMI ≥37.5  kg/m2 in Asian 
Americans), regardless of the level of glycemic 
control or complexity of glucose-lowering regi-
mens, and in adults with BMI 35.0–39.9 kg/m2 
(32.5–37.4  kg/m2 in Asian Americans) when 
hyperglycemia is inadequately controlled 
despite lifestyle and optimal medical therapy. 

Treatment Algorithm of Patients with Overweight and Obesity 

STAGE 0
> 60

< 60

> 60

> 60

> 60

> 60

< 60

< 60

< 60

< 60

STAGE 1

STAGE 2

STAGE 3

STAGE 4

S

S

SS

S

S

SS S

lifestyle intervention pharmacological therapy bariatric surgery
(In patients with T2DM, is 
indicated the use of antidiabetic
medications that have additional
actions to promote weight loss,
such as GLP-1 analogs).

rehabilitation (physical, 
neurological, cardiopulmonary,
psychiatric)

surgery to be considered in selected
cases with favorable risk/benefit profile

EOSS BMI < 30 BMI 30-35 BMI 35-40 BMI >40 Age (years)

Fig. 35.4 SIO management algorithm for patients with overweight or obesity. (From Santini et al. [88])
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Secondly, metabolic surgery should be consid-
ered for adults with type 2 diabetes and BMI 
30.0–34.9  kg/m2 (27.5–32.4  kg/m2 in Asian 
Americans) if hyperglycemia is inadequately 
controlled despite optimal medical control by 
either oral or injectable medications (including 
insulin). Thirdly, patients with T2DM who have 
undergone bariatric surgery need lifelong life-
style support and medical monitoring.

 Conclusions
Obesity is a chronic medical condition that 
requires a comprehensive approach for suc-
cessful management. According to principles 
of chronic disease management, healthcare 
professionals should work collaboratively 
with patients to determine appropriate thera-
peutic strategies that address obesity, specifi-
cally considering a patient’s disease status in 
addition to their individual needs, preferences, 
and attitudes regarding treatment. A central 
role and responsibility of healthcare profes-
sionals in this process is to inform and educate 
patients about their treatment options. To 
manage obesity as a chronic disease, clini-
cians should be prepared to employ an array 
of interventions to help patients face the phys-
iological and behavioral challenges of weight 
loss and to provide ongoing and adaptable 
treatment to support the successful achieve-
ment of long- term weight and health goals.

Once it has been determined that treatment 
for obesity is indicated and that a person is ready 
to initiate therapy, the provider should work 
with that individual to develop an appropriate, 
patient- centered treatment plan. For each 
patient, the potential benefit of reducing obe-
sity-associated risk should be evaluated against 
the risk associated with the intervention.

The principal goals of obesity manage-
ment—improvement in body weight and com-
position, health, and quality of life—are 
achieved through interventions that help 
patients lose and maintain weight. Sustained 
weight loss of 5–10% yields significant health 
benefits and is recommended as an initial goal.

Behavioral change is central and all affected 
patients should receive counseling on nutrition 
and physical activity. Comprehensive lifestyle 

management is the base of obesity treatment, 
whereas pharmacotherapy and bariatric sur-
gery are adjunct therapies that are indicated for 
use in combination with lifestyle management. 
Available agents are able to help patients 
achieve, on average, 5–15% weight loss, which 
usually leads to significant improvements in 
many obesity- associated comorbid conditions, 
including diabetes, hyperlipidemia, hyperten-
sion, and others. In patients with indication, it 
is important to consider bariatric surgery: it 
should not be the last resort.

Although current recommendations for the 
management of adult obesity provide general 
guidance regarding safe and proper implemen-
tation of lifestyle, pharmacological, and surgi-
cal interventions, healthcare professionals need 
awareness of specific evidence-based informa-
tion that supports individualized clinical appli-
cation of these therapies. More specifically, 
healthcare professionals should be up-to-date 
on approaches that promote successful lifestyle 
management and be knowledgeable about 
newer weight loss pharmacotherapies and bar-
iatric surgery, so they can offer patients with 
obesity a wide range of options to personalize 
their treatment.
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Metabolic Surgery, Reality 
or Myth: Scientific Side of  
Obesity Pathophysiology 
and Management

Emma Rose McGlone and Ahmed R. Ahmed

 Introduction

Etymologically, the term ‘bariatric surgery’ 
means surgery to reduce weight, deriving from 
the Greek ‘baros’ (heavy). It is clear however that 
most bariatric operations have dramatic effects on 
type 2 diabetes mellitus and other metabolic con-
ditions, many of which occur independently of 
weight loss. Weight loss may be regarded as just 
one of several clinical outcomes that result from 
the systemic changes in nutrient metabolism con-
ferred by operations such as Roux-en-Y gastric 
bypass (RYGB): hence these operations can be 
considered examples of ‘metabolic surgery’.

This chapter will outline the existing evidence 
that bariatric procedures have clinical outcomes 
independent of weight loss and may therefore be 
termed ‘metabolic’. It will then outline current 
understanding of the main mechanisms by which 
weight loss-independent changes in metabolism 
are conferred: caloric restriction, gut hormones, 
bile acids and the gut microbiome (summarised in 
Fig. 36.1). Finally, it will consider potential limits to 
the notion that bariatric surgery is purely metabolic.

 ‘Bariatric’ or ‘Metabolic’: Mere 
Semantics?

The concept of metabolic surgery is not new. 
In 1978 William Buchwald and Richard Varco 
published the book Metabolic Surgery, a prac-
tice they defined as ‘the operative manipulation 
of a normal organ system to achieve a biologi-
cal result for a potential health gain’ [1]. From 
this broad perspective, bariatric surgery is one 
part of metabolic surgery, a much larger field that 
also includes operations as diverse as partial ileal 
bypass for primary hypercholesterolaemia [2], 
oophorectomy for hormone-sensitive breast can-
cers [3] and deep brain stimulation for refractory 
depression [4].

More recently, Professor Rubino proposed 
that ‘gastrointestinal metabolic surgery’ should 
be characterised by its ‘intent to treat diabetes 
and obesity from the perspective of a metabolic 
illness as opposed to traditional bariatric surgery 
intended as mere weight-reduction’ [5]. This 
change in emphasis from weight-reduction to 
treatment of metabolic disease has profound rami-
fications for the goals and expectations of patients 
and care providers regarding this branch of sur-
gery. A striking example of this was shown in an 
elegant study of two otherwise identical surgical 
programs run from the same medical centre in the 
USA, one entitled ‘bariatric surgery’ and the other 
‘metabolic surgery’, which attracted patients with 
significantly different demographics [6]. The for-
mer attracted patients with a higher BMI, whereas 
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Stomach
↓ calories
↓ volume
↓ HCl

Liver
     ↑ bile acids
     ↑ GLP-1
     ↑ FXR stimulation

Jejunum
↓ anti-incretins
   (ghrelin? dopamine?)

Ileum
↑ incretins
   (including GLP-1 and OXM)

Gut microbiome
↓ intestinal permeability
↓ absorption of toxic
   metabolites

Fig. 36.1 Main mechanisms by which weight loss-independent changes in metabolism are conferred: caloric restric-
tion, gut hormones, bile acids and the gut microbiome

E. R. McGlone and A. R. Ahmed



405

the latter attracted patients with higher rates of 
diabetes and cardiovascular disease. A focus on 
metabolic health as the primary outcome of surgi-
cal intervention informs changes in eligibility cri-
teria to reflect the value of surgery in diabetes [7] 
and opens the door to the potential use of surgical 
procedures to treat diabetes and related conditions 
in the nonobese [8].

 Metabolic Surgery: For Better 
and for Worse

In the early development of bariatric surgery, the 
metabolic consequences of intestinal manipula-
tion to achieve weight loss were dramatic, mostly 
problematic, and a significant drive for evolution 
of the specialism. For example, the jejunoileal 
bypass was developed as an alternative to the ileal 
bypass with jejunocolic anastomosis, due to the 
severe electrolyte imbalance and diarrhoea expe-
rienced with the latter procedure [9, 10]. Resulting 
morbidity was often so severe as to require rever-
sal of these early bariatric procedures.

Positive metabolic sequelae of bariatric 
surgery were also quickly apparent, however. 
Buchwald and Varco’s jejunoileal bypass was 
found not only to induce significant weight loss, 
but also to significantly improve hyperlipidaemia 
[11]. These effects on hyperlipidaemia are not 
explained by weight loss alone, as a less exten-
sive ileal bypass [2] has been shown to improve 
long-term lipid profile without significant change 
in weight.

The most dramatic effect of bariatric surgery 
on metabolic disease, its ability to restore normal 
glycaemic control in type 2 diabetes, has been 
known for over 30 years [12]. The speed of nor-
malisation of blood sugars – far before any signif-
icant weight loss – was noted in early reports, and 
at that time early diabetes resolution was proposed 
to occur due to reduction of caloric intake [13]. 
The superiority of bariatric surgery over conserva-
tive measures in improving diabetes was reported 
in the mid-1990s [14] and has subsequently been 
confirmed in several large randomised controlled 
trials and meta-analyses [15–18].

As well as improvement in diabetes and 
hyperlipidaemia, bariatric surgery is associated 
with long-term reduction in overall mortality, 
due to decreased myocardial infarction, stroke 
and cancer death [19]. Reduction in cardiovas-
cular events following bariatric surgery (stroke 
and myocardial infarction) is not associated with 
degree of weight loss, implying that again this 
benefit occurs through other mechanisms [20]. 
Bariatric surgery is associated with reduced over-
all cancer incidence in obese women; again, this 
effect is not correlated with weight loss [21]. 
The effect of bariatric surgery on cancer mortal-
ity varies according to cancer type. Colorectal 
cancer is the only known malignancy where the 
risk of being diagnosed with the disease seems to 
increase after obesity surgery. In fact, mortality 
from rectal cancer increases threefold in patients 
that have had bariatric surgery [22]. Again, this 
would suggest that effects of bariatric surgery on 
cancer risk are not solely due to weight loss.

The strong association between Billroth II 
gastrojejunostomy and late metabolic complica-
tions including bone disease and anaemia was 
recognised from the mid-twentieth century [23]. 
Although the mechanisms behind these compli-
cations were difficult to elucidate, comparison 
with similar procedures led researchers to deduce 
that certain severe nutritional deficiencies were 
due to duodenal bypass, for example, although 
Billroth I (direct anastomosis of proximal stom-
ach to pylorus) was noted to cause milk intoler-
ance and osteopenia, it did not cause vitamin D 
deficiency and osteomalacia [24]. Fracture risk 
increases after bariatric surgery, associated with 
accelerated bone turnover, a phenomenon which 
appears to be in part but not entirely weight loss 
dependent [25, 26].

The relationship of liver disease with obesity 
and its response to surgery is complex. Non-
alcoholic fatty liver disease is extremely common 
in obesity and responds well to weight loss includ-
ing that induced by RYGB [27, 28]. Interestingly 
after bariatric surgery, there is initially a transient 
increase in liver fat, probably due to increased 
circulating free fatty acids released from adipose 
tissue lipolysis as insulin sensitivity improves 
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[29]. Improvement in liver enzymes correlates 
reasonably well with extent of weight loss [30], 
although findings of the recent LEAN trial of lira-
glutide suggest that some of the beneficial effects 
of GLP-1 agonism on steatosis are weight loss 
independent [31]. Other conditions improved by 
bariatric surgery potentially through mechanisms 
distinct from weight loss include male and female 
fertility [32, 33]and obstructive sleep apnoea [34].

 Caloric Restriction as a Mediator 
of Metabolic Surgery

The beneficial effects of bariatric surgery on 
glucose homeostasis in the immediate post-
operative period are in part due to the custom-
ary severe caloric restriction. Patients with 
diabetes administered a very low calorie diet 
(VLCD) as inpatients experienced similar 
improvements in hepatic insulin secretion in 
response to intravenous glucose administra-
tion to those undergoing RYGB over a 3-week 
period [35]. In this study, although all patients 
lost weight, the improvement in glucose metab-
olism was not correlated with weight loss. 
Changes conferred by acute caloric restriction 
are largely due to decrease in liver fat, which 
occurs very rapidly and improves insulin sen-
sitivity, followed by decrease in pancreatic fat, 
which occurs over a few weeks and improves B 
cell function [36, 37].

 Gut Hormones as Mediators 
of Metabolic Surgery

Although caloric restriction improves insu-
lin secretion and sensitivity to an intravenous 
glucose stimulus, augmentation of incretin 
gut hormones post-bariatric surgery plays an 
important role in attenuation of post-prandial 
blood sugar peaks. The incretin effect refers 
to the additional insulin secretion conferred by 
oral glucose in excess of that stimulated by an 
equivalent intravenous glucose load; the incre-
tin effect accounts for around 50% of post-
prandial insulin secretion [38, 39].

The best studied and most therapeutically trac-
table incretin hormone is glucagon-like peptide 
1 (GLP-1), so-called because it derives from the 
same precursor as glucagon ‘proglucagon’ and is 
structurally related [40]. GLP-1 is secreted from 
the enteroendocrine L cells of the terminal ileum 
in response to the presence of luminal nutrients. 
The most important metabolic effect of GLP-1 
is to stimulate pancreatic insulin secretion; addi-
tionally it slows gastric emptying, elicits satiety, 
reduces food intake and reduces weight [41]. It 
also inhibits glucagon release, contributing to 
improved glucose tolerance [42].

Post-prandial GLP-1 is augmented after bar-
iatric operations that accelerate delivery of nutri-
ents to the small bowel (e.g. RYGB), but not after 
gastric banding or caloric restriction [43, 44]. 
This elevation in post-prandial GLP-1, which 
occurs within days of surgery and lasts for at least 
10 years [45, 46], is associated with an increase 
in the incretin effect in patients post-RYGB [47]. 
Administration of the specific GLP-1 receptor 
antagonist exendin (9–39) in patients post-RYGB 
diminishes the augmentation of insulin secretion 
post-prandially by 43% [39]. This evidence would 
strongly suggest that enhanced GLP-1 secretion 
is responsible for at least part of the improvement 
in diabetes seen after bariatric surgery.

Another gut hormone which is augmented 
post-prandially after bariatric surgery is oxyn-
tomodulin (OXM), a dual glucagon and GLP-1 
receptor agonist, also released from L cells in 
response to nutrients. OXM reduces food intake 
and gastric emptying in humans. As a weak 
agonist of the GLP-1 receptor, OXM generates 
a small incretin effect, [44, 48] although it is 
likely to be much less important than GLP-1 for 
weight loss-independent diabetes improvements 
in humans [49].

Although subcutaneously injected GLP-1 ago-
nists are licensed for use in diabetes, their effects 
on glucose control are modest at approximately 1% 
reduction in HbA1C over 26 weeks [50]. Maximal 
dose is limited by side-effects of nausea and vom-
iting. The far more dramatic effects induced by 
endogenously secreted GLP-1 are likely due to the 
fact that GLP-1 is extensively degraded by dipeptidyl 
peptidase 4 (DPP4) and therefore levels in the portal 
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circulation are much higher than peripheral levels in 
the post-prandial post-RYGB patient [36].

 ‘Foregut’ and ‘Hindgut’ Hypotheses

RYGB and BPD are complex procedures, result-
ing in several anatomical and functional changes: 
these include reduction in stomach volume; 
exclusion of the ‘foregut’, duodenum and part 
of the small bowel; and accelerated delivery of 
poorly digested nutrients to the ‘hindgut’ – dis-
tal ileum. Correspondingly, an improvement 
in glucose control post-surgery could theoreti-
cally derive from one of three changes: firstly, a 
reduced caloric intake due to a smaller stomach 
(or exclusion of hormonal or other signalling fac-
tors usually secreted by the excluded stomach in 
response to nutrient stimuli); secondly, exclu-
sion of factors usually produced by the foregut in 
response to nutrient stimuli (the ‘foregut hypoth-
esis’); or thirdly, augmentation of factors pro-
duced by the hindgut in response to accelerated 
delivery of nutrient stimuli (the ‘hindgut hypoth-
esis’). Of these latter ‘hindgut hypothesis’ media-
tors, GLP-1 and the other incretins are examples. 
Theoretical mediators of the ‘foregut hypothesis’ 
would worsen glucose tolerance and so they are 
named ‘anti-incretins’.

To investigate the importance of the differ-
ent components of these complex procedures, 
Professor Rubino performed a series of experi-
ments on a rat model of nonobese type 2 diabe-
tes [51, 52]. Duodenojejunal bypass (DJB), in 
which there is no reduction in stomach volume 
but bypass of the duodenum and proximal jeju-
num, led to significant improvements in glucose 
profile compared to sham operated rats [52]. 
Interestingly, the two groups of rats ate the same 
quantity and gained weight at the same rate. This 
experiment provides good evidence that glucose 
tolerance is improved post-RYGB due to mecha-
nisms beyond reduction of stomach volume, 
reduced caloric consumption and weight loss. 
Indeed in the same experiment, a control group of 
rats treated with caloric restriction experienced 
less improvement in glucose homeostasis despite 
losing more weight than the DJB-treated rats.

In order to investigate whether the mechanism 
responsible for improved glucose tolerance post-
surgery is exclusion of the duodenum and proxi-
mal jejunum (the ‘foregut hypothesis’) or rapid 
delivery of nutrients to the terminal ileum (the 
‘hindgut hypothesis’), Rubino next compared 
DJB with gastrojejunal anastomosis (GJ) [51]. 
The latter procedure simply consists of anasto-
mosis between the stomach and proximal jeju-
num, with the result that just as in DJB nutrients 
are delivered rapidly to the terminal ileum (pre-
serving any potential increase in incretin release 
due to enhanced nutrient delivery to the terminal 
ileum, as proposed by the hindgut hypothesis), 
but a small amount will pass through the duode-
num allowing stimulation of any potential anti-
incretins (preventing any effects attributable to 
the foregut hypothesis). Rats undergoing DJB 
and GJ had similar post-operative food intake 
post-operatively and lost comparable amounts 
of weight. DJB-treated rats, however, had mark-
edly improved glucose tolerance in comparison 
to both controls and GJ-treated diabetic animals. 
This finding would support the foregut hypothe-
sis, as exclusion of the foregut in this experiment 
is necessary to improve diabetes in diabetic rats.

Further experiments in rats using anatomical 
variants to unpick relative contributions of the fore-
gut and hindgut to glucose metabolism revealed 
that resection or bypass of jejunum, but not ileum, 
improves insulin sensitivity in nonobese diabetic 
rats, again supporting the hypothesis that anti-
incretins are secreted from the foregut [53]. In this 
experiment, DJB and ileectomy were surprisingly 
not associated with increased post-prandial GLP-
1, leaving the authors to conclude that the effects 
on glucose homeostasis must be due to putative 
anti-incretin factors. In contrast, GLP-1 is known 
to rise dramatically post-prandially after RYGB. It 
has therefore been proposed that manipulation of 
stomach anatomy is in some way important for 
incretin response, rather than that it occurs simply 
due to an increased delivery of nutrients to the dis-
tal small bowel [54]. This would help to explain 
why sleeve gastrectomy (where there is no small 
bowel bypass) and RYGB produce similar early 
improvements in glucose tolerance and increased 
secretion of post-prandial GLP-1 [55].
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Additional evidence that incretins are not the 
whole story derives from experiments in geneti-
cally modified mice that lack the GLP-1 receptor. 
These mice nonetheless experience improve-
ments in glucose homeostasis and reduced body 
weight following RYGB [56], which would imply 
that GLP-1 is dispensable for improved diabetes 
post-RYGB. Furthermore, in nondiabetic patients 
after RYGB, blockade of the GLP-1 receptor 
with exendin 9–39 does alter glucose and insulin 
profile after a standardised meal, but appears not 
to alter overall disposition index (composite of 
insulin secretion and insulin sensitivity) [39, 57], 
again suggesting that effective glucose control 
post-bypass does not solely rely on GLP-1 action.

On the other hand, GLP-1 is implicated in the 
pathogenesis of post-prandial hyperinsulinaemic 
hypoglycaemia (PHH), a condition that affects a 
small proportion of patients post-RYGB.  These 
patients experience hypoglycaemia due to dramati-
cally elevated insulin post-prandially compared 
to asymptomatic post-RYGB controls, which is 
associated with higher post-prandial GLP-1 peak 
and can be blocked with exendin 9–39 [58]. This 
would suggest that PPH is dependent on GLP-1. 
Proponents of the foregut hypothesis claim that 
PHH is in fact relatively uncommon, which sug-
gests that there are control mechanisms in place to 
prevent excessive stimulation of B cells and insu-
lin secretion in response to GLP-1 [59]. Although 
severe PPH requiring hospitalisation is rare, how-
ever, the incidence of mild symptomatic PPH may 
affect as many as one-third of patients post-RYGB 
or sleeve gastrectomy [60]. It appears to be less 
common following sleeve gastrectomy than RYGB 
[60], so given that the foregut is not bypassed in the 
former condition, this might support a role of anti-
incretins in preventing the complication.

 What Are ‘Anti-incretins’?

In spite of the persuasive evidence that the fore-
gut may produce substances that are ‘diabeto-
genic’, acting to suppress insulin and increase 
glucagon and generally counteracting the effects 
of the incretins, the nature of these substances 
has not been identified [59]. In order to positively 
confirm their existence, Salinari et al. examined 

jejunal extracts from insulin-resistant humans 
and diabetic mice and demonstrated that they 
secrete proteins which impair insulin signalling 
in skeletal muscle cells in vitro [61].

One contender for an anti-incretin is ghrelin, 
an orexigenic hormone secreted from the stomach 
and proximal small bowel, which has an inhibi-
tory effect on glucose-stimulated insulin release 
in humans [62] and from pancreatic B cells 
in vitro [63]. There is evidence from some stud-
ies that ghrelin is suppressed post-RYGB for up 
to 2 years [64], although other researchers have 
detected no change [65]. Mathematical model-
ling indicates that ghrelin changes are unlikely to 
be solely responsible for the remission of diabe-
tes post-bariatric surgery [66], although ghrelin 
could perhaps be one of several anti-incretins.

Recently gastrointestinal dopamine has been 
proposed to be a chief anti-incretin, on the basis 
that it is secreted by the foregut and can prevent 
the effect of incretins on beta cell insulin secre-
tion in  vitro [67]. This is an exciting area that 
merits further investigation. Positively identify-
ing physiological anti-incretins would potentially 
enable their inhibition to medically treat diabetes 
and/or their stimulation to treat PPH.

 Sleeve Gastrectomy

Sleeve gastrectomy is highly effective for weight 
loss and resolution of metabolic comorbidities 
[68]. Specific mechanisms that have been pro-
posed for the efficacy of sleeve include the ‘gastric 
hypothesis’, which relates a reduction in gastric 
hydrochloric acid release to decrease in secretion 
of gastric releasing peptide and increased GLP-1 
release [69]. Another possible mechanism is due to 
faster delivery of nutrients to distal small gut, lead-
ing to increased GLP-1 and PYY secretion [70].

 Bile Acids as Mediators of Metabolic 
Surgery

Bariatric procedures disrupt physiological entero-
hepatic circulation of bile acids, resulting in 
changes in overall levels and nature of circulating 
bile acids [71]. In particular, RYGB increases fast-
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ing and post-prandial circulating levels of bile acids 
and alters relative proportions of different types of 
bile acid in circulation and luminally [71, 72].

Bile acids stimulate GLP-1 secretion from L 
cells in the distal gut via their action on TGR5 
receptors [73]. Infused into the jejunum with 
a glucose load, the potent TGR5 agonist tau-
rocholic acid increases circulating GLP-1 and 
improves glucose tolerance in healthy volunteers 
[74]. In nondiabetics and fasting obese diabetics, 
rectal taurocholate is associated with increases 
in GLP-1 and insulin secretion and decreases in 
plasma glucose [75, 76].

Surgical experiments involving bile diversion 
support the notion that bile acids are important 
stimuli of improved glucose tolerance follow-
ing metabolic surgery, albeit an effect largely 
mediated through gut hormones. In obese rats, 
a catheter inserted from the common bile duct 
to the mid-distal jejunum results in weight loss, 
improved glucose tolerance, higher post-prandial 
GLP-1 levels and less hepatic steatosis [77]. In a 
mouse model of obesity, comparison of bile acid 
diversion from the gallbladder to the duodenum 
(i.e. sham), jejunum or ileum reveals that only the 
latter procedure results in sustained weight loss 
and sustained improvements in glucose homeo-
stasis [78]. In this study the observed weight loss 
was slightly greater than that observed in control 
mice treated with RYGB, which would imply 
that bile acid diversion is a very important con-
tributor to the effects of RYGB. It was also higher 
than that observed in mice pair-fed to the ileum 
bile acid diversion group, confirming that bile 
acid diversion has metabolic effects independent 
of caloric restriction.

Changes in bile acids may also improve glu-
cose metabolism independently of gut hormones. 
One proposed mechanism is due to their ability 
to act as Farnesoid X receptor (FXR) agonists. 
Hepatic FXR stimulation inhibits hepatic gluco-
neogenesis; adipose stimulation of FXR leads to 
improvements in insulin sensitivity; and intestinal 
FXR stimulation leads to release of FGF19 (FGF 
15 in mice), which also inhibits hepatic gluconeo-
genesis [72]. Evidence that bile acid stimulation 
of FXR is important for effects of bariatric surgery 
comes from FXR knockout mice, which do not 

experience the sustained weight loss after sleeve 
gastrectomy observed in wild type controls [79]. 
Additionally, although FXR knock out mice have 
lower fasting blood glucose compared to wildtype, 
after SG their fasting glucose increases rather than 
decreases as in wildtype, and there is no improve-
ment in their overall glucose homeostasis [79].

Bile acid circulation is a crucial component of 
overall lipid metabolism [80]. Bile acids excreted 
in faeces are replaced by synthesis from choles-
terol in the liver, which can be a significant source 
of cholesterol elimination. Total circulating cho-
lesterol improves after bariatric surgery; how-
ever, this does not appear to be associated with an 
increase in faecal bile acids [81, 82]. It may there-
fore be a result of weight loss or caloric restric-
tion rather than bile acid diversion. Similarly, bile 
acids regulate hepatic fatty acid and triglyceride 
synthesis, but at present there is limited evidence 
that the beneficial effects of metabolic surgery on 
hepatic steatosis are directly related to changes in 
bile acid circulation [71].

 Gut Microbiome as a Mediator 
of Metabolic Surgery

After RYGB, the gut microbiome changes towards 
higher levels of proteobacteria and lower levels 
of firmicutes [82, 83]. Microbiome changes are 
associated with changes in bile acid circulation 
bidirectionally, as bile acids are transformed by 
intestinal bacteria, and changes in bile acid com-
position will alter conditions affecting relative 
species of bacterial growth [84]. It is likely that 
changes in the gut microbiome in obesity and fol-
lowing bariatric surgery are secondary to changes 
in dietary intake, bile acid circulation and/or gut 
hormone milieu rather than direct consequences 
of surgery. Nonetheless, faecal transplant experi-
ments demonstrate that transfer of gut microbiota 
from humans or mice that have undergone RYGB 
to unoperated mice reduces recipients’ fat mass 
[83, 85]. This is associated with a lower respira-
tory quotient, indicating more energy production 
from fat rather than carbohydrate [83].

Other mechanisms via which a change in gut 
microbiome might improve metabolic health 
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include a decrease in absorption of toxic metab-
olites such as choline and ethanol metabolites 
[86]. These are not only produced in greater 
quantities by dysregulated gut microbiota, but 
an unhealthy gut microbiome is also associated 
with increased intestinal permeability, which 
facilitates their absorption [87]. These factors 
contribute to the development of obesity-asso-
ciated steatohepatitis [88]. Further research is 
required to determine whether changes in the 
gut microbiome following bariatric surgery 
independently account for substantial meta-
bolic effects.

 Is There a Limit to ‘Metabolic’ 
Surgery?

In this chapter we have outlined evidence that 
bariatric procedures such as gastric bypass work 
through mechanisms independent to weight loss, 
to cause resolution of diabetes and other meta-
bolic disorders. For these operations to be con-
sidered ‘truly’ metabolic, rather than bariatric, it 
has been argued that they should cause resolution 
of metabolic disorder even in nonobese patients 
[89]. Although evidence from nonobese cohorts is 
to date very limited, the metabolic effects of bar-
iatric surgery in the nonobese appear to be modest 
[90], with some indication that they are inferior to 
results seen in the morbidly obese [91]. A recent 
meta-analysis of bariatric procedures in 290 
patients with a BMI of under 30 (mean 26 kg/m2), 
all of which were either bypass-type operations or 
SG, demonstrated an overall HbA1C reduction of 
1.88% with a major complication rate of 6.2% [8]. 
Although further research is required to confirm 
the value of bariatric surgery as a treatment for 
metabolic disorder in the nonobese, it is highly 
likely that maximal effect of such operations is 
achieved through a combination of weight loss-
dependent and weight loss-independent means. 
Perhaps, then, these procedures are best termed 
‘bariatric/metabolic’ surgery.

 Conclusion
The ability of bariatric surgery to alter metab-
olism via mechanisms independent of weight 
loss is certainly a reality and has been demon-

strated for many obesity-related conditions. 
The mechanisms by which bariatric surgery 
produces these effects include reduced caloric 
intake, alteration of gut hormones and other 
signalling molecules, bile acid circulation and 
the gut microbiome. These factors are inter-
linked and depend on operation type, which 
presents some challenges to achieving a com-
plete understanding.

Better understanding of the metabolic effects 
of surgery and the mechanisms through which 
they occur will enable the development of new 
surgical strategies, and potentially the tailoring 
of surgical strategies to each individual’s unique 
profile of metabolic disorder. Ways of predict-
ing response to bariatric surgery are still very 
crude: better understanding of mechanism may 
well lead to more physiological and accurate 
methods [92]. Furthermore, understanding of 
the mechanisms by which metabolic effects 
occur will enable us to develop non-surgical 
alternatives, for example, gut hormone ana-
logues [93], with consequent risk reduction for 
a relatively high-risk cohort of patients. It may 
also lead to the use of medications as targeted 
adjuncts for non-responders [94]. Metabolic 
surgery, medicine and science are closely inter-
twined in this fast-evolving and exciting field.
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Is Type 2 Diabetes a Surgical 
Disease?

Kai Tai Derek Yeung and Ahmed R. Ahmed

 Introduction

Type 2 diabetes mellitus (T2DM) affects and will 
continue to affect more and more people across 
the globe. It is a complex disease process leading 
to significant morbidity, mortality and burden on 
healthcare systems.

Traditionally treatment is achieved through 
lifestyle modifications and medication. There is 
an ever increasing range of medications being 
made available to help achieve glycaemic con-
trol and modification of risk factors. However, 
only 10% of patients ever achieve these goals [1]. 
Weight loss and T2DM remission or improve-
ment achieved with low calorie diets and life-
style modification are rarely still present after 
1–5 years [2].

This led to a search for alternative therapies, 
and recently the GI tract has become a target of 
interest in the management of T2DM. Bariatric 
surgery began with the sole intent of weight loss. 
However, the observation of complete or partial 

remission of T2DM has led to a new discipline of 
“metabolic surgery” [3].

Bariatric/metabolic surgery is effective at 
improving outcomes in obese patients and in 
those with obesity-related diseases. In particu-
lar, with type 2 diabetes mellitus (T2DM), gly-
caemic control is achieved rapidly before weight 
loss and is sustained. Recently the emergence of 
level 1 evidence supporting the superiority of sur-
gery over intense medical therapy for diabetes has 
changed and continues to change many minds that 
doubted the benefit of surgery in diabetic patients.

We are only beginning to understand the meta-
bolic effects of surgery. Many still think this is 
due to dietary restriction and weight loss leading 
to improvement in diabetes; there is, however, 
much more to it than this. In this chapter we will 
examine what is known about surgery for T2DM.

 When Did the Idea First Appear?

The first observation of T2DM improvement 
was seen in patients who underwent the Billroth 
II procedure for gastric cancer or gastric ulcers. 
Not only did the ulcer improve but in diabetic 
patients, even those who were nonobese showed 
improvement in their diabetic control [4].

In 1987, Pories and his team published an arti-
cle in the Annals of Surgery titled “The control 
of diabetes mellitus (NIDDM) in the morbidly 
obese with the Greenville gastric bypass”. They 
reported 86/88 patients with NIDDM became 
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euglycaemic within 4  months post-operatively 
[5]. It was hypothesised then that normalisation 
of glucose metabolism may not just be related to 
weight loss and restriction.

Several years later in 1992, he and his team 
went on to publish a paper title “Is type II dia-
betes (NIDDM) a surgical disease?” This was 
a continuation of his earlier work. The paper 
reported a much larger cohort of 515 morbidly 
obese patients undergoing the Greenville gastric 
bypass. 88.7% of patients remained or became 
euglycaemic post-operatively. It was proposed 
that NIDDM could be controlled in the severely 
obese by gastric bypass. They took it a step fur-
ther to suggest that patients with severe NIDDM 
who were not severely obese may perhaps be con-
sidered for gastric bypass. One significant flaw at 
that point was the surgical technique involved an 
unacceptably high rate of staple line failure [6].

In 1995, over 14  years, the cohort grew to 
608 morbidly obese patients. Surgical technique 
had improved with mortality and morbidity rates 
reduced to 1.5% and 8.5%, respectively. More 
importantly, long-term data published showed 
82.9% of patients with NIDDM and 98.7% of 
patients with glucose impairment returned to eugly-
caemic levels [7]. “No other therapy has produced 
such durable and complete control of diabetes mel-
litus” was the conclusion of the authors.

 Weight Loss and Metabolic Effect

We now know that glycaemic control occurs well 
before significant weight loss is achieved in the 
post-operative period. This leads to the question 
of what are the weight-independent antidiabetic 
mechanisms and how might we use this fur-
thermore to our advantage to achieve desirable 
results.

Also worth noting is in the long run, failure of 
weight loss also does not necessary mean failed 
metabolic effects. Aminian et  al. have demon-
strated a modest 5–10% weight loss is already 
associated with a significant improvement in 
reduction of blood pressure, circulating triglycer-
ides and decreased diabetic medication require-
ment. In their cohort, patients achieved <25% 

excess weight loss, but 65% still showed remis-
sion or clinical improvement of their diabetes [8].

What is incredibly interesting is that certain 
studies show that patients with type 2 diabetes, 
when subjected to calorie restriction strictly to 
the extent of those who underwent gastric bypass, 
show the same effect on insulin sensitivity and 
blood glucose [9].

 Can Diabetes Be Surgically Cured?

Can diabetes be surgically cured? A retrospec-
tive study of 217 T2DM patients who under-
went bariatric surgery and had at least 5-year 
follow-up [10] showed surgery induced a signifi-
cant, sustainable remission and improvement of 
T2DM. There was also an improvement in other 
metabolic risk factors such as long-term control 
of lipid status and hypertension. Furthermore, 
diabetic nephropathy was shown to either regress 
or stabilise. Interestingly, it has also been sug-
gested that in patients without diabetes, having 
bariatric surgery reduced the risk to developing 
T2DM by 96% [11].

 Surgical Versus Medical Therapy: 
What Does the Evidence Say?

For a while, we have known conventional medi-
cal treatment only partially achieves glycaemic 
control and modification of subsequent risk fac-
tors. This has been the case despite new classes 
of drugs appearing on the market. Patients who 
were obese pose a further challenge to manage. 
This led to a search for alternative therapies.

In 2009 Buchwald and colleagues published a 
systematic review and meta-analysis of 621 stud-
ies which included 135,246 patients with the aim 
of determining the impact of bariatric surgery on 
T2DM. It was found that 78.1% of patients had 
complete resolution and 86.6% of patients had 
improvement or resolution of disease. This was 
also found to be sustained 2  years post-opera-
tively [12].

Following on, in 2012, Mingrone et  al. pub-
lished an original article in the New England 
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Journal of Medicine of a non-blinded, ran-
domised control trial comparing bariatric surgery 
versus conventional medical therapy for type 2 
diabetes. At that point in time, there was a lack 
of level 1 clinical evidence to support surgery as 
an alternative treatment for T2DM. Their study 
randomised 60 patients with BMI >35 to gas-
tric bypass, biliopancreatic diversion or medi-
cal therapy and was followed up for 24 months. 
The study reported no remissions in the medical 
group but an astonishing 75% and 95% remission 
in the gastric bypass and biliopancreatic diver-
sion groups. Weight loss and reduction in lipids 
was much more significant in the surgical group. 
No operative deaths were reported. Additionally, 
there was no correlation between weight loss and 
normalisation of fasting glucose. This is consis-
tent with previous studies that the effects that 
lead to resolution of T2DM are independent of 
weight loss [13].

The Swedish Obese Subjects (SOS) was a 
prospective long-running controlled intervention 
study of bariatric surgery. The investigators com-
pared 2010 obese patients who underwent bariat-
ric surgery to 2037 matched obese patients who 
received conventional medical therapy. A 2-year 
diabetes remission was 72% and 21% for surgi-
cal and medical therapy, respectively. At 10 years 
remissions were shown to be 12% compared to 
37% in the surgical group. In this particular study, 
bariatric surgery was also associated with long-
term reductions in overall mortality, myocardial 
infarction, stroke and cancer. High BMI was not 
predictive of favourable treatment effects [11].

Subsequently several systematic reviews and 
meta-analyses have been published. Ribaric and 
colleagues reported in their analysis of 16 papers, 
a 63.5 vs 15.6% overall T2DM remission rate 
when comparing surgery and conventional ther-
apy [14].

Another systematic review and meta-analysis 
[15] looked at surgical versus medical therapy in 
T2DM patients with BMI less than 35. Five RCTs 
and 6 OCSs with 706 patients were included in 
this, and surgery was associated with a higher 
T2DM remission rate, higher rate of glycaemic 
control and lower HbA1c levels compared to 
medical therapy.

A further meta-analysis of 11 published RCTs 
[16] also concluded similarly with level 1A evi-
dence that surgery showed superiority in T2DM 
remission, glycaemic control and lower HbA1c 
levels. Furthermore, the author also concludes 
this to be true in patients with BMI lower than 35.

 Surgery in the Nonobese Group

It is currently suggested that surgery may have 
a role in patients with BMI less than 35 [17]. 
It is also considered safe with reported rates of 
80% of patients achieving adequate glycaemic 
control and a low rate (3.2%) of complications 
[18]. Taking it a step further, there is suggestion 
that there may also be benefit in those patients 
with BMI less than 30 with drug refractory dis-
ease [19]. In fact, both the National Institute 
for Health and Care Excellence (NICE) in the 
UK and the International Diabetes Federation 
have stipulated the use of metabolic surgery in 
some cases of BMI>28 for instance in those of 
Southeast Asian descent [20].

For the time being, the general consensus is 
that long-term evaluation is still required in the 
nonobese group of T2DM patients.

 Who Will Benefit? Predictive Factors 
of Remission

There is variability in the reported rate of T2DM 
remission at 1-year post-operatively (50–95%). 
A French retrospective analysis [21] found that 
a shorter duration of diabetes and good preop-
erative glycaemic control increased the rate of 
T2DM remission in that duration. The Swedish 
Obese Subjects study also confirmed short dia-
betes duration was associated with high remis-
sion and low relapse rates at both 2 and 10 years 
post-operatively [22]. Another long-term 5-year 
cohort study from Taiwan also reported a higher 
rate of T2DM remission in patient with early 
onset T2DM [23].

Others have demonstrated that young age, 
shorter diabetes duration, better glycaemic con-
trol and better B-cell function baseline BMI 
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<50, short duration of diabetes (<4 years), lower 
Hba1c, fasting glucose and the absence of insulin 
therapy are all factors that lead to more success-
ful T2DM remission [21, 24].

A large-scale meta-analysis including 94 
studies and 94,578 patients found bariatric sur-
gery and T2DM remission rates were similar in 
patients with BMI >35 (72%) and <35 (71%). 
Effects of each procedure appeared independent 
of weight [25].

Interestingly, there appears to be an asso-
ciation between weight regain and recurrence 
of T2DM [26]. Metabolic failure rate was lower 
after RYGB compared to other procedures. 
Similarly, in the long history of T2DM, high pre-
operative HbA1c was found to be predictive of 
failure of improvement in the early post-opera-
tive course after bariatric surgery. Higher age and 
use of preoperative insulin or oral antidiabetic 
medication are also reported to be significant and 
independent predictors for less favourable meta-
bolic outcome post-operatively [27].

In summary choosing the appropriate candi-
date is important: preoperative metabolic data 
can potentially help select those patients who are 
most likely to achieve remission.

 Specific Procedures

 Gastric Band

The first RCT looking at bariatric surgery vs best 
medical therapy was performed using the gas-
tric band. In 2008, Dixon et al. reported a RCT 
comparing 60 patients who underwent adjustable 
gastric banding versus conventional therapy for 
T2DM. Seventy-three percent of patients in the 
surgical group achieved remission compared to 
only 13% in the conventional group [28].

 Sleeve

Laparoscopic sleeve gastrectomy has become 
the most popular bariatric surgical procedure in 
the USA. In the fourth quarter of 2014, 60% of 
all bariatric procedures performed were sleeve 

gastrectomy [29]. This is echoed in institutions 
around the world. The most recent International 
Consensus Summit for sleeve gastrectomy 
reported a survey of 103 expert surgeons. 
Approximately 80% endorsed sleeve gastrec-
tomy in patients with metabolic syndrome or 
BMI 30–35 with associated comorbidities [30]. 
Mihmanli and colleagues reported a cohort of 88 
diabetic patients undergoing sleeve gastrectomy 
resulted in a 95% complete type 2 diabetes remis-
sion rate 1-year post-operatively. In the literature 
this rate stands at about 80% [31].

 Mini-Gastric Bypass

Musella et al. reported outcomes of 974 patients 
from multiple centres in Italy who underwent 
mini-gastric bypass [32]. Eight hundred eighteen 
of these patients remained under follow-up, and 
at 60 months T2DM remission was achieved in 
84% as was resolution of hypertension in 87%.

Another randomised trial comparing sleeve 
gastrectomy to mini-gastric bypass also con-
cluded that although sleeve gastrectomy is effec-
tive at improving glycaemic control up to 5-year 
follow-up, mini-gastric bypass was more likely 
to achieve better glycaemic control [33].

A Chinese systematic review and meta-anal-
ysis reviewed 15 articles that compared mini-
gastric bypass to RYGB, SG and LAGB. Weight 
loss was more significant with MGB and remis-
sion rates were shown to be higher or comparable 
to other procedures. However, the use of MGB 
as a metabolic procedure still needs to be further 
evaluated [34].

 Which Is the Best Metabolic 
Procedure?

Table 37.1 summarises a variety of studies com-
paring various procedures along with intense 
medical therapy. What is clear is that surgical 
therapy along with medical therapy is far supe-
rior compared to intense medical therapy only. 
More and more long-term data is beginning to 
surface and the trends continue.
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 Gastric Bypass Versus Sleeve 
Gastrectomy?

There are several meta-analyses compared RYBG 
to SG. Yip et al. found that both RYBP and SG 
resulted in similar rates of early T2DM remis-
sion, 76 and 68% at 12 months and 81 and 80% at 
36 months for RYGB and SG, respectively [35].

In their review of recent clinical trials up to 
2014, Torgersen et  al. reports both RYGB and 
sleeve gastrectomy to be well tolerated. No long-
term conclusions were drawn. RYGB seemed to 
be more effective at resolution and remission to 
T2DM, even with high-risk patients. In terms of 
obesity-related comorbidities, both were similar 
in their rates of reduction except gastroesopha-
geal reflux occurred more in sleeve gastrectomy 
patients. Mortality rates were similar [36].

A meta-analysis of 429 patients undergoing 
RYGB and 429 patients undergoing SG found simi-
lar efficacy of T2DM remission in non-randomised 
studies. In randomised control studies, however, 
SG has a lower effect compared to RYGB. Again 
it was reported that T2DM remission was not cor-
related with excess weight loss [37].

RYGB is suggested to achieve more durable 
glycaemic control compared to sleeve gastrec-
tomy and medical therapy. Beta-cell function 
increases by 5.8-fold as well as other hormonal 
changes [38].

 Mechanisms

The antidiabetic effect of metabolic surgery 
occurs before significant weight loss. We do not 
yet know the precise mechanism that lead to this 
effect, but it is thought to be multifactorial and 
will be discussed in a separate chapter.

 Current and Recent Clinical Trials

There are currently many recently published 
randomised control trials. Many more are active 
and recruiting comparing metabolic surgery and 
medical therapy for type 2 diabetes.

CROSSROADS [39] looked at Roux-en-Y 
gastric bypass compared to intensive lifestyle 
and medical intervention for type 2 diabet-
ics. Although small in scale 15 (RYGB) vs 17 
(lifestyle and medical) patients, 1-year diabetes 
remission was 60% in the surgical group com-
pared to 5.9% in the lifestyle and medical group. 
Weight loss and HbA1c reduction were also more 
successful in the surgical group.

STAMPEDE [40] is a randomised control trial 
comparing sleeve gastrectomy, Roux-en-Y gastric 
bypass and advanced medical therapy in 150 type 
2 diabetics with BMI 27–42. The authors in their 
1 year update that gastric bypass and sleeve gas-
trectomy were superior in achieving glycaemic 

Table 37.1 A variety of studies comparing various procedures along with intense medical therapy

Author (et al.) Year Treatment groups N
Time 
(months) T2DM remission rates

Dixon [28] 2008 Med vs LAGB 30/30 24 13% med/73% LAGB
Mingrone [13] 2012 Med vs BPD vs RYGB 20/20/20 24 0% med/95%BPD/75% RYGB
Milone [48] 2013 LSG vs MGB 15/16 12 56% SG/68% MGB
Ikramuddin [49] 2013 IMT vs RYGB 60/60 12 19% IMT/44% RYGB
Courcoulas [50] 2015 ILM only vs (RYGB vs 

LAGB – combined with ILM)
61 36 0% ILM/40% RYGB/29% 

LAGB
Ikramuddin [51] 2016 IMT vs IMT&RYGB 60/60 36 0% IMT/19% IMT&RYBG
Purnell [52] 2016 RYBG vs LAGB 466/140 36 68% RYGB/30% LAGB
Schauer [41] 
(stampede)

2017 IMT vs RYGB vs LSG 50/50/50 60 5% IMT/29% RYGB/23% 
LSG

Med medical therapy, LAGB laparoscopic adjustable gastric band, LSG laparoscopic sleeve gastrectomy, BPD biliary 
pancreatic diversion, IMT intense medical therapy, MGB mini-gastric bypass
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control. The 3-year outcomes were published in 
the New England Journal of Medicine, at which 
point the surgical group still showed statistically 
significant and superior results. Thirty-eight per-
cent (bypass), 24% (sleeve) and 5% (medical) of 
patients achieved an Hba1C of 6% or less. Weight 
reduction was again found to be superior in the 
surgical group as was quality of life.

The most recent 5-year outcomes from the 
STAMPEDE study were published in 2017 [41]. 
In the same cohort, 29% (bypass), 23% (sleeve) 
and 5% (medical) achieved an Hba1C of 6% or 
less. This study showed that the beneficial effects 
from surgery were durable and subsequently 
reduced the need for diabetics and cardiovascu-
lar medications. Furthermore, the authors also 
concluded that these effects were also evident in 
mildly obese patients (BMI 27–34).

The Rome trial [42] was a randomised control 
trial based in Italy published in the Lancet. The 
investigators compared 60 patients with a BMI 
over 35 and a minimum 5-year history of type 
2 diabetes. The patients received either medi-
cal treatment, gastric bypass or biliopancreatic 
diversion. At 5 years, 50% of the surgical patients 
maintained diabetic remission compared to none 
of the medically treated patients. Interestingly, 
the authors also reported that within the surgical 
group, 53% of patients who has gastric bypass 
and 37% of patients who underwent biliopancre-
atic diversion had achieved diabetic remission at 
2 years but had a degree of relapse by 5 years. 
Again, other associated factors such as plasma 
lipids and cardiovascular risk were significantly 
lower in the surgical groups.

The diabetes surgery study [43] published 
their 2-year outcomes of 5-year RCT. This study 
is looking at 120 patients assigned to either medi-
cal management or medical management along 
with gastric bypass. The primary outcome of 
this study was a trio of Hba1c <7%, LDL cho-
lesterol <2.59  mmol/L and SBP <130  mmHg. 
At 24  months, the 43% of the surgical group 
achieved this compared to 14% in the medi-
cal group. In particular, glycaemic control was 
achieved in 75% vs 24% in the respective sur-
gical and medical groups. Of note, the authors 

mention nutritional deficiencies occurred more 
commonly in the bypass group.

Another RCT from Pittsburgh [44] compared 
patients receiving 1 year of high-intensity weight 
loss intervention followed by low-level interven-
tion for 2 years to surgical treatment (Roux-en-Y 
gastric bypass or laparoscopic adjustable gastric 
band) followed by 2  years of low-level weight 
loss intervention. Similarly, T2DM remission at 
3 years was achieved in 40% of the RYGB group, 
29% in LAGB and 0% in the non-surgical group.

These are only a few examples of trials look-
ing at the surgical effect on type 2 diabetes. Many 
studies come to a similar conclusion that for now, 
surgical therapy seems superior in achieving glu-
cose homeostasis when compared to medical and 
behavioural therapy.

 Long-Lasting Effects

Following on from the SOS study described 
above, Sjostrom and colleagues went on to look 
at the long-term remission of type 2 diabetes 
with macrovascular (limbs, heart and brain) and 
microvascular complications (eyes, kidneys and 
peripheral nerves). They found that macrovas-
cular complications were observed in 44.2/1000 
person-years in the control group compared to 
33.7/1000 person-years in the surgical group. 
Microvascular complications were found to be 
41.8 and 20.6/1000 person-years in the respective 
control and surgical groups. At 15 years diabetes 
remission was at 6.5% and 30.4% for the control 
and surgical groups [45]. For now, this is the best 
long-term data published to date, and these find-
ings require confirmation by randomised con-
trolled trials.

There is no doubt more work needs to be put 
into establishing long-term effects of bariatric. 
In particular, long-term effects on micro- and 
macrovascular complications related to diabetes 
are clinically important. Most current published 
studies only follow up patients for 1–2 years or 
inconsistent long-term reporting of results. This 
statement was also reflected in a Cochrane review 
performed in 2014 [46].
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 So Where Are We Now?

The most recent consensus comes from the 3rd 
World Congress on Interventional therapies for 
Type 2 Diabetes and the 2nd Diabetes Surgery 
Summit (DSS-II). This international consensus 
conference included leading diabetes organisa-
tions and aimed at developing guidelines to the 
benefit and limitations for metabolic surgery for 
T2DM. Attendees included 48 international cli-
nicians/scholars (25% surgeons).

A joint statement and algorithm conclude 
that although further studies are required to 
show long-term benefits, there is now enough 
evidence to support the inclusion of metabolic 
surgery amongst all interventions for the treat-
ment of T2DM and obesity [47]. The algorithm 
in Table 37.2 was suggested.

 Conclusion
We should be considering bariatric/metabolic 
surgery as one of the options along with life-
style and medical therapy to treat patients with 
T2DM. More high-quality long-term follow-
up data is also required, but for now all evi-
dence points to surgical intervention being 
much more effective than any existing medi-
cal treatment in certain patient groups.

The gut must be seen a metabolic organ 
and has a big role to play in glucose haemosta-
sis. There is no doubt that further understand-
ing on the precise and important mechanisms 
are required. The next research objective is to 
identify these processes, by then not only will 
surgical techniques be refined to target these 
areas, but it will open doors to other therapeu-
tic options.
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 Cholelithiasis

It is known that the rapid weight loss is a pre-
disposing factor to develop biliary lithiasis. The 
physiopathology is related with a supersaturation 
of bile with cholesterol, bile stasis, and increase 
in mucin concentration in bile. Therefore after 
any bariatric procedure (but gastric bypass spe-
cially), where a rapid weight loss occur, this can 
become a threat. Furthermore the treatment can 
be challenger because of the anatomical changes 
due to the bariatric procedure [1].

Diverse kind of protocols exist: prophylactic 
surgery (simultaneous cholecystectomy and gastric 
bypass in every patients, whether they have or not 
cholelithiasis) [2, 3], elective (simultaneous cho-
lecystectomy with conventional gastric bypass in 
the patients with asymptomatic cholelithiasis) [4, 
5], and conventional (cholecystectomy only in the 
presence of cholelithiasis with symptoms) [6, 7].

The incidence of cholelithiasis post gastric 
bypass is estimated around 37%. Almost 50% 
developed disease in the first year of monitoring 
and 60% in the first 6  months. Meanwhile the 
patients undergoing sleeve gastrectomy have an 
incidence of cholelithiasis of 27%, being most of 
the cases developed in the first and a half year [8].

Compared with the general population, the 
obese have high levels of serum cholesterol, 
determining a higher incidence of lithiasis, 
which is further increased in the patient popula-
tion undergoing a bariatric procedure. The latter 
is linked to several factors, among which stands 
out the large weight loss (especially in the first 
6 months after surgery) which favors a significant 
mobilization of cholesterol from adipose tissue 
reservoir and reduced production of bile salts and 
phospholipids to the gallbladder.

Furthermore, after bariatric surgery, a decrease 
in the gallbladder motility due to nerve dam-
age, a deficit in phospholipids and contraction- 
stimulating proteins, and an increase of mucin 
secretion toward the gallbladder occur, leading 
to an acceleration of the nucleation process. This 
predominance of cholesterol over the bile salt 
and phospholipids in bile promotes the formation 
of gallstones [9, 10].

Other factors that promote the formation of 
lithiasis post-surgery, such as decreased motil-
ity by altering vagal innervation derived from the 
surgical process, are present in some cases but 
are not constant. Instead, rapid weight loss (more 
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than 50% of excess weight lost 3  months after 
laparoscopic RYGB) is the only predictor of gall-
bladder disease present in every study [11].

Regarding prophylactic surgery (cholecystec-
tomy in patients without gallbladder stones), the 
majority of surgeons concur that a watchful wait-
ing should be taken and only perform the bar-
iatric procedure, because the number of patients 
that will develop symptomatic cholelithiasis is 
low (around 6–8% of them) and this leads to an 
elevated number of patients exposed to an unnec-
essary procedure with potential complications 
[4, 11]. Laparoscopic cholecystectomy in bar-
iatric patients may be challenging due to subop-
timal port placement and difficult body habitus. 
Furthermore, it is accompanied by potential risks 
such as lengthening of operative time, increased 
morbidity, and prolonged hospitalization. Serious 
complications have been reported as high as 
2–3% of cases [12].

Some studies have shown that an elective 
approach (simultaneous cholecystectomy only in 
the patients with cholelithiasis) may be favored 
because of better short-term outcomes with sig-
nificantly lower rates of mortality, morbidity, 
reinterventions, and shorter hospital when com-
pared with patients that had concomitant cho-
lecystectomy. However, the long-term biliary 
morbidity requiring subsequent cholecystectomy 
was not clear in this study [6].

But other papers have shown that the rate of 
subsequent cholecystectomy after RYGB is low 
(6.8%), being the main cause for the subsequent 
cholecystectomy of the uncomplicated biliary 
disease, while choledocholithiasis and biliary 
pancreatitis occurred very rarely. It’s estimated 
that the rate of subsequent cholecystectomy due 
to biliary colic or gallbladder dyskinesia is 5.3%; 
cholecystitis, 1.0%; choledocholithiasis, 0.2%; 
and biliary pancreatitis, 0.2%.

Furthermore about 95% of the subsequent 
cholecystectomies are performed laparoscopi-
cally with a very low conversion rate, and the 
risk to suffer a complication from a subsequent 
cholecystectomy is extremely low (0.1%) for all 
patients without concomitant cholecystectomy 
during RYGB. Therefore, a routine concomitant 
cholecystectomy cannot be recommended when 

weighting the observed low long-term morbidity 
against the known potential detrimental effect on 
the short-term outcome [6, 7].

On the other hand, when talking about patients 
with asymptomatic gallbladder stone, currently 
there is no consensus in the treatment in patients 
undergoing weight loss surgery. Asymptomatic 
gallstones (silent gallstones) represent a dilem-
matic approach. The natural history of asymp-
tomatic gallstones suggests that many affected 
individuals will remain asymptomatic. Recent 
trend analysis in gastric bypass patients suggests 
that concomitant cholecystectomy should be con-
sidered only in symptomatic gallstones [7].

The use of ursodeoxycholic acid (UDCA) 
also has been proposed as a preventive measure 
for the gallstone formation. The UDCA is a bile 
acid that dissolves gallstones by decreasing bili-
ary cholesterol secretion to lower bile cholesterol 
saturation and by decreasing biliary glycoprotein 
secretion to lower biliary nucleating factors. It 
was reported that the oral dose of 600 mg UDCA 
following gastric bypass for 6  months or even 
until gallstone formation was associated with 
decreased rate of gallstone formation [13, 14]. 
However, the cost-effectiveness of the treatment 
is a matter of debate because even though the use 
of UDCA lessened the costs of concurrent chole-
cystectomy and reduced the hospital stay along 
with logical cost raise in selective cholecystec-
tomy, the prescription of UDCA tends to be unaf-
fordable as an additional cost.

Due to the previously exposed, it is possible 
to conclude that cholecystectomy should be per-
formed only in patients with cholelithiasis and 
symptoms. Regarding patients with silent chole-
lithiasis, the surgeon must evaluate every case in 
particular, but it’s admissible to choose a conser-
vative management, follow up the patient, and, 
in case of developing symptoms, perform the 
cholecystectomy.

 Choledocholitiasis

The presence of gallstones in the common bile 
duct (CBD) although is a rare complication after 
RYGB (around 0.2% of the bariatric patients) [7] 
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represents an important challenge due to the ana-
tomical modifications of the gastrointestinal tract 
(Fig.  38.1).The duodenum remains adjacent to 
the surgically excluded stomach. Therefore, for 
the endoscopist, accessing the ampulla is tech-
nically very difficult. The endoscope must pass 
through the mouth, esophagus, gastric pouch, 
Roux limb, and then return retrograde through 
the afferent limb to reach the ampulla. This total 
length may easily exceed 300 cm, making almost 
impossible for traditional endoscopy access to 
the papilla to perform an endoscopic retrograde 
cholangiopancreatography (ERCP).

This leads to having to pursue other methods 
to reach the papillae for the resolution of cho-
ledocholitiasis. Which of these methods should 
we choose must be based on the surgeon experi-
ence, the equipment available, and the location 
of the stone. But whatever the method, a special 
training is needed on endoscopy, percutaneous 
surgery, and laparoscopy.

The methods that have been described can be 
listed as follows:

• Laparoscopy-assisted transgastric ERCP 
(LAT-ERCP)

• Balloon enteroscopy-assisted ERCP 
(BEA-ERCP)

• Percutaneous biliary drainage with subse-
quent trans-fistula treatment

• Laparoscopic exploration of common bile 
duct

Due to the long anatomical route required to 
reach the biliopancreatic limb in patients with 
RYGB, a solution that has been found is to access 
the excluded stomach through laparoscopy and 
insert the endoscope through a gastrotomy, thus 
allowing performance of an ERCP in a traditional 
way. The success rate of this procedure has been 
shown to be superior to BEA-ERCP. Biliary can-
nulation rates up to 100% have been described 

a Normal
anatomy

Esophagus

Stomach

Duodenum

Proximal
pouch

Stomach
transected

Jejunum is
attached to
the proximal

pouch

Jejunum

Side-to-side
anastomosis

Liver
Gallbladder

Roux-en-y
gastric bypass

b

Fig. 38.1 (a) Green arrow showing the endoscopy path to the ampulla in normal anatomy. (b) Green arrow showing 
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and are associated with a significantly shorter 
endoscopic procedure time, but not a shorter total 
procedure time (laparoscopy plus ERCP) [15–17].

In this procedure a standard laparoscopic 
access to the abdominal cavity is performed with 
insertion of four trocars, then the greater curve 
of the antrum is mobilized, and a gastrotomy and 
purse-string suture are fashioned on the anterior 
side of the greater curvature of the gastric rem-
nant near the antrum (Fig.  38.2). An additional 
15 mm or 18 mm trocar must be placed in the left 
upper quadrant and inserted into the gastrotomy 
in the center of the purse-string suture (Fig. 38.3). 
This purse string has to be tightly fixed around 
the trocar to prevent loss of insufflation pressure, 
and the gastrotomy should be made as lateral as 

possible along the greater curvature to permit 
smooth intubation of the pylorus. It’s also recom-
mended to occlude the biliopancreatic limb with 
an intestinal clamp to prevent over-insufflation 
of the small bowel that blocks the perioperative 
visualization.

Finally, a side-viewing endoscope is intro-
duced through the 15 mm or 18 mm trocar secured 
into the gastrotomy, and ERCP can be performed 
under fluoroscopic guidance (Fig.  38.4). After 
the removal of the scope and the trocar, the purse 
string is tied and the gastrotomy incision sutured 
(Fig.  38.5). Described by Manoel Galvao-Neto 
from Brazil.

Fig. 38.2 Formation of a gastrotomy on the anterior wall 
of the greater curvature of the gastric remnant

Fig. 38.3 Insertion of a 15  mm trocar into the gastric 
remnant through the gastrotomy

Fig. 38.4 ERCP with sphincterotomy and stone 
extraction

Fig. 38.5 Suture of the gastrotomy incision
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In case of patients with gallbladder in situ, 
delaying the definitive cholecystectomy until 
ERCP is performed is considered to be the safest 
option because in case of a difficult cannulation 
of the papilla, a guidewire can be inserted into 
the cystic duct to perform a rendezvous technique 
in order to achieve the cannulation. In this tech-
nique the guidewire that was inserted through the 
cystic duct is then moved into the main biliary 
duct and passed through the papilla. Therefore, 
the flexible wire is taken by the endoscopist and 
used as a guide to enter the papilla.

Performance of the LAT-ERCP technique 
is influenced by the presence of postoperative 
adhesions which renders the transgastric access 
more difficult, sometimes being necessary to 
perform a minilaparotomy to achieve the trans-
gastric access. This is expected in case of a 
history of open surgery, multiple laparoscopic 
interventions, and previous peritonitis or abscess 
formation.

When the need for repeat ERCP is anticipated 
during the first LAT-ERCP procedure, a gas-
trostomy tube can be inserted through the gas-
trotomy incision into the lumen of the stomach. 
Repeat ERCP can be performed percutaneously 
after the surgical gastrostomy tract has matured 
(Fig. 38.6) [18].

The LAT-ERCP, although it’s a complex proce-
dure, in experimented hands allows to successfully 

treating the choledocholitiasis with a biliary can-
nulation rates up to 100% and a low rate of com-
plications like pancreatitis or post- sphincterotomy 
bleeding. In no case a leak of the gastrostomy 
suture was described (Fig. 38.7) [16–19].

The second option that we have to treat cho-
ledocholitiasis in patients with RYGB is the BEA-
ERCP.  The major advantage of balloon- assisted 
over conventional enteroscopy is the ability to 
reduce loops of small bowel which facilitates 
advancement of the endoscope in patients after 
Roux-en-Y reconstruction. In patients with Roux-
en-Y anatomy, success rates varying from 60% 
to 90% for reaching the biliopancreatic limb and 
successful ERCP ranging from 46% to 80% have 
been reported [20–29], clearly inferior to the suc-

c
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b

Fig. 38.6 (a) Introduction of the gastrotomy duodenoscope, (b) schematic drawing of access to the duodenum through 
the excluded stomach, (c) endoscopic view via cannulation of the papilla

Fig. 38.7 Endoscopic view of papillotomy
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cess rate of the LAT- ERCP. The devices that are 
used for the BEA- ERCP can consist in a single- 
or double-balloon system (Figs. 38.8 and 38.9).

The system is composed of a 200 cm, thin 
endoscope, with a 145  cm soft overtube. Latex 
balloons are attached to the end of the endoscope 
and to the end of the overtube. By using a series 
of inflations and deflations of the balloons, along 
with reductions, the endoscopist may advance the 
scope through the lumen in an “accordion-like” 
fashion and reach the distal small bowel [30] 
(Figs. 38.10 and 38.11).

The major problems that this technique must 
face are the long length of bowel that the scope 
must pass through and the acute angle of the 
afferent limb and Roux limb anastomosis which 
is also very difficult to navigate. Furthermore, 
attaching the balloon to the tip of the endoscope 
is often troublesome, and the balloon on the tip 
of the enteroscope can occasionally decrease the 
field of view if it becomes dislodged distally. It’s 
an invasive and time-consuming procedure, but 
on the other hand, the morbidity rate is low; espe-
cially for diagnostic procedures, the complication 
rate of diagnostic double-balloon endoscopies is 
0.8% and of therapeutic procedures 4.3% [31].

Another important drawback of this tech-
nique is that the highest success rate is described 
in patients with hepaticojejunostomy, while the 
success rate in patients with native papilla tends 
to be lower due to the fact that the endoscope 

is forward viewing and the straight angle with 
which accessories can be advanced [21]. The 
 cannulation rates of intact papilla using double-
balloon enteroscope have ranged from 25% to 
80% [20, 22, 23].

Fig. 38.8 Double-balloon endoscope

Fig. 38.9 Single-balloon endoscope

1) The scope is inserted as deep as possible

2) The scope is augulated to hold the
intestinal tract and the ballon deflated

3) Advance the splinting tube

4) Inflate the balloon

5) The angulation is released

:Scope notion :Splinting tube notion

6) Withdraw the splinting tube and scope
to shorten the intestinal tract

I II

Fig. 38.10 Illustration of endoscopic technique with 
single balloon
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There is also another problem; there is a 
limited availability of suitable equipment, as 
all accessories have to be of sufficient length. 
Unfortunately for double-balloon technique, 
there is a current trend in ERCP equipment to 
develop shorter rather than longer accessories. 
There is a lack of needle knifes, sphinctero-
tomes, extraction balloons, lithotripsy devices, 
and retrieval baskets customized for the double- 
balloon system [32].

Due to the previously described, BEA-ERCP 
should not be considered as a first option when 
treating choledocholitiasis, especially if the 

physician is not an expert endoscopist. And if 
choledocholitiasis coexists with cholelithiasis, 
considering that the gallbladder will be removed, 
a laparoscopic approach (whether with a full 
laparoscopic resolution with CBD exploration or 
with a LAT-ERCP) is recommended.

The third option available to treat the lithiasis 
of the CBD is the percutaneous approach. With 
this technique, it is necessary first to perform a 
percutaneous biliary drainage, and later when the 
fistula between the biliary system and the skin is 
consolidated, a session to remove the stones can 
be performed.

Insert an enteroscope
through an overtube

1 2 3 4

5 6 7 8

9 10 11 12

Deflate the balloon on
overtube

Withe the balloon inflated
on overtube. the endoscope
is gently withdrawn together
with the overtube to get it
straight

Again insert the endoscope These procedures are
repeated to get these
balloons fixed in deeper
and deeper oncations

With a set of the above
procedures repeated.
the scope is advanced
steadily up to the depths
of the small intestine

The overtube is advanced
along the endoscope

Then the balloon on the
overtube is inflated to grip
the small intestine

The balloon on the endo
-scope tip is deflated

Inorder to grip the small
intestine, inflate the balloon
on overtube

The scope is inserted
further over the overtube

Then the balloon on the 
endoscope is inflated to 
grip the small intestine

Fig. 38.11 Illustration of endoscopic technique with double balloon
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The first step of the procedure consists in 
an ultrasound-guided puncture of the intra-
hepatic bile duct by using a 22G Chiba needle 
(Fig.  38.12), and then a percutaneous transhe-
patic cholangiogram should be performed to con-
firm the presence, location, number, and size of 
stones (Fig. 38.13). The choice whether to use a 
left-sided sub-xyphoid approach or a right-sided 
subcostal or intercostal approach must be based 
on individual and anatomic considerations, such 
as the position of the liver, bile duct anatomy (as 
seen on pre-procedural imaging), and number, 
position, and size of the bile duct stones.

The percutaneous transhepatic cholangiogram 
can be achieved in 98% of the patients with dila-
tation of the bile ducts and in 90% of those with-
out dilatation [33].

Once we gain access to the biliary system with 
the Chiba needle, a guide wire must be intro-
duced, and by using Seldinger technique, an 8 or 
10Fr biliary drainage must be placed (Fig. 38.14).

After 7–10  days when the biliary system is 
decompressed, the symptoms of cholangitis 
(if were presents) are relieved, and the fistula 
starts to consolidate, it is possible to perform the 
 treatment of the stones. By working through the 

biliary- cutaneous fistula, it is possible to push 
the stones into the duodenum or extracting them 
through the skin’s hole. In order to achieve this, 
a standard percutaneous transluminal angio-
plasty balloon catheter is advanced beyond the 
stones and positioned across the papilla. Then 

Fig. 38.12 22G Chiba needle

Fig. 38.13 Percutaneous transhepatic cholangiogram 
showing a big stone on distal common bile duct

Fig. 38.14 Percutaneous biliary drainage with “pig-tail” 
in duodenum
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the sphincter is dilated by an 8–12 mm balloon, 
depending of the size of the largest stone, until 
no waist could be seen in the balloon on fluoros-
copy (Fig. 38.15). Once this is achieved, the bal-
loon is deflated and the catheter withdrawn and 
positioned proximal to the stones. After reinflat-
ing the balloon, the stones are pushed forward 
through the dilated sphincter into the duodenum.

If the stone size exceeded 10 mm, mechanical 
lithotripsy with Dormia basket is recommended 
[34]. The stone fragments are then evacuated into 
the duodenum by using the balloon catheter or 
Dormia basket (Fig. 38.16).

If the stone’s size is not too big, another option 
is to grab the stone with the Dormia basket and 
pull it out through the skin’s hole. This maneuver 
could be dangerous if the stone is larger than the 
fistula diameter because the fistula could be dam-
aged; thus, it is recommended to place a second 
(safety) wire through the papilla in order to pre-
serve the biliary access.

When all the stones seem to have been 
extracted, cholangiography must be performed to 
confirm complete stone clearance. Then a biliary 
drainage is placed in the CBD.

After approximately 24 h later, a cholangiog-
raphy must be performed to confirm CBD clear-
ance, and if so, the external drain is removed. If 

residual stones are found, the procedure must be 
repeated until all stones are removed.

The success rate reported with this approach 
varies between 93% and 96%, and the compli-
cations vary between 4.7% and 6.7% [34–37]. 
The complications described include hemobilia, 
pancreatitis, cholangitis, pleural effusion due to a 
trans-pleural biliary drainage, and bile peritonitis 
due to fistula disruption.

The last option that is available to treat the cho-
ledocholitiasis is the laparoscopic approach with 
exploration of the CBD. In case we are treating a 
patient that has already been cholecistectomized, 
the laparoscopic approach should be considered 
as a second option, after the other minimal inva-
sive approaches failed  (endoscopic- percutaneous) 
as the patient’s abdomen could be hostile due to 
adhesions which will make the CBD exploration 
difficult. But if the patient also has cholelithiasis 
and laparoscopic cholecystectomy must be per-
formed, it is possible to do the treatment fully 
laparoscopic.

Fig. 38.15 Sphincter dilation with a 10 mm balloon. A 
waist can still be seen on the balloon Fig. 38.16 A stone being grabbed with a Dormia basket
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It is recommended to try first a transcystic 
approach to treat the stones. A technique similar to 
the percutaneous technique can be performed, and 
by introducing a percutaneous transluminal angio-
plasty balloon catheter through the cystic duct, the 
sphincter is dilated, and then, with the same bal-
loon, the stone is pushed to the duodenum. It is 
also possible to do this maneuver with a Dormia 
basket through the cystic duct (Fig. 38.17). If this 
fails, one should consider opening the CBD and 
performing an exploration (Fig. 38.18).

If we decided to explore the CBD and after the 
stones’ extraction we perform cholangiography 
and we are sure that there are no more stones and 
the bile duct is dilated, we can perform a primary 
closure of the CBD (Fig.  38.19). On the other 
hand, if the bile duct is thin, this measure is not so 
strongly recommended due to possible strictures 
at the suture site. In case we doubt the presence 
of more stones, we must place a T-tube in order 

to avoid a pressure increase inside the CBD and a 
bile leakage and, of course, to perform then a per-
cutaneous approach through the T-tube to extract 
the remaining stones.

With the set of therapeutic tools mentioned 
previously, one should be able to face the prob-

Fig. 38.17 A stone being pulled out with a Dormia basket through the cystic duct

Fig. 38.18 A stone being removed with a Dormia basket through an incision on the CBD

Fig. 38.19 Closure of the common bile duct after laparo-
scopic exploration
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lem of the choledocholitiasis. A proper training 
is needed in laparoscopic surgery, endoscopy, 
and percutaneous surgery due to the high techni-
cal difficulty of treating CBD stones in patients 
with Roux-en-Y anatomy. Which path to fol-
low should be based on details of every case and 
personal experience with every mentioned tech-
nique; in the case of a lack of personal experi-
ence, it is strongly recommended to derivate 
these patients to a specialist.
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Gastroesophageal Reflux Disease

Isaac C. Payne, Andrew C. Berry, 
and William O. Richards

 Introduction

The prevalence of GERD is estimated to be 
between 10% and 20% in the Western world, 
with a higher predilection in developed countries 
[1]. Obesity itself has been shown to be an inde-
pendent risk factor for GERD, with an observed 
dose-response relationship between frequency of 
heartburn or regurgitation and higher BMI [2]. A 
report of the US National Health and Education 
Survey (NHANES) found that approximately 66% 
of the US adult population is either overweight or 
obese, with this number on the rise annually [3]. 
Roughly 5% of the total global health-care cost is 
allocated toward treating obese patients, as there 
is clearly a rising economic burden associated 
with obesity. The direct health- care costs asso-
ciated with GERD in all patient populations are 
estimated to be around $9–$10 billion annually. 
Indirect costs such as decrease in work produc-
tivity, disability, and absent workdays should also 
be considered [4–6]. Given the limited effective-
ness of lifestyle modifications and medications, 
bariatric surgery has been shown to be the only 

modality with long-term sustained weight loss, 
reduction in morbidity, and improvement in all-
cause mortality [7–9].

The evidence-based diagnostic and manage-
ment algorithms for obese patients with GERD 
will be discussed in this chapter. Both the patho-
physiology linking obesity and GERD and the 
diagnostic algorithm for GERD will be dis-
cussed. As many surgical and gastrointestinal 
societies are shifting toward episode payment 
models [10], there remains much debate about 
the role of preoperative hiatal hernia screening 
and preoperative endoscopy for bariatric surgery 
candidates. Discussion of the operation of choice 
for patients with GERD symptoms and manage-
ment of hiatal hernias found incidentally during 
bariatric operations will be outlined below. We 
aim to provide a current, evidence-based analysis 
for obese patients and GERD, in regard to bariat-
ric surgery options including an analysis of gas-
tric bypass and sleeve gastrectomy.

 Relationship Between Obesity 
and Reflux (Pathophysiology 
Behind Increasing the Risk of GERD 
in This Population)

The natural anti-reflux anatomical mechanism 
is complex, consisting of the lower esophageal 
sphincter (LES), esophageal hiatus of the dia-
phragm, phrenoesophageal ligaments, and angle 
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of His. Associated complications of GERD 
include erosive esophagitis, stricture, Barrett’s 
esophagus, and esophageal adenocarcinoma [11, 
12]. Obesity is an independent risk factor for 
GERD, by as much as 50%, after adjusting for var-
ious co-founding variables [2]. A dose- response 
relationship between frequency of heartburn or 
regurgitation and higher BMI has been observed 
[2]. The pathophysiology behind obesity and its 
link to GERD is multifactorial including high 
intra-abdominal pressure, increased rate of hiatal 
hernia, more frequent transient LES relaxations 
(TLESR), slower esophageal acid clearance, and 
possible changes at the molecular level regarding 
adipokines and hormones [13, 14].

Following a linear trend, the higher the body 
mass index (BMI) and waist circumference, 
the greater the intragastric pressure and gastro-
esophageal pressure gradient (GEPG) [15]. The 
high- pressure gradient between the stomach 
and the esophagus likely contributes to a higher 
proportion of TLESRs with acid reflux due to 
an enlarged cross-sectional area at the gastro-
esophageal junction [16]. In the setting of obe-
sity, manometry studies suggest that the pressure 
morphology within and across the esophagogas-
tric junction is altered, as the intragastric pressure 
and the GEPG during the inspiratory respiratory 
phase increases. Obese patients also have shorter 
LES length. The higher postprandial intragas-
tric pressure leads to more intense stimulation 
on both stretch and tension mechanoreceptors 
in the proximal stomach, which provokes more 
postprandial TLESRs in the setting of abdomi-
nal obesity [16–18]. Thus, LES dysfunction and 
TLERs may be one of the most important factors 
in functional integrity of the anti-reflux barrier in 
obesity.

Obese patients are over three times as likely to 
have hiatal hernias compared to nonobese individ-
uals [19]. Some studies have identified the most 
important factor between GERD and increasing 
BMI was the presence of a hiatal hernia, further 
reinforcing hiatal hernia’s link between obesity 
and GERD [20]. Along with increased intragas-
tric pressure and gastroesophageal pressure gra-
dients during inspiration, hiatal hernias increase 
the degree of reflux during TLESRs in the obese 

patient population. They also contribute to axial 
separation between the LES and the extrinsic cru-
ral diaphragm, thus decreasing the effectiveness 
of the mechanical anti-reflux barrier [21, 22].

Several investigators have raised the possibility 
that changes in the autonomic nervous system in 
obese patients increases GERD. Obese individu-
als have decreased parasympathetic activity while 
patients with pathologic esophageal acid expo-
sure also have reduced parasympathetic activity. 
The vagus nerve contributes to the pathogenesis 
of GERD from its influences on esophageal peri-
stalsis, LES function, and gastric motility [23]. 
Studies to date suggest that the autonomic abnor-
malities in these aforementioned patients are not 
generalized but are limited specifically to vagal 
dysfunction [23]. There has been much debate 
whether inflammation leads to parasympathetic 
dysfunction in the pathogenesis of GERD or vice 
versa. To date, impaired parasympathetic activ-
ity seems to be the primary factor in the patho-
physiology of reflux, as the degree of esophageal 
inflammatory damage is unrelated to disturbances 
in parasympathetic function [24]. Most impor-
tantly, weight reduction, irrespective of route of 
loss, leads to an increase parasympathetic activ-
ity, further supporting the autonomic nervous sys-
tem’s role linking obesity to GERD [23].

Visceral abdominal fat in centrally obese indi-
viduals may cause dilation of intercellular spaces 
in the esophageal squamous epithelium and has 
been shown to be an early pathologic event in 
development of esophagitis [25]. Dilation of 
these spaces allows diffusion of HCl into the 
esophageal epithelium, facilitating injury, cyto-
kine release, and destruction of normal epithelial 
integrity by tight junctions [26, 27]. Increased 
susceptibility of the esophageal epithelium to 
reflux-mediated injury and inflammation poten-
tiates the development of esophageal metaplasia 
and neoplasia [26]. Central obesity is also asso-
ciated with an impaired esophageal epithelial 
barrier, even in the absence of pathologic acid 
exposure levels [27].

Cell signaling proteins secreted by adipose 
tissue, adipokines, have been a hotly studied 
topic on GERD and obesity [28, 29]. Adipokines 
such as ghrelin, leptin, and adiponectin play 
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a role in the body’s sensing hunger and food 
intake. Though many of these studies still only 
involve animal models, levels of certain levels 
of adipokines have been implicated in GERD in 
the obese patient population. Rat models have 
shown increased secretion of peripheral ghrelin, 
secreted when the stomach is empty to stimu-
late appetite, and decreased ghrelin responsive-
ness. Meanwhile, in humans, ghrelin has been 
reported to be positively associated with Barrett’s 
esophagus but inversely associated with GERD 
symptoms [30, 31]. Levels of leptin, the hormone 
that helps regulate energy balance by inhibiting 
hunger, have been found to be positively corre-
lated with symptom score severity, weight, BMI, 
waist circumference, and total abdominal fat 
[32]. Adiponectin, released by adipose tissue and 
found to suppress inflammation, has been nega-
tively correlated inversely correlated to BMI, and 
serum adiponectin levels were found to be lower 
in patients with erosive esophageal disease [33]. 
Further studies are necessary to decipher the 
clinical implications of the adipokines and their 
signaling pathways.

 Diagnosing GERD (24pH, 
Manometry, Impedance, 
Endoscopy)

Society-based initiatives, such as the American 
Gastrological Association’s (AGA) Roadmap to 
the Future of GI, provide physicians with means 
to deliver high-value care and to demonstrate 
quality [10]. Part of this roadmap includes epi-
sodic payment models, in which reimbursement 
payments to health-care providers are based 
on predetermined expected costs of a bundle 
or grouping of health-care services. Thus, the 
workup of GERD must be algorithmic and appro-
priate to the patient’s presenting symptoms and 
risk factors. The consensus diagnostic algorithm 
for the diagnosis of GERD is outlined by the 
AGA and 2013 guidelines. The ASGE also pro-
vides a 2015 update on the specific role of endos-
copy in GERD [1, 34, 35].

Current diagnostic tests for GERD include 
esophageal pH monitoring, impedance-pH moni-

toring (catheter-based or wireless) , manometry, 
or endoscopy. Many of these methods have their 
own respective pitfalls, such as patient discom-
fort, time of exam, deviation of daily lifestyle, 
lack of sensitivity, or cost of the procedure. The 
diagnosis of GERD is made using some combina-
tion of symptom presentation, ambulatory esoph-
ageal pH monitoring, endoscopy, and response to 
anti-secretory therapy. The sensitivity of heart-
burn and regurgitation for the presence of ero-
sive esophagitis was found to be 30–76% and the 
specificity from 62% to 96% [36]. Thus, symp-
toms alone cannot diagnose GERD.  If a likely 
GERD patient based on clinical symptoms does 
not present with alarm symptoms or at high risk 
for BE, an 8-week PPI trial is adequate to help 
establish the diagnosis. In the presence of typical 
GERD symptoms and the absence of alarm symp-
toms, empiric PPI therapy, and not initial EGD, 
remains the mainstay of therapy as the severity 
of GERD symptoms does not correlate with the 
degree of underlying esophageal damage [1, 37, 
38]. PPI non- responders should undergo EGD as 
well as esophageal pH monitoring if EGD reveals 
no abnormalities. Patients with extra esophageal 
symptoms should undergo pH monitoring sooner 
in the diagnostic algorithm [1].

Ambulatory esophageal pH measures 
esophageal acid exposure over the course of 
a day and is the gold standard for diagnosis of 
GERD. However, it does not measure reflux of 
nonacid-gastric contents, particularly impor-
tant when the patient is on PPI medications. 
Telemetry capsule pH monitoring has the advan-
tages that the monitoring period is extended to 
48 h and increased patient satisfaction from the 
lack of irritating nasal catheter. Catheter based 
and capsule pH monitoring does show good sen-
sitivity (77–100%) and specificity (85–100%) 
in patients with erosive esophagitis; however, in 
those with endoscopy-negative reflux symptoms 
and when a diagnostic test is in need, the sensitiv-
ity is lower (<71%) [28]. Patients that proceed to 
endoscopy may or may not have mucosal dam-
age, as about 50–60% of patients with abnormal 
reflux  confirmed by pH monitoring do not have 
any evidence of mucosal damage [39, 40]. In 
addition, studies have shown that distal esopha-
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gus erythema predicts reflux disease in only 53% 
of patients [41]. In fact, endoscopic evidence of 
grade I and grade II esophagitis is quite nonspe-
cific diagnostically because it has been seen in 
25% of pH-negative patients [42].

However, in patients with suspected GERD 
who subsequently have persistent symptoms 
despite medical optimization of PPI therapy, some 
experts recommend intraluminal impedance- pH 
monitoring on PPI treatment to help decipher the 
symptom etiology and to assess the effect of PPIs 
[43]. Advantages of this methodology include the 
ability to differentiate refluxed acid from swal-
lowed acidic beverages and correlate symptoms 
to measurement of acid and non- acid refluxate. 
However, utilization of this tool inevitably still 
requires physician oversight for interpretation, 
unlike the highly automated computer analysis 
generated for 24-h pH studies, and limitations in 
measurement of reflux event duration [43]. The 
difficulty in interpretation of esophageal imped-
ance studies has greatly limited the adoption of 
the test in clinical practice, and it is our practice 
to study patients with 24-h esophageal pH off PPI 
therapy to diagnose GERD.

Esophageal manometry is of limited value 
in the primary diagnosis of GERD, as a motil-
ity abnormality or decreased LES pressure is far 
from adequate to establish a definitive diagno-
sis of GERD [1]. Manometry is used to aid in 
placement of transnasal pH-impedance probes. 
High- resolution manometry has been a novel 
advancement but cannot diagnose GERD on its 
own and mainly helps rule out other esophageal 
motility disorders in patients being evaluated for 
anti-reflux surgery [1].

What is the future in GERD diagnosis? 
Endoscopic-guided mucosal impedance may be 
an option.

This entails a single-channel impedance 
catheter, consisting of two 360°-circumferen-
tial sensing rings 3 mm in length spaced 2 mm 
apart mounted on a 2-mm-diameter catheter, 
passed through a standard upper endoscope. 
Endoscopic- guided mucosal impedance directly 
touches the lining of the esophagus at various 
locations to decipher changes in the epithelium 
due to reflux of acid and non-acid contents and, 

most importantly, can delineate GERD from 
non-GERD etiologies of symptoms without the 
need for prolonged and cumbersome ambula-
tory monitoring methods [44]. Studies so far 
have found that it only adds roughly 2 min to the 
endoscopy time [45]. Most importantly, muco-
sal impedance showed good predictive value 
that reliably distinguishes between GERD, non-
GERD, and eosinophilic esophagitis (EoE) based 
on esophageal patterns of mucosal impedance 
[46]. Compared with wireless pH monitoring, 
mucosal impedance has demonstrated superior 
specificity and positive predictive value for pre-
dicting the presence of erosive esophagitis (95% 
and 96%, respectively, versus 64% and 40%, 
respectively) [46]. Another potential benefit may 
pertain to patients with refractory GERD symp-
toms, to determine if there is continued reflux or 
if symptoms are due to non-GERD conditions. 
Mucosal impedance can also inform clinicians 
whether PPI therapy is effective. Endoscopic-
guided mucosal impedance has the potential to 
replace current pH and impedance-pH testing, 
but there remains a paucity of surgical outcome 
studies in patients who, based on mucosal imped-
ance epithelium alteration changes, undergo sur-
gery for GERD.  Currently it is not widespread 
in public practice and very few institutions are 
teaching current GI following this technique 
[44]. However, endoscopic-guided mucosal 
impedance has the potential to quickly shift the 
paradigm for diagnosis of GERD.

All of the aforementioned diagnostic tests 
help objectively select which patients are best 
suited for anti-reflux surgery. According to 
the Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES), surgical proce-
dures for GERD are highly effective in 85–93% 
of cases [47]. According to SAGES, surgical 
intervention may be appropriate in patients who 
have failed medical management, decide for sur-
gery despite successful medical management, 
have complications of GERD such as Barrett’s 
esophagus and/or peptic stricture, have medical 
complications attributable to a large hiatal her-
nia, or have “atypical” symptoms such as asthma, 
hoarseness, cough, chest pain, dental erosions or 
aspiration, and reflux documented on 24-h pH 
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monitoring [47]. Many patients who fail anti- 
reflux medical therapy still opt for anti-reflux 
surgery, although long-term results may remain 
suboptimal [48]. As uncontrolled GERD can lead 
to BE and adenocarcinoma, appropriate selection 
for anti-reflux operations needs to be individual-
ized for each operative candidate. Appropriate 
preoperative workup includes definitive diagno-
sis of GERD using esophageal pH or pathologic 
confirmation of esophagitis. Additional workup 
includes esophageal manometry and barium 
radiographs to exclude esophageal motility dis-
orders such as achalasia or esophagogastric junc-
tion outflow obstruction (EGJOO) that can be 
confused with PPI unresponsive GERD and to 
determine the appropriate anti-reflux procedure 
to perform [10].

 Screening for Hiatal Hernia 
and Preoperative Workup 
in Asymptomatic Patients 
for Bariatric Surgery

The American Society for Metabolic and 
Bariatric Surgery (ASMBS) published a position 
statement in 2011 on preoperative weight loss 
insurance-mandated requirements [49]. Since 
then, however, many providers have challenged 
the ongoing practice of insurance-mandated pre-
operative weight loss prior to surgical interven-
tion. A 2016 ASMBS updated position statement 
calls into question this prior guideline and lack 
of evidence, causing even unnecessary delay of 
lifesaving treatment and leading to the progres-
sion of life-threatening comorbid conditions 
[50]. The most current ASMBS position states 
that patients seeking surgical treatment for clini-
cally severe obesity should be evaluated by the 
provider based on comorbidities, initial BMI, and 
what constitutes failed weight loss efforts—not 
by insurance mandates [50]. As many societies 
are shifting toward episode payment models [10], 
what constitutes necessary preoperative workup 
in both the asymptomatic and symptomatic bar-
iatric patient remains a highly debated topic of 
discussion globally.

In bariatric patients presenting with respective 
symptoms, be it GERD symptoms or other gas-
trointestinal or non-gastrointestinal symptoms, 
proper symptom-specific society and algorithm- 
based workup should ensue. Though the patient is 
obese and a potential bariatric candidate, the base-
line symptom-specific workup should remain. The 
real dilemma presents in asymptomatic bariatric 
candidates. What, if any, preoperative workup 
should ensue, and how will the findings (or lack 
thereof) impact the bariatric course?

Current European Association for Endoscopic 
Surgery guidelines state that EGD, or upper GI 
series, is advisable for all bariatric procedures 
and strongly recommended for gastric bypass 
patients RYGB [51]. Meanwhile, the ASGE has 
recommended that EGD be performed in all 
symptomatic patients undergoing bariatric sur-
gery and considered in all candidates [52]. In the 
American Society for Metabolic and Bariatric 
Surgery (ASMBS) guidelines, a GI evaluation 
(H. pylori screening in high-prevalence areas, 
gallbladder evaluation, and upper endoscopy) is 
part of the preoperative workup for bariatric sur-
gery [52].

The rationale to consider upper GI endos-
copy as part of the bariatric surgery preoperative 
workup seems plausible, as it can detect mucosal 
abnormalities, ulcerations, hiatal hernias, malig-
nancies, and other anatomic abnormalities that 
will change the operative plan. However, addi-
tional preoperative workup adds additional cost 
and the question of what to do with any additional 
findings, let alone, additional procedure, and 
sedation risk. The current published guidelines 
suggest preoperative EGD in all symptomatic 
patients, but many studies have reported a lack 
of correlation of clinical symptoms with endo-
scopic findings [53–57], further questioning the 
clinical implications of further workup on symp-
toms alone. Studies have found that in all patients 
presenting for bariatric surgery (symptomatic 
or asymptomatic), between 60% and 80%, had 
clinically important lesions that affected surgical 
approach or necessitated  medical treatment and 
thus surgical delay [54, 55]. Specifically, in the 
asymptomatic pre-bariatric population, roughly 
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20% of patients were found to have pathologi-
cal or abnormal findings [55]. Asymptomatic 
patients undergoing RYGBP were found to have 
pathologic findings in 46% of cases, but <5% had 
clinical implications [56].

Clearly there is discordance in the literature 
about the recommendations regarding screening, 
stemming from study type, design, and patient 
population [57]. In one large survey sent to the 
British Obesity and Metabolic Surgery Society 
members in 49 large UK bariatric units (each 
with >5000 caseload/year) reported that 90% (44 
of 49 units) included preoperative EGD routinely 
(15 units) or selectively (29 units) [58]. Only 
10% (5 units) deemed preoperative EGD unnec-
essary in this patient population. Between 54% 
and 61% believed preoperative EGD to be nec-
essary in patients with either family history GI 
cancer, pernicious anemia, or GERD symptoms. 
The results of the preoperative EGD resulted in 
51% of the patients having a change in the opera-
tive plan, due to peptic ulcer (46%), hiatal hernia 
(43%), Barrett’s esophagus (32%), or gastroin-
testinal stromal tumors (25%) [58]. A large recent 
meta-analysis analyzed the clinical significance 
of preoperative EGD in bariatric candidates. The 
number of patients undergoing a change in medi-
cal management and surgical management was 
27.5% and 7.8%, respectively [59].

Though the preoperative EGD evaluation in 
asymptomatic patients remains a part of society- 
based guidelines, the notion of yet another 
procedure and the risks carried with it must be 
discussed. Patients presenting for bariatric sur-
gery are complicated patients and have a higher 
probability of procedural-related and anesthesia 
adverse events secondary to cardiopulmonary 
comorbidities [53]. Due to the heavy demand 
caring for these patients, roughly 36% of cen-
ters utilizing preoperative endoscopy required 
an increase in hospital resources, beyond the 
actual cost of the additional procedure itself [58]. 
Though the studies have their own limitations, 
the data suggests 20–46% of asymptomatic pre-
operative bariatric candidates have endoscopic 
pathology [55, 56]. Thus, the absence of upper 
GI symptoms cannot adequately indicate absence 
of GI lesions and pathology. Though the society 

guidelines remain vague, roughly 90% of large 
bariatric centers utilize preoperative EGD in bar-
iatric candidates, either routinely or selectively 
[58].

The decision on type of bariatric surgery is 
affected by preoperative comorbidities, such as 
GERD.  Roux-en-Y gastric bypass is the pre-
ferred operation in morbidly obese patients with 
gastroesophageal reflux disease since laparo-
scopic sleeve gastrectomy can exacerbate post-
operative reflux symptoms or cause de novo 
symptoms and may warrant revision surgery [60, 
61]. However, laparoscopic sleeve gastrectomy 
(LSG) is favored by patients and by many sur-
geons due to its simplicity of operative technique, 
satisfactory weight loss outcomes, and resolution 
of obesity-related comorbidities [62–64]. Debate 
exists whether preoperative clinical assessment is 
sufficient to stratify bariatric candidates for one 
operation or another or what (if any) preopera-
tive endoscopic or procedural assessment is war-
ranted. For example, patients undergoing RYGB 
will undoubtedly have an inaccessible remnant 
stomach post procedure; thus, do these patients 
warrant special preoperative endoscopic consid-
eration? Many feel that it does, as a concern with 
respect to screening premalignant and malig-
nant disease persists. However, the incidence 
of malignancy at time of endoscopy, even in 
patients reporting dyspepsia (but without alarm 
symptoms), remains extremely low at 0.2% [65]. 
Thus preoperative screening EGD cannot be rec-
ommended based upon the extremely low inci-
dence of malignancy.

Many bariatric centers have employed routes 
to offer preoperative EGD to all patients consid-
ering LSG.  If patients had pre-existing GERD 
symptoms or evidence of hiatal hernia or reflux 
esophagitis on EGD, they were advised against 
LSG.  As GERD symptoms alone can be very 
nonspecific, these patients were only denied LSG 
conjunction if endoscopic evidence of hiatal 
hernia or mucosal break were present. Madhok 
et al. hypothesized that those requiring pre-bar-
iatric EGD would be better selected for LSG and 
less likely to have post-LSG reflux [66]. Their 
change in practice reduced the incidence in revi-
sion surgery for GERD symptoms from 8.5% to 
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1.8%. Regardless, in addition to the unaccounted 
patients with GERD responding to postoperative 
PPI, a small proportion still developed de novo 
GERD after LSG requiring revision surgery [66].

A few surgeons have proposed preoperative 
bariatric workup to include EGD and manom-
etry. Moon and colleagues evaluated the preop-
erative LES pressures in all patients undergoing 
LSG and found that although most LSG patients 
with a competent LES pressure and preoperative 
GERD symptoms had their symptoms improved 
or resolved, 50% of patients with a low LES 
pressure developed GERD symptoms postop-
eratively after successful anatomic repair [66]. 
While interesting, the use of manometry cannot 
be recommended until others confirm the utility 
and cost-effectiveness [67].

Increased BMI is a strong independent pre-
dictor of hiatal hernia, which is an independent 
predictor of GERD [2]. In patients with moder-
ate or large hiatal hernias, concomitant repair 
is performed at the time of the bariatric proce-
dure to minimize post-procedural risk of GERD 
symptoms [68–70]. The necessity of preoperative 
EGD for hiatal hernia screening remains contro-
versial. EGD is advantageous in estimating the 
size of a hiatal hernia compared to intraopera-
tive methods. However, upper GI contrast studies 
more accurately and more cost-effectively detect 
the presence of hiatal hernias in the obese patient 
population [68]. The role of GI contrast studies in 
preoperative bariatric evaluation is not currently 
society-supported.

As episode payment models are the wave of 
the future [10], it remains imperative to include 
important preoperative endoscopy into each 
bundled pathologic workup and procedure set. 
Health-care providers not performing a thorough 
preoperative workup may be more prone to oper-
ating room anatomical surprises and subsequent 
procedural adjustments and outcomes. Just as 
importantly, episode payment models may limit 
reimbursement of these intraoperative modifica-
tions, such as repair of hiatal hernias if not identi-
fied on preoperative workup.

In summary, the literature supports preopera-
tive EGD in patients with GERD or other fore-
gut symptoms to identify esophagitis, presence, 

and size of hiatal hernias and exclude Barrett’s 
esophagus. The bariatric surgeon can expect to 
modify their operative procedure, choose another 
procedure such as LRYGB over LSG in the case 
of erosive esophagitis, and plan an operative 
repair of the hiatal hernia especially when per-
forming LSG. It is more difficult to make the case 
for EGD screening in the asymptomatic patients 
undergoing LSG because of the paucity of find-
ings that would alter management of the patient. 
Even the patients undergoing LRYGB in which 
the argument is that the bypassed stomach will 
not be available for endoscopic evaluation, the 
argument for preoperative EGD is hard to justify 
because so few of these patients have findings 
that change operative approach, and the risks 
and cost of the procedure outweigh the potential 
benefits and changes to operative management. 
In our practice preoperative EGD is done only in 
symptomatic patients or in patients who have his-
tory of gastroesophageal surgery or family medi-
cal history of esophageal or gastric malignancy.

 Surgical Considerations in Patients 
with GERD and Barrett’s Esophagus

Patients suffering from concomitant morbid obe-
sity and signs and symptoms consistent with gas-
troesophageal reflux disease (GERD) present a 
difficult surgical conundrum. More importantly, 
recent literature debates the surgical management 
in patients that are found to have concomitant 
hiatal hernia (HH) during preoperative workup or 
discovered incidentally during a weight loss pro-
cedure. This section will focus on surgical man-
agement options with these patient scenarios as 
well surgical approaches for obese patients with 
diagnosed Barrett’s esophagus.

 Surgical Considerations GERD 
in the Obese Population

There is considerable debate on the surgical 
management of morbidly obese patients that suf-
fer from GERD with attendant HH. The surgical 
management of the obese population has been 
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discussed, yet tailoring the operation to comor-
bidities, specifically GERD is paramount. Roux- 
en- Y gastric bypass (RYGBP) is recognized as 
the treatment of choice for obese patients with a 
history of GERD who desire a weight loss pro-
cedure [10, 68, 71, 72]. However, considering 
that laparoscopic sleeve gastrectomy (LSG) is 
the most performed bariatric procedure in many 
countries [73], there is conflicting literature on 
the role of LSG in patients with GERD with or 
without attendant HH.

Santonicola et al. discussed the effect of LSG 
with or without hiatal hernia on GERD [74]. In 
their study, all patients underwent a standard-
ized questionnaire for GERD, a double-contrast 
barium swallow and upper gastrointestinal endos-
copy prior to operation and 6  months postop-
eratively. Patients diagnosed preoperatively or 
intraoperatively with hiatal hernia underwent 
LSG + hiatal hernia repair (HHR). Those patients 
without HH underwent LSG.  Reconstruction 
of the crus was always closed posteriorly with 
interrupted non- absorbable suture. In the group 
of patients that underwent LSG + HHR, 43% of 
the patients had persistence of GERD symptoms 
postoperatively, and 22.9% of the patients devel-
oped “de novo” GERD symptoms when there 
were no GERD symptoms preoperatively. In the 
LSG group who had no hiatal hernia, there was a 
statistically significant decrease in the prevalence 
of heartburn and regurgitation frequency-inten-
sity scores postoperatively; however, 17% of the 
patients developed “de novo” GERD symptoms. 
The study concluded that LSG has a beneficial 
effect on relieving GERD symptoms, yet concom-
itant repair of HH when present did not produce 
improvement in GERD symptoms. Explanations 
for the development of “de novo” GERD or the 
exacerbation of GERD after LSG is multifactorial 
but not proven. Many authors have suggested the 
weakening of sling fibers during fundus mobiliza-
tion and disrupting the angle of His may permit 
postoperative reflux symptoms [75]. In a large sin-
gle institution study, Lyon et al. evaluated postop-
erative reflux symptoms after laparoscopic sleeve 
gastrectomy with liberal repair of diaphragmatic 
hiatal defects [76]. A cohort of 262 patients was 
prospectively studied, with preoperative evalu-

ation for reflux included PPI use, GERD score, 
heartburn frequency, and severity. Ninety-two out 
of 262 patients did not have any hernia defect or 
weakness. The authors adopted a liberal approach 
to hiatal hernia repair. Anterior repair of the hiatus 
was performed in the setting of hiatal weakness 
defined as visible or instrument palpable anterior 
aperture between crura and stomach. Results of 
the cohort showed that patients undergoing hiatal 
intervention experienced a significant reduction 
in reflux frequency scores (p  =  0.30) and clini-
cal outcome scores. Conversely, the group that 
had no intervention had a non-significant increase 
in postoperative reflux frequency and PPI use. 
Interestingly, however, on long-term follow-up, 
there was a trend toward reflux symptoms return-
ing. The authors recommend that crural defects 
should be repaired and that GERD need not be a 
contraindication to LSG.

Often consensus of expert opinion is help-
ful to determine the most reasonable way to 
treat patients. The 2012 International Sleeve 
Gastrectomy Expert Panel Consensus Statement 
recommends aggressive identification of hiatal 
hernia intraoperatively (83% agreement) and, if 
found, subsequent repair (82% agreement) [70]. 
At the current time, the evidence based upon the 
large series and the expert consensus panel over-
whelming recommendation indicates that hiatal 
hernias should be diagnosed and repaired intra-
operatively when they are found during the per-
formance of LSG. The evidence and the experts 
conclude that repair of hiatal hernias diagnosed 
pre- or intraoperatively will reduce the propen-
sity for severe GERD after LSG.

In contrast, laparoscopic Roux-en-Y gastric 
bypass has long been regarded as the treatment 
of choice for obese patients with reflux symp-
toms that desire a weight loss procedure. A 
large  multicenter European study showed that in 
patients with GERD undergoing LRYGBP that 
62% of the patients endorsed complete resolution 
of symptoms compared to 84% of patients with 
persistent GERD after LSG [60].

Despite conflicting reports on patient out-
comes, a significant portion of bariatric surgeons 
will proceed with RYGBP in patients who suffer 
from GERD. However, these surgeons recognize 
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the limitations of RYGBP in some patient popu-
lations, most notably inflammatory bowel disease 
and technical difficulty with abdominal adhesive 
disease. It seems reasonable for these surgeons 
to understand that overwhelming evidence sup-
ports the safety of LSG in couplet with HHR. A 
systemic review of literature by Mahawar et al. 
identified over 130 articles focused on LSG 
and GERD [77]. Of those, 20 described HHR 
with LSG.  Results of the review demonstrated 
the safety of LSG in couplet with HHR and 
recommend the simultaneous procedure as an 
acceptable management strategy. In support of 
simultaneous LSG and HHR, the International 
Sleeve Gastrectomy Expert Panel Consensus 
statement recommended aggressive identification 
and repair hiatal hernia defects [70].

Technical aspects of the procedure are 
straightforward. After identifying a crural defect, 
surgeons will approach reconstruction of the 
hiatal defect first. Key points in the procedure 
include reduction of the hernia sac and stom-
ach, circumferential dissection of the phreno-
esophageal membranes, identification of both 
the left and right crus, and crural reconstruction. 
Although there are descriptions of anterior crural 
repair, posterior reconstruction with non-absorb-
able suture is regarded as standard practice [76, 
78]. Posterior repair recreates the normal ana-
tomic gastroesophageal angle and anti-reflux 
mechanism [77]. Using biologic mesh for rein-
forcement of the hiatal repair is acceptable when 
circumstances arise.

 Treatment of Paraesophageal 
Hernia During Bariatric Procedures

When large paraesophageal hernias are encoun-
tered in the operating room, evidence supports 
the repair of hernia defects during weight loss 
surgery. Chaudhry et  al. reported their results 
after simultaneous laparoscopic RYGBP with 
paraesophageal hernia repair (PEH) [79]. 
Fourteen patients underwent simultaneous lapa-
roscopic RYGBP and PEH with a follow-up of 
3  years. Results showed a significant improve-
ment in reflux symptoms scores and quality of 

life measures. Importantly, the surgeons did not 
summon imaging studies to assess hernia recur-
rence as the patients were asymptomatic for PEH 
at follow-up. Mesh reinforcement was not uti-
lized in this approach and hence not advocated. 
When crural tissues are tenuous, biologic mesh is 
recommended. Pham et al. reported his results of 
simultaneous laparoscopic paraesophageal her-
nia and sleeve gastrectomy in the morbidly obese 
[80]. Out of 23 patients that underwent combined 
LSG and PEH, 17 underwent posterior mesh 
reinforcement. After only a short-term follow-up 
of 6 months, data supported combined LSG and 
PEH with mesh reinforcement when indicated. 
Because preoperative EGD is often difficult to 
diagnose PEH, surgeons should anticipate intra-
operative abnormalities including findings of 
PEH. The authors argue surgeons should possess 
the skillset for laparoscopic PEH in anticipation 
of these findings [80].

 Future Surgical Options for Reflux 
Disease in Obese Population (the 
LINX Procedure)

Despite the reported efficacy of RYGBP or simul-
taneous LSG with HHR for obese patients with 
symptoms of GERD, new onset “de novo GERD” 
develops in up to 20% of patients [81]. Though 
PPIs have been effective treatments for this popu-
lation, we must consider the scenario for patient’s 
refractory to PPIs [82]. Operative conversion to 
RYGBP is an acceptable option for most patients 
who have severe medically  refractory GERD 
after undergoing LSG.  Performing fundoplica-
tion of the pouch with the retained stomach is not 
an alternative for most patients who previously 
underwent LSG or RYGBP.

The LINX R system for lower esophageal 
augmentation is a new innovative technique 
that has shown success in treating patients with 
GERD [83]. In this procedure the surgeon dis-
sects the distal esophagus and implants the small 
ring of magnetic beads around the lower esopha-
gus between the esophagus and posterior vagus 
nerve in order to augment the lower esophageal 
sphincter pressure and mechanically augment 
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the anti- reflux barrier of the LES.  The major 
advantage of the LINX R procedure in patients 
with GERD post-RYGB or post-LSG is that pro-
cedure can be performed in the absence of the 
fundus of the stomach by placing the magnetic 
beads around the lower esophageal sphincter, 
while in most patients after LRYGB or LSG, the 
absence of the gastric fundus limits the surgeon 
from performing a fundoplication [84]. Because 
of the advantages of the LINX R system, surgeons 
have applied this technique to patient’s refrac-
tory to PPIs after LSG and RYGBP.  One such 
study evaluated patients with refractory GERD 
following LSG and results showed that patients 
had significant improvement in their postopera-
tive GERD score. The authors concluded that 
the LINX R magnetic sphincter device is a safe 
and effective option for patients with refractory 
GERD after LSG [85]. Likewise, application of 
the LINX R system for patients with GERD after 
RYGBP has been described as well. Hawasli et al. 
described a patient who experienced refractory 
GERD after RYGBP [86]. The patient underwent 
placement of a LINX R magnetic sphincter aug-
mentation device. Postoperatively the patients 
reflux symptoms resolved and PPI use was dis-
continued. Quality of life scores improved after 
6 weeks. Likewise, another case report described 
the successful application of magnetic sphinc-
ter augmentation for patients with recalcitrant 
GERD after LRYGBP. Largacha recommended 
the LINX R device as a safe alternative for this 
patient population [87]. The preliminary results 
of LINX R application to patient’s refractory to 
PPIs after LSG or RYGBP appear to be an attrac-
tive safe alternative treatment.

 Bariatric Surgery in Morbidly Obese 
Patients with Barrett’s Esophagus

Barrett’s esophagus in the morbidly obese 
population represents an interesting topic. 
Considering the overwhelming evidence in the 
association between GERD and morbid obesity, 
there is convincing literature for this population 
that supports a high rate of progression of reflux 
disease into development of Barrett’s esopha-

gus. Early reports highlighted that among obese 
patients with GERD, 18% display short-segment 
Barrett’s esophagus, and 9% display long-seg-
ment Barrett’s esophagus (LSBE) on endoscopic 
examination [88]. Follow-up studies confirmed 
that morbidly obese patients are three times more 
likely to develop Barrett’s compared to normal 
weight individuals, and the odds of development 
of adenocarcinoma are 16.2 times higher than 
normal weight individuals [89–92].

Bariatric surgery has been proposed as a 
treatment for both the Barrett’s and for the obe-
sity and several institutions report regression of 
Barrett’s esophagus after RYGBP. Early reports 
by Csendes showed that in patients with Barrett’s 
esophagus and obesity, four (57%) patients with 
short-segment Barrett’s esophagus (SSBE) and 
one (20%) of the patients with LSBE showed 
regression from intestinal metaplasia to cardiac 
mucosa [93, 94]. A review article on morbidly 
patients with BE conducted by Csendes and 
Braghetto in 2016 recommended that LRYGBP 
is the best surgical option for this patient popu-
lation. Consensus among gastroenterologists 
and surgeons has been reached, recommend-
ing RYGB for morbidly obese individuals with 
severe GERD rather than anti-reflux procedures 
such as Nissen fundoplication [10].

The majority of bariatric surgeons (94.5%) 
consider BE to be a major contraindication for 
LSG [95]. They fear the development of “de 
novo” GERD or persistent GERD after LSG with 
risk of progression to adenocarcinoma. Gagner 
contends the development of de novo GERD in 
patients undergoing LSG is perhaps overstated 
[28]. Recent evidence estimates “de novo” 
GERD after LSG to be low, at 5% [96]. Gagner 
argues the hysteria of GERD and progression to 
adenocarcinoma after sleeve gastrectomy needs 
to be tempered as the benefits of LSG outweigh 
the potential risks [95]. However, the literature 
strongly supports LRYGBP as the first-line treat-
ment for obese patients with Barrett’s esophagus 
because of the ability to reduce both acid and 
non-acid refluxate and ameliorate symptoms 
and preserve the gastric remnant with an intact 
gastroepiploic vascular supply if the need for a 
gastric conduit after esophagectomy became 
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necessary. On the other hand LSG is known to 
reduce LES pressure, increase reflux, and remove 
the stomach and gastroepiploic vascular arcade 
that would be used in reconstruction for esopha-
gectomy. Therefore the literature does not sup-
port the performance of LSG in patients with 
Barrett’s esophagus unless there is a compre-
hensive workup and informed decision is made 
by the patients of the potential risks of GERD 
exacerbation and progression of Barrett’s. Future 
studies are necessary to define the role of LSG in 
the setting of obese patients with BE.

 Conclusion
GERD is very common in the morbidly obese 
population and is an important consideration 
during the preoperative workup, operative 
planning, and intraoperative management. 
Preoperative endoscopy is indicated in the 
symptomatic patient with severe GERD, and 
the EGD will indicate changes needed in the 
operative plan. The consensus best operation 
for patients with severe GERD or Barrett’s 
esophagus is the RYGB.  Patients with less 
severe GERD who are undergoing LSG should 
have a concomitant hiatal hernia repair to 
reduce postoperative exacerbation of their 
GERD. For patients with medically refractory 
GERD post-LSG or post-RYGB, the place-
ment of the LINX R magnetic beads around 
the lower esophagus appears to be safe and 
effective treatment and should be considered.
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Obesity and Cancer

Samer A. Naffouje and George I. Salti

 Introduction

The prevalence of obesity has been steadily 
increasing worldwide, coercing the World Health 
Organization (WHO) to consider obesity a global 
epidemic in 1997 [1]. Strikingly, two-thirds of 
adults in the United States are considered over-
weight or obese [2], with an alarming rapid expan-
sion in the morbid obesity group, faster than the 
overall increase in the obesity prevalence [3, 4].

Obesity, as a modifiable behavioral risk factor, 
was proven to be one of the most common lead-
ing causes of death in the United States, second 
only to tobacco [5], with an estimated 300,000 
deaths per year from morbidities directly related 
to obesity [6]. It was found that even the moder-
ate rise of the body mass index (BMI) above 24.9 
into the realm of “overweight” is associated with 
20–40% increase in the risk of death [7].

Mediated by various dysregulations in lipid 
metabolism, obesity constitutes a strong risk fac-
tor for the development of cardiovascular dis-

ease which carries out the highest mortality rate 
among obese people [8–10].

Cancer has been rising as the second most com-
mon killer in the obese population, with 84,000 new 
cancer diagnoses per year, or 6% of all cancers, in 
the United States that are attributed to obesity [11]. 
Inversely, obesity and overweight contribute to 
15–20% of cancer-related mortality [12, 13].

This interrelationship between cancer and 
obesity poses a significant challenge to health-
care systems presently and a greater challenge 
in the future. In 2008, medical costs spent on 
obesity- related morbidities approached $147 
billion [14]. By 2030, when half of the popula-
tion is projected to be obese in the United States 
[15] and the United Kingdom [16], medical costs 
associated with treatment of this preventable dis-
ease are estimated to increase by $48–66 billion/
year in the United States and by £1.9–2 billion/
year in the United Kingdom [15, 16].

Based on current evidence, a strong uniform 
correlation has been reported to exist between 
adiposity and several surgical malignancies 
of various histogenesis: endometrial cancer, 
postmenopausal breast cancer, renal can-
cer, pancreatic cancer, colorectal cancer, and 
esophageal/gastric cardia cancer. A less sig-
nificant correlation has been established with 
hepatocellular carcinoma, gallbladder cancer, 
malignant melanoma, thyroid cancer, cervical 
cancer, and ovarian cancer. Moreover, obesity 
is considered a risk factor for more aggressive 
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phenotypes of prostate cancer and less likely a 
causative factor in this case.

 Biologic and Pathologic 
Mechanisms of Tumorigenesis 
in Obesity

The correlation between obesity and certain 
malignancies has long been noted via observa-
tional studies of various designs, most promi-
nently of which are the reports of the International 
Agency for Research into Cancer (IARC) [17] and 
the World Cancer Research Fund (WCRF) [18].

Renehan et  al. further consolidated the cor-
relation between obesity and the broad spectrum 
of cancers reported above in a systematic review 
and meta-analysis [19]. This landmark report 
demonstrates an interesting sex-specific correla-
tion and a consistent distribution across various 
demographic and geographic populations.

However, the matter of paramount importance 
remains to bridge these epidemiologic findings 
to a biologic elucidation. Insulin resistance and 
the resultant hyperinsulinemia, as sequelae of 
obesity, promote tumorigenesis by reducing the 
levels of insulin-like growth factor-binding pro-
teins (IGF-BP) which, in turn, increase levels of 
the free (or unbound) insulin-like growth factor-I 
(IGF-I) [20, 21]. This dysregulation in the growth 
factors’ network leads to changes in the cellular 
microenvironment that, in sum, promote cancer 
development and growth [22]. Recent meta- 
analyses confirmed the correlation between ele-
vated levels of IGF-I and colorectal, prostate, and 
breast cancer [23, 24].

The current evidence strongly points to the 
insulin and the downstream insulin-dependent 
growth factors to be a likely candidate system for 
cancer progression. The hypothesis stems from 
the molecular outcome of the insulin receptor 
(IR) activation by the growth factors and ligands. 
The phosphorylation of the IRs by supraphysio-
logic levels of circulating IGF-I produces a mito-
genic and antiapoptotic activity mediated by the 
extrinsic-regulated kinase (ERK) and phosphati-
dylinositol- 3 (PI-3) [22]. Moreover, this system 
is involved in promoting cancer invasion and 

metastasis. Excessive activation of the IR kinase 
by high levels of circulating IGF-I) was found to 
cause a loss of integrity of the epithelial lining, 
thus facilitating cancer cell migration [25].

Another biological aspect linking obesity to 
cancer development is the sex hormone pathway. 
Obesity is a well-recognized risk factor for the 
development of postmenopausal breast cancer via 
the excessive conversion of androgens to estra-
diol by the adipose tissue [26]. Two prominent 
studies by the Endogenous Hormones and Breast 
Cancer Collaborative Group (EHBCCG) [27] 
and the European Prospective Investigation into 
Cancer and Nutrition (EPIC) [28] demonstrated a 
clear twofold risk of developing postmenopausal 
breast cancer with increasing level of circulating 
converted androgens, which, in turn, is correlated 
with increased BMI. On the other hand, the risk of 
endometrial cancer in obese patients was biologi-
cally proven to be more complex. Not only the 
elevated levels of circulating estradiol contribute 
to uncontrolled endothelial proliferation [29], but 
also IGF-I) was shown to be locally increased 
in the endometrial tissue due to the unopposed 
estrogenic shift in the estrogen-progesterone 
balance that normally controls the endometrial 
growth cycle [30]. In another field of interest, 
biologic studies have recently demonstrated that 
the fatty tissue, contrary to the common belief, 
is not an inert tissue. It constitutes a large source 
of many polypeptide hormones that play critical 
roles in the endocrine and metabolic equilibrium 
[31]. The most renowned adipokine of this family 
is the satiety hormone, leptin. The role of leptin 
in metabolism was established by the Jackson 
Laboratory after identification of the homozy-
gous leptin-deficient mice (ob−/ob−) that do not 
reach satiety and rapidly develop morbid obesity 
with hyperinsulinemia [32, 33]. The secretion 
of leptin is proportional to the body fat [34] and 
is biologically proven to induce mitogenesis in 
hematopoietic progenitor cells, epithelial cells, 
and vascular endothelial cells [35–37]. Another 
ample adipokine is adiponectin whose level, in 
contrary to leptin, inversely correlates with the 
amount of body fat [38]. Moreover, in contrast 
with leptin, adiponectin is considered an antipro-
liferative and antiapoptotic agent via blockade of 
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ERK-1 and ERK-2 pathways and stimulation of 
p53 expression [39]. It also possesses an antian-
giogenic effect via induction of apoptosis in the 
vascular endothelium [40].

On the clinical level, low circulating levels 
of adiponectin correlated with increased risks of 
endometrial cancer [41, 42], pre- and postmeno-
pausal breast cancer [43, 44], colorectal cancer in 
men [45], and advanced phenotypes of prostate 
cancer [46].

Lastly, many novel hypotheses are developing 
in an attempt to provide a well-rounded under-
standing of the relation between obesity and can-
cer, which cannot be realistically attributed to a 
single system failure or deviation. The migrating 
stromal cells [47] and the obesity-related adipose 
tissue hypoxia [48, 49] are prime examples of the 
novel theories that address the role of obesity in 
tumor neoangiogenesis and proliferation.

The trend of the current body of research sug-
gests that more evidence is yet to be delivered in 
this regard for us to obtain a full scope of how 
obesity contributes to the neoplastic development 
and progression and, most importantly, of how 
we can use that knowledge in cancer screening 
and prevention.

 Obesity and Risk of Esophageal 
Cancer

Esophageal cancer is the eighth most common 
malignancy worldwide with an estimated 450,000 
new cases per year [50]. Esophageal cancer is 
considered a dismal diagnosis with a case fatal-
ity ratio of ~83% [51], mostly due to the delayed 
symptoms that do not occur until at least 60% 
of the circumference is involved, at which point 
the disease would have reached an advanced 
stage [52]. The American Cancer Society esti-
mates 17,000 new cases to occur in the United 
States in 2016 with a male preference of 6:1 and 
a projected 15,500 mortalities [53]. An alarming 
incline in the incidence of esophageal cancer has 
been documented in the past few decades, with 
a noted fivefold increase in some countries [54]. 
Along with this incline in incidence, a shift in the 
histology of esophageal cancer started to emerge. 

Squamous cell carcinoma, previously the most 
common histology in the West, has been regress-
ing by ~3.6% per year in the past years [55], in 
the face of the rise of adenocarcinoma which now 
constitutes slightly more than 50% of the cases 
[56]. Regarding the location, the incidence of 
distal and junctional esophageal cancer increased 
from 4 to 23 per million in the past three decades, 
indicating a true extrinsic interference in the eti-
ology and histology of this disease.

The correlation between obesity and the 
increasing incidence of esophageal adenocarci-
noma was first reported in the mid-1990s [57, 
58], followed by numerous large population- 
based studies from different parts of the globe 
confirming the solid correlation between the 
increasing BMI as a marker of obesity and esoph-
ageal adenocarcinoma [59, 60]. Thereafter, many 
prospective studies were conducted to further 
assess the impact of obesity on the development 
of esophageal adenocarcinoma [61–71], which 
uniformly reported a relative risk of 2.54–5.32 
for the development of esophageal cancer in 
obese patients compared to their normal peers. 
One study reported a relative risk as high as 11.3 
(95% CI, 3.5–36.4; P < 0.001) for lower esopha-
geal cancer when the reference cohort was con-
stituted of patients with BMI<22 [70]. Based on 
this epidemiologic evidence, it is safe to conclude 
that obesity might have an independent carcino-
genic role in the occurrence of esophageal ade-
nocarcinoma. The research effort concerning the 
underlying mechanism is emerging on multiple 
axes [72], including, but not limited to, polymor-
phism in genetic coding of the IGF proteins as 
potential marker of esophageal adenocarcinoma, 
where the 1013G>A variant in obesity predis-
poses the patient to a higher risk of developing 
this malignancy [73, 74]. Also, the male prefer-
ence strongly suggests a role for sex hormones 
in the tumorigenesis of this malignancy [75–77].

 Obesity and Risk of Breast Cancer

Breast cancer remains, by far, the most common 
invasive malignancy in females comprising 23% 
of invasive and 16% of all cancers in females 
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second only to noninvasive non-melanoma skin 
cancers [78, 79]. This malignancy expresses an 
interesting behavioral paradox in terms of its 
relation to obesity. Premenopausal breast can-
cers, which tend to be estrogen receptor (ER) 
and progesterone receptor (PR) negative, are not 
typically associated with obesity. In fact, obesity 
may have a protective effect in this patient group 
(reviewed elsewhere by Rose and Vona-Davis 
[80]). Nevertheless, several studies challenged 
this statement by reporting a positive correlation 
between obesity and the incidence of triple nega-
tive breast cancers [81–84], which was confirmed 
in a meta-analysis to be restricted to premeno-
pausal women [85].

On the other hand, postmenopausal breast can-
cers are predominantly ER+/PR+. Therefore, the 
contribution of obesity to the development and 
progression of this cancer becomes more promi-
nent via the converted estrogens in the abundant 
adipose tissue [86]. This hormonal causative 
theory in postmenopausal women is further con-
firmed by the clinical sequelae it casts on the 
treatment plan; obese women demonstrate lower 
rates of response to aromatase inhibitors due to 
the excess of body fat and its large capacity of 
estradiol synthesis [87, 88]. Hyperinsulinemia, as 
part of the metabolic syndrome, was also shown 
to place this subset of patients at a significantly 
higher risk of breast cancer. High circulating 
insulin levels in fasting nondiabetic postmeno-
pausal women predispose the patients to at least 
twice the risk of developing breast cancer than 
the comparative control population [89, 90]. 
Additionally, obesity is accompanied by a diet-
induced chronic inflammation in the mammary 
adipose tissue. The capacious release of inflam-
matory markers and proteins, such as TNF-α, 
MMP-9, VEGF, MCP- 1, and leptin, by the infil-
trating macrophages and stromal adipocytes is 
conducive to tumorigenesis by enhancing cellu-
lar proliferation, migration, invasion, and angio-
genesis [91–95].

In conclusion, the current evidence highlights 
a palpable impact of obesity in the development 
of breast cancer. Simple obesity indices, such as 
waist-hip ratio, upper body obesity, and BMI, 
have repeatedly shown a positive correlation with 

breast cancer [96, 97], which may be interrupted 
by hormone replacement therapy [97], further 
emphasizing the impact of the adipose tissue on 
the hormonal balance in females.

 Obesity and Risk of Colorectal 
Cancer

Current knowledge of colorectal cancer estimates 
that 5%, or 1 in 20 Americans, will be diagnosed 
with this disease during their lifetime [98]. Both 
the incidence and the mortality of colorectal 
cancer have been on a steady decline since the 
1980s. This remarkable change in the natural 
course of the disease is mostly attributed to the 
detection and early removal of the precancerous 
lesions by standardizing the screening methods 
[99]. Therefore, the efforts are being directed to 
the tertiary prevention of colorectal cancer, most 
importantly by understanding the modifiable risk 
factors of this malignancy.

Adiposity, as a fundamental part of the meta-
bolic syndrome, is reported to be involved in 
every step of the epithelial progression into 
a neoplasm by inducing the mutations in the 
APC, KRAS, MSI, DCC/DPC4, and p53 genes 
[100]. Hence, many epidemiologic studies que-
ried about the associated risk of obesity for the 
development of colorectal adenomas [101–104]. 
All studies showed a small but significant asso-
ciation between obesity and colorectal adenomas 
across demographic, geographic, and racial vari-
ables. More specifically, greater waist circum-
ference was reported to inflict a significantly 
increased risk of developing colorectal adenomas 
(OR = 1.32) [105].

In regard to colorectal adenocarcinoma, 
all large meta-analyses concluded that obe-
sity is a significant modifiable risk factor with 
an RR  =  1.09–1.95 and 1.12–1.15  in men and 
women, respectively [106–110]. A topic of prime 
interest in colorectal cancer is the impact of 
 obesity on the surgical outcome, given that col-
ectomy is considered a major intervention per-
formed by both general and colorectal surgeons.

Numerous studies were conducted in this 
effort; observational studies [111–130], reviews 
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[131], and a meta-analysis [132], all of which 
were in accord that obesity increases the risk 
of conversion rates in laparoscopic surgeries 
and thus operating times and is associated with 
increased postoperative complications. Also, 
some reports indicated that the quality of the 
oncologic resection is hindered by the excess adi-
posity, with fewer lymph nodes retrieved in obese 
patients [111, 133].

In summary, an integrated relation exists 
between obesity and colorectal cancer from the 
early stages of development of epithelial ade-
nomas to the incidence of colorectal adenocar-
cinoma and finally to influencing the surgical 
outcome in terms of resection quality and com-
plication rates. Decreasing the prevalence of obe-
sity may be a key part in the tertiary prevention of 
colorectal cancer in the future.

 Obesity and Risk of Hepatocellular 
Carcinoma

Although not very common in the United States, 
liver cancer, or hepatocellular carcinoma (HCC), 
is considered the third most common killer 
among cancers worldwide [51], with a projected 
5-year survival of only 10% of all comers at the 
time of diagnosis [134].

Unlike colorectal cancer, the incidence of 
HCC in the United States underwent an alarming 
threefold increase between 1975 and 2006 [135]. 
About half of this expansion was attributed to the 
increase in hepatitis C infections. However, the 
other common causes of hepatitis, such as hepa-
titis B virus and alcoholic liver disease, did not 
demonstrate a surge that matches or explains the 
inclining graph of HCC incidence [136, 137]. 
These facts urged the thought of other risk fac-
tors that could contribute to this significant rise 
in HCC occurrence. Indeed, many epidemiologic 
studies and analyses determined that overweight 
and obesity are independent risk factors for the 
development of HCC [138–146]. A meta- analysis 
by Larsson and Wolk asserted these findings with 
a calculated relative risk of HCC of 1.17 and 
1.89 in the overweight and obese American pop-
ulation, respectively [147].

Aside from the pro-cancerous molecular 
mechanisms that were previously discussed, 90% 
of obese patients develop the nonalcoholic fatty 
liver disease (NAFLD), 30% of whom progress 
into nonalcoholic steatohepatitis (NASH) [148], 
a predisposing condition for HCC.

Like other obesity-related malignancies, the 
presented evidence suggests a possible role for 
the elimination of obesity in the prevention of 
HCC.

 Obesity and Risk of Gallbladder 
and Extrahepatic Biliary Cancer

Gallbladder cancer (GBC) and the extrahepatic 
biliary cancer (EBC) are a group of malignancy 
commonly referred to as the biliary tract cancers. 
GBC is the most common biliary tract cancer and 
the sixth most common malignancy of the gas-
trointestinal tract [149, 150]. It typically carries a 
poor prognosis with an expected 5-year survival 
of ~30% [151]. Unlike EBC which affects more 
men than women, GBC has a slight preference 
toward females [152, 153]. Biliary tract cancers 
are somewhat uncommon in the United States, 
compared to other ethnic groups such as the 
American Indians and Chilean Mapuches [154], 
and other geographic locations such in certain 
areas in South America where GBC is considered 
the most common killer cancer in females [155].

To date, the relation between obesity and bili-
ary tract cancers has not been clearly established. 
Many studies of various designs reported on this 
topic; cohort [63, 141, 144, 156–161] and case- 
control studies [152, 162–168] reported con-
flicting conclusion about the risk of biliary tract 
cancer in obese patients. Even meta-analyses 
were not in accord about the influence of obesity 
on biliary cancer incidence; one meta-analyses 
by Park et al. [169] concluded that obesity may 
contribute to benign biliary tract diseases rather 
than malignancies and another by Li et al. [170] 
whose pooled analysis demonstrated a significant 
risk of both overweight and obesity for the devel-
opment of GBC (RR 1.17 and 1.62, respectively) 
and EBC (RR 1.26 and 1.48, respectively). Of 
note, the latter meta-analysis is more recent and 
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inclusive of a broader range of observational 
studies for both GBC and EBC.

The mechanism in which obesity may con-
tribute to the progression biliary tract cancers 
remains understudied and unclear. In lack of 
strong epidemiologic and clinical indicators that 
obesity functions as an independent risk factor 
for either GBC or EBC, the biologic evidence 
remains vague and hard to interpret. The devia-
tion in incidence toward either of the genders 
in these cancers may suggest a role for sexual 
hormones, but this remains an observational 
extrapolation.

In conclusion, the current evidence is not 
considered sufficient to establish a definite asso-
ciation between obesity and biliary tract malig-
nancies, despite a strong trend toward increased 
risk of occurrence in obese patients.

 Obesity and Risk of Pancreatic 
Cancer

Pancreatic cancer is considered a disease of the 
developed world with ~70% of the new cases 
originating from the Western countries yearly 
[50]. Pancreatic malignancies of all histological 
types are the fourth most common cause of can-
cer death in the United States [171]. This disease 
carries a fearful reputation which stems from 
its substantial fatality rate with projected 1-year 
and 5-year survival of 25% and 5%, respectively 
[172]. With the best surgical treatment, 5-year 
survival following the diagnosis of pancreatic 
cancer might improve to 18–24% [173].

Like smoking, the correlation between obesity 
as an independent risk factor and pancreatic can-
cer, particularly pancreatic duct adenocarcinoma 
(PDAC), has been firmly instituted through large 
population-based epidemiologic and observa-
tional studies [29, 145, 174–176]. Obesity has 
been shown to increase the risk of PDAC occur-
rence by 10% and then 14% for each 5  kg/m2 
incremental increase above the normal BMI [177, 
178]. Remarkably, obesity, as a continuous vari-
able, is conducive of an earlier age of onset and 
decreased survival in a linear and dose-dependent 
fashion [179].

In a specific relevance to PDAC, fat-rich diet 
and adiposity played a critical causative role in 
the development of PDAC in mouse models [180–
182]. This was explained by the diet- induced 
inflammatory state in the pancreatic tissue medi-
ated by cyclooxygenase-2 (COX2), which leads 
to an increased activation of the KRAS proto-
oncogene and, in consequence, increased growth 
and neoplasia in the ductal endothelium [183].

In the scenario of PDAC, obesity is an invet-
erate risk factor. Any parameter of obesity 
including the BMI, central obesity, waist circum-
ference, and waist-to-hip ratio is shown to reflect 
an increased association with PDAC and its mor-
tality [184–188].

Given the poor prognosis of pancreatic cancer, 
weight reduction is unlikely to have an impact on 
survival in obese patients following the diagno-
sis. However, weight loss carries a promise of 
tertiary prevention from PDAC given the strong 
association between obesity and this malignancy.

 Bariatric Surgery and Cancer

The World Health Organization (WHO) rec-
ognized obesity as a worldwide epidemic with 
more than 30 million cases diagnosed per year 
[189], contributing by a large margin to increased 
healthcare-related mortality and cost, urging 
many international organization to initiate a call 
for action [190, 191].

The previously presented evidence clearly 
demonstrates a solid correlation between obe-
sity and several cancers of different histogenesis, 
most of which fall within the scope of interest 
of general and/or minimally invasive surgeons. 
Henceforth, this raises the question of the influ-
ence of bariatric surgery on the incidence of these 
cancers.

All three types of bariatric or metabolic surger-
ies, malabsorptive, restrictive, and the combina-
tion of both, were studied in regard to their impact 
on cancer incidence. The overwhelming majority 
of registry-based data analysis, population- based 
studies, systematic reviews, and randomized trials 
corresponded in reporting reduced cancer inci-
dence rates with successful weight loss following 
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bariatric surgery [7, 192–202]. A meta-analysis 
by Casagrande et al. [203] corroborated the pro-
tective influence of bariatric surgery in morbidly 
obese patients, with an odds ratio of 0.12–0.88 in 
the reviewed controlled studies. Moreover, this 
meta-analysis tallied a cancer incidence density 
rate of 1.06 cases per 1000 persons-years follow-
ing bariatric surgery versus the average incidence 
density rate of 5.5 per 1000 persons-years in the 
obese populations that have not received a meta-
bolic intervention [203].

On the other hand, few studies disagreed 
with the reported benefit of bariatric surgery. 
Instead, they reported an increased risk of cer-
tain malignancies after bariatric surgeries, such 
as colorectal carcinoma [204], and attributed this 
phenomenon to the colonic mucosal changes fol-
lowing malabsorptive surgeries.

In general, the current evidence demonstrates 
that weight reduction, regardless of the method, 
results in decreased rates of cancer incidence 
[202]. However, parallel experiences with weight 
loss showed that weight loss by pharmacological 
means inflicts adverse outcomes on cardiovascu-
lar surgeries and increases mortality [205, 206], 
suggesting that bariatric surgeries might repre-
sent a safer method of weight loss in this specific 
group of patients. Such data are not available for 
the oncologic patient population where further 
investigation is warranted.

Nevertheless, estimating the risk reduction of 
cancer in the bariatric surgery population has its 
own inherent shortcomings; metabolic surgery is 
considered more frequently for young or middle- 
aged obese patients [207], whereas cancer is 
considered by large an elderly disease [149], sug-
gesting a lead-time bias in this analysis.

Also, candidates for bariatric surgery gener-
ally undergo an extensive workup prior to their 
planned intervention which increases the odds of 
early cancer detection in this population preoper-
atively. Finally, the current body of literature does 
not dissect through the types of bariatric surger-
ies and their specific impact on cancer incidence 
creating a twofold limitation; it remains unknown 
whether a certain type of obesity surgeries is 
superior to the others in cancer prevention, which 
could potentially affect the procedure’s choice 

in high-risk patients. In addition, detecting a dif-
ference between the types of bariatric surgery 
in their anticancer effect might help understand 
the mechanism through which weight reduction 
exerts its cancer-protective effect.

In conclusion, bariatric surgery is associated 
with a regression in cancer incidence of many ori-
gins. The positive correlation between obesity and 
cancer, along with the evidence of cancer reduc-
tion following weight loss, fulfills the pillars of 
the Bradford Hill criteria for the causative asso-
ciation between obesity and cancer [208, 209].

References

 1. Caballero B.  The global epidemic of obesity: an 
overview. Epidemiol Rev. 2007;29:1–5.

 2. Flegal KM, Carroll MD, Ogden CL, Johnson 
CL.  Prevalence and trends in obesity among US 
adults, 1999–2000. JAMA. 2002;288(14):1723–7.

 3. Howard NJ, Taylor AW, Gill TK, Chittleborough 
CR.  Severe obesity: investigating the socio- 
demographics within the extremes of body mass 
index. Obes Res Clin Pract. 2008;2(1):I–II.

 4. Sturm R.  Increases in morbid obesity in the USA: 
2000–2005. Public Health. 2007;121(7):492–6.

 5. Mokdad AH, Marks JS, Stroup DF, Gerberding 
JL.  Actual causes of death in the United States, 
2000. JAMA. 2004;291(10):1238–45.

 6. Flegal KM, Williamson DF, Pamuk ER, Rosenberg 
HM.  Estimating deaths attributable to obe-
sity in the United States. Am J Public Health. 
2004;94(9):1486–9.

 7. Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw 
T, Ballard-Barbash R, et al. Overweight, obesity, and 
mortality in a large prospective cohort of persons 50 
to 71 years old. N Engl J Med. 2006;355(8):763–78.

 8. Berrington de Gonzalez A, Hartge P, Cerhan JR, 
Flint AJ, Hannan L, MacInnis RJ, et al. Body-mass 
index and mortality among 146 million white adults. 
N Engl J Med. 2010;363(23):2211–9.

 9. de Koning L, Merchant AT, Pogue J, Anand 
SS.  Waist circumference and waist-to-hip ratio as 
predictors of cardiovascular events: meta-regres-
sion analysis of prospective studies. Eur Heart J. 
2007;28(7):850–6.

 10. Whitlock G, Lewington S, Sherliker P, Clarke R, 
Emberson J, Halsey J, et  al. Body-mass index and 
cause-specific mortality in 900 000 adults: collab-
orative analyses of 57 prospective studies. Lancet. 
2009;373(9669):1083–96.

 11. Polednak AP.  Estimating the number of U.S. inci-
dent cancers attributable to obesity and the impact on 
temporal trends in incidence rates for obesity-related 
cancers. Cancer Detect Prev. 2008;32(3):190–9.

40 Obesity and Cancer



458

 12. National Institute of Health NCI. Obesity and can-
cer risk. National Cancer Institute; 2012. Available 
from: http://www.cancer.gov/about-cancer/
causes-prevention/risk/obesity/obesity-fact-sheet.

 13. Society AC.  Cancer facts & figures 2012. 2012. 
Available from: http://www.cancer.org/research/
cancerfactsstatistics/cancerfactsfigures2012/.

 14. Finkelstein EA, Trogdon JG, Cohen JW, Dietz 
W. Annual medical spending attributable to obesity: 
payer-and service-specific estimates. Health Aff 
(Millwood). 2009;28(5):w822–31.

 15. Finkelstein EA, Khavjou OA, Thompson H, 
Trogdon JG, Pan L, Sherry B, et  al. Obesity and 
severe obesity forecasts through 2030. Am J Prev 
Med. 2012;42(6):563–70.

 16. Wang YC, McPherson K, Marsh T, Gortmaker SL, 
Brown M. Health and economic burden of the pro-
jected obesity trends in the USA and the UK. Lancet. 
2011;378(9793):815–25.

 17. Vainio H, Bianchini F, editors. Weight control and 
physical activity. Lyon: IARC Press/International 
Agency for Research in Cancer; 2002.

 18. Food, nutrition, physical activity, and the prevention 
of cancer: a global perspective. Washington, DC: 
World Cancer Research Fund; 2007.

 19. Renehan AG, Tyson M, Egger M, Heller RF, 
Zwahlen M.  Body-mass index and incidence of 
cancer: a systematic review and meta-analysis 
of prospective observational studies. Lancet. 
2008;371(9612):569–78.

 20. McKeown-Eyssen G.  Epidemiology of colorec-
tal cancer revisited: are serum triglycerides and/
or plasma glucose associated with risk? Cancer 
Epidemiol Biomark Prev. 1994;3(8):687–95.

 21. Giovannucci E.  Insulin and colon cancer. Cancer 
Causes Control. 1995;6(2):164–79.

 22. Roberts DL, Dive C, Renehan AG. Biological mech-
anisms linking obesity and cancer risk: new perspec-
tives. Annu Rev Med. 2010;61:301–16.

 23. Renehan AG, Zwahlen M, Minder C, O’Dwyer ST, 
Shalet SM, Egger M.  Insulin-like growth factor 
(IGF)-I, IGF binding protein-3, and cancer risk: sys-
tematic review and meta-regression analysis. Lancet. 
2004;363(9418):1346–53.

 24. Renehan AG, Harvie M, Howell A.  Insulin-like 
growth factor (IGF)-I, IGF binding protein-3, and 
breast cancer risk: eight years on. Endocr Relat 
Cancer. 2006;13(2):273–8.

 25. Chan BT, Lee AV. Insulin receptor substrates (IRSs) 
and breast tumorigenesis. J Mammary Gland Biol 
Neoplasia. 2008;13(4):415–22.

 26. Renehan AG. Hormones, growth factors, and tumor 
growth. Oxford: Oxford University Press; 2007.

 27. Key TJ, Appleby PN, Reeves GK, Roddam A, Dorgan 
JF, Longcope C, et al. Body mass index, serum sex 
hormones, and breast cancer risk in postmenopausal 
women. J Natl Cancer Inst. 2003;95(16):1218–26.

 28. Kaaks R, Rinaldi S, Key TJ, Berrino F, Peeters PH, 
Biessy C, et  al. Postmenopausal serum androgens, 
oestrogens and breast cancer risk: the European 

prospective investigation into cancer and nutrition. 
Endocr Relat Cancer. 2005;12(4):1071–82.

 29. Calle EE, Kaaks R.  Overweight, obesity and can-
cer: epidemiological evidence and proposed mecha-
nisms. Nat Rev Cancer. 2004;4(8):579–91.

 30. Kaaks R, Lukanova A, Kurzer MS. Obesity, endog-
enous hormones, and endometrial cancer risk: a 
synthetic review. Cancer Epidemiol Biomark Prev. 
2002;11(12):1531–43.

 31. Fischer-Posovszky P, Wabitsch M, Hochberg 
Z.  Endocrinology of adipose tissue  – an update. 
Horm Metab Res. 2007;39(5):314–21.

 32. Friedman JM, Leibel RL, Bahary N.  Molecular 
mapping of obesity genes. Mamm Genome. 
1991;1(3):130–44.

 33. Zhang Y, Proenca R, Maffei M, Barone M, Leopold 
L, Friedman JM.  Positional cloning of the mouse 
obese gene and its human homologue. Nature. 
1994;372(6505):425–32.

 34. Schaffler A, Scholmerich J, Buechler C. Mechanisms 
of disease: adipokines and breast cancer – endocrine 
and paracrine mechanisms that connect adiposity 
and breast cancer. Nat Clin Pract Endocrinol Metab. 
2007;3(4):345–54.

 35. Vona-Davis L, Rose DP.  Adipokines as endo-
crine, paracrine, and autocrine factors in breast 
cancer risk and progression. Endocr Relat Cancer. 
2007;14(2):189–206.

 36. Bray GA. The underlying basis for obesity: relation-
ship to cancer. J Nutr. 2002;132(11 Suppl):3451S–5S.

 37. Rose DP, Komninou D, Stephenson GD.  Obesity, 
adipocytokines, and insulin resistance in breast can-
cer. Obes Rev. 2004;5(3):153–65.

 38. Fasshauer M, Klein J, Neumann S, Eszlinger M, 
Paschke R. Hormonal regulation of adiponectin gene 
expression in 3T3-L1 adipocytes. Biochem Biophys 
Res Commun. 2002;290(3):1084–9.

 39. Dieudonne MN, Bussiere M, Dos Santos E, Leneveu 
MC, Giudicelli Y, Pecquery R.  Adiponectin medi-
ates antiproliferative and apoptotic responses in 
human MCF7 breast cancer cells. Biochem Biophys 
Res Commun. 2006;345(1):271–9.

 40. Brakenhielm E, Veitonmaki N, Cao R, Kihara S, 
Matsuzawa Y, Zhivotovsky B, et  al. Adiponectin- 
induced antiangiogenesis and antitumor activity 
involve caspase-mediated endothelial cell apoptosis. 
Proc Natl Acad Sci U S A. 2004;101(8):2476–81.

 41. Petridou E, Mantzoros C, Dessypris N, 
Koukoulomatis P, Addy C, Voulgaris Z, et al. Plasma 
adiponectin concentrations in relation to endome-
trial cancer: a case-control study in Greece. J Clin 
Endocrinol Metab. 2003;88(3):993–7.

 42. Dal Maso L, Augustin LS, Karalis A, Talamini R, 
Franceschi S, Trichopoulos D, et  al. Circulating 
adiponectin and endometrial cancer risk. J Clin 
Endocrinol Metab. 2004;89(3):1160–3.

 43. Miyoshi Y, Funahashi T, Kihara S, Taguchi T, Tamaki 
Y, Matsuzawa Y, et al. Association of serum adipo-
nectin levels with breast cancer risk. Clin Cancer 
Res. 2003;9(15):5699–704.

S. A. Naffouje and G. I. Salti

http://www.cancer.gov/about-cancer/causes-prevention/risk/obesity/obesity-fact-sheet
http://www.cancer.gov/about-cancer/causes-prevention/risk/obesity/obesity-fact-sheet
http://www.cancer.org/research/cancerfactsstatistics/cancerfactsfigures2012/
http://www.cancer.org/research/cancerfactsstatistics/cancerfactsfigures2012/


459

 44. Mantzoros C, Petridou E, Dessypris N, Chavelas 
C, Dalamaga M, Alexe DM, et  al. Adiponectin 
and breast cancer risk. J Clin Endocrinol Metab. 
2004;89(3):1102–7.

 45. Wei EK, Giovannucci E, Fuchs CS, Willett WC, 
Mantzoros CS. Low plasma adiponectin levels and 
risk of colorectal cancer in men: a prospective study. 
J Natl Cancer Inst. 2005;97(22):1688–94.

 46. Goktas S, Yilmaz MI, Caglar K, Sonmez A, Kilic S, 
Bedir S. Prostate cancer and adiponectin. Urology. 
2005;65(6):1168–72.

 47. Zhang Y, Daquinag A, Traktuev DO, Amaya- 
Manzanares F, Simmons PJ, March KL, et al. White 
adipose tissue cells are recruited by experimental 
tumors and promote cancer progression in mouse 
models. Cancer Res. 2009;69(12):5259–66.

 48. Bedogni B, Welford SM, Cassarino DS, Nickoloff 
BJ, Giaccia AJ, Powell MB.  The hypoxic micro-
environment of the skin contributes to Akt- 
mediated melanocyte transformation. Cancer Cell. 
2005;8(6):443–54.

 49. Bedogni B, Welford SM, Kwan AC, Ranger-
Moore J, Saboda K, Powell MB.  Inhibition of 
phosphatidylinositol- 3-kinase and mitogen- activated 
protein kinase kinase 1/2 prevents melanoma devel-
opment and promotes melanoma regression in the 
transgenic TPRas mouse model. Mol Cancer Ther. 
2006;5(12):3071–7.

 50. World Cancer Report 2014. World Health 
Organization; 2014.

 51. Parkin DM, Bray F, Ferlay J, Pisani P.  Global 
cancer statistics, 2002. CA Cancer J Clin. 
2005;55(2):74–108.

 52. Mayer RJ.  Harrison’s principles of internal medi-
cine. 18th ed. New  York: McGraw-Hill Medical 
Publishing Division; 2008.

 53. American Cancer Society. Cancer facts & fig-
ures 2016. Available at http://www.cancer.org/acs/
groups/content/@research/documents/document/
acspc-047079.pdf. Accessed 8 Aug.

 54. Pohl H, Welch HG. The role of overdiagnosis and 
reclassification in the marked increase of esopha-
geal adenocarcinoma incidence. J Natl Cancer Inst. 
2005;97(2):142–6.

 55. Siegel R, Naishadham D, Jemal A. Cancer statistics, 
2012. CA Cancer J Clin. 2012;62(1):10–29.

 56. Raman R, Deorah S, McDowell BD, Abu Hejleh 
T, Lynch CF, Gupta A.  Changing incidence of 
esophageal cancer among white women: analysis 
of SEER data (1992–2010). Contemp Oncol (Pozn). 
2015;19(4):338–40.

 57. Brown LM, Swanson CA, Gridley G, Swanson 
GM, Schoenberg JB, Greenberg RS, et  al. 
Adenocarcinoma of the esophagus: role of obesity 
and diet. J Natl Cancer Inst. 1995;87(2):104–9.

 58. Vaughan TL, Davis S, Kristal A, Thomas 
DB. Obesity, alcohol, and tobacco as risk factors for 
cancers of the esophagus and gastric cardia: adeno-
carcinoma versus squamous cell carcinoma. Cancer 
Epidemiol Biomark Prev. 1995;4(2):85–92.

 59. Whiteman DC, Sadeghi S, Pandeya N, Smithers BM, 
Gotley DC, Bain CJ, et al. Combined effects of obe-
sity, acid reflux and smoking on the risk of adenocar-
cinomas of the oesophagus. Gut. 2008;57(2):173–80.

 60. Chow WH, Blot WJ, Vaughan TL, Risch HA, 
Gammon MD, Stanford JL, et al. Body mass index 
and risk of adenocarcinomas of the esophagus and 
gastric cardia. J Natl Cancer Inst. 1998;90(2):150–5.

 61. Abnet CC, Freedman ND, Hollenbeck AR, Fraumeni 
JF Jr, Leitzmann M, Schatzkin A.  A prospective 
study of BMI and risk of oesophageal and gastric 
adenocarcinoma. Eur J Cancer. 2008;44(3):465–71.

 62. Reeves GK, Pirie K, Beral V, Green J, Spencer E, 
Bull D, et  al. Cancer incidence and mortality in 
relation to body mass index in the Million Women 
Study: cohort study. BMJ. 2007;335(7630):1134.

 63. Samanic C, Chow WH, Gridley G, Jarvholm B, 
Fraumeni JF Jr. Relation of body mass index to can-
cer risk in 362,552 Swedish men. Cancer Causes 
Control. 2006;17(7):901–9.

 64. Merry AH, Schouten LJ, Goldbohm RA, van den 
Brandt PA. Body mass index, height and risk of ade-
nocarcinoma of the oesophagus and gastric cardia: a 
prospective cohort study. Gut. 2007;56(11):1503–11.

 65. MacInnis RJ, English DR, Hopper JL, Giles 
GG. Body size and composition and the risk of gas-
tric and oesophageal adenocarcinoma. Int J Cancer. 
2006;118(10):2628–31.

 66. Engeland A, Tretli S, Bjorge T. Height and body mass 
index in relation to esophageal cancer; 23-year fol-
low- up of two million Norwegian men and women. 
Cancer Causes Control. 2004;15(8):837–43.

 67. Lagergren J, Bergstrom R, Nyren O.  Association 
between body mass and adenocarcinoma of the 
esophagus and gastric cardia. Ann Intern Med. 
1999;130(11):883–90.

 68. Veugelers PJ, Porter GA, Guernsey DL, Casson 
AG.  Obesity and lifestyle risk factors for gas-
troesophageal reflux disease, Barrett esophagus 
and esophageal adenocarcinoma. Dis Esophagus. 
2006;19(5):321–8.

 69. Figueroa JD, Terry MB, Gammon MD, Vaughan 
TL, Risch HA, Zhang FF, et al. Cigarette smoking, 
body mass index, gastro-esophageal reflux disease, 
and non-steroidal anti-inflammatory drug use and 
risk of subtypes of esophageal and gastric cancers 
by P53 overexpression. Cancer Causes Control. 
2009;20(3):361–8.

 70. Ryan AM, Rowley SP, Fitzgerald AP, Ravi N, 
Reynolds JV.  Adenocarcinoma of the oesophagus 
and gastric cardia: male preponderance in associa-
tion with obesity. Eur J Cancer. 2006;42(8):1151–8.

 71. Corley DA, Kubo A, Zhao W. Abdominal obesity and 
the risk of esophageal and gastric cardia carcinomas. 
Cancer Epidemiol Biomark Prev. 2008;17(2):352–8.

 72. Chen Q, Zhuang H, Liu Y. The association between 
obesity factor and esophageal cancer. J Gastrointest 
Oncol. 2012;3(3):226–31.

 73. McElholm AR, McKnight AJ, Patterson CC, 
Johnston BT, Hardie LJ, Murray LJ, et  al. A 

40 Obesity and Cancer

http://www.cancer.org/acs/groups/content/@research/documents/document/acspc-047079.pdf
http://www.cancer.org/acs/groups/content/@research/documents/document/acspc-047079.pdf
http://www.cancer.org/acs/groups/content/@research/documents/document/acspc-047079.pdf


460

population- based study of IGF axis polymor-
phisms and the esophageal inflammation, metapla-
sia, adenocarcinoma sequence. Gastroenterology. 
2010;139(1):204–12 e3.

 74. MacDonald K, Porter GA, Guernsey DL, Zhao R, 
Casson AG.  A polymorphic variant of the insulin- 
like growth factor type I receptor gene modifies risk 
of obesity for esophageal adenocarcinoma. Cancer 
Epidemiol. 2009;33(1):37–40.

 75. Armstrong RW, Borman B. Trends in incidence rates 
of adenocarcinoma of the oesophagus and gastric 
cardia in New Zealand, 1978–1992. Int J Epidemiol. 
1996;25(5):941–7.

 76. Lepage C, Rachet B, Jooste V, Faivre J, Coleman 
MP.  Continuing rapid increase in esophageal 
adenocarcinoma in England and Wales. Am J 
Gastroenterol. 2008;103(11):2694–9.

 77. Brown LM, Devesa SS, Chow WH.  Incidence of 
adenocarcinoma of the esophagus among white 
Americans by sex, stage, and age. J Natl Cancer Inst. 
2008;100(16):1184–7.

 78. World Cancer Report. International Agency for 
Research on Cancer; 2008.

 79. Breast cancer: prevention and control. World Health 
Organization.

 80. Rose DP, Vona-Davis L. Biochemical and molecu-
lar mechanisms for the association between obesity, 
chronic inflammation, and breast cancer. Biofactors. 
2014;40(1):1–12.

 81. Millikan RC, Newman B, Tse CK, Moorman PG, 
Conway K, Dressler LG, et  al. Epidemiology of 
basal-like breast cancer. Breast Cancer Res Treat. 
2008;109(1):123–39.

 82. Vona-Davis L, Rose DP, Hazard H, Howard- 
McNatt M, Adkins F, Partin J, et al. Triple-negative 
breast cancer and obesity in a rural Appalachian 
population. Cancer Epidemiol Biomark Prev. 
2008;17(12):3319–24.

 83. Trivers KF, Lund MJ, Porter PL, Liff JM, Flagg EW, 
Coates RJ, et al. The epidemiology of triple- negative 
breast cancer, including race. Cancer Causes 
Control. 2009;20(7):1071–82.

 84. Yang XR, Chang-Claude J, Goode EL, Couch 
FJ, Nevanlinna H, Milne RL, et  al. Associations 
of breast cancer risk factors with tumor sub-
types: a pooled analysis from the Breast Cancer 
Association Consortium studies. J Natl Cancer Inst. 
2011;103(3):250–63.

 85. Pierobon M, Frankenfeld CL. Obesity as a risk fac-
tor for triple-negative breast cancers: a systematic 
review and meta-analysis. Breast Cancer Res Treat. 
2013;137(1):307–14.

 86. Rose DP, Gracheck PJ, Vona-Davis L. The interac-
tions of obesity, inflammation and insulin resistance 
in breast cancer. Cancers (Basel). 2015;7(4):2147–68.

 87. Sestak I, Distler W, Forbes JF, Dowsett M, Howell 
A, Cuzick J.  Effect of body mass index on recur-
rences in tamoxifen and anastrozole treated women: 
an exploratory analysis from the ATAC trial. J Clin 
Oncol. 2010;28(21):3411–5.

 88. Pfeiler G, Stoger H, Dubsky P, Mlineritsch B, Singer 
C, Balic M, et al. Efficacy of tamoxifen +/− amino-
glutethimide in normal weight and overweight post-
menopausal patients with hormone receptor-positive 
breast cancer: an analysis of 1509 patients of the 
ABCSG-06 trial. Br J Cancer. 2013;108(7):1408–14.

 89. Kabat GC, Kim M, Caan BJ, Chlebowski RT, Gunter 
MJ, Ho GY, et al. Repeated measures of serum glu-
cose and insulin in relation to postmenopausal breast 
cancer. Int J Cancer. 2009;125(11):2704–10.

 90. Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller 
S, Rohan TE, Manson JE, et  al. Insulin, insulin- 
like growth factor-I, and risk of breast cancer 
in postmenopausal women. J Natl Cancer Inst. 
2009;101(1):48–60.

 91. Kim S, Choi JH, Kim JB, Nam SJ, Yang JH, Kim 
JH, et al. Berberine suppresses TNF-alpha-induced 
MMP-9 and cell invasion through inhibition of AP-1 
activity in MDA-MB-231 human breast cancer cells. 
Molecules. 2008;13(12):2975–85.

 92. Eichbaum C, Meyer AS, Wang N, Bischofs E, 
Steinborn A, Bruckner T, et  al. Breast cancer cell- 
derived cytokines, macrophages and cell adhe-
sion: implications for metastasis. Anticancer Res. 
2011;31(10):3219–27.

 93. Murdoch C, Muthana M, Coffelt SB, Lewis CE. The 
role of myeloid cells in the promotion of tumour 
angiogenesis. Nat Rev Cancer. 2008;8(8):618–31.

 94. Keeley EC, Mehrad B, Strieter RM. Chemokines as 
mediators of tumor angiogenesis and neovascular-
ization. Exp Cell Res. 2011;317(5):685–90.

 95. Engeli S, Feldpausch M, Gorzelniak K, Hartwig F, 
Heintze U, Janke J, et al. Association between adi-
ponectin and mediators of inflammation in obese 
women. Diabetes. 2003;52(4):942–7.

 96. Huang Z, Willett WC, Colditz GA, Hunter DJ, 
Manson JE, Rosner B, et  al. Waist circumfer-
ence, waist: hip ratio, and risk of breast cancer 
in the Nurses’ Health Study. Am J Epidemiol. 
1999;150(12):1316–24.

 97. Connolly BS, Barnett C, Vogt KN, Li T, Stone J, 
Boyd NF.  A meta-analysis of published literature 
on waist-to-hip ratio and risk of breast cancer. Nutr 
Cancer. 2002;44(2):127–38.

 98. National Cancer Institute. DevCan: probability of 
developing or dying of cancer software statistical 
research and applications branch. National Cancer 
Institute.

 99. Edwards BK, Ward E, Kohler BA, Eheman C, 
Zauber AG, Anderson RN, et al. Annual report to the 
nation on the status of cancer, 1975–2006, featuring 
colorectal cancer trends and impact of interventions 
(risk factors, screening, and treatment) to reduce 
future rates. Cancer. 2010;116(3):544–73.

 100. Bardou M, Barkun AN, Martel M.  Obesity and 
colorectal cancer. Gut. 2013;62(6):933–47.

 101. Ben Q, An W, Jiang Y, Zhan X, Du Y, Cai QC, et al. 
Body mass index increases risk for colorectal ade-
nomas based on meta-analysis. Gastroenterology. 
2012;142(4):762–72.

S. A. Naffouje and G. I. Salti



461

 102. Hong S, Cai Q, Chen D, Zhu W, Huang W, Li 
Z. Abdominal obesity and the risk of colorectal ade-
noma: a meta-analysis of observational studies. Eur 
J Cancer Prev. 2012;21(6):523–31.

 103. Lee YJ, Myung SK, Cho B, Park BJ, Park JH, Ju 
W, et  al. Adiposity and the risk of colorectal ade-
nomatous polyps: a meta-analysis. Cancer Causes 
Control. 2011;22(7):1021–35.

 104. Okabayashi K, Ashrafian H, Hasegawa H, Yoo JH, 
Patel VM, Harling L, et al. Body mass index category 
as a risk factor for colorectal adenomas: a system-
atic review and meta-analysis. Am J Gastroenterol. 
2012;107(8):1175–85; quiz 86

 105. Kim BC, Shin A, Hong CW, Sohn DK, Han KS, Ryu 
KH, et  al. Association of colorectal adenoma with 
components of metabolic syndrome. Cancer Causes 
Control. 2012;23(5):727–35.

 106. Guh DP, Zhang W, Bansback N, Amarsi Z, 
Birmingham CL, Anis AH.  The incidence of co- 
morbidities related to obesity and overweight: a 
systematic review and meta-analysis. BMC Public 
Health. 2009;9:88.

 107. Harriss DJ, Atkinson G, George K, Cable NT, Reilly 
T, Haboubi N, et al. Lifestyle factors and colorectal 
cancer risk (1): systematic review and meta-analysis 
of associations with body mass index. Color Dis. 
2009;11(6):547–63.

 108. Dai Z, Xu YC, Niu L. Obesity and colorectal can-
cer risk: a meta-analysis of cohort studies. World J 
Gastroenterol. 2007;13(31):4199–206.

 109. Moghaddam AA, Woodward M, Huxley R. Obesity 
and risk of colorectal cancer: a meta-analysis of 
31 studies with 70,000 events. Cancer Epidemiol 
Biomark Prev. 2007;16(12):2533–47.

 110. Larsson SC, Wolk A. Obesity and colon and rectal 
cancer risk: a meta-analysis of prospective studies. 
Am J Clin Nutr. 2007;86(3):556–65.

 111. Akiyoshi T, Ueno M, Fukunaga Y, Nagayama S, 
Fujimoto Y, Konishi T, et  al. Effect of body mass 
index on short-term outcomes of patients undergo-
ing laparoscopic resection for colorectal cancer: a 
single institution experience in Japan. Surg Laparosc 
Endosc Percutan Tech. 2011;21(6):409–14.

 112. Ballian N, Yamane B, Leverson G, Harms B, Heise 
CP, Foley EF, et al. Body mass index does not affect 
postoperative morbidity and oncologic outcomes of 
total mesorectal excision for rectal adenocarcinoma. 
Ann Surg Oncol. 2010;17(6):1606–13.

 113. Bege T, Lelong B, Francon D, Turrini O, Guiramand 
J, Delpero JR.  Impact of obesity on short-term 
results of laparoscopic rectal cancer resection. Surg 
Endosc. 2009;23(7):1460–4.

 114. Blee TH, Belzer GE, Lambert PJ. Obesity: is there 
an increase in perioperative complications in those 
undergoing elective colon and rectal resection for 
carcinoma? Am Surg. 2002;68(2):163–6.

 115. Blumberg D.  Laparoscopic colectomy performed 
using a completely intracorporeal technique is 
associated with similar outcome in obese and thin 
patients. Surg Laparosc Endosc Percutan Tech. 
2009;19(1):57–61.

 116. Chern H, Chou J, Donkor C, Shia J, Guillem JG, 
Nash GM, et al. Effects of obesity in rectal cancer 
surgery. J Am Coll Surg. 2010;211(1):55–60.

 117. Damadi AA, Julien L, Arrangoiz R, Raiji M, Weise 
D, Saxe AW.  Does obesity influence lymph node 
harvest among patients undergoing colectomy for 
colon cancer? Am Surg. 2008;74(11):1073–7.

 118. Healy LA, Ryan AM, Sutton E, Younger K, Mehigan 
B, Stephens R, et al. Impact of obesity on surgical and 
oncological outcomes in the management of colorec-
tal cancer. Int J Color Dis. 2010;25(11):1293–9.

 119. Ishii Y, Hasegawa H, Nishibori H, Watanabe M, 
Kitajima M.  Impact of visceral obesity on surgical 
outcome after laparoscopic surgery for rectal cancer. 
Br J Surg. 2005;92(10):1261–2.

 120. Kang J, Baek SE, Kim T, Hur H, Min BS, Lim 
JS, et  al. Impact of fat obesity on laparoscopic 
total mesorectal excision: more reliable indi-
cator than body mass index. Int J Color Dis. 
2012;27(4):497–505.

 121. Karahasanoglu T, Hamzaoglu I, Baca B, Aytac E, 
Kirbiyik E. Impact of increased body mass index on 
laparoscopic surgery for rectal cancer. Eur Surg Res. 
2011;46(2):87–93.

 122. Linebarger JH, Mathiason MA, Kallies KJ, 
Shapiro SB.  Does obesity impact lymph node 
retrieval in colon cancer surgery? Am J Surg. 
2010;200(4):478–82.

 123. Merkow RP, Bilimoria KY, McCarter MD, Bentrem 
DJ.  Effect of body mass index on short-term out-
comes after colectomy for cancer. J Am Coll Surg. 
2009;208(1):53–61.

 124. Nitori N, Hasegawa H, Ishii Y, Endo T, Kitagawa 
Y. Impact of visceral obesity on short-term outcome 
after laparoscopic surgery for colorectal cancer: a 
single Japanese center study. Surg Laparosc Endosc 
Percutan Tech. 2009;19(4):324–7.

 125. Park JS, Choi GS, Jang YS, Jun SH, Kang H. Influence 
of obesity on the serum carcinoembryonic antigen 
value in patients with colorectal cancer. Cancer 
Epidemiol Biomark Prev. 2010;19(10):2461–8.

 126. Poulsen M, Ovesen H.  Is laparoscopic colorectal 
cancer surgery in obese patients associated with 
an increased risk? Short-term results from a single 
center study of 425 patients. J Gastrointest Surg. 
2012;16(8):1554–8.

 127. Sakamoto K, Niwa S, Tanaka M, Goto M, Sengoku 
H, Tomiki Y. Influence of obesity on the short-term 
outcome of laparoscopic colectomy for colorectal 
cancer. J Minim Access Surg. 2007;3(3):98–103.

 128. Singh A, Muthukumarasamy G, Pawa N, Riaz AA, 
Hendricks JB, Motson RW.  Laparoscopic colorec-
tal cancer surgery in obese patients. Color Dis. 
2011;13(8):878–83.

 129. Tsujinaka S, Konishi F, Kawamura YJ, Saito M, 
Tajima N, Tanaka O, et  al. Visceral obesity pre-
dicts surgical outcomes after laparoscopic colec-
tomy for sigmoid colon cancer. Dis Colon Rectum. 
2008;51(12):1757–65; discussion 65–7.

 130. Yamamoto N, Fujii S, Sato T, Oshima T, Rino Y, 
Kunisaki C, et  al. Impact of body mass index and 

40 Obesity and Cancer



462

visceral adiposity on outcomes in colorectal cancer. 
Asia Pac J Clin Oncol. 2012;8(4):337–45.

 131. Makino T, Shukla PJ, Rubino F, Milsom JW.  The 
impact of obesity on perioperative outcomes 
after laparoscopic colorectal resection. Ann Surg. 
2012;255(2):228–36.

 132. Zhou Y, Wu L, Li X, Wu X, Li B.  Outcome of 
laparoscopic colorectal surgery in obese and non-
obese patients: a meta-analysis. Surg Endosc. 
2012;26(3):783–9.

 133. Park JW, Lim SW, Choi HS, Jeong SY, Oh JH, Lim 
SB. The impact of obesity on outcomes of laparo-
scopic surgery for colorectal cancer in Asians. Surg 
Endosc. 2010;24(7):1679–85.

 134. Coleman MP, Gatta G, Verdecchia A, Esteve J, Sant 
M, Storm H, et  al. EUROCARE-3 summary: can-
cer survival in Europe at the end of the 20th century. 
Ann Oncol. 2003;14(Suppl 5):v128–49.

 135. Horner MJRL, Krapcho M, Neyman N, Aminou 
R, Howlader N, Altekruse SF, Feuer EJ, Huang 
L, Mariotto A, Miller BA, Lewis DR, Eisner MP, 
Stinchcomb DG, Edwards BK. SEER cancer statis-
tics review, 1975–2006. Bethesda: National Cancer 
Institute; 2008.

 136. El-Serag HB, Mason AC. Risk factors for the rising 
rates of primary liver cancer in the United States. 
Arch Intern Med. 2000;160(21):3227–30.

 137. Hassan MM, Frome A, Patt YZ, El-Serag HB. Rising 
prevalence of hepatitis C virus infection among 
patients recently diagnosed with hepatocellular car-
cinoma in the United States. J Clin Gastroenterol. 
2002;35(3):266–9.

 138. Moller H, Mellemgaard A, Lindvig K, Olsen 
JH. Obesity and cancer risk: a Danish record-linkage 
study. Eur J Cancer. 1994;30A(3):344–50.

 139. Wolk A, Gridley G, Svensson M, Nyren O, 
McLaughlin JK, Fraumeni JF, et  al. A prospective 
study of obesity and cancer risk (Sweden). Cancer 
Causes Control. 2001;12(1):13–21.

 140. Nair S, Mason A, Eason J, Loss G, Perrillo RP. Is obe-
sity an independent risk factor for hepatocellular car-
cinoma in cirrhosis? Hepatology. 2002;36(1):150–5.

 141. Calle EE, Rodriguez C, Walker-Thurmond K, Thun 
MJ. Overweight, obesity, and mortality from cancer 
in a prospectively studied cohort of US adults. N 
Engl J Med. 2003;348(17):1625–38.

 142. Samanic C, Gridley G, Chow WH, Lubin J, Hoover 
RN, Fraumeni JF Jr. Obesity and cancer risk among 
white and black United States veterans. Cancer 
Causes Control. 2004;15(1):35–43.

 143. Batty GD, Shipley MJ, Jarrett RJ, Breeze E, Marmot 
MG, Smith GD. Obesity and overweight in relation 
to organ-specific cancer mortality in London (UK): 
findings from the original Whitehall study. Int J 
Obes. 2005;29(10):1267–74.

 144. Oh SW, Yoon YS, Shin SA. Effects of excess weight 
on cancer incidences depending on cancer sites and 
histologic findings among men: Korea National 
Health Insurance Corporation Study. J Clin Oncol. 
2005;23(21):4742–54.

 145. Rapp K, Schroeder J, Klenk J, Stoehr S, Ulmer H, 
Concin H, et al. Obesity and incidence of cancer: a 
large cohort study of over 145,000 adults in Austria. 
Br J Cancer. 2005;93(9):1062–7.

 146. N’Kontchou G, Paries J, Htar MT, Ganne-Carrie 
N, Costentin L, Grando-Lemaire V, et al. Risk fac-
tors for hepatocellular carcinoma in patients with 
alcoholic or viral C cirrhosis. Clin Gastroenterol 
Hepatol. 2006;4(8):1062–8.

 147. Larsson SC, Wolk A. Overweight, obesity and risk 
of liver cancer: a meta-analysis of cohort studies. Br 
J Cancer. 2007;97(7):1005–8.

 148. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic 
steatohepatitis: summary of an AASLD Single Topic 
Conference. Hepatology. 2003;37(5):1202–19.

 149. Jemal A, Bray F, Center MM, Ferlay J, Ward E, 
Forman D.  Global cancer statistics. CA Cancer J 
Clin. 2011;61(2):69–90.

 150. Levy AD, Murakata LA, Rohrmann CA Jr. 
Gallbladder carcinoma: radiologic-pathologic cor-
relation. Radiographics. 2001;21(2):295–314; ques-
tionnaire, 549–55.

 151. Lazcano-Ponce EC, Miquel JF, Munoz N, Herrero 
R, Ferrecio C, Wistuba II, et al. Epidemiology and 
molecular pathology of gallbladder cancer. CA 
Cancer J Clin. 2001;51(6):349–64.

 152. Zatonski WA, Lowenfels AB, Boyle P, Maisonneuve 
P, Bueno de Mesquita HB, Ghadirian P, et  al. 
Epidemiologic aspects of gallbladder cancer: a 
case-control study of the SEARCH Program of the 
International Agency for Research on Cancer. J Natl 
Cancer Inst. 1997;89(15):1132–8.

 153. Hsing AW, Gao YT, Han TQ, Rashid A, Sakoda LC, 
Wang BS, et  al. Gallstones and the risk of biliary 
tract cancer: a population-based study in China. Br J 
Cancer. 2007;97(11):1577–82.

 154. Zatonski W, La Vecchia C, Levi F, Negri E, Lucchini 
F.  Descriptive epidemiology of  gall- bladder 
cancer in Europe. J Cancer Res Clin Oncol. 
1993;119(3):165–71.

 155. de Aretxabala X, Riedeman P, Burgos L, Roa I, Araya 
JC, Echeverria X, et  al. Gallbladder cancer. Case- 
control study. Rev Med Chil. 1995;123(5):581–6.

 156. Kuriyama S, Tsubono Y, Hozawa A, Shimazu T, 
Suzuki Y, Koizumi Y, et al. Obesity and risk of can-
cer in Japan. Int J Cancer. 2005;113(1):148–57.

 157. Engeland A, Tretli S, Austad G, Bjorge T.  Height 
and body mass index in relation to colorectal and 
gallbladder cancer in two million Norwegian 
men and women. Cancer Causes Control. 
2005;16(8):987–96.

 158. Ishiguro S, Inoue M, Kurahashi N, Iwasaki M, 
Sasazuki S, Tsugane S. Risk factors of biliary tract 
cancer in a large-scale population-based cohort study 
in Japan (JPHC study); with special focus on chole-
lithiasis, body mass index, and their effect modifica-
tion. Cancer Causes Control. 2008;19(1):33–41.

 159. Jee SH, Yun JE, Park EJ, Cho ER, Park IS, Sull JW, 
et  al. Body mass index and cancer risk in Korean 
men and women. Int J Cancer. 2008;123(8):1892–6.

S. A. Naffouje and G. I. Salti



463

 160. Song YM, Sung J, Ha M. Obesity and risk of can-
cer in postmenopausal Korean women. J Clin Oncol. 
2008;26(20):3395–402.

 161. Borena W, Edlinger M, Bjorge T, Haggstrom C, 
Lindkvist B, Nagel G, et al. A prospective study on 
metabolic risk factors and gallbladder cancer in the 
metabolic syndrome and cancer (Me-Can) collab-
orative study. PLoS One. 2014;9(2):e89368.

 162. Grainge MJ, West J, Solaymani-Dodaran M, Aithal 
GP, Card TR.  The antecedents of biliary cancer: 
a primary care case-control study in the United 
Kingdom. Br J Cancer. 2009;100(1):178–80.

 163. Hsing AW, Sakoda LC, Rashid A, Chen J, Shen 
MC, Han TQ, et al. Body size and the risk of biliary 
tract cancer: a population-based study in China. Br J 
Cancer. 2008;99(5):811–5.

 164. Machova L, Cizek L, Horakova D, Koutna J, 
Lorenc J, Janoutova G, et  al. Association between 
obesity and cancer incidence in the population of 
the District Sumperk, Czech Republic. Onkologie. 
2007;30(11):538–42.

 165. Nakadaira H, Lang I, Szentirmay Z, Hitre E, Kaster 
M, Yamamoto M. A case-control study of gallblad-
der cancer in Hungary. Asian Pac J Cancer Prev. 
2009;10(5):833–6.

 166. Serra I, Yamamoto M, Calvo A, Cavada G, Baez 
S, Endoh K, et al. Association of chili pepper con-
sumption, low socioeconomic status and longstand-
ing gallstones with gallbladder cancer in a Chilean 
population. Int J Cancer. 2002;102(4):407–11.

 167. Strom BL, Soloway RD, Rios-Dalenz JL, Rodriguez- 
Martinez HA, West SL, Kinman JL, et al. Risk factors 
for gallbladder cancer. An international collaborative 
case-control study. Cancer. 1995;76(10):1747–56.

 168. Zhang XH, Gao YT, Rashid A, Deng J, Liu EJ, Wu 
K, et  al. Tea consumption and risk of biliary tract 
cancers and gallstone disease: a population-based 
case-control study in Shanghai, China. Zhonghua 
Zhong Liu Za Zhi. 2005;27(11):667–71.

 169. Park M, Song DY, Je Y, Lee JE. Body mass index 
and biliary tract disease: a systematic review and 
meta-analysis of prospective studies. Prev Med. 
2014;65:13–22.

 170. Li L, Gan Y, Li W, Wu C, Lu Z. Overweight, obesity 
and the risk of gallbladder and extrahepatic bile duct 
cancers: a meta-analysis of observational studies. 
Obesity (Silver Spring). 2016;24(8):1786–802.

 171. Hariharan D, Saied A, Kocher HM. Analysis of mor-
tality rates for pancreatic cancer across the world. 
HPB (Oxford). 2008;10(1):58–62.

 172. Cancer facts & figures. American Cancer Society; 
2010.

 173. Health. NCINIo. Pancreatic Cancer Treatment, 
Health Professional Version; 2014.

 174. Larsson SC, Permert J, Hakansson N, Naslund I, 
Bergkvist L, Wolk A.  Overall obesity, abdomi-
nal adiposity, diabetes and cigarette smoking in 
relation to the risk of pancreatic cancer in two 
Swedish population-based cohorts. Br J Cancer. 
2005;93(11):1310–5.

 175. Li D, Morris JS, Liu J, Hassan MM, Day RS, Bondy 
ML, et al. Body mass index and risk, age of onset, 
and survival in patients with pancreatic cancer. 
JAMA. 2009;301(24):2553–62.

 176. Rollins KE, Tewari N, Ackner A, Awwad A, 
Madhusudan S, Macdonald IA, et al. The impact of 
sarcopenia and myosteatosis on outcomes of unre-
sectable pancreatic cancer or distal cholangiocarci-
noma. Clin Nutr. 2016;35(5):1103–9.

 177. Genkinger JM, Spiegelman D, Anderson KE, 
Bernstein L, van den Brandt PA, Calle EE, et al. A 
pooled analysis of 14 cohort studies of anthropomet-
ric factors and pancreatic cancer risk. Int J Cancer. 
2011;129(7):1708–17.

 178. Aune D, Greenwood DC, Chan DS, Vieira R, Vieira 
AR, Navarro Rosenblatt DA, et al. Body mass index, 
abdominal fatness and pancreatic cancer risk: a 
systematic review and non-linear dose-response 
meta-analysis of prospective studies. Ann Oncol. 
2012;23(4):843–52.

 179. Majumder K, Gupta A, Arora N, Singh PP, Singh 
S.  Premorbid obesity and mortality in patients 
with pancreatic cancer: a systematic review 
and meta-analysis. Clin Gastroenterol Hepatol. 
2016;14(3):355–68e; quiz e32.

 180. Dawson DW, Hertzer K, Moro A, Donald G, Chang 
HH, Go VL, et  al. High-fat, high-calorie diet pro-
motes early pancreatic neoplasia in the conditional 
KrasG12D mouse model. Cancer Prev Res (Phila). 
2013;6(10):1064–73.

 181. Khasawneh J, Schulz MD, Walch A, Rozman 
J, Hrabe de Angelis M, Klingenspor M, et  al. 
Inflammation and mitochondrial fatty acid beta- 
oxidation link obesity to early tumor promotion. 
Proc Natl Acad Sci U S A. 2009;106(9):3354–9.

 182. Lashinger LM, Harrison LM, Rasmussen AJ, 
Logsdon CD, Fischer SM, McArthur MJ, et  al. 
Dietary energy balance modulation of Kras- and 
Ink4a/Arf+/−-driven pancreatic cancer: the role of 
insulin-like growth factor-I. Cancer Prev Res (Phila). 
2013;6(10):1046–55.

 183. Philip B, Roland CL, Daniluk J, Liu Y, Chatterjee D, 
Gomez SB, et al. A high-fat diet activates oncogenic 
Kras and COX2 to induce development of pancreatic 
ductal adenocarcinoma in mice. Gastroenterology. 
2013;145(6):1449–58.

 184. Bethea TN, Kitahara CM, Sonderman J, Patel AV, 
Harvey C, Knutsen SF, et  al. A pooled analysis of 
body mass index and pancreatic cancer mortality 
in African Americans. Cancer Epidemiol Biomark 
Prev. 2014;23(10):2119–25.

 185. Genkinger JM, Kitahara CM, Bernstein L, 
Berrington de Gonzalez A, Brotzman M, Elena 
JW, et  al. Central adiposity, obesity during early 
adulthood, and pancreatic cancer mortality in a 
pooled analysis of cohort studies. Ann Oncol. 
2015;26(11):2257–66.

 186. Pecorelli N, Carrara G, De Cobelli F, Cristel G, 
Damascelli A, Balzano G, et al. Effect of sarcopenia 
and visceral obesity on mortality and pancreatic fis-

40 Obesity and Cancer



464

tula following pancreatic cancer surgery. Br J Surg. 
2016;103(4):434–42.

 187. Stolzenberg-Solomon RZ, Schairer C, Moore S, 
Hollenbeck A, Silverman DT.  Lifetime adiposity 
and risk of pancreatic cancer in the NIH-AARP 
Diet and Health Study cohort. Am J Clin Nutr. 
2013;98(4):1057–65.

 188. Tan BH, Birdsell LA, Martin L, Baracos VE, Fearon 
KC.  Sarcopenia in an overweight or obese patient 
is an adverse prognostic factor in pancreatic cancer. 
Clin Cancer Res. 2009;15(22):6973–9.

 189. Organization WH.  Obesity and overweight fact. 
Sheet N311. Geneva; 2006.

 190. Declaration IUACUWC. 2008.
 191. Disease. GAftPoOaRC; 2008.
 192. Christou NV, Lieberman M, Sampalis F, Sampalis 

JS.  Bariatric surgery reduces cancer risk in 
morbidly obese patients. Surg Obes Relat Dis. 
2008;4(6):691–5.

 193. McCawley GM, Ferriss JS, Geffel D, Northup CJ, 
Modesitt SC. Cancer in obese women: potential pro-
tective impact of bariatric surgery. J Am Coll Surg. 
2009;208(6):1093–8.

 194. Clough A, Layani L, Shah A, Wheatley L, Taylor 
C. Laparoscopic gastric banding in over 60s. Obes 
Surg. 2011;21(1):10–7.

 195. Forsell P, Hellers G.  The Swedish Adjustable 
Gastric Banding (SAGB) for morbid obesity: 9 
year experience and a 4-year follow-up of patients 
operated with a new adjustable band. Obes Surg. 
1997;7(4):345–51.

 196. Gagne DJ, Papasavas PK, Maalouf M, Urbandt JE, 
Caushaj PF.  Obesity surgery and malignancy: our 
experience after 1500 cases. Surg Obes Relat Dis. 
2009;5(2):160–4.

 197. Gusenoff JA, Koltz PF, O’Malley WJ, Messing S, 
Chen R, Langstein HN.  Breast cancer and bariat-
ric surgery: temporal relationships of diagnosis, 
treatment, and reconstruction. Plast Reconstr Surg. 
2009;124(4):1025–32.

 198. Ostlund MP, Lu Y, Lagergren J.  Risk of obesity- 
related cancer after obesity surgery in a population- 
based cohort study. Ann Surg. 2010;252(6):972–6.

 199. Srikanth MS, Fox SR, Oh KH, Ward K, Sun H, 
Keskey T, et al. Renal cell carcinoma following bar-
iatric surgery. Obes Surg. 2005;15(8):1165–70.

 200. Steffen R, Potoczna N, Bieri N, Horber FF. Successful 
multi-intervention treatment of severe obesity: a 
7-year prospective study with 96% follow-up. Obes 
Surg. 2009;19(1):3–12.

 201. Sugerman HJ, Sugerman EL, Wolfe L, Kellum JM Jr, 
Schweitzer MA, DeMaria EJ. Risks and benefits of 
gastric bypass in morbidly obese patients with severe 
venous stasis disease. Ann Surg. 2001;234(1):41–6.

 202. Birks S, Peeters A, Backholer K, O’Brien P, Brown 
W.  A systematic review of the impact of weight 
loss on cancer incidence and mortality. Obes Rev. 
2012;13(10):868–91.

 203. Casagrande DS, Rosa DD, Umpierre D, Sarmento 
RA, Rodrigues CG, Schaan BD. Incidence of cancer 
following bariatric surgery: systematic review and 
meta-analysis. Obes Surg. 2014;24(9):1499–509.

 204. Derogar M, Hull MA, Kant P, Ostlund M, Lu Y, 
Lagergren J. Increased risk of colorectal cancer after 
obesity surgery. Ann Surg. 2013;258(6):983–8.

 205. James WP, Caterson ID, Coutinho W, Finer N, Van 
Gaal LF, Maggioni AP, et al. Effect of sibutramine 
on cardiovascular outcomes in overweight and obese 
subjects. N Engl J Med. 2010;363(10):905–17.

 206. Franco M, Bilal U, Ordunez P, Benet M, Morejon 
A, Caballero B, et  al. Population-wide weight loss 
and regain in relation to diabetes burden and car-
diovascular mortality in Cuba 1980–2010: repeated 
cross sectional surveys and ecological comparison of 
secular trends. BMJ. 2013;346:f1515.

 207. DeMaria EJ, Pate V, Warthen M, Winegar DA. Baseline 
data from American Society for Metabolic and 
Bariatric Surgery-designated Bariatric Surgery Centers 
of excellence using the bariatric outcomes longitudinal 
database. Surg Obes Relat Dis. 2010;6(4):347–55.

 208. Renehan AG. Bariatric surgery, weight reduction, and 
cancer prevention. Lancet Oncol. 2009;10(7):640–1.

 209. Ashrafian H, Ahmed K, Rowland SP, Patel VM, 
Gooderham NJ, Holmes E, et al. Metabolic surgery 
and cancer: protective effects of bariatric proce-
dures. Cancer. 2011;117(9):1788–99.

S. A. Naffouje and G. I. Salti



465© Springer International Publishing AG, part of Springer Nature 2018 
R. Lutfi et al. (eds.), Global Bariatric Surgery, https://doi.org/10.1007/978-3-319-93545-4_41

Bariatric Surgery and Cancer

Yaniv Fenig and Ronald Matteotti

 Background

The Centers for Disease Control and Prevention 
(CDC) has recently reported the prevalence of 
obesity, defined as a BMI ≥ 30, within the adult 
population in the USA to be 36.5% [1]. These 
numbers have been steadily growing since the 
1960s. Obesity is higher in females than in males, 
middle-aged and older than younger adults, 
white, black, and Hispanic than Asian adults.

This is alarming because obesity is related to a 
100% increase in all-cause mortality, and espe-
cially of cardiovascular causes, when compared 
to persons with a BMI of 20–25 [2]. The average 
life expectancy of individuals with obesity is 
5–20  years shorter than nonobese individuals, 
depending on gender, race, and age [6]. Obesity 
is associated with the following morbidities: 
hypertension [3], type 2 diabetes mellitus [4], 
coronary heart disease [5], stroke [6], gallstone 
disease [7], osteoarthritis [8], and obstructive 
sleep apnea [9].

 The Relationship of Obesity 
and Cancer

Studies have found a correlation between obesity 
and colon cancer [10–12], which is independent 
of physical inactivity. This correlation is stronger 
in males, than in females [13], possibly due to the 
increased abdominal adiposity in the former. 
Obesity is associated with increased insulin 
secretion and hyperinsulinemia [14], and insulin 
is demonstrated to act as an important growth 
factor for colonic mucosal cells and colonic and 
colonic carcinoma cells in vitro, specifically via 
insulin growth factor-1 (IGF-1) [15]. Thus, insu-
lin might mediate the risk of colon cancer associ-
ated with obesity. Of interest, obesity is also an 
independent risk factor of lower disease-free and 
overall survival in colorectal cancer, although 
overweight status defined as a BMI 25–29 con-
fers improved overall survival when compared 
with normal BMI [16]. A large Austrian 
population- based study has demonstrated that 
weight loss is inversely associated with colon 
cancer in males [17].

The correlation between obesity and breast 
cancer is more complex. Premenopausal females 
who are obese have lower incidence of breast 
cancer than their normal weight counterparts 
[18]. However postmenopausal females who are 
obese have higher incidence of breast cancer 
[19]. The heightened risk of postmenopausal 
obese females in comparison to their normal 
weight counterparts is thought to be related to 
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increased estrogen produced in peripheral adi-
pose tissue. Similarly, obesity increases the risk 
of endometrial cancer, and weight gain in adult-
hood is also associated with increased risk [20].

In addition, the American Institute for Cancer 
Research and World Cancer Research Fund 
(WCRF) reported that there is convincing evi-
dence for a relation between obesity and esopha-
geal, pancreatic, endometrial, and kidney cancers, 
with probable evidence for gallbladder cancer 
[21]. A large meta-analysis that included 220 
studies, which included some cohorts that were 
omitted from the WCRF report, confirmed a 
strong relationship in men between BMI ≥  30 
and esophageal cancer, thyroid cancer, kidney 
cancer and colon cancer, and a weak association 
with malignant melanoma, non-Hodgkin’s lym-
phoma, leukemia, and rectal cancer [22]. The 
study also found a strong relationship in women 
between obesity and endometrial cancer, gall-
bladder cancer, kidney cancer and esophageal 
cancer, and a weak association with postmeno-
pausal breast cancer, leukemia, non-Hodgkin’s 
lymphoma, thyroid cancer, pancreatic cancer, 
and colon cancer.

To evaluate the attributable risk of obesity to 
all types of cancer in the USA, one study looked 
at the prevalence of cancer using the National 
Health and Nutrition Examination Survey 
(NHANES) data and the incidence of cancer 
using the Surveillance Epidemiology and End 
Results Program (SEER) data to conclude that in 
2007 33,966 (4%), new cancers among males and 
50,535 (7%) new cancers among females were 
attributable to obesity [23]. A European study 
using the same methods found a slightly lower 
attributable risk among males (2.5%), as well as 
among females (4.1%) [24]. The attributable risk 

of obesity to cancer varies with the type of malig-
nant disease as shown by the WCRF report [21] 
and summarized in Table 41.1.

 The Relationship of Obesity 
to Cancer Mortality

In regard to the effect of obesity on all-cause and 
cancer-related mortality, most observational 
studies have actually indicated that all-cause 
mortality is increased with weight loss [25], sur-
prisingly. This is explained by the nature of 
observational studies being unable to distinguish 
between intentional and unintentional weight 
loss, which can be a consequence of conditions 
leading to mortality. An important finding was 
the dose-response relationship found between 
obesity and all-cause mortality and cancer mor-
tality among participants in population-based 
studies [6].

 The Relationship of Weight Loss 
and Cancer

Evaluating the association of intentional weight 
loss with cancer risk is challenging considering 
maintaining normal weight after obesity is not an 
easy task, and one does not want to perform a 
cross-sectional study evaluating long-term out-
comes such as cancer incidence. Bariatric surgery 
is therefore a very good model to examine such a 
relation. A randomized controlled trial showed 
sustained weight loss at 10  years with laparo-
scopic Roux-en-Y gastric bypass achieving 69% 
reduction in weight and laparoscopic adjustable 
gastric banding – 46% [26]. On the contrary, high-

Table 41.1 WCRF attributable risk of obesity to malignancies

Malignancy Attributable risk in the USA (%) Hypothesized mechanism
Endometrial 49 Hyperestrogenemia
Esophageal adenocarcinoma 35 Dysplasia from acid reflux
Pancreatic adenocarcinoma 28 Inflammation
Kidney 24 Inflammation
Gallbladder 21 Inflammation
Postmenopausal breast cancer 17 Hyperestrogenemia
Colorectal 9 Inflammation
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powered studies that have evaluated the ability of 
nonsurgical measures at maintaining weight loss 
have shown inferior outcomes at 10 years, rang-
ing from a 4 kg loss to a 2 kg gain [27].

 Bariatric Surgery and Cancer Risk

A cohort retrospective trial found that patients 
that undergo Roux-en-Y gastric bypass proce-
dure have a reduction in all-cause mortality of 
40%, as compared to matched controls, and a 
reduction of 60% in cancer mortality at 7-year 
follow-up. No difference was found in the 
 prevalence of cancer between the control group 
and larger reported national institute of health 
figures, to ensure that differences were not due to 
baseline variations between the control group 
and the general population [28].

Another study, using nonrandomized con-
trolled prospective methods, with slightly longer 
follow-up of 10 years, and a surgical intervention 
mostly consisting of vertical-banded gastroplasty 
associated with about a 15% net weight loss at 
10 years showed an over 50% reduction in cancer 
mortality [29]. A subsequent study on the same 
patient population showed a reduction in the inci-
dence of cancer in the intervention group for 
females only and for all three interventions: 
banding, vertical-banded gastroplasty, and gas-
tric bypass [30]. Interestingly, the hazard ratios 
(HR) for cancer risk reduction for all three proce-
dures were the same despite significantly differ-
ent proportions of weight loss for each procedure. 
Gastric bypass was found to reduce insulin by 
twice as much as the restrictive procedure, and 
yet the protective effect of reduction of hyperin-
sulinemia did not translate to proportional cancer 
protection.

The most recent meta-analysis [31] performed 
to date of this publication employed rigorous 
methodology to search and analyze the known 
data on the subject. One of the analyses included 
the two abovementioned studies [28, 29], in 
addition to one nonrandomized controlled trial 
[32] and three cohort studies [33–35], and found 
that after pooling all the cases together – a total of 
167,674 participants  – the incidence of cancer 

was statistically lower for the surgical group 
[OR = 0.65, 95% CI 0.46–0.91, I2 = 86%]. In a 
second analysis from the same meta-analysis 
[31], four randomized controlled trials (RCT) 
[36–39] were pooled together and did not find a 
statistical difference in incidence of cancer 
between groups that were treated with bariatric 
surgery versus non-surgery groups. However, the 
data from RCTs is limited due to insufficient 
follow- up time and small sample size. The authors 
concluded that the effects of surgical treatment on 
cancer are consistent across the nonrandomized 
controlled trials and cohort studies and imply that 
bariatric surgeries could reduce the risk of cancer.
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Bariatric Surgery 
and Transplantation

Giuseppe D’Amico, Kiara Tulla, and Ivo Tzvetanov

 Introduction

Obesity is defined by the World Health 
Organization as the presence of excessive body 
fat that poses health risks, and body mass index 
(BMI) is the most common metric used by nor-
malizing a person’s weight to his/her height. 
Individuals with a BMI equal or greater than 
30  kg/m2 are defined as obese, and individuals 
with a BMI equal or greater than 40 kg/m2 are 
categorized as morbidly obese. The number of 
adults who are obese is increasing rapidly and 
currently affects 35% of adults in the United 
States [1]. It is estimated that more than half of 
the US population will be obese by 2030 [2]. 
Obesity is a complex disease that compromises 
several organs including but not limited to the 
liver, heart, and kidney.

Obesity is affecting patients that are concur-
rently in need of organ transplantation fre-
quently. Greater than 30% of kidney transplants 
(KT) are performed on obese patients [3]. In the 
last decade, the indication for liver transplanta-
tion (LT) for nonalcoholic steatohepatitis 
(NASH) has risen from 1.2% to 9.7% and is cur-
rently the third most common cause of liver fail-

ure and may become the leading indication for 
LT by 2025 [4]. Moreover, around 30% of 
patients referred for pancreas transplantation are 
diabetic and obese [5].

Bariatric surgery (BS) has been proven to be 
the only effective treatment for morbid obesity, 
leading to a significant loss of weight and reduc-
tion in obesity-related comorbid conditions. 
Since currently many transplant centers consider 
obesity as a relative contraindication for trans-
plantation, application of highly effective obesity 
treatment could potentially improve the chances 
for transplantation for this otherwise marginal-
ized patient group. In this regard, BS could be 
considered before, after, or in some circum-
stances during transplantation.

 Bariatric Surgery

The main concerns regarding BS in patients with 
different types of organ failure are the rates of 
complications. Application of minimally invasive 
technics and mostly restrictive procedures, such 
as sleeve gastrectomy (SG), has achieved promis-
ing results with relatively low complication rates. 
At the same time, changes in the alimental tract 
hypothetically could affect the absorption of the 
immunosuppressive medications after transplan-
tation. Thankfully, this process does not seem to 
be affected with the application of restrictive pro-
cedures (SG) [6].
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 Liver Transplantation and Bariatric 
Surgery

Obesity, as we know, is a complex disease that 
compromises several organs including the liver in 
the form of nonalcoholic fatty liver disease 
(NAFLD) that may progress from simple steato-
sis to nonalcoholic steatohepatitis (NASH), liver 
cirrhosis, and eventually hepatocellular carci-
noma. As a consequence, concomitant with the 
epidemic of obesity, a major increase in NAFLD 
has been recorded in Western countries, reaching 
an estimated prevalence between 10% and 24% 
in the general population and 57.5% and 74% in 
obese persons [7, 8]. Moreover, the progression 
of NAFLD to NASH has been reported in up to 
42% of cases. Hence, NASH has become the 
third most common indication for LT, and epide-
miological projections for the next decade indi-
cate that this trend will continue and likely this 
pathology will probably become the most com-
mon cause of liver failure requiring LT [9].

Nevertheless, the increase in the prevalence of 
obesity among candidates for LT is not without 
concern, because obese patients seem to have less 
access to LT and the survival outcomes after LT 
for this specific population are still controversial 
[10]. LaMattina et al. [11] analyzed the periop-
erative morbidity of 813 LT patients between 
1997 and 2008 and found that obese recipients 
had prolonged mean operative time, increased 
need for transfusions, higher incidence of infec-
tions, biliary complications requiring interven-
tion, and, more importantly, decreased patient 
and graft survivals. In another study of 73,538 LT 
recipients, the overall survival was significantly 
lower in BMI less than 18.5 and higher than 40, 
compared to a control group [12]. Death in under-
weight patients was due to hemorrhagic and cere-
brovascular complications, while infectious 
complications and cancer were the most common 
causes of demise in severely obese group. Nair 
et al. [13] analyzed the UNOS database on 18,172 
LT patients transplanted between 1988 and 1996 
and found that in primary graft dysfunction, peri-
operative mortality at 1, 2, and 5 years was sig-
nificantly higher in the morbidly obese group due 
to adverse cardiovascular events. Similar out-

comes were reported in 1325 obese LT recipients 
[14] from the United Kingdom where they had 
increased morbidity due to infectious complica-
tions and longer ICU and hospital stay in com-
parison to normal weight patients.

However, other studies suggested that higher 
BMI should not be considered an absolute con-
traindication to LT [15, 16]. In 230 LT patients 
stratified into a lean group (BMI 20–26  kg/m2) 
and an obese group (BMI >38 kg/m2), no signifi-
cant differences were found (except that at 3-year 
follow-up, the obese group had a higher risk of 
developing MS). Similar results were noted in a 
retrospective study of 25,647 LT waitlist patients. 
When comparing patients who were on the wait-
list versus those post-transplant, stratification by 
BMI all had a survival advantage with LT. Similar 
outcomes were noted by Conzen et al. [17] in a 
single-center study of 785 patients. A three-year 
patient and graft survival was similar in all 
groups, while a 5-year patient survival was sig-
nificantly reduced in morbidly obese vs non- 
obese patients.

 Timing for Bariatric Surgery: Before 
Liver Transplantation

The rationale for performing BS prior to LT 
would be to optimize patients’ medical condition 
before surgery or to bring patients’ BMI within 
the range considered acceptable by many trans-
plant centers. However, BS performed before LT 
might delay transplant surgery due to the time 
necessary to achieve the desired BMI or to the 
development of perioperative complications. 
Another drawback of BS before LT is that recipi-
ents undergo two separate operations and two 
hospitalizations associated with increased finan-
cial costs, stress, and pain. Although no random-
ized controlled trials have ever been conducted to 
test whether BS is beneficial for obese patients 
requiring LT, case reports and observational stud-
ies have described the feasibility of BS either 
pre-, during, or post-LT. Lin et al. [18] published 
a retrospective review of all SG performed in 
liver (20 patients) and kidney transplant candi-
dates (6 patients) between 2006 and 2012. The 
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mean excess body weight loss (EBWL) at 1, 3, 
and 12 months was 17%, 26%, and 50% respec-
tively without any perioperative death. Six cases 
(16%) experienced postoperative complications, 
including superficial wound infections, staple 
line leak, bleeding requiring transfusion, tran-
sient encephalopathy, and renal insufficiency. 
One-year postoperatively, all these patients 
became transplantable candidates by meeting 
institutional BMI requirements, and the authors 
concluded that SG is relatively safe and effec-
tive. Similar conclusions were drawn by Takata 
et al. [19] who evaluated the effect of BS in end-
stage liver, kidney, and lung disease in 15 patients 
who were considered unsuitable for transplanta-
tion. Mean EBWL at or after 9 months was 61%, 
33%, and 61%, respectively. Obesity-associated 
comorbidities improved in all patients except 
for two individuals (13%) who suffered from 
perioperative complications; no deaths occurred 
after surgery. More importantly, 93% of patients 
became transplant candidates by meeting the 
institutional requirements on BMI. These authors 
concluded that laparoscopic RYGB and SG are 
safe and improve the candidacy for transplanta-
tion. With gain in experience in cadaveric LT and 
BS, feasibility of living donor LT is being evalu-
ated. Taneja et  al. [20] published a successful 
outcome of SG in a patient with BMI of 55.6 and 
NASH undergoing living donor LT.

 Timing for Bariatric Surgery: After 
Liver Transplantation

The main rationale for performing BS after LT 
would be to prevent the recurrence of metabolic 
syndrome (MS) and NASH and improve survival 
by reducing obesity-related comorbidities. In a 
recent publication, Duchini et al. [21] described 
two patients who were successfully treated by 
RYGB for severe graft dysfunction due to recur-
rent NASH.  However, BS after LT comes with 
surgical risk of severe adhesions, wound compli-
cations, and anastomotic dehiscence due to the 
use of steroids and/or m-TOR inhibitors. Despite 
these potential drawbacks, Lin et  al. [22] pub-
lished a pilot study on the safety and feasibility of 

SG in nine obese LT recipients with the intent of 
improving steroid-induced diabetes, steatohepa-
titis, and MS.  Postoperative complications 
occurred in three patients (33%) who developed a 
mesh infection with a concurrent ventral hernia 
repair and bile leak requiring drainage and one 
patient who underwent reoperation for dyspha-
gia. At 6 months, 55% EBWL was achieved with-
out graft rejection, and the authors concluded that 
SG does not adversely affect LT function. On the 
other hand, some technical challenges associated 
with BS after LT were reported by Tichansky 
et  al. [23] who described major adhesions with 
complete obliteration of the gastrohepatic space 
during a successful laparoscopic RYGB after LT 
for a patient with a BMI of 54 kg/m2.

 Timing for Bariatric Surgery: During 
Liver Transplantation

Combining BS and LT could theoretically 
minimize delays and hospital stay and reduce 
patients’ overall pain as the same incision can 
be used for both operations. However, one of the 
biggest trade-offs is that the operation for LT will 
take longer and that patients might suffer from 
more severe complications due to the increased 
complexity of the procedure. Campsen et al. [24] 
performed a successful simultaneous LT and 
adjustable gastric banding (AGB) and reported 
that at 6 months, patients’ BMI went from 42 to 
34 kg/m2 with 45% EBWL and resolution of type 
2 diabetes mellitus (T2DM), hypertension, and 
osteoarthritis. In 2013, Heimbach et al. [25] pub-
lished their experience of BS in obese patients 
(BMI ≥35) undergoing LT.  Obese patients 
with a BMI ≥35 were divided into two groups. 
Patients who successfully completed medically 
supervised weight loss (MSWL) underwent LT 
(n = 37) alone. Seven patients who failed MSWL 
underwent simultaneous LT and SG (n = 7). In 
patients who underwent LT alone, weight regain 
(BMI >35) was noted in 21 of 34 patients (61%), 
post-transplant diabetes in 12 patients (35%), ste-
atosis in 7 (20%), and graft losses and deaths in 
3 (8%). In the group of patients who underwent 
simultaneous LT and SG (n = 7), all maintained 
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their weight loss, one had a gastrointestinal leak 
from the staple line (14%), and one had excessive 
weight loss. Although the majority of patients 
who did not undergo BS achieved some weight 
loss with a nonsurgical approach, most regained 
weight within a mean follow-up of 33 months. On 
the other hand, patients treated with combination 
of SG and LT achieved effective and sustained 
weight loss and fewer metabolic complications 
over a mean follow-up of 17 months.

 Kidney Transplantation 
and Bariatric Surgery

The prevalence of obesity in patients with 
chronic kidney failure and renal transplant can-
didates has paralleled the epidemic in the gen-
eral population. The associated risks of surgical 
complications and long-term cardiovascular 
death are significant. The kidney transplant oper-
ation is without a doubt technically more diffi-
cult in the obese recipient, in particular limiting 
the operative exposure of the external iliac ves-
sels and the bladder in the pre-peritoneal and ret-
roperitoneal spaces. This is reflected in the 
relatively longer operative times required in 
obese recipients, a higher rate of surgical com-
plications, increased surgical site infections, and 
greater lymphoceles [26–28]. The length of stay, 
as a surrogate measure of a complicated recov-
ery, is significantly longer [26]. The overall 
impact of postoperative complications such as 
surgical site infection should not be underesti-
mated, as it has been shown to be significantly 
associated with graft loss [29]. Worse graft-
related outcomes have been associated with obe-
sity. Several studies have found an increased risk 
of delayed graft function in patients with a BMI 
>35 kg/m2 [30, 31], and other studies have shown 
progressive risk with increased BMI [32]. 
Furthermore, risk of acute rejection has been 
found to be increased in obese recipients [33]. 
Obese recipients experience exacerbations of all 
aspects of the metabolic syndrome: hyperten-
sion, diabetes, and dyslipidemia [34]. The risks 
of congestive heart failure, atrial fibrillation, and 
myocardial infarction increase with each BMI 

quartile, and worse proteinuria has also been 
found in obese recipients [34].

 Timing for Bariatric Surgery: Before 
Kidney Transplantation

With a scarcity of renal donors compared to 
demand, it is vital that recipients are selected 
carefully to maximize the success rates of renal 
transplant programs. Patient outcomes after renal 
transplantation are thought to be worse in obese 
patients. Consequently, obese patients may be 
refused for transplantation and those not excluded 
may have a lower listing priority. To improve all 
outcomes and to allow obese patients to undergo 
renal transplantation, patients need help with 
weight loss and maintaining weight loss before 
transplantation. This approach offers the advan-
tages of (1) reducing waitlist times on dialysis, 
(2) increasing the proportion of patients who suc-
cessfully achieve target weight loss goals, and (3) 
potentially decreasing post-transplant complica-
tions, including delayed graft function, and 
improving graft survival. It is known that diet and 
exercise programs rarely lead to sustained weight 
loss alone.

Takata et  al. [19] reported a series of end- 
organ failure patients, including seven with end- 
stage renal disease (ESRD) who underwent 
laparoscopic gastric bypass (LGB). All patients 
in this series were able to reach the BMI limit for 
transplantation at the University of California at 
San Francisco of 40  kg/m2 within a follow-up 
period of 3–18  months. The mean EBWL was 
61% at 9 months postsurgery. The obesity-related 
comorbidities (hypertension, diabetes, and 
obstructive sleep apnea) had improved or resolved 
in all patients.

Focusing on KT alone, MacLaughlin et al. [35] 
published a series of nine patients who under-
went laparoscopic sleeve gastrectomy (LSG) and 
reported a BMI decrease of 8.4 kg/m2 at 6 months, 
representing a 43% EBWL.  Concurrently, they 
reported a positive effect on blood pressure, dia-
betes, and hyperlipidemia. Subsequently, four 
patients were listed for KT. A larger series of 52 
patients underwent LSG for failing to achieve 
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significant weight loss with medical therapy. The 
mean preoperative BMI was 43.0 ± 5.4 kg/m2; the 
mean BMI at last follow-up was 36.3 ± 5.3  kg/
m2. The mean EBWL was 32.1 ± 17.6%. They 
reported improvements in medical comorbidities. 
Six patients have successfully progressed to renal 
transplantation following LSG [36].

 Timing for Bariatric Surgery: After 
Kidney Transplantation

Favorable results are also noted for patient under-
going BS after KT. In 1996, Marterre et al. [37] 
reported on three kidney transplant patients who 
had bypass surgery. All cases had a good response 
regarding weight loss, blood pressure normaliza-
tion, and recovery from diabetes. Modanlou et al. 
[38] presented ten kidney transplant recipients 
who had RYGB in whom reduction of 70.5% 
excess body weight was attained.

Subsequently, Modanlou et al. [38] published 
a review of bariatric surgery among kidney trans-
plant candidates and recipients using the US 
Renal Data System (USRDS) data. In this study 
of exclusively open surgical procedures, median 
EBWL of 31–61% was achieved with a 30-day 
mortality of 3.5% and one transplant recipient 
losing their graft within 30 days. Recent data in 
the general population shows a lower 30-day 
mortality in reference to laparoscopic procedures 
(0.15% for laparoscopic RYGB and 0.10% for 
LSG) [39]. Most recently, four kidney transplant 
patients who had LGB and one patient who had 
LSG achieved 50% excess weight loss, and no 
complications were reported [40].

Laparoscopic techniques such as LSG are 
now being used more commonly. LSG has been 
shown to be associated with effective weight loss 
and significant improvement in obesity-related 
comorbidities in the general population. The same 
group had previously reported on the outcome 
of LSG in ten kidney transplant patients. The 
median pre- and postoperative BMI was 42 kg/m2 
and 29  kg/m2, respectively, and proteinuria and 
creatinine improved in all patients. Additionally, 
only three patients required minimal alterations in 
tacrolimus dose postsurgery [41].

 Timing for Bariatric Surgery: During 
Kidney Transplantation

Another reported approach is a simultaneous KT 
and BS. The group from the University of Illinois 
at Chicago presented the first case of a 35-year- 
old woman with a BMI of 42 kg/m2 (96.8 kg) and 
ESRD, who underwent combined robot-assisted 
kidney transplant and SG.  At 24  months after 
transplantation, the patient’s weight, BMI, creati-
nine, and estimated glomerular filtration rate 
were 81.9  kg, 35.1  kg/m2, 0.79  mg/dL, and 
81.2 mL/min per 1.73 m2, respectively [42]. The 
benefits of this approach were a single anesthesia 
time, a single operation, and avoiding surgical 
complications from sequential procedures mak-
ing the transplantation technically harder. The 
same group regularly performs minimally inva-
sive robotic technique for kidney transplantation 
for their obese recipients, and the surgical tech-
nique was published previously. As a part of pro-
spective study, they completed four more cases of 
combined robotic-assisted KT and SG with simi-
lar results and without surgical complications. 
The surgical technique of the sleeve gastrectomy 
did not defer from the well-established minimally 
invasive approaches. This data were presented at 
the American Transplant Congress 2015.

 Pancreas Transplantation 
and Bariatric Surgery

Solid organ pancreas transplantation is a dura-
ble treatment to reestablish normoglycemia in 
diabetic patients with labile blood glucose and 
attenuate end-organ damage caused by diabetes. 
The typical pancreas transplant (PT) recipient is 
a patient with type 1 diabetes mellitus (T1DM), 
with or without concomitant renal failure. 
Simultaneous pancreas-kidney transplantation 
(SPK) accounted for approximately 77% of pan-
creas transplants performed in 2014. Pancreas 
transplant alone (PTA) in patients with preserved 
renal function or pancreas after kidney transplant 
(PAK) accounted for approximately 13.6% and 
9% of pancreas transplants in 2014, respectively. 
As advances in surgical technique and immu-
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nosuppression have resulted in significantly 
improved patient and graft survival, individuals 
with increasing medical complexity are being 
considered for pancreas transplantation [43].

Obese patients are considered “unconven-
tional recipients” of pancreas transplantation 
because they are a growing subgroup of the dia-
betic population, especially those with type 2 dia-
betes mellitus (T2DM). Currently, per UNOS 
guidelines, patients with detectable C-peptide 
levels (as a surrogate for T2DM) are eligible for 
pancreas transplantation if they are insulin- 
dependent with C-peptide levels more than 2 ng/
ml and BMI less than 28  kg/m2. These BMI 
restrictions are supported by recent data from 
Bedat et al. [44] who studied the impact of pan-
creas transplant recipient BMI in over 21,000 
patients using SRTR data. The authors showed 
that patients who were overweight (BMI 
25–29.9  kg/m2) and obesity (>30  kg/m2) had 
higher incidence of early pancreatic graft loss 
and early patient death (<90 days). Independently, 
obesity was associated with inferior long-term 
pancreas allograft survival. Similar findings were 
shown earlier by Sampiao et al. [45] who found 
that obesity (BMI >30  kg/m2) was associated 
with increased risk of patient death and pancreas 
graft loss at 3 years. Very limited data exist about 
the safety and outcomes of BS in association with 
PT candidates.

 Timing for Bariatric Surgery: Before 
Pancreas Transplantation

One series by Porubsky et al. [46] described four 
patients with T1DM who underwent pancreas 
transplantation after BS. The mean BMI before 
BS was 47.5 (kg/m2), and the mean BMI at time 
of PT was 31 (kg/m2). Three patients underwent 
RYGB and one patient underwent AGB.  The 
postoperative course was unremarkable for all 
four patients. The mean follow-up time was 
14 months, and the mean BMI at last follow-up 
was 27.6 (kg/m2). All patients had good C-peptide 
and hemoglobin A1C at last visit, showing main-
tained graft function. Longer-term graft function 
was not evaluated.

 Timing for Bariatric Surgery: After 
Pancreas Transplantation

When evaluating the effect of BS after PT, Elli 
et al. [47] reported their experience on 500 con-
secutive patients who underwent SG, 10 of which 
were organ transplant recipients. Two patients 
out of ten underwent PT before BS.  The mean 
BMI at time of PT was 33.5 (kg/m2), and the 
mean BMI at time of SG was 39.5 5 (kg/m2). 
There were no surgical complications reported. 
The mean EBWL at 6 and 12 months was 55% 
and 50.5%, respectively. All two patients main-
tained a good graft function at 12 months.

 Conclusion
The obesity epidemic is having a significant 
impact on the field of transplantation, as two- 
thirds of the adult population in the United 
States is overweight. Although obese patients 
undergoing transplantation might experience 
short- and long-term outcomes inferior to 
patients with normal BMI, their survival with 
transplantation is superior to best supportive 
care. Therefore, their exclusion from trans-
plantation would violate the idea of fairness 
and should be challenged. Since medical ther-
apies are relatively ineffective, BS might play 
a more distinct role in the future of transplan-
tation. Currently, only low-quality evidence 
(from level 2b to level 4) [42] has shown that 
BS can be done either prior, during, or after 
LT.  However, the number of publications is 
small, and except for a few case series, there 
are no studies that have systematically com-
pared various weight loss approaches and sub-
sequently their effect on patient outcomes 
(and graft function). Similarly, there is lack of 
data on the best timing of BS (prior, during, or 
after  transplantation) or which type of BS 
(AGB vs RYGB vs SG vs DS) should be 
performed.

To maximize short- and long-term out-
comes of these patients undergoing transplan-
tation, prospective studies should be designed 
to identify if there are benefits from weight 
loss treatments and, if so, what interventions 
should be used and when they should be insti-
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tuted. In the meantime, it is pertinent that the 
obese patients are informed of the treatment 
options for obesity so they are not evaluated 
and offered transplantation as an option for 
their vast array of medical conditions.

Glossary

AGB Adjustable gastric banding
BMI Body mass index
BS Bariatric surgery
DS Duodenal switch
EBWL Excess weight-loss
ESRD End-stage renal disease
KT Kidney transplant
LGB Laparoscopic gastric bypass
LSG Laparoscopic sleeve gastrectomy
LT Liver transplant
MS Metabolic syndrome
MSWL Medically supervised weight loss
PAK Pancreas after kidney transplant
PT Pancreas transplant
PTA Pancreas transplant alone
RYGB Roux-en-Y gastric bypass
SG Sleeve gastrectomy
SPK Simultaneous pancreas kidney transplant
T1DM Type 1 diabetes mellitus
T2DM Type 2 diabetes mellitus
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 Background

Obesity is a growing problem all over the world, 
especially in the United States, Europe, and Australia 
[1]. Currently, bariatric surgery offers the only effec-
tive long-term weight loss therapy for morbidly 
obese patients. Increased media attention to these 
procedures as well as the newer option of laparo-
scopic treatment has led patients and surgeons to 
embrace this surgical option in an elevated number, 
particularly the option of Roux-en-Y gastric bypass 
(RYGBP) and sleeve gastrectomy (SG). Numerous 
studies have demonstrated the reduction in death 
and disability associated with obesity surgery [2], 
but these surgeries also have significant rates of 
complications which can be as high as 32.8% [3], 
such as anastomotic or staple line leaks, abdominal 
abscess, gastrointestinal bleeding, intestinal obstruc-
tion, anastomotic strictures, choledocholithiasis in 
patients with modified anatomy due to RYGB, and 
acute gastric dilatation, among others.

It is important for the bariatric surgeon to rec-
ognize these complications and know which of 
them can be solved in a minimal invasive way in 
order to offer to the patients the best treatment.

 Complications Treated by IR

One of the most common complications after 
bariatric surgery is leaks due to inadequate tissue 
healing, allowing the exit of gastrointestinal 
material through the staple or suture line. It can 
be as high as 2.4% in the sleeve gastrectomy [4], 
while in the RYGB, it can reach the 5.6% inci-
dence in large series [5]. Regarding the RYGB, 
there are five potential sites of leaking, gastroje-
junostomy, gastric pouch staple line, Roux limb 
staple line, jejunojejunostomy, and gastric rem-
nant staple line, while in the sleeve gastrectomy, 
the leaks can occur at the stapler line of the 
sleeve, being more common at the proximal third 
of the stomach in 89% of cases [4].

Although most anastomotic leaks occur 5–7 days 
after surgery and are thought to be related to isch-
emia, 95% of anastomotic leaks that occur within 
2  days of surgery probably result from technical 
error [6]. It is important to know this because as 
sooner the fistula emerges more likely to have com-
mitted a technical error during the surgery, and this 
will indicate that a reoperation may be needed 
because this kind of leaks tends to come out as a 
peritonitis. On the other hand, if more time have 
passed, it is possible that the leak appears as an 
abdominal abscess or collection, and if this is the 
case, a minimally invasive approach can be attempted 
by draining the abscess in a percutaneous fashion.

Given the complexity of these abscesses, it is 
necessary in many cases to perform the drainage 
under computed tomography (CT) guidance, while 
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in easier cases, like big abscesses near the abdomi-
nal wall, ultrasound guidance can be used.

 Materials and Technique

The technique consists in performing a puncture 
of the abscess with a 16-gauge needle under 
image guidance, and then a 0.035″ wire with “J” 
tip (Fig. 43.1) is inserted through the needle until 
it is rolled up inside the abscess in order to secure 
the access. Once this is confirmed with the image 
guidance, a multipurpose catheter (Fig. 43.2) is 
placed inside the abscess (Fig.  43.3) with the 
Seldinger technique (Fig. 43.4).

 Treatment of Fistulas 
and Collections

The diagnosis of these abscesses sometimes can 
be challenging because it could be difficult to 
differentiate the abscess from the digestive 
lumen (Fig. 43.5). The absence of wall, the loca-
tion, and the size of the abscess could help to 
differentiate it from normal structures, and in 
case of doubt, an upper gastrointestinal series 
could help to recognize the fistula (Fig.  43.6). 
This study must be done with water-soluble con-
trast in order to avoid further complications due 
to contrast leakage.

Once the catheter is placed, the follow-up 
must be done by paying attention to the patient’s 
clinic evolution and the catheter’s semiology 
(Fig. 43.7). If the patient persists with systemic 
inflammatory response syndrome (fever, 
increased heart rate, hypoxemia, or increased 
white blood cell count), a new image should be 
done. In case of a residual abscess or intermedi-
ate cavity along the fistula, a new drainage should 
be performed. On the other hand, if no abscess is 
present and generalized free liquid in the abdom-
inal cavity is found, the possibility of a relaparos-
copy must be considered.

It is also important to consider the drainage 
characteristics. If the catheter persists with a high 
amount of fluid and this fluid looks like gastric or 
intestinal fluid, a new image also must be done. 
In this case, a fistulography could be useful to 
confirm the communication between the abscess 
and the digestive lumen (Fig. 43.8).

Once the infection is controlled and SIRS is 
no more present, an adequate nutrition and a high 
protein level are essential to achieve the closure 
of the fistula. In order to accomplish this, a naso-
jejunal tube must be placed with the tip distal to 
the fistula to avoid leakage of the enteral 
feeding.

With this approach, 70% of the fistulas heal 
and no further treatment is necessary, but some-
times months should pass in order to reach the 
success.

In case that the fistula doesn’t heal, further 
treatment must be performed like fully covered 
gastric stent placement (Figs.  43.9, 43.10, and 
43.11). The goal of this procedure is to block the 

Fig. 43.1 0,035″ flexible wire with “J” tip. It is important 
to use a “J” tip wire in order to roll up the wire inside the 
abscess and not break the abscess’s wall

Fig. 43.2 Different types of multipurpose catheters. 
Diameters from 8 to 12 Fr. The thicker the fluid of the 
abscess, the bigger should be the diameter of the catheter. 
Catheters with “pig-tail” fixation must be used in order to 
avoid accidental dislocation
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leakage with the stent cover until the fistula heals. 
Although it may seem a great solution, some 
problems may arise like stent migration or leak-
age persistence due to filtration between the gas-
tric wall and the stent cover.

Other options are also available like endo-
scopic clip placement (Figs. 43.12 and 43.13) or 
biological fibrin sealants in order to close the fis-
tula, but further research is needed to define the 
success of these treatments.

Fig. 43.3 Central abdominal abscess after sleeve gas-
trectomy and the multipurpose catheter placement. Notice 
how the catheter goes through the liver left lobe; if the 
patient has an adequate coagulation and platelet count, 

this doesn’t generate further complications, but it is 
important not to puncture any significant vascular or bili-
ary branch

Fig. 43.4 Seldinger technique: puncture, insert of the guide wire, dilatation, and catheter placement. Same technique 
than a vascular access
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a b

Fig. 43.6 (a, b) Upper gastrointestinal series of the same patient from Fig. 43.5 with sleeve gastrectomy where a leak-
age is present. Notice how the air of the abscess could be mistaken with fundus air

Fig. 43.5 Abdominal abscess with contrast and air after 
sleeve gastrectomy that could be mistaken as gastric 
lumen. Notice the absence of thick walls and the diameter 
size much bigger than the usual sleeves
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Clinical evolution

Absence of SIRS
Presence of SIRS

New image
(CT, fistolography)

Drainage
characteristics

Fluid
Amount

Time

Residual abscess ? NO abscess

Free fluid in the abdominal cavityIntermidiate cavity ?

New drainage Re-operation

Catheter semiology
Fig. 43.7 Algorithm of 
catheter follow-up 
(SIRS: systemic 
inflammatory response 
syndrome)

a b

Fig. 43.8 (a, b) Fistulography of patients with sleeve gastrectomy. Contrast is instilled through the catheter and the 
sleeve can be seen
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 Bile Duct Stones After Bariatric 
Surgery

Another problem that may arise after bariatric sur-
gery is the presence of gallstones in the common 
bile duct. Although it is a rare complication after 
RYGB (around 0.2% of the bariatric patients) [7], 
it represents an important challenge due to the ana-
tomical modifications of the gastrointestinal tract 
(Fig. 43.14). The duodenum remains adjacent to 
the surgically excluded stomach. Therefore, for 
the endoscopist, accessing the ampulla is techni-
cally very difficult. The endoscope must pass 
through the mouth, esophagus, gastric pouch, and 
Roux limb and then return retrograde through the 
afferent limb to reach the ampulla. This total 

Fig. 43.9 Example of a fully covered gastric stent

Fig. 43.10 TC scan of patient with fistula after sleeve 
gastrectomy. Red arrow, multipurpose catheter draining 
the abscess; blue arrow, gastric stent

Fig. 43.11 Stent placement in a patient with sleeve gas-
trectomy fistula. Green arrow: gastric stent. Orange arrow: 
the fistula. Yellow arrow: intermediate cavity with drain-
age. Red arrow: abscess with drainage

Fig. 43.12 Endoscopic clip placement under radioscopic 
control

Fig. 43.13 Example of endoscopic clips
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length may easily exceed 300 cm, making almost 
impossible for traditional endoscopy access to the 
papilla to perform an endoscopic retrograde chol-
angiopancreatography (ERCP).

This leads to having to pursue other methods 
to reach the papillae for the resolution of 
 choledocholithiasis like laparoscopy-assisted 
transgastric ERCP, balloon enteroscopy-assisted 
ERCP, laparoscopic exploration of the common 
bile duct, and percutaneous biliary drainage with 
subsequent trans-fistula treatment, the latter 
being the topic of concern in this chapter.

With the percutaneous approach to treat the 
common bile duct gallstones, first it is necessary 
to perform a percutaneous biliary drainage, and 
later when the fistula between the biliary system 
and the skin is consolidated, a session to remove 
the stones can be performed.

The first step of the procedure consists on an 
ultrasound-guided puncture of the intrahepatic 

bile duct by using a 22G Chiba needle 
(Fig.  43.15), and then a percutaneous transhe-
patic cholangiogram should be performed to con-
firm the presence, location, number, and size of 
stones (Fig. 43.16). The choice whether to use a 
left-sided subxiphoid approach or a right-sided 
subcostal or intercostal approach must be based 

a Normal
anatomy
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Proximal
pouch

Stomach
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Jejunum is
attached to
the proximal

pouch

Jejunum

Side-to-side
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Gallbladder

Roux-en-y
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b

Fig. 43.14 (a) Green arrow showing the endoscopy path to the ampulla in normal anatomy. (b) Green arrow showing 
the endoscopy path to the ampulla in altered anatomy by gastric bypass

Fig. 43.15 22G Chiba needle
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on individual and anatomic considerations, such 
as the position of the liver, bile duct anatomy (as 
seen on pre-procedural imaging), and number, 
position, and size of the bile duct stones.

The percutaneous transhepatic cholangiogram 
can be achieved in 98% of the patients with dila-
tation of the bile ducts and in 90% of those with-
out dilatation [8].

Once we gain access to the biliary system with 
the Chiba needle, a guide wire must be intro-
duced through the needle, and by using Seldinger 
technique, an 8 or 10 Fr biliary drainage must be 
placed (Fig. 43.17).

After 7–10  days, when the biliary system is 
decompressed, the symptoms of cholangitis (if 
were present) are relieved, and the fistula starts to 
consolidate, it is possible to perform the  treatment 
of the stones. By working through the biliary- 
cutaneous fistula is possible to push the stones 
into the duodenum or extracting them through the 
skin’s hole. In order to achieve this, a standard 
percutaneous transluminal angioplasty balloon 
catheter is advanced beyond the stones and posi-
tioned across the papilla.

Then the sphincter is dilated by an 8–12 mm 
balloon, depending of the size of the largest 
stone, until no waist could be seen in the balloon 

on fluoroscopy (Fig. 43.18). Once this is achieved, 
the balloon is deflated and the catheter withdrawn 
and positioned proximal to the stones. After rein-
flating the balloon, the stones are pushed forward 
through the dilated sphincter into the duodenum.

If the stone size exceeded 10 mm, mechanical 
lithotripsy with Dormia basket is recommended 
[9]. The stone fragments are then evacuated into 

Fig. 43.17 Percutaneous biliary drainage with “pig-tail” 
in the duodenum

Fig. 43.18 Sphincter dilation with a 10 mm balloon. A 
waist can still be seen on the balloon

Fig. 43.16 Percutaneous transhepatic cholangiogram 
showing a big stone on the distal common bile duct
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the duodenum by using the balloon catheter or 
Dormia basket (Fig. 43.19). If the stone’s size is 
not too big, another option is to grab the stone 
with the Dormia basket and pull it out through 
the skin’s hole. This maneuver could be danger-
ous if the stone is larger than the fistula diameter 
because the fistula could be damaged; thus, it is 
recommended to place a second (safety) wire 
through the papilla in order to preserve the biliary 
access.

When all the stones seem to have been 
extracted, cholangiography must be performed to 
confirm complete stone clearance. Then a biliary 
drainage is placed in the common bile duct.

After approximately 24 h later, a cholangiog-
raphy must be performed to confirm common 
bile duct clearance, and if so, the external drain-
age is removed. If residual stones are found, the 
procedure must be repeated until all stones are 
removed.

The success rate reported with this approach 
varies between 93% and 96% and the compli-
cations between 4.7% and 6.7% [9–14]. The 

complications described include hemobilia, pan-
creatitis, cholangitis, pleural effusion due to a 
transpleural biliary drainage, and bile peritonitis 
due to fistula disruption.

In conclusion, IR strongly has a role in the 
treatment of complications following bariatric 
surgery. We think that the combination of IR, 
endoscopy, and laparoscopy will solve more 
than 90% of the complications by these 
approaches.
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Accommodating Research in Busy 
Bariatric Practice

Aaron Lee Wiegmann and Alfonso Torquati

 Introduction

Bariatric surgery is a field that has been shaped by 
the research and experimentation of the past. The 
modern state of bariatric surgery, most notably its 
ever-increasing popularity as a legitimate and safe 
option to the public, is a direct result of decades of 
clinical research in the field leading to improved 
outcomes and patient safety. Bariatric surgery will 
necessarily continue to be studied and advanced 
as the American population continues to suffer 
from the obesity epidemic. In fact, bariatric sur-
gery research in the United States will likely see 
an increase in volume, funding, and scientific 
breakthroughs with the continued staggering 
prevalence of obesity and comorbid conditions 
over the coming decades. Currently, nearly 17% 
of Americans aged 2–19 are obese, and nearly 
35% of adults aged 20 or higher are obese [1]. 
Obesity prevalence has not changed significantly 
since 2003–2004, but stabilization at such a high 
rate is quite alarming—as is the rising obesity 
prevalence among certain vulnerable and disad-
vantaged American populations, such as African-
American and Mexican- American women [2]. 
The metabolic derangements inherent in obesity, 
such as diabetes, are becoming catastrophically 

prevalent. The CDC projects that one in three 
American adults could suffer from diabetes by the 
year 2050 [3]. This has immense implications for 
bariatric surgery research and funding in the 
future. As surgical management has been the only 
truly curative means of treatment for diabetes in 
modern medicine, bariatric surgery and its effect 
on the metabolic status of the obese patient will be 
scientifically vetted for decades to come.

 Research in Bariatric Surgery 
Requires a Winning Team

Success in weight loss surgery research can be real-
ized when a well-assembled research team works 
cohesively in a well-designed comprehensive bar-
iatric program. Whether it is clinical, device, or 
basic science research, a principal investigator (PI) 
needs to have team members motivated and goal-
oriented in a clinical environment attractive to 
potential patient subjects and conducive to com-
pleting the project in a timely matter. A key skill 
that needs to be developed by the PI is the proper 
delegation of tasks to research team members.

The research team is somewhat hierarchical with 
team members at all levels working toward publica-
tion. Clearly, a busy researching physician will 
likely not be able to commit all their time to a proj-
ect: they have a practice to maintain. A nice way to 
meet this time demand is to hire a clinical research 
coordinator dedicated to  quarterbacking ongoing 
projects. Having a research coordinator will also 
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lessen any increased work burden on the bariatric 
practice’s current staff that a clinical trial could 
incur, thus allowing ancillary staff to focus on vital 
components such as maintaining subject recruit-
ment. The physician PI’s true purpose during the 
study is ensuring the safety of the subjects. The PI 
must also weigh the benefits of subject participation 
in the study versus any potential medical risks, 
monitor the subject’s compliance with study param-
eters, oversee subject adherence to protocol, fulfill 
regulatory responsibilities, and ensure data quality.

A research team also has many other academic 
positions, all of which could contribute (in their 
own capacity) to the drafting and formation of 
the project, subject enrollment, data collection 
and analysis, and writing/submission of findings 
for peer review. Academic staff, often contribut-
ing a Ph.D. or equivalent degree in pertinent clin-
ical knowledge, is primarily responsible for 
assisting the PI in achieving the goals of the 
ongoing research projects and could be contribut-
ing as visiting staff from another institution—
possibly as co-author. Postdoctoral scholars are 
nonmatriculated research trainees who profes-
sionally contribute to a research project, often 
under the mentorship of the PI faculty member, 
fine-tuning their research skills in preparation for 
an independent academic career. Resident physi-
cians will make substantial contributions to a 
project through data processing, paper writing 
and presenting, and surgically or medically treat-
ing patient subjects within protocol—often as co- 
authors during a research elective. Medical 
students can contribute as much as they want to; 
motivated students may even co-author papers 
but usually contribute with paper writing and 
data collection and analysis. All other employees 
of a bariatric practice become integral members 
of the research team by ensuring that clinical 
responsibilities are running smoothly.

 A Comprehensive Bariatric Program 
Is Necessary for Research Success

Many bariatric programs in the United States boast 
being “comprehensive.” What does this mean? The 
comprehensive approach to weight loss surgery 

was created out of three general principles: maxi-
mizing postoperative positive outcomes, ensuring 
appropriate patient screening for the best surgical 
candidates, and receiving insurance reimbursement 
for surgery to sustain the practice. The comprehen-
sive bariatric practice also happens to be the ideal 
environment in which to conduct clinical research.

From a staff perspective, the program needs 
experienced, preferably well-known, surgeons 
specializing in bariatric surgery procedures. 
These surgeons are the faces of the program, and 
the higher the impact the surgeon has had on the 
field (robust web presence), the more likely pri-
mary care physicians will refer, and patient sub-
jects will self-refer to the program. Also needed 
in the comprehensive program is a full comple-
ment of medical specialists (i.e., medical inter-
nists, gastroenterologists, etc.) experienced in 
bariatric care, for easy patient access, providing 
long-term medical follow-up and maintaining 
positive outcomes. The services of a bariatric 
nurse liaison are necessary to coordinate different 
elements of the patient’s care and insurance cov-
erage and facilitate research study recruitment. A 
registered dietician and nutritionist specializing 
in the needs of bariatric patients are necessary to 
work with patients preoperatively as part of the 
patient compliance screening process and post-
operatively to ensure weight loss maintenance 
and adherence to dietary modifications. Clinical 
psychologists specializing in the mental health of 
bariatric patients are needed to perform psycho-
logical evaluations for preoperative screening 
and removal of unfit patients—something often 
required for insurance coverage. Clinical psy-
chologists also provide postoperative counseling 
for the psychological well-being of the patient.

From a support standpoint, the comprehensive 
program can offer a plethora of resources to the 
patient. In-person educational seminars about 
weight loss surgery options can be offered to 
potential surgical subjects, and attendance often 
can be required to ensure proper preoperative 
patient education. Online videos and educational 
resources can also be offered to the patient on the 
program’s website. A bariatric support group can 
be implemented to have both previous patients 
and potential surgical candidates interact and 
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share stories. It is also important to offer certain 
services relevant to the treatment of certain obe-
sity comorbidities, such as offering a sleep study 
lab for the diagnosis of obstructive sleep apnea 
(OSA) that a large cohort of obese patients will 
suffer from. Obviously, a comprehensive bariat-
ric program needs to have its own clinic space for 
patient convenience, and privacy as surgical 
interventions regarding weight can often evoke 
feelings of embarrassment for patients. Patient 
support can be a very attractive element for a bar-
iatric practice.

The importance of having a comprehensive 
bariatric clinic in regard to surgical research is 
most pertinent to the goal of this text. This can be 
thought of logically: in order for bariatric surgery 
research to be possible, bariatric surgical proce-
dures need to be taking place. There are many 
moving pieces in the work-up and management 
of a bariatric surgical candidate, and the com-
prehensive clinic consolidates the entire mul-
tidisciplinary approach in one place. Thus, the 
comprehensive clinic is providing the PI with a 
steady inflow of potential study subjects that are 
ready for operation and enrollment into a study. 
It is also worth mentioning that insurance com-
pensation for weight loss surgery is essential in 
keeping a busy researching practice afloat. As 
an example, Medicare in the United States has 
certain criteria that a patient must meet in order 
to have their weight loss surgery covered: “The 
beneficiary needs a body-mass index (BMI) ≥ 
40 kg/m2 or ≥ 35 kg/m2 with at least one comor-
bidity related to obesity, and the beneficiary has 
been previously unsuccessful with medical treat-
ment for obesity” [4]. In 2017, if a patient who 
has a BMI of 39.9 kg/m2 has not seen a physi-
cian in years and has not been diagnosed with any 
comorbid conditions, Medicare will not cover 
their surgery. Therefore, they cannot be operated 
on, and, thus, they cannot be enrolled in a bar-
iatric research project. But, if that same patient 
presents to a comprehensive clinic and endorses 
snoring, they can be sent to the on-site sleep study 
lab and potentially be diagnosed with the obesity 
comorbidity of obstructive sleep apnea (OSA). 
This would then move the patient into Medicare 
coverage, allowing them to receive beneficial 

bariatric surgery and streamlining them into 
potential enrollment in a research study.

Another consideration regarding research in 
a comprehensive practice is the formation of a 
self- sustaining patient advertisement and recruit-
ment cycle as increased positive outcomes from 
the multidisciplinary approach make it easier to 
recruit a meaningful patient census. Figure  44.1 
shows the interlocking ideas of positive outcomes 
influencing patient recruitment and thus sustaining 
meaningful subject populations that meet inclu-
sion and exclusion criteria. Multidisciplinary care 
allows the practice to advertise optimal postop-
erative outcomes to the public and can lead to the 
accreditation of the practice as a center of excel-
lence—which can also be advertised and attract 
self-referrals. With a substantive patient census, 
study subject populations can be matured more 
easily. Importantly, a comprehensive clinic with 
good outcomes and accreditation will likely get 
better research funding opportunities from grants. 
Comprehensive practices can also incorporate 
research integrally into patient care with protocols 
and checklists for ancillary staff to use in the pre-
operative screening process to characterize patients 
based on study inclusion and exclusion criteria. 
Furthermore, extensive follow- up by multidisci-
plinary team members allows for easy collection 
and management of postoperative study variables.

Study
populations

Subject
recruitment

Positive outcomes

Fig. 44.1 A visual representation of the interlocking 
ideas of positive outcomes influencing subject recruitment 
and study populations for the researching bariatric PI
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 Bariatric Surgery Research Begins 
with the IRB Review

In order for a PI to begin researching, they must be 
fluent in the clinical research process. Medical 
research projects involving human subjects clearly 
carry a more substantial ethical burden than those 
studies involving animals. Out of this burden, the 
institutional review board (IRB) was realized. The 
IRB is a research committee used by American 
medical institutions and private entities alike to 
grant human biomedical or behavioral research 
projects formal approval, monitoring, and review. 
It is necessary under US Food and Drug 
Administration (FDA) regulations in order to 
“assure, both in advance and by periodic review, 
that appropriate steps are taken to protect the rights 
and welfare of humans participating as subjects in 
the research” [5]. Specifically, the IRB examines 
subject recruitment, financial compensation, and a 
study’s informed consent procedures.

IRB reviews are multifaceted and can be intra- 
or interinstitutional. They may also be hired by a 
private researching entity as a for-profit enter-
prise. It begins with the submission of an applica-
tion to the IRB office for an initial screening and 
potential correspondence with the investigator 
regarding any necessary clarification in the sub-
mitted application. Advancing after this initial 
review, the application is then submitted for 
review by the Board where new and previously 
approved continuing protocols may undergo 
either full Board review or expedited review. Full 
review includes reviewing a protocol at meetings 
convening a majority of members of the IRB, 
including at least one member who has purely 
nonscientific interests in the review. Expedited 
review gives the IRB Chair, an individual Board 
member, or an appropriate subcommittee of the 
IRB the ability to review and approve research 
deemed as minimal risk. During this secondary 
review, the Board is making sure that project doc-
umentation has addressed all risks and benefits 
the study incurs upon potential subjects, that sub-
ject selection is done appropriately, and that con-
sent information is adequate to allow subjects to 
make informed decisions. Any concerns during 
the IRB review are usually electronically commu-

nicated to the investigator. It is commonplace to 
have multiple correspondences between the Board 
and the investigator in order to ensure absolute 
study compliance.

Inherent within the IRB review process is the 
ability of the investigator to appeal at various lev-
els from initial review to final approval or disap-
proval. Every decision the Board reaches is 
subject to the response of the investigator, and if 
the review is deemed unlikely to properly move 
forward by the Board, it may request an indepen-
dent consultant review from a third-party entity. 
Studies that have been approved by the IRB may 
undergo further institutional/departmental review 
and either approval or disapproval. This more 
internal review, however, may not give approval 
to studies that have not received approval by the 
IRB.  Any potential investigator should allot 
enough time, on the order of months, to the 
review process. This is especially important when 
considering submission deadlines for proposals 
regarding research funding. IRB approval is often 
required prior to any release of funding for human 
subjects research, and it behooves the investiga-
tor to communicate with the IRB office regarding 
funding submission deadlines and the IRB meet-
ing schedule for each review interval as it per-
tains to sustaining study funding.

The Board has four potential determinations 
regarding an investigator’s desire to involve 
human subjects in research studies:

• “Approved as submitted”—A letter of 
approval is sent to the investigator.

• “Approved pending completion of minor mod-
ifications and/or clarifications”—Specific 
requests by the Board are clarified, and an 
investigator’s subsequent changes can undergo 
an expedited review. The expedited review 
cannot directly disapprove a response, but it 
can request more information from the inves-
tigator or recommend the change undergo a 
full Board review.

• “Deferred”—Protocols receiving this deter-
mination have been deemed to have substan-
tial concerns; any changes by the investigator 
will automatically undergo full Board review 
for potential approval.

A. L. Wiegmann and A. Torquati



495

• “Disapproved”—Investigators maintain the 
right to communicate with the Board regard-
ing the specific issues leading to disapproval; 
however, the IRB is resolute in its authority 
for granting final approval.

Evaluating the informed consent process of a 
study is one of the most essential tasks of the 
IRB.  The Board must dissect how, when, and 
where subject consent will be obtained. Federal 
regulations mandate “basic” required elements of 
informed consent and provide additional elements 
of informed consent that may be included when 
appropriate. The IRB must conclude that informed 
consent is obtained from a decisional subject or a 
subject’s legal representative, is written in lan-
guage preferred by and understandable to the sub-
ject or representative, and allows for the subject or 
representative to sufficiently consider the subject’s 
participation, without including language appear-
ing to make the subject or representative waive any 
legal rights or exempt the investigator, sponsor, or 
institution from any potential negligence.

The basic elements of consent meeting the 
requirements of US Department of Health and 
Human Services 45 CFR 46.116 make sure that 
the IRB determines that subjects are informed of 
the following:

• The study involves research, the purpose of 
the research and the expected duration of a 
subject’s participation, all study procedures to 
be followed by the subject, and any proce-
dures that are experimental.

• Any foreseeable risks or discomforts to the 
subject.

• Any benefits to the subject or others.
• Appropriate alternative procedures or treat-

ments, if any, that might be advantageous to 
the subject.

• The extent, if any, of which any identifying 
information pertaining to the subject is 
maintained.

• An explanation of any compensation or medi-
cal treatments available if injury occurs and 
what they may consist of.

• Contact information for individuals able to 
answer pertinent questions about the research, 

subject’s rights, and who to contact if a 
research-related injury is sustained.

• Participation is voluntary and refusal to par-
ticipate, or discontinuation at any time, will 
involve no penalty or loss of benefits to which 
the subject is otherwise entitled.

The US Department of Health and Human 
Services, per 45 CFR 46.116(b), identifies addi-
tional elements of informed consent that are 
required when the IRB deems them appropriate:

• A statement that any research procedures may 
involve risks to the subject (or embryo or 
fetus, if the subject becomes pregnant) that are 
currently unforeseeable.

• Any anticipated circumstances under which 
the subject’s participation be terminated with-
out the subject’s consent.

• Any additional costs to the subject or their 
insurance provider that may result from 
research participation.

• Any consequences of a subject’s decision to 
withdraw from the research study and proce-
dures for orderly withdrawal of participation 
for the subject.

• A statement that any new findings of signifi-
cance developed during the study that may 
relate to the subject’s willingness to continue 
participation will be provided to the subject.

• The approximate number of subject partici-
pants in the study.

 What Is Bariatric Surgery Research?

Weight loss surgery, as an entity, is so incredibly 
complex: the field involves an inseparable under-
standing of both surgical technique and meta-
bolic and hormonal medicine. After gaining an 
understanding of the logistics behind an institu-
tional review board, the PI can begin formulating 
exactly what they want to study. Because of all 
the moving parts in any given bariatric surgery 
case, there is an innumerable amount of ways that 
a PI could make an impact on the field through 
research. From the surgical perspective, novel, 
innovative surgical approaches and techniques 
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can be explored and described. Also, there is an 
entire aspect of bariatric surgery research mar-
ried to advances in technology with new device 
and instrument testing—think of the large-scale 
impact the LAP-BAND® manufacturers or lapa-
roscopic instrument manufacturers have had on 
the field. Surgical outcomes, safety, perioperative 
medical treatment, and prophylactic protocols all 
have and will continue to be studied.

From a medical perspective, given the curative 
potential that bariatric procedures can have on dif-
ferent aspects of metabolic syndrome and diabe-
tes, there has been a substantial amount of 
translational and basic science research under-
taken to fully elucidate the consequences of the 
postoperative malabsorptive and restrictive physi-
ology and endocrinology. Translational research 
applies findings from basic science research to 
enhance the health and well-being of obese 
patients. These medical discoveries have and will 
continue to open doors to future biochemical 
pathway targets to optimize the patient’s weight 
loss response to bariatric surgery. Prospective 
clinical trials involving bariatric surgical, medi-
cal, and/or the combination of each will continue 
to supply data most appropriately generalized to 
the population at large—think of the enormous 
impact that the STAMPEDE trial had showing 
bariatric surgery contributing to superior lowering 
of HbA1c levels in obese diabetic patients [6].

Clinical research in weight loss surgery often 
involves clinical trials. These are prospective bio-
medical or behavioral research studies on human 
subjects designed to answer certain questions or 
make certain comparisons in bariatric surgery, usu-
ally involving new treatments, devices, and known 
interventions. Trials of new drugs or new devices 
are usually studying two aspects of these medical/
surgical treatments: efficacy and safety. In clinical 
trials, new drugs or devices are often compared to 
the current “standard of care” treatment in bariatric 
surgery. The US National Institutes of Health (NIH) 
organizes clinical trials into five different types, and 
as it pertains to bariatric surgery, as follows [7]:

• Prevention trials look for better ways to pre-
vent obesity in people who have never had the 
disease or to prevent obesity from returning 

postoperatively. These approaches may 
include medicines, vitamins, vaccines, miner-
als, or lifestyle changes.

• Screening trials test the best way to detect 
obesity and comorbid conditions.

• Diagnostic trials are conducted to find better 
tests or procedures for diagnosing obesity and 
comorbid conditions.

• Treatment trials test experimental treatments, 
new combinations of drugs, or new approaches 
to surgery for the treatment of obesity.

• Quality-of-life trials (supportive care trials) 
explore ways to improve comfort and the 
quality of life for individuals with obesity and 
chronic metabolic illnesses.

 Useful Testing in Bariatric Surgery

Useful testing in bariatric surgery helps research-
ers understand the physiologic status of the pre-
operative patient and the physiologic outcomes 
of bariatric surgery. The discovery of biochemi-
cal pathways or development of useful assays 
will surely lead to publications in high-impact 
journals and competitive research funding. 
Useful testing research in meal stimulation in 
bariatric surgery has led to greater understanding 
of the entero-insular axis in postoperative diabe-
tes remission, GI hormones as it pertains to food 
intake, postoperative changes in brain activation 
to food, “bariatric surgery-induced anorexia” 
with calorie-independent releases of glucagon- 
like peptide-1 (GLP-1) and peptide YY (PYY), 
the effect of GLP-1 on glucose metabolism post-
operatively, the influence gut hormones have on 
weight regain after gastric bypass, etc. [8–13].

ELISA assays have been developed to eluci-
date the effect bariatric surgery has on gut physi-
ology. Decreased circulating levels of leptin and 
increased levels of adiponectin proteins have been 
detected by ELISA in women after gastric bypass 
[14]. An assay for the anorexic hormone oxynto-
modulin (OXM) showed a marked rise in OXM 
levels in response to glucose after Roux- en- Y gas-
tric bypass (RYGB) compared to diet alone [15]. 
ELISA assays have shown that peptide YY (PYY) 
mediates the early weight loss observed in post-
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bypass patients, whereas a relative PYY defi-
ciency during dieting may compromise weight 
loss attempts [16]. Assays for inflammatory mark-
ers such as sCD40L, plasminogen activator inhib-
itor 1, antithrombin III, and C-reactive protein 
showed a statistically significant decrease in these 
inflammatory molecules implicated in chronic 
obesity-related inflammation after gastric bypass 
surgery [17]. Clearly this work in useful testing 
has helped advance the understanding of the 
physiology relevant to bariatric surgery, and 
advances will continue to be made.

Diabetes remission following bariatric sur-
gery is debatably the single greatest impact that 
bariatric surgeons can make on a patient’s life-
long health. This curative potential has the mod-
ern scientific world reeling with excitement, and 
the development of useful testing to characterize 
a patient’s preoperative and postoperative insulin 
sensitivity is paramount to the field, and assays 
will continue to be developed as researchers work 
toward perfecting a test to show the postoperative 
status of a patient’s entero-insular axis. Table 44.1 

shows some current tests used to objectively 
describe the insulin sensitivity of the bariatric 
patient. Useful testing for insulin sensitivity will 
continue to be used to evaluate adult and pediat-
ric bariatric surgical candidates, and the develop-
ment of new tests may increase. Medical societies 
are preparing to recommend bariatric surgery as 
an option for treating type 2 diabetes; thus, there 
may be an explosion in innovative demand, driv-
ing the development of insulin-related useful 
testing for bariatric patients [18].

 Bariatric Surgery Researchers 
Need Funding

With an understanding of what bariatric surgery 
research entails, that research in bariatric surgery 
is a team endeavor, is best done in a comprehen-
sive clinic, and requires thorough institutional 
review, a principal investigator can understand 
the immense opportunities in metabolic, basic 
science, outcome, innovation, and epidemiology 
in bariatric research/useful testing and decide 
how they would best make an impact. At this 
time, the PI can focus their attention on how to 
fund their project.

For nearly two decades, institutions such as 
the National Institutes of Health (NIH) have been 
providing research grants to translational and 
clinical projects studying obesity and weight loss 
surgery. Previous NIH-funded obesity topics 
include epidemiological obesity, diabetes control 
and prevention, diet composition, genetics, pro-
teomics, childhood obesity, health risk behavior, 
demographic disparities, disease biomarkers, 
bioengineering, exercise, long-term weight main-
tenance, development of assays, parenting and 
health outcomes, eating disorders, insulin resis-
tance, computational and statistical methodolo-
gies, geographic distribution, school nutrition, 
human microbiome physiology, psychosocial 
aspects of bariatric surgery, etc. Obviously, there 
is a broad spectrum of research contributing to 
bariatric literature that is getting funded.

What is driving institutions like the NIH to 
fund bariatric surgery research? Apart from the 
obvious mission to promote the health of these 

Table 44.1 Insulin sensitivity useful testing in bariatric 
surgery

Insulin sensitivity 
test Description
Serum glucose or 
glucose tolerance 
test (GTT)

Goal of glucose testing is to 
determine any impaired response 
to glucose

Hemoglobin A1c Reflects blood glucose levels 
over 3 months

Homeostatic 
model assessment 
(HOMA)

Mathematically estimating the 
function of beta cells in the 
pancreas using measured glucose 
and insulin levels

Serum insulin A common method of evaluating 
significant insulin resistance

Serum hs-CRP Levels of this inflammatory 
marker may be elevated in 
insulin resistance

Insulin tolerance 
test (ITT)

A method for determining insulin 
sensitivity by IV infusion of 
insulin, followed by glucose and 
insulin measurements

Quantitative 
insulin sensitivity 
check index 
(QUICKI)

Mathematical calculation based 
on serum glucose and insulin, 
diagnosing insulin resistance 
based on where the value lies in 
the QUICKI
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high-risk patients, this funding can be thought of 
as an investment. They are funding research now 
and hoping that breakthroughs will lead to bariat-
ric surgery alleviating the extreme healthcare cost 
burden of obesity and metabolic syndrome. In 
2013, severe obesity cost the United States about 
$69BIL, which was 60% of total obesity- related 
costs. Eleven percent of the cost of severe obesity 
was covered by Medicaid, 30% by Medicare and 
other federal programs, 27% by private insurance 
companies, and 30% out of pocket. Severe obesity 
costs state Medicaid programs roughly $8BIL 
annually, and these costs will likely increase as 
coverage is expanded for nutritional medicine, 
drug therapies, and bariatric surgery [19]. The 
overall cost-effectiveness of bariatric surgery is a 
subject of debate, but recent literature is begin-
ning to shed light on the long- term financial 
implications of bariatric surgery. Using a unique 
study design to measure healthcare expenditures 
from the payer perspective, Lewis et al. showed 
that at 3 years postoperatively, there was a signifi-
cant change in the trajectory of healthcare expen-
ditures in patients who underwent laparoscopic 
banding and gastric bypass. This means that there 
was a flattening of patient trends in total health-
care costs and prescription drug costs—which 
very well could result in a net savings in the long 
term [20]. Funding bariatric surgery research may 
very well lead to a lessening of the current obesity 
cost burden.

With these financial implications in mind, the 
PI can begin to look for funding opportunities. 

Grants for research projects in bariatric surgery 
are funded by the American Society for Metabolic 
and Bariatric Surgery (ASMBS), National 
Institutes of Health (NIH) obesity research fund, 
the Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES), and the National 
Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK), among others public and pri-
vate funds. Obviously, there exists many other 
opportunities for funding within the United 
States and internationally from different sources 
and societies, but these institutions fund a sub-
stantial proportion of American bariatric surgery 
research. Receiving a grant from these fine enti-
ties is not only a personal and academic achieve-
ment for the PI but shows true promise in the goal 
of their project.

The PI must recognize the nature of their proj-
ect and apply for research funding from institu-
tions that consistently fund projects in whatever 
realm of bariatric surgery research that is perti-
nent. For instance, if the PI is undertaking a basic 
science project, it is best they apply for funding 
from a source most interested in basic science 
research and not apply for funding from sources 
interested in funding device research. Table 44.2 
displays the different funding trends of the afore-
mentioned institutions. The authors have done a 
review of funding and grant awards for these 
institutions based on their online funding data 
resources [21–24]. The table shows an approxi-
mate percentage of funding for the general proj-
ect categories pertinent to bariatric surgery 

Table 44.2 Approximate funding trends of different project types based on data available from the websites of the 
institutions

Funding source
Metabolic 
(%)

Basic 
science 
(%)

Outcome 
(%)

Innovation 
(%)

Epidemiology 
(%)

American Society for Metabolic and Bariatric 
Surgery (ASMBS) Grant Awards 2004–2013

36 50 9 0 5

National Institutes of Health (NIH) Obesity 
Research Funding Solicitations 2001–2015

17 23 7 12 41

Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES) Grant Awards 
2005–2016

9 23 18 48 2

National Institute of Diabetes and Digestive and 
Kidney Diseases  (NIDDK)-Funded Projects 
2012–2015

43 25 8 8 16
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research: metabolic, basic science, outcome, 
innovation, and epidemiology. Many of these 
projects span more than one of these broad cate-
gories, but they were categorized for this text 
based on the project’s most substantive impact. 
Metabolic projects are those studying any of the 
biochemical reactions of a living cell related to 
energy homeostasis and the dysfunction thereof 
in obesity, metabolic syndrome, and diabetes. 
Basic science projects included any translational, 
fundamental, or bench research aimed at under-
standing the natural phenomena of obesity and its 
effect on the human body and mind. Outcome 
projects study the end results any process of the 
healthcare system has had on the health and well- 
being of patients in the bariatric surgery popula-
tion. Innovation projects study a new medical or 
surgical method, idea, product, etc. often in terms 
of feasibility and efficacy. Epidemiology projects 
study and analyze patterns, causes, and effects of 
health and disease in a bariatric population of 
interest.

From this review, it is helpful to visualize 
funding trends from some of the major research 
funding entities in the United States over the last 
several years. In general, the American Society 
for Metabolic and Bariatric Surgery (ASMBS) 
has awarded the largest proportion of their grants 
to basic science projects, the National Institutes 
of Health (NIH) Obesity Research Funding 
Solicitations have been mostly epidemiological 
studies, the Society of American Gastrointestinal 
and Endoscopic Surgeons (SAGES) Grant 
Awards have been given mostly to projects in 
innovation, and the National Institute of Diabetes 
and Digestive and Kidney Diseases (NIDDK) has 
funded mostly metabolic projects.

This is helpful because, for instance, if a PI for 
a project is interested in studying a new surgical 
technique in a Roux-en-Y gastric bypass (RYGB), 
they will likely have more success in receiving 
funding from an entity such as the Society of 
American Gastrointestinal and Endoscopic 
Surgeons (SAGES) who has a history of funding 
a large percentage of innovation projects com-
pared to others (~48% of grant awards were inno-
vation projects). On the other hand, if the PI is 
leading an epidemiological investigation into an 

aspect of obesity, they might not have as much 
luck applying for a SAGES grant and should 
absolutely focus more on receiving funding from 
the NIH who clearly has a mission in better 
understanding obesity epidemiology based on 
their very robust history of funding such projects 
(~41% of solicited grants were epidemiological 
projects). Another important aspect to consider 
when deciding on where to apply for research 
funding is the amount of annual spending each of 
these funding entities spends on surgical or medi-
cal research relevant to bariatric surgery. The 
NIH estimates that in 2017 it will spend $1.04BIL 
on diabetes research and another $931MIL on 
obesity research [25]. Although a large propor-
tion of this funding will likely go toward epide-
miological and basic science projects, a surgeon 
PI who is studying bariatric surgical outcomes 
should still apply for NIH funding—if not only 
for the immense amount of fiscal research assets 
coming out of the NIH.

There are also online resources to help PIs dis-
cover what institutions and centers may be inter-
ested in their project. For example, the NIH has 
an online “Matchmaker tool in RePORTER” that 
allows the PI to use a search engine to find fund-
ing opportunities within the NIH by comparing 
the study abstract to abstracts that have been pre-
viously funded (projectreporter.nih.gov). This 
search on the NIH website can be tailored accord-
ing to specific diseases, organ systems, stages of 
life, and keyword text search in order to find 
funding institutions whose mission most closely 
aligns with the goal of the project. It behooves 
the PI to be diligent and thorough in their search 
for funding sources, using resources such as 
these before applying.

 Applying for Bariatric Research 
Funding

The funding application process is appropriately 
arduous given the large sums of money often 
going toward these projects. As previously men-
tioned, once the PI decides what funding entities 
they desire to apply to, they should thoroughly 
take advantage of any online resources those 
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entities may supply regarding what they are spe-
cifically looking for in a funding application. 
This way, the application can be tailored to the 
exact specifications that the funding entity pre-
fers. For instance, there is a robust amount of 
grant writing resources at www.NIH.gov, allow-
ing applicants to fully understand the NIH appli-
cation process and what makes an application 
competitive. General guidelines for applying 
include ensuring the project meets any eligibility 
requirements, choosing the correct type of grant 
program, and completing the correct type of 
grant application—including any specific sub-
mission requirements.

There exists a vast amount of resources to help 
a PI make the best decisions to ensure the best 
chance of getting their project funded. Many PIs 
are looking for the answer to the question, “How 
is it best to get funded?” Within the scope of this 
text, some broad tips and suggestions are pro-
vided regarding the best ways to get a research 
project funded.

• Submit research proposals studying bariatric 
issues that are well described and widely rec-
ognized as important.
• Funding will come easier if the study con-

tributes to a larger scientific question in 
bariatric surgery that has been studied long 
enough for the development of research 
infrastructure (i.e., specialty centers, estab-
lished grants, etc.) dedicated to its 
understanding.

• Take into account the priorities of the funding 
agency.
• Again, if the mission of the funding 

agency does not align with the mission of 
the project, successful funding is less 
likely.

• Make high-quality submissions with clear, 
attainable goals and measurable outcomes.
• The PI should do their due diligence to 

ensure they are submitting what the fund-
ing agency wants to see. The more convo-
luted a funding application, the less likely 
it will make an impact on the reader. The 
more farfetched the goals of the project, the 
less believable it becomes.

• Always have a sustainability plan within the 
submission.
• If the PI clearly articulates a plan for the 

future of the project, the funding agency 
can feel more comfortable investing large 
sums of money into the project.

• Use the past productivity and funding of group 
members to the research team’s advantage!
• If a team member has had consistent suc-

cess in receiving funding, they are doing 
something right. Projects that have high- 
impact authors will catch the eye of the 
funding entity, as funding high-impact 
studies is in their best interest.

• Rejection is not failure.
• Even the most decorated bariatric research-

ers have had countless applications for 
funding turn up empty. Learn from it, 
improve your application, and apply again!

 Conclusion
Accommodating research in a busy bariatric 
practice is possible and fulfilling. Physician 
principal investigators should focus their 
energy on their patients and their research 
endeavors. They cannot afford to waste daily 
valuable energy on working out the logistics 
of being successful in research while main-
taining a successful practice. With this book as 
a resource, a bariatric PI can begin to under-
stand the importance of teamwork and assem-
bling a successful practice in an ideal research 
environment. They can also begin to under-
stand the research process as a whole: what 
type of research to undertake, how to get insti-
tutional approval for their project, and how to 
obtain funding for their project. With these 
principles in mind, a bariatric surgery PI is on 
the road to a successful and sustainable clini-
cal and academic career.
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Proper Approach to New Bariatric 
Procedures

Kara J. Kallies and Shanu N. Kothari

 Introduction

The field of bariatric surgery has advanced signifi-
cantly from the days of Mason’s original gastric 
bypass operation [1]. Advancement in minimally 
invasive surgical techniques has allowed for wide-
spread acceptance of several bariatric procedures. 
Currently, the most commonly performed bariatric 
procedures worldwide include the laparoscopic 
Roux-en-Y gastric bypass (LRYGB), the laparo-
scopic sleeve gastrectomy (LSG), laparoscopic 
adjustable gastric band (LAGB), and biliopancre-
atic diversion with or without duodenal switch 
BPD/DS [2]. As our understanding of the meta-
bolic impact of each of these operations increases, 
innovators are driven to develop novel and even 
less invasive methods to reproduce the same 
results as the more traditional procedures [3, 4].

While innovation and development of new surgi-
cal devices and procedures are important to advance 
the field of bariatric surgery, a rigorous pathway of 
evaluation and transparent reporting is critical to 
obtain approval and increase its acceptance by sur-
geons and patients. The challenges in obtaining 
acceptance include the financial burden and 

resources needed to conduct the appropriate clinical 
trials, as well as the substantial timeframe needed to 
gather and analyze adequate data to support the 
safety and effectiveness of the device or procedure.

New surgical interventions to treat obesity fall 
into two broad categories: devices and procedures. 
The development and approval process differs by 
category. In the United States, the Food and Drug 
Administration (FDA) is the federal organization 
which provides regulation, approval, and oversight 
of new medical devices. The American Society for 
Metabolic and Bariatric Surgery (ASMBS) is the 
largest professional organization dedicated to the 
field of bariatric surgery. The ASMBS provides 
critical analysis and endorsement of new bariatric 
devices and procedures.

 Development of New Surgical 
Devices to Treat Obesity

Innovation of new surgical devices offers a unique 
opportunity to address a potential gap in therapy 
and benefit patients who may be suitable candi-
dates for the device in development. Scientists 
and researchers developing these devices have a 
strong understanding of the physiology that the 
device is likely to impact. A “proof of concept” is 
established to determine initial feasibility of the 
device [4]. After initial feasibility and device pro-
totypes are completed, a phase I trial may be com-
pleted. In order to market a new device, a 
notification and/or application is filed with the 
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FDA. The FDA will then review these documents 
for determination of the device to be either cleared 
for marketing or approved for marketing [5].

• FDA Clearance: a premarket notification 
(PMN)/510(k) application is filed at least 
90  days before marketing unless the device is 
exempt. A PMN is a premarketing submission to 
the FDA to demonstrate that the device is as safe 
and effective (substantially equivalent to a 
legally marketed device not subject to premarket 
approval (PMA)). In this instance, a letter must 
be received from the FDA which states that the 
device is substantially equivalent and thus 
“clears” the device for commercial distribution.

• FDA Approval: a PMA application to market 
the device is submitted and reviewed by the 
FDA.  Unlike the PMN, a PMA is based on 
determination by FDA that sufficient valid sci-
entific evidence exists to provide reasonable 
assurance that the device is safe and effective 
for its intended use(s).

Whether a PMN or a PMA application needs to 
be filed depends on the classification of the medical 
device, with PMNs used for lower risk classifica-
tions and PMA applications for higher risk classifi-
cations. FDA classification of medical devices is 
based on the associated risks as follows [6]:

• Class I devices are deemed to be low risk and are 
therefore subject to the least regulatory controls.

• Class II devices are higher risk devices than 
Class I and require greater regulatory controls 
to provide reasonable assurance of the device’s 
safety and effectiveness.

• Class III devices are generally the highest risk 
devices and are therefore subject to PMA, per 
federal law, and these devices must be approved 
by the FDA before they are marketed.

 Bariatric Device Case Studies: 
Intragastric Balloon and Vagal 
Blocking Therapy

Three medical devices to treat obesity were 
approved by the FDA in 2015: the ORBERA™ 

Intragastric Balloon System, the ReShape 
Integrated Dual Balloon System, and the 
EnteroMedics Maestro Rechargeable System [7]. 
The ORBERA™ and ReShape products are 
intragastric balloons, either a single or dual bal-
loon placed within the stomach to aid in weight 
loss by occupying a portion of the stomach, along 
with lifestyle modifications. The ORBERA™ 
product received marketing approval in Europe in 
1997. The FDA testing of the device included 
testing of the components, fill and force testing, 
leak testing, packaging, storage testing, and bio-
compatibility and toxicity testing. A multicenter, 
prospective, randomized, non-blinded compara-
tive pivotal study was completed; 125 patients 
were randomized to the treatment group and 130 
to the control group [8]. The safety and effective-
ness were based on an analysis of 125 patients 
and 35 run-in patients. The serious adverse event 
rate was 10% (16/160, 95% CI). The mean total 
body weight loss at device removal was 10.2% in 
the balloon group vs. 3.3% in the control group. 
The FDA panel determined that, although lim-
ited, the overall benefits from this device out-
weighed the potential risks.

Similar to the ORBERA™ product, the 
ReShape Integrated Dual Balloon was previ-
ously approved for marketing in Europe in 
2007, and the components of the device were 
thoroughly tested by the FDA.  Two clinical 
studies were conducted, a feasibility study and 
a multicenter pivotal study (n = 187 in the bal-
loon group and 139  in the control group) [9]. 
The device or procedure- related adverse event 
rate in the pivotal study was 7.5% (20/265, 
95% CI 4.2–10.9). The mean %EWL was 
25.1% in the balloon group and 11.3% in the 
control group (P = 0.0041). Both the safety and 
effectiveness endpoints were met, and the FDA 
determined that the benefit-risk model profile 
favored approval. Both the ORBERA™ and 
ReShape will complete post-approval studies.

The EnteroMedics Maestro Rechargeable 
System is a vagal blocking therapy (VBLOC) in 
which intermittent electrical blocking signals are 
delivered to the anterior and posterior abdominal 
nerve trunks of the vagus nerve to promote sati-
ety by delaying food processing and gastric emp-
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tying. The process for approval of this device 
included in  vivo animal studies in a porcine 
model and thorough testing of each of the com-
ponents of the device, with subsequent modifica-
tions of early models as needed. A PMA 
application was filed with the FDA. Laboratory 
testing by the FDA included visual inspection of 
the device, along with testing of the kit and com-
ponent packaging and shipping and temperature 
conditioning. Three clinical trials with human 
subjects (one pilot and two pivotal studies) were 
conducted, with a combined sample of 561 
patients [10–12]. The rate of observed serious 
adverse events was 3.7% (6/162, 95% CI, 1.4–
7.9) among the VBLOC subjects in the PMA 
data. Mean %EWL at 12 months was reported to 
be 12.1 ± 17.5 vs. 12.0 ± 20.8 and 24.4 ± 23.6 vs. 
15.9 ± 17.7  in the VBLOC and sham control 
group respectively for the two randomized trials. 
The FDA review panel concluded that the device 
demonstrated safety, but did not demonstrate 
effectiveness since the primary endpoints (10% 
EWL difference in VBLOC and sham control 
groups and half of VBLOC patients would reach 
20% EWL) were not met in the trials. However, 
since significant improvements in EWL were 
observed for the VBLOC vs. sham control group, 
the panel found that the benefits outweigh the 
risks. The majority of the FDA review team rec-
ommended approval for the device, with the 
device manufacturer agreeing to conduct two 
5-year post-approval studies.

In order to be considered for approval and 
endorsement by the ASMBS, it is suggested that 
for new devices, there are at least five peer- 
reviewed papers of nonrandomized case series 
and/or randomized controlled trials with appro-
priate control groups [13].

 Development of New Bariatric 
Surgical Procedures

New bariatric surgical procedures may be those 
consisting of a modification of an existing bariat-
ric procedure or an entirely new procedure. The 
risks and benefits of the existing procedures 
should be carefully studied prior to development 

of a new procedure or surgical technique. Another 
challenge is when there is disagreement among 
experts whether a new procedure is in fact a new 
procedure, a major modification of an existing 
procedure, or a minor modification of an existing 
procedure. Regardless, in order for a new proce-
dure to be considered for implementation, 
comparative- effectiveness studies should be 
planned after initial feasibility, safety, and effi-
cacy are reported [14]. Randomized controlled 
trials will yield the highest level of evidence; 
however, if this design is not feasible, prospec-
tive, nonrandomized cohort studies may be per-
formed to evaluate the new procedure [15].

For new procedures, the ASMBS suggests at 
least ten peer-reviewed publications, to include 
nonrandomized case series, with data reporting 
medium- and long-term outcomes (3–5  years) 
and/or randomized controlled trials [13]. The 
ASMBS does note that the number of trials and 
patients required for consideration will depend 
on the quality of the studies and the clinical 
outcomes being evaluated. Medium-term fol-
low-up should include weight loss, comorbid-
ity outcomes, and early and late complication 
rates as defined by the Standards in Outcome 
Reporting [16].

 Bariatric Surgical Procedure Case 
Studies: LSG

The development of LSG as a stand-alone proce-
dure has had a profound impact on the surgical 
treatment of obesity. Case volume for LSG has 
increased exponentially over the past 5 years [2]. 
The process by which the LSG has become rec-
ognized as a bariatric procedure started with a 
modification to an existing procedure, the bilio-
pancreatic diversion with duodenal switch (BPD/
DS). The BPD/DS has become a consistent, yet 
less common, procedure for select patients with 
class III obesity in which a staged procedure to 
induce initial weight loss was appropriate, 
thereby increasing the technical feasibility of the 
second stage [2, 17, 18]. The weight loss observed 
in many patients after the initial gastrectomy of 
the first stage was significant enough to negate 
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the need for the second stage. Advantages to the 
LSG as a stand-alone procedure include the tech-
nical ease to perform and a similar or slightly 
lower risk of complications and weight loss com-
pared to the LRYGB, often considered the “gold 
standard” bariatric procedure due to its favorable 
risk-benefit profile.

In 2007, the ASMBS endorsed LSG as a 
stand-alone procedure after reviewing data from 
775 patients in 15 reports in the peer-reviewed 
literature with short-term outcomes [19]. The 
complication rates ranged from 0% to 24%, and 
the overall mortality rate was reported to be 
0.39%. The mean %EWL ranged from 33% to 
83%. Since the ASMBS endorsement in 2007, 
many subsequent studies with short- and long- 
term outcomes continue to be reported [20, 21]. 
A comparative-effectiveness study has been 
performed using a large, national, risk-adjusted 
dataset, which firmly positioned the LSG among 
the existing well-established bariatric proce-
dures [21].

 Challenges and Considerations 
in Implementation

Rigorous clinical trials are often costly. Funding 
required to conduct these trials may be available 
from industry sources, such as the device manu-
facturer, as well as federal and private grants. The 
timeline to funding dissemination is highly vari-
able depending on the funding source. Initiation 
of a clinical trial can be time-intensive, particu-
larly if it is a multi-institutional study. Study end-
points and variables must be established early 
and have clear definitions in order to be collected 
consistently by study coordinators. Consultation 
with a biostatistical expert is critical in order to 
determine the sample size needed to accurately 
evaluate the study endpoints with sufficient sta-
tistical power and minimal risk of error.

Ethical considerations for any initiation of a 
clinical trial in animal or human subjects man-
date review and approval by the Institutional 
Animal Care and Use Committee or Institutional 
Review Boards at the institutions in which the 
trial will be carried out, as well as monitoring by 

the Data Safety Monitoring Boards and strict 
adherence to Good Clinical Practice and NIH 
Protection of Human Subjects standards [22, 23]. 
Any conflicts of interest or sponsorship by a 
pharmaceutical company or device manufacturer 
must be transparent.

After implementation of a new device or pro-
cedure, surgeons or other providers may require 
credentialing or privileging according to the Joint 
Commission standards and requirements [24]. 
Appropriate education and training are also nec-
essary. A preceptorship or proctoring program 
may improve performance with a new procedure. 
Early performance should be objectively assessed 
using preestablished measures until any learning 
curve is overcome.

 Pathway for Endorsement 
and Acceptance

The ASMBS’s committees and leadership pro-
vide critical analysis and endorsement of both 
new bariatric devices and procedures. The 
Metabolic and Bariatric Surgery Accreditation 
and Quality Improvement Program (MBSAQIP) 
developed by the ASMBS and American College 
of Surgeons provides accreditation for bariatric 
surgery centers [25]. Endorsement of a new bar-
iatric device or procedure by the ASMBS allows 
for the intervention to be included in the 
MBSAQIP program and has implications for 
patients and payors.

The ASMBS has developed a pathway and 
application process by which new bariatric 
 procedures can be reviewed and, pending 
approval, endorsed by the society [13].

 ASMBS Process for Approval for New 
Devices and Procedures

• An ASMBS member sponsor and member co- 
sponsor(s) in active practice may complete the 
application for a new procedure or removal of 
an approved procedure.

• The Executive Committee of the Executive 
Council performs an inclusive review to 
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ensure plausibility of new procedure and 
device before invoking full review. Approval 
by 75% of the committee is required to con-
tinue on the approval process.

• The application is assessed by the ASMBS 
Pathway for Approval of New Devices and 
Procedures Committee, which includes the 
chairs of Clinical Issues, Insurance, Quality 
Improvement and Patient Safety, Emerging 
Technology committees and Integrated Health 
president, or their designee. In the course of 
their review, a Clinical Issues Position 
Statement may be produced concurrently.

• The application is presented to the Executive 
Council by the ASMBS member sponsor and 
one co-sponsor, with pro and con advocates 
from the ASMBS Pathway for Approval of 
New Devices and Procedures Committee.

• The Executive Council will review the appli-
cation and presentation by sponsors and advo-
cates and conduct an open vote, with 75% 
approval required to continue.

• The ASMBS will allow a period for member-
ship comments for the application with a sum-
mary from the ASMBS Committee Summary.

• The Executive Council will conduct a final 
vote, again with 75% approval required for 
final affirmation.

• Outcome of the ASMBS approval is sent to 
major insurers and MBSAQIP once applica-
tion is approved.

 Continuous Evaluation of Outcomes

After approval by regulatory and accrediting 
bodies, continuous evaluation of outcomes is 
critical. Reporting of device-related adverse 
events and mortalities to the FDA is required for 
the device manufacturers and importers. Device 
users should report these adverse events to the 
manufacturer or directly to the FDA if the manu-
facturer is unknown [26].

Patients in the early pivotal trials and those 
who undergo the new procedure after approval 
should be followed continuously, and both early 
and long-term outcomes should be reported. 
Outcomes reporting from different medical cen-

ters in different practice settings should be 
encouraged. The ASMBS MBSAQIP program 
and other large prospective datasets may offer a 
unique opportunity to continuously study the out-
comes of a new procedure with a robust sample.
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Liraglutide, 392
Liver cancer, 455
Liver retraction, 70, 72, 74
Liver retractor, 156
Liver transplantation (LT)

after transplantation, 473
before transplantation, 472–473
during transplantation, 473–474
nonalcoholic fatty liver disease, 472
nonalcoholic steatohepatitis, 472
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Malabsorptive interventions
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MBSAQIP, see Metabolic and Bariatric Surgery 

Accreditation and Quality Improvement 
Program (MBSAQIP)

Mesenteric defect, 104
Metabolic and Bariatric Coordinator (MBS Coordinator), 

27
Metabolic and bariatric surgery (MBS)

accreditation
ASMBS, 23
BSCN, 24
drawbacks, 24, 25

history of, 22, 23
MBSAQIP, 25, 26
operating room and hospital facilities, 369
staffing and services, 369

Metabolic and Bariatric Surgery (MBS) Committee, 27
Metabolic and Bariatric Surgery Accreditation and 

Quality Improvement Program (MBSAQIP), 
18, 25–30, 92, 167, 298, 369, 506, 507

Metabolic and Bariatric Surgery Clinical Reviewer 
(MBSCR), 27, 28

Metabolic surgery
anti-incretin, 408
bile acids, 408–409
caloric restriction, 406
cardiovascular events, 405
definition, 403
dramatic effect, 405
foregut and hindgut hypotheses, 407–408
gastrointestinal metabolic surgery, 403
gut hormones, 406–407
gut microbiome, 409, 410
intestinal manipulation, 405
limitation, 410
metabolic health, 405
perspectives, 403
positive metabolic sequelae, 405

Metabolism, 137, 138
Michigan Bariatric Surgery Collaborative (MBSC), 24
Middle East region

adolescent bariatric surgery, 54, 55
diabetes prevalence, 49
history of bariatric surgery, 50, 51

APMBSS, 51
large bariatric surgery, 52
overall bariatric surgery publications, 50

pediatric and adolescent bariatric surgery, 51
revisional surgery, 51–54
small bariatric surgery series, 51
small revisional bariatric surgery, 53

obesity, 49
prevalence of obesity, 49, 50
type II diabetes, 49

Mini-gastric bypass, 7, 51, 55, 418
Modified jejunoileal bypass, 4, 5
Multicomponent interventions, 380
Multidisciplinary approach (MDT), 50
Multidisciplinary care, 493
MUSE™ system, 246

N
Naltrexone SR/bupropion SR, 391
Nathanson liver retractor, 72, 155
National Bariatric Surgery Registry, 23
National Bariatric Surgery Registry-United Kingdom 

(NBSR-UK), 29
National Committee for Quality Assurance (NCQA), 22
National data registries, 64
National Health Service (NHS), 18
National Institute for Health and Care Excellence 

(NICE), 18
National Institute of Diabetes and Digestive and Kidney 

Diseases (NIDDK), 499
National Institutes of Health (NIH), 17, 497, 499
National Patient Safety Foundation (NPSF), 22
National Patient Safety Goals, 22
National Quality Forum (NQF), 22
National Surgical Quality Improvement Program 

(NSQIP), 24
National Weight Control Registry (NWCR), 382
Nausea/vomiting, 221
Nonabsorbable suture, 150
Non-alcoholic fatty liver disease, obesity, 405
Nonalcoholic fatty liver disease (NAFLD), 295, 358, 

394, 472
Nonalcoholic steatohepatitis (NASH), 358, 472
Noncommunicable diseases, 19
Non-Hodgkin’s lymphoma, 466

O
Obalon ® Balloon System, 19, 262
Obese adolescents

bariatric surgery (see Adolescent bariatric surgery)
obesity-related comorbid disease

cardiovascular disease, 294, 295
impaired functional mobility, 296, 297
impaired glucose metabolism, 295
musculoskeletal pain, 296, 297
NAFLD, 295
obstructive sleep apnea, 296
pseudotumor cerebri, 296
psychological disorders, 297

postoperative complication rates, 300
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lorcaserin, 391
orlistat, 390–391
phentermine, 389, 390

physical activity, 387–388
prevalence of, 3, 49, 50, 451
primary care physicians, 393
surgical considerations, 443–445
treatment algorithm
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prior mesh removal, 311
retro-rectus dissection, 311, 312
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Post-prandial hyperinsulinaemic hypoglycaemia (PHH), 

408
Post-sleeve gastrectomy reflux, 220
Pouch dilation

clinical presentation, 202
diagnosis, 202–203
esophogram, 202
pathophysiology, 202
treatment, 203

Prader-Willi syndrome, 54
Preoperative office check list, 352
Preoperative process

age, 351–353
antibiotic prophylaxis, 367–368
atelectasis, 356
biochemical monitoring

calcium, 365, 366
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