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Foreword

Over the last century, we witnessed the obesity disease’s rapid progression across 
all continents to become the pandemic that it now is in 2020. In parallel to this 
trend, bariatric surgeons have been trying to develop an ideal surgical approach that 
combines safety with durable weight loss and remission of associated comorbid 
illnesses. Bariatric surgery evolved from being initially hypoabsorptive (ileocolic 
bypass, biliopancreatic diversion, and jejunoileal bypass) to purely restrictive  
(vertical banded gastroplasty and gastric banding), and finally evolved further to 
combined hypoabsorptive and restrictive (gastric bypass).

Sleeve gastrectomy, first performed by Hess et al. as a restrictive component 
of the open biliopancreatic diversion and duodenal switch, has become an inno-
vative and integral part of the bariatric surgery armamentarium. With the advent 
of laparoscopy, Gagner et al. introduced the concept of a step approach in super 
morbidly obese subjects and performed a laparoscopic sleeve gastrectomy (LSG),  
followed by a second step biliopancreatic diversion with duodenal switch  
(BPD-DS).

Not surprisingly, the initial excellent outcomes of LSG inclusive of  
patient-reported significant weight loss and remission of comorbidities at 6-month 
follow-up resulted in subjects foregoing the second stage BPD-DS.

The mechanism of action of LSG is still the subject of intense research and 
encompasses multiple mechanisms. LSG combines a restrictive element by sig-
nificantly decreasing the gastric capacity to approximately 200 cc volume, and 
an anorectic component as it removes 80% of the ghrelin-producing cell mass. In 
addition, because the food transit is displaced toward the lesser curvature of the 
stomach or “Magenstrasse,” a significant number of patients develop rapid empty-
ing that results in stimulation of GLP1 hormones and dumping syndrome. Further 
characteristics are related to changes in the microbiome that seem to have an 
impact in the binding capacity of biliary acid with intestinal receptors.

Over the last decade, the indication of LSG as a final step continued to evolve 
until it has now become the most common stand-alone bariatric procedure per-
formed worldwide. Its technical simplicity, in conjunction with excellent weight 
loss, remission of comorbid illnesses, and the best safety record ever in bariatric 
surgery, are the most important attributes responsible for this phenomenon.
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As with any surgical approach, LSG is not exempt from short- and long-term 
complications and failures. In the short-term, and despite its technical simplicity, 
staple line disruptions can result in serious morbidity requiring a  multidisciplinary 
treatment algorithm that might include a proximal gastrectomy and Roux-y  
reconstruction. Weight regain and the development of gastroesophageal reflux 
disease are the two most important long-term complications that result in disease 
recurrence and need for reoperative interventions.

This excellent monograph, put together by Dr. Salman Al-Sabah and co-authors, 
is a wonderful guide that will help surgeons navigate the different aspects of per-
forming this procedure while managing the obesity disease. It thoroughly reviews 
all facets of a care path, including procedure indications, contraindications, tech-
nique, and reoperative strategies. It also provides the reader with a review of the 
most current nutritional and lifestyle interventions available to help our patients 
maintain their weight loss and have long-term success.

I congratulate Dr. Al-Sabah and the elite faculty he chose to author these  
chapters for this outstanding book and wish him and all readers continued health 
and success.

Raul J. Rosenthal MD FACS
Clinical Professor of Surgery  

Lerner College of Medicine at CWRU  
Chairman, Department of General Surgery  
Director, Bariatric and Metabolic Institute  

Co-editor in Chief  
SOARD (Surgery for Obesity and Related Diseases) 

Cleveland Clinic Weston
Weston, FL, USA
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Preface

”المعدة بيت الداء“

“The Stomach is the home of disease”—Al-Harith ibn Kaladah (ancient Arab physician)

The prevalence of obesity is on a continuous rise worldwide, with an estimate 
of at least 1.9 billion adults (39%) considered as overweight and 600 million (13%) 
classified as obese in the year 2014. With it, this has brought a concomitant increase 
in the number of bariatric surgeries performed, with laparoscopic sleeve gastrec-
tomy (LSG) becoming the most performed bariatric procedure as of 2014. This  
raise in the popularity of the LSG procedure has been attributed to its relative  
surgical simplicity, low complication rate, significant improvement in comorbidi-
ties, and evident weight loss.

“Laparoscopic Sleeve Gastrectomy is an easy, yet not a simple procedure.” 
—Dr. Raul Rosenthal

Skill and expertise is required in the postoperative management of compli-
cations. Therefore, we decided to put this book together, to focus on all aspects 
related to the LSG, from how to choose the patient to long-term outcomes and 
options when the surgery fails.

Since the development of the LSG, many advances have been made in the field 
of bariatric surgery. The history of this procedure is more of an evolution of prior 
procedures than a discrete timeline of the development of a single procedure. 
The sleeve has its roots in the earliest gastroplasty procedures and as an observa-
tion from prior anti-reflux procedures in 1988. Since then, it has matured into its 
own technique and pioneered and refined over multiple meetings and summits by  
Dr. Michel Gagner. Bariatric surgeons have subsequently discussed its place in the 
field, comparing it to existing procedures and questioning its validity in the long-
term. However, they are all in consensus that this procedure is an option for those 
seeking bariatric surgery.

I draw my inspiration from the highly readable and accessible works of my col-
leagues that have presented and published on this topic in world-renowned jour-
nals. It builds on the existing studies and literature that are in published journals 
regarding LSG, with its foundation concentrated around the Arab region, which 
has the highest levels of obesity prevalence worldwide.
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It has been well established and accepted that the LSG is an effective bariatric 
procedure for those eligible for it. However, proper guidelines for choosing the 
proper bariatric procedure according to each individual patient has yet to be set. 
This book aims to lay out all aspects of the LSG, explaining and proposing guide-
lines for surgeons, the thought process and rationale behind choosing patients for 
this procedure, performing the procedure according to specific patient characteris-
tics, the perioperative period, follow-up and postoperative requirements including 
exercise, nutrition, and supplementation, dealing with postoperative complications 
and morbidities, assessing success and knowing when the procedure has failed, 
discussing possible revision options for each patient according to their cause of 
failure. Additionally, this book discusses perspectives beyond the clinical, ranging 
from medicolegal aspects and medical tourism to recommended diet and exercise 
programs post-sleeve. The aim of this book is to consolidate all available informa-
tion on LSG, putting it all in one place for bariatric surgeons and healthcare pro-
viders to refer to when needed.

Many papers and studies have been conducted covering multiple aspects of the 
LSG, looking at its effect on obesity, as well as comorbidities associated with obe-
sity, short- and long-term outcomes, management of complications, the nutritional 
effect on the body, and so on. Surgeons have discussed it at length in conferences 
all around the world, speaking about its role in topics such as pediatric and adoles-
cent obesity, debating future directions for its improvement and development.

The book is of interest to practicing surgeons working in the general and/or 
bariatric surgery field, as well as residents and trainees specializing in general sur-
gery or have an interest in bariatric surgery. It involves a collaboration between 
multiple departments that deal with patients undergoing this procedure, providing 
insight from all those involved, and therefore, would also be beneficial to nutri-
tionists working with bariatric patients, and researchers interested in metabolic 
medical issues and obesity. It also provides a highly accessible introduction to 
innovations in this topic, with a wide range of examples and areas covered being 
of interest to them, and concludes with the future directions in this field, thus mak-
ing it “The Complete Book of Laparoscopic Sleeve Gastrectomy.”

Safat, Kuwait  
Cleveland, USA  
Napoli, Italy  
New York, USA  
Adelaide, Australia 

Salman Al-Sabah
Ali Aminian

Luigi Angrisani
Eliana Al Haddad

Lilian Kow
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because like all bariatric surgery, it is not just about the surgery that determines the  
success of the procedure. For a successful outcome, one must understand the  
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This book sets out to cover all aspects of the laparoscopic sleeve gastrectomy. 
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Is sleeve gastrectomy the result of an omphaloskepsis? Omphaloskepsis or navel 
contemplation of one's self is known to be an aid to meditation. The word origi-
nates from the Greek omphalos, signifying “navel” and skepsis, meaning “view-
ing”. In Hinduism, the navel is the site of a powerful chakra, focal point of 
mediation, the site of the universe, but it is also the exit of the sleeve gastrectomy 
specimen, transcending a powerful individual change.

The sleeve gastrectomy follows the duodenal switch evolution, but its origina-
tors did not create the concept of a stand alone or staged procedure called “sleeve 
gastrectomy”. Doug Hess and Picard Marceau altered the open biliopancreatic 
diversion, modified it, and called it duodenal switch, generally called “DS”, in 
1988–90, with the needs for a major gastrectomy to diminish the acid load on the 
duodenal ileal anastomosis, causing dramatically less anastomotic ulcers [1, 2]. In 
Marceau’s description, the BPD distal gastrectomy is replaced with a “65% pari-
etal cell gastrectomy” along the greater curvature; note that this was not called 
“sleeve gastrectomy” at the time, leaving a stomach of at least 200 mL [3].

I initiated, as a principal investigator, a small animal swine pilot project in May 
1999 at Mount Sinai School of Medicine where I had been an attending and pro-
fessor of surgery, with the help of Dr. Gregg Jossart who was a clinical fellow 
in laparoscopic/bariatric surgery at Mount Sinai School of Medicine in New York 
under my directorship, has since served as the Director of Minimally Invasive 
Surgery at California Pacific Medical Center in San Francisco since 1999, assisted 
by Dr. John de Csepel, who was my research fellow and resident at the time from 
the same organization, who is now the Chief Medical Officer & Vice President 
of Medical Affairs for Medtronic's Minimally Invasive Therapy Group’s for a 
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diverse portfolio ($9 billion in annual revenues) in New York City, and Dr. Stephen 
Burpee, resident at the time who is now an attending bariatric surgeon in private 
practice in Tucson Arizona, Laparoscopic Duodenal Switch Feasibility study in 6 
pigs was realised in the institution research centre, which was ultimately published 
later in 2001 [4].

This laboratory effort was to comprehend the complexities and technical 
impediments of performing such surgeries in real patients. After I initiated the 
first laparoscopic Roux-en-Y gastric bypass program at Mount Sinai in 1998, 
strong from my experience with the same surgery since 1995 at the Cleveland 
Clinic in Ohio, and preceding animal experiment on laparoscopic Roux-en-Y gas-
tric bypass with our clinical fellow Dr. Mario Potvin at the Centre de Recherche 
de l’Hotel-Dieu de Montreal in 1993 [5], who is now an attending surgeon in 
the Marshfield Clinic Health System in Wisconsin, I embarked on July 2, 1999, 
21 years ago, to perform the first Laparoscopic DS at Mount Sinai Hospital in 
New York. Dr. Christine Ren, our newest fellow of 1 day, following Dr. Jossart’s 
fellowship year, a finishing general surgery resident from the NYU program, 
assisted me, NYU had no or minimal laparoscopic bariatric surgery experience at 
the time.

• This entailed a laparoscopic sleeve gastrectomy, using a bougie in place of 
60Fr and multiple serial firings of laparoscopic linear staplers, followed with 
duodeno-ileostomy using a transabdominal circular stapler, end to side, ante-
colic, and a side-to-side ileo-ileostomy using a linear stapler and hand-sewn 
closure of the enterostomy. Initially, mesenteric defects were not closed, but 
later than a year afterwards, a 2.6% mesenteric internal hernia incidence was 
observed, mostly Petersen’s, and routine closure of both mesenteric defects was 
initiated in 2000. It is amazing today, looking back at this era, that I had intro-
duced this on patients with BMI >60 kg/m2, as it was my conviction at the time, 
even today, that hypoabsorptive procedures should be completed in this class of 
super to super super obesity [7]. After her 1999–2000 fellowship with us, Dr. 
Christine Ren subsequently became Professor in the Department of Surgery at 
NYU Grossman School of Medicine and Division Chief of Bariatric Surgery.

We therefore initiated quite a series of patients such by December 1999, an 
abstract was submitted to the 2000 annual meeting of ASBS, not called ASMBS 
at the time, American Society of Bariatric Surgery, usually held in June, and 
accepted for an official podium presentation [8]. Dr. Gregg Jossart returned for an 
operating room visit to Mount Sinai NY in the fall of 1999, just before the annual 
meeting of the American College of Surgeons held in San Francisco, accompanied 
by Dr. Robert Rabkin, his new partner at the time in San Francisco, interested in 
learning and observing a live case of laparoscopic DS procedure, which they initi-
ated afterwards with a hand assisted technique, not with complete laparoscopy. Dr. 
Jossart and Rabkin have displayed their preliminary experience at SAGES 2001, 
with 79 cases done, 27 lap assisted and 52 hand assisted which started in October 
1999 until July 2000 [9]. At the Annual meeting of ASBS in June 2000, a short 
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video presentation was produced from Dr. Jossart, Dr. R. Rabkin, and Dr. Donald 
Booth from Biloxi, and with an abstract revealing that they had started the com-
plete laparoscopic technique in January of the same year [10].

By serendipity and providence, I could not perform a complete laparoscopic 
DS early in our experience, due to ventilator pressure problems, and tight pneumo-
peritoneum in spite of utmost muscular relaxation, and I decided to abandon after 
completion of the sleeve gastrectomy, which to this day, was constantly done first. 
My observation of weight loss, disappearance of co-morbidities, led me to believe 
that this group of high-risk patients, those with BMI >60 kg/m2, it would be pref-
erable to realize the long and tedious operation in 2 steps instead, with a 6 months 
interval as a minimum. As, a later review of our data had substantiated the higher 
mortality and morbidity rate of full laparoscopic DS in BMI >60 kg/m2, much 
higher than a 2 stage procedure [11]. This led me to do the first presentation on 
laparoscopic sleeve gastrectomy “alone” at Dr. Phillip Schauer’s meeting in Feb 
20–25 2001, MISS Minimally Invasive Symposium in Snowbird, Utah, on sleeve 
gastrectomy as a 2 stages procedure. The reception was tepid, unenthusiastic, and 
because nobody was really doing laparoscopic duodenal switch at the time, as 
a large part of this crowd had been invited and paid by laparoscopic adjustable 
gastric band companies, it had generated no awareness from the audience, except 
for one individual in attendance. I suppose, it was either Dr. Peter Crookes or Dr. 
Gary Anthone who were working at USC Los Angeles at the time, who came for-
ward during the coffee break, and confided to me that they had done a handful of 
patients with an open technique, as a salvage, but that they were not published and 
thought there was no interest in the subject at the time. They subsequently pub-
lished this experience in 2004 and 2006, but I pondered if they would have pub-
lished it, if it were not from my experience laparoscopically, and subsequent hype 
of the subject [12, 13].

Consequently, with Dr. Christine Chu, another clinical fellow, who is now 
working for Kaiser Permanente Northern California Bariatric Surgery Center, an 
abstract was sent for presentation at the annual meeting of SAGES in the spring 
of 2002. The abstract was published in Surgical Endoscopy, and this constitute the 
first official publication on the subject, entitled” Two-stage laparoscopic BPD/DS. 
An Alternative Approach to Super-Super Morbid Obesity”, many co-authors repre-
sented my faculty partners and bariatric fellows at the time 2001–2002, at Mount 
Sinai hospital and School of Medicine in NY, NY [14]. From July 1999 until July 
2001, 102 laparoscopic duodenal switches had been achieved, of which 7 were by 
two stages completed, and did not include also the sleeve alone that had not been 
converted for numerous motives, including patients who declined a second stage. 
On March 15th 2002, at the New York Hilton Hotel, the presentation of the first 
series, at an official societal meeting, on laparoscopic sleeve gastrectomy, took 
place.

I was part of the World Congress program in 2002, as it was combined for 
IFSES, the International Federation of Societies of Endoscopic Surgery, and this 
was a few months after the tragically September 11, 2001 events, which still 
attracted a large crowd in New York City, in spite of the fear of traveling and 
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flying, they were even discussions to delay or cancelled the meeting. Fortunately, 
we had put an outstanding postgraduate laparoscopic bariatric course at Mount 
Sinai School of Medicine, with countless live surgeries, which encompassed lapa-
roscopic Roux-en-y gastric bypasses, duodenal switch and sleeve gastrectomy as 
a stand-alone procedure. There was also an animal lab and a cadaver laboratory, 
where those techniques were tutored. Many participants remembered and remi-
nisced, still exchange with me about this event as one of the turning point in their 
profession. During the same congress, Dr. Shoji Fukuyama, MD, Christine Chu, 
MD, Won Woo Kim, MD, and myself also presented a video of the two-stage pro-
cedure at the video session V02 on March 15th, 2002 [15]. Dr. Kim returned to 
Seoul Korea were he was an early adopter of sleeve gastrectomy in Asia, start-
ing in 2003. Further, Dr. David Voellinger presented a poster, another clinical fel-
low that year, who did just before is residency at the University of Alabama in 
Birmingham, is now an attending bariatric surgeon and the Medical Director for 
the Novant Health Bariatric Center and Vice Chief of Staff at Presbyterian Medical 
Center in Charlotte, NC, entitled “Laparoscopic Sleeve Gastrectomy is a safe 
and effective Primary Procedure for Biliopancreatic Diversion With Duodenal 
Switch”, because it had been turned down for a podium oral presentation, it was 
a poster abstract [16]. It included a series of 24 patients; initial mean weight was 
414 lbs., with mean BMI of 65 (range 58–76 kgm2). Mean operative time was 
114 min with an average length of stay of 3 days (range 2–7) with a median of 
3 days. Follow-up at 3 weeks, 3 months, and 6 months after sleeve resulted in an 
excess total body weight loss of 11, 23, and 32% and mean BMI of 60, 56 and 49 
kgm2. No major morbidity and no mortality ensued in this population. The con-
clusion was: Laparoscopic sleeve gastrectomy is feasible and can be performed 
with minimal morbidity as the primary stage of LBPDDS in the superobese. It also 
results in substantial short-term weight loss and should allow for a safer operation 
during second stages [16].

Dr. Bruce V. MacFadyen Jr. from the University of Texas-Houston Medical 
School, who was the main co-editor of Surgical Endoscopy at the time with Sir 
Alfred Cuschieri, turned down the manuscript submitted, for lack of long-term 
follow-up!! This infuriated me, as Surgical Endoscopy had an earlier tradition 
of publishing pioneering concepts a decade before. And this is why our second 
series has been published 1 year after, in 2003, in a distinct journal, more open 
minded to bariatric subjects, in Obesity Surgery, by our clinical fellow at the time 
Dr. Joseph Patrick Regan, and Barry Inabnet pushing for its publication on “Early 
experience with two-stage laparoscopic roux-en-Y gastric bypass as an alternative 
in the super-super obese patient” which is much quoted in the bariatric surgical 
literature [17]. As much commercial medical insurances were denying duodenal 
switches, although accepted by CMS, patients ended up, after their approval, with 
a second stage Roux-en-Y gastric bypass, which I considered an inferior opera-
tion for super-obeses. As I said, this was not my first cohort of patients, in this 
short paper in obesity Surgery, there were only 7 patients who had an initial sleeve 
followed several months later, with a mean of 11 months, a lap Roux-en-y gas-
tric bypass, were the upper sleeve was transected, from a BMI of 63 to 50 kg/m2 
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after a sleeve, and then to 44 kg/m2, 2.5 months later. The very first sleeve gastrec-
tomy series was published as a book chapter, with considerable delays, in 2005, 
which many referenced today, as the first series of laparoscopic sleeve gastrectomy 
[18] of note, Dr. Regan is now attending staff at Columbia St. Mary's Hospital 
Columbia, in Milwaukee, WI, as well as medical director and assistant Clinical 
Professor of Surgery of the Medical College of Wisconsin and member of the 
Milwaukee Institute of Minimally Invasive Surgery.

As I said earlier, Dr. Gregg Jossart who is now Director, Minimally Invasive 
Surgery, California Pacific Medical Center, San Francisco, California and Dr. Gary  
J. Anthone who as since left private bariatric surgery practice to be the chief medi-
cal officer and director of public health of Nebraska, have composed a short piece 
on the history of sleeve gastrectomy in the Bariatric Times in 2010 [19]. In 1997, 
Dr. Gary Anthone was performing an open duodenal switch on a 13-year-old girl 
with a history of common bile duct stones [12]. Intraoperatively, the common 
bile duct stones could not be completely cleared, and elected to just do an open 
sleeve gastrectomy in order to leave access for a postoperative endoscopic retro-
grade cholangiopancreatography (ERCP). From 1997 to 2001, he performed 21 
open sleeve gastrectomies in high-risk patients with super-morbid obesity [12]. 
The lesser curve stomach left was approximately 100 mL in volume (presently the 
pouch volume is approximately 60 cm3 or less) and the patients reached 40–50% 
excess weight loss (EWL). By October 2005, he had narrated on 118 open sleeve 
gastrectomies with similar outcomes [13].

Professor Michael J. McMahon, previously from the General Infirmary at 
Leeds, robust from the experience of Professor Johnston with Margenstrasse 
&Mill gastroplasty, had executed from January 2000 until December 2001, lapa-
roscopic sleeve gastrectomy in 20 patients. Of note, Prof Michael J. McMahon had 
visited me at Mount Sinai School of Medicine during this time interval, where the 
laparoscopic sleeve gastrectomy had been performed 7 months earlier in duodenal 
switch patients. The technique described in their manuscript of 8-years results, is 
identical to the technique used at Mount Sinai, except for a smaller bougie of 32 
Fr, the one that was currently used for M&M in Leeds. At 8 years, 55% of patients 
had more than 50% EWL [20].

In San Francisco, Dr. Gregg Jossart, our former fellow, was an early adop-
ter of sleeve gastrectomy in the West coast, he had started to offer the stand-alone 
procedure with a 32 French calibre pouch (30–60 cm3) to lower BMI patients, in 
November 2002 [21]. I had several conversations with him encouraging them to 
start the laparoscopic two stage procedure in San Francisco. The results of 216 
patients compared successfully the other stapling procedures and certainly against 
adjustable gastric banding, with 75–85% EWL at two years of follow up [21].

Adjustable gastric banding has been almost abandoned, and performed less 
than 1% of the time in North America. Dr. Jacques Himpens from Brussels 
Belgium, an early adopter of the technique, has been convinced after video trans-
mission of surgeries performed from Mount Sinai NY to Brussels and Europe, and 
had published some 6 years results in the Annals of Surgery, a landmark paper, 
where sleeves where performed between November 2001 and October 2002, in 
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which the early technique was not fully understood, especially concerning the 
extent of fundus and crus dissections, giving its worst results [22].

Two additional posters at SAGES annual meeting in 2002 mentioned  
some aspects of early sleeve gastrectomy developments. Dr. Hazem Elariny  
from Virginia started in 2001 and had presented 30 patients of a laparoscopic  
non-banded vertical gastroplasty with sleeve gastrectomy [23]. Dr. Val Andrei 
from New Jersey, was our clinical fellow at Mount Sinai NY, at the same time 
as Dr. Jossart in 1998–1999, and described 3 cases of laparoscopic duodenal 
switches, one laparoscopic, one hand assisted and another converted from laparo-
scopic to open [24].

But this was antedated by one year, the SAGES annual meeting of 2001, 
where Dr. Theresa Quinn, who is working as a general surgeon in Wisconsin, 
our clinical fellow that year, presented on our updated experience “Laparoscopic 
Biliopancreatic Diversion with Duodenal switch: The early Experience” [25].

Since it had been clearly established that two stage procedures, with a laparo-
scopic sleeve gastrectomy performed first, had slashed impressively the mortality 
to zero, and gave an acceptably low morbidity rate in these high risk patients, I 
fully embraced the procedure from the very commencement [26].

I then embarked on the big task of educating a large population of bariatric, 
minimally invasive and gastro-intestinal surgeons worldwide in this new proce-
dure. We started to display and teach this technique to visitors at Mount Sinai from 
1999, and in official bariatric courses we had regularly. The very first international 
specific course on Laparoscopic Sleeve Gastrectomy was at Doral Golf Course 
in 2005, and Dr. Jacques Himpens was an invited foreign faculty. Afterwards, six 
International consensus conferences were established under my leadership and 
directorship, starting with the first one in New York City in October 25–27, 2007. 
The proceedings were published in obesity surgery in 2008 [27].

Following this great triumph, five more International Consensus conferences 
were held in New York City, Miami, Montreal and London, of which the first 5 
ones have been published. Each of them had a sizeable component of live surger-
ies from countless expert surgeons demonstrating the easiness and convolutions of 
their operation, emanating form all continents. A didactic portion of the meeting 
had sessions on mechanisms, indications, and contraindications of that particular 
year, followed by management and detection of complications, conversions and 
revisions [28–31]. Worth stating, was also the Expert consensus meeting planned 
by Dr. Raul Rosenthal in Florida, sponsored by Ethicon Endosurgery, to establish 
consistency in the technical performance of sleeve gastrectomy, led to highly cited 
paper in 2012 [32].

The rest is history; ASMBS and IFSO have recognized Sleeve Gastrectomy as 
an acceptable option for a primary bariatric procedure or as a first-stage procedure 
in high-risk patients as part of a planned, staged approach. As with any bariatric 
procedure, long-term weight regain can occur after and may require one or more 
of reinterventions. Informed consent should be consistent with the other bariatric 
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procedures and, as such, should include the risk of long-term weight regain and 
GERD.

I did organized the International Federation for the Surgery of Obesity and 
Metabolic Disorders (IFSO) annual meeting of 2014 and Fifth International 
Consensus Conference on Laparoscopic Sleeve Gastrectomy, in Montréal at the 
end of August 2014. An international expert panel was surveyed in 2014 and com-
pared with the 2011 Sleeve Gastrectomy Consensus and with survey data taken 
from a general bariatric surgical group. The expert surgeons (based on having per-
formed > 1000 cases) completed an online anonymous survey. The following indi-
cations were endorsed: as a stand-alone procedure (97.5%); in high-risk patients 
(92.4%); in kidney and liver transplant candidates (91.6%); in patients with meta-
bolic syndrome (83.8%); body mass index 30–35 with associated co-morbidities  
(79.8%); in patients with inflammatory bowel disease (87.4%); and in the elderly 
(89.1%) [31]. Significant differences occurred between the expert and general sur-
geons groups in favouring several contraindications: Barrett's esophagus (80% 
versus 31% [P < 0.001]), gastroesophageal reflux disease (23% versus 53% [P <  
0.001]), hiatal hernias (12% versus 54% [P < 0.001]), and body mass index>60 kg/ 
m2 (5% versus 28% [P < 0.001]). Mean reported weight loss outcomes 5 years 
postoperative were significantly greater for the expert surgeons group (P = 0.005), 
as were reported stricture (P = 0.001) and leakage (P = 0.005) rates. This confer-
ence emphasized areas of novel and enriched best practices on various aspects of 
laparoscopic sleeve gastrectomy performance among experts and bariatric sur-
geons [31].

In 2016, the numbers of bariatric procedures have been estimated to be 216,000 
in USA alone [33]. Of these 58% have been sleeve gastrectomy, but if one looks 
at the number of primary laparoscopic procedures, sleeve gastrectomy has attained 
73% of all, nearly 3 quarters of them, and still rising. But USA was unhurried to 
fully embrace it, because of private insurances slow processes. In countries where 
a national health system happens, like Chile, Kuwait or France, it has been the 
uppermost procedure before 2016.

Globally, the total bariatric surgical figures have approached 685,874; 
634,897 (92.6%) of which were primary and 50,977 were revisional (7.4%) 
[34]. My estimate is that bariatric/metabolic surgeries are closer to 1 million 
procedures a year, as most nations do not have a countrywide registry of bari-
atric procedures. According to the latest IFSO assessment, the most performed 
primary procedure was sleeve gastrectomy (N = 340,550; 53.6%), followed by 
Roux-en-Y gastric bypass (N = 191,326; 30.1%), and single anastomosis gas-
tric bypass (N = 30,563; 4.8%). In 2016, sleeve gastrectomy remains the most 
performed surgical procedure in the globe, with probably more than half a 
million cases done annually. It has the promise to grow to 5–10 times those 
numbers if they are being welcomed by national health care systems, and not 
restrained, due to biases and financial constraints, like in Canada or the UK for 
example.
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1  Introduction

Obesity is one of the major health problems affecting developed as well as devel-
oping countries. WHO defined Obesity and overweight as individual age 20 and 
above with Body Mass Index of 25 and above. Obesity itself is categorised into 
three groups: obesity class 1 (BMI 30 to <35), class II (BMI 35 to <39) and class 
III (BMI 40 and above). In this chapter we will focus on the cost and economic 
impact of both the overweight and obesity. WHO estimated in 2016, around 1.9 
billion adult age 18 and above were overweight. Out of this 650 million were 
obese [25]. Generally, 39% of adult age 18 and above were overweight and 13% 
of them were obese in 2016.

Costing and economic burden studies were normally conducted for a number of 
reasons. Costing data is often use as a mechanism to inculcate cost consciousness 
among health stakeholders that include medical practitioners, their administrators 
and also consumers at large. All these three groups of stakeholders are highly rel-
evant in prevention and management of obesity. Costing data can be used in com-
paring the cost of interventions over a period of time or in different health settings. 
These comparisons are important in order to understand the factors that lead to 
change in the cost and also to choose the most efficient setting in managing health 
conditions such as obesity. In some countries health services are contracted by the 
government to other players for various reasons. Costing information is very use-
ful in ensuring that the government can purchase the services at the most efficient 
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price. Economic evaluation studies such as cost-effectiveness and cost-benefit 
analysis requires accurate costing data in order to impute the cost-outcome ratio. 
This is often used as the indicators to decide the most cost-effective intervention 
for a specific health problem such as obesity.

2  Costing Methods

There are at least three methods of costing in health care. The first method is 
called activity-based costing. The basic principle of this method is activities are 
the cost drivers. Each activity will consume resources in order to produce an out-
put. Hence, each activity relates to specific health intervention should be identi-
fied. In management of obesity, all activities in the intervention should be recorded 
and costs are then assigned to each of each activity. The main advantage of  
activity-based costing is that it will produce a very detail and comprehensive cost-
ing information. However the main drawback of this method is that it will take too 
much time to complete and costly to execute since it is very labour intensive to 
conduct.

The second method is called step-down costing. In this method, the research-
ers will first need to know the total expenditure of the service unit involves in the 
interventions. This is followed by a series of drilling down the cost at various lev-
els of subunits or cost-centres in the organisations until the lowest level, which 
is call the final cost-centres. The outcome of this costing is cost per day of stay 
for inpatient or cost per visit for outpatient care. The main strength of this costing 
method is that it can be carried out within a short period of time with low human 
resource need. However one of the limitations of this method is the require-
ment for researchers to establish the cost-centres and the need to use appropriate  
cost-allocation factors.

The third costing method is a combination of both activity-based costing and 
step-down costing. This is the most common method use by researchers in costing 
studies. In this method, the capital cost and some selected recurrent costs are dis-
tributed to the final cost centres using step-down costing while other recurrent cost 
such as drugs, investigations and selected surgical procedures are easily identified 
for each patients are allocated based on activity-based costing.

3  Costing Components

There are at least three major cost components in costing studies related to obe-
sity from economics perspective, The first component is the direct cost. Direct cost 
refers to all costs due to resource use that are completely attributable to the use of 
a health care intervention or illness [26]. In this chapter, the direct cost of obesity 
will include cost of diseases related to obesity and overweight covering the inpa-
tient cost, outpatient cost, cost of incurred by patients and their relatives and also 
cost of preventive services spend in the health system.
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The second component of cost is the indirect cost. These are costs related to the 
loss of income due to the diseases or its intervention. In this chapter, the indirect 
cost covers the potential loss of income due to treatment of diseases related to obe-
sity and overweight and premature deaths.

The third cost component is the intangible cost. This is the cost associated with 
pain and sufferings of diseases. Since this cost component is often difficult to 
quantify and not commonly covered in most costing studies, we will not include 
this component in our costing of obesity and overweight.

Another important aspect of costing study is the perspective of the costing. In 
this chapter, as far as possible we report the cost from societal perspective. This 
means that we will cover the direct and indirect cost of patients, their family mem-
bers and also the cost incurred by health system on the whole. This will help us to 
provide a wider view in respect to the cost and economic burden of obesity and 
overweight.

4  Cost of Obesity and Overweight: The Evidence

In this chapter the evidence on the cost of obesity and overweight was obtained 
from literature search performed on the Medline (Pubmed) electronic database. 
Potentially relevant studies were published between 2000 and 2019 were identified 
through search of their title and abstract. The search terms used were: “Obesity 
OR Overweight and Cost OR Economic Burden”. These were supplemented by 
hand search on key journals on obesity and reports from WHO and other relevant 
organisations.

The outcome is presented in two different parts: Overall cost of obesity in 
health system and cost of Non-communicable diseases related to obesity and 
overweight.

5  Overall Cost of Obesity

The estimation on the overall cost of obesity was done in the US health system. 
It was estimated that the direct cost of obesity is more than USD 92 billion per 
year. This is equivalent to 5% of adult health expenditure in the US [9]. The health 
care cost of obese individuals in US is 37% higher than non-obese persons, which 
amount to additional USD 732 per person per year. Another aspect of the impact 
of obesity is on the productivity of the workforce. Obese workers among a uni-
versity employees loss a total of 376 productive working days per year. This is 
27 times higher than those with healthy weight. The annual medical cost claims 
among these obese university employees is 13 times higher than those with 
healthy weight (USD 94,125 among the obese vs. USD 7,503 among those with 
healthy weight) [18].

A study conducted in North Carolina state in US estimated that the direct and 
indirect medical costs for eight unhealthy risk factors, including obesity were USD 
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57.8 billion. This is almost twice the annual budget of the state in 2010. The total 
cost of managing individuals with obesity and overweight was USD 17.60 billion 
or around 30% of the total health care cost. Hence, this position excessive weight 
as the most costly among the eight unhealthy risk factors [6]

Businesses and other commercial entities are also affected from having obese 
workforce. In another study, it was observed that obesity cost is as high as USD 
12.7 billion per year to US businesses, of which USD 7.7 billion alone was on 
health care cost [22].

In United Kingdom, 66,000 deaths can be avoided in the year 2003–2004 if the 
population’s BMI is 21 and below. Overweight and obesity is responsible for at least 
7.3% of all morbidity and mortality in the UK. The total direct cost of obesity was esti-
mated to be around £3.23 billion that is equivalent to 4.6% of the total NHS expendi-
ture in 2002. However the indirect cost due to obesity is very much higher amounted to 
£11.23 billion. This amount is as high as 43% of the total NHS Budget [2].

In systematic reviews of articles on cost of obesity in Canada, Tran et al. [5] 
reported the outcome of ten published studies from 1990 to 2011. Annual cost 
of obesity in Canada range from CAD1.27 billion to CAD 11.08 billion, con-
suming between 2.2 and 12% of Canada’s total health expenditures. One of the 
latest reviews on cost of obesity was by Anis et al. [4] using prevalence based 
approached covering 18 co-morbidities from societal perspective. Direct medical 
cost including hospital care, physicians’ services, services by other health profes-
sionals and drugs were imputed in this study. The indirect cost was estimated from 
the morbidity cost due to short and long-term disability. The authors use human 
capital approach in estimating the indirect cost. It was found that the total direct 
cost was CD 5.96 billion and the indirect cost was CD 5.0 billion. The total cost of 
obesity is CD 10.6 billion, which is equivalent to 4.2% of total health expenditure 
of Canada.

The study conducted in Germany by Kannopka et al. (2011) reported a huge 
amount of resources are needed in managing obesity and overweight. The direct 
cost in their study covers inpatient, outpatient treatment, rehabilitation, and  
non-medical cost such an administration and research. As in the study in UK, the 
authors also used human capital approach in estimating the indirect cost. Output 
lost due to loss of income as the result of absence from work was imputed in this 
study. Most of the indirect costs are from loss of income due to early retirement 
and premature mortality related to obesity and overweight. The total cost of obe-
sity was estimated at € 9.97 billion where 51% of the cost is indirect cost. The 
total cost is equivalent to 2.1% of total health expenditure of Germany.

Study on cost of obesity in low and middle-income countries is rare. 
Pitayatienanan et al. [19] conducted a study in Thailand that estimates the cost 
of obesity in the country. They used retrospective cost-of-illness approach in the 
study covering health care cost, cost of productivity loss due to premature death 
and hospital admissions. Twelve comorbidities related to obesity were included in 
this study. The cost of obesity was estimated to be Baht 12,142 million (USD PPP 
725.3 million). This is equivalent to 0.13% of GDP. The healthcare cost account 
for 46% of the total cost or 1.5% of the total health expenditure of Thailand.
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In South Korea, Kang et al. (2005) reported a study they conducted to esti-
mate the socio-economic cost of obesity and overweight among adults age 20 and 
above. The direct cost included in the study is cost of inpatient care, outpatient 
care and medications. The indirect cost is loss of productivity due to premature 
deaths, inpatient care, transportation cost and nursing cost. The costing data for 
the study was sourced from National Health Insurance claims of eight co-morbid 
conditions associated with overweight and obesity. The total cost of obesity and 
overweight for Korea was found to be USD 1.78 billion per year. The direct cost 
was estimated to be USD 1.08 and the indirect cost was USD 0.7 billion. The costs 
represent 0.22% of GPD and 3.7% of total health expenditure of Korea.

6  Cost of Non-communicable Diseases Related 
to Obesity and Overweight

The chronic and communicable diseases that are most likely linked to obesity and 
overweight is given in Fig. 1.

6.1  Ischaemic Heart Disease and Stroke

Ischaemic heart diseases and stroke are among the top cardiovascular disases that 
has a strong link to obesity and overweight as riskfactors. Hansen et al. [15] in their 
study that followed-up 6,238 men and women in Denmark for a ten-year period 
showed that obese and overweight respondents had 2–3 times more likely to develop 
ischaemic hearth disease than the non-obese individuals. In another study done ear-
lier, Thomsen and Nordestgaard [17] followed up a big chohort of 71,257 people for 
3.6 years. They found that overweight and obese indiviuals with metabolic syndrome 

Fig. 1  Chronic diseases 
linked to obesity and 
overweight
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had higher risk of developing myocardial infarction by 1.7 and 2.3 times, respec-
tively, than those with normal weights and without metabolic syndromes.

In term of stroke, Mitchell et al. [3] reported in their study involving 1,201 
cases of obesity with 1,154 controls among young adults that obese subjects have 
nearly 60% higher risks of developing stroke. These findings re-confirmed the  
outcome of an earlier study among older adults, which covered more than 2 mil-
lion subjects [12]. The cost of stroke attributable to obesity was estimated to be 
aroud CAD 106 million per year in Canada [13]. In the study in Canada, the popu-
lation attributable fraction (PAF) of obesity for stroke was estimated to be vey low 
at only 4%. This is in mark contrast to study in UK where the PAF was estimated 
to be higher at 34%. The total cost of stroke attibutable to obesity was found to be 
£229 million per year.

Based on the Casemix Database in Malaysia and Indonesia for the year 2016, 
the direct cost from provider’s perspective of managing both acute myocardial 
infarction and stroke were very high and may not be affordable by most sector of 
the population. In Malaysia, the cost of managing acute myocardial infaction per 
admission ranged from 5.5% for mild cases without any complications and comor-
bidity to 9.1% of percapita GDP for severe cases with major complications and 
comorbidity. For cases of stroke, the cost in Malaysia is higher than myocardial 
infaction ranging from 14% of percapita GDP for mild cases to 23.8% of GDP for 
severe cases (Table 1). The cost of mycoardial infarction and stroke in Indonesia 

Table 1  Cost of inpatient care for myocardial infarction and stroke in Malaysia (2016)

aPPP Exchange Rate 2018: 1 USD PPP = 1.44 RM

Severity Cost per admission (RM) USD (PPP)a % GDP

Acute Myocardial Infarction Mild 1,757 1,220 5.5

Moderate 2,215 1,538 6.6

Severe 2,925 2,031 9.1

Stroke Mild 4,470 3,104 14.0

Moderate 5,564 3,864 17.4

Severe 7,602 5,279 23.8

Table 2  Cost of inpatient care for myocardial infarction and stroke in Indonesia (2016)

aPPP exchange rate 2018; PPP USD = 4,238 Rupiah

Severity Cost per Admission 
(Rupiah)

USD (PPP)a % GDP

Acute Myocardial 
Infarction

Mild 4,810,699 1,135 12.0

Moderate 8,589,900 2,027 21.5

Severe 12,391,700 2,924 30.9

Stroke Mild 8,763,300 2,068 21.8

Moderate 11,715,800 2,764 29.2

Severe 14,704,800 3,470 36.7
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is much higher than Malaysia in term of percentage of percapita income. Overall, 
the cost for myocardial infarction in Indonesia ranged from 12 to 30% of percapita 
GDP. The cost of stroke in Indonesia is very much higher than myocardial infac-
tion ranging from 21.8% to 36.7% of percapita GDP.

6.2  Diabetes Mellitus

Diabetes mellitus link with overweight and obesity is very clear and observed in 
most population in the world. The global prevalence of diabetes in 2019 is 9.3% 
affecting 463 million people. The prevalence is expected to raise to 10.2% by 
2030 and 10.9% in 2045 [20]. International Diabetes Federation estimated that in 
2019 the global expenditure on diabetes mellitus that accounts for the direct cost 
is USD 760 billion. This figure will raise to USD 825 billion in 2030 and USD 
845 billion to 2045 [11]. Abdullah et al. [1] in a metaanalysis of 18 prospective 
cohort studies found that the relative risk of diabetes among the obese was 7.19 
and the overweight was 2.99 compared to those with normal weight. Most of the 
studies that estimated the obesity and overweight cost of diabetes mellitus used 
the population attributable fraction (PAF) method. In UK, obesity and overweight 
contributes 79% of PAF of diabetes cost or 2.1% of the total annual DALYs lost. 
This is equivalent to £533 million in 2002 [2]. In an earlier study conducted by 
Birmingham et al. [13] in Canada the PAF for obesity in diabetes was estimated 
to be 50.7%. The total direct cost of diabetes mellitus attributable to obesity was 
CAD 423 million per year.

6.3  Osteoarthritis

Osteoarthritis is one of the major musculoskeletal conditions related to obesity. 
Study among women in UK found that highest tertile of BMI were six times more 
likely to develop osteoarthritis [21]. It was observed in another study that for every 
one standard deviation (SD) increase in BMI, the risk of developing osteoarthri-
tis is increased by 40%. The PAF for obesity in osteoarthritis was estimated to be 
21% in UK. The total cost of obesity in osteoarthritis was estimated to be around 
£229 million per year [2]. Chen et al. [8] in their reviews of series of literatures 
from North Americans, European and Asian regions reported that there are huge 
variation in the direct and indirect cost of managing osteoarthritis in these regions. 
The cost of topical and oral NSAID ranged from £19.2 to £26.65 million per year 
while the cost of knee and hip replacement exceeded £850 per year. The indirect 
cost of osteoarthritis due to loss of productivity was estimated to be £1.34 billion 
per year. In Spain, Loza et al. [16] estimated that the direct and indirect cost of 
osteoarthritis was £4.04 billion and £654 million per year, respectively. Based on 
PAF estimation from the study in UK, the cost of osteoarthritis due to obesity in 
Spain was £986 million per year. Le Pen et al. [14] conducted an economic bur-
den study of osteoarthritis in France. They estimated that the total direct cost of 
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osteoarthritis was £1.58 billion per year. Again if we use the same PAF of 21% 
as in the study in UK, the direct cost of osteoarthritis attributed to obesity is esti-
mated to be £332 million per year. The cost is lower than Spain but slightly higher 
than the estimates in UK.

6.4  Cancers

Obesity and overweight are two known risk factors of cancers. In 2018, it was 
estimated there were 18.1 million cancer cases and 9.6 million deaths globally. 
Risks of 13 types of cancers increased with obesity and overweight that account 
for 3.6% new cancers among adults worldwide [7]. Cancers that are linked to obe-
sity and overweight includes colon, endometrium, postmenopausal breast, kidney, 
esophagus, pancreas, gallbladder, liver, and hematological malignancy [23]. The 
overall cost of expenditure on cancers in US in 2017 was estimated to be USD 342 
billion, which is equivalent to 1.8% of GDP. Loss of productivity and cost of pre-
mature deaths is 53% of the total cost. In the European Union the cost of cancer 
was estimated to be €141.8 billion or 1.07% of the total GDP.

Colorectal cancer is one of the commonest form of cancer associated with obe-
sity and overweight. Around 10% of the total incidence of cancer in the world are 
colorectal cancers. In 2017, it was estimated that there were 1.8 million new cases 
of colorectal cancer with 896,000 deaths [10]. Obesity and overweight is attributed 
to 16% of the colorectal cancers that account for 2% of the total DALYs in UK. 
The cost of colorectal cancer due to obesity and overweight was estimated to be 
£61 million per annum [2]. Birmingham et al. [13] used a much lower value of 
PAF in estimating the obesity cost of colorectal cancers in Canada. Based on PAF 
of only 4.7%, they estimated that obesity and overweight contributed CAD 19.9 
million per year of colorectal cancer cost.

Breast cancer is the most common cancer among women and accounted for 
12% of all cancer cases globally. The cumulative risk of developing breast cancer 
among women age 75 years is 5%. The PAF for obesity and overweight in breast 
cancer was estimated to be around 12% in UK. Obesity and overweight is respon-
sible for 1.8% of the total DALYs loss due to breast cancer. The total cost of breast 
cancer attributable to obesity and overweight in UK was £29 million per year [2]. 
A study in Canada reported that the obesity and overweight cause of breast can-
cer was CAD 19.8 million year. However, this study focussed on postmenopausal 
women and the PAF of 9.1% was used [13].

7  Conclusion

Overweight and obesity is a major public health problem in both developed and 
developing countries. Costing studies on these conditions can provide excellent 
insight to the policy makers on the scale of the problems that affect the health 
system. Outcome of such studies highlighted the significant amount of resources 
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required in managing cases of overweight and obesity. The overall health expend-
iture to manage overweight and obesity ranged from 2% to as high 12% of the 
total national health expenditure. However, there are wide variations in the cost-
ing methods to estimate the direct and indirect cost as reported in the reviewed 
studies. Most of the studies employed the step-down approach in combination 
with PAF to estimate the total cost. Step-down costing was the preferred method 
in most of the studies because of lack of detail costing information required in 
activity-based costing. There is also wide range of PAF values depending on the 
countries where the study was conducted and the conditions linked to obesity and 
overweight. PAF values were as high as 79% for diabetes mellitus and was only 
4.7% for colorectal cancers. One of the major future challenges for the researchers 
is to work towards standardization of the costing methods in order to increase the 
usability of the study outcome for policy decisions.
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1  Obesity Reduces Life Expectancy

The effect of obesity on survival has been recognized for over 2500 years since 
Hippocrates first noted that “sudden death is more common in those who are nat-
urally fat than lean.” [1] Two centuries later, the physiologist Malcolm Flemyng 
described obesity as a disease “because it obstructs the free exercise of the animal 
functions and hath a tendency to shorten life” [1]. Indeed, obesity is associated with 
a striking reduction in life expectancy in both adult men and women and across 
racial and ethnic groups [2–4]. This observation has been confirmed in several large 
pooled analyses of prospective studies, including a meta-analysis of over 239 stud-
ies spanning 4 continents which found that every 5 kg/m2 increase in body mass 
index (BMI) over 25 kg/m2 is associated with a 29–39% increase in all-cause mor-
tality [5–7]. The association of obesity and mortality even extends to individuals 
with so-called “metabolically healthy” obesity, who do not exhibit cardiometabolic 
abnormalities (e.g. high waist circumference, hypertension, hypertrigleridemia, low 
high-density lipoprotein, or abnormal glycemic parameters) [8]. The effect of obe-
sity on survival is mediated by a broad range of conditions with the predominant 
mediators being cardiovascular diseases, respiratory diseases and cancer [7].

The direct relationship between BMI over 25 kg/m2 and mortality has been 
challenged by some studies reporting a protective effect of overweight and/or 
Class I obesity in cardiovascular disease, cancer, respiratory disease, renal disease 
and the elderly. These observations have been termed “the obesity paradox” [9]. 
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However, the obesity paradox is largely debunked when accounting for the meth-
odological issues in these studies (Table 1).

2  Obesity and Cardiovascular Disease

Most cardiovascular disease is increased in the setting of obesity, including coro-
nary heart disease, heart failure with reduced ejection fraction (HFrEF), heart fail-
ure with preserved ejection fraction (HFpEF), atrial fibrillation and stroke [10–11]. 
Obesity contributes to these diseases via both indirect and direct effects on the 
cardiovascular system. The indirect effects are well known and include hyper-
lipidemia, dyslipidemia, arterial hypertension, insulin resistance, hyperglycemia, 
and systemic inflammation [10]. These cardiometabolic risk factors correlate with 
fat mass in obesity, and particularly with visceral and ectopic fat depots that are 
known to have systemic metabolic effects [12].

The direct effects of obesity on cardiovascular health have received less atten-
tion in clinical care but are increasingly recognized in the literature. The epicar-
dial fat depot, in particular, has been found to have direct lipotoxic effects on the 
underlying myocardium and coronary vasculature [13]. It releases inflammatory 
cytokines and reactive oxygen species that have paracrine and vasocrine effects 
creating a proatherogenic milieu. Epicardial fat may also contribute to structural 
and electrical remodeling leading to atrial fibrillation [3]. In addition, individu-
als with obesity not only have high levels of fat mass, but also have elevated fat-
free mass (FFM), which is thought to be an adaptation to carrying an extra load or 
weight in their daily activities [10]. Increased FFM increases the circulating blood 
volume which, in turn, increases the left ventricular (LV) stroke volume and car-
diac output, placing extra burden on the heart. This leads to altered cardiac struc-
ture and function including ventricular (both left and right) concentric hypertrophy 
and enlargement, left atrial enlargement, and systolic and diastolic dysfunction 
which can eventually manifest as obesity cardiomyopathy or congestive heart fail-
ure [10].

Table 1  Limitations of studies that observe an obesity paradoxa

aBanack HR, Stokes A. The ‘obesity paradox’ may not be a paradox at all. Int J Obes (Lond). 
2017;41(8):1162–1163. https://doi.org/10.1038/ijo.2017.99

Methodological limitation Example

Misclassification bias BMI may inappropriately assign overweight status to individuals 
who are normal weight by body composition. This may underesti-
mate mortality in the overweight group

Reverse causation Weight loss in the normal weight group may be related to under-
lying illness and loss of fat free mass, leading to a higher relative 
mortality in that group compared to overweight groups

Collider stratification bias Smoking may be a significant causal factor, and lower rates 
of smoking in the overweight group may present as improved 
survival

https://doi.org/10.1038/ijo.2017.99


The Health Effects of Obesity 25

Both severity of obesity and duration of obesity are associated with cardiac per-
formance and cardiovascular disease [10]. Increased cardiorespiratory fitness has 
been found to reverse much of the negative impact of obesity on cardiovascular 
health and mortality. However, only 20% of individuals with obesity are thought to 
have adequate cardiorespiratory fitness [10].

3  Obesity and Respiratory Disease

Respiratory function is adversely affected by obesity in a number of ways. Excess 
adiposity on the thoracic wall and in the abdomen limits chest wall movement 
and decreases lung compliance, heightening the demand on the diaphragm [14]. 
Although respiratory muscle strength is preserved, diaphragmatic endurance is 
reduced as much as 45%, which may explain the common occurrence of breath-
lessness and susceptibility to respiratory failure in patients with obesity in the set-
ting of abdominal surgery, sepsis or metabolic derangements. Lung perfusion is 
impacted by obesity as well. Perfusion is greatest in the dependent portions of the 
lung. In obesity, however, shallow breathing leads to basal atelectasis and distrib-
utes ventilation to the upper lung zones leading to ventilation-perfusion mismatch 
and increased vulnerability to hypoxia.

Obesity also leads to reduced airway caliber and increased airway resistance. 
This may explain in part the relationship between obesity and asthma wherein a 
weight gain of  >5 kg increases risk of asthma in a dose-dependent manner and 
obesity is associated with symptom severity and increased bronchodilator use [14].

Upper airway function is particularly impacted in obesity by both the mechani-
cal load of excess adiposity on pharyngeal structures and obesity-related inflam-
matory cytokines that disrupt pharyngeal neuromuscular function [14]. These 
changes manifest in obstructive sleep apnea (OSA), which has a prevalence of 
over 70% in the bariatric surgical population. Despite its strong association with 
obesity, 80% of obstructive sleep apnea remains undiagnosed [14]. Hypopneas 
and apneas in OSA result in hypoxia, hypercapnia, increased sympathetic activity, 
increased respiratory effort, cortical arousal, and sleep fragmentation which in turn 
leads to functional and physiologic impairments [15]. Specifically, OSA causes 
neuropsychiatric disturbances, cardiac arrhythmias, pulmonary hypertension, cor-
pulmonale, systemic hypertension, coronary artery disease, congestive heart fail-
ure, polycythemia, stroke and increased mortality [14–15]. These complications 
are worsened in obesity hypoventilation syndrome (OHS) which is characterized 
by non-apneic hypoxemia and CO2 retention. Both mechanical and central mecha-
nisms are thought to play a role in OHS [15].

Obesity is also associated with worse outcomes in respiratory infections, 
including community acquired pneumonia, H1N1 influenza and coronavirus dis-
ease 2019 (Covid-19) [15–17]. Higher rates of hospitalization, intubation and 
mortality in the setting of Covid -19 are possibly related to multiple mechanisms 
including the aforementioned alterations in respiratory function predisposing to 
respiratory failure and/or hypoxia, altered immune responses leading to weakened 
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host defense and increased chances of cytokine storm, and increased quantities 
of angiotensin converting enzyme-2 (ACE-2), the transmembrane enzyme that 
SARS-CoV-2, the virus that causes Covid-19, uses for cell entry [17].

4  Obesity and Cancer

Obesity is associated with 13 types of cancer (Table 2) [18]. Among women in 
North America, Europe and the Middle East, the obesity-related cancer burden 
comprises 9% of the total cancer burden. There is increasing evidence of causal 
links between obesity and cancer that center on obesity-related metabolic and 
endocrine abnormalities. Specifically, alterations in sex hormone metabolism, 
insulin and insulin-like growth factor signaling, adipokines, and several inflamma-
tory pathways have been implicated [18]. Despite the higher prevalence of vari-
ous cancers in patients with obesity, rates of cancer screening have been shown 
to decrease with increasing BMI [19]. This disparity in care needs to be urgently 
addressed given the rising rates of both epidemics.

Although there is limited data to show the benefit of weight loss for cancer 
prevention or prognosis, it has been found that the mortality benefit of surgical 
weight loss is not only related to a reduction in cardiovascular mortality but also 

Table 2  Obesity-related Cancers

Adapted from Lauby-Secretan B, Scoccianti C, Loomis D, et al. Body Fatness and Cancer–
Viewpoint of the IARC Working Group. N Engl J Med. 2016;375(8):794–798. https://doi.
org/10.1056/NEJMsr1606602
aShown is the relative risk per 5 BMI units

Cancer site or type Relative risk of highest BMI category evaluated versus normal 
BMI (95% CI)

Esophagus adenocarcinoma 4.8 (3.0–7.7)

Gastric cardia 1.8 (1.3–2.5)

Colon and rectum 1.3 (1.3–1.4)

Liver 1.8 (1.6–2.1)

Gallbladder 1.3 (1.2–1.4)

Pancreas 1.5 (1.2–1.8)

Breast (post-menopausal) 1.1 (1.1–1.2)a

Corpus uteri 7.1 (6.3–8.1)

Ovary 1.1 (1.1–1.2)

Kidney (renal cell) 1.8 (1.7–1.9)

Meningioma 1.5 (1.3–1.8)

Thyroid 1.1 (1.0–1.1)a

Multiple myeloma 1.5 (1.2–2.0)

https://doi.org/10.1056/NEJMsr1606602
https://doi.org/10.1056/NEJMsr1606602
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a reduction in cancer mortality [20]. Weight loss has also been shown to improve 
prognosis in breast cancer treatment [18].

5  Other Obesity-Related Conditions

In clinical medicine, there has been a predominating focus on the impact of obe-
sity on cardiovascular health, and more recently, an increased focus on the respira-
tory and oncologic diseases described thus far. This is due, in part, to the global 
burden of these specific co-morbidities, the high mortality associated with them 
and/or, in the case of cardiovascular disease, the well-established relationship 
between obesity and cardiovascular risk factors such as hypertension, dyslipidemia 
and type 2 diabetes.

The health effects of obesity, however, span every medical discipline and effect 
every organ system. Table 3 lists specific obesity-related diseases by system, 
which have not been discussed in the preceding sections. The range of obesity-
related conditions, many of which are under-diagnosed or under-appreciated in 
routine clinical practice, points to the substantial morbidity and reduced quality of 
life that can be associated with excess adiposity.

6  Health Effects of Obesity in Special Populations

6.1  Transplant Recipients

Considering that obesity is a risk factor for end stage renal disease (ESRD), heart 
failure, and cirrhosis, it is not surprising that many transplant recipients have an 
elevated BMI. Unfortunately, obesity that has contributed to the end organ dam-
age in these patients, also leads to worse post-transplant outcomes. The relation-
ship between obesity and transplant has probably been most studied in the renal 
transplant field in which obesity has been associated with delayed graft function, 
graft failure, urine protein and acute rejection, independent of diabetes [29]. In 
lung transplant recipients, obesity affects short- and long-term survival above BMI 
≥30 kg/m2, whereas in liver transplant recipients it does not seem to confer added 
risk until much higher BMIs [30]. Obesity in heart transplant patients is associated 
with multiple complications related to the heart transplant, left ventricular assist 
devices, and cardiothoracic surgery more generally. These complications include 
infection, wound dehiscence, mediastinitis, prolonged mechanical ventilation and 
intensive care unit stays, thrombosis, premature device failure, cardiac arrythmias, 
and early and late mortality [31].

Due to the adverse effect of obesity on transplant outcomes, many transplant 
centers have implemented BMI thresholds resulting in an increased demand for 
more effective weight loss options in this population [30].
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Table 3  Other obesity-associated conditions
System Obesity-associated Condition
Gastrointestinal (21)
Liver • Non-alcoholic fatty liver disease (NAFLD)

o Increased cardiovascular mortality and hepatocellular carcinoma (HCC) risk
• Non-alcoholic steatohepatitis (NASH)

o Increased mortality; 20% progress to cirrhosis
• Cirrhosis

Gallbladder • Gallstone disease
Pancreas • Acute pancreatitis
Esophagus • Esophageal dysmotility

• Gastroesophageal reflux disease (GERD)
• Erosive esophagitis
• Barrett’s esophagus

Stomach • Erosive gastritis
Small intestine • Diarrhea
Colon • Diverticular disease

• Colonic polyps
• Clostridium difficile infection

Anorectum • Dyssynergic defecation
Urogenital (22)
Upper tract • Chronic kidney disease (CKD)

o Related to hypertension and/or type 2 diabetes
• End-stage renal disease (ESRD)

o Even when controlling for HTN and T2DM, obesity affects 
progression of CKD to ESRD

• Obesity-related glomerulopathy
• Kidneys stones

o Evidence strongest for uric acid stones but likely to increase 
calcium oxalate stones as well

Lower tract- women • Urge incontinence
• Stress incontinence

Lower tract-
men

• Lower urinary tract symptoms (LUTS)
• Benign prostatic hypertrophy

Neurologic (23)
Central Nervous System • Idiopathic intracranial hypertension

• Alzheimer’s dementia
• Mild cognitive impairment

o Attention deficits, poor executive function, impaired decision 
making, decreased verbal learning and memory

Peripheral Nervous System
-Autonomic • Autonomic dysfunction

o Increased sympathetic outflow
-Somatosensory • Peripheral polyneuropathy

o Associated with obesity, prediabetes, and dyslipidemia; obesity 
also an independent risk factor

Psychiatric (24) • Depression
o Bidirectional relationship

• Anxiety
Dermatologic (25)
Physical effects • Venous stasis, stasis pigmentation, stasis dermatitis

• Venous ulcers
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Table 3  (continued)

• Lymphedema

o Lower limbs and abdominal wall

• Recurrent cellulitis 

o Lower limbs and abdominal wall; poor wound healing with 

prolonged hospitalizations

• Hidradenitis suppurativa

• Intertrigo and cutaneous infections (candida)

Inflammatory dermatoses • Psoriasis

o Increases both risk and severity

Cancer • Melanoma

• Non-melanoma skin cancer (excluding basal cell carcinoma)

Cosmetic • Skin tags

• Striae

Signs of metabolic 
disturbance

• Acanthosis nigricans (insulin resistance)

• Acne, hirsutism, androgenetic alopecia (hyperandrogenism, polycystic 

ovarian syndrome)

Hematologic (15) • Thromboembolic disease

o Higher in hospitalized patients and women

o May be related to immobility, endothelial dysfunction, and 

reduction in fibrinolysis

Rheumatologic/
Musculoskeletal (26, 27)

• Osteoarthritis

• Degenerative joint disease

• Plantar fasciitis

• Low back pain

• Carpal tunnel

• Rheumatoid arthritis

o Associated with worse disease activity, increased odds of non-

remission, worse functional ability and health-related quality of 

life 

• Psoriatic arthritis

o Recognized as a risk factor and associated with worse 

treatment efficiency

• Ankylosing spondylitis

o Associated with adverse outcomes

Reproductive (28)
Men • Decreased testosterone

• Erectile dysfunction

Women • Polycystic ovarian syndrome

• Reduced natural fecundity/ increased time to conception (even in 

ovulatory women)

• Infertility

• Anovulation / menstrual irregularities

Fertility treatment • Increased gonadotropin requirement

• Lower oocyte yield in severe obesity

• Reduced implantation rates, clinical pregnancy rates and live birth rates

• Increased pregnancy loss rate prior to 24 weeks gestation

• If using egg donor, live birth rate per cycle is lower

• Compromised pelvic ultrasound imaging for oocyte retrieval
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6.2  Orthopedic Surgery Patients

Obesity is a risk factor for multiple musculoskeletal issues including knee osteoar-
thritis. There has been an increase in total knee arthroplasties in patients with ele-
vated BMI [32]. In these patients, obesity is associated with a functional recovery 
similar to those without obesity. However, there is a significant increase in mid- to 
long-term revision rates in those with severe obesity. Obesity also poses a higher 
risk of post-operative superficial wound infections and thromboembolism [32]. 
Many orthopedic surgeons recommend a BMI cut-off for knee replacements. As 
is the case in transplant medicine, the BMI cut-offs lead to increased demands for 
effective weight loss options in this population.

6.3  Pregnancy

Obesity impacts both maternal and neonatal health. Rates of miscarriage are 
higher in women with obesity irrespective of spontaneous conception or in vitro 
fertilization [28]. The rate of gestational diabetes doubles for BMI ≥30 kg/m2 and 
triples for BMI ≥40 kg/m2. Risk of pre-eclampsia doubles with overweight and 
triples with obesity. There is also a more than 30% chance of pre-term delivery 
(before 37 weeks) in women with obesity. The peripartum risks include a pro-
longed first stage of labor, less success with vaginal birth after cesarean (VBAC), 
and increased rates of cesarean section delivery. Other obstetrical risks include 
increased fetal distress, instrumental deliveries, and shoulder dystocia. Wound 
infection and dehiscence, perinatal hemorrhage, and deep venous thrombosis are 
also more common in pregnant women with obesity. Neonatal effects of obesity 
include macrosomia and congenital anomalies, such as neural tube defects, oral 
clefts, hydrocephaly, anorectalatresia, limb reduction and cardiovascular anoma-
lies [28].

6.4  Children and Adolescents

Much of the health effects of obesity in children and adolescents parallel those 
in adults. The increasing prevalence of obesity in children is therefore accompa-
nied by an increase in type 2 diabetes, dyslipidemia, hypertension, non-alcoholic 
fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH), and OSA [33]. 
There are, however, additional musculoskeletal and psychological considerations. 
Obesity during periods of growth can exert biomechanical forces leading to flat-
foot, Blount’s disease, and slipped capital femoral epiphysis. Children with obe-
sity also experience significant psychosocial distress thought to be related to lower 
self-esteem, social isolation, depressive symptoms, and body dissatisfaction [33].
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7  Conclusion

Excess adiposity has widespread effects on health and well-being leading to sig-
nificant morbidity and mortality. Obesity is not only a risk factor for numerous 
diseases, but it can also exacerbate underlying conditions leading to more severe 
symptoms, more rapid progression, and worse treatment prognosis. In some cases, 
obesity is even the primary cause of specific conditions such as obesity cardiomy-
opathy, NAFLD/NASH, and obesity-related glomerulopathy. The extensive endo-
crine and physical effects of excess and ectopic fat depots warrant a thoughtful 
and comprehensive assessment of the patient with obesity in clinical practice. The 
degree to which a therapy improves upon the many negative health effects of obe-
sity also warrants evaluation, so the full risk–benefit of treatment is understood.
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1  Definition of Obesity

Obesity is a complex health issue that results from a combination of causes and 
contributing factors that include behavior (dietary patterns, inactivity, medication 
use), environment (food and physical activity environment, education and skills, 
food marketing and promotion) and genetics (family history, variants of genes 
responsible for hunger and satiety). The intricate intertwining of these factors 
plays a major role in the existence of obesity and health at the individual and com-
munity level.

According to the Centre of Disease Control, in the year 2015–2016, obesity 
affected 93.3 million adults in the USA, making up 39.8% of the total population. 
This number has been showing a steady significant increase in the past decade, tri-
pling since 1975, and demonstrating no sign of slowing down. This trend has been 
seen all over the world, with the estimated percentage of individuals aged 18 and 
above with a body mass index (BMI) of 30 and above in each of the Gulf countries 
as of 2014 proving to be 42.3% in Qatar, 39.7% in Kuwait, 37.2% in United Arab 
Emirates (UAE), 35.1% in Bahrain, 34.7 in Saudi Arabia, and 30.9% in Oman. 
When looking at he western counterparts, the USA showed 33.7%, New Zealand 
29.2%, Australia 28.6%, the UK 28.1%, Mexico 28.1% and Canada showing 
obesity rates of 28% Obesity was also shown to affect people in the middle-aged 
group (40–59 years old) more than those considered to be in the young adult group 
(20–39 years old) with 42.8% of the former population proving to be defined as 
obese, versus 35.7% in the latter [1]. Due to the multiple comorbidities that have 

Obesity and Body Mass Index

Eliana Al Haddad

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 
Nature Switzerland AG 2021 
S. Al-Sabah et al. (eds.), Laparoscopic Sleeve Gastrectomy, 
https://doi.org/10.1007/978-3-030-57373-7_4

E. Al Haddad (*) 
Columbia University Medical Centre, New York, USA
e-mail: Eliana.h91@gmail.com

Amiri Hospital, Kuwait City, Kuwait

https://doi.org/10.1007/978-3-030-57373-7_4
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57373-7_4&domain=pdf


E. Al Haddad34

been shown to be associated with obesity, alongside the burden of the disease 
itself, the estimated annual medical cost in the USA was shown to be $147 bil-
lion in 2008 alone. This corresponded to a medical cost of $1,429 higher for peo-
ple with obesity than those of normal weight [2]. Furthermore, it was shown that 
Hispanics (47%) and non-Hispanic blacks (46.8%) had the highest age-adjusted 
prevalence of obesity compared to other race populations (Figs. 1, 2, 3) [1]. So 
how do we define this debilitating condition that has affected such a large popula-
tion of the world, and what can be done about it?

2  Obesity and BMI

Obesity/overweight is defined as a weight that is higher than what is considered 
a healthy weight for a given height, causing an abnormal or excess fat accumula-
tion that may impair health [3]. Currently, the most widely used tool to assess the 
degree of obesity is the body mass index (BMI), which divides a person’s body 
weight in kilograms (kg) by their height in meters squared (m2).

The results of this calculation places people in specific weight categories as 
follows:

• If the BMI is lower than 18.5, it falls in the underweight range.
• If the BMI is between 18.5 and < 25, it is considered to be in the normal range.
• If the BMI is between 25.0 and < 30, it is in the overweight range.
• If the BMI is 30.0 and higher, it falls within the obese range.

BMI = weight (kg)/Height (m) ∗ Height (m) = kg/m2

Fig. 1  Prevalence of self-reported obesity among non-hispanic white adults, by State and 
Territory, BRFSS, 2016–2018
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Obesity is also further subdivided into three class categories as follows:

• Class 1 obesity is defined as a BMI ranging between 30 to < 35
• Class 2 obesity is defined as a BMI ranging between 35 to < 40
• Class 3 obesity is defined as a BMI of 40 or higher, and is considered “severe” 

obesity.

Fig. 2  Prevalence of self-reported obesity among non-hispanic black adults, by State and 
Territory, BRFSS, 2016–2018

Fig. 3  Prevalence of self-reported obesity among hispanic adults, by State and Territory, 
BRFSS, 2016–2018
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BMI provides the most useful population-level measure of overweight and obesity 
as it is the same for both sexes and for all ages of adults. However, at an individual 
level, BMI is not diagnostic of body fatness or the health of the individual, but can 
be thought of as more of a useful screening tool. Research has shown that BMI is 
only moderately correlated with more direct measures of body fat obtained from 
skinfold thickness measurements, bioelectrical impedance, underwater weighing, 
dual energy x-ray absorptiometry (DXA) and other methods [4–6]. Furthermore, 
even though change in BMI can be used to assess weight loss and gain, other 
measures that employ the use of BMI have proven to provide more accurate depic-
tions of weight change with time.

3  Percent Excess Weight Loss (%EWL)

Weight loss has been reported in many ways and by various methods according to 
the entity reporting it (for example dieticians vs bariatric surgeons); however, the 
best method should allow for the most accurate comparisons between the broadest 
ranges of patients’ weight and population characteristics. One of the most widely 
used tools in the surgical community currently can be considered to be %EWL.

This is calculated using the following formula:

where weight loss = preoperative weight−current weight;
baseline excess weight = preoperative weight − ideal weight,
and where ideal weight = weight corresponding to a BMI of 25 kg/m2.

An advantage of %EWL is that it expresses weight loss that has been achieved 
relative to a defined goal. This goal is usually determined according to a BMI of 
25 kg/m2. However, a major concern when employing this method is that the defi-
nition of preoperative weight and ideal body weight can be ambiguous and vary 
between different studies and papers. Furthermore, the %EWL calculation can vary 
considerably if pre-operative weight is defined as the weight of the first visit, or the 
highest weight between first visit and the day of surgery. Ideal body weight (usually 
captured through the Metropolitan Life Tables) also varies depending upon which 
size body frame is used. As the Metropolitan Life Tables were originally created in 
the 1940s and have not been updated since 1983, many feel this method is outdated.

4  Percent Excess BMI loss (%EBMIL)

Due to the possible discrepancies previously discussed, experts from both the 
medical and surgical communities have proposed alternatives to %EWL. Percent 
excess BMI loss (%EBMIL) is one measure that is frequently used outside the 
United States and is favored by some experts.

(weight loss / baseline excess weight) × 100
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This is calculated using the following formula:

BMI is thought to be the easiest index of “fatness” when compared with hydro-
densitometry studies [7, 8]. The accuracy of BMI continues to be challenged, how-
ever, particularly as it relates to individuals with normal weight obesity (defined 
as a combination of normal BMI and high body fat content) and muscular body 
types. Furthermore, when compared to dual-energy x-ray absorptiometry (DXA), a 
recent paper revealed that BMI misclassified 25% of men and 48% of women [9].  
It is for this reason that many experts feel that the accuracy of BMI in diagnosing 
obesity is extremely limited.

5  Percent of Total Weight Loss (%TWL)

One of the key issues in this debate is determining what constitutes successful 
weight loss. Currently, the medical community prefers the calculation of percent 
total weight loss (%TWL).

The following formula can be used to calculate this:

Percent TWL is more accurate than kilograms of weight lost because it takes 
into account the fact that those with a high starting weight tend to lose more 
weight. Percent TWL can also be helpful to characterize reversal or prevention of  
obesity-related comorbidities. For example, in one diabetes prevention  program, 
a seven-percent total weight loss prevented diabetes in 50% of the patients  
[10]. Also, a 10% total weight loss has been proven to produce improvements 
in a majority of metabolic and cardiac risk factors. One of the disadvantages of 
%TWL is that it does not take into account a therapeutic goal, nor does it express a 
patient’s desire of how much weight he or she might wish to lose [11].
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Stigma, bias, and condescension are something that people with obesity deal with 
on a daily basis and can cause an emotional and mental toll on those patients. 
They tend to feel like they stand out in any setting they are placed in, as well as 
struggle with physical movement, with finding clothing that fit, much less express 
their personal sense of style. Public transportation of any form pose a struggle - 
the seats are too small and they tend to feel self-conscience about taking space 
that belongs to someone else. From first hand experience, we know that we are 
constantly judged by others for the way we look and for the behaviors people 
assume we have. People generally assume that obese people have traits of laziness, 
gluttony, and unintelligence. As children we are bullied by other children and that 
unkindness from others often breaks into adulthood. Fat-shaming is commonplace 
globally and knows no age limit. It has been shown that obese people tend to be 
passed over for promotions at work, can find intimate relationships challenging, 
and often times find themselves trapped in a cycle of yo-yo dieting, weight loss, 
followed by weight gain repeated multiple times. Social situations can fill us with 
anxiety. Will I be the largest person in the room? Will I be stared at if I eat some-
thing? Is somebody going to make a comment about my weight? Some of us even 
struggle with body dysmorphia; as a person with obesity, at my heaviest, I failed 
to see how large I actually had gotten to, now at a much smaller size, I continue to 
struggle at times with photos, videos, and mirror images of myself, as I now see 
myself as much larger than I actually am. All of these experiences have a perma-
nent negative effect our self-confidence and self-worth.

As a surgeon, you are frequently faced with patients presenting for the pos-
sibility of undergoing bariatric surgery. For most, the idea of bariatric surgery is 
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compelling due to its ease and simplicity as of recent years, and can be consid-
ered as an option at any point in their struggle to overcome obesity; maybe they’ve 
struggled with obesity but their visit to your office to inquire about bariatric 
surgery is the first time they have thought about dealing with it. Maybe they’ve 
tried multiple diet and exercise regimens, will drop weight only to gain it back 
and more as soon as they begin to experience some success. It could be  possible 
that this isn’t their first bariatric surgery and they are seeking a revision. Or they 
may even have been convinced or coerced to come to the consultation by a  family 
member and are not ready to be there. But one thing remains certain. They are 
experiencing a range of emotions about this consultation: shame,  vulnerability, 
hopefulness, hopelessness, and defensiveness being commonplace. This first  
consultation is critical to begin to foster the relationship between the doctor and 
the patient and to help establish the full extent of the education, preparation, and 
treatment the patient will need both pre- and post-operatively.

Patients with obesity have had a variety of interactions with doctors, many of 
them negative. Generally, the first thing they hear from any doctor is a statement 
about their weight and how it has affected their health negatively. Without going to 
a doctor who specializes in obesity treatment, patients will hear a variety of advice 
on how to lose weight, stemming from “eat less and exercise more” to recom-
mendations for prescription drugs or surgical procedures; often these primary care 
physicians are not as well informed on the treatment of obesity and their advice 
has little follow-through attached to it.

The medical issue they are attempting to talk to the doctor about can be over-
shadowed by a focus on their weight. A patient relayed a story about a recent visit 
to an ob/gyn to discuss her issues with fibroid tumors. She had sought treatment 
for her fibroids before and was indicating that she had started to experience an 
ever-present feeling of fullness in her abdomen. The doctor, without further inves-
tigation, attributed the feeling she was describing as being related to her weight 
and his recommendation was for her to lose weight. Whether his assessment was 
or was not accurate, as the patient, she immediately felt dismissed, unheard, and 
uncared for. She ended up not following up with that doctor and has yet to get her 
fibroid tumor issues resolved.

It is essential that there is serious reflection and adjustment on how doctors’ 
approach, talk to, relate to, and treat patients with obesity. The bias and stigma 
towards obesity and how the world and individuals treat those with obesity is a 
very real experience and it is a just as much a reality within the medical profession 
as anywhere else. If you ask most patients with obesity, there exists an obvious 
lack of empathy and understanding, and a condescension in how the medical com-
munity talks to and about them: a tendency to be talked AT and not TO, and an 
inconsistency of knowledge regarding the treatment of obesity within the medical 
community.

Medical professionals wield a powerful ability to influence, educate, and moti-
vate their patients but implicit, intrinsic bias and stigmatization of obesity can 
have the opposite effect. There is often a lack of basic respect and humanity in 
the approach of doctors. There seems to be the opinion of “honesty” is best, a 
sense that people with obesity need to face reality, and if they simply controlled 
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the amount and type of food they ate, and moved more, they would lose weight; 
the complexity of obesity is misunderstood and the blame for a person’s obesity 
is placed solely on the behaviors of that person. The medical community has an 
obligation to openly discuss the bias and stigma that exists and collaborate on 
strategies and protocols that would embrace obesity as the chronic disease it is 
and work to make the treatment protocol for patients supportive, informative, and 
flexible.

1  Considering the Psychology of Obesity

I must make an absolute disclaimer. I am not a psychologist. I have no training in 
psychology and can only speak from my own experience. There is one thing that  
I know for sure—the psychology of obesity cannot be ignored. Though I may  
not be a psychologist, I am an educator. In my humble opinion, the key factor in 
creating a success story with weight loss, through bariatric surgery or not, is sig-
nificant and consistent education. This cannot only be the education of the patient 
but also the education of the surgeon, any other advising healthcare profession-
als, and the public. If obesity is going to be classified as a chronic disease, then 
there has to be a more knowledgeable, overarching, and systematic approach to 
treatment. Bariatric surgery may give a physical advantage to prepare a person’s 
body for weight loss, but the strength or weakness of a person’s mental health is as 
much a part of that person’s long-term success with their weight loss journey.

As a surgeon, how much time does your team spend assessing the mental and 
emotional state of your patients? How much time and consideration goes into your 
decision to operate on that patient? Are you only considering their physical readi-
ness? How much time is spent considering if the patient sitting in front of you 
will be able to handle the psychological journey that is just as much a part of the 
weight loss journey as losing the weight itself? How do previous attempts with 
bariatric surgery help you gauge if a revision would be successful? Why did past 
attempts fail? Is there anything deeper than a pre-surgery psychological check? 
Was an initial pre-surgery psychological check even done?

If you are not considering if your patient will be able to handle the needed 
changes, both physical and psychological, are you ultimately failing your patients?

The less education, knowledge, preparedness, and self-awareness your patient 
has, the more likely their weight loss journey will not be successful.

I was not honest with my surgeon about the emotional triggers and adverse 
experiences that caused me to eat for comfort; in fact, I distinctly remember him 
asking if I was an emotional eater and I denied it. I’m sure he knew I was lying, 
but he showed no judgement. His gentle prodding into this area of my obesity may 
not have garnered the truth from me, but helped prompt the inner dialogue with 
myself about my eating habits and recognize them for what they were. I gradually 
was able to transform most of the habits I had and recognize them for what they 
were.

The more a patient is able to be honest with themselves and their doctors and 
feel secure enough to open up about their past experiences, their habits, their 
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triggers, and are able to recognize and come to terms with some of their issues, the 
more successful their weight loss journey will be, especially post-operatively.

2  Education for Success

One of the most important aspects of preparing a patient to undergo bariatric sur-
gery is to educate them as comprehensively as possible on the different types of 
procedures available. They need to be fully aware and informed of the decision 
they are about to make, as well as the advantages and disadvantages of each sur-
gery, along with the pre-operative procedures and tests. They should have a full 
scope of understanding of the purpose of each test and what the results indicate. 
They should know what their post-operative physical condition will be and they 
should have planned how they will tackle each stage of the post-operative process, 
from how, what, and when to eat to how these changes in eating and habits will 
fit into their daily routine. The more information and support a patient has before, 
during, and after surgery, for this lifestyle change, the more likely they will begin 
to make the permanent changes they will need to make to be successful in the 
long-term.

How much guidance and instruction/support do they get from your office/
clinic/hospital both pre- and post-operatively? Does the pre-operative care and 
post-operative care include psychological services and education on nutrition, 
meal planning, and tracking their progress? There should be an acknowledgment 
of the challenges of weight loss: the reality of dealing with stalls, nutritional defi-
ciencies, relationship challenges, and psychological conditions such as body dys-
morphia. Patients need to understand that much of their weight loss journey after 
surgery is going to be about finding out what works for them and how to make 
those adjustments in their habits permanent. They will need to accept that there 
will be a trial and error period in learning what they can and cannot eat, how fre-
quently they need to eat, how to get the proper amount of water intake, and what 
exercise routines are going to work for them. Most of all, patients need to have an 
understanding of how their relationship with food and their emotions will impact 
their weight loss journey.

3  Understanding the Necessity of Mind Shift for Success

It was years later, after continuing to put on weight, that I considered having bari-
atric surgery again. After months of preparing myself for the removal of my lap 
band and learning about the VSG procedure, I ended up only having my lap band 
removed and no further surgery. When asked why I was ultimately successful in 
my weight loss, I could point to many factors: figuring out what diet restriction 
worked for me without making me feel deprived, tracking my food intake and 
watching my macros, regular use of a liraglutide, the incorporation of a regular 
exercise routine into my life and making sure that I made that exercise routine a 
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priority over (almost) everything else, and for the first time working with doctors 
from whom I felt absolutely no judgement, only support.

I learned that it was vital to put myself first, that the world wouldn’t fall apart 
if I wasn’t available to everyone else all the time. I attempted to read everything I 
could about weight loss and bariatric surgery, joined online support groups, and 
educated myself as much as possible. I started to analyze how my relationship 
with food was tied to my emotions and life experiences.

But most significantly, what I could identify was that something in my mind 
completely shifted. I approached my weight loss on a day to day basis. Every day 
I made choices about what I ultimately wanted to achieve and made decisions that 
would bring me closer to that goal. I found balance in my lifestyle choices; I for-
gave myself when I didn’t eat perfectly or missed a day of exercise, but made bet-
ter choices the following days. I understood these were the choices I would be 
making for the rest of my life.

At a recent educational conference, we were tasked with connecting a group 
of hexagons in a way that would show how education could be individualized to 
ignite passion in learning. There was no correct arrangement. Working through 
the exercise, I couldn’t help making connections between the hexagons and my 
own weight loss journey. Ideas such as personalizing the learning journey, learner 
agency & leadership, identity, culture, & values, and community wellness echoed 
my own beliefs that these are essential elements to create the paradigm shift neces-
sary to alter the stigma and bias that currently exists in regards to obesity.

As a surgeon, I urge you to consider the full scope of a patient’s obesity before 
operating on them. Start by assessing why a patient is choosing bariatric sur-
gery, evaluating and supporting their psychological readiness, establish a system 
for making sure your patients receive the necessary education before the surgery: 
about the surgical procedure itself, the pre-op requirements, the nutritional infor-
mation and support they will need to use post-operatively, and the support for the 
psychological issues they will need to continue to address and lifestyle changes 
they will need to continue to make. Above all, the incorporation of empathy, 
understanding, and education for everyone as The treatment of obesity continues 
to evolve.
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1  Heritability and Obesity

Both genetic and environmental factors contribute to the development of obesity. 
Heritability studies on twins and adoptees have estimated that about 40–70% of 
obesity is attributed to genetics [1–2]. Since the completion of the human genome 
project in 2003 hundreds of single nucleotide polymorphisms (SNPs) have been 
found to be associated with adiposity traits with pathway analysis showing these 
variants to play a role in the central nervous system involving lipid and energy 
metabolism, insulin secretion along with other pathways [3]. The most  common 
SNP (rs9939609) associated with BMI to date is found in the fat mass obesity 
(FTO) gene [4]. Although the exact function of the FTO is unknow due to its  
ubiquitous expression however it is suggested to play a role in lipid metabolism 
and satiety, for a full review [5]. Moreover, monogenic mutations contribute to 
congenital obesity with the MC4R gene being the most commonly implicated 
monogenic form of obesity with a prevalence of 2–3% [6].

2  Weight Loss Interventions and Genetics

Differences in the amount of weight loss achieved between individuals from  
lifestyle interventions such as diet and physical activity can be attributed to the 
interactions between genetic variations and environmental factors [7]. Individuals 
on a high fat diet carrying the FTO risk allele were found to have higher BMI 
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and waist circumference (WC) compared to those carrying the protective allele, 
suggesting a gene-diet interaction [8]. Similarly, a study by Celis-Morales et al., 
showed an interaction between the FTO genotypes and physical activity levels 
[9]. The study found that individuals carrying the FTO risk allele had higher BMI 
and WC under low physical activity levels compared to those with the protective 
alleles, however, under high physical activity levels there were no differences in 
BMI and WC suggesting that the FTO is attenuated by physical activity [9].

3  Bariatric Surgery and Genetics

Individual differences between bariatric patients exists with about 20–30% appear 
to suffer from weight regain or insufficient weight loss [10]. In addition, dif-
ferences in remission of comorbidities such as type 2 diabetes is also observed 
between patients [11].

A study by Rodrigues et al., on patients undergoing bariatric surgery (RYGB)  
showed that individuals carrying the FTO risk allele were more likely to have a 
lower %EWL and weight regain after 2-years of surgery compared to those with 
the protective allele [12]. Although differences were observed between the two 
FTO groups, however an EWL of above 50% was achieved independently of the 
existence of the risk allele indicating that the FTO alone has only a small effect 
on weight loss and regain [12]. In contrary, a study on 74 patients that have under-
gone SG showed no difference in %EWL between carriers of the FTO risk allele 
to those with the protective allele, however the study only evaluated the patients up 
to 6 months post-surgery [13]. Moreover, a recent study on a variant (rs1360780) 
in the FK506 binding protein-5 (FKBP5) gene which is suggested to play a role in 
lipid accumulation has been found to be associated with weight loss after bariat-
ric surgery [14]. The study which was conducted on both RYGB and SG patients  
found that carrying the risk allele was associated with higher BMI after 24 months 
in older males that have undergone SG [14]. In addition, a genome-wide associ-
ation study (GWAS) found a variant (rs17702901) near the solute carrier (SLC) 
gene which plays a role in nutrient and metabolite transport to be associated with 
weight loss after 12 months post-surgery [15]. The study which was conducted on 
RYGB patients found that carriers of the risk allele only reached an average EWL 
of 33.5%, none of the patients carrying the risk allele exceeded an EWL of 50% 
after 12 months [15]. In addition, variants and mutations in the leptin-melanocortin 
pathway genes (LEPR and MC4R) have also been found to effect weight loss after 
bariatric surgery [16, 17]. A recent study by Cooiman et al., focused on monogenic 
mutations and investigated 52 obesity-associated genes in 1014 patients that have 
undergone bariatric surgery [17]. The study found that patients that have undergone 
SG with an MC4R mutation had a significant lower %TBWL compared to those 
without the mutation after 2-years of follow-up [17]. In contrast, patients that have 
undergone RYGB surgery with mutations in the MC4R showed no differences in 
%TBWL when compared to patients without a mutation. Such differences in find-
ings may be attributed to the different physiological mechanisms between the two 
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types of surgery and therefore  may suggest that individuals with monogenic muta-
tions in the MC4R gene are better off undergoing RYGB  [18].

With the growing evidence of genetic variations impacting weight loss, this 
has facilitated the establishment of a Genetic Risk Score (GRS) to predict weight 
loss, regain, and remission of comorbidities such as type 2 diabetes prior to bar-
iatric surgery [12, 19, 20]. Simply a GRS is the accumulation of genetic varia-
tions to estimate their cumulative effect on the phenotype being assessed. In 2014, 
Kakela et al., constructed a GRS from 33 SNPs associated with BMI and WHR 
[19]. Their findings on both SG and RYGB showed that the GRS did not predict 
%EWL or weight regain at 12 months nor did it predict it following that [19]. In 
contrast, a recent study by Katsareli et al., constructed a GRS from 108 SNPs also 
related to BMI and WHR [20]. Similarly, the study involved both SG and RYGB 
patients, however the GRS had a significant prediction on %EWL after 12 months 
and 24 months showing a positive correlation [20]. Such differences between the 
two studies may be attributed to the differences in SNP selection. Another recent 
study by Ciudin et al., found that a GRS of 57 SNPs was able to predict weight 
regain and diabetes remission after five years of follow-up [12].

In conclusion, it is clearly evident that genetic variations play a role in post-sur-
gery outcomes and that the inconsistency observed between studies can be attrib-
uted to the differences in the study design of the current existing  work. The type 
of surgery, the statistical methods to evaluate weight loss, the selection of genetic 
variations, sample size and longitudinal follow-ups of patients are critical fac-
tors that will need to be adjusted for. Once GRS are well established to predict 
the type of bariatric surgery along with predicting its success, we believe the term 
“surgenomics” will be used.
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1  Introduction

The world is facing a frightening obesity epidemic and while randomized control 
trials (RCTs) and case series show very good evidence of improvement in diabetes 
control and reduction in obesity related diseases post-surgery, commissioners of 
care still need convincing that bariatric surgery should be funded on a much wider 
scale. Registries have the capability to provide this evidence on a global basis.

Tracking the results of sleeve gastrectomy surgery is part and parcel of captur-
ing data on all patients undergoing bariatric and metabolic surgery. Indeed, there 
are distinct benefits in setting up registries that cover all procedures as they can 
provide comparative data on patient characteristics undergoing the different types 
of bariatric surgical approaches that are available. Even in those countries where 
sleeve gastrectomy operations represent some 80% of all procedures performed, as 
in Kuwait [1] the data are collected en masse via their national registry, rather than 
just for one operation type.

This chapter is therefore not designed to be a scientific review of sleeve gas-
trectomy surgery registries around the world, rather it is aimed at looking at the 
value of national bariatric surgery registries and to providing some practical per-
spectives on best practice when setting out to start a national registry and how to 
keep a good registry going.
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2  Definition of a Registry

“A Surgical Registry is a collection of observational data on consecutive patients 
undergoing a particular surgical procedure (or procedures) or for a given condition 
to enable systematic audit”.

3  The Value of Registries

When looking at classical hierarchies in scientific evidence (Fig. 1) as first 
described by the Canadian Task Force on the Periodic Health Examination [2], 
typically registries would appear as a “cohort study” in terms of the value of evi-
dence that they provide—hence with more observer bias than randomised control 
trials (RCTs).

Registries are very distinct from clinical trials which are designed to test 
hypotheses and require power calculations to determine the appropriate number 
of cases that need to be recruited in order to show statistical differences. Registries 
are not bound by power calculations and in the ideal world are never ending par-
ticularly because they can provide very useful trend data on patient demograph-
ics, surgical practice and outcomes which can change quite dramatically even 
over relatively short periods of time. This is well illustrated in the series of IFSO 
Global Registry Reports, the last of which—the Fifth Report [3] which shows a 
rapid uptake in sleeve gastrectomy worldwide in over just a few years, with a dip 
in the number of Roux-en-Y cases, and a new upsurge in One Anastomosis Gastric 
Bypass procedures especially in certain countries.

Fig. 1  Hierarchy of Research Designs and Levels of Scientific Evidence
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It is probably a common mistake to simply think of clinical trials being more 
valuable or better than registries as trials and registries are really complementary 
and are not trying to compete with each other. It is better to think of registries 
being “Hypothesis Generators” and clinical trials as “Hypothesis Confirmers”. 
This hypothesis generation component is very important and is well illustrated by 
the Swedish Obesity Surgery Registry [4], which has spawned an ever increas-
ing number of scientific clinical papers over time, none of which could have been 
imagined at the starting point of the registry in the very first place.

Instead think of registries as helping to reset understanding about outcomes. 
They can report on real world practice instead of the best outcomes reported in the 
medical literature and can give surgeons confidence that they can compare their 
practice with others and share this information with patients.

Clinical Trials come to a natural end when the recruitment of patients and the 
collection of initial and follow up data has been completed and the data have 
been analysed, whereas registries can go on and probably should go on forever. 
Indeed, typically the functionality of high quality registries is that the inbuilt 
analysis capability can be extended and expanded over time. This is helped by 
the ever increasing speed of registry software development and innovation which 
leads to faster and more extensive reporting and analytic capability. The British 
National Bariatric and Metabolic Surgery Registry (NBSR) now offers instant 
dashboards and extensive one-button-push composite reports, neither of which 
could have been conceived of when the registry was first constructed. These 
reports have enhanced the functionality of the registry to provide surgeons with 
reports that can go straight into Appraisal files and can be created in seconds, 
whereas manually assembling the equivalent information even a year ago might 
have taken many days of effort for an individual surgeon to gather all the neces-
sary data together. The real beauty is that registries can provide operational func-
tionality that goes way beyond just addressing particular scientific questions, 
the real strength of registries is the capacity to provide a comprehensive suite of 
outputs:

• Ad hoc or automated analysis of:

– Patient population demographics
– BMI distributions  and trends (by gender) prior to surgery
– Levels of access-to-care on a geographical basis
– Trends in comorbidities/obesity related diseases
– Details of operative techniques
– Interoperative complications
– Post-operative and long-term complications
– Volume/Outcome relationships
– Long term outcomes by procedure type—weight loss, changes in the rates of 

obesity related diseases over time
– Revision surgery outcomes

• Dashboard analyses
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• Composite Reports
• Automated Patient Reports and automated generation of follow-up letters
• National and international benchmarking
• Links to Global Registries
• Outputs to public portals e.g. (https://nbsr.e-dendrite.com)

Therefore, working on the basis that registries are a good thing, how do you get 
one started and what are the secrets that makes a National Registry a success? 
There are ten key steps to building a successful registry, miss one or two out and a 
registry is at risk, miss three or more out and a registry will more than likely fail.

4  Key Step 1—Identify the Most Suitable Data 
Controller

Starting a National Registry is usually driven by either Specialist Societies wish-
ing to provide a service to their surgical and patient community or by Ministries 
of Health and Governments wishing to monitor the performance of the bariatric 
service provision within a country.

The most successful registries are most often formed by specialist Surgical 
Societies. Why is this the case?

✓ Societies tend to have a long-lasting & uniform mission & “direction of travel”, 
which can be independent of government policy which can change with each 
new administration

✓ Societies provide the safest legal haven for outcome data and offer exemption 
from Freedom of Information enquiries—again surgeons will often feel safer 
with a Society rather than an external body having ownership and oversight of 
their data

✓ Societies set standards of care and treatment protocols which are respected by 
their members

✓ Society Registry benchmarks can offer direct links with revalidation & re-
accreditation processes

✓ Societies offer the strongest incentives for data submission (e.g. society mem-
bership requirements)

✓ Societies are the most “credible” location for registries
✓ and this concept really works and is very “replicable” and has been well tested 

over time

5  Key Step 2—Recruit a Respected Database Chairman 
with Long Tenure

Working on the basis that a Society is the most common Data Controller; the next 
challenge is to identify the best person to lead the development and implementa-
tion of a National Registry. Do not be tempted to appoint a surgeon for just a year 

https://nbsr.e-dendrite.com
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or even two years for such a post. The development of a registry is a long pro-
cess and it is vital that there is careful stewardship of the process over an extended 
period of time. Some would recommend a tenure for a Database Chairman of a 
minimum of 5 years with the option to extend between a further 3 and 5 years. 
The danger of rolling the position every one or two years is that by the time the 
individual has worked out how to do the job, it is being handed straight over to the 
next person who has to go through the same learning curve to get up to speed to 
manage the project—this roll-over process leads to too many “stops & starts” and 
can put a long term registry project at huge risk of failure.

When seeking to identify and recruit an individual to take on the role of 
Database Chairman there are a number of key attributes that are highly desirable. 
Namely the person should:

Be statesmanlike and a diplomat by nature
Be well respected and impartial
Be regarded as a “safe pair of hands”
Have a long term vision
Be a proven “deliverer”
Be able to demonstrate careful stewardship
Be an excellent communicator

6  Key Step 3—Define Clear Objectives for a Registry

Just in the same way that writing the objectives or mission statement for a surgi-
cal society or association is a necessary challenge, doing the same for a surgical 
registry is also an essential but not easy task. Indeed the two are often interlinked. 
Setting up a Surgical Society involves creating a constitution and key roles and 
responsibilities for both Executive Council members and for members of the 
Society. Setting up a registry also requires constitutional considerations, decid-
ing who can sit on the Database Committee, how long the tenure should be, what 
determines quorate decisions and so on.

Writing down the objectives is so critically important as these then drive the 
dataset design and reporting requirements along with steering the required activi-
ties of the Committee and its chosen data management partner. The objectives may 
start off very simply indeed and may centre around feasibility of enrolling all cen-
tres within a country and demonstrating that basic data can be merged, analysed 
and reported. Down-the-road, second tier objectives are likely to be included, such 
as providing benchmarks of activity and performance. The objectives of a Registry 
should ideally be reviewed on an annual basis and should include sign-off from a 
Society Executive Board.

If the desire for a Society is to develop a Quality Improvement Programme, set 
up a mechanism to gain public trust, develop an education and training programme 
and provide a suitable regulatory background and public release of data…..it all 
starts with collecting and analysing data as seen in Fig. 2.
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Along with defining objectives, the Database Committee should define roles 
and responsibilities for the major players in the Registry—for the Data Controller, 
the Data Processor & the Data Contributors.

7  Key Step 4—Contract with the Right Software 
Partner for You

The simple recommendation here is to choose an innovative and professional Data 
Management Company with long established experience in helping to set up and 
run national and international registries. Naturally they must have suitable security 
and information governance certification. In addition, ensure you choose a soft-
ware company that has an established reputation for providing prompt support and 
fast turnaround telephone help whenever it is required.

There are three basic data flow “Models”.

7.1  Direct-Data Entry Only

If the intention is to create a new registry with just Direct-Data-Entry then the 
web-database should be designed so that it is as easy to enter an operation record 
into a bariatric surgery registry as it is to book an airline ticket on-line—the soft-
ware should be intuitive, navigation controls should simple and the process of 

Fig. 2  Algorithm for the Development of a Quality Improvement Program
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data entry should be logical and easy with suitable onscreen prompts and/or hover 
tip messages available where additional user guidance is required. The SOReg 
Swedish National Bariatric Surgery Registry works on this model.

The simple rule of thumb is to ensure that it should take no more than 5 min 
per case to complete data entry into a national registry. Good database software 
design will ensure that there is on-line data validation to prevent inappropriate data 
entry e.g. to ensure there are date controls to prevent negative lengths of stay or 
to ensure that a balloon entry date cannot be subsequent to a definitive bariatric 
surgery procedure or to stop any dated data entry that is subsequent to the date 
of a patient’s demise. Ideally a system will allow for detailed entry for complex 
cases but provide a very quick run through for simple cases. Limits should be 
set on integer or decimal answers to alert for an entry being an abnormal result 
and to stop the entry of answers that are physiologically impossible (i.e. normal 
ranges and absolute ranges). Good registry software will include rare event trig-
gers to ensure that entry of such events (e.g. death) is not accidental and must be 
confirmed several times. A further step is to trigger an e-mail alert to a central 
administrator whenever such rare events are logged so that they can be checked 
and confirmed.

Inbuilt security measures must ensure that a given contributor can never see or 
access data that belongs to another surgeon or centre unless specific permissions 
have been granted.

7.2  Electronic Upload Only

It may be that when setting up a national registry, all the contributor hospitals 
already have local database systems in place, in which case a central database 
must have the capability of uploading data files, processing them to ensure they 
meet a defined upload specification and reporting back to contributors if there are 
any deficiencies in the upload files (e.g. fields that are out of range, incompati-
ble data formats, missing desirable or mandatory fields) so that the uploader can 
constantly refine the source data file for re-upload of high quality data. The cen-
tral registry must then have the capacity to merge all uploaded data so that is then 
available for data analysis and reporting. The Kuwait National Bariatric Surgery 
Registry works on this model.

7.3  Hybrid Model—Combined Direct-Data-Entry and 
Electronic Upload

The most common environment that is encountered when wishing to set up a new 
national registry is that are a mix of centres where the more established centres 
will already have a home grown or proprietary database system in place, whereas 
newer smaller centres may have not yet set up registry systems within their clin-
ics/hospitals. In this scenario it is necessary to offer a hybrid system where data 
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submissions can be en-bloc via electronic upload or by entering records on-line 
patient-by-patient. The UK National and IFSO Global Registries work in this 
fashion.

8  Key Step 5—Create a Suitable Minimum Dataset

With so many national bariatric and metabolic surgery registries already up and 
running around the world (there are examples from Australia/New Zealand to 
Austria, from Sweden to South Korea and from the USA to UK) it is now relatively 
easy to review minimum dataset that have been successfully used around the globe. 
Generally, these datasets are available in the public domain—as in the 2nd UK 
National Bariatric Surgery Registry Report [5], and these existing designs make 
a good starting point before adding in additional fields to suit local patient demo-
graphics, practice and both research and management or sponsor needs. The key is 
to make the dataset comprehensive enough to permit suitable analysis and reports 
but to avoid making the registry design too long and onerous for contributors to 
complete. As a rule, it is better to have a smaller but more complete registry than 
an extensively detailed dataset that nobody can ever complete on a consistent basis.

Datasets should include:

Demographics and medical/surgical history
Information on obesity related diseases (formerly described as comorbidities)
(Possibly laboratory tests e.g. HbA1C level)
Use of medical treatment or Balloons pre-operatively
Height and Weight on entry to the weight loss programme and weight at the time 

closest to the date of operation
Operative details
Peri/Post operative complications (if any)
Long term outcomes & details of any revision surgery
PROMS data

The International Federation for the Surgery of Obesity and Metabolic Disorders is 
proposing a full Delphi study to review existing datasets and to ensure that data col-
lection is designed not just to track surgical outcomes, but also to consider patient per-
spectives and input from all stakeholders involved in bariatric and metabolic medicine 
and surgery. Likewise, there are attempts underway to develop a Patient Recorded 
Outcome Measure (PROM) that is very specific and tailored to obesity management.

9  Key Step 6—Layer in GDPR Compliance

In very recent years, Data Protection has become an important buzzword which 
has resulted in registries being required to comply with new legal standards, in 
particular the General Data Protection Regulation (GDPR) 2016/679 European 
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Union laws [6] on data protection and privacy. Every registry must now have in 
place not just a designated data controller but also the right documentation and 
processes around data management and patient confidentiality. For properly 
anonymised registries that are better described as “audit”, consent is not a require-
ment, but it is nevertheless generally “advised” and indeed is mandatory if a 
national registry is collecting identifiable personal data.

Key documentation that needs to be in place for all registries:

1. Data Processing Agreement (DPA)—All “Data Controllers” are required to 
have a DPA with any and each organisation who will be processing their data 
(The Data Processors).

2. Privacy Notice/Fair Processing Statement—This document basically 
explains to the general public why you’re collecting the data, what data you’re 
collecting, what you intend doing with it, who it will be shared with etc. and 
also includes processes how to request what data the registry is holding and 
how patients can opt-out if they wish to remove their consent.

3. Subject Access Request Page—If a database is holding identifiable patient 
data of any kind, it is necessary to provide a means for the public to request 
what data may be held about them…. and also provide them with an opt-out 
mechanism. This should also be noted in the Privacy Notice/Fair Processing 
Statement which should describe the process that is followed/detailed in 
the Data Processing Agreement. Some databases also collect patient email 
addresses for PROMs—in this instance there needs to be TWO consent ques-
tions with an opt-out for both. The first for holding personal data on the regis-
try, and another for holding their email address for PROMs.

4. Data/Information Sharing Agreement—Some Data Controllers implement 
Information/Data Sharing Agreements with the end-user data contributors so 
that they are aware of their own data collection responsibilities. This is not a 
mandatory requirement but it is best practice.

It is essential that any partnering data management company that is acting as the 
Registry “Data Processor” can demonstrate compliance with the highest levels of 
data security.

10  Key Step 7—Recognise that There are Multiple 
Stakeholders with an Interest in National Registries

It might be tempting to think that bariatric surgery registries are primarily for sur-
geons. In reality there are multiple other stakeholders who take a deep interest in 
the analyses and the reported outcomes coming from a registry including:

– Patients and Patient Advocacy Groups
– Governments because of focus on Cost & Quality and Healthcare Rationing
– Colleges of Surgeons
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– Other National Specialist Medical & Surgical Societies
– Specialist Commissioners of Care
– Epidemiologists & Public Health
– Institutions/Hospitals (CEOs)
– Medical and Quality Assurance Directors
– Referring doctors—General Practitioners and other physicians
– Medical Device Companies
– Pharmaceutical Companies
– Health Observatories
– The Press
– International Audiences

With this long list in mind, it is wise to review datasets to ensure that all legitimate 
stakeholder interests are accounted for. Likewise when producing any reports the 
content, analyses and accompanying commentary should be carefully tailored to 
accommodate all pertinent audiences.

11  Key Step 8—Create a Suitable “Carrot and Stick” 
Environment to Recruit Contributors

As with the adoption of any new technology, registries are subject to the laws of 
Diffusion of Innovation (Fig. 3) as described by Everett Rogers, a Professor of 
Communication Studies which was first published in 1962, and is now in its fifth 
edition [7], which describes at what rate new ideas progress The important aspect 
to the observation is that the speed of take up of innovation determines the point of 
critical mass and/or success of a registry project.

There will always be a group of surgeons who are the innovators followed 
closely by early adopters. Fairly rapidly there will be an adoption swell of early 
majority and late majority users followed finally by the laggards who are reticent 
to adopt new technology unless they are forced to join, become too embarrassed 
by not taking part or just simply wait until they can see everybody else regards the 
project as a real success and being involved can no longer be avoided.

Fig. 3  An Illustration of the Laws of Diffusion and Innovation
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There is constant discussion at surgical Scientific Congresses about who should 
shoulder the responsibility of Data Collection. Some will say that the data col-
lector should be completely independent of the clinical team (in order to elimi-
nate bias), often a North American viewpoint, whereas in other cultures e.g. the 
British environment there is a different mantra, namely: “The operation is not fin-
ished when you, or your assistant, puts the last stitch into the patient, the operation 
is finished when the data has been entered into a database”. Professor Sir Bruce 
Keogh (former Medical Director of NHS England) in his introduction to the 1st 
UK National Bariatric Surgery Report [8] stated: “After all, in my view, if you 
can’t describe what you’re doing and define how well you’re doing it, you have no 
right to be doing it at all”.

12  Key Step 9. - Produce Regular Reports and Analytics 
and Other Outputs

It is an absolute imperative to ensure that registries do not become data cemeteries 
where data are never seen again. In order to encourage continued data collection 
and the success of any registry, regular outputs must be generated. These should 
span:

Individual patient reports—automated operation notes and discharge summaries
Individual surgeon/hospital dashboards
Ad hoc queries
Data output for research studies
National Reports [1, 3–5, 8]
On-line patient portals such as the UK Surgeon Specific Outcome Reports for 

NHS Bariatric Surgery [9]

Only by producing outputs to the benefit of surgeons can administrators of regis-
tries expect continued commitment to data entry.

13  Key Step 10—Recognise that Each Registry Has Its 
Own “Journey”

Developing a Registry is never a “single point action”, it is never finished and will 
always be moving. The key is to remember that a registry is always “work in pro-
gress” and will evolve and mature over time. The great beauty of all  registries is 
that as time passes, the historical data that has been entered increases in value, 
because, (a) trends appear and (b) long term follow up data evolves.

The very good news is that with any registry there is a possibibility of a 
Hawthorne Effect [10], whereby the process of auditing itself helps drive improve-
ments in the quality of care and brings reductions in all kinds of adverse outcomes: 
post-operative complication rates, long and short-term morbidity and mortality.
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14  Conclusion

Registries have the capacity to describe real-world data about patient populations, 
their characteristics along with patterns of practice and outcomes. These data help 
to inform a wide group of stakeholders as to the value of bariatric and metabolic 
surgery and enable surgeons to benchmark their performance against national and 
international standards. Starting a registry is not a trivial exercise as it is not only 
logistically complex but prone to failure unless all the necessary building blocks 
are in place. It is hoped that this chapter will encourage and guide both those that 
are about to embark on starting their own national registry or those who are deter-
mined to see an existing registry flourish.

The process of turning data into information to improve outcomes is ultimately 
to the benefit of patients who can be better informed about the risks and benefits of 
different procedures.
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1  Introduction

The cornerstone therapy for obesity treatment is lifestyle modification. Adaption 
of a healthy lifestyle is founded by healthy dietary options, behavioral training 
and an increase in physical activity. In this chapter, we discuss the healthy die-
tary options available for weight loss, emphasizing on the behaviors that form the 
backbone of most dietary programs.

2  Principles in Dietary Therapies

Numerous dietary programs currently exist that are targeted to assist with the 
weight loss journey. A shared theme in most of these programs is the need for 
creating a caloric deficit that results in a negative energy balance [1]. A general 
approach to creating such a deficit is to reduce caloric intake by 500 kcal/day, or 
to restrict it by approximately 30% of total daily caloric need. The latter roughly 
translates to 1200–1500 kcal/day for women and 1500–1800 kcal/day for men [1].

The choice of a specific dietary program depends on several factors: degree of 
obesity, existence of comorbidities such as diabetes mellitus and patient prefer-
ence. It is important to emphasize that no diet out there has been shown to consist-
ently produce superior weight-loss results when compared to other diets. However, 
a strong predictive factor of success with any dietary program is patient adherence. 
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The programs that have shown to have the best weight-loss outcomes are those 
with the highest scores for patient adherence [2].

Most dietary programs produce mild-to-moderate weight loss of 5–15%. 
Additionally, most dietary interventions will reach their maximum efficacy 
6-months post-initiation, with some patients re-gaining some or most of the 
weight in the months to follow. Therefore, it is essential for medical practition-
ers to discuss such figures with patients to ensure that their perceived weight 
goals and expectations align with the expected outcomes. It is also important to 
emphasize that weight loss and maintenance of as little as 5–7% still bears sig-
nificant impact on health and wellbeing, and can lead to substantial improvements 
in medical comorbidities. The benefits of 5–7% weight loss were demonstrated 
in several landmark clinical trials. The Diabetes Prevention Program (DPP) is a 
good example. In the multicenter DPP trial, intensive lifestyle interventions aimed 
at weight loss of 7% showed significant reduction in the risk of progression from 
impaired glucose tolerance to diabetes by 58% [3]. Additionally, the landmark 
Look AHEAD study (Action for Health in Diabetes) for patients with type 2 dia-
betes mellitus and body mass index (BMI) >25 kg/m2, showed that modest weight 
loss can lead to significant improvements in many comorbidities, such as, diabetes 
mellitus, sleep apnea, urinary incontinence, depression, physical function, mobil-
ity and overall quality of life [4, 5].

Several key principles should be emphasized in any dietary program. Increasing 
intake of fiber-rich foods such as fruits, vegetables, legumes and minimally pro-
cessed whole grains is essential. Patients should also be advised to limit any 
processed or refined carbohydrates and meats, in addition to food items high 
in sodium and trans fats. The following are simple tips that can be provided to 
patients for improving their health and eating behaviors, regardless of whether a 
specific dietary program is being prescribed or not:

1. The plate method: patients should be encouraged to limit their plate size to a 
9-inch plate. Half of the plate should contain non-starchy vegetables, such as 
lettuce, spinach, arugula, etc. A quarter of the plate should contain lean meats 
such as chicken, turkey or fish, and a quarter should contain whole grains such 
as brown rice, brown bread, etc.

2. Avoid sugar-sweetened beverages such as sodas, creamers, syrups and juices. 
Instead, patients should rely on water as a healthy liquid alternative.

3. Replace white carbohydrate options with whole grain ones. For instance, 
replace white bread with whole grain bread, replace white pasta with whole 
grain pasta, etc.

4. Avoid high-calorie, high-sugar snacks, such as cookies, chocolate and cakes. 
Instead, replace these with healthier snacks such as nuts, Greek yogurt and 
fruits.

Finally, dietary programs should always be combined with physical activity, par-
ticularly resistance anerobic training, for maximum preservations of muscle mass 
during the weight loss period.
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3  Diet Options for Weight Loss

Several dietary interventions exist. Here, we outline a few of the most commonly 
prescribed diets in clinical practice.

• The Mediterranean Diet

The Mediterranean diet is typically rich in fruits, vegetables, nuts and whole grain 
sources of carbohydrate. The primary source of fat in this diet comes from the 
monounsaturated fatty acids of olive oil. Lean meat, such as chicken and fish are 
the primary sources of protein, with red meats being consumed as little as possi-
ble. Additionally, dairy sources should be low-fat or fat-free. The diet also allows 
low-to-moderate wine consumption.

The Mediterranean diet has been shown to have significant health benefits. In 
the large Primary Prevention of Cardiovascular Disease with a Mediterranean Diet 
Study (PREDIMED), the Mediterranean diet was associated with a 30% relative 
risk reduction in primary cardiovascular events, and a 40% relative risk reduc-
tion in the incidence of stroke [6]. Additionally, several observational studies have 
found a negative association between the Mediterranean diet and the incidence of 
cancers, such as colorectal, prostate and esophageal cancers [7].

The Mediterranean diet has also been shown to have significant impact on 
glycaemic measures in subjects with diabetes mellitus. In a recent meta-analysis 
examining its effects on type 2 diabetes patients, the Mediterranean diet resulted 
in significant reductions in haemoglobin A1c (HbA1c), fasting plasma glucose 
and fasting insulin levels compared to controls. Additionally, there were improve-
ments in lipid profiles seen as reductions in total cholesterol and triglycerides, and 
increase in high-density lipoprotein (HDL) [8].

• Intermittent Fasting

Intermittent fasting refers to cyclic short periods of feeding followed by prolonged 
periods of fasting. An increased volume of literature supports the beneficial effects 
of intermittent fasting on disease modification and aging [9]. Additionally, recent 
studies have shown its beneficial effects on insulin resistance and glycemic control 
[10]. It has been theorized that the beneficial effects of intermittent fasting are not 
only due to its effects on weight reduction. Rather, it is thought to be due to adap-
tive cellular responses to fasting states. During prolonged periods of fasting, cells 
activate pathways that combat oxidative and metabolic stress, aiding in the process 
of cellular damage repair and reducing inflammation [9].

Several variations of intermittent fasting exist. Alternate-day fasting and daily 
time-restricted feeding are the most widely adapted variations. In the former, fast-
ing is done on specific days of the week (one or more), when calories are reduced 
to less than 25% of the daily caloric requirements. The second form of intermit-
tent fasting restricts caloric intake to certain hours of the day, typically ranging 
between 8 and 10 hours.
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• Low-Carb and Very Low-Carb Diets

With the rise of diabetes mellitus prevalence worldwide, more specialists are advo-
cating for low-carb and very-low carb diets as means of improving both glycemic 
measures and weight. Several short-term studies have demonstrated the efficacy of 
such diets on glycemic control, lipid profiles and weight in those with obesity and/
or type 2 diabetes mellitus [11, 12].

Low-carbohydrate diets are usually composed of 60–130 g of carbohydrates 
per day. Very-low carbohydrate diets on the other hand, are usually composed 
of no more than 50 g of carbohydrates per day. The reduction in carbohydrate 
intake to less than 50 g per day typically depletes glycogen stores, and thus leads 
to the breakdown of fatty acids for the generation of ketone bodies and energy 
production. In both diets, the initial weight loss can be rapid, but is usually due 
to glycogen breakdown and water losses rather than true fat loss. The long-term 
superiority of low-carb and very-low carb diets versus other diets for weight loss 
has not been demonstrated [13]. Additionally, with lower carbohydrate intake, 
there is a higher likelihood for occurrence of adverse events, particularly with the 
very low-carb diets, such as constipation, headaches, generalized weakness and 
muscle cramps [14].

• Very-Low Calorie Diets

Very-low calorie diets (VLCD) refer to diets that provide less than 800 kcal per 
day. VLCD are effective at inducing rapid weight loss on the short-term. However, 
long-term outcomes of VLCD have not been demonstrated to be more superior 
compared to the more conventional diets. For instance, in a meta-analysis com-
paring the conventional low-calorie diets to VLCD, the short-term weight reduc-
tion was more pronounced in the VLCD (16% vs. 10% of initial body weight, 
for VLCD and conventional low-calorie diets, respectively). However, weight 
loss beyond one year did not differ (6.3% vs. 5%, for VLCD and conventional  
low-calorie diets, respectively) [15].

4  The Weight-Maintenance Diet

A major challenge post-weight loss via dietary methods is the maintenance of 
the weight loss achieved. The bodyweight is theorized to be set at a defined set 
point programmed at the level of the hypothalamus. Any attempt at lowering body-
weight via dieting and/or exercise would be met by internal resistance, in efforts 
to bring the body back to its original set point, no matter how pathological and 
disease-provoking this point may be. Resistance is typically seen in the form of 
increases in hunger signals such as ghrelin hormone, decreases in satiety signals 
such as glucagon-like peptide-1 and peptide YY, and decreases in basal metabolic 
rate [16].
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Attempts at combatting weight regain have been investigated by several groups. 
Recent research has suggested a critical role of macronutrient composition on 
weight regain in the weight maintenance period. Diets composed of high-protein 
and low-glycemic index foods have been shown to be superior at maintaining 
weight loss, compared to low-protein and high-glycemic index diets [17].

5  Summary

Several dietary therapies exist. No single diet has been shown to be more superior 
or linked to more weight loss success. Rather, adherence is the key to weight loss 
success in any dietary program.
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1  Introduction

Global obesity is rising at an alarming rate, with estimates predicting that by 2030 
nearly 1 in 2 adults will have obesity (BMI ≥ 30 kg/m2), and 1 in 4 adults will have 
severe obesity (BMI ≥ 35 kg/m2) [1]. It is well studied that obesity increases the risk 
of other chronic medical conditions, including type 2 diabetes mellitus, cardiovascu-
lar disease, cerebrovascular, chronic kidney disease, nonalcoholic fatty liver disease, 
metabolic syndrome, and many cancers. With an increasing number of patients with 
severe obesity and related comorbidities, there is an increasing role of bariatric sur-
gery in managing these conditions, especially diabetes. Each year there is an increase 
in the number of bariatric procedures performed in the US as per the American 
Society for Metabolic and Bariatric Surgery (ASMBS) estimate of bariatric surgery 
numbers. The most significant upsurge seen in the number of sleeve gastrectomy 
(SG) performed rose from 17.8% of total procedures performed in 2011 to 61.4% of 
total procedures performed in 2018 [2, 3]. This increasing popularity of SG over the 
past decade has been due to its safety profile, technical ease, and excellent long-term 
efficacy. However, a blanket prescription of this procedure should be avoided, and an 
effort towards more personalized and evidence-based procedure selection should be 
adopted. In this chapter, we will first explore the current indications for metabolic and 
bariatric surgery, followed by a criterion that makes SG a better surgical option.
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2  Current Eligibility Criteria for Bariatric Surgery

In 1991, National Institutes of Health (NIH) Consensus Development Panel first out-
lined the universally accepted guidelines for surgery for obesity and weight-related 
disease [4]. Since then the guidelines have been repeatedly revised and expanded 
over the years, most American and international societies have agreed on general 
guidelines for the indication of bariatric and metabolic surgery as listed below.

• Adults with a BMI ≥ 40 kg/m2 regardless of comorbid illness.
• Adults with a BMI 35.0–39.9 kg/m2 with comorbidities, including:

o Type 2 diabetes (T2D)
o Hypertension
o Hyperlipidemia
o Obstructive sleep apnea (OSA)
o Nonalcoholic steatohepatitis (NASH)
o Pseudotumor cerebri
o Gastroesophageal reflux disease
o Asthma
o Venous stasis disease
o Severe urinary incontinence
o Debilitating arthritis
o Impaired quality of life

• Adults with a BMI 30.0–34.9 kg/m2 with severe comorbidities listed above, 
especially T2D.

• Furthermore, potential surgical candidates must have the following conditions:
• Inability to achieve a healthy weight loss for a while with prior weight loss 

efforts.
• Absence of drug and alcohol problems
• No uncontrolled psychological conditions
• A capacity to understand the risks and commitment associated with the surgery.

3  Age

In their Consensus Statement of the NIH Consensus Development Conference 
(1991) and the International Federation for the Surgery of Obesity and Metabolic 
Disorders (IFSO) has age criterion—between the ages of 18 to 65 years [4, 5]. 
However, there is considerable flexibility in these recommendations [6]. In recent 
years, there is a growing interest in the use of bariatric surgery at the extremes of 
age. Bariatric surgery in the adolescent will be discussed in-depth in another sec-
tion later in the chapter. Briefly, the ASMBS pediatric committee recommends an 
adult BMI threshold selection criterion as it appears to be appropriate for adoles-
cents, with some modification about associated comorbid disease thresholds [7]. A 
significant concern when dealing with adolescents is their degree of maturity and 
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onset of puberty. These need to be taken into account when surgical treatment is 
recommended along with other psychological factors, metabolic issues, functional 
comorbidities, quality of life, and attention to long-term health risks in the absence 
of treatment in a patient who otherwise has a long life expectancy [6].

In the advanced age (>60 years), the higher perioperative risk due to anesthe-
sia, complex medical comorbidities, and increased risk of mortality from com-
plications have been cited as risk factors precluding bariatric surgery some series 
[8]. Besides, the elderly are less compliant with new dietary and lifestyle changes. 
However, more recent studies have shown not only low morbidity and mortality 
but a clinically significant weight loss and improvement in comorbidities in older 
patients [9–14]. In their comparison of patients > 60 years who underwent bariat-
ric surgery from 2009 to 2013, with those who underwent bariatric surgery from 
1999 to 2005, Gebhart et al. found a significant decrease in mortality (0.3%) [15]. 
A systematic review by Giordano et al. of 26 articles with 8,149 patients showed 
a pooled mortality of 0.01%, and the overall complication rate was 15%. More 
recently, Nor Hanipah et al. suggested that bariatric surgery is safe and effective in 
patients aged ≥ 75 years older when carefully selected [14]. Similarly, Susmallian 
et al. analyzed the results of bariatric surgery in elderly patients (>65 years) for 
three years [12]. They noted a perioperative complication rate of 9%, with 1.3% 
needing re-operative intervention. These rates are slightly higher than those for 
the younger patient. However, most complications result from an increasing num-
ber of comorbidities seen in these patient populations. Often these complications 
do not need a major intervention. The authors believe that patients should not be 
denied bariatric surgery solely based on their age. It is vital to carefully counsel 
the elder patient about their slightly increased risks of morbidity and the possibil-
ity of less satisfactory outcomes.

4  BMI

From its inception, patient selection based on NIH Consensus statements for bari-
atric procedures has been based on BMI [4]. This selection criterion is inadequate 
as BMI is a poor indicator of adiposity, metabolic disease, and cardiovascular risk. 
It is a well known fact that a higher composition of visceral fat is associated with 
increased liver, muscle and pancreatic fat that results in a higher metabolic con-
dition in individuals with same BMI [16–19]. BMI does not account for differ-
ent body composition related to gender or age; that is, females and older patients 
have high body fat compared to males and younger patients, respectively. Also, 
there is an interracial difference in fat distribution; for example, an Asian has more 
body fat than a Caucasian with the same BMI [20]. The BMI criterion for bariat-
ric procedures should be adjusted for ethnicity (e.g., 18.5–22.9 kg/m2 is healthy 
range, 23–24.9 kg/m2 overweight, and ≥25 kg/m2 obesity for Asians). The recent 
ASMBS updated position statement on bariatric surgery in class I obesity recom-
mends patients with a BMI of 30 to 35 kg/m2 with obesity-related comorbidities 
be considered for surgical intervention after the failure of nonsurgical treatments 
[21]. This is particularly relevant for uncontrolled type 2 diabetes patients, as there 
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are high-quality data that show significant benefit. Presently, patients in the 18 to 
65 age group who have class I obesity along with severe comorbidities have the 
best evidence for bariatric and metabolic surgery.

5  Procedure Selection

A bariatric procedure should be selected based on individualized therapy goals, 
personalized risk stratification based on the patient’s medical history, and avail-
able surgical expertise. Aminian et al. developed and validated an individualized 
metabolic surgery (IMS) score to aid the evidence-based procedure selection for 
T2D [22]. The IMS score uses four independent predictors of diabetes remission—
preoperative duration of T2D, HbA1C level, number of diabetes medications, and 
insulin use before surgery. This was the largest reported cohort of patients with 
T2D (n = 900), which had a minimum 5-year glycemic data after RYGB and SG 
(median follow-up time of 7 years, range: 5–12 years). The IMS score categorizes 
T2D into three validated stages of severity to guide procedure selection—mild, 
moderate, and severe. In mild disease (IMS score 25 points or less), SG and RYGB 
are recommended as both are highly effective in the treatment of T2D. However, 
RYGB results in slightly higher long-term diabetes remission rates and a reduction 
in the number of diabetes medications. In severe T2D (IMS Score > 95) where there 
is a limited functional beta-cell reserve in the pancreas, both procedures have simi-
larly low efficacy in achieving diabetes remission, reduction in HbA1C level, and 
use of diabetes medications. In the large intermediate disease group, RYGB is rec-
ommended over SG as it achieves better long-term diabetes remission, this is likely 
related to its more pronounced effect on the gut hormones and neuroendocrine 
milieu. In the original cohort with the intermediate diabetes severity, long term 
diabetes remission was observed in 60% of patients who underwent RYGB ver-
sus 25% of those who had SG. The IMS score calculator (smartphone application) 
computes a score when the patient’s data are entered, and recommendation for an 
average surgical risk patient is provided. Given that the IMS cohort had patients 
with higher BMI and involved mostly patients from the US and Spain, it may not 
accurately apply to patients with class I obesity or Asian ethnicity. Another limi-
tation of this model was that it did not include bariatric surgical procedures with 
more potent metabolic effects such as malabsorptive procedures (Duodenal Switch, 
SADI). Generally, RYGB and SG appear to be similarly effective in improving 
hypertension, dyslipidemia, and quality-of-life indices [23–26].

6  Other Considerations in Decision-Making

A procedure may be preferred over the other depending on the individual patient’s 
condition [22, 25]. In patients with extremely high BMI and higher surgical risk, 
SG may be chosen because the limited working space makes a bypass procedure 
challenging and unsafe. After losing weight, these patients may be a candidate for 
diversionary procedures.
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SG is favored in patients with multiple small bowel diseases like Crohn’s dis-
ease [27], multiple small bowel resection, dense adhesions, large complex ventral 
hernias due to technical reasons [25].

Compared with GI bypass procedures, SG has minimal effect on the pharma-
cokinetics of medications as it does not alter gut absorption. This makes SG most 
suitable in patients with complex psychiatric and addiction history requiring psy-
chotropic polypharmacy [22, 24, 28].

SG is a better choice for patients who smoke [29, 30] or are dependent on 
chronic nonsteroidal anti-inflammatory drugs as it circumvents the risk of mar-
ginal ulceration seen in RYGB patients [25].

Similarly, in patients with history of duodenal ulcer, increased risk of gastric 
cancer, or patient in whom access to distal stomach, duodenum, and biliary tree 
would be necessary in future, SG is a prudent choice, as RYGB precludes easy 
access to the remnant stomach and duodenum.

RYGB would be preferred over SG in patients with severe gastroesophageal 
reflux disorder (GERD) or Barrett’s esophagus [28]. There are concerning reports 
of worsening or development of de novo GERD after SG, which may progress to 
Barrett’s esophagus. Although its significance has yet to be determined, GERD 
after SG can be effectively treated with medical therapy in most cases. In 5% to 
10% of patients with GERD after SG, medical management is ineffective control-
ling the symptoms. In these cases, a conversion to RYGB is warranted [25].

In patients with osteoporosis or decreased bone density, SG may be a bet-
ter option compared with RYGB. Calcium and vitamin D deficiencies are com-
monly seen after bariatric surgery that is responsible for the accelerated bone loss. 
Multiple studies have shown more significant bone loss after RYGB than SG at 
the femoral neck [31, 32]. Comparative studies have noted a significantly increase 
in circulating bone turnover markers such as CTX, PINP, TRAcP5b in the RYGB 
compared with SG [33]. This could also be related to the different hormonal 
responses induced by these procedures [33–35].

A meta-analysis of 12 studies concluded that RYGB surgery is associated with 
a higher risk of renal stone and increased urine oxalate and calcium oxalate super-
saturation [36]. In an another meta-analysis, SG was associated with reduced kid-
ney stones formation (pooled risk ratio of 0.37, 95% CI 0.16–0.85) compared with 
RYGB that was associated with increased risk (pooled risk ratio of 1.73, 95% CI 
1.30–2.30) [37]. The overall pooled risk ratio of kidney stones in patients undergo-
ing bariatric surgery was 1.22 (95% CI 0.63–2.35). It has been postulated that the 
fat malabsorption induced enteric hyperoxaluria results in an increased risk of kid-
ney stones in RYGB and other malabsorptive procedures.

Portomesenteric and splenic vein thrombosis (PMSVT) is a rare but potentially 
severe complication after bariatric surgery. A meta-analysis and systematic review 
of 41 studies reported that SG is associated with remarkably increased risk of 
PMSVT when compared with RYGB [38]. The estimated incidence was 0.4%, and 
43% of patients had a history of the hypercoagulable disorder. Hence, in patients 
who have hypercoagulable disorders, an RYGB would be recommended.
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Patients with increased risk of colon cancer need special consideration. In gen-
eral, following bariatric surgery, the risk of hormone-related cancer like breast, 
endometrial, and prostate cancer reduces. However, an English study has shown 
that gastric bypass was also associated with a greater than two-fold increase risk 
of colorectal cancer (odd ratio 2⋅63, 95% CI 1⋅17 to 5⋅95) [39]. Similar results 
were seen in an earlier Swedish study [40] and a Nordic study, they also noted the 
increased risk is exaggerated with longer follow-ups [41]. There are some postula-
tions to explain this anomaly to the protective effect of bariatric surgery on overall 
cancer incidence. The inflammatory environment stimulates hyperproliferation of 
the bowel mucosa after RYGB in a rat model [42]. Furthermore, similar results 
of increased proliferation of rectal mucosa along with elevated bio-marker levels 
were seen in patients who underwent RYGB [43]. The changes in the gut micro-
biome that partially mediates the metabolic changes could be responsible [44, 45]. 
In summary, the increased risk of colorectal cancer is that following RYGB, the 
local mucosal changes occur secondary to the malabsorptive effects and changes 
in the gut microbiome. The authors recommend that patients with an inherent 
increase risk of colorectal cancer undergo SG.

Management of blood sugar in some patients with type 1 diabetes after bariat-
ric surgery can be extremely challenging. Particularly, some patients with type 1 
diabetes may develop severe hypoglycemia after diversionary bariatric procedures. 
In patients with type 1 diabetes, SG, which is associated with more predictable 
absorption of carbohydrates and fat-soluble nutrients, would be a preferred proce-
dure, unless there is a reason not to perform SG [46].

Outlined in Table 1 is the bariatric procedure selection (RYGB or SG) based on 
the patient’s condition.

7  Summary

• In conclusion, for better outcomes, it is crucial to guide patients towards the 
most suitable bariatric procedure depending on their obesity-related comorbidi-
ties and overall medical conditions.

• BMI ≥ 40 kg/m2 or BMI ≥ 35 kg/m2 with obesity-related comorbidities are 
used as eligibility criteria for bariatric surgery selection. However, there are 
reliable data that support the positive impact of these operations in patients with 
lower BMI (30–35 kg/m2) with uncontrolled metabolic conditions.

• The current review of the literature indicates that RYGB and SG have positive 
effects on improvement of T2D and that RYGB has a more substantial effect on 
remission. RYGB and SG appear to be similarly effective in improving hyper-
tension, dyslipidemia, and quality-of-life indices.

• The IMS score is an evidence-based and validated prediction tool that can help 
in a personalized selection process of metabolic surgery in patients with T2D 
and obesity.

• The surgical risk, differential impact of each procedure on weight and other 
obesity-related diseases (e.g., GERD), presence of other medical and mental 
problems, patient’s behavioral factors (e.g., postoperative compliance, active 
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smoking), medications (e.g., chronic nonsteroidal anti-inflammatory drugs, 
immunosuppressive medications, or psychotropic polypharmacy), and patient’s 
values and goals should be considered when the patient and medical team make 
a shared decision about the most appropriate surgical procedure [25].
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There is no doubt that obesity among women is on the rise world wide. According 
to World Health Organization (WHO) estimates, Kuwait is ranked amongst the 
top countries in the world in obesity prevalence. In a study published in 2014 by 
Weiderpass et al., they have concluded that eight out of 10 Kuwaitis were over-
weight or obese which is a great health concern [1].

Unfortunately, obesity have affected women in the reproductive age group on 
different levels. Pre-pregnancy challenges which were described by my colleague 
in the previous chapter as well as potential complications during pregnancy of 
which we will discuss in this chapter. We will pay a closer look into how weight 
management surgeries have affected this challenging group of patients.

1  Pre-pregnancy Weight Management

It’s no doubt a crucial point of care to optimize weight prior to conception. This 
is agreed up on by various international guidelines. Advice on weight and life-
style should be given during preconception counselling or contraceptive consul-
tations. Weight and BMI should be measured to encourage women to optimise 
their weight before pregnancy. Women of childbearing age with a BMI 30 kg/m2 
or greater should receive information and advice about the risks of obesity during 
pregnancy as well as childbirth. They should be supported and encouraged to lose 
weight prior to conception and between pregnancies in line with National Institute 
for Health and Care Excellence (NICE) Clinical guideline (CG) 189. Women 
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should be informed that weight loss between pregnancies reduces the risk of still-
birth, hypertensive complications and fetal macrosomia. Weight loss increases the 
chances of successful vaginal birth after caesarean (VBAC) section.

2  Pre-pregnancy Supplementation

Women with a BMI 30 kg/m2 or greater wishing to become pregnant should be 
advised to take 5 mg folic acid supplementation daily, starting at least 1 month 
before conception and continuing during the first trimester of pregnancy. (RCOG). 
Metabolic and nutritional derangements can occur after bariatric surgery, par-
ticularly after malabsorptive procedures. Reduced oral intake and alterations 
in digestive physiology as well as anatomy can result in malabsorption of vari-
ous micronutrients and minerals, particularly iron, folate, vitamin B12, calcium, 
and vitamin D. Absorption of iron and folate are reduced due to lower acid con-
tent in the gastric pouch and bypass of the duodenum, the main site of absorp-
tion. Calcium deficiency can also result from bypass of the duodenum, as well as 
reduced intake of both calcium and vitamin D. A reduction in the availability of 
both gastric acid and intrinsic factor may lead to B12 deficiency.

While women with prior malabsorptive procedures are at greatest risk for 
micronutrient deficiencies, women who undergo restrictive procedures may also 
develop iron, folate, and fat soluble vitamin deficiencies [2].

A number of adverse pregnancy outcomes have been linked to inadequate sup-
plementation and resultant micronutrient deficiencies. Iron and B12 deficiencies 
have resulted in maternal anemia.

Specific supplementation regimens need to be tailored to the individual patient 
and the type of bariatric procedure performed [3]. Guidelines for optimum micro-
nutrient supplementation during pregnancy have been extrapolated from data from 
the bariatric and obstetric literature. In general, during pregnancy, it is reasonable 
to continue the regimen recommended by the bariatric surgeon, but the multivita-
min is generally advised and is replaced with a prenatal vitamin.

It is generally advised that the following tests are to be performed pre concep-
tion or at booking antenatal visit [4]:

– Complete blood count
– Ferritin
– Iron
– Vitamin B12
– Thiamine
– Folate
– Calcium
– Vitamin D

The previous tests will aid in identifying those who will require additional supple-
mentation as well as ensure followup during the course of the pregnancy. Monthly 
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repeat labs are also suggested to those with demonstrable deficiencies. At every 
trimester, the tests should be repeated to those with no documented deficiency.

Supplementation and screening should continue following delivery in women 
who breastfeed.

3  Acceptable Weight Changes in Pregnancy

There is a lack of consensus on optimal gestational weight gain in the obese 
population or post weight management surgery group. Until further evidence is 
achieved, the main advice by treating obstetrician is focus on a healthy diet that 
is more applicable than prescribed weight gain targets. None the less, a referral 
to a nutritionist could aid in managing both obese and post weight management 
surgery patients. Caloric restriction during pregnancy is not recommended, even 
if patients continue to be overweight after bariatric surgery, due to concerns that 
caloric restriction might impair fetal growth [5]. Anti-obesity medications are not 
recommended during pregnancy.

Optimal weight gain during pregnancy in women who have undergone bariat-
ric surgery has not been studied. We suggest that women who are not achieving 
the minimum weight gain standards suggested by the IOM (0.5 lb [0.23 kg]/week 
for obese women in the second and third trimester) undergo ultrasound evaluation 
of fetal growth and dietary consultation. If adequate caloric intake is confirmed, 
we do not recommend encouraging the woman to consume significantly more 
calories.

4  Care During Pregnancy

Routine care and management for post weight management surgery patients is 
generally advise. Unless the starting (booking visit) BMI is elevated (>30 kg/m2), 
then patient is to be followed up according to international guidelines for obese 
patients.

Once again, the main issue with post weight management surgery patients is 
attaining adequate nutrition. Nausea, vomiting might be more profound as the 
gestation advances. It is most importantly to ensure adequate supplementations in 
those patients. Needless to say, if symptoms persists, exclusion of acute causes is 
mandatory.

It is well known that obesity in pregnancy carries risks to both the mother as 
well as the fetus. Those risks can develop from early pregnancy till the post par-
tum period. This includes early pregnancy loss, diabetes, hypertension, fetal mac-
rosomia, failed induction of labor and ultimately undergoing a C-section. One 
potential issue during pregnancy is obstructive sleep apnea. Once again no solid 
evidence is found on the effect of wight management surgery specifically post 
sleeve gastrectomy is found. We will review some of the potential risks of wight 
management surgeries in the pregnant patient group.



H. Alsalem84

Fetal growth—Given the plausible increased risk of intrauterine growth 
restriction and small for gestational age infants in post-bariatric surgery preg-
nancies, its been suggested to perform serial ultrasound examinations every four 
weeks to evaluate fetal growth in the third trimester, especially in women with 
poor weight gain and those who conceive within two years of surgery.

5  Gestational Diabetes

5.1  Screening

The glucose challenge test used to screen for gestational diabetes is typically 
not well tolerated in women with prior history of bariatric surgery due to dump-
ing syndrome which is experienced in about 50% of patients following RYGB. 
It’s been suggested that following fasting and postbreakfast blood sugars for one 
week as an alternative [6, 7]. Patients who regularly drink and tolerate sugared 
soft drinks are an exception; these women probably can tolerate a standard glu-
cose challenge test. A third option is to measure glycated hemoglobin (A1C) and 
assume overt diabetes is present if it is elevated (≥6.5%); women with a normal 
A1C should undergo screening as described.

Dumping syndrome typically does not occur in women who have undergone 
restrictive-type bariatric procedures such as gastric banding and those women can 
undergo standard testing for GDM.

5.2  Treatment

GDM conventional treatment involves nutritional therapy and insulin, some clini-
cians use oral anti-hyperglycemic agents, such as glyburide or metformin.

Monitoring for complications of bariatric surgery—The most common late 
sequelae of bariatric surgery are mild nutritional deficiencies, which are readily 
treated with replacement therapy.

5.3  Mode of Delivery

Cesarean delivery is performed for standard obstetric indications. Consultation 
with a bariatric surgeon is advisable if the patient had a complicated bariatric sur-
gery [5]. Patients who have undergone uncomplicated bariatric surgery generally 
do not require changes in surgical technique. Some obstetricians may favor blunt 
entry into the peritoneum to minimize risk of iviscus injury that could be adherent 
to anterior abdominal wall.
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5.4  Postpartum

Bariatric surgery should not adversely affect breast feeding and it should be 
encouraged.

As previously disclosed, micronutrient supplementation and screening should 
continue following delivery in women who breastfeed. Breastfed infants of women 
who have had gastric bypass procedures may develop nutritional deficiencies, 
especially those that are exclusively breastfed [7, 8].
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1  Introduction

In this chapter we aim to cover the impact of obesity on both male and female 
fertility potential and to touch upon the effect of bariatric surgery on natural and 
assisted reproduction. The impact of obesity and bariatric surgery on pregnancy 
will be discussed in a separate chapter.

2  Obesity and Female Reproduction

Women who are obese are at increased risk of menstrual abnormalities. It is also 
noteworthy that menstrual irregularity is positively correlated with weight in obese 
women [1]. This in turn prolongs the time to conception in obese women as the 
spontaneous pregnancy rate decreases by about 4% for every kg/m2 increase in 
BMI [2, 3].

A likely explanation for the lower spontaneous conception rate is the higher 
prevalence of ovulation dysfunction (oligoovulation/anovulation) in obese women 
[4]. Obese women with a BMI >27 kg/m2 are three times more likely to suffer 
from anovulatory infertility compared to their lean counterparts [5]. The main 
mechanism explaining this is a decreased gonadotropin secretion secondary to 
negative feedback exerted from increased conversion of androgens to estrogens by 
adipose aromatase [6–8].
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Obese women also have more difficulty conceiving through assisted reproduc-
tive technologies (ART) compared to lean controls. A metanalysis of 33 In-Vitro-
Fertilization (IVF) studies that included 47,967 IVF cycles concluded that obese 
women undergoing IVF have a lower chance of clinical pregnancy and live birth 
as compared with normal weight women [9].

The mechanisms that may explain the difference in ART success are as follows:

1. Reduced response to fertility medications: When inducing ovulation, Obese 
women require higher doses of medication and have a decreased chance of ovu-
lation. In IVF, they require a higher total dose of gonadotropins to stimulate the 
ovaries, have fewer oocytes retrieved and have a higher cycle cancellation rate 
[8, 10–17].

2. Reduced oocyte quality: In IVF, when using autologous oocytes, obese women 
may experience altered oocyte morphology, lower fertilization, poorer embryo 
quality and therefore lower pregnancy rates [10, 18–21]. However, when using 
donor oocytes, obese women had better pregnancy rates [22, 23].

3. Altered endometrial function: Obesity appears to alter endometrial receptivity. 
This has been shown when third-party surrogate women with a BMI >35 kg/
m2 experienced a 50% lower live birth rate compared with those with a BMI 
<35 kg/m2 [24, 25].

4. Technical issues: Obesity may also make procedures such as ultrasound, oocyte 
retrieval and embryo transfer, which are an essential part of ART success, more 
difficult [26, 27].

3  Obesity and Male Reproduction

Obese men may suffer from altered sexual function and are more likely to have 
erectile dysfunction [28–31]. They may also have poorer semen quality, where 
studies have shown an increased likelihood of oligospermia and asthenospermia 
[32–39]. However, the evidence is divided as to whether or not pregnancy out-
comes are negatively impacted due to this [32, 39–45].

This is explained by increased androgen aromatization to estrogens by adi-
pose tissue which in turn reduces gonadotropin secretion by the anterior pituitary 
gland and thereby reducing both the production of testosterone and hindering nor-
mal spermatogenesis [29, 43, 46–52]. Semen parameters may also be adversely 
affected by increased scrotal temperatures as the scrotum remains in closer contact 
with the surrounding adiposity in obese men [43, 53].

4  Female Reproduction Following Bariatric Surgery

Female reproductive potential improves following weight loss. Improvement is more 
pronounced in women with ovulation disorders specifically polycystic ovary syndrome 
(PCOS) [54, 55]. This is true for both nonsurgical and surgical weight loss [56–61].
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Weight loss following bariatric surgery may restore menstrual regularity and 
promote ovulation [60, 62–64]. Furthermore, it has been shown to improve mark-
ers of PCOS specifically symptoms of hyperandrogenism like hirsutism, and 
Insulin resistance [56, 60, 63, 65–71]. Further, a study looking specifically at lapa-
roscopic sleeve gastrectomy (LSG) found that PCOS patients who had LSG had a 
larger change in BMI at 1 year compared to controls without PCOS who had the 
same procedure [72].

Sexual function in females has also been shown to be enhanced following bari-
atric surgery with women reporting improvement in libido [67].

Both the improvement in ovulation regularity and sexual function has translated 
into better reproductive outcomes following bariatric surgery. It seems that the 
amount of weight lost and the BMI at the time of conception were both predictors 
of the chance of pregnancy following bariatric surgery but not the type of surgery 
itself [73–75].

However, even given this encouraging data, bariatric surgery should not be the 
primary treatment for infertility in obese women [76, 77].

5  Male Reproduction Following Bariatric Surgery

Weight loss following bariatric surgery may improve sexual function in some men 
as it increases gonadotropin secretion as a result of decreased adipose aromatiza-
tion of androgens to estrogens. It is however not clear whether weight loss fol-
lowing bariatric surgery alters sperm parameters [78]. Some case reports have 
shown worsening semen parameters after bariatric surgery, possibly secondary to 
nutritional deficiencies affecting normal spermatogenesis [79, 80]. Other reports 
have shown that semen parameters remain stable after 1 year of follow up follow-
ing bariatric surgery [81]. Therefore, in selected cases, men wishing to undergo 
bariatric surgery may want to consider semen cryopreservation before surgery as a 
back-up for future use [82].

6  Timing of Conception Following Bariatric Surgery

It is recommended that pregnancy be delayed until 1–2 years after bariatric sur-
gery [36, 83–87]. This is to avoid the adverse effects of fetal exposure to nutri-
tional deficiencies and rapid weight loss, and to optimize weight loss goals [57, 
85]. If conception does occur before the recommended 1–2 years, there is lim-
ited data that suggests that surgery may not necessarily affect maternal and fetal 
health given proper pregnancy surveillance [75, 88, 89]. A study specifically look-
ing at the time interval between laparoscopic sleeve gastrectomy and pregnancy 
found no difference in pregnancy outcome between women in the short interval 
group (within 18 months) versus those in the long interval group (after 18 months) 
[90]. In our opinion, time of conception should be individualized according to the 
patient’s age, ovarian reserve and, if any, complications of surgery.
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7  Assisted Reproductive Technologies (ART) Following 
Bariatric Surgery

According to a case series of five women who underwent in-vitro fertilization 
(IVF) 1–5 years after bariatric surgery, four out of the five women became preg-
nant and delivered at term without complications, suggesting that ART seems to be 
safe following bariatric surgery [91].

8  Conclusion

We conclude that obesity has a negative effect on both male and female fertility. 
In women, weight loss following surgery may be associated with improvement in 
reproductive potential and pregnancy rates. In men, weight loss following surgery 
may improve sexual function, but it is unclear if semen parameters are affected. 
That said, bariatric surgery should not be recommended as the primary treatment 
for male or female infertility.
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1  Introduction

Bariatric surgery (BS) has widely shown its effectiveness in weight loss and 
improving comorbidities. According to ASMBC [1], in 2011 BS went from 
158,000 to 252,000 cases in 2018. Revisional Surgery (RS) in the same period 
went from 6 to 15.4%. This increase also implies an increase in the number of 
failures and hence the need for RS. Long-term studies show that all primary tech-
niques have a variable percentage of failures.

Sleeve gastrectomy (SG) is the most commonly performed primary bariat-
ric procedure around the world. It is the technique that contributes with most of 
the cases in terms of weight regain, GERD and complications, and therefore that 
contributes the most to the number of RS. In 2016 it was the first time that RS 
numbers were shown worldwide, where 50,977 surgeries were reported. The per-
centages range from 1 to 11% of the total performed interventions, depending on 
the region (North America, Europe and Latin America respectively). Of the total 
numbers of RS 63% of these were due to insufficient weight loss or low response 
in comorbidities and 26% due to complications and 11% for both [2].
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2  General Considerations

As a general rule we should know that any RS is complex, technically demanding 
and associated with greater operating risks and complications than primary proce-
dures [3–6]. When performed by experienced surgeons, the rate of complications 
is close to 13% [7]. When the team is assessing a RS should look at the causes of 
primary failure, presence of uncontrolled comorbidities, new symptoms that could 
have originated or worsen after the primary procedure (GERD, Dumping, anemia, 
micronutrient deficit) [8, 9], For this purpose all patients must be addressed by the 
multidisciplinary team.

The patient candidate for revision surgery must be carefully studied, in search 
of the causes of primary failure. Anatomy must be assessed with an endoscopy, 
radiologic studies, CT scan volumetry. Patients should also undergo laboratory 
analysis and in some cases Ph-impedance studies. For example, Re-Sleeve was 
generally proposed for patients with an excessively high residual gastric volume, 
as assessed by gastric CT volumetry) and/or with gastric pouch dilatation (as 
assessed by barium swallow) [10–12]. Keep in mind that GERD symptoms associ-
ated with Barret's esophagus are a contraindication for Re-Sleeve [13]. In addition 
to the above, patients must be assessed considering these procedures are techni-
cally complex in part due to the presence of adhesions, previous surgeries such, 
cholecystectomy or other bariatric procedures. Special attention should be noted in 
those with previous open surgery or abdominoplasty that increases difficulty.

3  Choice of Technique Based on Evidence

Evidence on RS is increasing, IFSO SURVEY presented RS as the current chal-
lenge of bariatric surgery. When BS fails, we have more than one RS alter-
native. In 2018 a survey was conducted with 460 bariatric surgeons from 27 
countries about preferences in RS: For revision after LAGB, the RYGB (75.5%, 
n = 345) emerged as the most common option followed by SG (56.9%, n = 260) 
and one anastomosis gastric bypass (OAGB) (37.2%, n = 170). For the revision 
after SG, RYGB (77.7%, n = 355) was the preferred option followed by OAGB 
(42.45%, n = 194) and Re-Sleeve (22.32%, n = 102) [14].

Sleeve gastrectomy (SG) as RS has been described after multiple interventions, such 
as gastric band (LAGB), after Sleeve Gastrectomy; RYGB or endoscopic procedures.

4  Laparoscopic Adjustable Gastric Banding (LAGB) 
to Sleeve Gastrectomy (SG)

LAGB has been associated with high failure rates requiring RS [15–18]. Although 
band placement does not create a permanent anatomic alteration, it does not leave 
the stomach region undamaged. Erosion, scar tissue, pouch dilation, and adhesions 
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make the area more complex and vulnerable during further interventions; this 
makes revisional surgery technically demanding [19, 20].

Recently SG has gained increased popularity as a revisional procedure after 
failed LAGB [21, 22]. In a systematic review and meta-analysis of Dimitrios E. 
Magouliotis et al. comparing RYGB versus SG after LAGB, they presented indica-
tions for conversion. The most frequent cause was insufficient weight loss (68%), 
band slippage/erosion (13.7%), gastric pouch dilation (3.6%) and intractable GE 
reflux (2.68%). Similar results are seen in other series. His team concluded that 
both techniques have no differences in clinical outcomes, hospital stay, compli-
cations, or excess weight loss (EWL) after a year. They found a better EWL at 
2 years for RYGB [23]. Similarly, Jacobs et al. concludes that the SG has lower 
morbidity and mortality rates than converting to a RYGB with comparable weight 
loss. Average EWL was 60% at 26 months [24]. In his Sistematic review Alistair J. 
Sharples describes that the pooled morbidity and mortality rates for LAGB conver-
sions are comparable to those reported for primary bariatric surgery. When com-
paring the EWL at 24 months, they showed 59.5% for conversion to RYGB and 
61.8% after SG [7].

5  Sleeve Gastrectomy to Re-sleeve

Patients who have undergone SG but have experienced weight loss failure (insuf-
ficient weight loss or weight regain) or have developed certain complications can 
be treated surgically by a second intervention, such as Re-Sleeve. It is necessary 
to know the scope and causes of SG failures, as well as indications and results 
of revisions after SG. The most accepted indications for performing a Re-Sleeve 
are weight loss failure, if the barium swallow shows an upper gastric pouch dila-
tion or a big, unresected fundus or if in the CT scan volumetry exceedes 250 cc. 
When deciding which RS to perform, the Re-Sleeve seems to be technically eas-
ier, than others, without anastomosis. With low conversion rates to open surgery 
and acceptable complication rates. Although it is still too early to conclude on 
its  long-term efficacy [25, 26]. Al Sabah et al. presented a series with 24 patients 
undergoing Re-Sleeve compared to 12 patients undergoing RYGB after sleeve fail-
ure. Failure of SG was defined by a percentage of excessive weight loss (EWL%) 
of less than 50% after 1 year. All 24 patients underwent Re-Sleeve due to insuf-
ficient weight loss and dilation of gastric sleeve. Without intra-operative or post-
operative complications, they achieved a mean EWL% of 57% after Re-Sleeve 
at 12 months vs 61% after revisional RYGB. They concluded that the results of 
re-sleeve and revisional RYGB for poor weight loss are feasible with good out-
comes and comparable results after a 1-year follow-up [27]. Similar results were 
presented by Antonopulos C. et al. in 2019 comparing SG failure results, getting 
similar results in weight loss during the first year of follow-up in both techniques 
[28]. Kamal K. et al. review compared the results of the Re-Sleeve versus pri-
mary SG, where only 2 out of 7 studies showed a better weight loss in primary 
surgery, while in the rest it finds no differences [29]. Previously in 2015 Nedelcu 
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et al., presented their series with 61 patients undergoing Re-Sleeve. All cases were 
completed by laparoscopy with no intraoperative complications. They found an 
EWL of 58.5% with 20 months of follow-up. Concluding that Re-Sleeve is a valid 
option for SG primary failure [30].

Compared with the malabsorptive procedures, Re-Sleeve offers several advan-
tages, including increasing the restriction and decreasing the gastric output; less-
ening dumping syndrome by preserving the pylorus; decreasing risk of anemia, 
osteoporosis, and protein and vitamin deficiency (excepting B12 and thiamine 
level); and requiring shorter operative times. However, long term efficacy is still in 
debate specially in patients with higher BMI’s [31].

6  RYGB to SG

The failure of a primary RYGB represents a great challenge for the multidisci-
plinary tema, due to the surgical difficulty and the few surgical options currently 
available. Himpens eta al presented a series with nine patients who presented poor 
weight loss (EWL < 10%) after primary RYGB. In these cases the bypass was 
reversed and converted to a SG, followed on a next stage to a duodenal switch 
in 3 patients. Two of them (28.6%) had a leak at the gastro-gastric anastomosis 
[10]. A few years before, the same group presented a small series with 4 patients 
converted from RYGB to SG, concluding that it is feasible and safe. The risk 
of gastric fistula is an important issue for this option (25% in this series). They 
reported a better weight loss, which leaves the patient in better condition to per-
form a second stage [32]. It could also be an option to consider when patients 
develops a sever malnutririon or the sleeve is as a first step for a planned biliopan-
creatic diversion with duodenal switch (BPD-DS) [33] or part of a conversion to 
 Single-anastomosis duodeno-ileal bypass with sleeve gastrectomy (SADI-S) [34].

7  SG After Endoscopic Procedures

Currently, there are multiple endoscopic procedures to treat obesity. Some of 
which produce changes in the gastric anatomy and others only a temporary occu-
pation of the stomach such as the intragastric balloon. These techniques are also 
not exempt from therapeutic failures or complications. The SG as revision surgery 
could be an alternative in these failures. Although at the moment there are few 
publications about its feasibility. Al Sabah et al. presented a case report of sleeve 
gastrectomy after primary obesity surgery endolumenal (POSE). The patient lost 
20 kg after 6 months the revision [35]. Alqahtani et al. presented a series of 20 
patients undergoing a conversion from Endoscopic Sleeve Gastrectomy (ESG) 
to LSG from a total of 1665 (1.2%) undergoing primary ESG. Patients who did 
not lose sufficient weight (defined as <5% of total weight) after at least three 
months from ESG, and those who experienced weight regain, were evaluated and 
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considered for revisional options. They presented no mortality, reoperations or 
readmissions in any of the 20 patients after the conversion [36, 37].

8  Conclusion

All patients who are candidates for RS should be thoroughly evaluated. SG as RS 
is an efficient and reasonable option. It has improvements in comorbidities, weight 
loss and rate of complications similar to other techniques such as RYGB. The big-
gest drawback of this is the presence of GERD, hiatus hernia or barrett's esopha-
gus where other options should be considered.
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1  Introduction

Bariatric surgery has now provided a new option for overweight patients that have 
attempted conventional weight loss methods and failed. With more studies being 
performed covering health and the detriments that come with increasing BMI’s, 
the different emerging methods of weight loss have caught the attention of phy-
sicians, researchers, and patients alike, trying to provide the best option catered 
to each person individually. A systematic review and meta-analysis conducted by 
Gloy et al. [1] was able to demonstrate that bariatric surgery is a more effective 
method than non-surgical treatments for obesity, as well as the co-morbid condi-
tions that come along with it. Therefore, more and more patients and physicians 
are starting to turn to bariatric surgeries, not only for the treatment of obesity, but 
also for the management of these co-morbid conditions.

Currently, multiple endoscopic procedures exist that are sought after due to 
the fact that they can be considered as ‘less invasive’ bariatric procedures. These 
include the Primary Obesity Surgery, Endolumenal (POSE) procedure, the endos-
leeve, and the balloon. However, long-term success rates of these procedures, 
especially in patients with higher BMI’s, have shown to be lower than their surgi-
cal ‘invasive’ counterparts.
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Sleeve gastrectomy (SG) was initially conceived and first described in 1988 by 
Hess and Marceau as a restrictive component of the BPD-DS procedure at times 
when bariatric surgery was conducted via laparotomy. Nowadays, it has become 
the most performed bariatric procedure in the world (according to the numbers 
from the ASMBS), overtaking the Roux-en-Y gastric bypass. Therefore, it is 
understandable why it is considered a good option for revision following a failed 
endoscopic bariatric procedure.

2  The POSE Procedure

The POSE procedure was recently developed for patients with a BMI of 30–40; 
who have less than 100 lb (45 kg) of excess weight to lose. It currently has the 
advantage of being an incision-less weight loss option with fast recovery time 
over the popular bariatric surgeries, allowing patients to leave the hospital within 
24 hours, as well as allowing for earlier intervention in obese patients for weight 
loss management.

2.1  How the POSE is Performed

The procedure is performed using an Incisionless Operating Platform (IOP) (USGI 
Medical, San Clemente, CA, USA) and endoscope, which is passed through the 
mouth and into the stomach. Once in the stomach, the IOP tools are used to grasp, 
fold, and fasten together full-thickness bites of stomach tissue. The POSE proce-
dure involves making multiple stomach folds and securing them with expandable 
suture anchors. 14–18 stitches are placed in the fundus and antrum.

This procedure is still in its investigational stage in the USA, with limited data 
available currently on the short and long-term outcomes of it; however, its use 
outside the US has shown great positive results with one study from Spain show-
ing patients losing up to 62% of their excess weight within a year [2]. Another 
study that followed patients who underwent this procedure for 1 year was able to 
demonstrate promising early results, with a 45% reduction in excess weight and 
an average of 50% reduction in hunger after that time [3]. A prospective observa-
tional study performed by Espinós et al. in Spain covering a period of 6 months 
post the POSE procedure was also able to demonstrate an EWL of 49.4%, as well 
as less hunger and early satiety in the patients [4]. Alhassani et al.’s study showed 
that all the patients that underwent the procedure reported less hunger following it, 
which was maintained with time, with a mean total body weight loss at 4 months 
of 13.21%. However, given that this procedure is still new, there isn’t any signifi-
cant evidence to support its effectiveness.
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2.2  Converting a POSE to an LSG

Conversion from the POSE procedure after failed weight loss has been proven to 
be effective when necessary. The LSG is performed in a standard split-leg French 
position using four laparoscopic ports. Endoscopy would be used to visualize the 
stomach from the inside and to see the exact site of the stitches from the POSE 
procedure so that they can be avoided, as well as aid in the sleeve gastrectomy. 
Devascularization of the greater curvature of the stomach would then be carried 
out starting from 4 cm from the pylorus and up to the angle of His. The sleeve 
is then performed with a linear laparoscopic stapler using green cartridges for 
the antrum, body, and fundus, aiming for a final gastric pouch size of 100 ml. 
Endoscopy and laparoscopy are both used to ensure that the metal anchors of the 
POSE procedure are not incorporated or encountered when dividing the stomach. 
Endoscopy can also be utilized to assess for leak using air and inflation with water.

3  The Endosleeve

The Endoscopic sleeve gastroplasty, otherwise known as the endosleeve, has been 
showing increasing popularity around the world. It’s aim is to mimic a sleeve gas-
trectomy by reducing the size of the gastric cavity to a tubular lumen with a line 
of clinched plications in the greater curvature [5]. It is indicated in patients with a 
BMI ranging from 30 to 49 kg/m2 and requires an endoscopic suturing system 
(OverStitch; Apollo Endosurgery Inc., Austin, Texas) mounted onto a specific dou-
ble- or single-channel endoscope, an esophageal overtube (US Endoscopy, Mentor, 
Ohio), and a tissue retraction screw (Helix; Apollo Endosurgery Inc., Austin, Texas).

3.1  How the Endosleeve is Performed

The procedure is performed under general anesthesia with orotracheal intubation. 
Full-thickness sutures (aiming at the muscularis propria) are delivered, starting 
distal (prepyloric antrum) to proximal (gastroesophageal junction), with a trian-
gular stitch pattern (anterior wall—greater curvature—posterior wall). Each suture 
consists of around 3–6 full-thickness stitches. After all the sutures are clinched 
together, a plication is formed. To reduce the gastric lumen to the desired size, 6–8 
plications are generally needed. A small fundus is, therefore, left in place (like a 
pouch) to delay gastric emptying.

Currently, the results are limited to short-term studies, however, showing 
promising results. For example, a multicentre analysis with 248 patients that 
were followed over 24 months demonstrated a %TBWL of 18.6% (15.7–21.5%); 
in an intention-to-treat analysis, 53% of these patients were able to achieve 
>10%TBWL [6].
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It is important to note that this technique is not considered as competition to 
surgeries like sleeve gastrectomy or gastric bypass, but an alternative for less 
obese patients or those not willing to accept a surgical intervention [7, 8].

3.2  Converting Endosleeve to LSG

There is no robust literature about endosleeve failure and subsequent revisional sur-
gery, with only a limited number of cases available [9, 10]. A recent study with 1000 
patients that underwent endosleeve described the need for 8 revisions to sleeve gas-
trectomy in that population due to poor weight loss (%TBWL <5% after a 6-month 
period). However, there is no information about outcomes from that cohort [9].

A preoperative endoscopy is always mandatory to be performed before consid-
ering a revisional procedure. If none of the sutures are seen to be in place during 
the endoscopy, a typical SG can be offered without the need of a transoperative 
endoscopy. In that case, a stapler load of 4.1 mm or more is recommended along 
the sleeve line. The posterior wall should then be carefully dissected since ana-
tomic modifications are typically present due to sutures and adhesions related to 
the inflammatory process that would have occurred post the initial endosleeve. On 
the other hand, if it is seen on endoscopy that some sutures have remained intact, 
a hybrid approach could be considered. The first part of the surgery would be to 
attempt to liberate the sutures during endoscopy. If this is not entirely possible, the 
endoscope will help to guide the correct placement of the stapler to avoid sutures 
and metal anchors. However, if during the procedure, a safe stapler position cannot 
be offered at the incisura, a gastric bypass should be considered instead. At the end 
of the procedure, an endoscopy is recommended to help identify any foreign body 
within the sleeved lumen.

4  The Balloon

The idea of using a gastric space-occupying device was first described by Nieben 
in 1982, based on the observation that a gastric bezoar can be well tolerated for an 
extended period of time and cause significant weight loss [11], however, had rela-
tively high complication rate. The development of the saline-filled balloon revived 
interest in the method due to the fact that the balloon is a non-invasive restric-
tive bariatric procedure that is completely reversible and repeatable [12–14]. It is 
offered to morbidly obese patients who either refuse surgery or those who do not 
meet the International Federation of Surgical Obesity criteria for surgery and who 
had previously experienced poor results with conservative treatments [12–14]. It is 
also recommended for super-obese patients before undertaking elective or bariatric 
surgery to reduce surgical risk. However, it is essential to note that in the USA, the 
FDA have only approved it form patients with a BMI ranging from 30 to 40 [15, 
16]. The balloon is generally designed to remain in the stomach for a maximum 
period of 6 months, after which there is an increased number of complications, 
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mainly related to spontaneous deflation and intestinal obstruction [17]. It is also 
important to keep in mind that, given that it is a reversible short-term procedure, 
the maximum weight loss achieved with a balloon is significantly less than that of 
surgical options available.

In a published series of 19 patients with BMI 35–40 and 15 patients with BMI 
>40, mean %excess weight loss (%EWL) was 42.4% and 25.9% respectively on 
balloon extraction and 26.4% and 20.4% at 1-year post removal. In the morbidly 
obese patients, 7 remained with BMI >40, 4 had BMI 35–40, and only 4 patients 
had BMI 30–35 [18]. Although the number of patients is small, the results of this 
study confirm the recurrence of obesity after the removal of the balloon. The bal-
loon, therefore, remains a good and safe method for temporary weight loss [12–
14, 19–21], opening a path for other bariatric procedures afterward.

4.1  LSG Following Balloon Removal

Currently, no studies exist that examine whether there should be a delay between 
balloon removal and performance of a SG. While there is some debate on this sub-
ject, most authors [22–24] advocate performing a staged SG for the purpose of 
allowing gastric healing and hence reducing the incidence of perioperative com-
plications; performing a staged SG a few weeks following balloon removal would 
ideally allow the gastric wall edema associated with the presence of an in-situ bal-
loon to resolve. This may in turn, reduce the risk of the staple line leak and allow 
the fashioning of a narrower caliber sleeve.

5  Conclusion

Laparoscopic sleeve gastrectomy can be considered a safe and effective procedure 
to be undertaken after endoluminal procedures, given that a proper preoperative 
endoscopic examination is performed to ensure the viability of this surgery.
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1  Introduction

The rapid development in science and technology has significantly impacted our 
lives. The lifestyle of the whole of society has changed, and people tend to adopt 
a sedentary way of living. Consequently, children nowadays prefer playing with 
technological equipment and electronic games to those that require physical activ-
ity. They tend to go for fast food and the unhealthy snacks which add to this harm-
ful behaviour and results in them becoming overweight or obese.

The obesity in children and adolescent (2–19 years old) is measured by 
growth charts to determine age- and sex-specific body mass index (BMI), with a 
BMI ≥95th percentile being defined as obesity [1]. Approximately 18.5% of youth 
in the U.S. are obese, while 8.5% of those 12–19 are categorized as severely obese 
(BMI ≥120% of the 95th percentile); representing approximately 4.5 million chil-
dren [2]. Children with obesity have a significantly higher risk of diabetes mel-
litus (DM), hypertension (HTN), and coronary artery disease (CAD) when they 
become obese adults. This risk decreases significantly if the child is non-obese by 
 adulthood [3].
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Bariatric surgery (BS), has proven its effectiveness in treating obese chil-
dren [3, 4]. Recently, the American Society for Metabolic and Bariatric Surgery 
(ASMBS) has issued the paediatric metabolic and bariatric surgery guidelines 
which recommended sleeve gastrectomy (SG) as the best option for obese children 
alongside the roux en Y gastric bypass (RYGB) [2].

2  Eligibility

A broad range of moral issues is associated with BS for children and adolescents 
[3]. The adolescents’ age group is very sensitive, and their lives are characterized 
by peaked physical, psychological and social development. Therefore, the decision 
of undergoing BS in children is multidisciplinary. The recent ASMBS guidelines 
consider BS as the standard of care for treatment of obese children and should be 
offered early to reverse the associated co-morbidities. However, the multidiscipli-
nary approach for these patients is essential and of high importance. A team com-
posed of paediatricians, bariatric physicians, psychotherapists and surgeons will 
be needed to offer the most appropriate care which will ultimately influence the 
patient’s outcome.

The paediatricians and primary care physicians must be aware of the eligibility 
criteria and refer the paediatric patients to a specialized bariatric surgery centre 
to obtain the standard of care. There is an observed lack of enthusiasm to refer 
obese young patients to undergo bariatric surgery. However, all the published data 
as well as the recently issued guidelines encourage children to undergo bariatric 
surgery as early as possible.

2.1  Who is Eligible?

According to the ASMBS guidelines [2]: patients with a BMI >120% of the 95th 
percentile with a comorbidity or with a BMI >140% of the 95th percentile is eligi-
ble for bariatric surgery.

Adolescents are defined by the World Health Organization’s (WHO) as per-
sons between the ages of 10–19 years, however, younger children who meet the 
aforementioned criteria for bariatric surgery could be considered for the proce-
dure, when benefit outweighs risk [2]. LSG has even proven its effectiveness in the 
 pre-pubertal age group [5].

3  Which Procedure is Right for Adolescents

As mentioned above, the current guidelines recommend sleeve gastrectomy as the 
best surgical option for adolescents. LSG is known by its relative simplicity in 
comparison to the other bariatric procedures. However, it is the best option when it 
is chosen for the right patient.
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An important controversial topic that needs to be considered is the link between 
LSG and gastroesophageal reflux disease (GERD) and its possible association 
with hiatal hernia (HH). Obese adolescents have a higher risk of GERD com-
pared to their non-obese peers [6]. Data about the outcomes of GERD post LSG 
in adolescents is limited, nevertheless authors reported the incidence of new-onset 
GERD after LSG in 5.7–16.7% of adolescents [7].

The risks of long-standing GERD are well recognized; and those include the even-
tual development of reflux esophagitis, Barret’s oesophagus and consequently oesoph-
ageal adenocarcinoma. Furthermore, the significant effect of GERD on patients’ 
daily lives and dietary habits have been shown to severely impact the quality of life 
of patients suffering from it. Considering all the above factors and the early perfor-
mance of LSG in youngsters, GERD symptoms should be evaluated cautiously during 
the pre-operative assessment. Pre-operative esophagogastroduodenoscopy is recom-
mended routinely for all patients. Moreover, it is important to perform a meticulous 
intra-operative dissection and exploration of the hiatus for the presence of a hernia 
while undergoing BS. If present, it is crucial to combine hiatus repair alongside the 
sleeve. HH repair with LSG has been proven to relieve and improve GERD symptoms 
in LSG patients [8]. Another option for GERD patients would be RYGB, which has 
proven its effectiveness as the best option for obese patients with severe GERD.

Application of these principles to our clinical practice in the adolescent age group 
revealed that out of 696 adolescents; 667 patients (95.8%) had LSG, ten (1.4%) had 
RYGB, three (0.4%) had one anastomosis gastric bypass (OAGB) and sixteen had 
LSG with HH repair (2.3%). Laparoscopic adjustable gastric banding (LAGB) is 
still not FDA approved for patients less than 18-year-old [2]. However, some authors 
reported median BMI loss of 10 kg/m2 at 4 years post-LSG [9]. Authors reported 
good results in term of weight loss and resolution of comorbidities in adolescents 
post (OAGB), with no incidence of growth disorders or malnutrition observed [10].

4  Pre- and Post-operative Nutritional Care

Assessment of the possible nutritional deficiencies post-LSG is crucial. Authors 
suggested that the existence of pre-operative nutritional deficiencies in adolescents 
(vitamin D, anemia, and hypoalbuminemia) persist or worsen post-operatively 
[11]. Hence, adolescents need vigorous pre-operative surveillance and appropriate 
post-operative monitoring. It is imperative to explain to the patient and his attend-
ees the importance of post-operative compliance with vitamins and nutritional 
supplementation. A regular monthly follow-up after surgery for the first 3 months, 
then every 3 months for the first 2 years is highly recommended.

5  Psychological Concern

The current adolescents’ guidelines have suggested that, except for active psycho-
sis, suicidality, or substance abuse, mental health disorders are not a contraindi-
cation to metabolic and bariatric surgery in adolescents [2]. Nevertheless, these 



N. Khidir et al.112

patients should be carefully monitored to promote positive mental health and 
reduce the potential risk of further mental health complications (i.e. new substance 
abuse or suicidality) [2].

Obese kids tend to suffer from bullying and insults by their peers. Weight loss 
could be the leading solution for this problem. Literature has proven that LSG 
has a positive psychosocial impact on paediatric patients and significant improve-
ment of patients’ quality of life [12]. The satisfactory weight loss results boost 
their  self-esteem and perception of body image. Adolescent patients became more 
involved in social life and adopt a new lifestyle that is more constructive to their 
mental health.

6  The Outcomes of SG

Previous literature has been able to show satisfactory weight loss results in adoles-
cents and children after undergoing sleeve gastrectomy [3, 5]. Patients had been 
able to maintain their weight loss in the long-term when compared to the older 
population. Authors relayed this to the easy implementation of life-style changes 
in the younger patients [3], as well as the age differences in physical activity and 
the basal metabolic rates that accompany the younger population.

The positive results of BS on obesity associated co-morbidities (DM, HTN, 
CAD, obstructive sleep apnoea) are well known. Having a child with an obesity 
associated co-morbidity has been shown to increase the risk of future morbidity 
and mortality. The impact of SG on obesity associated co-morbidities in the pae-
diatric age group was very influential. Pre-diabetes was resolved completely in 
young populations [3]. DM was resolved in 63–100% of patients and no relapse 
was noticed at 5 years after SG [3, 13].

There is a worldwide lack of keenness to perform BS in children. However, it 
has been proven that there is well-established data that support and encourage  the 
early intervention on this age group. Our previously published studies related 
to LSG on adolescents stressed on the importance of medical trials of weight 
loss before surgery. But the latest reviews and evidenced based clinical practice 
encourage interfering with the obesity problem in children as early as diagnosed. 
This will help the obese children to restart a new life and progress in their schools 
and social life easier and faster.

References

 1. Centers for Disease Control and Prevention. Basics about childhood obesity. 2015. https://
www.cdc.gov/obesity/childhood/basics.html. Accessed 20 Nov 2015.

 2. Pratt JSA, Browne A, Browne NT, et al. ASMBS pediatric metabolic and bariatric surgery 
guidelines, 2018. Surg Obes Relat Dis. 2018;14(7):882–901. https://doi.org/10.1016/j.
soard.2018.03.019.

 3. Khidir N, El-Matbouly M, Sargsyan D, Al-Kuwari M, Bashah M, Gagner M. Five-year out-
comes of laparoscopic sleeve gastrectomy: a comparison between adults and adolescents.

https://www.cdc.gov/obesity/childhood/basics.html
https://www.cdc.gov/obesity/childhood/basics.html
http://dx.doi.org/10.1016/j.soard.2018.03.019
http://dx.doi.org/10.1016/j.soard.2018.03.019


The Sleeve Gastrectomy in Adolescents 113

 4. Benedix F, Krause T, Adolf D, et al. Perioperative course, weight loss and resolution of 
comorbidities after primary sleeve gastrectomy for morbid obesity: are there differences 
between adolescents and adults? Obes Surg. 2017;27:1–10.

 5. Alqahtani A, Elahmedi M, Qahtani AR. Laparoscopic sleeve gastrectomy in children 
younger than 14 years: refuting the concerns. Ann Surg. 2016;263(2):312–9. https://doi.
org/10.1097/SLA.0000000000001278.

 6. Koebnick C, Getahun D, Smith N, Porter AH, Der-Sarkissian JK, Jacobsen SJ. Extreme 
childhood obesity is associated with increased risk for gastroesophageal reflux disease in a 
large population-based study. Int J Pediatr Obes. 2011;6(2–2):e257–63. https://doi.org/10.31
09/17477166.2010.491118.

 7. AboMostafa AI, El Attar AA, Mohamed AE, Shalaby MM, Atteyia MA. Pediatric and ado-
lescent new-onset gastroesophageal reflux after laparoscopic sleeve gastrectomy. Tanta Med 
J. 2018;46:245–8.

 8. Soricelli E, Iossa A, Casella G, Abbatini F, Cali B, Basso N. Sleeve gastrectomy and crural 
repair in obese patients with gastroesophageal reflux disease and/or hiatal hernia. Surg Obes 
Relat Dis: Off J Am Soc Bariatr Surg. 2013;9(3):356–61.

 9. Pena AS, Delko T, Couper R, et al. Laparoscopic adjustable gastric banding in Australian 
adolescents: should it be done? Obes Surg. 2017.

 10. Carbajo MA, Gonzalez-Ramirez G, Jimenez JM, et al. A 5-Year follow-up in children and 
adolescents undergoing One-Anastomosis Gastric Bypass (OAGB) at a European IFSO 
Excellence Center (EAC-BS). Obes Surg. 2019;29(9):2739–44.

 11. Elhag W, El Ansari W, Abdulrazzaq S, et al. Evolution of 29 anthropometric, nutritional, and 
cardiometabolic parameters among morbidly obese adolescents 2 years post sleeve gastrec-
tomy. Obes Surg. 2017. https://doi.org/10.1007/s11695-017-2868-2.

 12. El-Matbouly MA, Khidir N, Touny HA, et al. A 5-year follow-up study of laparoscopic 
sleeve gastrectomy among morbidly obese adolescents: does it improve body image and pre-
vent and treat diabetes? Obes Surg. 2017.

 13. Stefater MA, Inge TH. Bariatric surgery for adolescents with type 2 diabetes: an emerg-
ing therapeutic strategy. Curr Diab Rep. 2017;17(8):62. https://doi.org/10.1007/
s11892-017-0887-y.

http://dx.doi.org/10.1097/SLA.0000000000001278
http://dx.doi.org/10.1097/SLA.0000000000001278
http://dx.doi.org/10.3109/17477166.2010.491118
http://dx.doi.org/10.3109/17477166.2010.491118
http://dx.doi.org/10.1007/s11695-017-2868-2
http://dx.doi.org/10.1007/s11892-017-0887-y
http://dx.doi.org/10.1007/s11892-017-0887-y


115

1  Definition and Background

Non-Alcoholic Fatty Liver Disease (NAFLD) is a clinic-histopathological spec-
trum that results from fat accumulation in hepatocytes, that can be present with-
out inflammatory changes (hepatic steatosis) or with concomitant inflammation 
(steatohepatitis), resulting in the condition called Non-Alcoholic Steatohepatitis 
(NASH). The histopathological finding of NASH is identical to that found in alco-
holic steatohepatitis with the biopsy changes showing fat accumulation, lobular 
hepatitis, focal necrosis, inflammatory infiltrates, and Mallory bodies [1, 2].

2  Epidemiology

The prevalence of NAFLD is alarmingly increasing worldwide, not only in adults, 
where it is reported to be between 6 and 35% [3–5], but also in children and ado-
lescents with the prevalence ranging from 0.7% for ages 2–4 and up to 17.3% 
for ages 15–19 years [6]. The highest prevalence of NAFLD is reported to be in 
the Middle East and South America [7]. The variable prevalence reported in the 
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literature correlates with the coexistence of higher rates of obesity and other com-
ponents of the metabolic syndrome in some countries but not others. Specifically, 
for NASH, literature review report it to affect 3–5% of the world’s population [8]. 
The prevalence of NASH in NAFLD patients, however, is reported to be 60% [9]. 
Of those patients affected with NASH, 20% can progress to cirrhosis [10].

3  Risk Factors

Although the pathogenesis of NAFLD is not fully understood, the most accepted 
theory implicates insulin resistance as the cause, and this condition is said to be 
the hepatic manifestation of the metabolic syndrome [11]. Obesity has the strongest 
association with the development of NAFLD, and the risk of developing NAFLD 
increases the more obese the individual gets [12, 13]. Other risk factors include 
diabetes, hypertriglyceridemia, hypertension, disorders of lipid metabolism, total 
parental nutrition, severe weight loss, refeeding syndrome, and drugs [11].

4  Pathophysiology

There is strong evidence today that insulin resistance is the primary pathophysi-
ological condition seen in patients with NAFLD/NASH who might or might not 
be obese. Insulin resistance in itself stimulates lipolysis, triglyceride synthe-
sis, hepatic uptake of free fatty acids, and accumulation of hepatic triglyceride, 
which potentiates hepatic cell inflammation [14]. In addition, hormones such as 
adiponectin, leptin, and resistin, that regulate insulin sensitivity are found to exert 
important modulatory action through altered activation of numerous receptors and 
cytokines that eventually leads to hepatic cell dysregulation, inflammation, and 
apoptosis [15–17]. Several mechanisms are theorized to determine the extent and 
progression of necroinflammation in NASH. These include defects in mitochon-
drial function, impaired free oxygen radical scavenging, and increased hepatic iron 
[18–20]. The fibrosis seen in NASH is perisinusoidal (zone 3) and results due to 
activation of lobular stellate cells. Portal fibrosis, a feature of advanced disease, 
can also occur and is due to activation of a hepatic progenitor cells as a result of 
chronic hepatocyte injury. The degree of this fibrotic reaction correlates with the 
grade of NASH activity, which in turn correlated with insulin resistance [21].

5  Clinical Presentation

The clinical manifestations range from being asymptomatic with incidental dis-
covery of the disease during imaging for unrelated conditions to biochemical 
finding of a persistently elevated liver enzymes and/or non-specific symptoms of 
fatigue, edema, pruritis, gastrointestinal bleeding, or ascites. Patients might have 
a normal physical examination (19–30%) or hepatomegaly (up to 53%), jaundice, 
splenomegaly, ascites, and/or stigmata of liver disease (5–16%).
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6  Diagnosis

The diagnosis of NAFLD requires the presence of hepatic steatosis as identified by 
imaging or biopsy and exclusion of:

1. Significant alcohol consumption
2. Co-existing chronic liver disease
3. Other causes of hepatic steatosis (hepatitis C, medications, TPN, chronic liver 

diseases)

The amount of alcohol consumption considered to be significant defers according 
to different guidelines:

• EASL, NICE, and AISF Guidelines:

>30 g/d in men and >20 g/d in women.

a. AASLD guidance:
 >21 standard drink on average per week in men and >14 in women.
b. Asia–Pacific Guidelines:
 >7 standard alcoholic drinks/week (70 g ethanol) in women and >14 (140 g) in 

men.

The diagnosis of NASH, to date, relies on histologic examination showing hepat-
ocyte ballooning degeneration, diffused lobular inflammation and fibrosis [11]. 
Fibrosis staging is an important factor to consider in all NAFLD patients as it was 
found to be the strongest predictor of all-cause and disease-specific mortality [22]. 
Actually, the severity of any chronic liver disease, in general, relies on the degree 
of fibrosis. By identifying patients with advanced fibrosis, physicians can plan 
more aggressive follow-up, investigations, and therapeutic measures. Although 
liver biopsy is the gold standard for evaluation of liver fibrosis, non-invasive inves-
tigations could substitute for invasive procedures in some patients. Table 1 pre-
sents a comprehensive list of the non-invasive methods used to detect fibrosis and 
assess the severity of liver disease listed by Trautwein et al. [23].

7  Non-invasive Tests

7.1  Laboratory Investigations

Laboratory abnormalities includes elevated AST and ALT (up to fivefold eleva-
tion), ALP (up to twofold), and AST:ALT ratio <1 unless cirrhosis develops. 
Bilirubin, albumin, and prothrombin time can be affected in late stages. However, 
normal liver function tests cannot exclude NAFLD and laboratory alterations may 
be due to a concomitant liver disease. Detection of laboratory abnormalities of ele-
vated ferritin or low autoantibody titers (anti-nuclear antibodies and anti-smooth 
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muscle antibodies) may not be due to other liver disease but instead can be a sole 
manifestation of NALFD [24]. Kowdley et al. reported that serum ferritin >1.5 
times the upper limit of normal was associated with advanced cirrhosis in 628 
NAFLD patients [25]. For detecting and stages liver fibrosis, other investigations 
have been developed, including the Enhanced Liver Fibrosis (ELF) Panel, which 
tests for tissue inhibitor of metalloproteinases 1 (TIMP-1), amino-terminal propep-
tide of type III procollagen (PIIINP), and hyaluronic acid (HA) and was found to 
predict moderate fibrosis and cirrhosis in patients with chronic liver disease [26]. 
In fact, Kim et al. studied the use of ELF in the clinical setting on 170 patients 
chronic hepatitis B patients and reported it to predict liver related decompensation 
as good as TE with an AUROC of 0.8 [27].

7.2  Imaging

1. Transient Elastography (TE)/Fibro scan

Fibro scan is a sensitive imaging modality to measure hepatic steatosis and stiff-
ness. This imaging modality incorporates ultrasonography and relies on the 
principle that velocity of a wave through a homogenous tissue is proportional 
to its elasticity/stiffness, expressed in kilopascals (kPa). It utilizes the use of a 

Table 1  Non-invasive measures to assess liver fibrosis

Serum tests
• Enhanced Liver Fibrosis test
• FibroTest
• Fibrosis-4 test
• HepaScore
• FibroIndex
• Aspartate aminotransferase-to-platelet ratio

Liver Stiffness Measurement tests
• Transient Elastography
• Shear Wave Elastography
• Acoustic Radiation Force Impulse Imaging
• Magnetic Resonance Elastography
Magnetic Resonance-/Positron Emission Tomography-Based Imaging
• Liver inflammation score
• Proton density fat fraction
Functional Tests
• Cholate clearance test
• 13C-methacetin breath test

Clinical Scores
• Model for End-stage Liver Disease
• Child–Pugh
• Lille
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transducer probe, which emits low-frequency (50 Hz) vibrations into the liver. 
Those vibrations are then detected through pulse-echo acquisition, and by using an 
equation, the velocity of the wave is calculated. The stiffer the liver, the faster the 
velocity. TE is non-invasive, accessible for the outpatient setting, less expensive 
than a liver biopsy, free of side-effects, and requires 5–7 minutes to be performed. 
It also gives a more representable view of the hepatic parenchyma, as it evaluates a 
larger area compared to liver biopsy. In addition, the results are instantaneous ena-
bling physicians to make quick decisions, all of which make TE useful for screen-
ing NAFLD patients and for follow-up of chronic liver diseases [28, 29].

Patients with an elastography value <6 kPa were repeatedly found to have no 
or minimal fibrosis and thus can be monitored with repeat TE instead of undergo-
ing liver biopsy [30]. Eddowes et al. have studied 450 adults suspected to have 
NAFLD in a prospective analysis where they underwent both a diagnostic liver 
biopsy and Fibro scan, and they reported that Fibro scan was able to accurately 
identify patients with steatosis and fibrosis while using CAP and liver stiffness 
measurement (LSM) with an area under the receiver operating curve (AUROC) of 
0.7–0.89 [31]. Also, a meta-analysis lead by Musso et al. on 32 articles evaluating 
the diagnostic accuracy of non-invasive tests against liver biopsy showed TE to 
have a sensitivity and specificity of ≥94% and an AUROC of 0.94 when diagnos-
ing NAFLD and differentiating its histological subtypes [32].

When used to detect significant fibrosis and severe fibrosis, TE was found to 
have an AUROC of 0.84 (0.82–0.86) and 0.89 (0.88–0.91), respectively [33]. 
Tamano et al. investigated the sensitivity of TE in detecting hepatic stiffness and 
fibrosis in 32 NAFLD compared to 32 chronic viral liver disease patients and 
found that TE is more sensitive in NAFLD than the later with its ability to differ-
entiate between F 0 and F 1/F 2/F 3, F 1 and F 3/F 4, and F2 and F4 in NAFLD, 
while in chronic viral disease it differentiates F1/F2/F3 and F4 [34].

When it comes to its utility for diagnosing liver cirrhosis, a meta-analysis done 
by Shi et al. on 3644 patients reported TE to have a sensitivity and specificity of 
up to 90% in detecting portal hypertension for patients with cirrhosis [35], other 
meta-analysis also showed TE to be a sensitive method in detecting liver cirrhosis 
with an AUROC of 0.90 to 0.95 ranging from 0.90 to 0.95 [33, 36].

The main limitations of TE are faced when dealing with patients with ascites or 
those who are morbidly obese [29] but recent advances in creating XL probes is 
targeting this problem [37]. Garg et al. have tested the accuracy of Fibro scan in cor-
rectly diagnosing 76 morbidly obese individuals and found the imaging modality to 
have a success rate in diagnosing hepatic steatosis and fibrosis of 88% with AUROC 
for CAP and LSM ranging from 0.65 to 0.83 [38]. A Canadian study of 251 patients 
studied found that 14% had discordance between liver biopsy and TE results, with 
mild fibrosis, higher body mass index (BMI), alanine aminotransferase elevation, 
and variability in liver stiffness measurement being the main determinants of the 
discordant results [39]. Another study on 210 chronic liver disease patients with a 
BMI ≥28 kg/m2 assessed the use of transient elastography XL probe and found that 
discordance in measurement of liver fibrosis by biopsy versus TE to be infrequent 
but a BMI greater than 40 led to a 4- to 5-fold increase in discordance [40].
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2. Shear Wave Elastography (SWE)

This is an imaging modality that utilizes shear waves produced by ultrasound 
to detect liver stiffness. It was able to accurately stage fibrosis and differentiate 
fibrosis stages of F 0–1 from F 2–4 with high probability. It is reported to be as 
accurate or more accurate than TE [41]. Actually, Cassinotto et al. who have stud-
ied different imaging modalities for diagnosing 291 NAFLD patients found that 
both SWE and TE to have similar cutoff values for staging fibrosis: 6.3/6.2 kPa 
for ≥F2, 8.3/8.2 kPa for ≥F3, and 10.5/9.5 kPa for F4 [37].

3. Acoustic Radiation Force Impulse (ARFI)

ARFI performance is reported to be similar to transient elastography with the 
added benefits of the ability of using it on patients with ascites or those who are 
obese. Palmeri et al. conducted a study on 172 patients with NAFLD and found 
that ARFI imaging could differentiate between low (F0–2) and high (F3–4) stages 
of fibrosis with an AUROC, sensitivity, and specificity of 0.90. They also stated 
that a BMI greater than 40 did not affect results of this imaging technique [42]. 
Additionally, Freiedrich-Rust et al. published a meta-analysis of 518 patients sup-
porting the diagnostic accuracy of ARFI imaging in diagnosing liver fibrosis, with 
AUROC curves of 0.87, 0.91, and 0.93 for significant fibrosis, severe fibrosis, and 
cirrhosis, respectively [43].

4. Magnetic Resonance Imaging (MRI)

MRI (proton density fat fraction or spectroscopy) is the most sensitive imaging 
modality to detect hepatic steatosis with a liver fat content as low as 5 – 10%. Its 
use, however, is limited to clinical studies due to its high cost, long time of execu-
tion, and limited availability [44]. Magnetic Resonance Elastography (MRE) 
combines MRI imaging with low-frequency vibrations to create visual images that 
reflect liver stiffness and can detect fibrosis, making it useful in the imaging of 
chronic liver disease. It is, however, costly, and labor intensive, making it a less 
favorable method over TE.

8  Scoring Systems

1. Fatty Liver Index (FLI)

The fatty liver index is an algorithm that predicts the presence of hepatic steatosis 
based on patient’s waist circumference, body mass index (BMI, serum triglycer-
ides, and gamma-glutamyl transferase (GGT). It’s a score from 0 to 100, a FLI 
<30 rules out fatty liver, while a score ≥60 rules in the diagnosis [45].
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2. NAFLD liver fat score

This score integrates hepatic transaminases and fasting insulin levels with the 
presence of the metabolic syndrome to predict the present or absence of hepatic 
steatosis. It is shown to be as effective as FLI [46].

3. Fibrosis Scoring systems

The scores used to date are the Fibrosis 4 calculator score [47] and NAFLD fibro-
sis score [48]. The former uses patient’s age, AST, platelet count, and ALT to pre-
dict the presence of absence of fibrosis, while the later uses the same in addition to 
albumin, BMI, and the presence of absence of diabetes. By applying these scores, 
a significant proportion of NAFLD patients can avoid undergoing an invasive 
biopsy to diagnose their condition, with accurate prediction reaching up to 90%.

4. Biomarker Cytokeratin-18

Biomarkers of inflammation or fibrosis can predict prognosis of NAFLD patients 
although the presence of multiple co-morbidities is the most important predictor 
of progressing inflammation and fibrosis in NAFLD patients as per the AASLD 
guidelines. Cytokeratin-18 fragment is the most studied marker of inflamma-
tion and liver cell apoptosis and can be used to monitor NASH patients [49]. 
A meta-analysis found that the pooled AUROC, sensitivity, and specificity of 
 cytokeratin-18 for diagnosing NASH to be 0.82 (0.78–0.88), 0.78 (0.64–0.92), and 
0.87 (0.77–0.98), respectively [32].

8.1  Invasive Measure

8.1.1  Liver Biopsy

Biopsy remains the gold standard method to diagnose patients with the NAFLD spec-
trum. It can correctly differentiate Non- Alcoholic Fatty Liver (NAFL) from NASH 
and stage liver fibrosis, providing prognostic information regarding the risk of pro-
gression to cirrhosis [7]. NAFL is diagnosed when hepatic steatosis is >5% in liver 
biopsy in the absence of alcohol consumption [50]. Contrary to NASH, NAFL patients 
have <1% chance of developing cirrhosis or dying due to liver disease [30, 48].

Characteristically, NASH is defined by histologic examination showing zone 3, 
centrilobular macro vesicular steatosis with hepatocyte ballooning and inflamma-
tory infiltrates [51]. It is important to detect these histological differences to guide 
management as the prognosis of NALF and NASH hugely differ. Although fibrosis 
tends to progress over the years in both NAFL and NASH patients as reported by 
a meta-analysis of 11 cohorts with a sample size of 411 biopsy-proven NAFLD 
patients, the progression is much faster for NASH [52].
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For example, Matteoni et al., who have studied 137 NAFLD liver biop-
sies found that the development of cirrhosis and later liver-related mortality 
is not the same across all patients with the NAFLD spectrum, and that poor 
outcomes are higher in patient’s whom biopsy showed Mallory hyaline or 
fibrosis, as features of NASH [10]. This was also replicated by Ekstedt et al. 
who studied 229  biopsy-proven NAFLD patients for up to 33 years of follow 
up and found those with fibrosis stage of 3–4 had increased mortality with 
a Hazard Ratio (HR) of 3.3 (CI 2.27–4.76, P <0.001). In addition, a recent 
meta-analysis by Dulai et al. on 1,495 NAFLD patients with a person years 
follow-up of 17,452 showed that NAFLD patients who had fibrosis had an 
increased risk of all-cause and liver-related mortality with a dose response 
relationship. All-cause mortality of fibrosis stage 1 was Mortality Rate Ratio 
(MRR) = 1.58 (95% CI 1.19–2.11) while that of stage 4 was MRR = 6.40 
(95% CI 4.11–9.95) and liver-related mortality was MRR = 1.41 (95% CI 
0.17–11.95) for stage 1 and MRR = 42.30 (95% CI 3.51–510.34) for stage 4, 
concluding that the risk of mortality increases exponentially as fibrosis stage 
increases [53]. Even more, a study conducted by Angulo et al. included 619 
multinational NAFLD patients with a median follow up of 13 years reported 
that fibrosis stage was independently associated with long-term overall mortal-
ity and liver transplantation.

Performing a liver biopsy, however, has several limitations that include high 
cost, its invasive nature, pathologist variability, and sampling error [51, 54]. 
Thus, not all NAFLD patients should undergo liver biopsy [7, 55]. The AASLD 
guidelines advice to perform a liver biopsy for patients with the metabolic syn-
drome, or when other non-invasive modalities classify the patient as high risk, 
as their disease status is more likely to be rapidly progressive, which necessi-
ties accurate prognostic information. Actually, Bazick et al. have reported their 
results under the NASH Clinical Research Network assessing a new model to 
predict advanced fibrosis in diabetic patients with NAFLD on 435 patients, in 
which 69% were found to have NASH and 41% had advanced fibrosis, recon-
firming that diabetes makes NAFLD patients a high-risk group instantly. Their 
model predicted fibrosis better than the NAFLD fibrosis score and can be used 
to assess the need for liver biopsy in diabetic patients [56]. Also, Simeone et al. 
have also studied the effect of diabetes on NAFLD progression in a cohort of 
18,754 patients and found that diabetes was associated with 2 times the risk of 
disease progression and mortality [57].

The AASLD guidelines, in addition, advices a biopsy in the setting of high fer-
ritin and high iron saturation levels or low titers of serum antinuclear antibody/
antismooth muscle antibody to rule out hemochromatosis, or autoimmune liver 
disease, respectively [7]. In addition, based on the EASL 2009 special conference, 
Ratziu et al. published that patients with thrombocytopenia, hypoalbuminemia and 
AST > ALT as signs of cirrhosis, or those undergoing bariatric surgery should be 
offered a liver biopsy for diagnosis and staging as NASH is highly prevalent in the 
bariatric patient population [55].

In summary of the above references, a liver biopsy is offered for patients who:
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1. Have indicators of cirrhosis (stigmata of chronic liver disease, splenomegaly, or 
cytopenias)

2. Have a serum ferritin >1.5 times the upper limit of normal (NASH)
3. Are >45 years old or are obese + features of metabolic syndrome (high risk of 

fibrosis).
4. Have type 2 diabetes and elevated liver enzymes
5. Have low titers of serum antinuclear antibody/antismooth muscle antibody
6. Have an elevated value with a fibrosis scoring system
7. Have an elastography value >6 kPa or reliable value cannot be obtained due to 

obesity
8. Are undergoing bariatric surgery

Through biopsy, the NAFLD Activity Score (NAS) and Steatosis Activity Fibrosis 
scoring system (SAF) are used to assess disease activity.

1. NAFLD Activity Score (NAS)

The total NAS score (0–8) depends on 5 features on the biopsy specimens found 
to be independently associated with the diagnosis of NASH. These were steato-
sis (P = 0.009), lobular inflammation (P = 0.0001), hepatocellular ballooning 
(P = 0.0001), fibrosis (P = 0.0001), and absence of lipogranulomas (P = 0.001). 
The characteristic histologic feature of NAS found to be the most significant to 
diagnose NASH is ballooning. The score is the sum of steatosis, lobular inflam-
mation, and hepatocellular ballooning scores and was found to have good repro-
ducibility across pathologists. A score of ≥5 is diagnostic of NASH and a score 
of <3 excludes the condition [58]. A meta-analysis reported the pooled AUROC, 
sensitivity, and specificity of this score to be 0.85 (0.80–0.93), 0.90 (0.82–0.99), 
and 0.97 (0.94–0.99), respectively, in detecting NASH with advanced fibrosis [32].

2. Steatosis Activity Fibrosis scoring system (SAF)

SAF was developed in a study of a cohort of 679 obese patients undergoing bari-
atric surgery with intraoperative liver biopsy. This score also measures steatosis, 
lobular inflammation, and hepatocellular ballooning but reports a score for stea-
tosis (S), activity (A), and fibrosis (F) to categorize patients as NASH, NALFD 
without NASH, and no NAFLD. The activity score (A) incorporates ballooning + 
lobular inflammation and can discriminate NASH if A >2 because all of the NASH 
patients in the study had A score ≥2 and no patients with A <2 had NASH [59].

9  Clinical Scores

1. Child–Pugh score:

This is a clinical score used to assess severity of liver disease to prioritize patients 
who would benefit from liver decompression or transplant allocation. It groups 
patients in to one of 3 categories:
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• Child–Pugh A: 5 to 6 points - good hepatic function
• Child–Pugh B: 7 to 9 points - moderately impaired hepatic function
• Child–Pugh C: 10 to 15 points - advanced hepatic dysfunction

Five criterions are used to calculate the score:

1. Encephalopathy:

• None = 1 point
• Grade 1 and 2 = 2 points
• Grade 3 and 4 = 3 points

2. Ascites:

• None = 1 point
• slight = 2 points
• moderate = 3 points

3. Bilirubin:

• <2 mg/ml = 1 point
• 2 to 3 mg/ml = 2 points
• >3 mg/ml = 3 points

4. Albumin:

• >3.5 mg/ml = 1 point
• 2.8 to 3.5 mg/ml = 2 points
• <2.8 mg/ml = 3 points

5. INR:

• <1.7 = 1 point
• 1.7 to 2.2 = 2 points
• >2.2 = 3 points

This score was found to help predict all-cause mortality and risk of development 
of liver-related complications, such as variceal bleeding. Infante-Rivard et al. stud-
ied the use of this score in 177 cirrhotic patients and found overall mortality for 
these patients to be 0% at one year for Child class A, 20% for Child class B, and 
55% for Child class C [60]. Limitations of this score include the requirement of 
subjective assessment for grading ascites and encephalopathy and that it does not 
account for renal function.

2. MELD Score

MELD score stands for Model for end-stage liver disease (MELD) and was 
created to predict survival of patients undergoing transjugular intrahepatic 
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portosystemic shunts (TIPS) [61]. This score incorporates: total bilirubin, creati-
nine, and INR, and it is used to prioritize patients for liver transplantation.

A comprehensive review and meta-analysis done by Peng et al. [62] to compare 
Child–Pugh versus MELD score for the assessment of prognosis in liver cirrho-
sis the concluded that both scores have similar prognostic significance in most of 
cases of liver disease and more studies are necessary to prioritize their use in spe-
cific patient populations.

10  Sleeve Gastrectomy in NAFLD and NASH

The hallmark of NAFLD and NASH is insulin resistance, therefore the comorbid-
ities related to metabolic syndrome are usually present in these patients mainly, 
diabetes mellitus, hypertension, obstructive sleep apnea and hypercholesterolemia. 
Sleeve gastrectomy is therefore beneficial in treating morbid obesity in these 
patients and improve the control of their metabolic syndrome. The other advantage 
is the treatment of NASFLD and NASH in itself and the treatment of early stages 
of liver fibrosis halting the progress to late fibrosis and liver cirrhosis.

Souto et al., performed intraoperative liver biopsies in 521 patients while 
undergoing bariatric surgery and found that 95% of patients had NAFLD. NASH 
was common among the diabetic patients (59.4%) and prediabetic patients 
(49.2%) with higher rates of hepatic fibrosis in diabetic patients (56.4%) compared 
to prediabetic patients (29.2%) [63]. We therefore recommend performing routine 
liver biopsies in patients with diabetes mellitus, and the performance of preopera-
tive fibroscan along with the addition of liver function tests and coagulation profile 
to routine labs in this group of patients.

Many studies reported resolution of NASH in liver biopsies post bariatric sur-
gery [64–66]. A study evaluated 381 patients who underwent bariatric surgery 
and had liver biopsy taken at the time of surgery. They followed up the patients 
with liver biopsy at 1 and 5 years post bariatric surgery. The percentage of patients 
with probable or definite NASH decreased significantly over 5 years, from 27.4 to 
14.2% [63].

11  Sleeve Gastrectomy in Liver Cirrhosis 
and Transplantation

In discussing liver disease and sleeve gastrectomy, we need to distinguish 7 group 
of patients:

1. Liver cirrhosis patients with low MELD score and low Child score with-
out hepatic decompensation in the form of variceal haemorrhage, ascites, and 
hepatic encephalopathy who are recently diagnosed and not in the transplant 
list.
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2. Liver cirrhosis patients with low MELD score and low Child score with-
out hepatic decompensation in the form of variceal haemorrhage, ascites, and 
hepatic encephalopathy who are identified only at time of surgery.

3. Liver cirrhosis patients who need liver transplantation, but denied to be listed 
due to morbid obesity.

4. Liver cirrhosis patients who are morbidly obese and in the wait list for liver 
transplantation.

5. Liver cirrhosis patients who are morbidly obese and in the wait list for liver 
transplantation with a diagnosis of NASH as the cause of their cirrhosis.

6. Liver transplant recipients who had their transplant due to NASH and metabolic 
syndrome.

7. Liver transplant recipients who are morbidly obese, or with a diagnosis of met-
abolic syndrome.

The studies in the subject may be divided into studies on bariatric surgery in liver 
cirrhosis, studies on bariatric surgery in liver cirrhosis before transplant in patients 
listed for transplantation and studies on bariatric surgery during or after liver 
transplantation. Putting in mind these groups of patients will make us understand 
these studies better and allow for a future design of more robust studies to give 
evidence-based guidance to future recommendations.

Approximately 1–4% of bariatric patients are diagnosed with liver cirrhosis 
[67–69]. The dilemma in this case is which surgery to choose for these patients 
and how to work them up preoperatively to capture those patients and avoid a sur-
prise diagnosis at time of surgery, which requires at times deviation from planned 
operative course. Another category of patients are those with known liver cirrhosis 
who are being worked up for liver transplant listing, who are generally presenting 
with more advanced disease. The timing of bariatric surgery in this category of 
patients is a matter of debate with scarce studies focusing on this question.

The challenges in performing sleeve gastrectomy in liver cirrhosis patients 
include the potential liver failure post operatively, bleeding due to low platelets 
and abnormal coagulation profile and increased chances of leak due to lower albu-
min and relative immunosuppression. Technical challenges also exist mainly due 
to the presence of varices in the abdominal wall and around the stomach especially 
gastroesophageal varices.

One of the earlier studies on the subject was by Mosko et al. [70], which eval-
uated patients who underwent bariatric surgery in the US, using the Nationwide 
Inpatient Sample (NIS) database. The outcomes of patients undergoing bariatric 
surgery were divided into three groups according to their liver disease: Patients 
with no cirrhosis, compensated cirrhosis and decompensated cirrhosis (mainly 
those with varices and ascites). They found that 3888 bariatric surgeries were per-
formed in the US between 1998 and 2007 on compensated cirrhotic patients and 
62 on decompensated cirrhotic patients. They reported that patients without cir-
rhosis had lower mortality rates than those with compensated and decompensated 
cirrhosis (0.3% vs. 0.9% and 16.3%, respectively). Patients with compensated 
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cirrhosis had a more than twofold higher mortality rate (odds ratio, 2.17; 95% 
confidence interval, 1.03–4.55) than those without cirrhosis, while patients with 
decompensated cirrhosis had a greater than 20-fold higher mortality rate (odds 
ratio, 21.2; 95% confidence interval, 5.39–82.9), with a combined mortality rate 
of all cirrhotic patients at 1.2%. An important finding of this study is the relation 
between hospital bariatric volume and mortality in cirrhotic patients. In patients 
with decompensated cirrhosis, the mortality rate was 41% at low-volume cent-
ers (Performing less than 50 procedures per year), whereas there were no deaths 
among decompensated inpatients after bariatric surgery at high volume centers 
(Performing more than 100 procedures per year). In terms of the type of proce-
dures performed, 85% of compensated cirrhotics underwent malabsorptive proce-
dures and 57% of decompensated cirrhotics underwent the same [70].

A study on 23 patients with cirrhosis undergoing bariatric surgery revealed a 
complication rate of 35%. Most of the patients underwent laparoscopic Roux En Y 
Gastric Bypass (RYGB) and eight patients had sleeve gastrectomy with only one 
patient undergoing Laparoscopic adjustable gastric banding (LAGB). Only 12 of 
those patients were known cirrhotics and 11 patients were found to have cirrhosis 
at time of surgery, which changed the decision from the performance of RYGB 
to Sleeve gastrectomy in two of those eight patients. All the cohort were Child A 
except one Child B, and in two patients TIPS were performed before surgery in 
the form of sleeve gastrectomy. None of the patients developed hepatic decom-
pensation and only one sudden death was reported 9 months after surgery due to 
unknown causes. Excess weight loss was adequate 67% ± 24.8% at 37 months 
follow-up [67].

Wolter et al. [71] identified 302 patients who underwent bariatric surgery and 
got a liver biopsy at time of surgery due to surgeon judging that the liver looked 
abnormal. Of the cohort 12 patients (4%), were found to have liver cirrhosis and 
82.3% had an abnormal liver biopsy. Sleeve gastrectomy was performed in 49.7%, 
Roux-Y gastric bypass in 48.3%, and the rest were biliopancreatic diversions/duo-
denal switch as well as LAGB. All procedures were performed laparoscopically. 
Revisional bariatric surgery was performed in 11.6%. They reported a mortality 
rate of 0.3%, leak rate at 1%, and postoperative bleeding occurred in 3.3%. One 
patient developed portal vein thrombosis and one patient acute pancreatitis. They 
reported no postoperative hepatic decompensation and no association between his-
tological findings and perioperative outcomes.

A Spanish multi-center study [72] included 41 patients with liver cirrho-
sis undergoing bariatric surgery, in which all but one were Child A patients. The 
majority of this cohort (68.3%) underwent sleeve gastrectomy. At one and five 
years of follow-up after surgery percentage of total weight loss (%TWL) was 
26.33 ± 8.3% and 21.16 ± 15.32% respectively. They reported an early compli-
cation rate of 17% with one leak and no mortality. Hepatic decompensation was 
seen in the form of ascites in two patients only, less than 30 days post operatively. 
Type II DM went into remission in 53.6% of patients after one year of  follow-up. 
What’s interesting in this study is that only one patient is undergoing assessment 
for liver transplantation after 5 years of follow-up, with 20% of patients with 
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child A progressing in their score and the one child B patient remaining with-
out progressing. Six patients 14% found to have hepatocellular carcinoma in the 
 follow-up period. We cannot deduct from this study that weight loss delays pro-
gression of liver disease, but it can be inferred and more studies are needed to con-
firm this hypothesis.

A study on 13 patients with Child A cirrhosis who underwent sleeve gastrec-
tomy between March 2004 and January 2013 reported no mortality and a com-
plication rate of 7.7%. Cirrhotic patients who underwent sleeve gastrectomy were 
matched to those without cirrhosis undergoing sleeve gastrectomy and found that 
complication rate and weight loss did not differ [73]. Therefore, we can see that 
benefits can outweigh risks in the absence of varices and especially in Child A 
patients. First of all, there is a possibility that sleeve gastrectomy causing weight 
loss and amelioration of metabolic syndrome can improve cirrhosis and reverse 
it in its early stages, thus saving the patient from undergoing a liver transplant. 
Secondly, there can be a delay in the progression of liver disease and a delay of the 
timing for transplantation, thirdly even if the patient progresses to requiring liver 
transplantation, weight loss post sleeve will improve the outcome of liver trans-
plantation in terms of short and long term morbidity and mortality and fourthly 
many canters consider BMI >40 as a contraindication for liver transplantation 
and reducing the BMI by undergoing sleeve gastrectomy will qualify patients 
to be listed for liver transplantation. All these hypotheses require more exten-
sive research to prove them, but there are reports utilizing Scientific Registry of 
Transplant Recipients (SRTR) data showing reduced post-transplant survival in 
obese liver transplant recipients [74]. A study by Conzen et al. [75] examined the 
effect of obesity in 785 patients undergoing orthotropic liver transplantation at a 
single institution. They found that a BMI of >35 kg/m2 was associated with NASH 
cirrhosis, higher MELD score, and longer wait times for transplant. They found no 
difference in the operative time, intensive care unit or hospital length of stay, or 
perioperative complications. However, compared with non-obese recipients, recip-
ients with a BMI of >40 kg/m2 showed significantly reduced 5-year graft (49.0% 
versus 75.8%; P < 0.02) and patient (51.3% versus 78.8%; P < 0.01) survival.

Not all studies show that obesity carries a negative effect on liver transplan-
tation, a study utilizing the Organ Procurement and Transplantation Network 
(OPTN) database included 48,226 patients who underwent liver transplantation 
between 2002 and 2013. They divided the cohort according to MELD score into 4 
categories with MELD4 having those with a MELD of 25 and above. They found 
different outcomes according to the interaction between MELD and the BMI, 
where in MELD4 group the BMI did not affect the outcome and in MELD3 which 
contained patients with a MELD score between 19 and 24 the survival outcome 
actually increased with the increase in BMI [76]. Without stratifying patients for 
MELD score, the study found that the best survival was in those with a BMI of 
around 34. The study reported a relatively higher than expected mortality in the 
cohort at 25% with a mean of 1371 days follow-up. The issue is that at time of 
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transplanting listing the MELD score differs than the time when a patient receives 
the transplant, therefore stratifying patients according to MELD may not influence 
the clinical decision of listing that is a controversy for morbidly obese patients. 
The same database (OPTN) were utilized in earlier studies showing worse out-
come in obese patients [77, 78].

The cause of liver disease should be factored when examining studies look-
ing at the relation of morbid obesity to liver transplant outcome. A metanalysis 
included studies from 1990 to 2013 looking at the impact of morbid obesity on 
liver transplant recipient survival. The authors examined thirteen studies that 
included 2275 obese and 72 212 non-obese patients, and found no difference in 
mortality between the two groups and no difference in mortality even when they 
performed a subgroup analysis looking at different BMI groups. However they 
found that obese patients had worse survival than non-obese when analysing the 
studies that had similar causes of liver disease [79].

In a single center study from Spain 11 obese liver transplant recipients (BMI 
>35) were identified out of 180 liver transplants performed between 2007 and 
2013. The study found that the mortality of the obese group was clearly higher 
when compared to those with a BMI between 20–25 (72.7% vs. 38.9%; P = 
0.032). They found no difference in postoperative morbidity or ICU and hospital 
stay between the groups, but obese patients were more likely to have portal vein 
thrombosis prior to transplants [80].

An important concept that should be taken into consideration, is that patients 
who are obese maybe less likely to be listed for liver transplant, therefore when 
examining studies looking at liver transplants in obese patients we should take into 
consideration that these are actually the patients who were discussed and approved 
for transplant listing, and they should be in theory the best group in terms of over-
all health conditions in comparison to the whole cohort of obese patients requiring 
liver transplant. A study using the 2003–2013 United Network for Organ Sharing 
(UNOS) data examined the association between obesity and DM and liver trans-
plant wait list survival in hepatitis C patients. The study identified 43,478 chronic 
hepatitis C patients on the wait list for liver transplantation. Obesity was found to 
be associated with lower probability of receiving liver transplant (OR, 0.91; 95% 
CI, 0.85–0.97; P < 0.01), but lower probability of waitlist mortality (OR, 0.80; 
95% CI, 0.72–0.89; P < 0.001) when compared to no obese patients. DM among 
HCV patients did not impact probability of waitlist survival or receiving liver 
transplant. When evaluating post liver transplant survival, compared to non-obese, 
non-DM patients, obese HCV patients had significantly lower post liver transplant 
mortality (HR 0.86; 95%CI, 0.81–0.92; P < 0.001); whereas, HCV patients with 
DM had significantly higher post-LT mortality (HR, 1.22; 95% CI, 1.12–1.33; P 
< 0.001). This highlight the complex interaction between metabolic syndrome and 
not obesity only on the outcome of liver transplantation and the need to evaluate 
the overall survival of obese patients with liver disease and not only those who 
will make it for transplantation [81].
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12  Timing of Sleeve Gastrectomy in Liver Transplant 
Patients

The ideal timing for the performance of bariatric surgery in transplant candidates 
and recipients remain controversial. We need to distinguish between patients with 
early cirrhosis and patients who are declined to be listed for liver transplant and 
patients with cirrhosis who are already approved to be listed for transplantation. 
In this section we answer the question about the timing of liver transplantation in 
patients who are approved and listed for it.

13  Sleeve Gastrectomy Pre-transplant

The advantage of performing sleeve gastrectomy pre-transplant in patients who 
are listed for liver transplantation is that it may delay the need for transplantation 
and optimize patients’ comorbidities such as DM II, hypertension, sleep apnoea 
and other obesity related comorbidities, thus improving liver transplant immedi-
ate postoperative outcomes and graft survival. The major disadvantage is increas-
ing morbidity and mortality of sleeve gastrectomy due to hepatic decompensation, 
bleeding and leak. Optimizing the patient preoperatively is essential and identify-
ing those with more advanced disease will allow better selection for those who will 
do well with sleeve gastrectomy pre liver transplantation. In general, patients with 
Child A cirrhosis without portal hypertension will be ideal to have their sleeve gas-
trectomy pre-liver transplant, but not all these patients will be listed for transplants. 
In the previous section we reviewed studies on this group of cirrhotic patients.

A study on patients listed for liver transplant and underwent sleeve gastrectomy 
included 32 patients with a median MELD score of 12 and a median BMI of 45. All 
of these patients had history of hepatic decompensation where 22% had a history 
of variceal haemorrhage, 44% had a history of ascites, and 38% had a history of 
hepatic encephalopathy. Hepatitis C virus was the most common primary etiology 
of liver disease (47%), followed by non-alcoholic fatty liver disease (31%), alco-
hol (9%), and hepatitis B virus (6%). Half of the patients were classified as Child–
Pugh classification B and 5 of them underwent TIPS. They reported no liver related 
morbidity and no mortality but only one sleeve leak managed conservatively. Most 
patients 27/32 84% had either a stable or improved MELD score at 6 months post-
operatively. In terms of liver transplant listing, 28 (88%) patients were considered 
eligible, with 7 patients considered too good to be listed due to their low MELD 
score post sleeve gastrectomy and 2 of those 7 patients were child B patients [82].

14  Simultaneous Liver Transplant and Sleeve 
Gastrectomy

Proponents of performing bariatric surgery at the time of liver transplantation, cite 
the avoidance of a second procedure, theoretical reduction of incidence of inci-
sional hernia and the technical ease as most incisions for liver transplantation 
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give good access to the left upper quadrant. More importantly performing sleeve 
gastrectomy at the time of liver transplantation with a new functioning liver will 
lead to the reduction of post-operative complications especially those related to 
liver decompensation that might occur when performing bariatric surgery pre liver 
transplantation. There are few reports published from groups performing the two 
operations simultaneously, but the largest experience comes from the Mayo Clinic 
in the USA, that published two studies on their outcomes [81, 83].

Heimbach et al. included 44 patients who are listed for LT with a BMI >35. All 
patients were enrolled in a pretransplant weight loss program, and 37 were able to 
reduce their weight with conservative measures and with ascites weight deducted. 
Seven patients underwent sleeve gastrectomy at time of LT in this cohort of 
patients. There were three deaths in patients who received LT without sleeve gas-
trectomy, and three patients lost their graft and needed retransplant. Weight regain 
to a BMI >35 was seen in 21/34 (60%) patients, DM post LT was seen in 12/34 
(35%) patients and steatosis on ultrasound in 7/34 (20%) patients. No deaths or 
graft losses were seen in the combined sleeve and LT group but one patient had 
gastric leak and one patient had excessive weight loss. No patients in this group 
developed steatosis or post LT DM, and all patients had good weight loss with a 
mean BMI of 29, from a mean BMI of 48. All patients in the combined sleeve LT 
group had NASH, except one patient while 12/37 (32%) patients in the LT only 
group had NASH [83]. The same group published another report on their experi-
ence with longer follow-up [81]. In their updated report they included 49 patients 
with at least 3 years of post-transplant follow up, in which 13 patients underwent 
simultaneous LT and sleeve, while 36 patients managed to lower their BMI to 
below 35 and underwent LT alone. In the LT alone group, all regained their weight 
with a BMI more than 35 after 3 years of follow-up except 8/36 (22%) patients. In 
the simultaneous LT and sleeve group the %TBWL was (34.8 ± 17.3) compared 
to (3.9 ± 13.3) in the LT only group at three years follow-up. One patient from the 
LT and sleeve group died and four in the LT alone group at 3 years  follow-up, how-
ever there were no statistically Signiant difference in survival between the groups.

15  Sleeve Gastrectomy After Liver Transplantation

The advantage of performing sleeve gastrectomy post transplantation is in mainly 
avoiding the complications resulting from hepatic decompensation, however surgi-
cal adhesions, including adhesions of the left lobe to the stomach as well as adhe-
sions from incisional hernias can complicate these surgeries. Patients will be on 
immunosuppression, which can increase post-operative complications and will 
require special attention to monitor immunosuppression and avoid sub therapeutic 
levels due to inability to take medications or drug toxicity due to dehydration.

A single institution study reported 15 sleeve gastrectomies in patients post liver 
transplantation with median time from LT to sleeve at 2.2 years. They report no 
major complications, in particular no leak, no bleeding requiring reoperations or 
transfusion, no liver allograft rejection and no mortality. In the diabetic patients in 
their cohort, 60% stopped using insulin [84]. Another study evaluated 12 patients 
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who underwent sleeve gastrectomy post LT and matched them to 36 patients who 
had sleeve gastrectomy without LT, reported three (25%) major complications in 
sleeve post LT group, where two patients required balloon dilatation due to poor 
oral intake and one patient requiring laparoscopic gastrostomy tube insertion due 
to poor oral intake. They report no mortality and no change in immunosuppression 
post sleeve and no liver related morbidity [85]. A study included six patients only 
who underwent sleeve gastrectomy post liver transplant. Three of these patients 
had their sleeve gastrectomy using an open approach due to incisional hernias. 
One patient had gastric fistula, requiring multiple interventions followed by death 
19 months postoperatively and one patient developed chronic mesh infection 
requiring surgical removal [86].

Summary of Recommendations:

• Perform sleeve gastrectomy in Child A patients due to any cause of liver dis-
ease in morbidly obese patients with a BMI >35

• Perform sleeve gastrectomy in Child A patients due to NASH in patients with a 
BMI >32

• Perform sleeve gastrectomy in Child A patients due to NASH and Type II DM 
in patients with a BMI >30

• In patients with Child B, without varices or after TIPs and in case the patient is 
not approved for listing for liver transplantation due to morbid obesity a sleeve 
gastrectomy can be considered.

• In all other morbidly obese patients i.e. patients with Child B and C. We rec-
ommend performing sleeve gastrectomy at time of transplantation or post 
transplantation.

• In investigating diabetic patients preoperatively for sleeve, an abdominal ultra-
sound is highly recommended and a fibro scan is recommended.

• In investigating patients with Liver cirrhosis, referral to a cardiologist is highly 
recommended.

Better data is needed in the subject as most studies are case series. In particular a 
randomized controlled trial is required.
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1  Introduction

Over the course of the past decade and a half, sleeve gastrectomy (SG) has 
become the most frequently performed primary bariatric surgery worldwide [1, 2].  
During this time period, the popularity of SG has mainly been driven by the infe-
rior results after adjustable gastric banding coupled with SG procedure being tech-
nically easier to perform compared to bypass-type procedures [3, 4] as well as its 
safety profile and the satisfactory long-term outcomes [5–7]. Consequently, SG 
has turned into the procedure of choice in patients with complex medical histories 
including those suffering from advanced chronic kidney disease [8], renal trans-
plant candidates [9] or patients suffering from inflammatory bowel disease (IBD) 
[10] and other conditions requiring chronic immunosuppressant therapy [11].

2  Safety and Postoperative Morbidity

In the general population and irrespective of comorbid conditions, laparoscopic 
SG is considered to be very safe with a thirty-day mortality and composite mor-
bidity of 0.05% and 2.4%, respectively [12]. Two of the most troubling postop-
erative complications are postoperative staple-line leaks (0.6–1%) and hemorrhage 
(0.7–1.4%) [12–14].

In the current era of bariatric surgery, with the improved operative safety pro-
files and the established role for minimally invasive techniques, patients who 
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undergo bariatric/metabolic procedures more frequently suffer from severe base-
line chronic conditions including IBD, rheumatoid/autoimmune disorders, and 
solid organ transplantation. These conditions are routinely treated with immu-
nosuppressive agents and other novel disease-modifying anti-rheumatic drugs 
(DMARDs). Consequently, the immunocompromised patients are considered a 
high-risk population for perioperative adverse events by the nature of their chronic 
use of immunosuppressants and other DMARDs that impact their wound healing 
and prone them to infectious postoperative complications [15, 16].

2.1  Postoperative Morbidity After SG 
in Immunocompromised Patients

For the immunocompromised patient population, SG is widely accepted as the 
bariatric/metabolic procedure of choice [17] and this is primarily due to its accept-
able safety profile and low incidence of major postoperative complications.

In a large multicenter study using 2005–2013 data from the American College  
of Surgeons National Surgical Quality Improvement Program (ACS NSQIP), 
Andalib et al. evaluated the 30-day postoperative outcomes of primary SG and 
roux-en y gastric bypass (RYGB) in patients on chronic immunosuppressant 
medications within at least 30 days prior to surgery [11]. While 30-day postop-
erative mortality and major morbidity were significantly higher among the patients 
dependent of chronic immunosuppression compared to those who were not (0.5% 
vs. 0.1% and 5.0% vs. 2.5%, respectively), the prevalence of such major complica-
tions were acceptable. Furthermore, both SG and RYGB procedures were found to 
be equally safe in this patient population [11]. In another large study by Mazzei 
et al. using 2015–2016 Metabolic and Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP) data, after a propensity-matched analysis, 
chronic preoperative use of corticosteroids was not found to be an independent 
predictor for worse outcomes except for a two-fold higher risk for leak (0.6% vs. 
0.3%) along with slightly higher risk of readmission and reintervention after both 
SG and RYGB compared to patients who did not take steroids [18]. Despite the ele-
vated risk, the overall incidence of such postoperative adverse events remains low. 
In addition, there is also data demonstrating the safety of continuing certain immu-
nomodulators and biologic agents in the immediate perioperative period leading up 
to surgery such as cardiac, orthopedic and colorectal procedures [18–20].

2.2  Perioperative Timing of Immunosuppressive Therapy

Given that the use of immunosuppressant/modulators is often critical for mainte-
nance and management of patients’ chronic rheumatoid and autoimmune disor-
ders, the consequences of withholding perioperative dosing should be carefully 
considered by bariatric surgeons and in consultation with the respective treating 
specialists. Moreover, due to the lack of high-quality studies on the perioperative 
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use and management of these agents in patients undergoing bariatric surgery, there 
is great variability in clinical practice regarding holding or timing of perioperative 
dosing of immunosuppressive agents [21].

In a recent systematic review, Kassel et al. attempted to evaluate the impact 
and management of perioperative use of immunosuppressive agents in patients  
undergoing bariatric surgery [21]. However, given the limited literature  available 
on the use of immunosuppressive therapies in patients undergoing bariatric sur-
gery, data from non-bariatric procedures, specifically abdominal or other gastro-
intestinal operations were used to examine the risks associated with perioperative 
use of immunosuppressive agents and DMARDs. Also due to the small and het-
erogeneous nature of the available studies, the data could not be pooled to pro-
vide a meta-analysis [21]. Although immunosuppressants discussed in this review 
article were associated with an increased risk for infections, the limited data 
available suggest corticosteroids, methotrexate, and tumor necrosis factor-alpha 
(TNF-α) inhibitors may be safe to restart postoperatively provided there are no 
signs of infections [21]. Furthermore, if medically possible prior to elective bari-
atric surgery, one should aim to hold immunosuppressants 2–12 weeks preopera-
tively and until 2–4 weeks after surgery [22, 23]. For biologic immunomodulators 
and other DMARDs like TNF-α inhibitors, the timing of the surgery should ide-
ally be planned according to the last dose since most agents are administered 
every 2–8 weeks (Table 1) and if needed only one dose may be skipped after  
surgery [24].

Therefore, management of each immunosuppressant agent must be han-
dled individually and based on their respective routine interval dosing due to the 

Table 1  Summary of preoperative dosing recommendations for selected TNF-α inhibitors. 
(Adapted from Ref. [21])

TNF-α = Tumor necrosis factor-alpha; SC = Subcutaneous; IV = Intravenous
aDosing interval may vary based on the indication for the medication and the severity of the 
disease
bAdministration of the last dose may vary depending on the dosing interval

Generic name 
(Brand)

Route of 
administration

Dosing intervala Half-life Recommended 
administration of 
last dose (before 
surgery date)b

Adalimumab 
(Humira)

SC 1–2 weeks 14 days 2–3 weeks

Certolizumab 
(Cimzia)

SC 2–4 weeks 14 days 3–5 weeks

Etanercept (Enbrel) SC 1–2 weeks 3 days 2–3 weeks

Golimumab 
(Simponi)

SC 4 weeks 14 days 5 weeks

IV 8 weeks – 9 weeks

Infliximab 
(Remicade)

SC 4–8 weeks 9 days 5–9 weeks
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varying disease-specific desired effects and the potential for undesired periopera-
tive adverse events. Ideally, the decision and the timing to withhold the immuno-
suppressant medications should be weighed against the benefits of their use for 
each case individually and in a multi-disciplinary fashion. Additional research is 
needed to determine, with more granularity, the timing recommendations to hold 
and restart these medications with respect to bariatric surgery.

3  Outcomes of SG in Immunocomromised Patients

3.1  Weight Loss and Improvements in Obesity-Related 
Conditions

As previously mentioned, the literature on the use of bariatric surgery especially 
SG in immunocompromised patients is scant. Therefore, the data on the beneficial 
outcomes of SG in this patient population is also mainly driven from case series 
[10, 25–27]. Furthermore, given the small sample size in reported studies, and an 
even smaller sample size for those who underwent SG, reported weight loss and 
comorbidity outcomes are pooled together and reported for all types of bariatric 
surgery included [10, 25–27].

In a systematic review, Shoar et al. discuss 7 studies that have reported out-
comes of bariatric surgery in a total of 43 IBD patients of whom 58% suffered 
from Crohn’s disease [27]. Crohn’s patients more often underwent SG (72%), 
while those with ulcerative colitis underwent SG or RYGB in similar frequency 
(44%). Overall between 8 and 77 months after bariatric surgery, IBD patients had 
an average 71% excess weight loss (EWL) and a 14.3 kg/m2 drop in body mass 
index (BMI) [27].

In a recent prospective cohort study, Xu et al. report on the 1-year outcomes of 
obese patients suffering from rheumatoid arthritis who underwent bariatric surgery 
(n = 32) and compared them to an obese non-surgical group (n = 33) [28]. In the 
surgical arm, 41% of patients underwent SG procedure and the rest had RYGB. At 
one-year, bariatric surgery yielded an average 33 kg weight loss equivalent to 11.3 
kg/m2 drop in BMI [28].

In terms of long-term weight loss after SG procedure in the general population, 
a 40–60% EWL or a mean BMI reduction of 8–10 kg/m2 are realistic estimates 
to consider [29–31]. Moreover, long-term improvements in obesity-related condi-
tions especially metabolic syndrome including type 2 diabetes mellitus after SG 
are impressive and occur in >60% of patient population [6, 30, 31]. When compar-
ing long-term outcomes of SG to RYGB, a recent meta-analysis of 4 randomized 
control trials with reported 5-year outcomes of SG and RYGB procedures revealed 
that weight loss up to 5 years after surgery has been either comparable or favoring 
RYGB with only a modest difference in BMI (1–2 kg/m2) and weight loss up to 
5 kg [7]. Moreover, five years after surgery, the remission rate of type 2 diabetes 
mellitus was similar between SG and RYGB (55% vs. 60%, respectively; p = 0.42) 
[7]. Hence, SG procedure is highly effective for weight loss and improving 
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obesity-related conditions. Finally, as demonstrated above the weight loss and 
related comorbidity outcomes after SG procedure appear to be similar among the 
immunocompromised patients and the general population.

3.2  Changes to Rheumatoid and Autoimmune Conditions

Obesity is common among patients with rheumatoid and autoimmune disorders 
such as rheumatoid arthritis and IBD [32, 33]. Moreover, obese patients with 
these conditions often have worse response to therapy after all types of DMARDs  
[34–36]. This association is not very surprising as obesity is linked to an increase 
in a pro-inflammatory state mediated by known cytokines such as interleukin-6, 
TNF-α, as well as adipokines such as leptin, adiponectin, and resistin, or neuro-
peptides such as substance P, which are all molecules either produced within 
adipocytes or within macrophages and lymphocytes that infiltrate the mesenteric 
fat [37, 38]. Consequently, since both obesity and autoimmune disorders share a 
chronic inflammatory state, the advantage of bariatric/metabolic surgery in allevi-
ating severity of such conditions is not surprising.

Various studies have demonstrated the improvement in many autoimmune dis-
orders after bariatric surgery. In a study using 2004–2014 United States National 
Inpatient Sample database, Sharma et al. identified 15,319 morbidly obese patients 
who had a combined discharge diagnosis of IBD, of whom 3.2% (n = 493) had 
prior bariatric surgeries (47% underwent SG; n = 233) [39]. They found that a 
prior bariatric surgery was associated with lower incidence rate ratios for renal 
failure, malnutrition, and fistulae formation compared to obese non-surgical group 
[39]. The systematic review by Shoar et al. mentioned earlier evaluating out-
comes of bariatric surgery in 43 IBD patients, of whom 58% had Crohn’s disease 
mainly involving the small bowel, reported disease remission in 20 patients (48%), 
improvement in another two individuals (5%), but disease exacerbation was noted 
in 17% [27]. Interestingly, intestinal bacterial overgrowth that can develop due  
to bypass-type bariatric procedures like RYGB, may be associated with acute 
flare-ups of Crohn’s disease [40, 41]. Also, there is a potential risk of flare-up cri-
ses in patients with small bowel Crohn’s disease, involving the operated segments 
of the small bowel after RYGB. Thus, one might argue that for obese patients 
with Crohn’s disease especially those with small bowel involvement and previous 
bowel resections, SG should be the bariatric procedure of choice.

Similar association and improvements were shown after bariatric surgery for 
patients with other rheumatoid disorders including gout, psoriasis, systemic lupus 
erythematosus, multiple sclerosis, and rheumatoid arthritis [42–46]. As mentioned 
above, in a prospective cohort study, Xu et al. reported on 1-year outcomes of 
obese patients suffering from rheumatoid arthritis who underwent bariatric surgery 
(41% had SG surgery) compared to an obese non-surgical group [28]. At 1-year 
follow-up and compared to obese controls, patients who underwent bariatric sur-
gery, showed significantly better American College of Rheumatology 20/50/70 
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(ACR 20/50/70) criteria and the weight loss after surgery was associated with 
lower disease activity [28].

Finally, although bariatric procedures are shown to improve outcomes of obese 
patients with rheumatoid disorders, bariatric surgery could also lead to some del-
eterious effects especially with respect to bone metabolism and is associated with 
an elevated risk of fractures [46]. SG is shown to have a less negative impact on 
bone metabolism compared to bypass-type procedures like RYGB or duodenal 
switch [47–49]. Thus, in the absence of any contraindication like severe gastroe-
sophageal reflux disease, SG may once again be a better procedure choice in the 
immunocompromised patients due to rheumatoid disorders.

4  Summary

In summary, while studies on the perioperative use of immunosuppressive agents 
in patients undergoing bariatric surgery are lacking, the use of these medications 
in this population are not. The timing and the risk of withholding immunosuppres-
sant medications should be weighed against the benefits of their use in each case 
and in a multi-disciplinary fashion. If medically possible prior to elective bariat-
ric surgery, one should aim to hold immunosuppressants 2–12 weeks preopera-
tively and until 2–4 weeks after surgery. When applicable, for some DMARDs like 
TNF-α inhibitors, the timing of the surgery should be planned according to the last 
dose since most agents are administered every 2–8 weeks and if needed only one 
dose can be skipped after surgery. The beneficial outcomes of SG including weight 
loss and improvements in obesity-related conditions in the immunocompromised 
patients are comparable to those in immunocompetent individuals. Furthermore, 
given that both obesity and rheumatoid/autoimmune disorders share a chronic 
inflammatory state, it is not surprising that a reduction in obesity-induced inflam-
mation after SG can lead to improvements in these conditions requiring immuno-
suppressive therapy.
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1  Obesity and Cancer

It is without question today that obesity is directly attributed to an increased 
risk of developing cancer. In the European Union alone, approximately 70,000 
out of the 3.5 million (2.0%) new cases of cancer each year are linked to over-
weight or obesity, while in the United States, that number is around 85,000 out 
of 1.4 million (5.8%) [1, 2]. It was initially thought that obesity increased only 
 hormone-dependent cancers, such as post-menopausal breast cancer, endometrial 
cancer, prostate and colon cancer, however evidence is proving day by day that the 
effect is much broader. As of the evidence available today, an elevated body mass 
index (BMI) has also been proven to be linked with pancreatic, gallbladder, esoph-
ageal, renal, and thyroid cancers, as well as leukemia and non-Hodgkin lymphoma 
[3–6]. Large population-based studies from Austria, Sweden and Denmark have 
proven this but showed variations in the effect’s obesity had on individual cancer 
types in addition to differences in incidence across age groups and genders [3–5]. 
A meta-analysis by Renehen et al., which included 282,137 patients across four 
continents, showed that a 5 kg/m2 increase in BMI was strongly associated with 
an increase in the incidence of the aforementioned cancers [6]. Obesity related 
cancer incidence was higher in men than in women for colon and rectal cancers 
(p < 0·0001 and p = 0·003 respectively), and were higher in women than in men for 
renal cancer (p = 0·004). Interestingly, the incidence of two cancer types (lung and 
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esophageal squamous cell cancers) were found to be negatively associated with 
obesity.

Beyond the fact that obesity increases the incidence of certain cancers, it is also 
evident today that it is also linked to an increase in cancer mortality. In one of the 
largest studies of its kind, a collaborative analysis of 57 papers from Europe and 
North America of approximately 900,000 patients observed that for each 5 kg/m2 
increase in BMI, there was on average 10% increase in cancer mortality (HR 1.10 
[1.06–1.15]) [7]. In addition, the authors found the BMI range 22.5–25 kg/m2 to 
have the lowest all-cause mortality among both genders.

2  Pathogenesis of Cancer in the Obese

The underlying mechanism behind what predisposes obese patients to developing 
certain cancers remains a topic of much debate. Because of the wide range of can-
cer types and different physiology of each, it is difficult to group them together 
and draw conclusions of causality.

However, most studies on the subject have given rise to theories that mostly 
centered around diet, hormonal theories, and chronic inflammation.

The high-calorie “western diet” is infamous today for being a root cause behind 
many diseases. There are innumerable studies observing the detrimental health 
effects of such diet, with numerous meta-analyses proving a direct association 
with breast, colon and prostate cancer [8–10]. In addition, most of these studies 
also observed a reduction in cancer risk with a more prudent dietary pattern (i.e. 
high in fruits, vegetables, and low in fat, cholesterol and processed food).

The western diet is also related to an increase in insulin production, which is 
one of the culprits behind obesity and cancer in the hormonal theory [1]. Insulin 
and insulin-like growth factor 1 (IGF-1) both play a complex role in the initiation 
of cellular pathways that ultimately lead to promote cellular proliferation and pos-
sible tumor growth [11].

Sex hormones also play a role in linking obesity and cancer, with recent 
evidence showing that the excess estrogen produced from aromatization in the 
adipose tissue can lead to stimulation of cell division and subsequent carcino-
genesis [1].

Finally, adipose tissue itself has been found to increase the overall state of 
chronic inflammation by the release of the so-called adipokine hormones, a group 
of pro-inflammatory cytokines. From the many adipokines identified to-date, 
leptin is one of the most widely studied in the literature, with research linking 
elevated levels to colon, breast, and even prostate cancer [12]. Although the under-
lying pathogenesis remains to be well-established, it is believed the long-standing 
overall state of inflammation in obese patients results in overwhelming oxidative 
stress and subsequent direct DNA damage.
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3  Current Literature

Before the emergence of sleeve gastrectomy (SG) as one of the most common 
bariatric surgery procedures, the two most common procedures were Roux-en-Y 
gastric bypass (RYGB) and adjustable gastric banding (AGB). Despite the recent 
surge in SG popularity, it remains a relatively new standalone bariatric operation, 
and to this day RYGB remains the gold standard bariatric procedure. As a result, 
there is a lack of extensive data in the literature with appropriate sample size that 
specifically study SG and its association with cancer risk. Furthermore, many 
studies pool all bariatric procedures together in their analysis without differentiat-
ing patients who had SG from other procedures, or divide surgeries broadly into 
either restrictive or malabsorptive. Below, we provide a summary of the evidence 
regarding studies that specifically included patients undergoing SG in their cohort. 
Most of the available data observed the effects on colorectal cancer (CRC), and 
will therefore form the bulk of this section.

4  Bariatric Surgery and Cancer Risk

One of the more recent papers is by Schauer et al. who conducted a large retro-
spective study of 22,198 subjects undergoing bariatric surgery (61% RYGB, 27% 
SG, and 5.6% AGB) who were matched to 66,427 non-surgical obese subjects 
[13]. After a mean follow-up of 3.5 years, 2,543 cancer incidents were identi-
fied. They found patients who underwent bariatric surgery were 33% less likely 
to develop any cancer during follow-up (HR 0.67 [CI 0.60–0.74, p < 0.001]) com-
pared with matched patients with severe obesity who did not undergo bariatric 
surgery. These included postmenopausal breast cancer (HR 0.58 [CI 0.44–0.77, 
p < 0.001]), colon cancer (HR 0.59 [CI 0.36–0.97, p = 0.04]), endometrial cancer 
(HR 0.50 [CI 0.37–0.67, p < 0.001]), and pancreatic cancer (HR 0.46 [CI 0.22–
0.97, p = 0.04]).

5  Colorectal Cancer (CRC)

CRC is one of the most common cancers all over the world and studying the 
relationship between SG and the risk of its development is of great importance. 
Interestingly, the data is at times controversial, especially with regard to RYGB 
versus SG as well as colon versus rectal cancer. A recently published systemic 
review and meta-analysis investigating the effect of bariatric surgery on the risk 
of developing CRC included seven large studies involving 1,213,727 individuals 
[14]. With a mean duration of follow-up of more than 7 years it was observed that 
patients who underwent bariatric surgery had a greater than 35% reduction in the 
risk of developing CRC compared with obese non-operated individuals (RR 0.64 
[CI 0.42–0.98]).
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Arvani et al. analyzed the data of over one million patients within the United 
Kingdom national health service (NHS), of whom 39,747 patients (3.9%) under-
went bariatric surgery [15]. Overall, they reported almost half the surgeries were 
a purely restrictive procedures while the other half had a combined restrictive 
and malabsorptive procedure. Compared to the background general population, 
they found no significant increase in CRC in patients undergoing obesity surgery 
(SIR 1.26 [CI 0.92–1.71]), while obese patients who did not undergo bariatric 
surgery had a significant increase likelihood of developing CRC (SIR 1.12 [CI 
1.08–1.16]). Breaking down the results according to type of surgery showed no 
significant difference between restrictive and combined restrictive and malabsorp-
tive procedures and the risk of CRC.

6  CRC in RYGB Versus SG and AGB

Recent evidence has emerged regarding the increase in CRC risk among patients 
undergoing specific types of bariatric procedures. Mackenzie et al. performed 
a propensity match control study comparing 8,794 obese patients who had 
SG, RYGB, or AGB to obese patients who did not have obesity surgery [16]. 
Predominantly malabsorptive procedures (RYGB) but not predominantly restric-
tive procedures (SG and AGB) were associated with over two-fold increase in the 
risk of CRC (OR 2.63 [CI 1.17–5.95]). Their findings emulate the results reported 
by the two Swedish studies by Derogar et al. and Ostlund et al. who reported a 
two-fold increase in the risk of CRC after RYGB specifically [17, 18]. The rea-
son RYGB, but not SG or AGB, was associated with increased risk of CRC was 
hypothesized to be related to significant changes in the gut microbiome and the 
increase in specific inflammatory markers promoting hyper-proliferation of bowel 
mucosa following RYGB. Kant et al. also observed that putative mucosal bio-
markers of colorectal cancer risk and mucosal pro-inflammatory gene expression 
(pro-tumorigenic cytokine macrophage migratory inhibitory factor) were increased 
at least three years after RYGB compared with preoperative values [19]. These 
findings, contrary to previous assumptions, are likely secondary to malabsorptive 
effects of the procedure and appear to be increased more prominently in the rectal 
compared to colonic mucosa. This translates to potential higher risk of rectal can-
cer following the malabsorptive procedures such as RYGB but not necessary the 
predominantly restrictive procedures such as SG.

7  Breast and Endometrial Cancers

Studies looking at trends in reduction of breast and endometrial cancers after 
bariatric surgery seem to mimic those for CRC. In the United Kingdom NHS 
study, there was a reported lower risk of breast cancer in operated patients com-
pared to non-operated ones across both restrictive and combined restrictive and 
malabsorptive procedures (SIR 0.76 [CI 0.62–0.92] and SIR 1.08 [CI 1.04–1.11] 
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respectively) [15]. In addition, the Mackenzie et al. propensity score study found 
patients who had bariatric surgery (56.6% RYGB, 33.6% AGB, and 9.8% SG) 
exhibited a decreased risk of hormone-related cancers (OR 0⋅23 [CI 0.18–0.30]). 
This decrease was consistent for breast cancer (OR 0.25 [CI 0.19–0.33]) and endo-
metrium cancer (OR 0.21 [CI 0.13–0.35]) [15]. In a study that included patients 
who underwent RYGB, SG, and AGB, Linkov et al. collected blood samples of 
107 obese female patients before and 6 months postoperatively [20]. They stud-
ied several biomarkers associated with endometrial cancer including insulin, 
C-peptide, Leptin, adiponectin, C-reactive protein, and tumor necrosis factor 
alpha. Interestingly, they reported normalization of the cancer markers in the 
majority of their patients postoperatively.

8  SG and Gastro-esophageal Cancer

It has long been thought that the anatomical changes occurring around anasto-
motic sites in bariatric surgery predispose to neoplasia. This evidence came mostly 
from studies looking at long-term effects of partial gastrectomies after peptic ulcer 
surgeries [21]. The notion of whether or not this translates into bariatric surgery is 
still a topic of much debate, with the main issue being lack of evidence due to the 
scarcity of such cases. Most of the evidence is based solely on case reports, with 
the focus being on malabsorptive surgeries mostly due to the bile reflux in the gas-
tric pouch [22]. This trend however, is changing, and a few gastro-esophageal can-
cers have been reported now in post SG cases. In a review from 2019, a total of 37 
papers were found from 1991 to 2018 reporting post-bariatric gastro-esophageal 
cancers [23]. Of those, 19 cases occurred after gastric bypass procedures, 7 after 
vertical banded gastroplasty, 7 after AGB, and 7 after SG. Interestingly, the cancer 
cases reported after SG ranged in location from the distal esophagus to the antrum 
of the stomach, which questions whether or not they occurred de nova or were 
related to the actual surgery.

A recent finding that is gaining a lot of attention, however, is Barrett’s esopha-
gus (BE) after SG. Thought to be secondary to the increased gastro-esophageal 
reflux post-SG, a recent paper involving routine endoscopy post-SG observed an 
18.8% prevalence of BE at least five years after SG [24]. Further research into the 
subject is of vital importance to set future follow-up guidelines and insure optimal 
and safe practice.

9  Conclusion

It is beyond any doubt that there exists a strong relationship between obesity and 
the pathophysiology of cancer development. This relationship appears to translate 
to an observed association between excess weight reduction and subsequent reduc-
tion in the risk of cancer. Bariatric surgery is today the most effective method of 
achieving sustainable weight loss, but the heterogeneity in the mechanism this is 



S. Almazeedi and A. Al-Khamis154

achieved across the different procedure types has yet to be explained in an optimal 
way. SG being one of the relatively novel procedures to be utilized in managing 
morbid obesity with increasing frequency, still lacks data differentiating it from 
other techniques with regard to its effect on cancer development in obese patients. 
More studies focusing on each surgical techniques’ outcomes rather than the 
pooled analysis approach used by most studies is needed to explain the differences 
in results observed today.
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1  Introduction

Obesity is defined as a chronic progressive relapsing multifactorial neurobehavio-
ral disease which results in excessive accumulation of body fat sufficient to impair 
health and affect life expectancy [1]. The progressive relapsing and multifactorial 
nature of the disease needs a multimodal life-long treatment approach. Bariatric 
surgery is the only durable solution available at the time being with an accept-
able success rate [2]. The success of bariatric surgery depends on many factors and 
would require intervention from different specialties to maintain it and prevent and 
manage possible complications.

Morbid obesity represents multiple challenges for medical, allied health, and 
ancillary health care providers. Bariatric surgery is a behavioral surgery in some 
aspects because of the fact that it helps the patients change their behavior by limit-
ing the size of food portions, and more importantly, through the neuro-hormonal 
changes that help the patient to “change their lifestyle and relationship with food” 
which is more profound in the first year after surgery.

Management of the patient with obesity is a continuous process. It starts with 
educating the patient about the nature of the disease, followed by discussing the 
management plan, then providing guidance and motivational support that would 
lead to lifestyle modification. All that happens before undergoing bariatric sur-
gery, which will need life-long follow up. Weight loss is not the sole indicator of 
success of bariatric surgery. Other factors like improvement or resolution of obe-
sity related diseases and meeting the patient’s expectations are important factors 
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in measuring the success. This continuous process needs a team of health care 
providers that can support the patient throughout the weight loss journey. The 
team consists of various specialties: Medical, allied health, and ancillary health 
practitioners.

Multidisciplinary bariatric surgery care is defined as the integrated collabora-
tive care between medical, allied health workers and ancillary practitioners to 
personalize the treatment plans for the patient with obesity. The need for multi-
disciplinary care was first mentioned in the National Institute of Health criteria 
for bariatric surgery on March 1991, [3] candidates for bariatric surgery should be 
selected carefully after evaluation by a multidisciplinary care team with medical, 
surgical, psychiatry and nutritional expertise. Nowadays the core multidisciplinary 
bariatric team includes a bariatric/obesity specialist, bariatric psychologist, bari-
atric dietitian, bariatric coordinator, and bariatric surgeon. Many other specialties 
might be involved in the care team in certain cases, including but not limited to 
cardiology, pulmonology, gastroenterology, and plastic surgery.

Many studies evaluated the implementation of multidisciplinary care in bariat-
ric surgery. Among those “The peri-operative bariatric surgery care in the Middle 
East region” [4]. The authors sent a questionnaire to bariatric surgeons in the 
Middle East region and they found that before surgery; 65% of bariatric surgeons 
referred their patients to a dietitian, 22.6% referred their patients to a psycholo-
gist, 78.3% referred their patients for smoking cessation clinic and 30% of sur-
geons screened for OSA. The authors of that study concluded that there is a wide 
variation in the preoperative care in the Middle East region. Similar findings were 
reported in Santry HP and his colleagues’ study in which a survey about multidis-
ciplinary care was sent to practicing bariatric surgeons in the USA [5]. Although 
95% of respondent surgeons reported using a multidisciplinary team; only 53% 
had a general physician, nutritionist, and mental health specialist in their teams. 
Only 47% of the surgeons mandated primary care, nutrition, and mental health 
evaluations before the surgery (NIH-recommended evaluations).

This chapter will briefly discuss the role of the core members of the bariatric 
multidisciplinary team; including the bariatric/obesity specialist, bariatric dietitian, 
bariatric psychologist, and bariatric coordinator, before and after sleeve gastrec-
tomy, which is the most commonly performed bariatric surgical operations at the 
time being.

2  Bariatric/Obesity Specialist

Bariatric/Obesity specialty is one of the relatively new specialties in the man-
agement of obesity. However, the bariatric/obesity specialist has one of the most 
essential and vital roles of the team. They are usually endocrinologists, internal 
medicine or family medicine specialists who are specialized in obesity medical 
management. In many countries around the world, obesity medical specialization 
is obtained through a fellowship that certifies physicians to work in the field of 
medical management of obesity.
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Preoperatively: The bariatric specialist role is unique in many aspects of the 
management of obesity as they are the best source of health information for the 
patients. They work as a lynchpin for the multidisciplinary team members; their 
communication with the patient is usually patient-focused rather than procedure 
focused. They deliver weight-related information in a simple non-technical lan-
guage. Their role starts with the education of the patients and a professionally 
directed lifestyle modification. It continues throughout the optimization of the 
medical problems like metabolic syndrome and type 2 diabetes, hypertension and 
hyperlipidemia and other weight-related diseases. Also, not to forget excluding 
secondary causes of obesity before considering bariatric surgery. They are in a bet-
ter position than the bariatric surgeons in making a less biased decision of the risks 
versus benefits of bariatric surgery for each specific patient with obesity.

Postoperatively: The role of the bariatric/obesity specialist is significant postop-
eratively considering the chronicity and the progressive relapsing nature of the dis-
ease. Morbidly obese patients usually have multiple medical problems that require 
proper follow-up postoperatively. Their role is to maintain the success and prevent 
relapses and/or possible complications. This is done through, but not limited to, 
weight management and maintenance, management of weight-related diseases, 
monitoring nutritional and vitamin deficiencies, and detection of early cases of 
weight recidivism. In the latter case, they will work on putting patients on back on 
track programs by involving other team members like dietitian and psychologists 
and possibly considering pharmacotherapy to augment and maintain the weight 
loss.

3  Bariatric Dietitian

Preoperatively: The bariatric dietitian is a subspecialty for dietitians and nutri-
tionists. The role of the bariatric dietitian is essential in many aspects of the man-
agement of obesity. It starts with education and assessment of the patients eating 
behaviors (frequency and type of meals per day, grazing, poor food choices, 
high-calorie food). It also includes detailed history about previous weight loss 
attempts, bariatric knowledge and food diaries. Their role continues with behavio-
ral modifications like teaching the patient healthy habits, such as to eat when hun-
gry, not to overeat, refrain from engaging in other activities while eating, and to 
avoid eating quickly. In addition, to practice mindfulness eating which is achieved 
through educating the patients about the satiety meter, as shown in Table 1. Before 
surgery, they teach the patient about the liver shrinkage diet, which might be a 
crucial step in preparing patients for surgery, especially in super and super super 
obese patients.

Table 2 shows an example of the bariatric dietitian assessment parameters 
before bariatric surgery.
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Postoperatively: The role of the bariatric dietitian is very significant. It is life 
long, and it starts from the immediate post-operative period by guiding the patients 
throughout the stages of diet (fluid, pureed, soft, and then regular diet). Moreover, 
it continues to support the patient with dietary advice in all stages of weight loss 
and weight maintenance; and monitor for early signs of macro or micronutrional 
deficiencies.

4  Bariatric Clinical Psychologist

Preoperatively: Bariatric surgery is partly a behavioral surgery, as the outcomes 
are largely independent of the technical performance of the surgical operations. The 
long term maintenance of weight loss “one surrogate of success” is dependent on 
the patient's ability/willingness to make significant changes in their eating habits, 
exercise habits, and emotional relationships to food. The role of the bariatric clini-
cal psychologists is not to decide which patient is fit for bariatric surgery and which 
patient is not. Rather it is guiding and providing psychological support for the patient 
throughout the journey of weight loss. All patients with obesity would need proper 
evaluation and support before undergoing bariatric surgery. This includes, but not 
limited to, the evaluation of their eating styles, relationship between mood and eating 

Table 1  Mindful eating, 
satiety meter

Satiety meter

0 Starving

1 1/4 Full

2 1/2 Full

3 3/4 Full

4 Full

5 Stuffed

6 Overstuffed

7 Sick

Table 2  Example for the bariatric dietitian assessment before bariatric surgery

Has realistic expectations for weight loss Yes No

Verbalized understanding of dietary changes post surgery Yes No

Verbalized understanding of supplements needs post surgery Yes No

Motivation to change Yes No

Verbalized understanding the plan of care and need for a major life style change Yes No

Predicted compliance on scale of 1–10

Bariatric dietitian prediction of patient success

Main factor predicting success
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behavior, substance abuse, impulsive behavior, coping skills, motivation and expec-
tations, mental health and current life situation and social support. The majority of 
patients would need minimal psychological support before the surgery. However, 
few patients may require extensive psychological support before bariatric surgery. 
That might be done throughout many sessions. Table 3 shows an example of an 
objective assessment for patients with obesity before undergoing bariatric surgery.

Postoperatively: A small percentage of patients would need psychological support 
as they realize that obesity was not the only problem in their lives and they were 
hiding their psychological/life problems behind obesity. Other psychological issues 
may appear as they get rid of the obesity; and start facing difficulties in dealing with 
life without obesity. This is seen in many people who previously found some sort 
of comfort in binge eating, which they can no longer do after the surgery. Proper 
evaluation before surgery and early identification and intervention after surgery for 
those patients is essential in preventing the progression into more severe psychologi-
cal problems that would complicate their course of the obesity treatment.

5  Bariatric Coordinator

Morbidly obese patients have multiple unique challenges; one of those chal-
lenges is the coordination of their care between many medical/surgical special-
ties, allied health and ancillary care providers. All patients with morbid obesity 
who qualify for bariatric surgery would need evaluation from psychology, dietary, 
and a bariatric surgeon before surgery and some would need bariatric/obesity spe-
cialist. Many patients require evaluation of multiple other specialties like; cardi-
ology, pulmonology, gastroenterology, etc. The bariatric coordinator has a vital 
role in coordinating the management plan and communicating properly with the 
patients. In addition to getting necessary insurance approval, maintaining proper 
follow up, coordinating the multidisciplinary team weekly meetings, participating 
in data collections and certification and audits. The bariatric coordinator is the real 

Table 3  Example for the bariatric psychology assessment before bariatric surgery

Any psychological issues Yes No

Any eating disorders Yes No

Is the patient taking well informed consent (risk Versus benefit)? Yes No

Patient is putting things in perspectives Yes No

Patient is ready for the surgery and the big change Yes No

Patient has enough social and family support Yes No

Patient has realistic expectations Yes No

Patient can cope with stressors Yes No
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link between all the specialties that manage obesity and also the link between the 
patient and the management team.

6  Conclusion

The multidisciplinary approach in managing obesity and its related diseases is 
essential for the success in the journey of managing the disease of obesity and 
maintaining the success. The characteristics of a properly functioning multidisci-
plinary team are: having a core team of bariatric/obesity specialist, bariatric clini-
cal psychologist, bariatric dietitian, bariatric coordinator, and bariatric surgeon. All 
core members should have proper speciality training/certification in the field of 
management of obesity and its complications. Ideally, all team members should be 
in the same facility, where they meet regularly to discuss patients and they collect 
data and perform audits to identify problems and improve outcomes.
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1  Introduction

Mental health status of individuals should be considered prior any surgical proce-
dure. Mental health does not only include all the psychiatric disorders but also the 
spiritual, the emotional and their general state of mind.

Lately, obesity became one of the significant health issues discussed world-
wide. It became a global matter, especially since it’s consideration as a disease 
by the American Medical Association (AMA) in 2013 [1]. It is associated with 
increased mortality and decreased quality of life [2] as well as psychiatric comor-
bidities, such as major depressive disorders, Anxiety disorders, eating, substance 
use disorder and self-harm [3–6]. Concerns about morbidity and mortality related 
to obesity are a significant concern especially in mental health populations, where 
obesity prevalence rates are as high as 60% in patients with severe mental illness.

Due to the increased demand of bariatric surgery and the high prevalence of 
psychiatric disorders, it is crucial to provide psychiatric evaluation to the candi-
dates prior to the procedure and follow-up post-surgery. Such evaluation and 
follow-up should be done to support the candidates, prevent the onset of new psy-
chiatric issue, or modify their medications if presented.

In this chapter will review the association between mental illness and bariat-
ric surgery and how having mental illness might affect the outcome of the sur-
gery. Having bariatric surgery may affect the mental health by triggering new 
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onset of a psychiatric disorder or suicidality. We will then review how the surgery 
affects psychotropic medications. We will also discuss the importance of psychi-
atric assessment prior the surgery, what aspects must be considered, and when it 
is contraindicated to do such surgery. Furthermore, we will review the tools to 
evaluate certain mental disorders (such as depression, psychosis, eating disorders, 
self-harm) as they have significant impact of the outcome of the surgery. Finally, 
it is important to talk about the post-surgery evaluation, management plan and 
 follow-up from psychiatric point of view.

2  Preoperative Mental Health State of Bariatric Surgery 
Participants

Among the participants of bariatric surgery, the presence of psychiatric disorders 
is frequent. Around 25% of the participants reported that they are currently receiv-
ing pharmacological treatment from a mental health professional during the period 
of the surgery, and previously, up to 20% of the surgery candidates were excluded 
from the surgery due to the psychiatric complications that interfere with the sur-
gery or their condition is contraindicated to undergo a surgery [7–9]. However, 
by incorporating psychiatric care into the multidisciplinary team, there have been 
centers which have successfully reduced this exclusion number to only 2%, espe-
cially in context of gastric sleeve surgery.

The most common conditions presented were mood disorders 23%, includ-
ing major depressive disorders (19%) and dysthymia [7, 10, 11]. 12% of the par-
ticipants had an anxiety disorder, mainly generalized anxiety disorder and social 
phobia [7, 10, 11]. The current estimation of eating disorders among candidates 
is 17%. Furthermore, 9% of the participants had a history of suicidal ideation and 
3% suffered from substance use disorders [10].

In the following section, we will discuss the status of certain psychopatholo-
gies that are present among participants and may have an impact on the surgical 
outcome.

3  Depression

Major depressive disorder is considered the most prevalent psychopathology among 
the participants. It was also found that there are several associated factors between 
preoperative depression and the bariatric surgery. For instance, there is a positive 
relation between the severity of the depressive symptoms and obesity [12, 13].

It is well known that the relation between obesity and depression is 
 bi-directional. Depression causes behavioural changes, such as social isolation, 
lower physical activity, increase in appetite or emotional eating, and feeling of 
guilt, which may facilitate further severity of obesity. On the other hand, obese 
individuals suffer from issues with body image, self-esteem, lower physical activ-
ity, and other behaviours that worsen the existence of depressive symptoms [12, 
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13]. The association between the two disorders goes further into polygenic genetic 
factors [14–16]. Such as the FTO (fat mass and obesity-associated) gene, which is 
linked with both depression and the severity of obesity [17, 18].

During the early stage after the surgery, there is significant improvement of 
depressive symptoms. The association between postoperative weight loss and 
improved depression symptoms, reduced severity, and lower prevalence can be 
explained by improvement in the body image and interpersonal relationships [19]. 
On the other hand, this improvement gradually decreases on a long-term basis [20].

4  Eating Disorders

As for eating disorder, the preoperative presentation of eating disorders among 
bariatric candidates usually is grouped as follows:

• Binge Eating Disorders (BED): is experiencing binge eating without compen-
satory behavior such as induced vomiting, misuse of laxative, or excessive exer-
cise, which is the main difference between BED and Bulimia nervosa. “Binge 
eating” is characterized as having two main points [21]:

I. consumption of a relatively large amount of food in a discrete amount of 
time.

II. the experience of loss of control.

It is considered the most common type of eating disorders among the candidates 
and is secondary only to depression. Several studies showed a wide range of 
prevalence of BED from 4–49%. This wide range can be explained by the fact 
that the diagnostic criteria of BED have only been formalized with the release 
of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) in 2013. 
Studies have produced mixed findings, with some studies linking BED with poorer 
postoperative weight loss while others suggesting no relation between BED and 
weight loss post-surgery. The tendency to eat in response to negative emotions is 
related to poorer postoperative weight loss.

• Bulimia nervosa: is characterized as experiencing recurrent binge eating with 
the compensatory behavior such as purging and misuse of laxative use, diuret-
ics, enemas or other medications to prevent weight gain. Due to the inappropri-
ate eating behavior of bulimia, it is considered contraindicated for a bariatric 
surgery. However, the prevalence among participants remains not well known, 
probably due to under-reporting by the candidates to avoid delaying or cancel-
ling the surgery [22].

• Anorexia nervosa: is characterized by restriction of energy intake leading to 
a significant low body weight due to fear of gaining weight with the associa-
tion of disturbed body image, despite the very low weight. The prevalence of 
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anorexia among the participants is not well known because of the insufficient 
data. However, there are reports of “Anorexia-like presentation” experienced 
postoperatively. Those behaviors include, dietary restriction, fear of weight gain 
and disturbances in body image [23].

• Atypical Eating Disorders (AED): This is usually used for the two eating 
behaviors:
I. “grazing” defined as continuous eating.
II. “night eating syndrome”(NES) characterized by hyperphagia at night.

5  Anxiety

The prevalence of anxiety disorders among the candidates of the surgery vary 
from 12% and up to 24%. With a lifetime prevalence of up to 37% for a history of 
lifetime diagnosis of anxiety disorders [24]. Although the rate of anxiety disorders 
among the bariatric population is evident, there is no reported relation between 
anxiety and the post-surgical outcome [20]. This is supported by the prevalence of 
anxiety disorders after surgery, where the rates are the same as prior surgery [20].

6  Substance Use Disorders

Substance use disorder is prevalent among bariatric candidates, around 30% have 
a lifetime history prevalence of alcohol use disorder [25]. It is also found that the 
rate of alcohol use disorder and alcohol consumption increases even after the sur-
gery, notably sleeve gastrectomy surgery. The reason for such increased rate was 
explained by multiple suggestions, such as changes in pharmacokinetics of alco-
hol from accelerated absorption and the long duration of elimination [10]. The 
effect of substance use disorder on the surgery outcome varies. The increased use 
of substances may contribute to further progression of the individual depression 
and may result in suicide [10]. Another possible effect is that individuals who are 
unable to change their substance use behavior are at risk of achieving only subop-
timal weight change after the surgery, because they may fail to change their eating 
behavior to accommodate their new life style.

Toxicology screening is recommended by several studies for the preoperative 
evaluation, as the surgery should be delayed until the issue of substance use disor-
ders is resolved, if present [26, 27].

7  Self-harm and Suicidal Ideation

Self-harm and suicidal ideation are important aspects to be assessed pre-surgery. 
The rate of suicidal behavior among individuals who had bariatric surgery is four 
times higher than the general population. In addition, during the first 3 years after 
the surgery showed an increased rate of reported self-harm behaviors among 
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individuals after bariatric surgery [28]. Also, the prevalence of past suicidal 
attempts among the participants is 73 times higher than the normal population! 
This increased suicidal rate among this particular population could be affected by 
several circumstances, such as:

• difficulty adjusting to a new lifestyle which may lead to depression.
• not achieving the expected weight loss or experiencing weight regain, which 

may cause the feeling of disappointment.
• increased substance use, such as alcohol.

Screening for suicidal ideation preoperatively is as important as postoperatively. 
The presence of suicidal ideation can be a contraindication or a reason to delay the 
surgery [29].

8  Psychotropic Medications

As previously mentioned, up to 60% of the participants reported to have psychi-
atric disorder at the time of the preoperative evaluation, and around 25% receive 
psychotropic medication from a mental health provider [7–10]. By and large, the 
most common psychotropic medications used are antidepressants (87%), anxiolyt-
ics 9%, and 2% on mood stabilizers [30].

The change in drug absorption and pharmacokinetics of the psychotropics in 
bariatric surgery differs depending on the type of the procedure. Furthermore, this 
change affects the level of the medication in the body, thus, affecting its therapeu-
tic effects and side effects. As an example, Hamad et al. in 2010 [31] measured 
the level of antidepressants in individuals immediately after bypass surgery. It was 
found that the level of antidepressants was reduced, and the reduction remained, in 
some individuals, up to 1 year after the surgery. The decreased level of antidepres-
sant immediately after the surgery in those individuals can lead to discontinuation 
syndrome, which is causes discomfort to the patient and can be rarely fatal.

History of receiving psychotropic treatments is not contraindicated for bariatric 
surgery. However, it is highly recommended to be evaluated by a mental health 
provider, prior the surgery, and to follow up with a psychiatrist after the surgery on 
a regular basis. The post-operative follows up is essential to observe the course of 
the psychopathology and possibility of modification the treatment.

9  Psychological Predictors of Post-Surgical Weight  
Loss

Some studies found a relation between preoperative psychiatric history and reports 
of dietary noncompliance and medical complication postoperatively, these reports 
were not associated with weight loss [32, 33]. When analyzing this further, some 
studies that severity of the psychiatric disorders such as severe depression and 
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anxiety, might have a negative effect on post-surgery weight loss but not mild- 
moderate in nature [34]. Recent studies have linked the effect of having multiple 
psychopathologies preoperatively on increasing the risk of having intermediate 
weight loss after the surgery [35–37].

It is believed that cognitive function has a direct effect on post-surgical weight 
loss, due to the influence of the cognitive function to develop an appropriate eating 
behavior and coping mechanisms later on.

Most studies have concluded that post-surgical eating behaviors influence the 
postoperative weight loss outcome. It is also believed that the impact of the preop-
erative mental status, cognitive function and personality of the participant on the 
total weight loss is linked to the postoperative eating behavior. Other psychiatric 
disorders may affect the weight loss outcome through the same previous principle, 
as seen in major depressive disorder among gastric sleeve participants [38].

In depression, there is a persistent depressed mood, loss of interest, feelings of 
guilt, and disturbed sleep and appetite [39]. Those symptoms may affect the eating 
behavior of the participant which includes dietary constrains and results in subop-
timal weight loss. Also, depression affects the cognitive functions of the individual 
leading the participant focus on the negative sides of the circumstances [40]. This 
negative interpretation may interfere with participant’s post-surgical adjustments 
and developing new cooking methods with weight loss and diet constrains.

10  Mental Health Preoperative Assessment

Psychiatric disorders and mental illness are prevalent among bariatric surgery par-
ticipants, as was established earlier. Furthermore, the weight loss outcome relies 
not only on a successful procedure alone, but also on the behavioral, and the psy-
chological status of the participant. Therefore, the psychological assessment prior 
the surgery is recommended. The goal of the assessment is not diagnostic, rather 
than screening. The screening must take place to reveal any contraindications such 
as current substance use disorder, recent suicidal attempt, or active psychosis [22]. 
The assessment should be done by mental health providers such as a psychologist, 
a psychiatrist.

It is important to emphasize that the psychiatrist role here is to enhance surgical 
outcomes and not just weight loss. For example, a patient with excellent weight 
loss post gastric sleeve, may still have psychosocial difficulties and challenges, 
ranging from disruptions in interpersonal relationships and body image dissatis-
faction to concerns as serious as suicidal behaviour and substance abuse. The aim 
of the preoperative assessment is to improve all domains of surgical outcomes.

In this part, we will discuss the psychiatric evaluation of the bariatric surgery 
candidate, and the necessary tools should be used with considerations to certain 
psychopathologies, such as depression, and eating disorders.
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11  Outline of Domains of the Evaluation

Guidelines published by the American Society for Metabolic and Bariatric Surgery 
(ASMBS 2016), show a systematic method to conduct a preoperative interview for 
bariatric surgery participants by psychiatrists. The interview contains four main 
elements to evaluate, including the current life, psychiatric, behavioral, and cogni-
tive and emotional status.

Despite the previous published guideline, there are various protocols used 
across the globe tackling the issue of mental preoperative evaluation. Most of the 
protocols and guidelines agree on certain domains to be included in the evaluation, 
those are [22, 26, 41, 42]:

• history of weight loss and previous attempts
• physical activity
• medical history
• pathological eating behavior
• psychiatric history and screening of substance use
• patient’s mental capacity (understanding the surgery, the outcome, possible 

complications, and expectations)
• support system

12  Psychiatric Contraindications for Bariatric Surgery

Having a psychiatric disorder, by itself, is not a contraindication per se, but there 
are psychiatric elements that prompt delay or cancellation of the surgery.

According to the American Psychaitric Association (APA), and the ASMBS, 
the most common elements considered as high risk, or contraindication, to 
undergo a bariatric surgery are:

• significant psychopathology such as active psychosis (including thought disor-
der symptoms),

• current substance dependence,
• untreated eating disorders (specifically anorexia nervosa or bulimia nervosa),
• untreated depression
• active suicidal ideation

Those mentioned contraindications, when present, the surgery either is canceled 
or delayed till the psychopathology is resolved, treated or reduced to a subclinical 
level.
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Lastly, there are other elements considered as contraindications because they 
will interfere with the optimal weight loss after the surgery. Although they are not 
psychiatric in nature, they have to be evaluated by a mental health provider. Those 
elements are: unrealistic expectations for the goal weight, lack of knowledge of 
the surgery and the possible complications, and lack of social and family support 
[20, 29, 43, 44].

13  Conducting the Assessment

13.1  History of Weight Loss and Previous Attempts

During this part of the assessment, the examiner should review the pattern of 
weight changes of the participant, and the previous methods of weight loss was 
tried in a chronological manner, with the notion to the biological and environmen-
tal factors that may affect the weight change and the failed attempts. Knowing the 
age of onset and family history of obesity may reveal a genetic aspect in which 
helps the participant understand the factors affecting the obesity and what to 
expect after the surgery [42]. Asking about the effect of stressful events on weight 
changes may reveal inappropriate coping mechanism, such as emotional eating or 
loss of appetite. Such coping mechanisms may affect the post-surgical weight loss 
and may be erected later on.

13.2  Medical History

Asking about the medical history is an important part of any medical based inter-
view. It is vital to know the medical diseases, and treatments the participant has 
to have an idea about the individual as a whole. Also, it will provide information 
that help the weight loss outcome. Certain medical conditions, or medications may 
intervene with the rate of post-surgical weight loss.

Furthermore, asking about the medical history reveals the level of adherence 
to the current medications, if present. This information will provide a prospective 
idea regarding future compliance to the postoperative management plan, such as 
respecting follow-ups, regular investigations, taking medications, and recom-
mended behavioral changes [45].

13.3  Pathological Eating Behavior

This section involves two main aspects:

• eating and diet habits
• eating pathology
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Eating habits of the participant should be known in detail or at least we should 
have an idea about this aspect. The eating habits include daily dietary preferences, 
number of main meals and snacks, meal portion sizes, and if there is a consistent 
timing of the meals. Understanding these habits may reveal inappropriate aspects 
of the participants eating behavior that were factors in the obesity or may cause 
weight to regain after surgery [46].

Eating pathology is another aspect to be considered in the assessment, besides 
eating habits. In this part we will discuss the types of eating disorders should be 
screened, and possible management plans prior undergoing with the surgery.

Understanding the eating patterns and detecting any related pathology is cru-
cial for the after-surgery weight loss. As mentioned earlier, one of the factors that 
link the mental health status and not achieving optimal weight loss after the sur-
gery is the inappropriate eating behavior. The most important eating disorders to 
screen for are (1) anorexia nervosa (2) bulimia nervosa (3) binge eating dis-
order (BED) (4) night eating syndrome (NES). Other non-diagnostic eating 
disorders that are important to screen for are: overeating, grazing and emotional 
eating.

The use of scales and screening tools are useful to detect eating disorder. An 
example of those tools, eating disorder examination questionnaire (EDE-Q), which 
is a self-report instrument and it screens for symptoms of eating disorder in the 
last month [47, 48].

After screening for any pathological eating behavior, the next step is to deter-
mine the treatment and follow-up plan. The candidate should understand that the 
first few weeks after the surgery is a stressful period, mentally and physically. 
Furthermore, the participant should be educated that having this psychopathology 
may interfere with reaching the optimal weight [45].

The choice of therapy should depend on the psychopathology, e.g., cognitive 
behavioral therapy (CBT) and interpersonal therapy (IPT) are verified treat-
ment options for BED [49]. The psychological approach found to be superior 
to the behavioral approach in treating BED [50]; however, the opposite is true 
in treating NES [51]. The basis of treating NES concentrates on the behavioral 
aspects [51].

As for the pharmacological aspects, the usual use of antidepressant has shown 
significant improvement of eating disorders symptoms and reducing the frequency 
of the episodes. As an example, Fluoxetine, a type of selective serotonin repute 
inhibitor (SSRI), is the only antidepressant approved by the food and drug admin-
istration (FDA) to treat bulimia nervosa with a therapeutic dose from 20 to 60 mg 
per day. For BED, antidepressants (SSRI and tricyclic antidepressants (TCA)) 
were superior to placebo in reducing the symptoms in a meta-analysis of 7 rand-
omized control trails (RCT) [24]. As for NES, Sertraline (mean dose of 126.5 mg/
day) [52], Escitalopram (mean dose of 20 mg/day) [53], and Agomelatine (mean 
dose of 50 mg/day) [54] showed superiority in treating NES when compared to 
placebo.
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13.4  Psychiatric History and Screening of Substance Use

The psychiatric history should be brief and concentrate on screening the psychiat-
ric disorders, rather than diagnosing. The screening should include past and cur-
rent psychiatric history, mental state exam, substance abuse, psychiatric systemic 
review, active symptoms of psychosis, mood disorders, and suicidal ideation [43].

The main goal is to check if there are contraindications for the surgery, includ-
ing suicide ideation, active psychosis, untreated substance use disorder, and 
untreated depression. Also, the screening should include other psychiatric dis-
orders that may affect the cognitive functioning, such as schizophrenia, or bipo-
lar disorder. Thus, affecting adherence and the behavior of the participant which 
causes achieving suboptimal weight loss. Furthermore, having surgical interven-
tion is a stressful event, especially when it is affecting the lifestyle. The surgery 
may worsen the psychiatric symptoms and the patient may need further assess-
ment and tailored management. In this section we will discuss further the screen-
ing of depression, substance use disorder, and suicide risk assessment.

Major depressive disorder in itself is not a contraindication for the surgery. 
However, if the depression is not treated, severe, or presented with active psycho-
sis or suicidal ideation, then, postponing the surgery is considered. It is useful to 
use self-assessment tools, for example the patient health questionnaire-9 (PHQ-9), 
to screen and assess the severity of depression [55].

Suicide screening Active suicidal ideation is considered a contraindication to 
the bariatric surgery. To screen for suicide, ask the participant a clear direct ques-
tion of intending of self-harm and having suicidal thoughts. If the participant 
had a positive answer, then continue with the suicide assessment. The American 
Psychiatric Association (APA) has approved a brief suicidal risk assessment 
named suicide assessment five-step evaluation and triage (SAFE-T) [56].

Substance use disorder is common among gastric sleeve candidates, especially 
alcohol use disorder, and the presence of this untreated pathology is contraindi-
cated with the surgery. Thus, screening for substance use should be part of the 
psychiatric pre surgical evaluation. During this part of the assessment, the exam-
iner should not rely solely on the self-report instruments. The screening instru-
ments are complementary to the clinical assessment [57]. Accompanying the 
clinical interview, the change in biomarkers may give a hint to the degree of the 
substance use. As an example, in alcohol use, the liver enzymes are elevated such 
as alanine aminotransferase (ALT), serum aspartate aminotransferase (AST), and 
gamma glutamyl-transferase (GGT). However, these biomarkers are not sensi-
tive, and they are affected by other medical issue, but they may support the clinical 
assessment [58].

Since alcohol use disorder is the most common type of substance abuse among 
the participants, there are brief methods to screen for the use of alcohol. The 
CAGE questionnaire is a self-administered questionnaire with high sensitivity 
around 91–93% for detecting heavy alcohol consumption [59] but is less sensitive 
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for less severe alcohol misuse. The Alcohol Use Disorders Identification Test 
(AUDIT) is another widely used instrument to detect alcohol use disorders. It is 
a 10 items questionnaire that has two versions, the clinical administered and self-
report. AUDIT is a validated and reliable instrument to detect different levels of 
alcohol use disorder. Furthermore, AUDIT uses a standardized levels of alcohol 
consumed regardless of the type of ingested drink [58].

Screening for substance use should also include screening of other addictive 
behaviors such as smoking cigarette, shoplifting, or food or any form of addic-
tion. This addictive behavior is common among bariatric surgery participants and 
it might increase in frequency after the surgery. This can be explained by the con-
cept of “addiction transfer”. Addiction transfer is defined as individuals replacing 
one form of addiction with another one. In case of the bariatric population, it is the 
transfer from addiction to food to another form of addiction, such as consumption 
of alcohol, gambling, or other forms [57].

Educating the participants of the importance of this screening and the possible 
effect of the surgery. Also, participants should be educated about addiction transfer 
and how it affects the lifestyle. Individuals who suffer from untreated substance 
use disorders or addiction, should seek help prior the operation, or postponing the 
surgery is recommended till the issue is resolved.

The management plan may vary depending on the individual. Psychotherapy 
is widely used to treat addiction problems and substance use disorders, especially 
among the bariatric population undergoing bariatric surgery. Various methods are 
used depending on the patient, including motivational interviewing (MI), CBT, 
or 12- step programs [60, 61]. Pharmacological treatment is less evident among 
patients undergoing bariatric surgery; however, it may be useful for some patients 
more than others.

Adverse childhood experiences (ACE). In addition to the previous psychiatric 
history taken, asking about Adverse childhood experiences (ACE) might be useful 
to the evaluation. Childhood trauma, may be a factor in developing obesity or eat-
ing patterns that causes obesity. This could be explained that those individuals uti-
lize the excess weight as a protective shield against stress or anxiety related issues 
triggered by intimate relationships. Those individuals may become more vulner-
able when they lose significant weight via surgery, and the surgery may provoke 
new psychiatric issues [62].

13.5  Support System

Another aspect of the psychiatric preoperative assessment to explore, is the sup-
port system. Having a life changing surgery needs a good support system from 
family members and close relationships. The lack of support system may affect 
negatively the post surgical outcome. Some participants complain that their part-
ners are feeling threatened after the significant weight loss after the surgery. It was 
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elaborated that this feeling was due to the improved positive transformation after 
the weight loss, such as improved self-esteem and increased attractiveness of the 
participants [63].

13.6  Psychiatric Medication

The use of psychiatric medications is also common among the bariatric patients. 
Also, patients with mental illness are at higher risk of obesity and metabolic dis-
turbances. The psychiatric medications may contribute to that risk. Screening for 
psychotropics should take place prior the surgery to look for any medication that 
might influence the weight the gain or affect the metabolism of the participant. 
Some antidepressants such as Amitriptyline and Mirtazapine may induce weight 
gain among the participants. Multips antipsychotics such as Olanzapine and 
Clozapine can cause metabolic disturbances that result in weight gain. Also, few 
of the mood-stabilizers such as Valproate and Lithium may increase appetite and 
induce weight gain [64].

14  Psychiatric Assessment Conclusion

Taking care of bariatric patients is done by a multidisciplinary team, and they must 
be informed about the readiness of the patient for the surgery from psychiatric 
point of view [43].

The majority of the candidates (96%) are cleared to have the surgery. The remain-
ing 3–4% were absolutely contraindicated and were denied to have the surgery due 
to serious psychiatric issues, such as psychosis, thought disorder, suicidal ideation, 
active substance use, untreated eating disorder, and lack of decision making capacity. 
That small percentage was constant throughout several studies [29, 30, 65, 66].

A group of candidates are in a grey area. Those individuals have few psychi-
atric concerns, but they are cleared to have the surgery under certain conditions. 
The surgery is delayed for a short period of time till they start with the psychiatric 
treatment. Studies revealed that this issue could happen among 15–31% of partici-
pants [30, 67]. While delaying the surgery is beneficial to the participant, there is 
an undeniable rate who do not return for the surgery. Some studies found that up to 
12% of the candidates never return for the surgery. Only 16% of participants return 
for the surgery after it was postponed due to an underlying eating disorder [17].

15  Special Populations

We will discuss the following three special populations due to the different nature 
of the problems they face. For example, adolescents and bariatric surgery is 
becoming more and more common, however, the preoperative assessment of pedi-
atrics and adolescents requires a different approach with certain considerations, 
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such as bullying and self-image issues. Another population are those with intel-
lectual disability who, because of their deficit in their cognitive function, may find 
it difficult to adhere to the management plan or fathom the importance of having a 
strict diet for the first couple of weeks after the surgery, which affect the surgical 
outcome. Another population that may suffer from cognitive function limitation is 
the ageing adults.

In this section we will discuss populations (the adolescent and the intellectually 
disabled) and the difficulties we face and the solutions when assessing them.

15.1  The Adolescent Patient

The preoperative assessment of adolescents has a similar approach to adults. The 
evaluation should be comprehensive with a multidisciplinary team to assess if the 
participant is fit to have surgery. However, there are certain aspects should be con-
sidered when evaluating the adolescent candidate. Exploring those aspects will 
help a better surgical outcome.

The main issue of obesity troubling the adolescents is the social stigma. It is 
widely spread among individuals with obesity regardless of age, gender, and geo-
graphical distribution. However, the development of peer-focused social skills 
begins at adolescence when teens interact with their peers and develop sense of 
identity and being included in a social group as part of their social functioning. 
During this time, they are most vulnerable to the negative comments and social 
stigma about their weight or body shape. Bullying or weight related teasing has a 
great impact on adolescents and affect how they define themselves and their iden-
tity. This effect is noticeable among teenagers, the rate of depression has increased 
among teens with obesity and in particular among females [18].

Family environment is another major factor affecting the course of obesity in 
adolescences. During childhood, children are hugely affected by the behaviors and 
ideals of close family members. Some of those behaviors become tradition and 
some of those ideals become consolidated ideas shaping the individual’s percep-
tion toward self and the community. Family support is a double sided weapon, the 
family may be a motivating factor for the adolescent to seek the sleeve gastrectomy 
procedure due to certain health concerns of the general well being of their child. 
One the other hand, within the same family environment there might be elements 
that contribute to weight gain. Those elements may be the family eating habits, 
unhealthy dietary choices, or the availability of unhealthy food. Since the family 
environment has a huge influence on the adolescents, they have difficulties change 
that environment without the help and support of their family members [68].

Another challenge is the adolescent client’s adherence to management plans. 
During adolescence, a strong sense of independence and identity is developing. 
Lack of adherence to management plan among adolescent candidates is a well 
recognized issue [69] and that could be because of peer pressure and trying to fit 
in, as well as difficulty following dietary recommendations such as avoiding fast 
foods.
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Adolescents seeking sleeve gastrectomy are motivated by many factors, such 
as health concerns, seeking better body image, the pressure of family members, or 
due to social concerns. This may lead to developing unrealistic expectations about 
the surgery, the post-surgical body shape, scars, optimal weight loss, the amount 
of excess skin, or life restrictive activities. The candidates may be unsatisfied with 
surgical results because they were not prepared from the beginning, and this may 
cause further discomfort in body image or even a new onset of psychiatric disor-
ders like depression or body dysmorphic disorder. Experimentation with substance 
or sexuality is common during adolescence. The presented challenges after the 
surgery and the lack of preparation for the surgical outcome may raise an issue of 
substance use disorder.

It is crucial to explore the social and family environment domains of the ado-
lescents with the addition to the other domains which are similarly evaluated in 
adults. Participants should be educated about the social stigma and its effect on 
understanding the consequences of the surgery. The participants should be asked 
about their expectations from the surgery, and any unrealistic ideas must be recti-
fied to prepare them for the post surgical outcome. The psychological aspects of 
the rapid weight loss after the surgery should be addressed.

To avoid resisting the post surgical recommendations, clinicians and adoles-
cents should be connecting. This can occur by understanding the values, goals, 
and cultural backgrounds of the adolescents. The young participants should be 
included in the management plan and their opinions should be considered. They 
must sense that their values are taken in consideration rather than ordering them 
around. These ways of communications with the adolescent candidates is helpful 
to improve the adherence to the management plan and better outcome. Motivating 
the participant to socially interact with other adolescents who share same goals to 
implement a strong social peers support.

15.2  Limited Cognitive Function

Cognitive function is one of the major factors affecting outcomes post sleeve gas-
trectomy. Thus, managing participants suffering from cognitive vulnerabilities 
is challenging. This group may include various populations, such as individu-
als with low IQ, learning disabilities, history of low educational achievement, or 
dementias. As previously mentioned, cognitive limitation affects the post-surgical 
weight loss through various aspects. Individuals who has difficulties in informa-
tion consolidation may find it difficult to obtain and analyze vital information in 
respect to the procedure itself, possible complications, and lifestyle changes. 
Limited educational level could be an obstacle to the participants concerning the 
utility of self-monitoring methods and related educational materials. Participants 
with memory difficulties may not be able to recall crucial information or recom-
mendations to optimize the weight loss, minimize complications, improve healing, 
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taking medications, or diet plans after the surgery which may increase the risk of 
unpleasant events afterwards. A deficit in executive functions will have a great 
negative impact on the participant’s capability of behavioral control, problem solv-
ing skills, analyzing current events and predicting the consequences. A dysfunc-
tion in such system is a predictor of reaching suboptimal weight loss or weight 
regain after the surgery [70].

Individuals suffering from limited cognitive function and seeking a sleeve gas-
trectomy should, at minimum, have the cognitive capacity to decision making in 
regards to the surgical procedure, understanding the possible consequences, and 
the importance of life changing behaviors. Further, it is important to assess their 
social supports and if they can cope with the changes post-sleeve gastrectomy.

16  The Impact of Bariatric Surgery on Mental Health

Individuals seek sleeve gastrectomy for multiples reasons. Some participants seek 
the surgery due to their unsatisfied body shape and image, to reduce their weight, 
or due to medical comorbidities. The surgery may improve general mental health, 
but also may trigger new onset of psychiatric disorders, like body dysmorphic 
disorder.

The literature is filled with studies indicating the significant improvement in 
health after sleeve gastrectomy [71, 72]. Major studies have explored this impact 
on the candidates for the short and long term. The main example of such studies 
is the Swedish obese subjects (SOS) study, which is a prospective study that fol-
lowed participants for a long period of time for around two years. In this section 
we will discuss the impact of the sleeve gastrectomy on the mental health status, 
and the quality of life.

16.1  Quality of Life

It is evident in the literature that there is an improvement in health related quality 
of life after the surgery. This improvement might reach a peak and then slightly 
decline over time. This pattern is seen in the SOS study, it was found that patients 
reported significant improvements in health-related quality of life after a period 
of 6–12 months. However, these major improvements reached their peak at that 
period and a slight decline in such improvement is noticed after a period of two 
years after the surgery. Despite the slight decline two years after the surgery, the 
improvements in health-related quality of life were positively linked to the amount 
of weight lost [37].

The majority of the patients reported improvements in martial satisfaction and 
sexual activity [73]. Also, participants reported improvements in body image after 
the surgery [19].
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16.2  Mental health status

16.2.1  Major Depressive Disorder, Anxiety Disorders and General 
Psychological Wellbeing

Several studies noted a major improvement in the mental health status among 
participants who suffer from current or previous psychiatric illness. Psychiatric 
patients who undergo sleeve gastrectomy showed improvement in their symptoms 
after 3–6 months from the surgery [74]. The SOS study, which followed 4047 
bariatric surgery candidates for 2 years, found improvement in their general psy-
chological symptoms. Further, they showed significant decrease in their depressive 
and anxiety symptoms after one year [37] and even after two or three years, there 
seems to be a mental health gain [74, 75].

A systemic review of 40 studies from 1982 till 2002 support the findings about 
the improvement in the psychiatric disorders among bariatric surgery participants 
who currently suffer from a psychiatric disorder or had a history of a psychiat-
ric illness, particularly depression and anxiety disorders [76]. It was found that 
these significant improvements in mental health occurred mainly in patients who 
achieved their weight loss goal. Participants who suffered from postoperative 
weight regain were associated with increased depression. This reinforces the con-
cept of the association between obesity and the psychiatric disorder, regardless of 
the underlying psychopathology [37].

Although the post-surgical weight loss may be associated with improvement in 
psychiatric symptoms, mental health gain after the surgery can be attributed to fac-
tors other than weight loss alone. This is said because the improvement of the psy-
chiatric symptoms was not exclusive to those who achieved optimal weight loss 
after the surgery. There was mental health gain among individuals within the first 
few weeks after the surgery, where no significant weight loss achieved yet. Also, 
some participants who achieved only post-surgical suboptimal weight loss showed 
mental health gain [77]. This means there are other factors affect the improvement 
of the mental health post operatively, those include the type of the psychopathol-
ogy and lifestyle changing, despite the fail to achieve the optimal weight loss.

Interestingly, Sleeve gastrectomy may have an independent effect on depression 
and anxiety reduction. The effect of Sleeve gastrectomy on depression and anxiety 
can be due to biological factors, such as the reduction of the inflammatory cytokines 
as a chronic effect from the surgery. It is known that inflammatory cytokines, like 
interleukin-6 and C-reactive protein, play major roles in depression and anxiety dis-
orders, thus their reduction may actually improve the symptoms [74].

The baseline reduction in depression and anxiety symptoms happened among 
patients who either changed, stopped, or continued with the same medication. 
The change in medications or adjusting the dose is expected during the first 3 to 
6 months. Approximately 90% of depression and anxiety patients who improved 
after the surgery, their medications were either reduced or discontinued. From 10 
to 20% of patients needed to either increase the dose of their medication or switch 
to other class, which can be due to the disturbed absorption after the surgery [74].
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Individuals who suffer from Anxiety benefit from the bariatric surgery as well. 
Improvement in Anxiety disorders showed similar improvements to depression 
after the surgery. Some studies showed around 50% improvement in anxiety after 
the Sleeve gastrectomy [74].

16.3  Suicide

The rate of suicide is noticed to be increasing post bariatric surgically on the long 
term, despite the general mental health gain. There is higher than expected suicide 
rate among participants after the surgery when candidates were followed-up for 
8 years after the surgery [78]. It is difficult to explain why that is exactly and it is 
unclear if there is a difference between the types of surgeries.

16.4  Addiction

Substance use disorder and other addictive behaviors are very common among 
patients. Several studies showed an increased pattern in the addictive behaviors, 
including alcohol use, recreational drug use, smoking cigarette, gambling, sexual 
activity, shopping, that are present for at least the first 2 years among bariatric can-
didates after the surgery [79].

Alcohol use disorder (AUD) is one of the major substance use disorder suffered 
among the candidates and most of the studies explored this substance more than 
other addictive behaviors. The SOS study showed that AUD is still an issue even 
15 years after the surgery [80]. The alcohol use might not just be a resistant prob-
lem but also the consumption might increase after a while. Longitudinal observa-
tional studies showed increase consumption of alcohol from the second year after 
the surgery when compared to 1 year before and after the surgery. Furthermore, a 
rate of 7.9% among the participants showed a new onset of AUD after the surgery 
[81].

There are several factors were noticed to be predicators of AUD after the sur-
gery, those include males, family history of substance use disorder, history of 
AUD notably 1 year prior the surgery, and history of nicotine use prior the surgery 
[82]. The previous factors are also considered to increase the risk of developing 
substance use disorder after the surgery with the addition to history of food addic-
tion and the consumption of high glycemic or high fat food before the surgery 
[83]. The relation of pre-surgery food addiction and the increased rate of substance 
use disorder after the surgery could be explained by the concept of “Addiction 
transfer”, which is defined as the replacement of one addictive behavior with 
another. This patter is seen among bariatric patients who are addicted to food or 
suffer from a pathological eating behavior such as emotional eating, after the sur-
gery they replace that pathological behavior into something else such as alcohol 
consumption, smoking cigarette, or gambling [84].
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One of the common addictive behaviors is cigarette smoking. It is noticed that 
after the surgery, cigarette smoking is reduced more among older adults than a 
younger population. New-onset smoking can go up to 12% post-surgery [85].

16.5  Eating Disorders

Evaluating eating disorders after the surgery can be challenging. This is because 
they present in a different way than the classical presentation and they may not 
fulfil the criteria. For example, vomiting after surgery is common, but some 
patients vomit as a compensatory method for shape or weight concerns. After the 
surgery, eating huge amount of food at the same time uncontrollably, which is a 
criterion for binge eating, is difficult. Despite that, few months after the surgery 
participants reported feeling loss of control similar to that of binge eating disor-
der without the consumption of large amount of food [53]. Participants may suf-
fer from marked fear of gaining weight or concerns about their shape after the 
surgery. This may lead to extreme diet restriction and causes anorexia. Although, 
many patients continue to have eaten disorders after the surgery, there are indi-
viduals reported improved symptoms. This could be due to following the rec-
ommended strict diet plan which may normalize the individual’s eating pattern 
overtime [86].

16.6  Psychotropic Medication

Bariatric patients who use psychotropic medications may continue their medica-
tions after the surgery. The most common psychiatric treatment used among those 
patients are antidepressants. It is estimated that 35% of bariatric patients use at 
least one antidepressant on daily basis [87]. After the sleeve gastrectomy, the 
improvement in depression and mental gain noticed to occur among patients who 
either continued the same medication, switched their antidepressant into another 
class, or modified their dose [74]. Also, some patients experienced side effects 
of their usual medications that were not experienced before, or some found out 
that their usual treatment did not have a positive effect as before. This suggests 
that the procedure affects the current psychotropic medication by interfering with 
the pharmacokinetics of those medications. The effect of the bariatric surgery on 
the pharmacokinetics should be understood and considered when following up 
the participants after the surgery to optimize the positive effect and minimize the 
adverse effects.

All the bariatric surgeries affect the pharmacokinetics of the medications on 
various levels depending on the type of the surgery, but mainly they affect the 
absorption of the medications into the blood circulation since they make ana-
tomical and functional alterations in the gastrointestinal (GI) track. The modifi-
cation can be restrictive, malabsorptive, or a combination of both. The sleeve 
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gastrectomy procedure has mainly a restrictive modification on the GI system 
since major part of the stomach is removed.

16.7  Postoperative Pharmacological Considerations

To avoid drug toxicity, major side effects, or having sub-therapeutic levels of 
the psychotropic medications after the sleeve gastrectomy, certain modifications 
should be considered depending on the clinical situation of the patient. It is not 
recommended to automatically change the doses or switch the treatment just 
because they are undergoing a gastric sleeve. Instead, close monitoring of the 
patient prior to the surgery and the use of baseline screening instruments, like 
the aforementioned PHQ-9 instrument for depression are highly recommended. 
If any early signs of reduced effectiveness of the medication, or signs of medica-
tion withdrawal, experiencing side effects, or signs of relapse occur then treatment 
modifications are considered.

The methods of treatment modifications are vary depending on the clinical situ-
ation and the type of the pharmacological treatment. One way is changing “con-
trolled”, “extended”, and “sustained release” medications to “immediate release” 
drugs before or after the surgery to improve the rate of absorption. The goal of the 
controlled release drugs is to achieve the therapeutic effect and minimize dividing 
the doses throughout the day by prolongating the disintegration time of the drug. 
The extended release forms may have reduced absorption after the surgery [88]. 
With switching to the immediate release, it is recommended to divide the doses to 
several times per day to ensure achieving the therapeutic effect of the drugs.

Some psychotropics mediations come in liquid form or as orally disintegrated 
tablets. Those forms can be used instead of the tablet form in psychiatric patients 
undergoing a bariatric surgery, since they skip the process of disintegration and 
thus improving the absorption and metabolism of the active substance.

Unfortunately, not all psychiatric treatments are available in different forms. 
If the patient is on those medications and experienced early signs of relapse or 
sub therapeutic effectiveness, then other methods may be considered such as 
increasing the dose, dividing the dose throughout the day, or crushing the pills (if 
applicable).

Before taking the decision of modifying the pharmacological treatment of the 
psychiatric patient undergoing sleeve gastrectomy, assessing the mental health 
status of the patient and close monitoring should be done on regular basis. Some 
studies showed that the bioavailability of some psychotropic medications may nor-
malize or even increase in some bariatric participants after a period of 6 month. 
This means that although those patients may experience signs of reduced effec-
tiveness of their treatment, some of them might experience side effects of the 
drugs due to their increased blood level after 6 months after the surgery. This was 
noticed especially among patients who had increased doses of their antidepres-
sants after a bariatric surgery due to signs of decreased absorption [89].
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17  Conclusion

The Sleeve gastrectomy is one of the most successful methods of weight loss 
for obese individuals worldwide. The presence of psychiatric illness is common 
among this population and cannot be ignored. Also, a positive association exists 
between psychiatric illness and obesity, which means the bariatric surgery could 
also improve the mental health status of those individuals. The most common psy-
chopathologies are mood disorders, anxiety, eating disorders, and substance use 
disorder. Having a mental illness is not a contraindication of the surgery in 97% 
of patients, but it can be challenging, and may interfere with the surgical outcome. 
Untreated or uncontrolled psychiatric illness may result in achieving only subop-
timal weight loss, especially if the psychopathology affects the cognitive function 
of the patient. Those patients may not follow the postoperative recommendation 
and may not fully fathom the importance of lifestyle changes to this operation life 
changing operation. Thus, psychiatric evaluation prior making the decision of hav-
ing the operation is crucial.

Sleeve gastrectomy benefits patients via quality of life, a noticeable mental 
health gain and patients with depression or anxiety show further improvement, 
while others are able to stop their medications. Despite the improvement in gen-
eral mental health and in major psychiatric disorders, there are few setbacks. 
Patients with history of suicide, substance use, or addictive behavior may expe-
rience worsened symptoms or transfer their preoperative addictive behaviors to 
another.

Lastly, the psychiatric evaluation before the sleeve gastrectomy is necessary for 
all. It is important to avoid relapses of the present psychiatric issues, rectifying any 
false expectations, improving the mental health status, and implementing behavio-
ral changes that help the participant reach the optimal weight loss and have the full 
care needed before and after the surgery.
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The popularity of Sleeve gastrectomy’s is on a continues rise, with the sums per-
formed outnumbering those of other bariatric procedures in many countries around 
the world [1]. In the USA alone, the percentage of sleeve’s went up from 38 to 
63% from the years 2012 to 2015, corresponding to a decrease in the number of 
Roux-en-Y gastric bypass from 44 to 30%, while the laparoscopic adjustable gas-
tric band has shown a significant decrease from 13 to 2% in that time period. This 
brings into question the importance of analyzing the cost-effectiveness of these 
procedures in order to provide each individual patient with the most appropri-
ate plan of action according to their needs. This information, however, has been 
sparse, with only the By-Band-Sleeve (BBS) trial currently being conducted to 
fill these gaps [2]. In comparison to other bariatric surgery trials, the BBS study 
will assess both clinical and economic outcomes for the three most common 
approaches to bariatric surgery, in the largest sample size studied in a compara-
tive trial to date (expected to randomize 447 patients per group), over a substan-
tial  follow-up period (36 months). However, an important first step in estimating 
the economic outcomes in the BBS study will be to obtain detailed and ‘accurate’ 
costs of the three types of bariatric surgery.
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1  A Cost Evaluation Methodology for Surgical 
Technologies

Until recently, the cost of new surgical procedures in developed countries was a sec-
ondary consideration to all parties involved: patients who were well covered by state 
or private insurance, hospitals, with healthy profit margins and surgeons, who were 
concerned with improving patient care (or marketing their services) no matter the 
cost. However, with recent global financial constraints, a shift in thinking of payers 
and regulatory services, as well as hospitals had to be adopted, especially for proce-
dures that are considered elective and non-emergency such as bariatric surgery. With 
no consistent metrics to measure costs, comparative analysis becomes impossible.

To be fair, the economics of surgical interventions are extremely complex and 
not straightforward. Hospitals are complex economic environments that deal with 
a multitude of vendors, different levels of staff, administration and policy, and so 
on. In most systems, there is no simple way to determine the “cost” of something.

More socialized systems have global budget funding, and granular details of 
expenditures are often poorly documented. Other systems, based on billing for ser-
vices, have a multitude of customers and use complex cost-shifting strategies to 
maintain an operating profit. Ismail et al. [3] was able to create an effective clas-
sification for surgical procedures which includes the following.

1.1  Economic Methodologies

An important first step is to create definitions for the different elements. The cost 
is the price paid by the producer (hospital) for resources consumed during the 
production process (surgery). Charge is the price paid by the consumer (patient) 
needed for the institution to break even and to be solvent.

Furthermore, a distinction must be made between fixed versus variable and 
direct versus indirect costs. A cost is considered fixed if it does not vary accord-
ing to the level of activity, and variable if it does. A direct cost reflects the price of 
resources that are directly attributable to the project, whereas indirect costs are not 
directly attributable to the completion of the studied activity and have to be esti-
mated using an allocation formula].

They chose to follow a micro-costing approach for direct costs separated into 
two categories: fixed and variable. This choice is meant to provide hospitals with 
detailed information on when, where, how and if they can optimize surgery cost.

The elements taken into account in each category include medical devices and 
personnel as fixed costs, whereas the variable costs encompass re-usable instru-
ments and disposables. Note that if the personnel’s salaries were based on hourly 
remunerations, the personnel cost would then be considered as variable.
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1.2  Fixed Costs: Medical Devices

In today’s technology leveraged surgical practice, the initial purchase price of 
surgical equipment needed to perform the procedure is only part of the financial 
investment required. Most advanced technologies need some type of routine main-
tenance or upkeep which is usually covered by “maintenance/service contracts” 
with the company or third-party vendors.

For mechanical and software based technologies, accounting principles dictate 
a “life expectancy” for the device. This is based on the average replacement cycle 
for the technology based on mechanical failure and obsolescence. It is an indica-
tion that allows projected amortization of the purchase price and maintenance cost.

1.3  Fixed Costs: Personnel

Even though most bariatric surgeries are now performed laparoscopically, the 
number of personnel involved is still as high as open surgeries, with similar oper-
ating times. These surgical operations translate into an increase in surgery cost 
with respect to the personnel cost.

1.4  Variable Costs: Reusable Instruments

Hospitals today are faced with many management choices that affect operating 
costs. The choice of reusable versus disposable operating room supplies used to be 
clear-cut: reusable supplies were less expensive but disposable supplies were more 
convenient. Today, with patient safety concerns, increasing regulations, labor costs 
and increasing disposable costs, this simplified view no longer holds. Both repro-
cessing expenses and disposable costs must be taken into account when evaluating 
the cost of a procedure.

1.5  Variable Costs: Disposables

Depending on the procedure, number of complications and other factors, vari-
ous consumables (anaesthetic agent, implants, units of blood, etc.) will add to 
the operation cost. Integrating this element into our equation is an easy task. The 
challenge, however, lies in the time-consuming process of collecting such detailed 
data.
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2  Bariatric Surgery Costs

When it comes to looking at the costs associated with bariatric surgery, they can 
be classified into either resources consumed, and the unit costs associated with 
those resources. To identify these parameters, a number of different approaches 
can be utilized.

2.1  Methods for Identifying Cost Components

Gross-costing: Involve identifying cost components at a highly aggregated level 
(e.g. costing an intervention based only on the associated inpatient days) [4].

Micro-costing: A precise method, where an attempt is made to identify every 
input consumed in the treatment of a particular patient [4].

2.2  Methods for Valuing Cost Components

Top-down costing: An approach where relative value units such as hospital days 
or some other metric are used to separate out relevant costs from comprehensive 
sources (e.g. the finance department’s annual accounts) and apportion them to 
individual services or procedures [5]. For example, the sum of the annual budget 
of an intensive care unit and hospital overhead may be divided by the number of 
patient days to estimate an average cost per patient per day [6].

Bottom-up costing: An approach where cost components are valued by identifying 
resource use directly employed for a patient, resulting in patient-specific unit costs [7].

The seven ‘important’ cost components included:

• Cost, not charge data used in the analysis;
• Operating room costs reported separate from hospital admission costs;
• Medical device costs reported (e.g. endoscopy column, laparoscopic tower);
• Personnel costs reported (e.g. surgeon, nurse, anaesthesiologist time);
• Re-usable instrument costs reported (e.g. bowel graspers, surgical scissors);
• Disposable instrument/consumables costs reported (e.g. needles, disposable sta-

plers); and
• Overhead costs reported.

3  The Cost of the Sleeve Around the World

We conducted a survey that was sent to bariatric surgeons around the world to 
attempt to obtain an average cost of bariatric procedures from the countries they 
represent. Table 1 summarizes these findings. The prices have all been converted 
into united states dollars for comparison purposes.
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The cost of Gastric Sleeve surgery in Turkey varies from one clinic to the 
other. The amount you are expected to pay will cover things like the surgeon’s 
fee, anesthesia used during the surgery, the meds you will use after the surgery, 
etc. All-in-all, you can expect to pay something like $7,700 on average. India is 
one of the countries that perform Gastric Sleeve surgery at a low cost. In India, 
you can five times less to what you are expected to pay in the US. Similarly, the 
cost of Gastric Sleeve in the UK is three times the cost in India, with an average 
of $5,500. Just like Turkey, Poland is now regarded as a medical tourism destina-
tion. Over the years, this European country has made notable strides in improving 
its medical infrastructure. Although there are a handful of reputable hospitals in 
Warsaw, the cost of the Gastric Sleeve procedure is relatively cheap as compared 
to what it costs in the UK, coming in at around $7,700. Based on the data gath-
ered by the National Statistics Institute, 75% of medical facilities in Romania are 
 privately-owned. Statistics show that the number of private Hospitals in Romania 
increased from 2 to 161, between 1997 and 2014. So, if you are to have a Gastric 
Sleeve surgery in Romania, there is a 75% probability that you are going to have 
the surgery at a private hospital. The cost of the procedure range between $7,500 
to $9,000.

However, it is important to note that these methods look specifically at the 
cost of the procedure, and do not take into account the costs of nutritional and 

Table 1  Cost of bariatric procedures from around the world

Procedure cost in USD

Balloon LSG Bypass Band

Argentina 1322 3439 3439 2116

Australia 3612 14,446 15,891 5778

Colombia 2200 8000 6000 NA

Egypt 1116 1116 2512 2233

France 4753 17,147 18,290 4000

Iraq 1380 4350 4950 2500

Jordan 1990 4615 5742 2713

Kuwait 3365 6858 7641 5490

Lebanon 1962 5143 5619 2833

Libya 5358 11,073 14,288 1071

Oman 3117 6495 7793

KSA 2665 6444 9098 3650

Syria 1,029 2,330 3,106 1,747

United Arab Emirates 3,412 11,000 9,348 3,921

United Kingdom 6,231 16,202 18,694 8,724

United States of America 15,000 21,000 20,000 9,000

Yemen 2000 3000 5000 2500
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psychological evaluations, 6–12 months of medical weight management, re-
admissions, postoperative complications, routine vitamin supplements and labora-
tory testing for the life of the patient after surgery.
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Here, we are going to take Porter’s five forces model as a tool to identify and ana-
lyze the five competitive forces that come into play when considering competitors 
in the bariatric world and to analyze the weight reduction tools and market.

1  Competition in the Industry

Weight loss surgery, or as it is commonly referred to as the bariatric surgery 
umbrella includes several procedures:

– Laparoscopic Sleeve Gastrectomy (LSG): The most commonly performed pro-
cedure in the United States as of recent years is the gastric sleeve procedure.

– Gastric bypass: the second most commonly performed bariatric surgery
– Gastric bypass surgery has been proven to be clinically useful for long-term 

weight loss. However, without the proper guidance before and after surgery, it 
may still fail.

– Lap Band surgery: the third most popular procedure in the United States.
– Duodenal Switch is another very effective, although less frequently performed, 

procedure.
– Newly FDA approved procedures such as gastric balloons.
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2  Potential of New Entrants into the Industry

Until recently, the only options for combating obesity were lifestyle modification, 
medications and, if those methods proved ineffective, bariatric surgery.

The entry barrier to this domain is relatively medium with new techniques and 
developments introduced to this market. Also, it is imperative to take into consid-
eration the expertise needed to master the surgical procedures once they are intro-
duced into the market niche.

The exit barrier is also considered medium because of the average capital 
investment in hospitals for these procedures.

3  Threat of Substitute Products

There are numerous products that can be considered as substitutes for LSG, unlike 
the direct competitors, the substitutes are non-surgical. Many patients don’t meet 
surgical requirements or are unwilling to undergo operations because of anxiety or 
fear and therefore, these products can come in handy for such patients.

The Substitutes that currently exist are:

3.1  Anti-obesity Medications

These are strong substitutes, (e.g. Orlistat (Alli®, Xenical®), Lorcaserin (Belviq®), 
Phentermine and topiramate (Qsymia®), Bupropion and naltrexone (Contrave®), 
Liraglutide (Saxenda®, Victoza®). However, it is important to note that LSG has 
outperformed them in terms of efficacy and endurance.

3.2  Herbal and Alternative Medicine

These are substances or procedures that are usually marketed with the goal of sup-
pressing hunger or increasing metabolism and lean body mass.

Many products such as botanical weight loss supplements actually contain 
unapproved stimulants including analogues of amphetamine, methamphetamine 
and ephedra.

Some botanical supplements include high dosages of compounds found in 
plants with stimulant effects including Yohimbine and Higenamine.

Still, LSG has proven to outrank them in terms of outcomes and immediate 
response.
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3.3  Diet Program

Dietitians have numerous roles to fill, one of which is to treat overweight patients, 
however, their results, when taken individually, are considered inferior compared 
to LSG in terms of results and time needed to achieve them.

3.4  Exercise

As with anything to demonstrate effective results, a lot of time, effort and dedica-
tion are needed in order for exercise to reduce the weight effectively. Therefore, 
LSG has become an easier tool to achieve better result in a shorter period of time.

3.5  Acupuncture and Acupressure for Weight Loss

Acupuncture is the traditional Chinese medical practice of stimulating specific 
points on the body, primarily with the insertion of very thin needles through the 
skin.

Advocates of acupuncture for weight loss believe that acupuncture can stimu-
late the body’s energy flow (chi) to impact factors that can reverse obesity, such as 
increasing metabolism, reducing appetite, lowering stress, as well as affecting the 
part of the brain that feels hunger.

Weight gain, according to traditional Chinese medicine, is caused by internal 
body imbalance.

There have been studies suggesting that acupuncture is likely effective for 
weight loss. Those studies suggested that these results weren’t completely con-
vincing because of problems with the way the studies had been carried out.

Therefore, these traditional techniques do not form any significant threat to 
LSG.

4  Power of Customers

Customers could be considered as the insurance companies or third-party payers, 
or even the patients themselves.

The strongest bargaining power comes from the insurance companies.
While most of the major insurance carriers offer coverage for bariatric surgery, 

not all policies include coverage.



J. S. Dababneh200

5  Power of Suppliers

Not all bariatric surgeons perform every procedure; Not all hospitals provide these 
surgeries.

Therefore, suppliers exert low to medium bargaining power in this domain.
What about the SWOT (Strengths, Weaknesses, Opportunities and Threats) 

analysis?

5.1  Strengths

Gastric Bypass Surgery: has a long history of success and clinical studies to vali-
date its effectiveness [1, 2].

• Average Excess Weight Loss: 60–80%
• Serious Complication Rate: 1.25%
• Average 30 Day Mortality Rate (Death Rate): 0.14%
• May reduce hunger.
• Excellent rate of diabetes cessation after surgery.
• May relieve heartburn and acid reflux.

Gastric Sleeve Surgery [3, 4]:

• Average Excess Weight Loss: 57–70%
• Serious Complication Rate: 0.96%
• Average 30 Day Mortality Rate (Death Rate): 0.08%
• An average hospital stay of 2 nights, but in some cases, can be performed as an 

outpatient procedure.
• May reduce hunger.
• No foreign objects like that with Lap Bands.
• No re-routing of the intestines as seen with gastric bypass.
• A straightforward procedure that is relatively easy to replicate.

Duodenal Switch Surgery [5]:

• Average Excess Weight Loss: 80–90%
• Serious Complication Rate: 2–3%
• Average Mortality Rate (Death Rate): 0.29–2.7%
• The best weight loss profile, up to 85% excess weight loss.
• The best long-term weight loss success rate (better than 50% excess weight 

loss) of 95%.
• Best rate of comorbidity reduction.
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5.2  Weaknesses

There are trade-offs. Bariatric surgery carries some long-term risks for patients, 
including: Dumping syndrome, a condition that can lead to symptoms like nausea 
and dizziness. Low blood sugar and malnutrition.

Bypass is more effective for weight loss, but has a greater risk of short-term 
complications.

It is a technically challenging procedure and typically requires longer time 
under anesthesia compared to other popular bariatric surgeries.

There is a risk of long-term nutritional deficiencies. Vitamins and minerals are 
required for life. However, the risk of vitamin and mineral deficiencies is lower 
than the duodenal switch and gastric bypass.

5.3  Weaknesses of Duodenal Switch Surgery

Duodenal Switch surgery is not a new surgery, many surgeons avoid it and prefer 
LSG to it, due to the following complexities:

• The highest risk for malnutrition.
• Strictest dietary guidelines.
• The longest and most complex procedure of the three primary bariatric proce-

dures (bypass, sleeve, and duodenal switch).
• Highest 30-day serious complication rate.
• Strict adherence to vitamins and minerals and post-operative diet are required 

for success and to prevent malnutrition.

However, it is important to keep in mind that these complexities are not perma-
nent. Lifestyle changes are paramount for lasting weight loss for any procedure 
and must be made clear to all patients before undergoing bariatric surgery. When 
considering gastric balloons, patients can expect 10 to 30% excess weight loss.

5.4  Opportunities

According to data from the Centers for Disease Control and Prevention (CDC), 
over a third of adults in the United States live with obesity.

Obesity is the next major epidemiologic challenge facing today’s doctors, with 
the annual allocation of healthcare resources for this disease and related comor-
bidities projected to exceed $150 billion in the United States.

Furthermore, the incidence of obesity has risen in the United States over the 
past 30 years; it has been shown that 60% of adults are currently either obese or 
overweight.
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Obesity is associated with a higher incidence of a number of diseases, includ-
ing diabetes, cardiovascular disease, and cancer.

Consumption of fast food, trans fatty acids (TFAs), and fructose—combined 
with increasing portion sizes and decreased physical activity—has been implicated 
as a potential contributing factor in the obesity crisis.

5.5  Threats

New procedures are entering this market e.g. Gastric Balloons are a new tool for 
patients with a Body Mass Index (BMI) of 30–40 that want to lose weight but do 
not want to have surgery.

This new option now offers the patient a pill to swallow, and a balloon is then 
inflated and left in the stomach for six months. This results in reduced hunger and 
an increase in the feeling of satiety.
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1  Introduction

With the increase in world connectivity and ease of travel, ASMBS issued its posi-
tion statement on medical tourism in bariatric surgery calling it ‘Global Bariatric 
Healthcare’ [1]. They feared the term ‘Medical Tourism’ would not accurately 
describe all the issues or concerns associated with bariatric surgery. They defined 
global bariatric healthcare as “travel to undergo bariatric surgery across any dis-
tance that precludes routine follow-up and continuity of care with the surgeon or 
program”. Any distance associated with such conditions, was seen to fulfill this 
definition, even if within the same country, across cities, regions or states.

Based on commercial estimates, in 2018, the medical tourism market size was 
valued at 36.9 billion USD [2]. It is projected to be 179.6 billion USD by 2026, 
not including all potential countries, suggesting that physicians, societies and med-
ical industry should put more emphasis on studying this sector, along with work-
ing to decrease the risks, concerns and burdens associated with it.

The number of publications addressing medical tourism has been increasing 
exponentially since 2004 (Fig. 1), in line with the increase in value mentioned 
above. However, there are plethora of areas for potential research to understand 
the realities of this sector. In this chapter, we will try to review the available lit-
erature to understand the impact of global bariatric healthcare on bariatric surgery 
outcomes worldwide, while identifying the areas of deficiency to promote more 
research to address them.
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2  The Impetus Behind Global Healthcare

The incentives behind the global healthcare growing vary according to different 
perspectives. From the eyes of surgeons accepting medical tourism; patients travel 
seeking bariatric surgery due to higher cost of care in the private sector of their 
own country, with long waiting lists within their national health system, lack of 
insurance coverage for bariatric surgery or lack of service providers able to per-
form bariatric surgery [3]. In a survey by Kowalewski et al. in which 93 bariatric 
surgeons from thirty-three countries responded to, bariatric surgery costs ranged 
from 2,300 to 35,000 USD with a mean of 7760 USD (±4035). The cost of treat-
ment correlated weakly with gross domestic product GDP, influencing the flux of 
patients to nearby countries with lower cost of care as mentioned in several pat-
terns within the survey (Fig. 2). This phenomenon is not unique to bariatric sur-
gery, as it is noted in cosmetic surgery, fertility medicine, dental care, transplant, 
orthopedic surgery among several others [4].

The patients’ view is similar, however with more barriers. Snyder et al. [5] 
interviewed patients who pursued care outside Canada (9% undergoing bariatric 
surgery). Long wait times for necessary procedures were seen as unethical and the 
primary driver for patients to seek treatment abroad. Having the ability to travel 
for treatment heightened the patients sense of control, as they felt justified to do 
so. Patients perceived the health system, in their study, as stifling to surgeons’ abil-
ity to innovate, as it lacks the proper incentives to do so. Canada provided cov-
erage for patients to undergo bariatric surgery in the United States in the recent 
past [6]. As the need for regional and local ability to provide these services was 
recognized, the country invested in building these services. However, the long 

Fig. 1  Pubmed publications 1957–2019 on ‘Medical Tourism’—CSV file obtained from pumed.
com
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Fig. 2  Flux of patients in different regions by Kowalewski et al. [3]—copyrights to Springer
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wait times of 5 years at times, with 1% out of 20% suffering from obesity getting 
access to care seems to drive patients to travel outside despite the patients having 
to pay out of pocket to undergo bariatric surgery [7]. Jackson et al. [8] showed 
that patients experienced all of the above barriers: long wait time, strict criteria for 
surgery, on top of limited options in certain areas, which incentivized them to seek 
different treatment abroad.

In the United Kingdom (UK), Hanefeld et al. [9] reported besides all of the 
mentioned above, the patients’ lack of trust towards the National Health System 
(NHS) while on the waiting list for bariatric surgery. Informal networks, support 
groups and patient referrals seemed to boost the process of traveling abroad once 
trust is established with a physician accepting medical tourism. Providers abroad 
tended to have networks within the UK, and some would offer follow up even in 
the UK.

As for the effect of the industry, Sa Dang et al. [10] recently showed the impact 
of economy and competition in the medical tourism industry among six south-east 
Asian countries. In addition to excellent innovative and relatively cheaper medical 
services, additional tourism activities are a factor in driving more patients to that 
region. Healthcare facilities and infrastructure, together with the quality of medi-
cal tourism providers are the first conditions to any traveler, prior to considering 
lower costs of care. Governments in those countries play a major role in reducing 
other burdens: providing educational information on the travel experience, lower 
air fare costs, tax returns, and travel insurances. Among many reports, Thailand 
seemed to perform best among countries in that region. Cosmetic surgery is the 
number one reason to travel to Thailand, but bariatric surgery is second on the list 
and gaining momentum as a reason to travel [2], although this differs according to 
the different sources (Fig. 3 and Table 1).

In a systemic review of ‘Patient care without borders’, Foley et al. [11] also 
recognized the cultural proximity as a motive for patients to travel to destinations 
with similar language, culture and values. The positive economic impact has influ-
enced more job creation, with additional sectors developed and geared towards 
promoting and facilitating medical tourism.

Sleeve gastrectomy, as a procedure, may have contributed to the increase in 
medical tourism. Kowalewski et al. [3] reported that the number one procedure 
offered to patients seeking bariatric surgery abroad, was sleeve gastrectomy in 
89.1% of surgeons surveyed. Worldwide, sleeve gastrectomy is the number one 
procedure done among all bariatric procedures [12]. The procedure’s relative 
simplicity and steep learning curve (easier to learn) [13] also led to an increase 
in number of surgeons offering bariatric surgery [14], with many being sleeve 
only surgeons [15]. One can only include with these factors, that the procedure 
increased access to care along with increasing number of bariatric tourists under-
going this procedure.

Rokni et al. [16] summarized all of these into push and pull factors: push fac-
tors pushing patients away from their current national health system, while pull 
factors pulling them into another medical tourism healthcare system or provider 
(Table 2).
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Fig. 3  Top 10 worldwide destinations according to (AJN ▼ July 2017 ▼ Vol. 117, No. 7): 
From left to right: India, Malaysia, Thailand, Turkey, Costa Rica, Mexico, Taiwan, South Korea, 
Singapore and Brazil. The percentage ranges above each bar indicate cost saving range of receiv-
ing medical treatment in each country compared to receiving it in USA. Image courtesy in the 
report was given to IgeaHub.com (no longer active). If displaying this image is not feasible, then 
the second option below

Table 1  Top ten medical tourism destinations, based on value and numbers

Source [16] Rokni et al. adopted from medical tourism and travel market briefing 2018

Top ten medical tourism destinations 
by value

US $m Top ten medical tourism destinations 
by numbers

000K

USA 3,500 Malaysia 900

South Korea 655 USA 500

Turkey 600 South Korea 365

Thailand 600 Thailand 350

Germany 575 Dubal 350

India 450 South Africa 300

UK 350 Taiwan 300

Malaysia 350 Germany 255

Mexico 350 Mexico 250

Iran 315 Turkey 200
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Table 2  Pull and Push factors

Pull factors Push factors

Low-cost High cost of private treatment

High-quality healthcare Inefficient healthcare system

Expert physicians Limited access to care

Cultural similarities Lack of several professional treatments

Geographical proximity Lack of trust in the national system

Touristic attractions with tourism support Geographical, political or safety concerns

Level of trust

3  The Deficiencies, Downside and Upside of Medical 
Tourism

Unfortunately, the countries with national health systems with long waiting lists, 
are on the receiving end of their own residents returning at times with complica-
tions, after undergoing bariatric or other procedures elsewhere. Before we delve 
into such reports, it is important to note that patients doing well otherwise are pos-
sibly not well represented in the medical literature, as they either follow up with 
their primary care only, or are just not following up with any physician. Eventually 
patients tend to seek medical advice if they are vigilant on maintaining their good 
health, or are experiencing a health problem. Those who only see physicians due 
to a health problem, will never do so if they are well in their own opinion. This 
raises the possible matter of medical tourism being impacted with a larger number 
of negative publications, especially among the countries on the receiving end of 
complications.

Foley et al. [11] in their systemic review recognized the challenges of having 
a current well-defined denominator of the number of patients inflowing or out-
flowing. Several survey studies are limited to specific number of medical tourism 
providers, without the ability to extrapolate the entire number. Noree et al. [17], 
showed conflicting numbers between the origin (UK) and recipient (Thailand) 
countries on the number of patients and types of procedures performed. This con-
fusing conflict in the literature, has led to difficulty in estimating accurate costs, 
revenue and health outcomes. Commercial reports are also said to overestimate 
the industry, but without any alternative, several studies quoted these numbers and 
possibly misrepresented the reality.

Sheppard et al. [18] estimated that the complication rate of medical tourism 
within Alberta, Canada ranged between 42.2 and 56.1%, a leak rate alone of 12.8–
17%, an estimate that far exceeds the complication rate of bariatric surgery per-
formed of 16.6% in Alberta. Venous thromboembolic events (VTE) occurred 4–6 
times higher in tourist patients. They estimated that the cost of these complications 
to exceed performing 250 bariatric procedures within Alberta and managing their 
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potential complications. Their group showed similar results again in 2016 [7]. 
Unfortunately, bariatric tourists returning home with acute complications, may end 
up in non-specialized hospitals without proper knowledge of bariatric complica-
tions, which may worsen their outcome. This has led some to educate general sur-
geons on various bariatric procedures, their complications and how to effectively 
deal with them [19].

Unique bacterial infections have been reported away from bariatric surgery 
[20]. Usually the ones reported are either rare otherwise or multidrug resistant. 
Among transplant tourism utilizing commercial organs, this was highest.

In patients from relatively poorer countries seeking treatment when local exper-
tise is not present, a good portion would end up paying catastrophic amount of 
money leading to a huge financial burden on the individual, family and even the 
society where patients reside [20].

Other social difficulties were reported by Awano et al. [21] in Japan. Language 
barriers, inadequate or inaccurate referral information, difference in cultural habits 
led to more confusion in some patients, with a few going elsewhere for treatment. 
Caregiver-companions; family or friends traveling with medical tourists, also face 
a great burden while abroad [22]. They have a heightened sense of responsibility, 
with most feeling vulnerable emotionally and strained financially if complications 
occur while abroad.

Perhaps one of the major criticisms of the ethical side of the tourism industry, 
is the lack of proper informed consent on potential risks of medical tourism [11]. 
Only 11.7% of a Canadian broker sites reported in Foley et al. review, mentioned 
the risks properly. Although the risks in the literature may be overstated, they felt 
the current status had to be mentioned and the tourism sites have to be encouraged 
to share their outcomes.

Still, several gaps exist that need to be addressed in research. This has led some 
as Peters et al. [23] to call for national bariatric tourism registry to define the 
actual cohort of patients seeking bariatric tourism. Till then, together with ASMBS 
position statement [1], they suggested increasing patients awareness on risks, iden-
tifying good providers within a Joint Commission International (JCI) accredited 
healthcare facility, while enforcing payers to maintain continuity of care with 
maintaining access to complications.

With all negatives mentioned above, there is still an upside to medical tour-
ism. The economic upside as mentioned above, with expected growth to countries 
investing in health tourism [2, 10, 23]. This may aid in decreasing costs to health-
care for locals. It also may improve the level of overall care provided.

The overall access to care with decrease in the burden of overall wait time 
can be achieved at a lower cost, if complication rates were low or minimized. A 
standard enforced by societies together with a unified global registry may aid in 
identifying profile of patients seeking bariatric tourism with their true outcomes. 
Established registries, such as American College of Surgeons (ACS) National 
Surgery Quality Improvement Project (NSQIP) or Metabolic & Bariatric Surgery 
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Accreditation & Quality Improvement Project (MBSAQIP), Global Registry of 
International Federation for Surgery of Obesity (IFSO) and Bariatric Outcomes 
Longitudinal Database (BOLD), should consider adding a variable to define if a 
patient is a medical tourist or not, as all other parameters of follow up are other-
wise well defined. This may be the beginning to answer the deficits present in the 
research today, to help us understand the true outcomes of bariatric tourism.

4  Conclusion

Medical tourism is growing globally. It stemmed from inefficiencies and higher 
costs within certain healthcare systems, with patients seeking care mainly at lower 
cost, but with excellent healthcare facilities with trusted providers. Sleeve gastrec-
tomy contributed to the increase in bariatric tourism.

Risks with medical tourism are reportedly high, however, the outcomes of the 
overall tourism cohort are lacking with additional research needed. A call for 
national and unified shared global registry within the different bariatric societies 
may aid in the complete understanding of the true outcomes of bariatric tourism. A 
bridge between scientific bodies and the commercial providers of medical tourism 
has to be established to initiate the complete understanding of this phenomenon.
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Laparoscopic stapling bariatric procedures such laparoscopy gastric bypass started 
gaining popularity in UK and Europe the last 15–20 years and superseded the lap-
aroscopic adjustable gastric band in numbers and popularity. In the last 10 years 
laparoscopic sleeve gastrectomy has become the most commonly performed bari-
atric procedure superseding the laparoscopic R-en-Y gastric bypass which many 
bariatric surgeons consider the gold standard [1]. For the last 5 years the one anas-
tomosis gastric bypass has increasingly gaining ground as an alternative to the 
R-en-Y gastric bypass. These three procedures appear to dominate the bariatric 
domain, with the ideal bariatric procedure remaining illusive.

The rapid acceptance of laparoscopic sleeve gastrectomy in the bariatric 
domain as a stand-alone procedure was fuelled by its technical simplicity and the 
continuous improvement of modern stapling guns providing a reliable, secure, 
and haemostatic long staple line. The simplicity of sleeve gastrectomy appealed 
to prospective patients as an easier procedure to understand, avoiding the techni-
calities of bypassing the bowel and its restoration of continuity either in an “Y” or 
loop configuration. As the general public’s appeal for sleeve gastrectomy increased 
many Upper GI surgeons without formal bariatric training undertook these opera-
tions leading to bad outcomes and fuelling litigation. Insurance premiums for sur-
geons performing bariatric surgery are generally higher than general surgery.

The lack of private insurance coverage for bariatric procedures in many coun-
tries, including UK, necessitated many patients self-funding their operation, 
providing a rather low threshold for litigation in cases of unexpected or adverse 
outcomes which escalate cost of treatment and lead to loss of income.

Sleeve Gastrectomy: Medicolegal 
Aspects

Evangelos Efthimiou

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 
Nature Switzerland AG 2021 
S. Al-Sabah et al. (eds.), Laparoscopic Sleeve Gastrectomy, 
https://doi.org/10.1007/978-3-030-57373-7_23

E. Efthimiou (*) 
Chelsea and Westminster Hospital NHS Foundation Trust, Chelsea, London, UK 
e-mail: e.efthimiou@doctors.org.uk

https://doi.org/10.1007/978-3-030-57373-7_23
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57373-7_23&domain=pdf


E. Efthimiou214

As obesity affects mostly lower socioeconomic classes in developed countries 
the ability of patients to absorb loss of income is limited and can lead to devastat-
ing effects for them and their families. The “no win no fee” option from personal 
injury lawyers provides a relative straightforward road for patients to pursue com-
pensation and lowers the threshold to commence the litigation process.

International health tourism with many patients travelling abroad for bariatric 
operations in search for lower costs of surgery further complicates matters, as the 
route to pursue financial claims related to potential malpractice varies from coun-
try to country leaving many patients potentially vulnerable and uncertain on how 
to proceed.

The best strategy for a surgeon to deal with litigation is its avoidance. From 
the author’s experience in medicolegal cases involving bariatric surgery and spe-
cifically sleeve gastrectomy the commonest causes for patients to initiate litigation 
procedures fall in three categories.

a. claims of incompetence in performing the operation (with leaks from sleeve 
gastrectomy as the commonest)

b. claims of delay in diagnosis and treatment of complications
c. claims of substandard information given about the operation and its potential 

complications during the consent process.

Gastric sleeve leaks heal much slower than leaks from gastric bypass with a higher 
incidence of chronic leak and need for repetitive procedures and prolonged hos-
pitalisation. In UK, surgeons are bound to abide with the Montgomery ruling 
[2] when they obtain consent for a surgical procedure. In practical terms simply 
mentioning the generally quoted 0.5–1% leak rate following sleeve gastrectomy 
is not enough. Many patients will be unaware of what a leak is and what the treat-
ment of the leak entails and assume that the low risk of leak makes the complica-
tion insignificant. The consent process should inform and record that in case of a 
leak hospitalisation will be prolonged even for weeks and further procedures or 
even operations will be required to deal with the leak as well as the potential for 
chronicity of the leak and need for major future surgery. The level of information 
should be tailored to the individual patient.

A freelance oil trader launched a litigation process following a leak from a 
sleeve gastrectomy that required significant time in hospital, increased hospital 
fees and led to loss of income. In his argument he claimed he had not been fully 
informed prior to his sleeve gastrectomy about the exact consequences of a leak. 
If he had known these he would not have gone ahead with the operation as even 
the risk was small the effects in his work would have been significant. The low 
1% risk of leak rate made him feel safe and he assumed that the treatment of the 
leak would not have been as complicated as it proved to be. Naming a list of com-
plications and their associate incidence is not considered acceptable practice and 
will leave the surgeon exposed to potentially successful litigation. The surgeon 
should explain and record the required treatment and consequences of such a seri-
ous complication in the context of a fully informed patient. The Montgomery rule 
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applies retrospectively. A retired builder launched litigation procedures against a 
surgeon who quoted a 1% leak rate and wrote in his letter to the patient he had 
never experienced a leak in over 1,500 procedures. A staple line leak occurred 
a few days after surgery and was successfully treated but resulted in prolonged 
hospitalisation and loss of income. The patient claimed he understood from his 
discussion with the surgeon that the particular surgeon never gets leaks and felt 
reassured it would not happen to him. The surgeon was asked to provide evidence 
for both of his claims of number of cases and 0% leak rate. The publicly avail-
able record of cases the surgeon had recorded in the national bariatric data base 
was significantly smaller than the number he claimed. Frank discussion backed by 
facts and provision of written visual or audio material to enhance patient informa-
tion prior to the operation is crucial to avoid and defend litigation suits. Providing 
a direct line of communication with the surgeon for the first few days after surgery 
until the leak risk lessens avoids the problems with the patient seeking advice out 
of hours from those unfamiliar with the procedure medical services that can delay 
access to the appropriate level of care for investigation and treatment.

In hospital setting delays in recognising leaks and delays in providing definitive 
treatment has the potential to cause seriously unfavourable outcomes with subse-
quent legal suits. The faster the leak is recognised and the sooner a bariatric sur-
geon is involved the higher the chances of a successful outcome which will lessen 
the risk of litigation.

Robust adherence to DVT prophylaxis protocols which are regularly reviewed 
and updated according to the emerging evidence will bolster the bariatric practice 
from the risk of successful litigation.

Assessing all potential candidates for stapling procedures within the auspices 
of a multidisciplinary team, irrespective the payor (state, self-funding, private 
insurer) is a pre-requisite of a successful and safe bariatric practice.

Meticulous data collection including case mix, volume and complications for 
every surgeon, collected independently and available for the public to view in 
an understandable format provided by National Bariatric Registers should be a 
requirement before any surgeon is granted privileges for bariatric surgery either in 
private or state funded hospitals.

The most devastating for the patient is the development of Wernicke’s encepha-
lopathy following bariatric surgery. A machinery operator underwent sleeve gas-
trectomy and experienced significant nausea and vomiting the following three 
months following and multiple admissions for dehydration in the bariatric unit he 
was operated. The radiological investigation revealed a normal looking sleeve, but 
the patient remained unable to proceed to the expected stages of diet and remained 
nauseous and vomiting sporadically. Alternative routes of temporary alimentation 
were not explored and during the last admission the patient experienced loss of 
vision and ability to walk unaided. His dehydration had been treated with intrave-
nous Dextrose 5%. The neurological opinion was of Wernicke’s encephalopathy 
and was backed by the results of low thiamine levels performed a few days prior to 
the development of neurological signs. Thiamine replacement was not considered 
until the development of neurological signs. The patient despite commencement 
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of intravenous thiamine replacement lost most of his vision and his ability to 
walk became wheelchair bound and required significant levels of assistance with 
his daily activities of life. Negligence and liability were admitted, and the final 
claim was settled for a seven-figure number. Wernicke’s encephalopathy is a seri-
ous and mostly irreversible condition which is fully preventable with high level 
of suspicion when there has been a history of continuous vomiting for more than 
two weeks or chronic persisting vomiting. High level of suspicion and early and 
adequate thiamine orally or intravenously supplementation with avoidance of 
Dextrose intravenous fluid until thiamine has been intravenously administered is 
paramount.

There are published reports of Barrett’s oesophagus developing in patients fol-
lowing sleeve gastrectomy [3]. These reports raise the issue of patient awareness 
about the possibility of Barrett’s development with the need for regular endoscopic 
surveillance to detect development of Barrett’s and monitor for development of 
dysplasia according to the established protocols of surveillance. If all the patients 
after a sleeve gastrectomy should have regular endoscopic monitoring and how 
frequently is a matter that will need addressing by the bariatric surgical societies 
to avoid future lawsuits.

Complications are inherent in surgical practice and will continue to occur no 
matter how advanced surgery becomes. Litigation process is a tedious and long 
process both for the patient and the surgeon involved. The way surgeons inform 
patients about these complications requires to evolve and embrace modern tech-
nology and formats patients understand easily, avoiding medical jargon.

Accreditation of bariatric surgeons via dedicated fellowship programmes, 
restriction of bariatric procedures in dedicated bariatric programs with a multidis-
ciplinary patient assessment, protocol based treatment of complications in bariatric 
patients and availability of direct lines of communication between the patients and 
bariatric surgeon and service will prevent late presentations of serious complica-
tions with potentially unfavourable outcomes and litigation procedures, ensuring 
data, patient, and surgeon confidentiality is some of the strategies health care sys-
tems will require to adopt.
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There are multiple technical approaches to performing a laparoscopic sleeve gas-
trectomy (LSG) with countless variations [1–4]. I put together a description of 
my approach after 2500 consecutive procedures. I modified this approach over 
the past 10 years and standardized it 5 years ago with the intent of balancing the 
weight loss aspect of the procedure along with reduction in complication poten-
tial. Now that we understand LSG not only as a restrictive but also  satiety-reducing 
procedure, we put more emphasis on complete excision of the fundus and do not 
necessarily make the gastric tube too tight [5, 6]. We are also cognizant of the del-
eterious effect of reflux esophagitis on patients long-term so we emphasize the need 
to detect and repair hiatal hernias intra-operatively with tight crural repair [2, 7]. 
Reflux esophagitis results not only from hiatal hernias but more likely from any 
anatomic or functional gastric obstruction. That is why it is important to avoid 
twists or narrowing particularly at the Angularis Incisura [1, 8]. Bleeding and 
staple line leak remain the two most common short-term complications of LSG. 
Choosing the appropriate staple line height, over sewing or re-enforcing the sta-
ple line and avoiding gastric tube narrowing are all key technical elements that 
reduce these risks [9]. Lastly, we routinely fix the gastric tube to the transverse 
colon mesentery at the inferior border of the pancreas to minimize the risk of axial 
torsion and perhaps provide a form of fixation of the stomach in the abdomen to 
reduce of risk of intra-thoracic migration [10].
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The following describes how I do the LSG step by step:

A. Patient positioning and port placement
 The patient is placed in the supine position with arms comfortably placed on 

lateral arm boards. Mechanical venous compression apparatus is placed on the 
lower extremities (Foot pumps, sequential compression device, etc.) (Fig. 1). 
The table is placed in mild reverse Trendelenburg (around 15–20 degrees) 
with slight downward tilt to the right side. For most patients I start by plac-
ing a 12–15 mm port in the infra-umbilical position under direct vision. In 
 super-obese patients were the umbilical skin in displaced far caudally I 
choose a point around 35-cm below the Xyphoid process slightly to the right 

Fig. 1  Patient positioning and port placement: Surgeon (S) stands on the right side of the patient 
working with ports 1 and 2. In the majority of patients, port 2 is at the umbilicus. The assistant 
(A) holds the scope with the left hand through the Camera (C) port and assists with port 3. The 
sub-xyphoid incision allows the introduction of the “Nathanson” liver blade. The LSG can be 
performed without the N and Port 3 in cases where the liver is small, exposure is easy and the 
surgeon is sufficiently experienced
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of midline. This port will serve as a working port for dissection, stapling and 
suturing. Then, in sequence, I place two lateral ports along the anterior axil-
lary lines few cms above the level of the umbilicus. The camera port is placed 
25-cm below the xyphoid process at the left mid-clavicular level. It is crucial 
that the camera port is placed high enough to provide clear view of the hiatus 
and in particular the left crus of the diaphragm. Finally, a “Nathanson” liver 
blade is used to retract the left lateral segment of the liver and is fixed to a 
table-mounted retractor arm.

 The surgeon stands to the right side of the patient using the right lateral and 
umbilical port. The assistant stands on the left holding the camera with the left 
hand and assisting with the right hand using the left sided port. The scope is 
angled (typically 30-degrees) for better visualization.

 There is a rationale for using the umbilical level to work and in particular to 
staple and I will try to use Fig. 2 to explain it. The stapler shaft and tip should 
ideally placed parallel to the orogastric tube as the surgeons advances it toward 
to Angle of His. This will reduce the risks of kinks and twists in gastric tube and 
will align the staples in sequence to avoid staple crossover. If the stapler is intro-
duced via a high lying port, it will come at an angle and the surgeon will have 
to compensate by torqueing and angulating the stapler which increases the risk 
of twist in the gastric tube. The main disadvantage in using relatively low ports 
is working at a long distance and for that one would need long instruments to 
work with. The instruments including staplers are long (at least 43-cm long).

B. Freeing up the stomach
 There are numerous vessel sealing devices that are available in the market 

with different sealing technology. I prefer using a long instrument (43-cm) and 
one that generates the least fumes or vapor. I sometimes use a smoke evacua-
tor system and that seems to cut down on operative time, clears the view and 
minimizes the number of times the scope has to be removed for cleaning. The 

Fig. 2  This figure illustrates the importance of placing the stapling port low enough to ensure 
that the staple line is perfectly aligned from the Angularis Incisura to the EG junction. The sagit-
tal representation of the abdomen on the left shows an appropriate placement of the stapling port 
in the infra-umbilical location (A) which allows formation of a consecutive rows of staples paral-
lel to the shaft of the stapling device. When the port is placed high (B) the staple device would 
come at an angle with the staple line and that may lead to spiral twists in the sleeved stomach
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sealing and division of the gastro-epiploic vessels starts at the mid greater cur-
vature of the stomach since that part has little to no posterior attachment to 
the pancreas and provides easy and efficient access to the lesser sac. Once the 
lesser sac is opened and the posterior aspect of the stomach is visualized seal-
ing and dividing branches of the gastro-epiploic vessels along the greater cur-
vature of the stomach and the posterior short gastric ensues all the way to the 
Angle of His (Fig. 3). It is easier and safer to expose the short gastric vessels by 
lifting the fundus upward and sealing/dividing them posteriorly starting medi-
ally and then heading laterally toward the spleen. This is particularly helpful 
when the fundus is stuck close to the spleen. The dissection stops when the left 
crus of the diaphragm is reached (Fig. 4).

Fig. 3  Sealing and dividing the gastro-epiploic vessels starts at the mid greater curvature and 
continues toward the short gastric vessels at the upper pole of the spleen

Fig. 4  After reaching the superior pole of the spleen (S), it is easier to lift the fundus anteriorly, 
develop the avascular plane along the oro-gastric tube (OGT) and then divide the posterior short 
gastric vessels (SG) from medial to lateral
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 Sealing and division of the vessels continues distally separating the greater 
omentum from the stomach reaching 2 to 4 cms proximal to the pylorus. All 
posterior attachments between the stomach and the pancreas are released by 
cautery or sharp dissection until the greater curvature of the stomach is com-
pletely free and mobile.

C. Delineating the presence of a hiatal hernia
 We perform routine gastroscopy on all patients pre-operatively so we know 

ahead of time who has a hiatus hernia or a wide hiatus by the Hill classification 
and those patients deserve a thorough intra-operative examination to determine 
if there is a hiatal hernia. Hiatal hernias are sometimes easily seen on initial 
exploration when there is a frank dimple sign or when the esophageal fat pad 
is seen herniating into the mediastinum. More often, small hiatal hernias are 
not easily seen upon initial exploration. When we get to the left crus of the 
diaphragm, we incise the peritoneal layer overlying the inferior border of the 
left crus and at that stage we should see clearly the longitudinal fibers of the 
esophagus. If not, then we continue dissection of the phreno-esophageal mem-
brane anteriorly until we are sure the esophagus is seen. We routinely dissect 
the esophageal fat pad and divide it at the level of the Angle of His. Sometimes 
we see a large posterior fat pad herniating into the mediastinum and in that 
case would reduce it and excise it and that will expose the defect in the hiatus. 
Once we identify or highly suspect a hiatal hernia, we divide the gastro-hepatic 
ligament. Any dominant left accessory or replaced hepatic artery is preserved. 
The peritoneum at the inferior border of the right crus is incised to expose the 
esophagus. The rest of the dissection is done bluntly. A plane is developed 
behind the esophagus and posterior vagus nerve and the distal esophagus is 
encircled with a Penrose drain and retracted. The rest of the peritoneal attach-
ments between the esophagus-crura and mediastinal attachments including dis-
tal perforators are sealed and divided to mobilize the esophagus and ensure at 
least 2–4 cm of esophagus in the abdomen without tension. Approximation of 
the crura is accomplished with non-absorbable sutures posteriorly and some-
times anteriorly taking care not to kink the esophagus anteriorly with excessive 
posterior approximation. The closure of the hiatus is calibrated using the 40-Fr. 
Oro-gastric tube. I usually perform the cruroplasty after stapling.

D. Stapling step by step
 The stapling of the stomach should mirror the lesser curvature of the stomach 

to get a symmetrical gastric tube at the end. I now use a 40-Fr. Oro-gastric 
tube as a guide and no longer use the 32-Fr and 36-Fr tubes because of few 
cases of gastric tube stenosis that developed while using these tubes. The 
association between narrower oro-gastric tubes and higher complication rates 
has been reported in numerous studies [11]. Stomachs come in different sizes 
and shapes and some situations can create a challenge when it comes to sta-
pling. A J-shaped stomach with an acute angle at the Incisura is such an exam-
ple. I always start stapling from the right lateral port at 4-cm proximal to the 
Pylorus and reticulate the stapler so that it is aligned parallel to the lesser cur-
vature (Fig. 5). The gastric wall here is thick and abundant with muscle and 
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therefore the stapler should be 60 mm long and at least 3.0 mm in height. 
The gastric mucosa and submucosa gets displaced inward several millimeters 
so it is important not to tighten the tube here and I try to keep it around 4 cm 
wide. At this stage, I keep the 40-Fr. oro-gastric tube in the proximal aspect 
of the stomach and do not advance it. The second 60-mm stapler is introduced 
from the umbilical port with slight reticulation to the right (Fig. 6). This is 
probably the most important staple application and it is crucial to avoid nar-
rowing the Angularis Incisura or torqueing/twisting the stomach here. Again, 

Fig. 5  The first stapler is introduced via the right sided lateral port (Port 1, Fig. 1) and is placed 
parallel to the lesser curvature at a point around 4 cm proximal to the pylorus. The distance 
between the lesser curvature and the stapler is no less than 4 cm

Fig. 6  The second stapler is probably the most critical one during the LSG. It is introduced via 
the umbilical port in most patients and is reticulated to an angle with the first staple to mimic the 
lesser curvature bend at the Angularis Incisura. The 40-Fr. Orogastric tube is advanced into the 
antrum after the stapler has been placed and before it is “fired” to ensure that the newly formed 
gastric tube is not tight or twisted
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the orogastric tube is advanced only after the stapler is positioned to guaran-
tee that the tube can be advanced without difficulty. The stapler is applied and 
the stomach is stapled and divided. There is a potential risk when the orogas-
tric tube is advanced early to the antrum and stapling is done with the tube in 
place distally because the tube can distort the shape of the stomach and deceiv-
ingly “straighten” the stomach. This can result in narrowing and kinking at the 
Angularis Incisura especially in J-shaped stomachs and that can only become 
apparent once the tube in withdrawn.

 The remaining staple applications past the Angularis Incisura are placed snug 
alongside the tube with 3 applications of the 60-mm staplers on average (total 
4–7 staplers with a median of 5) (Fig. 7). It is important to check the crotch 
of the staple line and remove any loose staples as these might lead to subse-
quent staple malfunction. I toss the stomach back and forth anterior to posterior 
to make sure I am not leaving any redundant stomach posteriorly, especially 
the fundus that has to be completely excised. The last stapler is placed around 
5 mm on the gastric side of the Angle of His. I try my best to avoid leaving 
any significant fundic “dog ear” and in case that is present in excess I advocate 
resection with another stapler [6] (Fig. 8).

E. Extraction of the resected stomach
 Once stapling is completed, I remove the resected stomach from the umbilical 

incision. I do it at this stage since the patient would still be paralyzed and it is 
easier to remove it with adequate muscle relaxation. I do not place the stom-
ach in a bag but do make sure that the abdominal wall opening is lax enough 
to allow easy retrieval and avoid excessive traction. Gastric dehiscence while 
retrieving the stomach could result in significant intra-abdominal and wound 
complications and should be avoided at all cost. If there is any concern, I would 
re-introduce the stomach back in, placed it in a bag and repeat the process of 
extraction.

F. Staple line re-enforcement/gastropexy
 Several studies have shown that staple line re-enforcement reduces the risk of 

bleeding and may reduce the risk of leak and I am a big proponent of staple 

Fig. 7  Stapling is completed 
with sequential 60-mm 
staplers introduced via the 
umbilical port alongside a 
40-Fr. Orogastric tube. A 
small (5-mm) rim of fundus 
is left just below the EG 
junction
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line re-enforcement with serosa-to-serosa plication over the staple line [4, 9–
11]. I use an absorbable suture such as 3-O or 2-O polydioxanone PDS suture 
(Johnson & Johnson Medical N.V.). Once we get proximal to the Angularis 
Incisura, we use the same suture to attach the gastric tube to the transverse mes-
ocolon at the inferior edge of the pancreas to provide a form of gastropexy that 
might help reduce axial rotation of the gastric tube and perhaps fix the stomach 
intra-abdominally to reduce the risk of intra-thoracic migration [10] (Fig. 9).

G. Closing
 I do not routinely test the staple line with provocative tests such as Methylene 

blue or air insufflation. The risk of leak or staple line bleeding using this tech-
nique is under 1%, and reserve testing for difficult cases or when there is any 
doubt of a technical mishap. Endoscopy is probably the best method in testing 
the safety of the LSG and that has shown in some studies [12]. I use 12-mm 
dilating trocars on the sides so I don’t close these. The fascia in the umbilicus 
is closed with interrupted absorbable sutures and the skin with skin staples or 
absorbable sutures.

Fig. 8  Residual fundic tissue can enlarge and develop a “neo-fundus. It is better to excise 
such “dog ears” by re-stapling parallel to the oro-gastric tube to prevent the formation of a 
“neo-fundus”

Fig. 9  The newly formed gastric tube is fixed with sutures to the transverse mesocolon at the 
inferior border of the pancreas. This may help reduce the risk of axial twist and possibly medias-
tinal migration
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1  Introduction

Innovation and technology have become an integral part of the rapid evolution of 
bariatric surgery. Since the first laparoscopic Roux-en-Y gastric bypass was per-
formed by Wittgrove et al. in 1993, laparoscopy has become the standard approach 
to bariatric surgery and the advantages of the minimally invasive approach have 
been well validated [1, 2]. Despite its widespread use and acceptance, there 
remains limitations to the laparoscopic approach to bariatric surgery which include 
limitations of movement due to thick abdominal walls and hepatomegaly, limited 
workspace secondary to increased intra-abdominal fat, limited surgical dexterity, 
and poor ergonomics. Because of these limitations and in light of recent evidence 
from the gynecologic literature indicating certain advantages when operating on 
morbidly obese patients [3, 4], we witnessed an increased interest in the use of 
robotic platforms in bariatric surgery. However, the use of robotics in bariatric sur-
gery remains controversial because of concerns related to the increased health care 
costs associated with this new technology and the lack of level I evidence to sup-
port its widespread use [5, 6].

In addition to the widely popular Intuitive da Vinci platform, new platforms 
are increasingly being implemented to improve on the capabilities of previously 
 established systems. A number of new FDA approved robotic surgical platforms 
with the potential to be used in bariatric surgery have entered the market. These 
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include Senhance™ Surgical System (TransEnterix), Versius (CMR Surgical), Verb 
Surgical (Google, Johnson & Johnson), and Medrobotics Flex® Robotic System. 
Future studies are needed to further evaluate the advantages and disadvantages of 
each robotic surgical device and platform as well as their role in bariatric surgery.

Currently, the sleeve gastrectomy (SG) is the most commonly performed 
 procedure in the United States according to the most recent estimates by the 
American Society for Metabolic and Bariatric Surgery (ASMBS) and its world-
wide prevalence has significantly increased in the last years as well [7]. Multiple 
reports have been published to evaluate the safety and feasibility of robotic-
assisted sleeve gastrectomy (RSG) in addition to the cost associated with this new 
innovative approach. This chapter will evaluate the available literature on robotic 
assisted sleeve gastrectomy and explore the steps necessary for the establishment 
of a robotic bariatric program.

2  Robotic-Assisted Sleeve Gastrectomy

According to the most recent estimates by the ASMBS, the SG   is now the 
most commonly performed bariatric surgery in the United States [7]. Its popu-
larity is a reflection of its relative ease, low complication rate, and excellent 
short- and intermediate-term outcomes. Most SG procedures are performed 
using conventional laparoscopy in a largely standardized fashion, though some 
variation exists, such as in the management of the staple line after transec-
tion of the greater curvature. However, the growing popularity of the da Vinci 
robotic platform (Intuitive Surgical, Atlanta, GA, USA) in other surgical spe-
cialties has prompted its limited but growing use in bariatric surgery, presently 
accounting for 7% of all SG performed in the Metabolic and Bariatric Surgery 
Accreditation and Quality Improvement Program (MBSAQIP) database [8].

There are a number of potential advantages of robotic technology in bariatric 
procedures. These advantages are accentuated in the super morbid obese popula-
tion (BMI>50). Sleeve gastrectomy performed in this population can be techni-
cally challenging due to the increased liver size, excess omental fat, and difficulty 
obtaining adequate pneumoperitoneum, all of which decrease the working space 
in the upper abdomen [9]. Additionally, the increased abdominal wall thickness of 
these patients requires additional torque, making fine movements more technically 
challenging with laparoscopic instruments. Robotic bariatric surgery overcomes 
some of the limitations of laparoscopic techniques by allowing for 3-dimensional 
visualization, improved surgeon dexterity, and increased degrees of motion [10–
13]. Another proposed benefit of robotic surgery in the super morbid obese popu-
lation is decreased port site trauma due to a decrease in abdominal wall torque 
with the remote-center technology [14]. The robotic arms provide the mechani-
cal power to overcome the increased torque required to manipulate instruments 
in patients with thick abdominal walls thus allowing for finer movements and 
decreasing surgeon fatigue.
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The primary arguments against RSG are the higher costs and longer operating 
times and the lack of outcome data to support its superiority [5, 6]. These obsta-
cles have resulted in the lack of widespread acceptance and adoption of this tech-
nology in bariatric surgery.

3  Cost of Robotic-Assisted Sleeve Gastrectomy

Although use of the da Vinci robotic platform in bariatric surgery is gaining 
momentum, there are many financial concerns. The issue of cost is a critically 
important issue for hospital administrators and third-party payers. Increased health 
care cost associated with this technology is one of the main obstacles preventing 
its widespread adoption in bariatric surgery.

In a recent meta-analysis, Li et al. was able to show that robotic surgery results 
in increased health care costs [6]. However, other single institution studies have 
shown that robotic surgery can be cost effective. In a retrospective study evaluat-
ing the cost of robotically assisted sleeve gastrectomy (R-SG) versus conventional 
laparoscopic sleeve gastrectomy (L-SG), El Chaar et al. reported that the overall 
cost for RSG and LSG was not statistically different (mean total cost for RSG and 
LSG was $5308.99 and $4918.88, respectively) with a trend toward shorter length 
of stay for R-SG over time (1.4 versus 1.5 d, respectively) [15] (see Table 3). 
These findings, however, cannot be generalized given that cost data is institution 
specific. More cost data should be collected in light of the new cheaper robotic 
platforms and extended uses of robotic equipment in order to make meaningful 
conclusions on whether robotic surgery is cost effective or not.

4  Adoption and Evolution of a Bariatric Robotic 
Program

Clinical outcomes, training, cost, efficiency, and available local resources and 
expertise are all critical components to consider when creating a robotic bari-
atric program. Having a validated training curriculum is very important for 
patient safety and to avoid issues with credentialing and associated liability. 
 Proficiency-based training curricula that comprehensively address the skills neces-
sary to perform robotic operations have shown construct and content validity as 
well as feasibility [16–19].

In the development of our robotic surgery program at St Luke’s University 
Hospital and Health Network, we have observed the importance of a systematic 
approach through the establishment of training programs for both surgeons and 
the operating room nursing staff, as well as creation of a dedicated robotic OR 
team. Every new robotic surgeon is required to go through a strict and regimented 
robotic training pathway involving many hours of on-robot training in a dry lab 
setting, simulation, live case observations at robotic epicenters around the country, 
and then a 1 to 2-day intensive training at the da Vinci accredited lab in Atlanta, 
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GA, USA. The staff also goes through a similar process where they receive hours 
of online and hands on training prior to being allowed in the robot room with a 
patient. A specialized OR efficiency team called Genesis was used to help assem-
ble robotic trays, organize equipment, and decrease turnover times. At the initia-
tion of our robotic program, we started with a core robotic team of 5–6 surgical 
technologists and nurses. Since that time, we have evolved into a much larger 
robotic team and trained additional staff members due to the increased volume of 
robotic cases. It is also very important for robotic programs to collect its data and 
analyze it on a regular basis to improve efficiency, patient outcomes, and safety.

5  Operative Technique

For a RSG, the robotic team generally consists of a console surgeon and a bedside 
surgeon or assistant. It is best performed in a dedicated robotic operating room with 
dedicated robotically trained staff. Depending on what robotic platform is avail-
able, the room layout and docking techniques may vary. Additionally, depending 
on the type and availability of robotic stapling devices, a fully robotic or hybrid 
laparoscopic and robotic approach may be employed. In this chapter, the authors 
describe a robotic sleeve gastrectomy technique using the Da Vinci Xi platform. For 

Fig. 1  Trocar placement for 
robotic sleeve gastrectomy 
using the da Vinci Si 
platform. Using the Si system 
requires stapling through the 
12 mm assistant port using 
a laparoscopic stapler in 
hybrid-type technique
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information on docking and approach to robotic sleeve gastrectomy using the Da 
Vinci Si system, please refer to Fig. 1.

After induction of general anesthesia, the patient is placed in the supine posi-
tion with both arms extended and secured to arm boards. A foot board is used to 
allow for steep reverse Trendelenburg position during the surgery. The patient’s 
abdominal wall is prepped and draped, and the robotic arms are draped in a sterile 
fashion. The anesthesia drape barrier should be positioned low enough to allow for 
sufficient working space for the robotic arms.

The procedure is then begun by obtaining access to the abdominal cavity using 
a Veress needle technique. Once adequate insufflation is obtained, a 0 degree 
5-mm laparoscope inside a robotic 8-mm Optiview trocar is used for optical entry 
at the same site of Veress needle insertion. After inspection of the abdominal cav-
ity, we routinely perform a transverse abdominis plane (TAP) block using a mix-
ture of Exparel, Marcaine, and saline. Additional trocars are then placed under 
direct visualization with an 8-mm trocar and a 12-mm trocar on the right side of 
the abdominal wall, and an additional 8-mm trocar and 12-mm assistant port on 
the left side of the abdominal wall (Fig. 2). It is critical to place all robotic trocar 
sites at least 8 cm apart (10 cm with Si platform) to avoid collisions of the arms.

Fig. 2  Trocar placement for 
robotic sleeve gastrectomy 
using the da Vinci Xi platform
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The patient is then placed in steep reverse Trendelenburg position at a mini-
mum of 20°. A Nathanson liver retractor is placed through a small stab incision 
below the xiphoid process and is used to retract the left lobe of the liver in a 
medial fashion. When securing the Nathanson liver retractor to the bed rail, it is 
important to place the post low enough to allow for sufficient clearance for the 
robotic arms.

Once the trocars and liver retractor have been placed and the patient is appro-
priately positioned, the robot is docked. We routinely position the robotic cart at 
the patient’s right side. The camera port is docked first using robotic arm three 
(R3). A 30° robotic scope is inserted into the abdomen in the 30° down position. 
The target anatomy, in this case the stomach, is selected and the robotic target-
ing process is completed to align the camera port with the robotic column. The 
remaining robotic arms (R1, R2, R4) are then docked. A 12–8 mm reducer is 
placed in the 12-mm trocar initially. A robotic vessel sealer (R4) and two Cadiere 
graspers (R1, R2) are then introduced into the abdomen under direct visualization. 
The assistant port can be used for retraction, suction, and insertion of sponges or 
needles as necessary.

The surgery begins with identifying a point 4 cm proximal to the pylorus along 
the greater curvature of the stomach. A Cadiere grasper (R2) is then used to ele-
vate the greater curvature of the stomach at this point and provide medial retrac-
tion. An atraumatic grasper may be used to provide lateral counter traction of the 
gastrocolic ligament. The vessel sealer is then used to divide the gastrocolic liga-
ment until the lesser sac is entered. Division of the gastrocolic ligament is then 
carried superiorly to the angle of His using the vessel sealer (see Fig. 3). As dis-
section is carried out superiorly, the gastrosplenic ligament is divided to mobilize 
the gastric fundus from the spleen and off the left crus of the diaphragm. To aid in 
mobilization of the fundus, the second Cadiere grasper (R1) can be used to grasp 
the greater curvature and roll the stomach by providing inferior and medial retrac-
tion. Full mobilization of the fundus is critical to avoid a large retained fundus as 
well as to correctly identify the gastroesophageal junction and identify any poten-
tial hiatal hernia. If a hiatal hernia is identified, it should be repaired at that time.

Fig. 3  Division of the 
gastrocolic ligament with the 
robotic vessel sealing device
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Once mobilization is complete, the anesthesiologist advances a 36-French 
ViSiGi™ bougie under direct visualization towards the pylorus. The bougie is 
positioned along the lesser curvature of the stomach and then placed to suction 
and secured. Stapling of the stomach is then begun using the robotic 60 mm 
SureForm™ stapler through the second robotic arm (R2). Although the stapler 
height varies depending on factors such as BMI, gender, and stomach thickness, 
typically, we start with a black load followed by two green loads and then blue 
loads for the remainder.

The first staple load with the robotic SureForm™ stapler is deployed across the 
gastric antrum approximately 5 cm proximal to the pylorus at a slight horizontal 
angle. During the second firing, care should be taken not to narrow the sleeve too 
much at the level of the incisura to prevent distal obstruction (see Fig. 4). During 
transection of the greater curvature of the stomach, particular attention is given 
to retracting the stomach laterally at the site of the transected vessels to prevent 
corkscrewing of the gastric sleeve. After the greater curvature is fully divided, the 
staple line is imbricated using a 2-0 barbed absorbable suture while the bougie 
remains in place.

After inspecting for hemostasis, the robot is undocked and moved away from 
the operative field. The Nathanson liver retractor is removed under direct visual-
ization. The 12-mm robotic trocar site is then extended and dilated to allow for 
removal of the gastric specimen. The specimen is then sent for routine pathologi-
cal evaluation. Although a specimen bag or wound protection device may be used, 
we do not routinely use such devices. The site of specimen removal is then closed 
using a #1 Vicryl suture with a laparoscopic trocar closure device before closing 
the skin at all trocar sites with 4-0 monocryl suture.

6  Clinical Outcomes

Complications following RSG are similar to those seen following LSG and are 
widely reported in the literature [20–22]. The overall 30-day mortality and mor-
bidity following SG  is reported to be 0% to 1.2% and 0% to 17.5%, respectively 

Fig. 4  Stapling of stomach 
using robotic 60 mm 
SureForm™ stapling device
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[23]. Complications specific to SG include bleeding, stenosis, portal thrombosis 
and leak. The most feared of these complications is the staple line leak because 
of its associated high morbidity and mortality and significantly increased health-
care costs. The leak rate after sleeve gastrectomy has been reported between 0–6% 
[24–29].

Although there is a paucity of long-term data following RSG, there are a num-
ber of studies looking at 30-day outcomes. Many of these studies have demon-
strated that robotic bariatric surgery has a similar safety profile when compared 
to laparoscopic bariatric surgery [21, 30, 31]. In a meta-analysis which included 
sixteen studies and 29,787 patients, Magouliotis et al. found that the RSG tech-
nique showed significantly higher mean operative time and increased length of 
hospital stay. Post-operative incidence of leakage, wound infection, and bleeding 
were comparable to LSG [20]. Some have suggested that RSG may have improved 
outcomes when compared with LSG [32]. In a propensity score-matched compara-
tive analysis of the 2015–2016 MBSAQIP database, Sebastian et al. reported that 
postoperative bleeding and blood transfusion are significantly reduced in bariatric 
surgery when using a robotic platform [32].

However, other studies have suggested that RSG may be associated with 
increased complications when compared with LSG. In a review of the MBSAQIP 
database, Fazl-Alizadeh et al.’s report found no significant difference in 30-day 
mortality between RSG and LSG (0.02% vs. 0.01%, P = 0.88). However, RSG 
was associated with higher serious morbidity (1.1% vs. 0.8%, P < 0.01), higher 
leak rate (1.5% vs. 0.5%, P < 0.01), and higher surgical site infection rate (0.7% vs. 
0.4%, P = 0.01) [33] (see Table 1).

In a more recent review of the 2016 MBSAQIP database, Lundberg et al. report 
no difference in serious adverse events or mortality when comparing laparoscopic 
and robotic sleeve gastrectomy. However, RSG was found to have a higher rate of 
organ space infection when compared to LSG (odds ratio 2.07). Otherwise, RSG 
did not significantly differ from LSG save for a longer median operative time (89 
vs. 63 min, respectively, P < 0.0001) [34] (see Table 2).

Although RSG is still an overall safe and effective procedure, consideration 
should be given to these findings of increased complications when selecting the 
approach to SG. The increased complications may be explained by the use of 
older technology in previously reported outcomes as well as an undefined learning 
curve. There has been some suggestion that robotic bariatric surgery outcomes are 
improving over time making it reasonable to expect that we may continue to see 
an improvement in the safety profile and benefits of the robotic platform in bariat-
ric surgery [8]. Additional research with prospective randomized trials is needed to 
confirm these findings (Table 3).
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7  Future Directions

Although robotic surgery offers superior technology and many potential advan-
tages, there is no level 1 evidence to suggest that it is superior to laparoscopy 
for bariatric procedures. Additionally, concerns over cost and increase operative 
times remain [5, 6]. However, with development of new robotic platforms and 
technology and the introduction of competition into the robotic surgery market, 
it is reasonable to expect an improvement in both cost and efficiency, as well as 
a potential improvement in outcomes. To assess the outcomes and further deter-
mine the effectiveness of robotic bariatric surgery, it is essential to continually 
track outcomes. Most robotic outcome studies in bariatric surgery are based on 
the MBSAQIP database. Unfortunately, the MBSAQIP database does not collect 
robotic specific data. Creation of multi-institutional robotic specific databases or 
adding robotic specific data to national databases such as MBSAQIP will help fur-
ther define the safety profile and advantages of robotic bariatric surgery.

8  Conclusion

Robotic sleeve gastrectomy is a safe and effective treatment for patients with mor-
bid obesity. The operative steps are similar to that of a laparoscopic sleeve gastrec-
tomy. The robotic approach to sleeve gastrectomy offers potential advantages such 
as 3-dimensional visualization, improved surgeon dexterity, and increased degrees 
of motion which may be particularly beneficial in super morbid obese patients. 
Outcomes are comparable to laparoscopic sleeve gastrectomy. Further studies are 
needed before meaningful conclusions can be made on whether robotic sleeve gas-
trectomy is advantageous or not.
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1  Introduction

Situs inversus totalis (SIT) is a rare genetic autosomal recessive disorder, 1st time 
described in 1600 by Fabricius [1] with an incidence of 1 in 5000–20,000 live 
births [2] This mutation, anatomically described as 270° counterclockwise rotation 
of the intraabdominal organs, is also known as mirror image rotation [3, 4]. Most 
of SIT patients can live normally without associated organ abnormalities, though 
cardiac, lung, and/or intestinal anomalies can be present including atrial or ven-
tricular septal defects, bronchiectasis, single lung absence, and duodenal stenosis 
or atresia, respectively [5].

SIT can also be a component of Kartagener syndrome (KS) which is made 
up of bronchiectasis, chronic sinusitis, and SIT. The main problems encountered 
in this syndrome is due to the defective movement of cilia, leading to recurrent 
chest infections, and infertility [6]. However, since the introduction of laparoscopy 
to the field of bariatric surgery, operating on such patients has become a more 
straight forward feat [7].

2  How to Perform the Procedure

Firstly, the patient should be admitted in the morning of surgery day having fasted 
for eight hours. After intubation and induction of general anesthesia, the patient 
will be positioned in semilithotomy (french) reverse Trendelenburg position. CO2 
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insufflation is then started using a veress needle at palmar’s space. After adequate 
gas insufflation an 11 mm bladeless trocar will be inserted at the supraumblical 
region, which will contain a 10 mm 30° scope which will be used for examination 
of the peritoneal cavity. The monitor is positioned at the patients’ right shoulder, 
while the surgeon stands between the patients’ legs, with the nursing assistant on 
the patients’ left side (mirror image of the typical positioning for a gastric sleeve). 
A 15 mm bladeless trocar is then inserted at the left upper quadrant, while a 
12 mm bladeless trocar is inserted at the right upper quadrant, Iron med laparo-
scopic liver retractor is then used to lift up the hepatic lobe (Fig. 1). Dissection is 
then started by taking down the gastrocolic ligament using the left sided trocar, 
just proximal to the pylorus, all the way up to the base of the right diaphragmatic 
crus, with meticulous dissection of the gastosplenic ligament. 1st stapling is done 
using an Endo GIA black articulating, while reload with Tri-staple Technology 
60 mm (extrathick) is done just proximal to the pylorus. A 36F calibrating tube 
is then inserted orally by the anesthesiologist under direct vision all the way up to 
the pylorus, followed by stapling of the rest of the stomach using a purple Endo 
GIA articulating reload with Tri-staple Technology 60 mm and ending about 
2 cm lateral to the GE Junction. Staple line reinforcement is recommended using 
10 mm Endo clips at the overlap and bleeding areas, afterwards, the calibrating 
tube is pulled out to the level of the GE Junction and 150 ml methylene blue leak 
test is then performed. The tube can then be removed completely. Interrupted 2.0 
vicryl gastropexy stitches are then done between the sleeved stomach and the 

Fig. 1  Trocars and liver retractors placement
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pre-pancreatic facia to keep the stomach aligned. A 5 mm Neleton free gravity 
drain is then inserted at the right upper quadrant with the tip near the GE Junction. 
The excised stomach is then removed from the 15 mm trocar port. Both 12 and 
15 mm port sites would be closed using 1 vicryl Endo closure. The skin is then 
closed at all port sites with 3.0 monocryl in a subcuticular fashion with surgeon 
pore dressing done.

3  Discussion

Obesity is a worldwide health problem and has been on a continuous rise as has 
been stated by the world health organization (WHO) [8]. Challenges that may 
face surgeons in bariatric surgery are many, one of these challenges being Situs 
Inverses Totalis which is usually discovered preoperatively during patient work up 
for surgery or incidentally during the procedure. Preoperative diagnosis gives the 
patient a better chance for a more complete cardiopulmonary assessment, and bet-
ter planning opportunity for the surgeon for patient positioning and proper oper-
ating theater setup, obtaining instruments needed which may reduce technical 
challenges during the procedure and the operative time [9]. Longer operative time 
will be faced if intraoperative diagnosis of SIT is made, which in turn required a 
later adaptation and surgeon position changes [10]. The surgeon may need to add 
additional trocars if needed, as seen by the literature review we conducted. Trocars 
were found to be added for the following reasons: concomitant laparoscopic chol-
ecystectomy for incidental gall stones, severely morbid obesity with higher BMI, 
and patients with Kartagener syndrome who need to be on a low insufflation pres-
sure [9, 11, 12]. SIT does not increase bariatric surgery complication specially if it 
is done by an experienced laparoscopic bariatric surgeon [13].

4  Conclusion

Laparoscopic sleeve gastrectomy and other bariatric surgeries can be done safely 
in SIT patients, however proper preoperative assessment and evaluation is needed. 
Preoperative diagnosis of SIT has a positive impact on patient management. 
Patients with Kartagener syndrome need to be evaluated by a pulmonologist and 
anesthetist preoperatively (Table 1).

References

 1. Akbulut S, Caliskan A, Ekin A, Yagmur Y. Left-sided acute appendicitis with situs inver-
sus totalis: review of 63 published cases and report of two cases. J Gastrointest Surg. 
2010;14(9):1422–8.

 2. Rungsakulkij N, Tangtawee P. Fluorescence cholangiography during laparoscopic cholecys-
tectomy in a patient with situs inversus totalis: a case report and literature review. BMC Surg. 
2017;17(1):43.



M. A. Bawahab248

 3. Douard R, Feldman A, Bargy F, Loric S, Delmas V. Anomalies of lateralization in man a case 
of total situs inversus. Surg Radiol Anat. 2001;22(5–6):293–7.

 4. Nelson MJ, Pesola GR. Left lower quadrant pain of unusual cause. J Emerg Med. 
2001;20(3):241–5.

 5. Varano N. Situs inversus: review of the literature, report of four cases and analysis of the 
clinical implications. J Int Coll Surg. 1960;33:131–48.

 6. Yazar FM, Emre A, Akbulut S, Urfalıoğlu A, Cengiz E, Sertkaya M, et al. Laparoscopic 
sleeve gastrectomy in situs inversus totalis: a case report and comprehensive literature 
review. Indian J Surg. 2016;78(2):130–5.

 7. Spiegel H-U, Skawran S. From longitudinal gastric resection to sleeve gastrectomy—revival 
of a previously established surgical procedure. J Gastrointest Surg. 2011;15(1):219–28.

 8. Worni M, Guller U, Maciejewski ML, Curtis LH, Gandhi M, Pietrobon R, et al. Racial dif-
ferences among patients undergoing laparoscopic gastric bypass surgery: a population-based 
trend analysis from 2002 to 2008. Obes Surg. 2013;23(2):226–33.

 9. Taskin M, Zengin K, Ozben V. Concomitant laparoscopic adjustable gastric banding and lap-
aroscopic cholecystectomy in a super-obese patient with situs inversus totalis who previously 
underwent intragastric balloon placement. Obes Surg. 2009;19(12):1724–6.

 10. Wittgrove A, Clark G. Laparoscopic gastric bypass for morbid obesity in a patient with situs 
inversus. J Laparoendosc Adv Surg Tech. 1998;8(1):53–5.

 11. Catheline JM, Rosales C, Cohen R, Bihan H, Fournier JL, Roussel J, et al. Laparoscopic 
sleeve gastrectomy for a super-super-obese patient with situs inversus totalis. Obes Surg. 
2006;16(8):1092–5.

 12. Pauli EM, Wadiwala II, Rogers AM. Laparoscopic placement of an adjustable gastric band in 
a super-super obese patient with situs inversus. Surg Obes Relat Dis. 2008;4(6):768–9.

 13. Genser L, Tayar C, Eddine IK. Trans-umbilical single incision laparoscopic sleeve gastrec-
tomy in a patient with situs inversus totalis and kartagener syndrome: video report. Obes 
Surg. 2015;25(10):1985–6.



249

1  Introduction

Bariatric surgery has emerged as the only feasible long-term solution for the treat-
ment of obesity [1]. Long-term studies show that surgery causes a significant 
 long-term loss of weight, recovery from diabetes, improvement in cardiovascular 
risk factors, and a mortality reduction [2–5].

There has been an explosion in the number of bariatric surgical procedures per-
formed worldwide. 61 countries that contributed to the International Federation for 
Surgical Obesity (IFSO) global registry {2019} with a total of 833,687 surgical 
procedures covering a data of 2,94,530 gastric bypasses, 3,91,423 sleeves, 30,914 
one anastomosis gastric bypass and 70,085 gastric banding procedures. 47% of 
these procedures were sleeve gastrectomies [6].

Surgical treatment of morbid obesity has witnessed a significant evolution since 
the advent of laparoscopy. Laparoscopic Sleeve Gastrectomy (LSG) was originally 
intended as a bridging procedure for super obese patients [7] awaiting definitive 
bariatric intervention, but has evolved into a stand-alone procedure encouraged 
by early postoperative results and owing to its technical simplicity in performing 
LSG compared to Roux-en- Y Gastric Bypass (RYGB), it has become the most 
performed surgery in the world overtaking RYGB [8]. Though early results seem 
encouraging, long term results show significant weight regain requiring revisional 
surgery [9].

Dilation is part of the natural history of these operations. To address this issue, 
Fobi introduced the placement of a ring/band around the pouch of the Gastric 
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Bypass (GBP) to stabilize the size of the reservoir in the GBP operation [10, 11]. 
This resulted in better and sustained weight loss as compared to the non-banded 
GBP [12]. The same concept was applied to the LSG by placing a ring/band 
loosely around the proximal sleeve. This resulted in better and sustained weight 
loss compared to the non-banded sleeve [13–15]. Placing this ring/band enhances 
three mechanisms that result in weight loss maintenance:

1. the restriction of a small pouch is maintained.
2. the early satiety due to the full sense effect caused by food in the pouch dilat-

ing the gastroesophageal junction with stimulation of the vagus nerves is main-
tained and

3. the forced compliance of the patient having to eat slowly, chew the food thor-
oughly, and stop eating when full all contribute to the effectiveness of the BSG. 
This better outcome of weight loss and maintenance is at an acceptable cost of 
a low incidence of ring/band erosion, slippage, and solid food intolerance in a 
small group of patients [16].

2  Procedure

The Laparoscopic Banded Sleeve Gastrectomy (BSG) operation is performed with 
the patient placed in the supine reverse Trendelenberg position. With the surgeon 
to the right of the patient, pneuma-peritoneum is achieved using a Veress needle. A 
supraumbilical 12 mm port is placed for the optics. A second 10 mm port is placed 
under vision in line with the optical port in the left midclavicular line. Two 5 mm 
ports are placed in the right and left the subcostal region in the mid-clavicular line 
(Fig. 1) A Nathanson liver retractor is placed for retracting the liver.

Creation of the Sleeve Gastrectomy (SG) starts with mobilizing the omen-
tum along the greater curvature of the stomach (Fig. 2), starting at a point 
1–2 cm from the pylorus up to the gastroesophageal junction, exposing the left 
crus of the diaphragm. The sleeve is formed by transecting the stomach, starting 
from 3–4 cm from the pylorus using a green Ethicon Endo-stapler (Johnson and 
Johnson) (Fig. 3). The stapled resection of the stomach is continued with blue sta-
plers alongside a 38 French bougie in the stomach leaving a sleeve estimated at 
90–110 cc in size.

A peri-gastric window is then made in the lesser omentum 3–4 cm from the 
esophagogastric junction and careful dissection is carried out around the sleeve 
pouch. Through this window, a silastic ring of number 8 which is approx. 2.7 cm 
in diameter is passed and locked in place. The Ring must be loose around the 
pouch (Fig. 4). The ring is then sutured to the staple line on the greater curvature 
of the sleeve with non-absorbable sutures. Hemostasis is usually achieved using 
clips and in case of severe bleeding with staple line suturing. Typically no drains 
are placed.
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3  Pre- Intra- and Post-Operative Management

Patients who seek treatment at our centre are usually advised of all the vari-
ous options for the management of obesity. Presentations are complemented by 
printed handouts that explain the various treatment options. We follow the 1991 
NIH criteria [17] with the modifications for Asian patients for qualifying patients 
for surgery. The exceptions to these criteria apply to patients who seek endoscopic 
bariatric operations, revision bariatric operations, or for whom the indication for 
surgery is Type 2 Diabetes.

Fig. 1  Port position
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The type of procedure offered to a patient is guided by an algorithm. This algo-
rithm is based on evidence-based medicine and experience from our own data. The 
Body Mass Index (BMI), age, gender, comorbid conditions, previous surgeries, 
social history, and the patient’s understanding and wishes are all taken into con-
sideration. Various consents for treatment are obtained as per hospital protocols. 
Consent is also taken for the use of patient’s redacted data for research purposes. 
Preoperatively all patients are usually evaluated by multiple disciplinary teams 

Fig. 2  Mobilisation

Fig. 3  Stapling of stomach
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that include a bariatric physician, bariatric surgeon, pulmonologist, cardiologist, 
anaesthesiologist, and as indicated by other consultants. Bariatric Physician sees 
the patient initially and obtains a detailed history and does an examination with 
emphasis on determining any risk factors and comorbid conditions usually asso-
ciated with obesity such as diabetes, hypertension, sleep apnea, osteoarthritis, 
liver disorders, bleeding disorders, polycystic ovarian disease, Gastroesophageal 
reflux disease (GERD) and other social, physical, psychological and economic 
problems. Preoperative laboratory investigations include but are not limited to 
complete blood count, blood tests that include electrolytes, urea, glucose, and cal-
cium levels. Liver function tests, including Bilirubin, protein, Albumin is routinely 
determined. Lipid Profile, thyroid profile, HbA-1c, C-peptide, serology-HIV, and 
Hepatitis B and C tests are done. Radiological investigations include chest x-rays, 
abdominal CT scan, and Ultrasound. Electrocardiography, echocardiography, pul-
monary function tests and arterial blood gas are routinely done. All the investiga-
tions are reviewed by the surgeon and/or a member of the multi-disciplinary team 
to make sure the patient is a safe and good candidate for surgery.

Once the patient and the surgeon have decided on the operation to be done, 
the patient consents for surgery. Consent is also obtained from all patients to use 
their redacted information for analysis, presentation, and publications as needed. 
Patients are admitted the day before surgery and are kept on a clear liquid diet 
and then NPO for at least six hours before the operation. All patients get a dose 
of prophylactic antibiotics preoperatively. Compression devices are used during the 
operation. Ambulation is initiated within four hours of return of the patient from 
surgery. All patients get low molecular weight heparin prophylaxis for 24 hour or 
until the patient is ambulating frequently. In high risks patients, this prophylaxis 
is continued for six weeks. Patients are started on sips of water 4 hours after the 

Fig. 4  Banded sleeve
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surgery and advanced to a liquid diet the following day if vital parameters are nor-
mal. Patients are usually discharged on the third postoperative day with instructions 
on how to advance their diet. All patients are placed on proton pump inhibitors for 
six months. Vitamins and other mineral supplements are prescribed for life long 
use. Patients are seen at three months, six months, twelve months, and yearly there-
after. Nutritional counseling is done and evaluation of the quality of life and blood 
chemistries are monitored at six months, 12 months, and yearly thereafter.

4  Results

We have performed a total of 1121 BSG. We have six-year follow up compara-
tive data of BSG v LSG for 68 and 152 patients respectively [14]. The groups 
were extremely well-matched at baseline for all relevant characteristics. Both 
groups experienced major, durable weight loss throughout 6 years, with significant 
changes from baseline. While in BSG nadir weight was achieved at 3 years, in 
LSG nadir it was at 1 year and patients have gradually started gaining weight from 
thereafter (Table 1). Maximum %EWL achieved was 90% at 3 years in BSG from 
there on plateaued and %EWL at the end of 6 years in 82.25% whereas in LSG 
maximum % EWL was at 1 year, plateaued for a year and from 2nd-year patients 
started regaining weight and at the end of 6 years, %EWL was 50.25%. There is 
a total of 32% difference in %EWL in BSG v LSG at 6 years (Table 2). Follow 
up was 70.5% and 64.4% IN BSG AND LSG respectively (Table 3). Failure rate 
which is defined as % EWL less than 50% at 3 years is 11.1% and 0% and at 
6 years is 46.9% and 0% in LSG and BSG respectively (Table 4). Resolution of 
diabetes was 75.7 and 58%, Hypertension was 64% and 49.1%, OSA was 80% 
and 55% respectively in BSG and LSG.

Resolution of type 2 diabetes, defined as normal fasting blood glucose levels 
(≤110 mg/dL), HbA1C levels below 6.5 mmol/L and no longer taking type 2 dia-
betes medications [18].

Remission of hypertension can be defined as systolic and diastolic blood pres-
sure <140 mm Hg and 90 mm Hg, respectively, without any medications based on 
blood pressure monitoring unit [19].

There is no major difference in nutrient deficiencies in both groups. During our 
5-year follow-up, no BSG patient underwent any additional operations, whereas 
19 SG patients had elective revisional bariatric procedures (3 at 3 yr, 16 at 4 yr), 
for inadequate weight loss or weight regain. These failed SG operations were con-
verted to 11 banded gastric bypasses, 6 one-anastomosis gastric bypasses, and 2 
repeat SGs.

5  Band Complications

Of the total 1121 BSG performed at our center band complications were seen in 
26(2.3%) patients.
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These are grouped as.

1. Band erosion—5 (19.23%)
2. Band slippage—4 (15.38)
3. Stricture—16 (61.5%)
4. Food intolerance—1 (3.8%).

Of the 5 people with band erosion all of them were removed endoscopically and 
in four patients with band slippage laparoscopic band removal was done. Of six-
teen patients with stricture in six band removal was done and converted to gastric 
bypass, in eight patients laparoscopic band removal was done and in two patients 
laparoscopic band removal with endoscopic dilatation was done. One patient who 
had food intolerance issues had the band removed laparoscopically.

6  Weight Loss and Complications After Banded Sleeve 
in Other Studied and Comparative Analysis

We have compared this data in terms of excess weight loss and a total percentage 
of weight loss with other existent studies. At 6 years, the cohort of patients oper-
ated at our centre had percentage excess weight loss. The total percentage weight 
loss at 6 years for the banded group was 82.25 and 50.25% for the non-banded 
group.

Failure rate which is defined as % EWL less than 50% at 3 years is 11.1% and 
0% and at 6 years is 46.9% and 0% in LSG and BSG respectively.

The banded sleeve group maintained much better weight loss which increased 
progressively from 3 until 5 years.

Table 3  Follow up data (BSG vs LSG)

Follow up data # and % F/U

06 M 1 yr  yr  yr  yr 5 yr  yr

BSG (68) 68 (100%) 66 
(97.0%)

3 (92.6%) 8 (85.2%) 54 
(79.4%)

0 
(73.5%)

46 
(70.5%)

SG (152) 152 
(100%)

48 
(97.3%)

142 
(93.4%)

34 (88.1) 111 
(73.0%)

102 
(67.1%)

98 
(64.4%)

Table 4  Failure rate at 3 and 6 years (BSG vs LSG)

Three years Six years

Less than 
50%

50–75% Above75% Less than 
50%

50–75% Above75%

BSG (0) 0% (2) 3.5% (56) 96.5% (0) 0% (4) 8.3% (44) 91.7%

SG (15)11.1% (66)47.4% (53)39.5% (46)46.9% (46)46.9% (9)9.1%
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In the series on banded sleeve published by Luc Lemmens et al., %EWL at 
5 years was 57.8 ± 25 and 86.7 ± 11.9 in the non-banded group and BLSG, respec-
tively [13].

These results show that in the non-banded group, 35.2% of the patients 
have < 50%EWL at the 5 years follow-up, whereas none of the banded sleeves 
treated patients had < 50%EWL.

In a series published by Jodok Fink et al., he has reported better weight loss by 
Banded sleeve [20].

Total weight loss  in their series was equal in the early follow-up but sig-
nificantly better in BSG, 3 and 5 years after surgery (BSG versus SG at 3 yr 
38.7% ± 7.8, n = 33 versus 31.9 ± 10.7, n = 33, P = 0.002; BSG versus SG at 5 yr 
37.6% ± 8.5, n = 27 versus 29.5 ± 12.9, n = 23, P = 0.008).

We have reported band complications of 2.3%, whereas Lemmens et al. 
reported band-related complications of 4.1% which required band removal or 
readjusting.

7  Conclusions

The banded sleeve is a safe and feasible procedure. Considering the excellent 
weight loss maintenance results seen after the banded sleeve procedure, banding 
of the sleeve makes sense. We need long term data from multiple institutions on 
complications from the banded sleeve and its efficacy.

A randomised control trial between banded and non-banded sleeves with long 
term results will be the key to answers we sought regarding the efficacy and com-
plications of banded sleeve.
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1  Introduction

Ever since staplers were introduced to the gastrointestinal tract surgery arsenal, 
a vigilant search was started for techniques and\or gadgets that increased their 
safety  [1, 2]. Buttressing the staple line was one of those techniques that drew 
particular attention from bariatric surgeons who implemented it late in the last 
century and published data about it in the early 2000s, starting with laparoscopic 
Roux-en-Y gastric Bypass (RYGB) [3, 4] and, eventually, laparoscopic sleeve gas-
trectomy (LSG) [5–7] with special emphasis on its two most feared inherent com-
plications; bleeding [8, 9] and leak [10–12].

Staple line leak post LSG is a potentially serious complication that has been 
reported in 1.5–3% of cases [13]. It can result in grave morbidities, and even mor-
tality, if not promptly recognized and properly managed [14].

The main cause of staple line leak following LSG is the markedly increased 
intraluminal pressure in the sleeve tube beyond the ability of the staples to hold the 
integrity of the staple line (also known as burst pressure), resulting in disruption 
of the staple line and, consequently, leak. This phenomenon was clearly described 
in several publications that also tested it under controlled environments on animal 
models both with and without buttressing materials. Most of those studies reported 
a significantly higher burst pressure for tissues that were reinforced with buttress-
ing material [15–17], (Fig. 1). It is believed that buttressing achieves this result 
through distributing the tension across a wider surface area of the gastric edge, 
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Fig. 1  Burst pressure increases significantly with buttressing

Fig. 2  The ideal “B” configuration of the staple
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increasing the burst pressure of the staple line beyond that of the gastric body 
itself in the process [18].

2  Technical Aspects

Technical aspects of the procedure also play a decisive role to its outcome espe-
cially when it comes to post-operative leak. Of particular relevance of all those 
factors is choosing the appropriate staple height that corresponds to the thickness 
of the part of stomach to be stapled (Table 1), which is why all manufacturers pro-
vide their recommendations for the staple height that is most suitable for deploy-
ment on the specific parts of stomach in relation to its tissue thickness [17]. More 
attention should be paid to this point when the surgeon chooses to use a buttress-
ing material, since the latter increases the thickness of the tissue to be buttressed, 
adding twice the thickness of the buttressing layer to the original tissue thick-
ness, with a possible upgrade of the staple height, to make sure that the staples 
will go through all the four layers, 2 tissue and 2 buttressing, and deploy prop-
erly forming the ideal, complete “B” configuration [18–21] (Fig. 2). As exam-
ples, the bovine pericardial strip (Peri-Strips, Synovis Surgical Innovations) adds 
a total thickness of 0.8 mm, the absorbable synthetic Polyglycolide/Trimethylene 

Table 1  Summary statistics for gastric tissue thickness

SD standard deviation

Antrum thickness 
(mm)

Midbudy tluckness 
(mm)

Fundus thickness 
(mm)

Female (N = 15)

Mean + SU 3.09 ± 062 2.64 ± 0.60 I.72 ± 0.59

MeantSD (Elariny) 3.09 ± 0.553 2.34 ± 0349 1.61 ± 0279

Min 2.00 2.00 1.05

Max 407 4 00 2.83

Quartile 1–25th % 2.63 2.23 1.32

Quartile 2–50th % 3.10 2,50 1.50

Quartile 2–75th  % 3.53 2.88 2.03

Male (N = 11)

MeantSD 3.I2 ± 0.8I 2.57 ± 0.42 I.67 ± 0.32

MeantSD (Elanny) 3.17 ± 0.324 2.6 ± 0.391 1 81 ± 0453

Min 2.45 2.12 1.24

Max 5.39 3.46 2.28

Quartile 1–25th % 2.72 2.29 1.37

Quartile 2–50th % 2.92 2.45 1.65

Quartile 2–75th % 3.21 2.82 1.85
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Carbonate buttress material (Seamguard Bioabsorbable, W. L. Gore & Associates) 
adds a total thickness of 0.5 mm while the absorbable Glycolide Diaxonone 
Trimethylene Carbonate product that comes integrated\pre-loaded onto the 
Stapler Cartridge (Covidien) adds a total thickness of 0.14 mm. Consideration of 
the additional thickness of the buttressing material used is of paramount relevance 
to the safety of the procedure since stapling through a “tissue plus buttress” com-
plex that is too thick for the chosen stapler height will result in deformed staple 
formation and\or tissue injury, while deploying a stapler on a “tissue plus but-
tress” complex that is too thin for its height can result in instantaneous staple line 
leakage [15–17].

3  Buttressing for Bleeding

The other major complication of LSG is post-operative bleeding which can be 
either intra- or extraluminal. Intraluminal bleeding from the staple line is rather 
uncommon and usually presents with signs and symptoms of upper gastrointes-
tinal bleeding including hematemesis and\or melena stools depending on the 
severity and duration of the bleeding [22]. Diagnosis and management of intralu-
minal bleeding follows the standard algorithm for upper gastrointestinal bleeding, 
including blood transfusion, if needed.

Fig. 3  Types of products 
used for buttressing
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Extraluminal bleeding can present as an “acute” episode with full blown clini-
cal picture of hypovolemia and\or significant serial drop of hemoglobin or assume 
a subclinical course that presents mainly as relative tachycardia, mild pallor and 
dizziness, especially on standing up quickly.

Acute bleeding is reported with a frequency that ranges from 1.7% [23] to 
2.8% [24] and usually requires return to the operating room (OR) with some sort 
of operative intervention, mostly laparoscopic. Subclinical bleeding, on the other 
hand, occurs in up to 7.7% of cases [24] and is managed quite effectively in a con-
servative manner.

Although some studies concluded that buttressing didn’t produce a favorable 
effect on bleeding following LSG [25, 26], most investigators, by far, agree that 
buttressing of the staple line in LSG reduces bleeding compared to patients that 
receive no buttressing [8, 12, 27–29]. Some studies showed more favorable results 
for some types of buttressing materials against the others when it comes to bleed-
ing [30, 31] but there were too many variables involved in those studies to sup-
port this finding. It is noteworthy that such a superiority was not reproduced in 
several other similar studies. When compared to over sewing, the other technique 
that reduces staple line bleeding in LSG, buttressing was found to produce similar, 
or better, hemostatic outcomes without the inherent complications of over sewing, 
namely longer operative time [12, 27] and stenosis of the sleeve tube lumen [32]. 
Over sewing was also found to be associated with a significantly higher rate of 
post-operative nausea and vomiting to the point that it increased the duration of 

Fig. 4  Levels of evidence
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the symptoms during the first hours after surgery and prevented early oral intake 
compared to buttressing [33].

Furthermore, buttressing of the staple line was reported not only to reduce the 
rate of staple line bleeding itself directly, but also significantly reduced the number 
of surgical clips required to achieve hemostasis [34, 35] and the overall rate of 
post-LSG complications [6] including bleeding-related re-operation  [29].

4  Buttressing for Leaks

Unlike bleeding, the role of buttressing in reducing the incidence of leak from the 
staple line has been, for a long time, controversial. Several investigators reported 
that buttressing the staple line didn’t improve the outcome when it came to leaks 
[26, 36, 37]. There has been, however, growing evidence lately that buttressing 
actually reduces the incidence of staple line leak in LSG, with an increasing num-
ber of researchers reporting a significant improvement in leak rates with buttress-
ing of the staple line when compared to non-buttressing [6, 38–42].

5  Results from the MBSAQIP

One extremely controversial report that caused a lot of noise, when published in 
2016, was the first report from the Metabolic and Bariatric Surgery Accreditation 
and Quality Improvement Program (MBSAQIP) [43]. The researchers went 
through the MBSAQIP data registry for 189,477 LSG cases that were performed 
from 2012 to 2014, assessed the effect of various surgical techniques used in them 
on the 30-day outcomes, and evaluated their impact on weight loss and comor-
bidities one year following the procedure. From that report, they were able to con-
clude that staple line reinforcement (SLR) was associated with an increased leak 
rate. So many variables, however, were involved in the design of this study, which 
questioned the credibility of this conclusion. More than 1600 surgeons, each with 
their own different techniques and preferences, performed the procedures at 720 
centers, each with their own different protocols and set up. Furthermore, a wide 
range of different consumables were used by different surgeons\centers, making 
it very difficult to identify the factor(s) that could have contributed to the rela-
tively higher rate of leak reported in this study following LSG with SLR (0.96%) 
compared to no SLR (0.65%). Strangely enough, the researchers reported that sta-
ple line leak was directly, and significantly, related to a bougie size; that is less 
than 38 F (0.96%) compared to more than 38 F (0.80%), but they still managed 
to contribute the higher incidence of leak to buttressing the staple line. It is worth 
mentioning that a later, well-structured study of the MBSAQIP database proved 
that this, rather surprising conclusion was actually unfounded. The researchers 
went through the MBSAQIP Participant Use File data for 198,339 primary LSG 
cases that were performed during the years 2015–2016, assessed all the variables 
that were related to leak rate and used multiple bivariate analyses to evaluate the 
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30-day outcomes. They concluded that buttressing was associated with reduced 
rates of bleeding and reoperations but not with a higher incidence of leak [29].

6  Previous Evidence

Cesana et al., in 2018, published the results of their analysis of the predictors of 
leak in 1738 consecutive LSG procedures and concluded that buttressing of the 
staple line significantly reduced the risk of bleeding (P < 0.05) [44]. Gagner and 
Kemmeter studied the leak rate following LSG with 5 different staple line rein-
forcement methods though a systemic review of all the papers that were published 
between 2012 and 2016 and concluded that buttressing was not only associated 
with a lower rate of leak compared with no reinforcement, but also that its effec-
tiveness was significantly better when compared to that of over-sewing or sealants  
[45].

7  Conclusion

8  Types of buttressing materials that are coomercially 
available (Fig. 3)

The main buttressing materials that are currently used in bariatric surgery are 
(alphabetically):

– Neoveil, an absorbable polyglycolic acid felt; Gunze Medical. This is the mate-
rial that is used in Medtronic’s latest released “Pre-loaded” Reinforced car-
tridges with Tristapler technology.

– Peristrips Dry; permanent bovine pericardial strips; Baxter Healthcare 
(Formerly Synovis)

– Peristrips Dry with Veritas; remodelable collagen matrix strips; Baxter 
Healthcare (Formerly Synovis)

– Seamguard; a synthetic bioabsorbable glycolide trimethylene carbonate copoly-
mer; WL Gore & Associates.

– Surgisis Biodesign; Remodelable small intestinal submucosa strips that are 
coated with fructose self-adhesive; Cook Medical.

However, it is important to note that very few direct comparisons of one material 
to another have been reported. In one, nonrandomized, study, bovine pericardial 
strips were compared with polyglycolide/trimethylene carbonate buttress mate-
rial. This study found a significantly greater incidence of leaks in the latter group; 
but importantly, the authors used the same stapler (3.5 mm staple height) in both 
groups [46] and, because the polyglycolide/trimethylene carbonate product is sig-
nificantly thinner than the bovine pericardial product, the increased leak rate may 
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be attributable to their use of the same stapler with buttress materials of signifi-
cantly different thicknesses.*

Other large series that compared essentially the same products reported contra-
dicting outcomes with varying levels of evidence [31, 45]; Fig. 4.
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1  Introduction

Obesity is a major risk factor for many metabolic diseases, including diabetes, 
cardiovascular disease, sleep apnea, musculoskeletal disorders and some cancers. 
The number of obese people is increasing worldwide; according to WHO since the 
number of obese people nearly tripled [1]. Surgical treatment of Obesity (Bariatric 
Surgery) is concomitantly increasing worldwide [2]. Bariatric surgeries that are 
most commonly performed are laparoscopic sleeve gastrectomy (LSG) followed 
by Roux-en-Y gastric bypass (RYGB) [3].

There is a strong association between developing ventral hernia and obesity 
[4, 5]. Furthermore, obesity in itself also increases the risk and failure of ventral 
hernia repair. Being obese and having ventral hernia makes performing bariatric 
surgery a challenge. Can it be done in concomitant with LSG is the question. In 
this chapter we will focus on what is the best approach for an obese patient with 
ventral hernia who has chosen to undergo an LSG.
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2  Prevalence, Incidence and Cost of Ventral Hernia

Ventral hernia (VH) is defined as an anterior abdominal wall fascia defect with 
protrusion of internal content [6]. Incidence of VH is increased between the 3rd 
and 6th decade of life and highest between 41–50 years of age. Incisional her-
nia and umbilical hernia are both the most common type of VH. Umbilical her-
nia is common in male (M:F – 1.5:1) where incisional hernia is more common in 
females (F:M 2.3:1) [4]. It has also been proven that there is a significant associa-
tion between smoking, alcohol, obesity and VH.

Obesity is a major risk factor for developing VH but the incidence of VH var-
ies by location due to different etiological factors [4]. Incisional hernia is a com-
mon long-term complication of abdominal surgery with an incidence of 3–13% of 
laparotomy incisions [5]. Priti Prasad et al. reported a series of 200 cases of VH 
of hospital admissions and found the most common type to be incisional hernia 
(41%) followed by umbilical (32%), paraumbilical (17%) and epigastric (10%) [4]. 
In another report, Jaykar, R.D. et al. also found that the most common VH is inci-
sional hernia with an incidence of 41% of hospital admission [5]. Infra-umbilical 
incisional hernia (42%) was the most common site of incisional hernia fol-
lowed by umbilical incisional hernia (32%). He found the mean age of VH to be 
41 years of age, with male to female ratio 1:1.9. Other than obesity, constipation 
was the major predisposing risk factor of developing VH. They also noticed that 
small defects (<2 cm) presented early with complication [5]. Poulose BK et al. 
found the number of inpatient VH repairs (VHR) in the United States increased 
from 126,548 in 2001 to 154,278 in 2006. Furthermore, an estimate of 348,000 
outpatient VHRs were done in 2006 [7]. This is burden on healthcare systems, 
although the majority of cases were performed as an emergency [8]. The cost of 
VHR for 2006 in US was $3.2 billion. Incidence of VHR is rising, and by reducing 
the recurrence rate alone, it would save $32 million dollar in the US alone for each 
1% reduction in operation [7]. Raquel Maia et al. in their review article, confirmed 
that obesity alone is a risk factor for both primary and incisional hernia. Further, 
obese individuals are at a high risk of having co-morbidities which significantly 
increase the risk of perioperative complications and recurrence rates of VHR [9]. 
In addition, there is a positive correlation between the size of the hernia defect 
and obesity: the higher the body mass index (BMI), the bigger the defect size [9]. 
Similarly, the recurrence rate is also higher in obese people with a higher BMI [9, 
10]. Furthermore, obesity itself is an independent risk factor of longer hospital stay, 
surgical site infection, recurrence and re-admission after VHR [11, 12].

3  Diagnosis and Classification of Ventral Hernia 
in Obese Patients

The clinical presentation of ventral hernias varies depending on the size and 
location of the hernia and weather it is symptomatic (pain, bulge, discomfort) or 
asymptomatic. A complete history and physical examination are very important 
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for obese patients with ventral hernias. In non-obese patients, ventral hernia can be 
easily diagnosed but in obese patients it usually requires additional imaging stud-
ies to diagnose. Murphy KP et al. found in his study that physical examination of 
obese patients with suspected ventral hernia are difficult to diagnose and the best 
modality for diagnoses is to do abdominopelvic computed tomography (CT) [13]. 
It helps identifying the hernia site, size and the content of the hernia sac in both 
acute and elective circumstances (Figs. 1 and 2).

In classification of VH, they are classified into primary abdominal wall her-
nia and incisional hernia bases on the recommendation of the European Hernia 
Society (EHS) classification [14, 15].

4  Primary Abdominal Wall Hernia

The classification of primary abdominal wall hernia is based on localization and 
size of the hernia (Table 1).

Fig. 1  CT scan of obese patient with ventral hernia showing omental content without sign of 
complication
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– Localization of the hernia two midline (epigastric and umbilical) and two lat-
eral hernias (Spighelian and lumbar)

– Size of the hernia using the diameter (small < 2 cm, medium ≥ 2–4 cm and 
large ≥ 4 cm).

Fig. 2  CT scan of obese patient with panniculus abdomen and ventral hernia for more than 
5 years, with sign of complication as the bowel incarcerated in hernia sac with reactional fluid

Table 1  European Hernia Society (EHS) classification of primary abdominal wall hernias

EHS
Primary abdominal wall 
hernia classification

Diameter in 
cm

Small < 2 cm Medium ≥ 2–4 cm Large ≥ 4 cm

Midline Epigastric

Umbilical

Lateral Spigelian

Lumbar
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5  Incisional Hernia

Classification of incisional abdominal wall hernias based on localization of the 
hernia: medial or midline zone and the lateral zone (Table 2).

Table 2  European Hernia Society (EHS) classification of incisional abdominal wall hernias
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5.1  Medial or Midline Zone

The borders of the medial or midline area are defined as:

(1) cranial: the xyphoid
(2) caudal: the pubic bone
(3) lateral: the lateral margin of the rectal sheath.

All incisions made between the lateral margin of the rectus sheath are midline her-
nias. Midlines hernias are further subdivided into subgroup (5 M zones) as it is 
believed that hernias close to bony structures have high risk of recurrence and pose 
specific therapeutic approach (Fig. 3).

M1: subxiphoidal (from the xiphoid till 3 cm caudally).
M2: epigastric (from 3 cm below the xiphoid till 3 cm above the umbilicus).
M3: umbilical (from 3 cm above till 3 cm below the umbilicus).
M4: infraumbilical (from 3 cm below the umbilicus till 3 cm above the pubis).
M5: suprapubic (from pubic bone till 3 cm cranially).

5.2  Lateral Hernias (Flank Hernias)

Any incisions lateral to the lateral margin of the rectus sheath are lateral hernias 
(Fig. 4).

Fig. 3  Classification of 
midline incisional hernias 
between the two lateral 
margins of the rectus muscle 
sheaths, which is divided into 
five zones
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The borders of the lateral hernia are defined as:

(1) cranial: the costal margin
(2) caudal: the inguinal region.
(3) medially: the lateral margin of the rectal sheath
(4) laterally: the lumbar region.

So, the four lateral hernia zones on each side are:

L1:  Subcostal (between the costal margin and a horizontal line 3 cm above the 
umbilicus)

L2:  Flank (lateral to the rectal sheath in the area 3 cm above and below the 
umbilicus)

L3:  Iliac (between a horizontal line 3 cm below the umbilicus and the inguinal 
region)

L4: Lumbar (latero-dorsal of the anterior axillary line).

6  Size of the Hernia

Grid format used to describe the size of incisional hernias measure the width and 
length. Width of the hernia is defined as the greatest horizontal distance in cm 
between the lateral margins of the hernia defect on both sides. In case of multiple 
incisional hernia, the width is measured between the two most lateral located her-
nias with the most lateral edges. The length of incisional hernias is measured by 

Fig. 4  Classification of 
lateral incisional hernias, four 
zones (L1–L4) lateral of the 
rectus muscle sheaths
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the greatest distance in cm vertically between the most cranial and most caudal 
margins (Fig. 5). In case of multiple hernia caused by a single incision, the length 
measured between the cranial margin of the most cranial defect and distal margin 
of the most distal defect (Fig. 6).

To avoid the confusion of incisional hernia size with the size of primary her-
nia (small, medium and large), code taxonomy was chosen as: W1 < 4 cm, 
W2 ≥ 4–10 cm, W3 ≥ 10 cm.

7  Indication and Risks of Ventral Hernia Repair

Indication for ventral hernia repair is for the relief of symptoms (pain, acute 
incarceration, enlargement and skin problem). In case of large ventral hernias, 
 pre-operative optimization of the pulmonary function is very important in order 
to reduce the risk of pulmonary complications [16]. Smoking is known to increase 
the risk of surgical site infection and recurrence after hernia repair [12, 17]. It is 
recommended to stop smoking 4 weeks prior to surgery to decrease the incidence 
of pulmonary complications and reduce the incidence of leak in Gastrointestinal 
surgery [18, 19]. Poorly controlled diabetes is a risk factor for post-operative com-
plications in ventral hernia repair [11]. Glycosylated hemoglobin (HbA1c) is used 
as a test for checking the patients’ diabetic control.

The key for successful outcomes in ventral hernia repair is to reduce the risk 
factors of ventral hernia with weight reduction, control of diabetes and cessation 
of smoking with optimizing the nutritional parameters.

Fig. 5  Grid format of 
incisional hernia for single 
defect
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Laparoscopic or laparoscopic assisted ventral hernia repair is favorable over 
open hernia repair in obese patients. Advantages of laparoscopic ventral hernia 
repair (LVHR) include fewer surgical site infection, less pain postoperatively, 
5 days faster return to work compared to open ventral hernia repair (OVHR), 
but no significant difference has been made in recurrence rate between LVHR 
and OVHR [20–22]. Prophylactic antibiotics as a single dose of first-generation 
Cephalosporin (cefazoline) is recommended to be given pre-operatively, in case 
of allergy to Cephalosporin, Clindamycin or Vancomycin can be given. There is 
no strong recommendation on bowel preparation or urinary catheterization unless 
surgery will take a long time [20]. Deep vein thrombosis prophylaxis is recom-
mended for obese patients as it lowers incidence of pulmonary embolism [23, 24].

Although LVHR is recommended for VH repair in obese patients, there are 
some contraindications of LVHR, including defect size greater than 15 cm, high 
risk patients, loss of domain (hernia sac contains more 30% of abdominal content 
and solid organ), active enterocutaneous fistula, need to remove prosthetic mesh 
and small defect but large hernia sac [20, 21, 23]. Patients with small defects but 
large hernia sacs maintained for a long period (such as in Fig. 2) may have respira-
tory distress after repairing the ventral hernia and reducing the sac content into the 
abdomen.

Fig. 6  Grid format of 
incisional hernia for multiple 
defects
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8  Technique of Laparoscopic Ventral Hernia Repair 
in Obese Patient [20, 21, 23]

8.1  Position of Trocar and Creation of Pneumoperitoneum

Veress needle or open Hasson’s technique can be used for creation of pneumop-
eritoneum. It is recommended that Veress needle or first port should be inserted 
at Palmer’s point away as much as possible from expected adhesion. First trocar 
size should be 10 mm to accommodate the camera and mesh insertion, while other 
trocars should be inserted under vision. In dealing with midline incision trocars 
inserted on the left side of the patient, ideally 3 or more trocars in line with opti-
mal distance from the defect 16–18 cm to expose the whole hernia sac and allow 
accessibility for adhesiolysis and proper fixation of the mesh. Site and size of 
trocars can be chosen based on the surgeons preference and expertise. In obese 
patients, it is preferable to use long bariatric length instruments.

9  Principles of Adhesiolysis

Limited adhesiolysis is recommended. It should be limited to freeing the adhesion 
near the abdominal wall, away from the adherent bowel. Adhesiolysis can be per-
formed using sharp and blunt dissection, limiting the use of energy devices for 
hemostasis. Bowel should be inspected at the end of adhesiolysis. In case of iatro-
genic bowel injury without significant enteric fluid leakage, it can be repaired fol-
lowed by hernia repair and mesh fixation.

For safe adhsiolysis, many maneuvers can be used:

• Traction/counter traction technique
• Angled/flexible camera
• Moving scope among ports
• Outside pressure over the abdominal wall to reduce the hernia sac
• Careful sharp dissection under vision and close to abdominal wall
• Limit the use of energy devices
• Reposition patient table and ports if needed
• Maintain the camera clean
• Repeat inspection of bowel at the end of adhesiolysis.

10  Measurement of Hernia Defect

Size of hernia is a significant risk of recurrence. It is important to measure the 
size of the hernia defect accurately. Accurate measurement helps to choose the 
prober size for the mesh. Dynamic rather than static measurement for ventral 
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hernia defect is recommended. To determine the size of the defect it should be 
measured vertically and transversely. The most accurate method of measurement 
of ventral hernia defects is intracorporeal rather than extracorporeal due to the 
thickness of the abdominal wall, which can cause an overestimation of the defect 
size. Intracorporeal method can be accomplished using two spinal needle placed 
through the abdominal wall. Using a sterile ruler, intracorporeal measurement 
is done using the largest diameter of the defect transversally and vertically. This 
method reduces the overestimation of the hernia defect which may result in large 
sized mesh that will be more difficult to handle, allowing the bowel to incarcerate 
and bulge into the defect.

11  Closure of Hernia Defect and Intraperitoneal Onlay 
Mesh (IPOM) Fixation

Suturing the defect in-order to reduce the hernia size to the smallest size possible 
thus may reduce the bulging and risk of seroma formation, which may decrease 
the risk of infection. The suture material should be nonabsorbable. It is recom-
mended to reconstruct the linea alba or any defect combined to IPOM, this aug-
mentation repair is termed IPOM-PLUS. Mesh size should be used to cover the 
defect with an overlap at the edge of the defect by at least 3–4 cm in all directions. 
Large mesh size (e.g. 30 cm × 30 cm) can be inserted through 10 or 12 mm ports 
by rolling up tightly. For very large size mesh (e.g. 35 cm × 30 cm), a 15 mm port 
should be used. It is important to avoid  mesh-skin contact. Mesh fixation can be 
done by suturing or tacker device with no difference in recurrence rate.

12  Technique of Open Ventral Hernia Repair [10, 25, 26]

Although LVHR for obese patients with ventral hernia is better than open 
approach, some scenarios need to be approached using the open technique. These 
include emergency surgery for hernias with complications, loss of domain, very 
large defects that need component separation and the need for resection pannicu-
lus. It is advised that all ventral hernia should be repaired using mesh. There are 
four types of mesh placement in open technique, ranked by the best approach with 
least recurrence and surgical site infection rates as follow (Fig. 7):

• Retrorecuts also named sublay, retromuscular repair or Rives-Stoppa (preperi-
toneal mesh placement)

• Open intra-peritoneal onlay mesh (underlay)
• Onlay (place the mesh on anterior fascia)
• Inlay (place the mesh on hernia defect).



M. Almuhanna and W.-J. Lee282

13  Concurrent LSG with LVHR

LSG and LVHR can be done during the same procedure in selected patients. 
Most cases done in patients with a BMI less than 50 kg/m2 and a defect size less 
than 10 cm (Fig. 1). Raziel A et al. reported a series of 54 cases of concomi-
tant bariatric and ventral/incisional hernia surgeries in morbidly obese patients 
with a mean BMI of 44 kg/m2 and a mean age of 50 years, with the majority of 
cases being LSG (48 cases). They did not encounter mesh infection or major 
complications directly related to LVHR within a 5 year follow up [27]. Moolla 
et al. reported on a matched analysis from Metabolic and Bariatric Surgery 
Accreditation and Quality Improvement Program (MBSAQIP) database in the 
USA of 430,225 cases in which 1.1% (4690) of them had concurrent LVHR. He 
was able to find that LVHR is safer with LSG (2718 cases) than with LRYGB 
(1930 cases) in terms of readmission, reoperation and major complications with 
30 days [28]. Marzouk et al. in their study of LVHR combined with LSG in 15 
obese patients with a mean BMI 45.2 kg/m2 and ventral hernia less than 10 cm, 
found that LSG combined with LVHR is safe and feasible in carefully selected 
patients [29]. In Praveen Raj P et al.’s retrospective study on 156 cases of bariat-
ric surgery concomitant with LVHR, 120 of them had LSG with an average BMI 

Fig. 7  Site of mesh 
placement in Open and 
Laparoscopic Technique of 
ventral hernia repair
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of 43 kg/m2 and included both primary and recurrent VH ( average size of hernia 
3.58 ± 3.36 cm). After a follow up of 12 months, they were able to demonstrate 
that LSG is safe in combination with hernia repair [30] (Table 3).

14  LSG with Sequential LVHR

Eid GM et al. gave a suggested algorithm on how to treat morbidly obese patients 
presenting with ventral hernia [31]. The study classified patients on favorable 
and unfavorable anatomical hernias. Favorable anatomical hernias are defined as 
hernias located in the center, with a size less than 8 cm, BMI less than 50 kg/m2, 
body wall thickness less than 4 cm with gynecoid body habit and a reducible her-
nia. Unfavorable anatomical hernias on the other hand are defined as hernias that 
are lateral, size larger than 8 cm, BMI more than 50 kg/m2, body wall thickness 
more than 4 cm with android body habit and unreducible hernia. They found that 
all symptomatic hernias should have hernia repair first prior to bariatric surgery. 
Asymptomatic patients with favorable anatomy can have concomitant LVHR and 
bariatric surgery, while patients with unfavorable anatomy should have bariat-
ric surgery followed by LVHR [31]. In Fig. 2, the patient underwent concurrent 
LSG and open VHR. However, the patients died 2 months later due to respiratory 
failure. Finally, obese patients with asymptomatic VH and unfavorable anatomy 
should have LSG first, followed by VHR.

15  Conclusion

There is a strong association between obesity and ventral hernia. The most com-
mon type of ventral hernia is incisional hernia followed by umbilical hernia. 
Obesity does not only increase the risk of developing ventral hernia, but also 

Table 3  Details of included studies of Concurrent LSG with LVHR

Author Number 
of LSG + 
LVHR

Mean age 
(years)

Mean 
BMI kg/
m2S

Size of 
defect (cm)

Recurrence 
rate (%)

Major 
complica-
tion (%)

Raziel A 
et al.

48 53 44.2 – 1.8 –

Muhammad 
Moolla et al. 
(MBSAQIP)

2718 49 46 – – 3.2

Marzouk 
et al.

15 42.7 45 2.63 6.6 –

Praveen Raj 
P et al.

120 43.94 ± 11.41 43.64 ± 6.8 3.58 ± 3.36  <1 –

Eid GM 
et al.

20 –  <50  <8 10 –



M. Almuhanna and W.-J. Lee284

increases the risk of perioperative complications and recurrence rates. For small 
umbilical or incisional hernias, concurrent LSG and VH repair can be done safely. 
However, a sequential LSG followed by VH repair is recommended for patients 
with an asymptomatic VH with unfavorable anatomy or significant medical prob-
lems, such as large size (10 cm), BMI > 50, small hernia defect with large sac, 
poorly controlled diabetes, heavy smokers, etc. Complexity of ventral hernia asso-
ciated with obesity requires careful approach for such a treatment. Currently, there 
is no consensus on the best treatment options for obese patients with ventral her-
nias. Successful treatment should be individualized based on patient’s symptoms 
and concerns.
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1  Introduction

Laparoscopic Sleeve Gastrectomy has become one of the most popular primary 
operations for the treatment of morbid obesity worldwide. Between 2013 and 2015 
sleeve gastrectomy accounted for 40.7% of all primary bariatric procedures per-
formed internationally [1]. In some parts of the world and in countries with the 
highest rates of morbid obesity, sleeve gastrectomy is the most common bariat-
ric procedure performed, reaching 60% of recorded operations [2]. The popu-
larity of sleeve gastrectomy as a primary operation for the treatment of morbid 
obesity is easily understood. The operation is straightforward and simple to per-
form when compared to duodenal switch or the well-established Roux Y gastric 
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bypass. Sleeve gastrectomy can be routinely performed as an outpatient operation 
and does not involve anatomical rearrangement or surgical anastomoses. Sleeve 
gastrectomy has no risk of internal hernia. Malnutrition secondary to malabsorp-
tion does not occur. It also has a relatively short operative time of 20–30 min. For 
 high-risk patients such as individuals suffering from end stage renal and liver dis-
ease, the super morbidly obese and the elderly, sleeve gastrectomy is an ideal and 
safe operation with which to achieve adequate weight loss [3].

Sleeve gastrectomy can be routinely performed in an outpatient setting, increas-
ing the available facilities performing bariatric surgery. By augmenting the number 
of operations being performed as outpatient procedures and increasing the num-
ber of facilities capable of performing bariatric operations, sleeve gastrectomy has 
a direct and positive impact on the number of patients having potential access to 
care. With respect to weight loss outcomes, sleeve gastrectomy has been shown to 
achieve results comparable to Roux Y Gastric bypass [4, 5]. Individuals who fail 
to achieve their goals or who regain sufficient weight are easily revised to an alter-
native more aggressive operation as a second stage procedure. Sleeve gastrectomy 
therefore has multiple reasons to maintain its popularity as a desirable operation 
for the treatment of obesity and can be expected to be performed in high numbers 
for the foreseeable future.

Despite the success and widespread popularity of sleeve gastrectomy, symp-
tomatic reflux is now a commonly recognized side effect of the operation. 
Esophageal reflux, esophagitis and possible Barrett’s esophagus following sleeve 
gastrectomy has resulted in an ongoing controversy regarding the long-term 
complications after this operation. Magnetic sphincter augmentation is a sim-
plified approach to address post-operative reflux following sleeve gastrectomy. 
The majority of symptomatic reflux patients have been typically converted to 
 Roux-en-Y gastric bypass following sleeve gastrectomy. This approach destroys 
the benefits of sleeve gastrectomy, subjecting the patient to a lifetime risk of inter-
nal hernia, dumping syndrome, reactive hypoglycemia, malabsorption, malnutri-
tion and intussusception. Magnetic sphincter augmentation preserves the anatomic 
benefits of sleeve gastrectomy while eliminating post-operative reflux and will 
be the focus of discussion in this chapter. The utilization of sphincter augmenta-
tion and the LINX® device is a straightforward, simple and low risk operation that 
eliminates esophageal reflux, preserving the multiple benefits offered by sleeve 
gastrectomy over gastric bypass procedures.

2  The Controversy of Gastroesophageal Reflux 
Following Sleeve Gastrectomy

Gastroesophageal reflux following sleeve gastrectomy is not unusual. As recently 
as 2014 the pathophysiology and anatomic changes exacerbating reflux was still 
poorly understood. Although the problem was well recognized, most patients 
reporting symptoms were treated rather successfully with simple PPI therapy. 
Asymptomatic GERD following sleeve gastrectomy for the most part was not 
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treated. Studies exploring the association Between GERD and sleeve gastrectomy 
were small, single-center series and examined symptomatic reflux as only a sec-
ondary outcome measure. Resolution or control of reflux with PPI therapy typi-
cally eliminated reflux symptoms and did not result in secondary screening with 
esophageal endoscopy. Patients with asymptomatic reflux were not the subject 
of further investigation. These early small studies stimulated significant debate 
regarding the significance of GERD following sleeve gastrectomy and whether 
the problem was more widespread. The question as to whether reflux documented 
prior to sleeve gastrectomy should be considered a contraindication for patients 
considering sleeve gastrectomy has been an ongoing source of discussion.

The 2017 publication by Genco reporting their findings that erosive esophagi-
tis and Barrett’s esophagus following sleeve gastrectomy was significantly higher 
than what had been reported in the most current literature ignited an intense debate 
on the issue of the relationship of GERD and sleeve gastrectomy [6]. To further 
complicate the debate, severe reflux that is resistant to medical treatment has 
become the leading cause for reoperation following sleeve gastrectomy. The most 
common operation for this problem has become the conversion of sleeve gastrec-
tomy to RYGB. This approach leads to a permanent destruction of the sleeve gas-
trectomy and the benefits of sleeve gastrectomy are forever lost [4, 5]. Genco’s 
2017 report redirected scrutiny toward the relationship between sleeve gastrec-
tomy and GERD and in particular the possible contribution sleeve gastrectomy 
related reflux might have on any progression towards Barrett’s esophagus. The 
renewed controversy generated by the Genco paper came shortly after The Fifth 
International Consensus Conference for Sleeve Gastrectomy concluded that there 
was still no consensus among expert surgeons regarding the absolute contraindica-
tion of GERD prior to sleeve gastrectomy  [2].

GERD is still the primary risk factor for Barret’s Esophagus. Despite the debate 
surrounding sleeve gastrectomy and postoperative GERD, the practice of routine 
pre- and postoperative endoscopic screening for esophagitis and BE is also very 
varied between practices. There is no standardization as to how to perform the 
sleeve gastrectomy and as a result surgical technique and outcomes vary tremen-
dously. The tremendous differences between surgical technique and the ensuing 
results and outcome regarding postoperative GERD are also unknown. Although 
patients are consented for the risk of GERD following sleeve gastrectomy, there 
is no standard of care or consensus agreement as to the informed consent require-
ments regarding the risks of progressive esophagitis following sleeve gastrectomy 
or Barrett’s esophagitis in particular. The relative lack of case reports demonstrat-
ing progression of Barrett’s esophagus to adenocarcinoma following sleeve gas-
trectomy contribute to the poor understanding regarding long term complications 
following sleeve gastrectomy. Despite two decades of performing sleeve gastrec-
tomy, variations in surgical technique and the effect these variations may play in 
the incidence of reflux and are still yet to be determined [7].

As the current popularity of sleeve gastrectomy continues to increase, the 
major drawback and controversy associated with this operation will continue to 
be the potential development or worsening of gastroesophageal reflux disease 
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postoperatively. It is well established that the Achilles heel of sleeve gastrectomy 
is the ongoing confirmation in publications reporting that sleeve gastrectomy can 
worsen preexisting, or cause ‘‘de novo’’ GERD [6–8]. There is also a widespread 
variation and discrepancy in preoperative criteria with some centers not offering 
SG to those with GERD and some who do. If sleeve gastrectomy leads to worsen-
ing GERD in a subset of patients, there may be severe unintended consequences 
for patient outcomes and implications for long-term GERD-related complications 
in those individuals. This chapter explores the proper preoperative evaluation and 
management and technique when utilizing Magnetic sphincter augmentation with 
the LINX® device in eliminating reflux either preoperatively or postoperatively in 
appropriate patients considering and undergoing sleeve gastrectomy.

3  The Anatomic Susceptibility for Reflux After Sleeve 
Gastrectomy

The physiologic advantage magnetic sphincter augmentation provides when 
addressing post-operative reflux following sleep gastrectomy is based on the work 
by Korn and Stein and their 1997 model of lower esophageal sphincter function 
[8]. The lower esophageal sphincter is not constructed with an annular muscular 
ring typical in classical sphincter anatomy but rather between perpendicularly 
located muscular bands. In the human gastroesophageal junction two distinct ana-
tomic structures exist creating a complimentary set of forces that create a func-
tional sphincter. Along the lesser curve side is a looping set of muscular fibers, 
the clasp fibers, and opposite these fibers are a long set of oblique positioned sling 
fibers (Fig. 1). The intersection and arrangement of these fibers create the high 
pressure zone of the lower esophagus that can be measure manometrically. The 
location and integrity of these fibers is crucial to maintaining a functional lower 
esophageal sphincter. In order for the sphincter to remain closed both sets of mus-
cular fibers must be in contact with each other and not disrupted.

Removal of the greater curvature such as occurs with sleeve gastrectomy, 
occurs in close proximity to the angle of His and the location of the greater curva-
ture sling fibers. By removing and resecting the greater curvature in this manner, 
the contact and strength of the looped esophageal sphincter mechanism and sling 
fibers is disrupted (Fig. 2).

It has been reported that almost 45% of obese patients suffer from gastroe-
sophageal reflux disease [9]. The association between gastroesophageal reflux dis-
ease and morbid obesity is not well understood however an increased incidence of 
hiatal hernia resulting in dilation of the gastric cardia can also interfere with the 
clasp and sling fibers discussed by Korn. In addition, esophageal dysfunction is 
reported and described in as high as 60% of patients with obesity [10].

Csendes, et al. reported that reflux symptoms are common in bariatric surgery 
patients with 79% presenting with heartburn and 66% with regurgitation follow-
ing sleeve gastrectomy. Shauer, et al. reported that the incidence of GERD is as 
high as 50–100% in patients with severe esophagitis submitted for gastric bypass. 
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Laparoscopic sleeve gastrectomy is a well accepted surgical treatment for obesity 
and utilizes staplers to resect the greater curvature, effectively removing the entire 
fundus through the gastric cardia just lateral to the esophagus. By transecting 
through the angle of His near the esophago- gastric junction a critical modifica-
tion of the anatomy occurs. The sling fibers are partially transected and certainly 
reduced in numbers. In converting to a straight tubular segment, long term reflux 
producing damage can occur simply by cutting through and partially damaging the 
sling fibers. The sling fibers as a result are misaligned and the sphincter loses its 
proper contact and strength. This has been demonstrated to create an imbalance 
of the lower esophageal sphincter mechanism between the sling fibers and clasp 
fibers. The efficiency and natural balance between the sling fibers and clasp fibers 
is disrupted and an incompetent lower esophageal sphincter is the clinical result in 
many cases.

Braghetto et al. in 2010 demonstrated the manometric changes of the lower 
esophageal sphincterafter sleeve gastrectomy in obese patients [11]. In his pro-
spective study of 20 sleeve gastrectomy patients, all had a normal total and 
abdominal length before sleeve gastrectomy however following sleeve gas-
trectomy the abdominal length and total length of the high pressure zone at the 
esophagogastric junction (EGJ) were adversely affected. Six patients had normal 

Longitudinal muscle

Spiral Muscle

Sling Fibers

Fig. 1  Orientation of the Sling fibers of the gastroesophageal junction creates a unique anti-
reflux valve mechanism that can be disrupted following sleeve gastrectomy
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total and abdominal LES length (total length > 3.5 and abdominal length > 1 cm). 
With regards to the other 14 patients, five patients had total length = 3.5 cm but an 
abdominal length < 1 cm and nine patients had a total < 3.5 cm and an abdominal 
length equal to 0.5 cm. Resting LES pressures in the cohort decreased significantly 
before, and six months after sleeve gastrectomy. More investigation into the mech-
anism of action causing these changes is needed since at least a partial resection 
of the sling fibers can occur when performing a transection near the angle of His 
during a sleeve gastrectomy. It is hypothesized that this partial resection results 
in an imbalance between the lateral and longitudinal forces necessary to sustain a 
competent lower esophageal sphincter.

The most important barriers that protect the esophagus from reflux is the Lower 
Esophageal Sphincter (LES) (Fig. 3). There is sufficient evidence to demonstrate 
that the LES is modified when a sleeve gastrectomy is performed. Division of 
the sling fibers and provoking a decrease in the LES resting pressure, as shown 

Outer longitudinal muscle
Cut window in middle
circular muscle layer

‘‘Clasp’’ Fibers

‘‘Sling’’ Fibers (divided)

Fig. 2  Orientation of the Sling fibers of the gastroesophageal junction creates a unique anti-
reflux valve mechanism that can be disrupted following sleeve gastrectomy
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by Braghetto’s group may very well be the critical change affecting reflux [12]. 
Manometric changes occurring in the LES after sleeve gastrectomy demonstrates 
the physiologic change. Braghetto’s study revealed a mean LES resting pressure 
(LESRP) decreasing significantly after SG from 14.2 ± 5.8 to 10.5 ± 6.06 mmHg 
(P = 0.01). Fifteen percent of patients maintained normal lower esophageal resting 
pressure (23.1 ± 3.7 mmHg) while 85% were hypotensive producing a mean rest-
ing pressure of only 8.3 ± 2.6 mmHg. After sleeve gastrectomy, the length of the 
high-pressure zone of the LES was also critically affected. 45% of patients now 
had a shortened total LES length (shorter than 3.5 cm) and 70% of patients now 
had an abdominal length less than 1 cm [11]. The presence of increased GERD, 

Lower Esophageal Sphincter

Parietal Peritoneum

Rosette

Z-Line / Esophagogastric Junction

Phrenoesophageal ligament

Angle of His

Respiratory Diaphragm

Fig. 3  The anatomic location of the Linx device in order to position it at the gastroesophageal 
junction overlying the lower esophageal sphincter. Dissection will require a 360° dissection and 
takedown of the phrenoesophageal ligament and mobilization of the lower esophageal sphincter 
into the abdomen
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clear endoscopic evidence of erosive esophagitis, and dilatation of the gastric car-
dia was also observed after sleeve gastrectomy increasing the likelihood that the 
changes affecting LES function contributed to the outcome [12].

Laparoscopic sleeve gastrectomy has been accepted as an option for surgi-
cal treatment for obesity. It should come as no surprise that a large percentage 
of patients undergoing sleeve gastrectomy will develop both symptomatic and 
asymptomatic reflux. Sleeve gastrectomy modifies the anatomy of the esophago-
gastric junction in a significant way. The decrease in gastric luminal volume, by 
converting it to a straight tubular segment and partially transecting some of the 
sling fibers, contributes to a dysfunctional esophageal sphincter mechanism. 
Magnetic Sphincter Augmentation, rather than revision to gastric bypass, restores 
the physiologic function of the LES and addresses the mechanism of reflux 
directly without subjecting the patient to additional risks commonly associated 
with gastric bypass operations. Revision from sleeve gastrectomy to gastric bypass 
eliminates the function, physiology and nutritional advantage of the sleeve gas-
trectomy in a nearly irreversible way. Conversion from a sleeve gastrectomy to 
gastric bypass because of an incompetent LES results in limited treatment options 
should complications arise. Problems that are unique to Roux Y Gastric bypass 
such as carbohydrate intolerance, dumping syndrome, marginal ulceration and 
reactive hypoglycemia have significantly reduced therapeutic options should they 
occur as a complication of the gastric bypass operation following conversion.

The human gastroesophageal sphincter maintains it critical function due to the 
arrangement and architecture of the muscular”clasp” and “sling” fibers surround-
ing the gastroesophageal junction and gastric cardia. Sleeve gastrectomy pro-
duces an important decrease in LES pressure, which can promote the appearance 
of reflux symptoms and esophagitis after the operation due to the partial resec-
tion of the sling fibers during the gastrectomy. Magnetic Sphincter Augmentation 
can preserve the anti-obesity benefits of sleeve gastrectomy in a safe, effective 
and reproducible way and at the same time eliminate pathologic reflux despite the 
alterations in LES function which occur following sleeve gastrectomy.

4  Magnetic Sphincter Augmentation and Resolution 
of GERD Following Sleeve Gastrectomy

The LINX® is the only Magnetic Sphincter Augmentation device commercially 
available and approved for use in the treatment of reflux disease. The LINX® pro-
cedure requires minimal surgical dissection and introduces a standardized proce-
dure for patients with significant medically recalcitrant GERD. Clinical trials have 
shown that augmentation of the lower esophageal sphincter is effective in decreas-
ing esophageal acid exposure resulting in reduced symptoms and eliminating or 
significantly reducing daily PPI dependence. Safety concerns typically arise with 
questions regarding device erosions and migrations have proven to be rare and 
can be resolved with device explantation. These uncommon events have not been 
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associated with any device related mortality and in the event they occur do not 
eliminate conversion to gastric bypass as a final option for treatment.

The concept is simple as the mechanical device is designed to augment the 
physiologic barrier to reflux created by the clasp and sling fibers of the lower 
esophageal sphincter (LES). This is accomplished through the use of magnetic 
force. The LINX® is particularly suitable to augmenting the injured lower esopha-
geal sphincter by adding a circular mechanism of action to the clasp and oblique 
sling fibers which currently make up the physiology of the sphincter (Fig. 4). In 
order to function as a relaxing and constricting augmentation of the natural LES, 
the LINX® is designed based on a series of biocompatible titanium beads with 
magnetic cores hermetically sealed inside. The beads are connected individu-
ally with independent titanium wires which allow the ring to be both flexible and 
expandable. In its resting, relaxed position, each bead is in contact with adjacent 
beads via the individual magnetic cores. The beads can move independent of the 
adjacent beads, creating an adjustable ring that does not compress the esophagus. 
The range of motion complements the natural oblique and lateral fibers of the LES 
by adding a third circumferential ring created by the LINX®. The LINX® is there-
fore able to accommodate a wide array of physiologic situations including swal-
lowing, belching, and vomiting. For reflux to occur, the intragastric pressure must 
overcome the resistance to opening of both the patient’s native LES pressure and 
the magnetic bonds of the device.

Gastric Sleeve
(Reduced Stomach)

Linx

Fig. 4  Final location of the Linx device following sleeve gastrectomy for severe post operative 
gastroesophageal reflux disease
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Once implanted the device becomes encapsulated in fibrous tissue but remains 
separated from and not incorporated into the esophagus itself. It remains a distinct 
and separate implant. The LINX® can be explanted by releasing the fibrous cap-
sule overlying each bead.

Utilization of Magnetic Sphincter Augmentation as a treatment for severe reflux 
following sleeve gastrectomy was reported by Hawasli in 2016 [13]. In addition 
Desart and Ben David reported the first case series of seven patients having under-
gone anti reflux therapy using the LINX® system in 2015 [14]. These early reports 
had greatly improved gastroesophageal reflux symptoms 2–4 weeks following 
implantation of the device. Significant and successful improvement in the severity 
and frequency of their reflux, regurgitation, epigastric pain, fullness, dysphagia, 
and cough symptoms was uniformly reported postoperatively compared to their 
initial preoperative evaluation. There were no reported perioperative complications 
and Magnetic Sphincter Augmentation appeared to be a safe and effective option 
for the treatment of severe reflux following sleeve gastrectomy.

5  Operative Concerns and Patient Selection

Fear of device erosion is the primary concern voiced by surgeons preferring con-
version to Roux Y gastric bypass over magnetic sphincter augmentation in patients 
with severe intractable reflux. Most surgeons today have had no experience with 
the Angelchik device however it is commonly discussed as a historical reference 
for concern regarding safety of gastroesophageal devices. More recently, adjusta-
ble gastric banding which was widely used as an a minimally invasive weight loss 
device, is cited as another example demonstrating adverse outcomes and device 
erosions when placing implantable devices at the gastric cardia near the gastroe-
sophageal junction.

Device erosion in adjustable gastric banding is a commonly experienced 
complication of the device. Occurring primarily in the first 18 months following 
implantation, the complication was a significant issue, often leaving the lower 
esophagus and proximal stomach with a significant inflammatory reaction There 
was typically a perforation that required repair and as a result subsequent bariat-
ric operations were more difficult and at times challenging. In contrast however, 
esophageal erosion following magnetic sphincter augmentation with the LINX® 
device has remained a relatively uncommon and rare occurrence. The safety pro-
file of LINX® was studied in a multicenter review of the first 1000 implants which 
had been performed at multiple hospitals around the world. This study included 
the 82 hospitals involved in the first 1000 device implants. The readmission rate 
was 1.3%. There was a 3.4% reoperation rate and a 5.6% endoscopic dilation 
rate [15]. Erosion was reported in only one patient (0.1%). All reoperations were 
performed on a non-emergent basis for device removal and 36 patients under-
went device removal. The most common symptoms requiring device removal was 
dysphagia and recurrence of reflux symptoms. Another recent study focusing on 
reoperations following LINX® reported a median follow-up of 48 months and a 
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device removal rate of 6.7%. 11 of 164 patients who underwent a laparoscopic 
LINX® implant were explanted at a later date. Of the main presenting symptom 
requiring device removal was regurgitation or heartburn in 46%, dysphagia in 
37%, and chest pain in 18%. Only two patients (1.2%) developed a full-thickness 
erosion of the esophageal wall with partial endoluminal penetration of the device 
[16]. Device explant occurred at 12–24 months after initial implant in 82% of the 
patients that required explant.

Bonevina, et al. reported 6 year follow up on 100 patients who had undergone 
implantation of a LINX® device for treatment of GERD. There were no reported 
device erosions or migrations in the study group [17]. Several additional series 
have reported various erosion rates as a low occurance. Alicuban, et al. published 
a 2018 review of the worldwide experience of device erosion following magnetic 
sphincter augmentation [18]. Their review of all devices placed worldwide from 
February 2007 to July 2017 included 9453 devices identified in the manufactur-
ers database. In a total of 9453 device implants, only 29 reported cases of erosion 
were discovered. The risk of erosion was determined to be 0.3% at four years after 
implantation. Explantation was commonly done via a combined endoscopic fol-
lowed by a delayed laparoscopic removal. At 58 days post removal there were no 
complications. Of the 29 patients, 24 patients had returned to baseline and four 
patients reported mild persistent dysphagia.

Erosion following magnetic sphincter augmentation is a relatively rare occur-
rence. The device is designed to be implanted after careful measurement using a 
calibration tool. Devices that are more commonly associated with erosion were 
small 12 bead devices which were found to have a 4.93% erosion rate. Our own 
series of utilization of the LINX® device for treatment of severe reflux following 
sleeve has limited use to devices with 15 or 17 beads with no erosion over the 
past three years. Alicuban identified that most patients with erosions presented 
between 1 and 4 years after device implantation. Only a very few patients pre-
sented with erosions within the first year following implantation. 26 months was 
the median time to erosion in the review. The most common presenting symptom 
was dysphagia in 26 patients (90%) followed by chest pain in 7 patients. Reflux, 
cough, vomiting and weight loss were other, less common symptoms. At 1 year 
after implantation The risk of erosion was 0.05% increasing to 0.3% at 4 years 
post implantation.

Risk factors for developing erosion have been discussed and identification of 
these risk factors may lead to a lower erosion rate in patients following sleeve gas-
trectomy. Device size mismatch appears to be the most common risk factor which 
is easily modified to decrease the risk following implantation. Smaller devices 
are more commonly associated with the development of erosions. The LINX® 
device was available in sizes ranging from 11 to 17 beads. Our most commonly 
implanted size for treatment of reflux following sleeve gastrectomy is evenly 
divided between 15 beads and 17 bead sizes. Alibuban identified in their review of 
over 9000 implanted devices that the centers with the highest utilization of smaller 
devices also reported the highest erosion rates of 4–20 times other centers. Larger 
sized devices appear to have similar efficacy in obtaining reflux control as smaller 
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devices with a lower reported rate of erosion [18]. The 12 bead device was respon-
sible for 62% of erosions and is no longer available commercially.

It is important to utilize proper technique when determining device size. To 
obtain the optimal size, we recommend the technique popularized by Lipham. 
There are two visual cues which improve proper device selection. A specific siz-
ing device is positioned around the esophagus prior to device selection. The sizer 
is specifically designed to encircle the esophagus and locks gently with a magnetic 
link to itself. When the device rests comfortably around the esophagus and when 
no compression is noted the surgeon then ratchets the sizer down until it releases 
itself from its magnetic link. The size of the release is noted and two sizes above 
this release size number is the appropriate size for device choice. The two sizes are 
compared from these two visual evaluations and if there is a discrepancy the larger 
of the two sizes is selected.

Surgical technique may also play a significant role in the avoiding or devel-
opment of erosion following LINX® implantation. Early operative technique sup-
ported a minimal esophageal dissection, however, current operative technique 
favors a full hiatal dissection. Better exposure of the distal esophagus and proxi-
mal stomach allows complete evaluation of the crura, improved and more accu-
rate crural repair can be achieved, reduction of any hiatal hernia and avoidance of 
injury to the posterior esophageal wall.

Patient specific risk factors may also play a role including conditions contribut-
ing to tissue weakening and breakdown. Connective tissue disorders, steroid use, 
poorly controlled diabetes, and immunosuppression are all conditions that must be 
considered prior to any decision for sphincter augmentation.

6  Preoperative Evaluation

Patients with significant reflux following sleeve gastrectomy are candidates for 
magnetic sphincter augmentation and preservation of the benefits of sleeve gas-
trectomy. Evaluation for possible sphincter augmentation device placement is 
straightforward. Diagnostic testing is recommended for patients with GERD [19]. 
Essential preoperative testing prior to LINX® placement includes esophagogas-
troduodenoscopy (EGD), ambulatory pH monitoring, esophageal high-resolution 
manometry, and esophagram [19, 20]. Each testing modality has a specific role 
in the clinical evaluation and appropriateness of possible magnetic sphincter aug-
mentation. No single test alone can substitute for the overall clinical appropriate-
ness of device placement in any single patient [21].

Evaluation of individual anatomy, motility and evidence of GERD must be 
defined in each individual patient preoperatively. As outlined above each initial 
evaluation includes upper GI swallow (esophagram) in order to elicit radiographic 
evidence of reflux. In addition, this study is essential to evaluate the gastric sleeve 
for signs of proximal dilation, narrowing or obstruction of the angularis incisura, 
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kinking, twisting or other evidence of a mechanical etiology possibly contributing 
to reflux. Comparison of this study to any previously obtained postoperative stud-
ies is useful to determine if significant changes are present from studies done early 
after surgery. Patients with evidence of mechanical obstruction are not good candi-
dates for magnetic sphincter augmentation with the LINX® device.

Preoperative esophagoduodenoscopy is essential and performed in all patients. 
Esophagodudenoscopy, preferentially by the operating surgeon, is needed to evalu-
ate the severity of any esophagitis. Biopsy to evaluate for helicobacter pylori is 
done at the time of EGD as well as biopsy of the gastroesophageal junction to 
evaluate for possible Barrett’s changes. EGD can assess the Los Angeles classi-
fication for severity of reflux and visualize the extent to which any bile reflux is 
occurring. Preoperative treatment of severe esophagitis can be initiated. Once the 
assessment by EGD and upper GI swallow is complete, and if the patient appears 
appropriate for further evaluation, an esophageal manometry study is arranged. A 
BRAVO pH study can be ordered but in many patients this can be reserved for 
cases where the presence of GERD is only reported by history or is still unclear.

7  Esophageal High-resolution Manometry

In addition to upper endoscopy and esophageal pH testing, a preoperative evalu-
ation should include high resolution manometry. Normal esophageal motility 
is essential in avoiding post-operative dysphagia following magnetic sphincter 
augmentation. Post-operative dysphagia is the most common cause for device 
explantation in patients undergoing MSA. Evaluation of the quality of esopha-
geal function via manometry testing is the only modality available to determine 
if esophageal motility meets the minimum criteria for a good outcome follow-
ing device placement [20, 22]. Esophageal transnasal high resolution manometry 
measures the pressure in the upper and lower esophageal sphincters, measures the 
effectiveness and coordination of peristalsis, and detects abnormal contractions. 
Differentiation between pure GERD and other esophageal motility disorders can 
be accomplished via high resolution manometry and can be used to evaluate and 
exclude esophageal motility disorders such as achalasia, esophageal spasm, and 
lower esophageal sphincter hypotension and hypertension [20].

8  Surgical Technique

Surgical technique utilizes the same positioning and trocar placement as with 
sleeve gastrectomy. The patient can be positioned either supine or in the French 
position. Generally, there are four trocars and a fifth incision for placement of a 
retractor to expose the hiatus. Meticulous lysis of adhesions is done to expose the 
esophagus, the hiatus of the diaphragm and the gastric body.
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The critical steps in the exposure of the distal esophagus are as follows.

 a. Complete exposure of the right crus, the left crus and division of the phrenoe-
sophageal ligament.

 b. Reduction of any hiatal hernia and distalization of the esophagus to decrease 
the chance of recurrence.

 c. Identification of the posterior vagus nerve.
 d. Removal of all tubes/bougies from the esophagus and release and retraction 

like penrose drains to avoid stretching the esophagus. The esophagus must be 
in the resting state.

 e. Placement of the LINX® system sizer between the posterior vagus nerve and 
the esophagus.

 f. Repeat the measurement using the LINX® system sizer multiple times to con-
firm size and accuracy and prevent placement of the wrong size device.

 g. The LINX® device is then selected and introduced into the abdomen.
 h. The LINX® is placed around the esophagus but anterior to the posterior vagus 

nerve (between the esophagus and nerve).
 i. The LINX® system is magnetically locked into place.
 j. Repair and re approximation of the posterior crural defect is completed.

Our technique is described in the following paragraphs with corresponding images 
to clarify the technique. The first step after dissection and exposure of the upper 
foregut and positioning of appropriate liver retraction is division of the gastrohe-
patic ligament and visualization of the right crus (Figs. 5 and 6). The right crus is 
carefully dissected to preserve the fascial integrity overlying the crus while gain-
ing entry into the mediastinum (Figs. 7 and 8). The dissection is carried anteriorly 
to allow division of the peritoneum on the anterior surface of the gastroesophageal 
junction below the insertion of the phrenoesophageal ligament (Fig. 9). A wide 
exposure of the esophageal hiatus is performed to maximize exposure in order to 
insure against injury to the esophageal structure which can occur when trying to 
utilize a minimal dissection approach (Figs. 10 and 11).

The lateral surface of the left crus is freed from any scar or retained fundus 
which has occurred as a result of previous dissection at the angle of His. Complete 
exposure of the posterior confluence of the right and left crus is accomplished. 

Fig. 5  Initial dissection 
and release of the liver from 
residual adhesions from 
previous sleeve gastrectomy
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Fig. 6  Initial dissection is to 
define the right crus, releasing 
it from previous scar

Fig. 7  Dissection of the right 
crus and takedown of the 
phrenoesophageal ligament 
and exposure of previous 
crural repair sutures in 
order to perform a complete 
360° dissection of the 
gastroesophageal junction

Fig. 8  Removal of all 
previous crural repair sutures 
to expose the posterior retro-
esophageal space and the 
posterior vagus nerve

Fig. 9  Complete dissection 
of the angle of His and release 
of the esophagus ateriorly
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Preparation of the retroesophageal window is completed to facilitate placement 
of a penrose drain. The penrose drain is used for retraction of the gastric cardia 
in order to maximize exposure while dissecting the distal esophagus and crural 
structures. Once the dissection is complete the identification of the posterior vagus 
nerve can proceed (Fig. 12).

Fig. 10  Complete 360° dissection and retraction of the esophagus using a penrose drain will 
avoid injury to the esophagus and facilitate exposure of the posterior vagus nerve which must be 
dissected to create a path for the sphincter augmentation device between the esophagus and the 
vagus neve at the gastroesophageal junction

Fig. 11  Completed 360° 
dissection

Fig. 12  Posterior vagus 
nerve exposed
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The gastrohepatic ligament was previously opened above and below the hepatic 
branch to facilitate the preparation of the retroesophageal window is extended as 
necessary. A penrose drain can be passed if necessary to improve exposure and 
dissection using the drain as a retractor (Fig. 13).

Gentle dissection from the right side is made toward the left crus just above the 
crural decussation to identify the posterior vagus nerve.

A tunnel is then created between the vagus and the posterior esophageal wall, 
and the Penrose drain is repositioned and passed in a left-to-right direction.

The circumference of the esophagus is measured to determine the proper size 
of the LINX® device to be implanted. The sizing tool is a laparoscopic instrument 
with a soft, circular curved tip actuated by the surgeon using the handset on the 
instrument (Fig. 14). The handset contains a number that changes as the instru-
ment is ratcheted down onto the esophagus. The number corresponds to the size 
range of the LINX® device. The sizing tool is placed around the esophagus in 
the dissected space between the esophageal wall and the posterior vagus nerve 

Fig. 13  Completing 
dissection of the posterior 
vagus nerve as close to the 
gastroesophageal junction 
as possible. The sphincter 
augmentation device will 
be positioned in the path 
between the posterior vagus 
nerve and the esophagus

Fig. 14  Proper positioning of the sizing guide is essential. The sizing device is positioned as 
far distal as possible against the gastroesophageal junction. Selecting the proper size is done by 
allowing the magnetic lock to secure in place on the sizing guide and then gently ratcheting the 
sizing guide closed until the magnetic lock spontaneously releases itself
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bundle (Fig. 15). As it is tightened it will spontaneously release allowing the sur-
geon to see the corresponding number associated with the point of release. The 
surgeon adds “2” to the number indicated to determine the appropriate device size 
(Fig. 16).

Once the appropriate LINX® device has been selected, it is introduced through 
the posterior tunnel and positioned between the esophagus and the posterior vegus 
nerve (Fig. 17). The opposing ends are then brought to the anterior surface of the 
esophagus and connected together by engaging the two clasps (Figs. 18, 19, 20 
and 21).

The decision to proceed with a posterior crural repair depends on the size of the 
hernia that is found intraoperatively (Fig. 22). Operative time is generally less than 
1 hour. Patients are discharged the same day of surgery or on the first postopera-
tive day and are counseled to gradually return to a normal diet and to discontinue 
use of acid suppression medication (Figs. 23, 24, 25 and 26).

Fig. 15  It is essential to release any esophageal retraction and preform the sizing test under a 
zero tension, relaxed esophagus. Once the sizing guide releases itself from the magnetic lock the 
surgeon examines the guide to determine the proper size of the Linx device. In this example the 
sizing guide released at “15”. The proper size Linx device would be to add “2” to the measured 
size which would indicate a size “17” device would be the proper device to choose

Fig. 16  Sizing device size
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Fig. 17  Positioning of the 
Linx device between the 
posterior vagus nerve and 
the esophagus at the gastro 
esophageal junction

Fig. 18  Locking the Linx 
device in place using two 
locking sutures attached to 
the device. I properly locked 
device will resist opening and 
will sit in a relaxed position 
on the distal esophagus

Fig. 19  Proper orientation of 
the Linx device in place

Fig. 20  The device is relaxed 
and there is only gentle 
compression on the lower 
esophageal sphincter
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9  Discussion

The controversy of worsening reflux following post sleeve gastrectomy and GERD 
is now well established [23]. Development of new-onset GERD following LSG is 
observed in as many as 8.6–22% of patients [24, 25]. The increasing rate of reflux 
following sleeve gastrectomy is alarming and some authors have reported unac-
ceptable and high rates of reflux related transition to Barrett’s esophagus.

Fig. 21  The device should 
not appear tight when in the 
proper position and should 
rest at the gastroesophageal 
junction on the distal most 
position of the esophagus

Fig. 22  Final completed 
positioning of the Linx 
device. The Linx passes 
between the posterior vagus 
nerve and the esophagus. The 
posterior crural defect has 
been closed and there is no 
tension on the esophagus at 
the site of the implant

Fig. 23  Completed 
implantation of a Linx 
sphincter augmentation device 
at the lower esophageal 
junction following sleeve 
gastrectomy
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The LINX® gained FDA approval in 2012. Magnetic sphincter augmentation is 
now an important option to consider among patients who have undergone sleeve 
gastrectomy who subsequently develop severe and pathologic reflux disease. The 
division and injury of sling fibers comprising the major anti reflux mechanism at 
the gastroesophageal junction result in anatomic changes that are not favorable for 
performing a Nissen or Toupet fundoplication. As a result, fundoplication follow-
ing sleeve gastrectomy is nearly impossible to perform due to the limited amount 
of fundus tissue remaining. Implantation of a LINX® device occurs at the gastroe-
sophageal junction, through tissue and operative planes that are typically undis-
turbed during sleeve gastrectomy. This may be a more favorable less complicated 
approach to the problem of post sleeve gastrectomy reflux than the current recom-
mendation of conversion to gastric bypass.

Conversion to a gastric bypass following sleeve gastrectomy produces a reduc-
tion in acid exposure-related symptoms with high success rates but comes with the 
increased morbidity associated with revision surgery [26,  27]. The routine conver-
sion of patients to Roux-Y gastric bypass creates an unnecessary risk of internal 
hernia, marginal ulceration, reactive hypoglycemia and other complications which 
are entirely avoidable with the implantation of a sphincter augmentation device. 
Surgical options that attempt to address the mechanism of postoperative reflux 
have historically been limited to the repair of a hiatal hernia as fundoplication is 
typically impossible after sleeve gastrectomy. Magnetic Sphincter augmentation 
can also be used in patients following sleeve gastrectomy with no clinical evi-
dence of hiatal hernia or who do not desire conversion to a bypass procedure [28, 
29]. Magnetic sphincter augmentation is an underutilized procedure and may be 
the most exciting and straightforward treatment option for the patient developing 

Fig. 24  The proper position 
and appearance of a Linx 
device following implantation 
after sleeve gastrectomy
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GERD after sleeve gastrectomy. MSA is the only procedure that restores LES 
function after sleeve gastrectomy. Roux Y gastric bypass does not create an anti 
reflux mechanism, rather it provides a drainage function that decreases reflux 
related incidents but does not nothing to improve or restore the antireflux func-
tion of the lower esophageal sphincter. Roux Y gastric bypass is well documented 
to have its own rate of postoperative GERD, does not restore LES function and 
is at best an unpredictable procedure for the treatment for reflux following sleeve 
gastrectomy.

There are now several series demonstrating improved outcomes following mag-
netic sphincter augmentation following sleeve gastrectomy. Device erosions and 
other complications following magnetic sphincter augmentation are rare and ero-
sion rates of less than 0.5% are well established [30,  31]. Magnetic sphincter 
augmentation achieves at least 50% improvement in reflux related symptoms in 
patients undergoing implantation for routine reflux related symptoms and medical 
therapy can be discontinued in up to 90% of patients [24]. Magnetic sphincter aug-
mentation after sleeve gastrectomy for GERD has the potential to be a less morbid 
solution with better short and long term outcomes for the difficult problem of reflux 
following sleeve gastrectomy. MSA is well tolerated and can be performed on an 

Fig. 25  Proper location 
and positioning of Linx 
device on post operative 
barium swallow. There is 
a gentle narrowing at the 
gastroesophageal junction 
and no evidence of reflux 
following placement
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outpatient basis with immediate results. The risk of anastomotic leakage and post-
operative staple line bleeding associated with conversion to Roux-Y gastric bypass 
is completely avoided. Magnetic sphincter augmentation is a safe and effective pro-
cedure with a low complication rate. MSA achieves complete restoration of LES 
function and is completely reversible should postoperative dysphagia result in dif-
ficult eating or discomfort [32, 33]. Conversion to Roux-Y gastric bypass can and 
should be preserved as a last resort option for the majority of successful sleeve gas-
trectomy patients who have developed post-operative reflux symptoms.
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1  Background

Sleeve gastrectomy (SG) was first performed by Hess in 1988 as part of a as a 
component of the malabsorptive procedure, the biliopancreatic diversion with duo-
denal switch [1]. The promising results of SG in terms of weight loss and resolu-
tion of comorbidities as a first stage, combined with a low rate of complications, 
has encouraged the global emergence and monumentally rapid spread of SG as a 
standalone procedure. In 2009, the American Society for Metabolic and Bariatric 
Surgery (ASMBS) issued a position statement recommending laparoscopic sleeve 
gastrectomy (LSG) as a standalone bariatric procedure [2]. Currently, LSG and 
Roux-en-Y gastric bypass are the most commonly performed bariatric procedures 
in United States and Asia/Pacific regions [3]. However, despite having a compara-
tively lower morbidity rate among bariatric procedures, LSG has several postop-
erative complications, both acute and chronic. Moreover, the alteration of gastric 
anatomy, a loss of ligamentous fixation, and the progressive rotation of the sta-
ble line associated with this procedure are widely believed to be the reasons for 
the formation of a twisted or spiral stomach in a condition similar to organoaxial 
gastric volvulus [4]. The resulting functional narrowing, despite a fairly normal 
luminal diameter, has been linked with a wide range of postoperative gastrointes-
tinal symptoms, such as nausea, vomiting, and gastroesophageal reflux disease 
(GERD). In response, the use of omentopexy during LSG is believed by many bar-
iatric surgeons to play a major role in solving this problem [4], and this approach 
is used routinely in an attempt to regain the normal anatomic fixation of the new 
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greater curvature of the sleeved stomach to the gastrocolic and gastrosplenic 
ligaments.

2  Clinical Benefits of the Omentum

Various surgical specialties uses the omentum in their practices. Due to its intrin-
sic features, the omentum not only inhances the healing process in the setting 
of inflammation, it also has the ability to halt bleeding through direct pressure 
and acceleration of the formation of fibrin clots [5]. Considering these remark-
able properties, surgeons are using the omentum to close perforations in the 
gastrointestinal tract and to reinforce gastrointestinal anastomosis. Also, it has 
been shown that the omentum has a role in heart repair following myocardial 
infarction because of its capability for angiogenesis and smooth muscle produc-
tion [6]. In addition, a recent study concluded that laparoscopic placement of a 
peritoneal dialysis catheter using omentopexy minimise catheter obstruction and 
migration [7].

3  Omentopexy in Sleeve Gastrectomy

3.1  Definition

The neutral orientation of the stomach is maintained by four anchoring ligaments: 
gastrophrenic, gastrosplenic, gastrocolic, and gastrohepatic. Use of the omen-
tum by omentopexyin LSG entails the suturing the free end of the greater omen-
tum—the gastrocolic and gastrosplenic ligaments—to the gastric suture line on the 
new greater curvature of the sleeved stomach to resume its normal anatomic posi-
tion in an effort to improve postoperative food tolerance, slow gastric emptying 
(GE), and reduce symptoms of GERD.

3.2  Operative Technique

The patient is positioned in the 30-degree reverse Trendelenburg position with legs 
abducted. A 5-port technique is used, including a 5-mm port inserted in the epigas-
trium for liver retraction, a 10-mm port inserted supraumbilicaly slightly to the left 
for the camera, a 12-mm right hypochondrial midclavicular port and a 15-mm left 
hypochondrial midclavicular port, and a 5-mm left anterior axillary line port for 
the assistant surgeon.

Once all the steps for LSG are completed, the integrity of the stable line is 
confirmed by the methylene blue test and hemostasis of the staple line is secured. 
Then the divided free edge of the omentum—the gastrocolic and gastrosplenic lig-
aments—is identified and sutured it to the stable line of the sleeved stomach in a 
continuous fashion. Using polydioxanone sutures (PDS) 2–0, the suturing starts 
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2 cm distal to gastroesophageal junction to the antrum, until approximately 2 cm 
proximal to the pylorus, leaving 1 cm distance between each suture line to avoid 
ischaemia.

4  Effect on Food Intolerance and Gastroesophageal 
Reflux Disease

Although the relationship between LSG and GERD is still a matter of discus-
sion, several studies have correlated LSG with worsening GERD. In a study by De 
Groote et al. In which they performed a systemic review to compare various bari-
atric procedures and their effect on GERD, LSG was found to aggravate postop-
erative GERD [8]. Loss of efficacy of the antireflux barrier, twisting of the gastric 
remnant, decreased gastric compliance, and decreased lower esophageal sphincter 
pressure have all been suggested as possible factors associated with the develop-
ment of postoperative GERD [9–13].

Various surgical techniques have been suggested to reduce the postoperative 
food intolerance and symptoms of GERD, most of which are proposed to min-
imise gastric malposition resulting from loss of ligmentous fixation. A study by 
Daes et al. demonstrated that the correct alignment of the gastric sleeve is main-
tained by equidistant stapling of the anterior and the posterior walls to prevent 
coiling [14]. However, asymmetrical staples leading to the formation of twisted 
sleeve is always a possibility, and therefore omentopexy of the gastric remnant is 
believed to counteract such a twist.

In 2015, the first randomised study ofomentopexyin LSG compared 2 patients 
groups (omentopexy vs. no-omentopexy) in terms of decreased postoperative 
food intolerance and gastrointestinal symptoms, and no significant difference was 
found between groups [15]. In contrast, growing evidence suggests that the impact 
of omentopexy on the reduction of postoperative gastrointestinal symptoms has 
been observed in many recent studies. A retrospective study by Arslan E et al. con-
cluded that omentopexy can in fact reduce the incidence of gastric volvulus by 
reducing the gastric mobility and restoring the stomach back to its natural ana-
tomic position [15]. Currently, the association of omentopexy in the reduction of 
food intolerance and GERD symptoms is still controversial, and increasing evi-
dence supports the key role of this surgical technique on reducing the incidence of 
postoperative GERD.

5  Effect on Gastric Emptying

Unsurprisingly, small gastric volume is believed to be associated with rapid GE 
because of rapid gastric distension. Acceleration of GE for food and liquid fol-
lowing SG has been shown on scintigraphy [16, 17]., Fixation of the omentum to 
the new greater curvature of the stomach to restore the natural anatomic position 
has been observed to slow GE [15]. However, data are insufficient to support this 
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claim. Therefore, in the opinion of these authors, further studies with strong evi-
dence are still needed to substantiate the association of omentopexy with reduced 
GE.

6  Conclusion

Surgical technique is one of the main factors in the postoperative outcome of gas-
trointestinal symptoms. Reattaching the omentum to the new greater curvature of 
the sleeved stomach in an effort to restore the natural anatomic position is becom-
ing increasingly popular among bariatric surgeons to address this issue. Although, 
the impact of omentopexy on food tolerance, GE, and GERD was observed in 
various studies, further randomised studies are needed to draw a definitive conclu-
sion. Therefore, we recommend the use of omentopexy for select patients under-
going LSG who are at higher risk of developing gastric coiling or gastric twist as 
observed interaoperatively.
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1  Introduction

Obesity is an established risk factor for gallstone formation, furthermore, rapid 
weight loss increases the likelihood of developing gallbladder stone. Both risks 
contribute to biliary disease complications in bariatric surgery. Laparoscopic 
Sleeve Gastrectomy (SG) is the most common bariatric surgery performed world-
wide, hence the increased gravity of any complication that may occur post opera-
tively, moreover, the possible cumulative risk of biliary complications related to 
rapid weight loss [1]. However, there is relative scarcity of published data on SG 
and gallstones, with most of the research on this topic coming from the earlier bar-
iatric procedures, namely gastric bypass and adjustable gastric band.

2  Obesity and the Risk of Gallstone

Obesity is a worldwide health problem which causes serious diseases including 
the risk of developing gallstone (Cholelithiasis risk) [2, 4]. The risk is more estab-
lished in the female population than male patients, especially with higher body 
mass index (BMI) [5]. It has been proven that women with a BMI of 30 kg/m2 or 
more have at least double the risk as those of normal BMI for gallstone formation 
[6–12].

In a large cohort study that included nearly 90,000 women followed for a 
period of 8 years, it was able find that a significant increase in the incidence of 
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gallstone disease was established with increasing BMI, particularly in women with 
a BMI of 30 kg/m2 or more, with an exponential increase in the incidence of gall-
stones from a rate of 3.7 to 7.4 times with higher BMI in women as compared to 
women with normal BMI [12].

3  Rapid Weight Loss and the Risk of Gallstone

Strong evidence of an increased risk for gallstones among the obese came from 
clinical studies of individuals subjected to very low-calorie diets and having rapid 
weight loss with an estimated risk of 10–25% [13–17]. The rationale behind this 
is rapid mobilization of cholesterol from adipose tissue stores and excess cho-
lesterol excretion from the liver leading to bile supersaturation with cholesterol. 
Furthermore, fasting has been associated with reduced gallbladder contractility, a 
sequala of dietary fat restriction, leading to gallbladder stasis and favoring gall-
stone formation. In contrast, increasing the dietary fat by a small amount induces 
better gallbladder emptying and may reduce the risk of gallstone formation in 
patients undergoing rapid weight loss [18]. Fluctuation of BMI due to repeated 
dieting may also play an added role in gallstone formation [19, 20].

During follow-up, the Nurses’ Health Study cohort found an increased risk of 
gallstone formation, with a 44% increase in women who lost 4 to 10 kg and a 94% 
increase in women who lost more than 10 kg, compared to those whose weight 
loss was less than 4 kg [12].

In the first U.S. National Health and Nutrition Examination Survey, a history of 
dieting (however unknown degree of weight loss) among women was associated 
with a raised incidence of hospitalization with gallstones during a 10 year follow-
up (67%; P = 0.001) [21].

An association of gallstone disease and obesity in men has been more difficult 
to establish, probably due to the fact that gallstone disease is generally more rare 
in men. In an ultrasonographic study from Copenhagen County, Denmark, men 
with a history of more than one weight loss treatment (with weight loss of more 
than 5 kg) had a statistically significant increased prevalence of gallstone disease 
(11.0% compared with 5.2% in normal diet) [9].

4  Pathophysiology and Type of Gallstones Formation 
in Obesity

Cholesterol gallstones comprise 80% of all gallbladder stones in Western  countries 
[22]. More specifically, obesity related gallstones are predominantly of the cho-
lesterol type and are formed when there is a disproportion in substance compos-
ing bile, partly due to the increase in the activity of 3-hydroxy-3-mthylglutaryl 
coenzyme A reductase (HMGCoA), leading to increased secretion of biliary cho-
lesterol [23]. Generally, there are three physical conditions described that contrib-
ute to the formation of cholesterol gallstones, however, they do not necessarily all 



Sleeve Gastrectomy and Gallstones Disease 321

exist at the same time [Table 1] [24, 25]. Cholesterol crystal formation (visible by 
microscopy) followed by sludge formation (visible by gallbladder ultrasonogra-
phy) are thought to be necessary precursors for cholesterol gallstone formation. 
Gallbladder hypomotility is measured by increased fasting volume, decreased 
ejection fraction, and increased contracted volume [27–29].

Several prenucleation and antinucleating proteins (mechanism 2), per-
haps derivatives of gallbladder mucin, have been implicated as kinetic factors. 
Interestingly, Gustafsson et al. found that, by obtaining gallbladder bile during 
bariatric surgery and percutaneous aspiration postoperatively after weight loss, 
crystallization promoting compound like “Mucin” are of great importance in the 
development of cholesterol Crystals. Patients are therefore transiently at risk for 
gallbladder stones during the active weight reduction phase, which usually con-
sists of the first 6–12 months, after which the risk diminishes after 2 years [30].

5  Incidence of Cholecystectomy in Sleeve Gastrectomy

Routine bariatric surgery is generally associated with a low frequency of postop-
erative cholecystectomy, however, it is highest early after surgery and is mainly 
determined by the amount of excess weight loss within the first 3 months. As a 
sequalae, several studies discouraged routine prophylactic cholecystectomy at the 
time of bariatric surgery in asymptomatic patients [31].

In the largest retrospective series to date, with a 5 year follow-up period, Altieri 
et al. found that cholecystectomy was required postoperatively, most prominently 
following LSG in 167 (10.1%) of 1650 patients, with lower numbers seen fol-
lowing RYGB (Roux-en-Y Gastric Bypass) making up 1931 (9.7%) patients out 
of 19,996, as well as LAGB (laparoscopic adjustable Gastric Band) compromis-
ing 989 (6.5%) patients from 15,301. Based on a multivariable Cox proportional 
hazard mode, risk factors for subsequent cholecystectomy included younger age, 
female sex, race, and some co-morbidities and complications (P < 0.05). Further, 
they concluded that patients should be counseled preoperatively about this risk and 
contemplate the use of Ursodiol biliary prophylaxis [32].

Table 1  Mechanism of cholesterol gallbladder formation in obesity and weight loss

Physical mechanism Affect

The first physical mechanism: cholesterol 
supersaturation of bile

Leading to preconditioning of cholesterol 
crystallization

The second physical mechanism: the presence 
of a kinetic defect

Causing acceleration of cholesterol crystal 
nucleation and increase in supersaturated bile

The third physical mechanism: hypomotility of 
gallbladder

Bile increased cholesterol supersaturation, 
stasis in the gallbladder, and cholesterol crys-
tallization leading to gallstone formation
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6  Biliary Complications Post LSG

Most research on biliary complications have come from large studies on RYGB. 
In a study of 3765 patients who underwent bariatric surgery, around 138 (3.6%) 
patients developed postoperative biliary complications. The mean time from 
surgery to biliary complication was seen to be 1.8 ± 1.4 years. The main biliary 
complications were chronic cholecystitis (70.2%) and to a lesser extent, acute 
cholecystitis (18.1%), acute pancreatitis (9.4%), choledocholithiasis (5.7%), and 
jaundice (2.8%). The interventions were laparoscopic (n = 134, 97.0%) and open 
(n = 1, 0.7%) cholecystectomy [33]. Similar studies with longer prospective follow 
up (3 years) post open RYGB included 40 morbidly obese patients free of gall-
bladder disease preoperatively. Eleven of these patients (28.9%) developed chole-
lithiasis, four (10.5%) experienced biliary pain, and 2 suffered from acute biliary 
pancreatitis (5.3%). The treatment for these patients involved laparoscopic chol-
ecystectomy. There were no deaths encountered post-op, which makes it a reason-
able conclusion to perform a cholecystectomy during RYGB in the presence of 
cholelithiasis, or following this procedure if gallstones develop [34].

The most recent systematic review and meta-analysis of 42 studies with a 
cumulative sample size of 729,642 patients was able to show an incidence rate of 
biliary complications to be 5.54 cases/1000 patient year: SD =  ± 6.87 (Table 2). 
Sleeve gastrectomy had the highest complications rate equal to 5.66 cases/1000 
patient year; SD =  ± 9.06 compared to all other procedures. This was prob-
ably because none of the SG studies included ursodiol use. The most common 
biliary complications encountered were biliary colic or biliary dyskinesia with 
3.04 cases/1000 patient year: (SD =  ± 2.67). Acute cholecystitis made up 1.44 
cases/1000 patient year (SD =  ± 2.13), acute pancreatitis was 0.11 cases/1000 
patient year (SD =  ± 0.2), and common bile duct stones showed an incidence of 
0.34 cases/1000 patient year (SD =  ± 0.53). The complication rate tended to be 
exponential to the severity of weight loss [Table 2] [35].

7  Cholecystectomy: When to Operate?

Presently there is no consensus on the best timing to perform a cholecystectomy 
for asymptomatic gallstones in individuals undergoing bariatric surgery, with 
widespread variation in practice. This can be explained by a lack of high-quality 
studies and the lack of randomized control trials, especially covering LSG. This 
controversy is null when the patient presents with symptomatic gallstone given 
that the standard practice would be to perform a cholecystectomy before or com-
mitment to their bariatric procedure [36].

There are three possible approaches to deal with the risk of biliary complica-
tions and asymptomatic gallstones:
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1. Prophylactic (Routine) Cholecystectomy
2. Selective (Elective) Cholecystectomy
3. Conventional (expectant) Cholecystectomy

8  Prophylactic (Routine) Cholecystectomy

Refers to performing laparoscopic cholecystectomy in all patients at the time of 
initial surgery, regardless of the presence or absence of gallstones. In earlier con-
cerns, there has been an increased incidence of biliary complications after bariatric 
surgery compared to the general population. Another important concern is that the 
diagnosis of microlithiasis is difficult, while the incidence might be higher than 
expected.

The risk for postoperative complications was lower when the procedure was 
performed concomitantly with bariatric surgery compared to those performed 
post- (RD =  − 0.09; 95% CI − 0.13, − 0.05) or pre-bariatric surgery (RD =  − 0.05; 
95% CI − 0.08, − 0.01). Furthermore, the risk for reoperation was lower for 
patients that underwent concomitant cholecystectomy (RD =  − 0.02; 95% 
CI − 0.05, − 0.00). The reason for cholecystectomy having a higher risk postopera-
tively is thought to be because 36.2% of the cholecystectomy indications follow-
ing bariatric procedures were acute cholecystitis or involved choledochotomy for 
common bile duct exploration [35]

Table 2  Incidence of biliary complication post bariatric surgery

Bariatric Technique, 
UDCA & Biliary 
complications

Mean total patient 
year

(±SD) Mean number of 
cases/1000 patient 
year

(±SD)

RYGB 62,116.02  226,168.85 5.27 6.12

LSG 4771.36 5907.47 5.66 9.06

LAGB 2819.17 766.23 1.02 1.08

BPD/DS 6059.50 1908.48 5.53 2.11

UDCA 3176.17 2584.51 4.1 3.37

NO UDCA 
URSODIOL

10,912.36 17,963.78 5.67 9.82

Global biliary 
complications

135,581 598,964.17 5.54 6.87

Biliary colic or 
dyskinesia

61,952.22 232,429.74 3.04 2.67

Acute cholecystitis 167,371.45 740,115.82 1.44 2.13

Acute pancreatitis 11,938.94 19,571.46 0.11 0.2
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Worni et al. retrospectively analyzed 70,287 adults that underwent RYGB 
which reported only 9.1% of the patients had undergone concomitant chol-
ecystectomy. However, the proportion of patients undergoing concomitant chol-
ecystectomy decreased significantly from 26.3% in 2001 to 3.7% in 2008. Due to 
increased postoperative complications, interventions, mortality, and longer hospi-
tal stay they did not recommend concomitant cholecystectomy [37–39].

This approach was challenged by the fact that patients submitted to bariatric sur-
gery have a low incidence rate of biliary complications, and concomitant cholecys-
tectomy increases the risk for postoperative complications, cost and operative time. 
Subsequent reports and a major meta-analysis covered 13 studies analyzing the rate 
and morbidity of subsequent cholecystectomy in 6,048 patients who underwent 
RYGB without concomitant cholecystectomy. The rate of subsequent cholecys-
tectomy was 6.8% (95% CI, 5.0–8.7%). The rate of subsequent cholecystectomy 
due to biliary colic or gallbladder dyskinesia was 5.3%; due to cholecystitis, 1.0%; 
choledocholithiasis, 0.2%; and biliary pancreatitis, 0.2%. The mortality rate after 
subsequent cholecystectomy was 0% (95% CI, 0–0.1%). The surgery-related com-
plication rate after subsequent cholecystectomy was 1.8% (95% CI, 0.7–3.4%) 
while the risk of suffering from a cholecystectomy-related complication was 0.1% 
(95% CI, 0.03–0.3%) in patients undergoing RYGB without concomitant cholecys-
tectomy. An important recommendation was to avoid prophylactic concomitant 
cholecystectomy during RYGB in patients without cholelithiasis, with the proce-
dure exclusively reserved for patients with symptomatic biliary disease [36].

9  Elective (Selective) Cholecystectomy:

The approach involves performing concomitant laparoscopic cholecystectomy 
only in patients with gallstones pre/intraoperatively, even if asymptomatic. Many 
of the reasons that make it an appealing approach is that there is an assumed 
higher incidence of symptomatic disease as compared to patients without 
gallstones.

Hamed et al. performed cholecystectomy in 16.9% of patients during RYGB 
and compared the outcomes to those who did not have concomitant surgery. The 
result showed significantly longer operative time, longer hospital stays, and higher 
major morbidity in those with concomitant cholecystectomy.

There was, however, no specific morbidities causally related to cholecystec-
tomy [40].

10  Conventional (Expectant) Cholecystectomy 
Approach

This involves expectant management with or without prophylactic administration 
of UDCA until the symptoms develop. Thus, cholecystectomy is performed only 
when symptoms arise. The advantage of this approach is that surgery is performed 
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after a significant weight loss is achieved allowing surgical risk and technical dif-
ficulties to subside after the weight loss procedure.

Several studies showed a low incidence rate (only 9.84%) of patients after 
RYGB without prophylactic UDCA requiring subsequent cholecystectomy and 
they concluded that the natural history of patients with asymptomatic gallstones 
undergoing bypass is very much like the natural history of asymptomatic gall-
stones in the general population [41].

11  Ursodeoxycholic Acid (UDCA) Prophylaxis

The role of UDCA in prevention of gallstones is well established in the literature. 
It works by acting at the cholesterol and mucin levels in the bile (decreasing bile 
saturation) and improving gallbladder emptying.

In a randomized clinical trial, although a small sample was included, 51 obese 
women and 17 obese men all received a 16-week, 520-kcal-per-day weight-loss 
program. Gallstones formation was reported in 0 of 18 of the ursodeoxycholic 
acid-treated group, 2 of 14 of the aspirin-treated group and significantly in 5 out of 
19 of the placebo-treated group [14].

12  UDCA Efficacy in Post Bariatric Surgery

12.1  Dose, Frequency

The ideal dose of UDCA to markedly and significantly reduce gallstone formation 
from 32 to 2% proved to be 600 per day, provided prophylactically twice daily 
in divided doses for 6 months after RGBP-induced rapid weight loss. This inter-
vention further decreases the morbidity of this potentially life-saving operation. 
However, UDCA can reduce gallstone formation with no further risk reduction 
when using higher doses of 1200 mg daily (6%) [42].

There was weak evidence that the duration of UDCA prophylaxis is propor-
tional to the BMI preoperatively, with no strong evidence available and the best 
recommendation to support 6 month prophylaxis period in all patients.

Consensus from an earlier systemic review of eight studies incorporating 1355 
patients demonstrated lower incidence of gallstone formation in patients taking 
UDCA in relation to different bariatric procedures, doses of administered UDCA, 
and time from bariatric surgery. Adverse events were similar in both groups. 
Fewer patients required cholecystectomy in the UDCA group and no deaths were 
reported [43].

The only randomized clinical trial that has been published to date among SG 
patients investigated gallstone prevention with UDCA in 37 patients randomized 
to the UDCA treatment arm and 38 patients to no treatment. The results at 
6 months demonstrated that the UDCA group had a statistically significant lower 
incidence of gallstones (p = 0.032) while at 1 year no significant difference in 
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gallstones between the two groups was detected. The overall gallstone formation 
rate was 29.8% [44].

13  Disadvantages of UDCA

Other than the higher cost inferred on patients, some side effects can be seen with 
UDCA usage, e.g. diarrhea, skin rash and aggravation of liver diseases that the 
patient needs to be informed about and could be a limiting factor in its use [43].

14  Summary

Obesity and rapid weight loss after LSG contribute to the risk of gallstone forma-
tion and the likelihood of developing biliary disease complications.

There is relative scarcity of published data on LSG and biliary disease and a 
limitation of this review is that most of the included studies were a retrospective 
cohort that mostly came from RYGB studies. These studies characteristics may 
explain the high heterogeneity noted in some analysis.

Clearly the data showed low incidence of biliary complications after bariatric 
surgery. Prophylactic cholecystectomy currently has no indications, even in the 
presence of asymptomatic gallstones due to the fact that it may increase the risk of 
postoperative complications and the mean operative time. However, if cholecystec-
tomy is not performed before or at the time of the LSG, patients should be carefully 
followed with special attention for biliary complications. Commonly, indication for 
cholecystectomy post-bariatric surgery is due to acute biliary complications, which 
despite being unusual, infer a higher risk for postoperative complications and reop-
erations. If a patient presents with biliary symptoms at the time of bariatric surgery, 
surgeons should considerer cholecystectomy before or concomitantly.

Given the current popularity of the sleeve. Future controlled trials are required 
for evidence of higher power. In addition, a standardized usage of ursodiol for 
each type of bariatric technique should also be assessed in further studies. The 
use of UDCA in a dose of 300 mg taken twice daily for 6 months significantly 
reduces or prevents gallstone formation and is highly recommended in asympto-
matic gallstones.

15  Conclusion

Sleeve gastrectomy is an increasingly performed procedure worldwide and is 
viewed by many experts as a valid option for weight reduction and resolution of 
metabolic comorbidity. Post-operative biliary disease is a serious risk, however 
prophylactic cholecystectomy is not indicated while UDCA prophylaxis is indi-
cated especially in asymptomatic gallstones. Longer term, and comparative data 
are still needed.
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1  Introduction

Laparoscopic sleeve gastrectomy (LSG) remains the gold standard technique to 
achieve and maintain long term weight loss among the overweight population. The 
current trend is to perform LSG under general anesthesia (GA) because of several 
factors, including good muscle relaxation which allows better manipulation of lapa-
roscopic tools, but this cannot be attained safely among severely co-morbid obese 
patients where GA carries a high risk of complications or is considered a contrain-
dication, and therefore, paravertebral blockade (PVB) could offer a safe alternative.

2  Review on General Anesthesia

2.1  General Overview

Almost all surgeries of the modern era share a common procedure that is anesthe-
sia. The Oxford dictionary defines anesthesia as “Insensitivity to pain, especially 
as artificially induced by the administration of gases or the injection of drugs 
before surgical operations.” The act of abolishing surgical pain was always sought 
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out throughout history, but it was in the nineteenth century that discoveries about 
certain anesthetic agents made anesthesia possible and reproducible [1]. To date, 
advancements in the field of anesthesia grow and evolve to try and perfect this pro-
cedure for a better and safer patient experience.

The objectives of anesthesia are to provide analgesia and amnesia during an 
operative event. To achieve these objectives, the anesthesiologist can perform dif-
ferent types of anesthesia depending on the situation presented, and these are [2]:

1. General anesthesia
2. Neuraxial anesthesia (Spinal, Epidural)
3. Nerve Block
4. Regional (local) anesthesia

2.2  General Anesthesia in the Obese/bariatric Population

Obesity is well known for the overall risks it imparts on an individual, ranging 
from an increased risk of metabolic syndrome to an increased risk in cardiovas-
cular events and overall mortality [3]. In the normal population, complications 
can occur with the use of general anesthesia either perioperatively or postopera-
tively, as stated earlier. However, obese patients, in whom comorbid diseases are 
frequently encountered, are even more drastically impacted by general anesthesia 
in this regard [4]. According to previously published data, the incidence of postop-
erative complications, ranging from the harmless vomiting to the fatal myocardial 
ischemia, are all somewhat higher in the obese surgical patient [5].

The increased risk of perioperative complications stems from the concept that 
morbidly obese patients possess unique pathophysiologic changes that makes this 
population particularly more vulnerable to life threatening issues [5].

Obese patients are characterized by an increased extracellular volume owing 
to an enlarged cardiopulmonary vascular system, as well as increased metabolic 
demands. This change ultimately leads to an increase in lung resistance and con-
sequently a decrease in lung compliance, causing decreased ventilation and hypox-
emia [5]. In addition to the hypervolemia, mechanical barriers such as excess fatty 
tissue especially around the neck and trunk also negatively affect respiratory func-
tion leading to hypoxia [6]. Furthermore, reduced compliance of the diaphragm, 
an important muscle for respiration, occurs during laparoscopic abdominal surgery 
under general anesthesia, partly from the gases used to expand the abdomen, and 
partly from the drugs used during anesthesia that cause a loss of muscular tone [6]. 
This reduced diaphragmatic compliance, as well as a documented cephalad dia-
phragmatic displacement in obese patients undergoing bariatric surgery, raises the 
risk of basal atelectasis and ultimately the prevalence of chest infections [7]. That is 
why obese patients are prone to develop respiratory complications and special care 
is taken in general anesthetic protocols involving these patients for this reason [8].

Moving on from the respiratory standpoint, obesity by itself is a risk factor for 
coronary artery disease, and hence these patients pose an increased risk of angina 
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pectoris, heart failure, and even sudden death. Fatty infiltration of the cardiac con-
duction system may as well increase the risk of cardiac arrhythmias [7].

As a conclusion, this patient population represents a particular challenge for the 
anesthesiologist. The presence of a vast difference in published data regarding the 
matter results in difficulty establishing a well inscribed and universal general anes-
thesia regimen or even predict its outcome. That is why general anesthesia for the 
morbidly obese patient is still regarded as holding a higher risk for major compli-
cations than the general population [8].

3  Review on Paravertebral Block (PVB)

Paravertebral nerve blockade (PVB) is an old technique that is being rejuvenated 
and revisited for not only perioperative and post-operative pain relief but as a sole 
anesthetic technique in many thoraco-abdominal surgeries.

Hugo Sellheim of Leipzig in 1905 was the pioneer concerning the concept 
of paravertebral block, which was later refined by Lawen (1911) and Kappis 
(1919) [9].

This technique was formally introduced by Eason and Wyatt (1979) with their 
paper “paravertebral block-a reappraisal” [10]. However, it was really over the 
last 20 years that paravertebral block generated interest initially for the patients 
undergoing breast surgery, inguinal hernia repair and most recently bariatric pro-
cedures [11].

4  Anatomy

The paravertebral space in general is not well defined in anatomy books and refer-
ences, it was first described however by Macintosh and Bryce Smith in their book 
about local anesthesia in 1962 [12].

This space extends from T1 to the lumbar vertebral column, it is a wedge 
shaped area posteriorly bounded by the superior costo-transverse ligament, 
 antero-laterally by the parietal pleura and medially by the posterolateral aspect of 
the vertebra and intervertebral foramen (Fig. 1) [11].

The space communicates medially with the epidural space via the intervertebral 
foramen and it is continuous with the intercostal space as well [10].

There are anatomical variations of the nerve in the lateral part of the space. 
In some of Eason and Wyatt’s dissections the nerve was shown to divide into 
multiple parts which may or may not re-join, and in one case it was seen to 
deviate downwards to become an intercostal nerve running along the top of the 
rib below [10].

In that space the spinal nerve root exits the intervertebral foramen to give the 
dorsal and ventral rami, the sympathetic chain lies anteriorly to the intercostal 
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nerve communicating with it via the rami communicants. This explains why 
blockade of that space causes, sensory and sympathetic block [13].

Also it was noted by Lönnqvist in 1992 that the paravertebral space is sealed 
off caudally at the thoraco-lumbar junction by the psoas muscle, by instilling 
dye via a catheter inserted in the paravertebral space at the 12th thoracic verte-
brae level. This explains why the spread of the block to a level lower than T12 is 
unlikely [14].

Furthermore the endothoracic fascia which lies between the parietal pleura and 
the innermost intercostal muscle divides the paravertebral space into two fascial 
compartments, the extra pleural compartment anteriorly and the subendothoracic 
paravertebral compartment posteriorly (Fig. 2) [15].

4.1  Indication

Perioperative anesthesia or analgesia is the most frequent indication.
In anesthesia however indications are generally for breast surgery, [16–18] 

inguinal hernia repair [19, 20] among other general surgeries, lithotripsy [21] and 
video assisted thoracic surgeries [22].

Fig. 1  Anatomy of the paravertebral space. [11] Source Batra RK, Krishnan K, Agarwal A. 
Paravertebral block. J AnaesthesiolClinPharmacol. 2011;27(1):5–11.(11)
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Single injection paravertebral blocks can be used for surgeries with mild to 
moderate pain [23] such as hernioplasties and minimally invasive cardiac sur-
geries [24].

For minor abdominal surgeries such as prostatectomies [25], laparoscopic chol-
ecystectomies and hysterectomies bilateral single paravertebral blocks are needed. 
Alternatively, a continuous bilateral block is used for major surgeries whether 
abdominal (pancreatectomy, colectomies…), cardiac or pelvic (cystectomy, hys-
terectomy, nephrectomies…) by placement of a PV catheter [26] (Table 1).

Fig. 2  Fascial compartments of the paravertebral space. [15] Source Karmakar, M. K., Kwok, 
W. H., & Kew, J. (2000). Thoracic paravertebral block: Radiological evidence of contralateral 
spread anterior to the vertebral bodies. British Journal of Anaesthesia, 84(2), 26.(15)

Table 1  Indications of paravertebral blocks and the level at which they should be performed

Source Chelly, J. E. (2012). Paravertebral blocks. Anesthesiology Clin, 30, 75–90.(2-).

Continuous PVBs Single PVBs

Breast T1-T2 (axillary dissection) T2-T6

Esophagectomy\bariatric surgery Bilateral T2-T3 -

Thoracotomy including video assisted 
thoracic surgery (VATS)

T4-T5 -

Liver resection Bilateral T6-T7 -

Umbilical hernia Bilateral T8 Bilateral T7-T9

Abdominal surgery Bilateral T8-T9 -

Pelvic surgery Bilateral T11-T12 T10-L1
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4.2  Techniques

Over time several techniques have been described concerning paravertebral block, 
including: blind, nerve stimulator guided and Ultrasound guided technique.

Irrespective of the technique, first the patient needs to be properly positioned 
ideally in a sitting position with his back in flexion; however it also can be per-
formed with the patient in the lateral decubitus position especially in trauma 
patients [10].

Light sedation is given prior to the block with a combination of midazolam and 
fentanyl; however it could be performed with no preceding sedation [10].

The choice of needle is key, in 1968 Bryce and Bowers [27] found that 
Lindgren needles (Fig. 3) which were initially used for carotid and femoral angio-
grams, are ideal due to their straight shaft, large bore and rigidity which allows for 
an accurate placement.

However, Eason and Wyatt used a Tuohy needle, which is the needle that is 
standardized for the use in paravertebral blockade (Fig. 4) [10].

4.2.1  Blind Technique
The patient should be sitting up or placed on his lateral side. After scrubbing and 
cleaning the site, a skin weal is raised with local anesthetic solution 3 cm lateral 
from the anatomical midline. The Tuohy needle is advanced through the wheal at 
a 90 degree angle until striking the transverse process of the vertebra inferior to the 
spinal process palpated at a depth of 2.5–3.5 cm. When bone is felt the needle is 
redirected in a cephalad direction and advanced until passing above the transverse 
process (1–1-5 cm) and do so until the superior costotransverse ligament is passed 
(Fig. 5). This will manifest in loss of resistance when the needle enters areolar tissue 
of the paravertebral space, the needle is then aspirated to make sure that neither the 
Dural space nor the pleura nor a blood vessel has been punctured. Local anesthesia 
is then administered or a catheter inserted if a prolonged block is needed [10].

Fig. 3  Lindgren needles. 
[27] Source: James, C. D., 
& Bowers, J. R. (1968). 
Aid to lumbar paravertebral 
sympathetic block. 
Anaesthesia, 23(4), 644–645
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Fig. 4  The disposable epidural pressure measurement system. [28] Source N. Vaughan, V. N. 
Dubey, M. Y. K. Wee, and R. Isaacs. Devices for accurate placement of epidural Tuohy needle for 
Anaesthesia administration. Mech. Sci., 5, 1–6, 2014

Fig. 5  Longitudinal section to show direction of needle: (a) above, (b) below. [10] Source 
Eason, M., & Wyatt, R. (1979). Paravertebral thoracic block-a reappraisal. Anaesthesia, 34(7), 
638–642)
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However, unpredictability of spread, failure rate and complications has 
prompted the modification of this technique to ensure more accuracy in defining 
the paravertebral space.

4.2.2  Neurostimulation Technique
This technique in paravertebral blockade has been in use since 1998, since it 
allows more accurate localization of the intercostal nerve and thus lowers compli-
cation rate [29].

A nerve stimulator with an initial current of 5 mA and 9 V is connected to a 
21G insulated needle which is then advanced perpendicularly to the skin. First the 
contraction of the Paraspinal muscles is detected, which subsequently ceases when 
the needle reaches the costo-transverse ligament. After piercing the latter, a proper 
muscular response is noted, being that of the intercostal muscles. The needle is 
then adjusted into a position to allow muscular response while reducing the cur-
rent. The intensity is directly related to the distance between the tip of the needle 
and the intercostal muscle. The position of the needle is considered optimal when 
the current is between 0.4–0.8 mA [29].

The distance between the skin and the paravertebral space is then measured, 
after which the insulated needle is removed and the Tuohy needle inserted at the 
same depth measured [15].

4.2.3  Ultrasound Guided Technique
The utilization of ultrasound as a guide has enhanced the accuracy of needle and 
subsequent catheter placement into the paravertebral space. A linear array trans-
ducer is placed 2.5 cm laterally to the spinous process in an oblique axis and the 
goal is to obtain a sonographic image consisting of the pleura (anteriorly), the cos-
totransverse ligament (posteriorly) and the bony prominences (Fig. 6) [30]. Thus 
the ultrasound technique permits the visualization of the needle, the spread of the 
anesthetic solution and direct vision of the placement of the catheter.

After visualizing the landmarks, the needle is inserted into the paravertebral 
space, then the anesthetic solution is deposited which translates by the parietal 
pleura bulging anteriorly on the ultrasound image (Fig. 7) [31].

4.3  Mechanism and Spread of Anesthetic

Ipsilateral Block of the somatic and sympathetic nerves is achieved by local anes-
thetic injection in the paravertebral space including the posterior ramus in multiple 
adjacent dermatomes.

In that area the nerves are devoid of fascial sheath which facilitates penetration 
of anesthetic agents [32].
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Fig. 6  Sonogram of the paravertebral space. [30] Source Luyet, C., Eichenberger, U., Greif, 
R., Vogt, A., Farkas, Z. S., & Moriggl, B. (2009). Ultrasound-guided paravertebral puncture and 
placement of catheters in human cadavers: An imaging study. British Journal of Anaesthesia, 
102(4), 534–539

Fig. 7  Local anesthetic injection in the paravertebral space. [31] Source Bondár, A., Szűcs, S., 
&Iohom, G. (2010). Thoracic paravertebral blockade. Medical Ultrasonography, 12(3), 223–227
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Concerning longitudinal spread it is thought that a single paravertebral space 
blocked can result in anesthesia of a mean of 5 dermatomes somatic wise, and a 
mean of 8 dermatomes sympathetic wise [33].

This ipsilateral spread of the anesthetic agent is through the heads of the ribs 
along the vertebral bodies [34].

It also has been demonstrated that injections ventral to the endothoracic fascia 
facilitates longitudinal spread versus unpredictable spread in case of dorsal infil-
tration [35].

Concerning the contralateral spread of the block, it was proven that one of the 
ways this is possible is by the drug penetrating the epidural space through the 
intervertebral foramen [36].

Between the pleura and the endothoracic fascia there’s the subserous fascia 
which acts as a channel of communication between the paravertebral spaces on 
both sides, anterior to the vertebral body, which provides another possibility for 
the spread of the block to the contralateral side [16].

4.4  Anesthetic Drugs

Drugs that were used are the following: (Bupivacaine,levobupivacaine and ropi-
vacaine) alone or with either epinephrine, Fentanyl,Clonidine or corticosteroids, 
and lidocaine with or without epinephrine.

The dose depends on the surgery and the number of dermatomes that are 
required to block, but as a general consensus 15 ml in adults is enough to cover 3 
dermatomes, and 0.5 mg/kg in children will cover 4 dermatomes [13].

So it is proven that at least 3 to 4 spaces can be covered by one blocked level 
[10].

Bupivacaine is an amide local anesthetic that can produce long lasting anesthe-
sia [37].

As adjuncts to bupivacaine, fentanyl and clonidine can be added which reduce 
the local anesthetic dose initially administered.

Average onset of anesthesia is around 30 min, and enhancement postoperative 
pain relief is noticed. However, their use can be limited by their side effects which 
are nausea/vomiting when it comes to fentanyl and hypotension concerning cloni-
dine [38].

Lasts in average for around 14 to 15 h with relative variations [39].

4.5  Complications

In 2001 Naja and Lonnqvist prospectively studied the failure and complications 
rates of paravertebral blockade in 620 adults. Failure rate was 6.1% in adults, 
while the complications were the following [40] (Table 2).

They reported also that pneumothorax and vascular puncture risk were higher 
when it comes to bilateral block.
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In 2005, a case of contralateral Harlequin and ipsilateral Horner syndrome was 
documented post paravertebral block for a breast operation and it was thought to 
be due to the spread of analgesics to the stellate ganglion [41].

Also a case of pulmonary hemorrhage was seen in a patient that underwent a 
paravertebral block, however, this patient suffered from a previous thoracic sur-
gery which resulted in paravertebral space fibrosis, making loss of resistance less 
evident [42].

This technique lacks systemic toxicity by the anesthetic drug due to the mod-
erately slow absorption time (Tmax = 15-30 min) [43]; however there’s one docu-
mented case where the patient suffered a seizure following systematic spread [44].

4.6  Paravertebral Blockade (PVB) vs General Anesthesia 
(GA) a Review of Data

4.6.1  Abdominal Surgeries
Multiple authors compared GA to PVB in different abdominal surgeries. In all 
reviewed articles, superiority of the PVB technique was noticed, whether through 
the decrease in post op vomiting, pain or any post op adverse events. Some of 
those most important articles discussing that are listed in Table 3 [35, 46–51].

4.6.2  First Paravertebral Block in Sleeve Gastrectomy
Kanawati et al. conducted a case series in 2015 where they performed a paraver-
tebral block on 5 patients undergoing sleeve gastrectomy. A bilateral block was 
performed, with 4–5 ml of local anesthetic infiltrated at the thoracic level from T6 
through T11, guided by a nerve stimulator. The nerve stimulator was used as well 
to secure a cervical block to relieve shoulder pain in these patients brought on by 
abdominal insufflation for laparoscopy. Patients were hemodynamically stable, 
conscious and cooperative throughout the operation. In that case series paraverte-
bral block proved to be a satisfactory alternative to general anesthesia [45].

In our study (unpublished data), a total of 210 participants were included of 
which 48 constituted the PVB group and 162 patients composed the GA group. 
Both groups were similar in baseline demographic factors, with patients in PVB 

Table 2  Complication rate of paravertebral block

Source Naja MZ, Lonnqvist PA. Somatic paravertebral nerve blockade: incidence of failed block 
and complications. Anaesthesia. 2001;56:1184–8 (102)

Complication Rate (%)

Inadvertent vascular puncture 6.8

Hypotension 4

Intrathecal\epidural spread 1

Pleural puncture 0.8

Pneumothorax 0.5
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suffering from higher number and advanced stage of comorbidities than the GA 
group. Mean operative time was similar in between the two groups. Intra-operative 
complications were scarce among both study groups. GA group requested a sec-
ond dose of analgesia earlier than PVB group, When comparing pain management 
post-op, In the Post Anesthesia Care Unit, the patients in the PVB group did not 
ask for pain killers, as compared to GA group where at least 20% of the patients 
asked for an additional analgesia dose, There was a significant statistical differ-
ence in the number of doses received by the two groups when compared for anal-
gesia requirements in the postoperative period. This reflects the important effect 
of the paravertebral blockade in post-operative analgesia on top of its role as an 
anesthetic technique. After at least 1 year postoperatively, the mean percentage of 
excess weight were similar.
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1  Scope of the Problem

1.1  Increasing  of the Elderly Population

The definition of “elderly” has varied over time and according to the regional life 
expectancy. In most developed countries, age more than 65 years is considered 
elderly, although in developing nations this age is 60 years [1]. Life expectancy 
has increased substantially in all parts of the world and over the last century it has 
more than doubled [2]. According to the WHO, life expectancy at birth globally 
increased from 66.5 years in 2000 to 72 years in 2016 [3] and in the US has almost 
increased by 10 years from 69.9 years in 1959 to 78.87 years in 2019 [4].

Life expectancy is expected to continue to increase due to continued advance-
ment in health and improvement in living conditions around the world. With 
increase in life expectancy, the proportion of elderly population will inevita-
bly increase. According to recent statistics, there were 703 million people of age 
65 years and older worldwide in 2019, and this number is projected to double by 
2050 [5]. In the United States, the population of 65 years and older is projected to 
nearly double from 52 million in 2018 to 95 million by 2060 [6].
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1.2  Prevalence of Obesity and Related Comorbidities  
in the Elderly

Obesity is a global pandemic that is affecting people of all ages. With the 
increase in the elderly population, it is no wonder that the number of obese 
older individuals will increase as well. In fact, elderly subjects are more prone 
to develop obesity due to decreased resting energy expenditure [7, 8] and 
physical decline. In the US about 35% of adults aged 65 and over were obese 
in 2007–2010, representing over 8 million adults aged 65‒74, and almost 5 
million adults aged 75 and over, and this number is predicted to double by 
2050 [9].

Elderly subjects are more likely to develop obesity-associated comorbidities, as 
with increase in age there is decline in physiologic reserves [10] and obesity fur-
ther accentuates this risk. In fact, the incidence of both diabetes and HTN surges 
in older individuals as the BMI increases. Increased age and obesity are consid-
ered strongest factors for uncontrolled arterial hypertension and its incidence will 
rise the growth of the elderly obese population [11]. Similar trends are observed 
between elevated BMI and the risk of developing diabetes [12], coronary artery 
disease [13], and stroke [14]. Obesity has also been determined to be a major con-
tributor to increase in incidence of osteoarthritis [15], erectile dysfunction, urinary 
incontinence [16] and decline in renal function in older individuals [17]. In addi-
tion to the physical decline, elderly obese compared to non-obese are at increased 
risk of cognitive decline. One study found that for every 1.0 increase in BMI at 
age 70 years, Alzheimers disease risk increased by 36% [18].

1.3  Risks of Surgery in the Elderly

There are no contraindications per se for major surgery in elderly patients, and 
in fact, the number of surgical procedures is 55% higher in persons over the age 
of 65 than in persons below the age of 65 [19]. Increasing age causes a decline in 
physiologic function of almost every organ system of the body, making it more 
susceptible to the stress of surgery [20]. This has been well demonstrated in the lit-
erature, with reported rates of 28% morbidity and 2.3% mortality after surgery in 
elderly and in patients above 80 years, postoperative morbidity of 51% and mor-
tality of 7% [21, 22]. Despite this evidence, however, bariatric surgery continues 
to have low risk of complication and mortality, less than colonic surgery, cholecys-
tectomy, and appendectomy [23].

1.3.1  Bariatric Surgery in Elderly
Two decades ago, bariatric surgery was not recommended in patients aged 
60 years or older. The recommendations were based on the available evidence 
of increased mortality and morbidity, and less favorable outcomes in terms of 
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weight loss in older patients undergoing bariatric surgery. In 1977, Printen and 
Mason reported an 8% mortality rate in patients older than 50 years, compared 
with a 2.8% mortality rate in patients younger than 50 years and recommended 
against surgery above 50 years [24]. In 1985 the NIH Consensus Conference on 
Obesity [25], and in 1987, a study by Grace, regarded age greater than 50 years 
as a potential contraindication to bariatric surgery [26]. Livingston et al. in 2002 
recommended against bariatric surgery for those aged 55 years or older due to 
threefold-higher mortality rate relative to younger patients [27]. Flum et al. in 
2005 reported a mortality rate of 11.1% at 1 year for patients aged > 65 and recom-
mended against it in elderly [28].

With the advent of laparoscopy and the improvement in pre, peri and postop-
erative care, surgical morbidity and mortality in elderly from bariatric surgery 
improved and bariatric surgery was increasingly accepted as a treatment of obesity 
in the elderly.

From 1999 to 2005 2.7% of all bariatric surgeries were performed in elderly 
subjects. This number increased to 10% from 2009 to 2013 [29]. Sosa et al. in 
2004 reported that patients > 60 years of age undergoing laparoscopic bariat-
ric surgery have higher but acceptable levels of morbidity and mortality and 
significant improvement in co-morbidities, and recommended it in elderly 
[30]. Papasavas et al. in 2004 showed that laparoscopic bariatric surgery is 
a safe and well tolerated surgical option for the treatment of morbid obesity in 
patients > 55 years [31].

2  Sleeve Gastrectomy: Procedure of Choice

The popularity of bariatric surgery in the elderly population increased exponen-
tially with the advent of laparoscopic sleeve gastrectomy (LSG) as a stand-alone 
procedure in 2004. LSG with its technical simplicity, shorter operative time, and 
acceptable rate of co-morbidities improvement and weight loss is currently the 
surgery of choice for elderly obese patients worldwide. This has been recognized 
in the 2016 International Consensus Conference on Sleeve Gastrectomy [32]. 
Early studies by Van Rute et al. [33] and Leivonen et al. [34] that compared LSG 
in elderly with younger patients reported similar complications rate and acceptable 
reduction in weight and improvement in co-morbidities. The additional increase 
in popularity of LSG among elderly patients was also attributed to recognition of 
LSG by Medicare in the US in 2012 [35].

LSG can be performed safely in the elderly with an acceptable low rate of com-
plications. These complications can be reduced further by careful patient selection 
[36]. The reduction of complications is also related to the performance of such 
procedures by an experienced surgeon within a Center of Excellence with appro-
priate resources, and with the availability of a multidisciplinary team.
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Patient characteristics considered high risk for bariatric surgery are highly vari-
able. In a group of 381 patients undergoing LSG Husain et al. found that male sex, 
preoperative BMI ≥ 60 kg/m2, smoker within the last year, deep vein thrombosis, 
therapeutic anticoagulation, and abnormal serum albumin < 3.5 g/dL are risk fac-
tors associated with severe complications [37]. Also attempts were made to stratify 
the patient population risk by using standardized scoring systems. The obesity sur-
gery mortality risk score (OS-MRS), proposed by De Maria et al. was used and 
validated in patients undergoing gastric bypass surgery [38]. More recent studies 
doubted the ability of such scores to accurately predict risk of postoperative com-
plications in LSG [39, 40].

A bariatric specific score risk calculator was recently developed by the 
Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program 
(MBSAQIP). This calculator uses 20 patient predictors, such as age, American 
Society of Anesthesiologists Physical Status classification, and preoperative body 
mass index (BMI) to predict the likelihood that patients will experience any of 
nine different outcomes within the first 30 days after an operation [41].

Optimization of co-morbidities before LSG can further reduce complications. 
It is highly important that all elderly individuals should have a comprehensive 
geriatric preoperative assessment before undergoing bariatric surgery in order to 
identify any potential risks and address accordingly. Batsis et al. detailed the ways 
to assess elderly individuals undergoing bariatric surgery and listed the character-
istics of ideal candidates for bariatric surgery, which is beyond the scope of this 
chapter [42].

2.1  Intraoperative Difference in Elderly

No significant intraoperative differences have been described between elderly 
patients undergoing LSG and younger individuals. In fact, both young and older 
individuals undergoing bariatric surgery have similar length of operative procedure 
time [43]. Due to increase in tissue friability, decrease in physiologic reserves, 
and increased chances of adhesion formation in the elderly, operative time can be 
expected to be longer, but no differences were observed. Bartosiak et al. reported 
a mean operative time of 82.1 min for the elderly and 77 minutes for younger 
patients undergoing LSG [43].

The only exception pertains to the presence of a hiatal hernia, which could 
be more common in the elderly. In one study, 46.7% of older patients required 
hiatal hernia repair versus 8.3% in younger counterparts [44, 45]. Also, the intra-
operative complications are comparable between the two populations [43]. There 
is, however, in some studies a potential but non-statistically significant trend of 
increased intraoperative complications in septuagenarians [45].
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3  Postoperative Care in the Elderly

Based on the different physiologic needs and higher prevalence of comorbidi-
ties, the postoperative care of the elderly bariatric patient may differ. Among 
the different levels of care, likely more ICU admissions can be expected. ICU 
admission in general has been linked to both preoperative and perioperative 
factors. Older age, male gender, higher BMI, OSA and open surgery are at 
increased risk of requiring ICU admission. Less important is the type of proce-
dure, as no difference was observed between LSG and gastric bypass in terms 
of need for ICU admission postoperatively [46, 47]. In a study by Khidir et al., 
the number of comorbidities, a diagnosis of OSA, and ASA score were found to 
predict the need for post-LSG ICU admission [48].

On the other end, ERAS protocol after bariatric surgery is associated with 
decreased length of stay, and cost reduction without increase in perioperative mor-
bidity or readmission rates [49, 50]. Though ERAS has not been studied exclu-
sively in elderly obese undergoing SG, its implementation in other laparoscopic 
gastrointestinal surgeries has been proven beneficial in older patients [51]. Given 
the simplicity of LSG, ERAS can be safely implemented in elderly patients under-
going LSG. Length of stay after LSG in elderly does not appear to be different as 
compared to the younger population. In fact, depending on institution protocols, it 
varies from 1 to 4 days [52, 53, 54, 55].

4  Postoperative Mortality and Morbidity

LSG in carefully selected patients in elderly is a very safe procedure. With 
increase in age, it is expected that complications and mortality rate will also 
increase [56]. However, multiple studies have demonstrated the safety of LSG in 
the elderly and a comparable rate of complications and mortality to the younger 
population.

Early 30-day mortality after LSG has remained very low and approaches zero 
[43]. Goldberg et al. reported a slightly higher rate of mortality in elderly, but the 
absolute increase is very small, much less than 1% [57, 58, 59].

Early complications remain a serious concern when operating on elderly 
patients. Increasing age is associated with increase in morbidity following LSG 
[60, 61]. Though increase is present, it is within the acceptable range and com-
parable to younger patients undergoing LSG. Early 30-day morbidity has been 
reported to be around 8 to 12% [45, 59, 55, 43, 62]. The increase is seen mainly 
in medical complications as opposed to surgical complications [61]. Susmallian 
et al. reported a total number of complications of 8.86% but among those, 3.10% 
were in relation to aggravation of previous medical diseases [63]. Also in a study 
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by Charles et al., surgical complications in patients undergoing LSG less than 
65 years and greater than 65 years of age were 1.4% and 1.3%, respectively, while 
medical complications increased from 3.10 to 6.60% as patients age moved above 
65 years [61]. Among medical complications, cardiac, pulmonary, and renal are 
significantly more in elderly [59]. A recent study from Poland showed an early 
morbidity rate of 8.9% for elderly and 6.7% for younger patients, and the most 
common was bleeding in both groups [64].

Similar to early complications, late complications also occur at an acceptable 
rate in the elderly. GERD is one of the most common mid and long term com-
plications of LSG. Due to an increased incidence of hiatal hernias in the elderly, 
it is expected to have more incidence of GERD in the elderly, but studies have 
shown comparable rates to younger patients [55]. Due to a decreased tendency in 
tissue healing abilities [65], higher BMI [66], loss of muscle mass [67] and high 
prevalence of comorbidities that increase intra-abdominal pressure, there is in gen-
eral a higher prevalence of incisional hernias in the elderly [68]. But as with other 
laparoscopic procedures, LSG does not have an increased incidence of ventral her-
nia compared to younger individuals. Similarly the rate of dysphagia and stricture 
were not different between the elderly and the younger population [53].

Nevo et al. compared early versus late morbidity between elderly and younger 
patients undergoing LSG and showed similar rates of complications. Early mor-
bidity rate was 10.6% among the elderly and 10.7% in younger patients with simi-
lar rate of leaks, re-bleeding and re-operation. Late complications (i.e. GERD, 
stricture, ventral hernia) were also similar [53].

Increased incidence of osteoporotic fractures has been reported after bariatric 
surgery. In general, this risk is less after LSG than after gastric bypass. Although 
this particular complication has not been directly studied in the elderly cohort, 
extrapolating from the results on a younger population, the risk of osteoporo-
tic fractures should be lower in patients undergoing LSG compared to gastric 
bypass [69].

Elderly subjects are expected to be at higher risk of malnutrition [70], espe-
cially of micronutrients after bariatric surgery. However, close monitoring and 
proper supplementation can prevent and treat the above-mentioned deficiencies. 
In a recent study, there was no difference in micronutrient deficiencies between 
groups [71].

5  Postoperative Outcomes

5.1  Excess Body Weight Loss

The percentage of excess body weight loss (%EBWL) tends to be less after LSG 
in elderly as compared to younger patients [72]. %EBWL ranges from 50 to 70% 
at 12-month follow-up, which is statistically less than that in younger patients [43, 
64, 63].
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Although the weight loss tends to be inferior in the elderly, the amount of 
weight loss achieved and the consequent comorbidity resolution is still quite sig-
nificant [73]. Several mechanisms have been offered to explain the more mod-
est weight loss in the elderly. First of all, the increasing age is associated with 
decrease in body muscle mass and increase in fat mass, referred to as sarcopenic 
obesity [67]. Loss of muscle mass along with certain other factors [7, 8] results 
in decrease in resting metabolic rate. In addition, due to physical decline, active 
energy expenditure decreases rapidly with age and contributes significantly 
to overall decrease in energy expenditure [7]. Also, the ability of the body to 
mobilize fat decreases in the elderly and thus leads to accumulation of fat [74]. 
Hormonal alterations in females after menopause have been associated with an 
increase in abdominal adiposity and thus less %EBWL, as evidenced by greater 
%EBWL in premenopausal women compared to menopausal women after bari-
atric surgery [75]. All these factors are postulated to contribute to less %EBWL 
in the elderly but further studies need to be done to determine other factors and 
mechanisms that lead to less %EBWL in the elderly after bariatric surgery com-
pared to younger counterparts.

5.2  Comorbidities Improvement

The positive metabolic effects of LSG have been well described in the elderly 
population. This improvement is more significant for elderly as they have more 
burden of co-morbidities and have much significant impact on quality of life 
compared to younger patients. Even in some elderly, individual reduction in the 
amount of medication used postoperatively is significantly higher compared to 
young patients [76]. Despite significant reduction in the severity of comorbidi-
ties, the total resolution of comorbidities have been reported to be less in elderly. 
This can be attributed to more permanent organ damage in elderly due gradual 
decline in physiological reserve with aging [77]. and presence of comorbidities 
for a longer time.

Arterial hypertension improvement has been reported in the range of 50 to 
80% [78, 45, 55]. Interestingly, some studies reported a more significant improve-
ment than in younger patients, based on the more significant reduction of HTN 
medications in the elderly [79]. In a recent study, HTN improvement for elderly 
was 73.1% for older and 69.2% for younger patients [64]. In another recent study 
72.5% of older individuals showed improvement in HTN [58]. Froylich et al. 
reported a decrease in anti-hypertensive medication on average from 1.6 to 1.0 
[52, 80].

Similarly to HTN, the use of diabetic medications decreases substantially in the 
elderly after LSG. Although compared to younger patients, the complete resolu-
tion of DM is less, the relative improvement of the disease is more substantial as 
the elderly have a more severe burden of disease itself. The improvement has been 
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reported in the range of 30 to 80% [64, 55, 45]. In a study by Danan et al. 65% of 
older individuals reported improvement of diabetes [58], and 50% improvement 
by Bianco et al. [80].

As for other comorbidities, the elderly population presents an improve-
ment in obstructive sleep apnea (OSA) to a less significant degree as compared 
to younger patients. Burchett et al. reported that 27% of elderly patients showed 
improvement or resolution compared to 37% of the younger group after LSG [55]. 
Navarrete et al. showed significantly higher improvement or resolution of OSA 
(60.8% of elderly) but still statistically lower than in younger patients (76%) [62]. 
Hyperlipidemia also follows the same pattern of improvement of HTN and DM 
after bariatric surgery [55, 53]. Danan et al. showed 47.1 improvement in hyper-
lipidemia in older individuals [58].

Elderly at baseline have more severe arthritis compared to younger patients. 
Complete resolution is less compared to younger patients, but the amount of 
improvement is greater in the elderly. In one recent study, improvement was seen 
in 27% of older and 34% of younger patients [55].
5.3  Quality of Life Improvement

Compared to in the younger population, obesity has more quality limiting effects 
on the elderly due to age-related frailty and burden of comorbidities. In a study by 
Lainas et al., using the SF-36 Questionnaire, significant improvement was seen in 
physical health and mental health scores [81]. As LSG is a safer bariatric proce-
dure in elderly, it can lead to significant improvement in quality of life [82, 83].

With significant improvement in co-morbidities, it is expected that bariatric sur-
gery will improve life expectancy in the elderly compared to non-surgical weight 
loss measures. However, more studies are needed before drawing definitive con-
clusions on the life expectancy of elderly patients after bariatric surgery.

6  LSG in Septuagenarians and Elderly Super Obese

Septuagenarians have higher baseline comorbidities; consequently, there is a 
potential for higher complication rate in such patients undergoing LSG as com-
pared to those less than 70. This difference, however, is still within acceptable 
range, and the benefits of bariatric surgery are still present. As previously men-
tioned, the longer operative time reported was due to the higher incidence of hiatal 
hernia requiring concomitant repair. Also, the planned post-procedure ICU admis-
sion incidence increased in septuagenarians.

In a study by our institution, bariatric surgery in those age > 70 years was 
associated with a slightly higher but acceptable rate of complications [84, 85]. 
Pechman et al has reported that LSG in age > 70 years was associated with 
increased length of stay, slight increase in morbidity, unplanned or prolonged 
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intubation, progressive renal insufficiency, and increased transfusion require-
ment [86]. Smith et al. showed that although the overall complications are more 
as compared to patients less than 69 years of age, the rate of severe complications 
is still less than 5% [87].

Weight loss and remission of comorbidities is modest but comparable to those 
less < 70 years of age [45]. A study from our institution evaluating LSG in a popu-
lation of age > 75 reported a %EBWL of 56%, 50.9%, and 43.9% at 1– 2–, and 
3–5 year follow-up, respectively. These weight loss results are slightly less than 
those in patients less than 70 years, but still significant [36, 85].

In conjunction with older age, a higher BMI is associated with higher com-
plication rates [88]. Minhem et al. showed that complication rates were higher in 
older super obese patients (10%) compared to younger super obese patients (7%) 
[89]. In spite of these higher expected complications rates, the weight loss results 
are still significant. Daigle et al. reported EBWL of 48.3% after 37 months [90].

7  LSG Compared to Gastric Bypass in Elderly

Before the widespread use of LSG, laparoscopic Roux-en-Y gastric bypass 
(LRYGB) and laparoscopic adjustable gastric band (LAGB) were the most com-
mon procedures performed in the elderly. Similar to younger counterparts, the 
overall complications of the LRYGB in elderly present higher morbidity compared 
to LSG [61]. With the LAGB having fallen out of favor and the increased morbid-
ity of the LRYGB, LSG has become the procedure of choice in the elderly.

In general, there is higher weight loss after LRYGB [91] and higher resolution 
of comorbidities compared to LSG, but at the cost of higher mortality and morbid-
ity [92, 93, 94, 95].

A study by Janik et al. of 3371 matched patients showed that LRYGB com-
pared to LSG in the elderly presents a higher leak rate (0.33 vs. 0.12%), 30 day 
readmission (6.08 vs. 3.74%), 30 day re-operation (2.49 vs. 0.89%), longer hospi-
tal stay (2.3 vs. 1.9%), increased operative time (122 vs. 84%) and increased rate 
of SSI (0.8 vs. 0.24) [96]. Similarly, Xu et al. reported that risk of both early and 
late complications are increased in the elderly. In this study, the elderly undergo-
ing LRYGB are 1.75 and 1.63 times more prone to early and late complications as 
compared to the elderly undergoing LSG [97].

As previously reported, the %EBWL was less with LSG, but comparable 
to LRYGB. In a study by Moon et al., the elderly undergoing SG had a 60.8% 
EBWL after 24 months while those undergoing LRYGB had %EBWL of 67% 
after 24 months [95]. Regarding comorbidities improvement, RYGB has higher 
remission of type 2 diabetes mellitus (DM) and improvement in hyperlipidemia 
compared to LSG [98, 99]. Nevertheless, the ratio risk benefit with the SG remains 
superior to the LRYGB.
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8  Conclusions

In conclusion, LSG in the elderly population seems safe and effective. Patient 
selection is paramount to reduce the morbidity of a population already at higher 
risk. Larger and longer studies are necessary to assess the benefits of bariatric sur-
gery in terms of life expectancy.
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1  Introduction

Nutritional management and regular postoperative follow-up are vital for patients 
undergoing bariatric surgery and has been found to impact weight loss and 
 long-term weight maintenance. Registered dietitians (RDs) and clinical nutrition-
ists play an important role in establishing a bariatric dietary protocol to maximize 
weight loss, meet postoperative nutritional requirements, manage food intoler-
ances and prevent nutritional complications [1–3].

To date, evidence-based diet progression guidelines following bariatric surgery 
are lacking, and although some guidelines have been published, there is no stand-
ardization for the postoperative nutritional management of bariatric patients [2–4]. 
Moreover, there is limited evidence on diet progression recommendations spe-
cifically for laparoscopic sleeve gastrectomy (LSG) patients, thus postoperative 
dietary guidelines tailored for Roux-en-Y Gastric Bypass (RYGB) are likewise 
recommended for LSG patients.

Dietary progression stages are highly patient-dependent and are  predominantly 
personalized to meet patient’s individual tolerance and nutritional require-
ments [4–6]. Hence, postoperative nutrition management protocols adopted by 
RDs and surgeons are found to differ in relation to the duration a patient remains 
at each diet stage and the type of fluids/foods offered [7].

Patients undergoing weight loss surgery including LSG must be prepared for 
lifelong dietary, behavioral and lifestyle changes. Routine follow-up appointments 
with RDs are crucial to ensure long-term postoperative success and reduce the risk 

Postoperative Diet Progression 
for Laparoscopic Sleeve 
Gastrectomy

Dana AlTarrah

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 
Nature Switzerland AG 2021 
S. Al-Sabah et al. (eds.), Laparoscopic Sleeve Gastrectomy, 
https://doi.org/10.1007/978-3-030-57373-7_35

D. AlTarrah (*) 
Faculty of Public Health, Kuwait University, Kuwait City, Kuwait
e-mail: danah.altarrah@ku.edu.kw

https://doi.org/10.1007/978-3-030-57373-7_35
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57373-7_35&domain=pdf


D. AlTarrah366

of potential postoperative complications [8, 9]. In agreement with postoperative 
Center of Excellence recommendations, follow-up appointments should be sched-
uled 1 to 2 weeks following surgery, and continue regularly every month until 
3 months, followed by a 6 month, 9 month and yearly follow up, thereafter [4, 10].

2  Diet Progression: Stages

Dietary progression stages following LSG are based on nutritional needs and a 
gradual transition in food texture and consistency over a period of 1 to 2 months, 
until regular textures and solids are reintroduced and well tolerated [2, 4]. 
Postoperatively, patients are advised to slowly and gradually begin introduc-
ing clear liquids (non-calorie, decaffeinated, sugar-free, non-carbonated) for 
the first 1 to 2 days, and later advance to a full liquid diet (1 to 2 weeks) which 
includes fluids rich in protein, carbohydrates and dietary nutrients. Approximately 
14 days following surgery, patients are advanced to pureed and soft solids for 3 to 
4 weeks, and lastly firmer regular foods are introduced as tolerated by the patient. 
Suggested guidelines for the quantity and frequency of foods and/or fluids at each 
stage are displayed in Table 1. However, as mentioned earlier the progression of 
patients from one stage to the next, and the pace and duration spent at each diet 
stage are highly patient-dependent, even among patients undergoing the same 
weight loss procedure. In particular, due to the long surgical staple line and high 
prevalence of nausea reported following LSG, a slow and gradual diet progression 
plan is highly recommended for LSG patients [4–6]. Table 2 provides an in-depth 
description of diet stages for LSG patients.

Food intolerances are commonly experienced by bariatric patients during the 
early postoperative period. Although, food tolerances are found to vary widely 
between LSG patients, intolerances are found to peak at 6 months, and progres-
sively improve. Therefore, it is necessary that patients are advised to chew food 
efficiently, and to provide patients with guidelines regarding foods that are fre-
quently reported to increase intolerances, such as rice, milk, certain vegetables 
and red meats [11, 12]. Frequent postoperative nutritional follow-up and support is 
highly recommended to advise and educate patients about difficult foods and sub-
stitutions for such foods. For instance, rice may be replaced with potatoes, milk 
with yoghurt, and tougher red meats with white tender meat (poultry and fish), to 
ensure that patients consume a varied and nutritionally balanced diet from all food 
groups as the patients gradually introduce solids [7].

During the early postoperative diet stages, many patients may particularly 
develop an intolerance to protein-rich foods due to inadequate mastication, and 
a decrease in hydrochloric acid and proteolytic enzymes (e.g. pepsinogen). As a 
result, protein deficiency is a commonly reported macronutrient complication 
associated with LSG [4, 13]. Although protein recommendations for LSG patients 
remain unclear, patients are advised to include 60–80 g of protein in their 
diet [14]. However, in the case that patients are unable to incorporate  protein-rich 
foods, protein supplementation (whey, whey isolate, or soy protein powder; 
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25–30 g protein per serving) is regularly integrated within each dietary progres-
sion stage, taking into account patients’ individual intake and nutritional needs. 
Appropriate chewing and meal portioning training sessions may be provided by 
RDs and the multidisciplinary nutrition education team to ensure protein intake is 
adequate, and patients meet their recommended daily fluid intake [3, 4].

Following the early diet progression stages, patients are advised to follow a 
nutritional pyramid developed by Moizé et al.,[14] to establish  lifelong healthy 
dietary habits. The pyramid is comprised of five levels. The base focuses on the 
importance physical activity, vitamin and mineral supplementation, and adequate 
hydration. Patients are largely recommended to incorporate foods within the sec-
ond and third level, which includes: protein-rich foods (meats, fish, dairy and 
eggs) to meet their recommended protein intake (60–80 g per day), in addition to 
fruits, vegetables and vegetable oils. Within the upper levels, patients are advised 
to limit their consumption of carbohydrate rich foods, such as cereals and leg-
umes, and avoid foods high in saturated and trans fats, cholesterol, sugar, salt and 
alcohol [14, 15].

Table 1  Diet stages postoperatively and suggested foods/fluids and quantities

Adapted from Mechanick, J. I. et al., 2013, Aills, L. et al., 2008

Diet stage Postoperative 
day

Duration Fluids/Foods Amount and 
Frequency

Clear liquid 1 to 2 days 1 to 2 days Water
Coconut water
Clear broth
Herbal tea

30 – 50 ml every 
20 – 30 min

Full liquid 2 to 16 days 10 to 14 days Water
Coconut water
Blended and strained soup
Skimmed milk and dairy 
alternatives
Fruit juice diluted in water

80 – 100 ml every 
60 – 90 min

Pureed 16 to 30 days 10 to 14 days Water
Skimmed milk blended 
with fruit
Bread or biscuits soaked 
in milk
Mashed food (rice, 
chicken, meat)
Porridge
Mashed and cooked fruit
Blended grains

100 – 150 ml 
every 2 h

Soft 30 to 60 days Less than 
14 days

Water
Cooked vegetables
Boiled eggs and cooked 
meat
Soft bread
Milk and skimmed dairy
Soft fruit

150 ml every 2 h
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Moreover, to ensure that patients are well prepared for lifelong dietary and life-
style changes, RD’s and a nutrition education team work closely with patients to 
ensure that they are taught how to prepare meals to suit their tolerance at each 
dietary progression stage, and eat mindfully, chew food adequately, and ensure 
that patients recognize their sense of satiety. Keeping hydrated is likewise impor-
tant and a nutrition priority to prevent dehydration and constipation. As such, 
patients are advised to sip small quantities of water throughout the day, avoid 
drinking fluids with meals, and ideally wait 30 min between meals [13].

3  Conclusion

Nutritional management during the postoperative period is imperative to ensure 
bariatric patients adhere to dietary progression guidelines, maintain their nutri-
tional status and maximize weight loss [4, 14]. However, taking into considera-
tion that no evidence-based nutrition guidelines for LSG have been developed, it is 
evident that more research is needed to better understand the nutritional needs of 
LSG patients in order to tailor an appropriate postoperative diet [10].
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Comprendre, ce n'est pas tout comprendre, c'est aussi reconnaître qu'il y a de 
l'incompréhensible. Edgar Morin, in La méthode, Éthique (2004).

Increased restriction, diminished acid output, and intensified gastric emptying.
At first, sleeve gastrectomy which evolved as a two stage procedure from lap-

aroscopic duodenal switch, then to a stand-alone procedure for non super-obese 
patients, was recognized to be mostly, purely restrictive, in the early 2000’s [1, 
2]. In fact Marceau et al., when conversing about the open duodenal switch opera-
tion, was insinuating a parietal cell gastrectomy with modest restriction [3]. It 
also involved at that time a decrease in acid output from the stomach, as shown 
by the dramatic reduction in ulcer rate, witnessed after classical BPD from when 
a greater curvature gastrectomy was executed with, as Hess mentioned, one or two 
fingers breath from a regular bougie [4].

Sleeve size has been shown to have an effect on weight loss over time, a 
smaller bougie causes more weight loss in the long-term, however a smaller tube 
seem to cause significantly more GERD and morbi-mortality, so the right balance 
much be chosen [5–12]. Decreased gastric volume, initially, in the first months 
causes a decrease of caloric intake, 500 too 700 kcal per day are not unusual. 
Comparable analogies have been achieved by looking at volume of gastric resec-
tion and correlate with weight loss [13–15]. Similarly, larger gastric resection, cor-
relates with diminish levels of serum ghrelin and higher GLP-1 [14]. This is best 
exemplified with re-sleeve gastrectomy, in which re-resection of the left stretched 
parts of the sleeve, causes more weight loss, on average 10 points of BMI [16, 17]. 
The antrum size is another variable that has been studied recently. It appears that 
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smaller antrum may cause more weight loss later, and resolution of type-2 diabe-
tes, and faster gastric emptying [18, 19].

1  Ghrelin Effect

Ghrelin is an orexigenic (i.e. appetite-stimulating) hormone chiefly secreted from 
gastric cells [20]. Flowing ghrelin increases rapidly prior to meals in humans and 
was assumed to be decisive for eating. Cummings et al. from the University of 
Washington have observed that patients post-RYGB appeared to have cessation 
of diurnal or pre-meal variation in circulating ghrelin [21]. Clinical observations 
reveals that patients often, in the initial postoperative period, feels lessened hun-
ger sensation, sometimes seems to disregard to eat or have to force themselves to 
ingest proteins and calories.

Furthermore, sleeve gastrectomy eliminates a majority of  ghrelin-producing 
gastric matter from the fundus and body, and it has been postulated that the 
absence of ghrelin, may be fundamental to weight loss witnessed following this 
intervention [22]. This proposition is reinforced by the observation that circulat-
ing ghrelin levels are decreased immediately postoperatively and maintained at 
1 to 5 years in sleeve gastrectomy patients [23, 24]. Some authors have made a 
clear correlation between the amount of Ghrelin-Secreting Cells in the gastric 
fundus and Excess Weight Loss after Sleeve Gastrectomy [25]. Resection is very 
important, as two recent observations seem to confirm this hypothesis, firstly 
when ghrelin levels and hunger sensation are measured after Laparoscopic 
Sleeve Gastrectomy and compared with Laparoscopic Greater Curvature 
Plication in obese patients, ghrelin is dramatically less and correlates with 
healthier weight loss, as when a simple tube is created without resected gastric 
tissue. This may explains why plication fails more repeatedly [26]. Secondly, 
analogous findings are detected following metabolic hormones measurements 
after Endoscopic Sleeve Gastroplasty (ESG), an endoscopic greater curvature 
plication [27].

It has also been observed that ghrelin reduction is more profound and durable 
after sleeve gastrectomy than after Roux-en-Y gastric bypass, making it an impor-
tant mechanism of weight loss after sleeves, it also seems to potentiate GLP-1 
effect [28, 29]. Interestingly, some levels of ghrelin production remains after near 
total gastrectomy, and it seems to come from the pancreas, de novo pancreatic pro-
duction of ghrelin is stimulated [30]. Ghrelin reductions following bariatric sur-
gery were associated with decreased resting state activity in the hippocampus [31].

But, this is still controversial as some papers seem to indicate that Ghrelin 
is not necessarily related with weight loss in bariatric surgery, certainly after 
 Roux-en-Y gastric bypass, and in animal models at least, the data’s are not com-
pletely connected. For example, short-term results suggest that sleeved stomach 
without resection is as effective as sleeve gastrectomy in improving glucose con-
trol in type 2 diabetes mellitus Sprague–Dawley Rat model [32].
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1.1  Other Gastrointestinal Hormone Secretion

A recent structured systematic review and meta-analysis was performed to evalu-
ate changes in ghrelin, glucagon-like peptide-1 (GLP-1), peptide YY (PYY), and 
gastric inhibitory peptide (GIP) gut hormone levels in patients after sleeve gastrec-
tomy, especially using randomized controlled trials and prospective observational 
studies evaluating pre and post-procedure hormones fasting ghrelin, postprandial 
GLP-1, postprandial PYY, and fasting GIP levels were comprised. A total of 28 
studies (n = 653; 29.56% male) were counted in, with a mean age was 42 years, 
and an average follow-up of 12 months. Pre-sleeve BMI) was 46 kg/m2, with a 
post sleeve gastrectomy BMI of 34 representing an excess weight loss of 57% 
(P < 0.001). Fasting ghrelin levels decreased, whereas postprandial GLP-1 and 
PYY increased after sleeve gastrectomy. Fasting GIP levels remained unchanged 
[36].

Some studies imply that these postoperative changes are driven by the 
increased rate of nutrient delivery in the gut after sleeve gastrectomy. Gastric emp-
tying and intestinal nutrient delivery are augmented following sleeve gastrectomy 
patients, and as stated before is associated with increased secretion of the more 
distal intestinal hormones GLP-1 and peptide YY (PYY) [37-41]. Postprandial 
GLP-1 secretion is greatly heightened in rats and humans after some bariat-
ric techniques, including sleeve gastrectomy, and has been widely hypoth-
esized to promote reduced consumption, weight loss, and the restitutions in 
glucose homeostasis after sleeve. Wilson-Perez and colleagues found that sleeve 
 gastrectomy-operated GLP-1 receptor-deficient rodents responded comparably to 
wild-type controls in terms of body weight and body fat loss, improved glucose 
tolerance, food intake reduction, and altered food choice. This study explain that 
 GLP-1 receptor activity is not necessary for the metabolic improvements induced 
by sleeve gastrectmy [42]. Further, post-bariatric surgery hypoglycaemia (PBH) 
is more frequently observed in sleeve gastrectomy patients than previously recog-
nized. In rats it was shown to have increased glycemic variability and hypogly-
caemia after sleeve gastrectomy. Postprandial hypoglycaemia was specifically 
detected after liquid versus solid meals. Further, the blockade of GLP-1R signal-
ling raises the glucose nadir but does not affect glycemic variability [43].

1.2  Other Molecular Changes

Growth hormone (GH) (12.32 vs. 50.97 pg/mL, p < 0.001) and insulin-like 
growth factor IGFBP-2 levels (51.86 vs. 68.81 pg/mL, p < 0.001) were signifi-
cantly elevated after sleeve gastrectomy. BMI (52.2 vs. 40.1, p = 0.001), insu-
lin (19.4 vs. 8.8 mIU/L, p < 0.001) and HOMA-IR index (6.5 to 2.5, p < 0.001) 
were reduced after surgery. Lipid profile analysis revealed that total cholesterol 
(4.26 vs. 5.12 mmol/L, p < 0.001) and high-density lipoprotein (HDL) (0.90 to 
1.55 mmol/L, p < 0.001) were increased, while triglycerides were decreased, after 
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surgery (1.62 vs. 1.05 mmol/L p < 0.001). GH, IGF-1, and IGFBP-2 were not cor-
related with insulin or lipid parameters [44].

Cytokine behaviour after sleeve gastrectomy as been studied, and as showed 
two prototype patterns: a concordant type, where cytokines behave the same way 
for all patients (notably IL-0 and TNFα), and a variable type, where different pat-
terns of expression are seen for different patients (notably IL-8, IL-6 and IL-1RA). 
Analysis of the cytokines at the individual patient-level showed a strong four-way 
correlation between IL-1RA, GCSF, MIP-1β and MCP-1. As it holds for most 
patients and not just on average, this suggests that they form a network, which 
may play a central role in the response to gastro-intestinal injuries in humans [45].

1.3  Bile Acid Metabolism

Bile acids and their receptors like farnesoid X receptor (FXR) and G-protein cou-
pled bile acid receptor (TGR5)) are significant mediators of metabolism. Bile 
acids have metabolic effects, and in mice deficient in the bile acid receptor FXR, 
effects of sleeve gastrectomy on body weight are annulled [46]. Hence, sleeve 
is associated with increased plasma bile acid concentrations in patients [47, 48]. 
TGR5 has also been in the associated with rodents studies of sleeve gastrectomy, 
such like Cummings et al. revealed that TGR5, the G-protein coupled bile acid 
receptor, is required for improved glucose regulation phenotype of sleeve in the 
mouse [49]. Sleeve gastrectmy in TGR5 knockout mice is related with changed 
bile acid pool configuration, which may have additional metabolic significances. 
Captivatingly, the TGR5 knockout animals following sleeve reacted similar to 
wild type animals with respect to glucose-stimulated insulin secretion. Therefore, 
this experiment deduces that some beneficial effects of sleeve related to glucose 
homeostasis are mediated through TGR5 [49]. Another study investigated the 
acute and short-term effects of bypass and sleeve on bile acid compositions and 
fibroblast growth factor 19 (FGF19) in obese individuals with T2DM and to evalu-
ate any correlations between changes in these measures with glucose metabolic 
improvements. At 3 days post-operation, FGF19 levels increased significantly in 
both surgery groups. Fasting and postprandial increases from pre-operative val-
ues in secondary, conjugated, glycine-conjugated and secondary-conjugated bile 
acids correlated with decreases in the postprandial states of glucose (defined by 
area under the curve (AUC) over 120 min (AUC0-120 min)). Increases in post-
prandial primary-conjugated bile acids were found to be associated with decreases 
in HOMA-IR). However, increases in fasting and postprandial  taurine-conjugated 
bile acids correlated with decreases in both basal insulin secretion rate and 
C-peptide level. After 3 months, fasting and postprandial increases in second-
ary, secondary-conjugated and non-12α-OH bile acids were found to correlate 
with increases in Stumvoll Insulin Sensitivity Index. Increases in both fasting and 



How Laparoscopic Sleeve Gastrectomy May Cause Weight Loss 379

postprandial 12α-OH BAs were correlated with the decreases in glucose AUC (P 
= 0.04). Both bypass and sleeve gastrectomy attain increases in many bile acids 
species as early as 3 days post-procedure, which are sustained at 3 months post-
operation. Rises in secondary bile acids and conjugated forms are correlated 
with early upgrades in glucose metabolism at 3 days post-operation. These along 
with 12α-OH BA correlated with improved glucose metabolism at 3 months 
 post-operation, evoking they may contribute to the observed T2DM remission 
after sleeve gastrectomy [50].

1.4  Microbiome

Laparoscopic sleeve gastrectomy (LSG) causes a change in gut microbiota and is 
linked to the efficacy of the operation. In fact severely obese subjects subjected 
to sleeve gastrectomy had the composition and abundance of the microbiota and 
bile acids in faeces assessed by 16S ribosomal RNA sequencing, quantitative PCR 
and liquid chromatography-mass spectrometry. The increase in α-diversity and 
abundance of specific taxa, such as Rikenellaceae and Christensenellaceae, was 
strongly associated with reduced faecal bile acid levels. These changes had a sig-
nificant association with excess weight loss and metabolic improvements. Sleeve 
gastrectomy is related with a reduction in faecal bile acids and superior richness 
of specific bacterial taxa and α-diversity that may promote the metabolic changes 
observed [51].

1.5  Central Nervous System Changes

Authors have compared whole brain activation in response to high-energy dense 
versus low-energy dense visual and auditory food cues before and approximately 
4 months after Roux-en-Y Gastric Bypass and Sleeve Gastrectomy. In this study, 
they included two control groups: a low-calorie diet weight loss group and a 
non-treatment group. Relative to the control groups, the surgery groups showed 
increased dorsolateral prefrontal cortex and decreased parahippocampal/fusiform 
gyrus activation in response to high enery dense visual cues, suggesting greater 
cognitive dietary inhibition and decreased rewarding effects and attention related 
to high energy dense foods. Dorsolateral prefrontal cortex activation was sig-
nificantly more increased in bypass than in sleeve. They found that postprandial 
rises in GLP-1 correlated with postsurgical decreases in bypass brain activity in 
the inferior temporal gyrus and the right middle occipital gyrus in addition to 
increases in the right medial prefrontal gyrus/paracingulate for high energy stim-
uli, suggesting involvement of these attention and inhibitory regions in satiety sig-
nalling post surgery [52].
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1.6  Conclusion

Sleeve gastrectomy causes multiple hormonal, physiological alterations that 
decreases appetite, causes a reduction and change in foods, and brings cerebral 
differences that leads to weight loss [53].
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1  Introduction

There is strong and growing clinical evidence that metabolic and bariatric surgery 
have a significant impact on the overall metabolic health of recipients. As surgeons 
and other healthcare providers continue to strive to educate the public on the myr-
iad of benefits, weight loss remains the primary motivation for those considering 
metabolic and bariatric surgery. Thus, it is important for the healthcare provider, 
and especially the metabolic and bariatric surgeon, to offer realistic expectations 
for weight loss for the patient seeking surgery. The sleeve gastrectomy is now the 
most commonly performed procedure, potentially due to its technical simplic-
ity compared to other diversionary operations [1]. This chapter will describe the 
expected weight loss after sleeve gastrectomy at various time points following sur-
gery as well as cover special circumstances for specific groups of patients.

2  Preoperative Weight Loss

Weight loss begins in the preoperative period. Studies suggest that baseline body 
mass index (BMI) as well as preoperative weight loss can be indicative of post-
operative weight loss [2]. Steinbeisser et al. published results of a small surgical 
cohort of patients who underwent laparoscopic sleeve gastrectomy (SG) by a sin-
gle surgeon in a community health practice. This study reported a significant dif-
ference in percent excess body weight lost (% EWL) and change in BMI between 
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patients who lost less than 5% EWL preoperatively and those who lost ≥ 5% 
EWL at 1-year follow-up: 50% versus 57% for %EWL and −11.2 kg/m2 versus 
−13.2 kg/m2 for change in BMI, postoperatively. On average, patients in this study 
had a 68% EWL and had a decrease in BMI of 16 kg/m2 at 1 year follow-up [2]. 
Watanabe et al. reported results of their retrospective evaluation of 247 patients 
who were compared based on preoperative weight loss. Total weight loss (%TWL) 
at 1 year for all patients was 31.9% overall and 29.3%, postoperatively. There was 
an inverse relationship between preoperative and postoperative %TWL. Those 
with preoperative %TWL of 0–3% versus greater than 10% TWL, had postop-
erative %TWL of 33% versus 27%, respectively [3]. Tan et al. also show that a 
very low calorie liquid diet does not impact total weight loss or excess BMI loss 
beyond 6 months after surgery and evidence is lacking for mandating a preop-
erative low calorie diet [4]. Therefore, the studies on the impacts of preoperative 
weight loss on total weight loss after surgery have been inconclusive.

3  Short-Term and Mid-Term Outcomes

As summarized in a position statement by the leading organization in weight loss 
surgery, the American Society of Metabolic and Bariatric Surgery (ASMBS), short-
term results after SG reveal %EWL ranging from 53% to 88% and estimated BMI 
loss (%EBMIL) of 58% to 81% [5]. A systematic review and meta-analysis was 
performed by Osland et al. to evaluate short-term weight loss results of 9 unique 
randomized controlled trials (RCTs) comparing Roux-en-Y gastric bypass (RYGB) 
and SG procedures. Postoperative follow-up ranged from 3 months to 5 years and 
437 out of 865 patients underwent SG, with %EWL ranging from 69% to 83% at 
12 months [6]. Three studies included in this systematic review reported %TWL 
outcomes. Keidar et al. reported an average TWL of 24 kg at 3 months and 34 kg 
at 12 months after SG [7]. Peterli et al. reported a 36 to 37 kg TWL within the first 
12 months [8], and Yang et al. report a TWL of 25 kg at 3 years after SG [9].

The Swiss Multicenter Bypass or Sleeve Study (SM-BOSS) randomized 217 
patients to receive either SG or RYGB with the primary goal of measuring weight 
loss expressed as %EBMIL. For SG (n = 107), the EBMIL at years 1, 2, 3, and 4 
was 72%, 72%, 69%, and 64%, respectively [10]. The STAMPEDE trial authors 
reported their outcomes of weight loss by change in BMI and for the SG cohort, 
the baseline, and years 1, 2, 3, and 4 BMI values changed from 36 to 27, 28, 28, 
and 28, respectively [11].

A large retrospective study of 1,395 patients by Ellatif and colleagues noted 
from 6 months to 1, 2, 3, and 4 years postoperatively that %EWL was 42, 52, 61, 
73, and 67% (Fig. 1) [12]. Short and mid-term weight loss results are acceptable 
for patients undergoing SG and can be offered to patients depending on their spe-
cific weight loss goals and metabolic risk profile.
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4  Long-Term Outcomes

Long-term results for weight loss after SG have been studied, however, the 
 follow-up rates for study participants has been consistently low in the literature. 
The ASMBS offers results on the durability of weight loss after SG and high-
light long-term outcomes from combined published data. At 5 years after SG, the 
weighted average %EWL is 58% (40 to 86%) and %EBMIL is 68% (46 to 78%) 
in a combined 953 patients. Excess weight loss at 6 to 9 years is 58% (n = 865), at 
10 years is 53% (n = 32), and at ≥10 years is 28% (n = 70) [5].

A systematic review and meta-analysis was performed by Sharples et al. eval-
uating RCTs comparing the long-term (≥ 5 years) results of SG versus RYGB. 
Meta-analysis included 4 studies and 320 patients that reported a  %EWL of 
57.3% after SG compared to 65.7% for 309 RYGB patients [13]. The STAMPEDE 
trial comparing RYGB and SG and intensive medical therapy alone was not 
included in the previously mentioned meta-analysis due to different weight loss 
reporting measures. In the RCT by Schauer et al., after SG there was a reduction 
in BMI from 36 to 29 kg/m2, a –18.5% change in body weight (kg), and a -12.2% 
change in waist circumference. These weight loss parameters were significant 
from baseline and superior compared to participants who only received medical 
therapy, however, slightly inferior to those participants in the RYGB cohort [11]. 
The SM-BOSS trial, after 5 years of follow-up, reported a  %EBMIL of 61% for 
the SG cohort compared to 68% for the RYGB cohort, which was not significant 
after multiple comparisons adjustment [10].

The systematic review performed by O’Brien et al. highlights metabolic and 
bariatric procedures that published %EWL as well as other outcomes beyond 
10 years [14]. This study was able to include only two studies reporting long-term 
weight loss outcomes after the SG procedure with a mean %EWL of 58% [15, 16]. 

Fig. 1  Short-term to Long-term weight loss results in a study of 1395 patients after sleeve gas-
trectomy. Adapted from International Journal of Surgery, 2014–05-01, Volume 12, Issue 5, Pages 
504–508
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Evaluating these studies, specifically, Arman et al. were able to maintain follow-up 
data on 65 of the 110 patients who originally underwent SG and 47 of those that 
kept their sleeve reconstruction. They report a 62.5% EBMIL for those who did not 
have revisional surgery and 81.7% for those 16 who underwent revisional surgery 
[15]. Felsenreich et al. were able to follow 32 of 53 patients who underwent SG 
without revision at 10 years and noted a %EWL of 53% and a %TWL of 26% [16].

Evidence certainly demonstrates that the SG procedure has superior weight loss 
outcomes compared to medical therapy or lifestyle intervention alone and weight 
loss results decrease over time but are maintained up to 5 years [5]. Long-term 
data from retrospective and prospective studies have captured %EWL ranging 
from 48% to 69% (Fig. 2) [17].

5  Weight Regain and Other Factors Affecting Weight 
Loss

Similar to other weight loss interventions, SG is subject to long-term weight 
regain in some patients secondary to compensatory behavioral and physiologic 
adaptations. Weight regain is difficult to define in the literature as studies do not 
consistently use one definition to define this phenomenon and often combine the 
term with others such as “insufficient weight loss” and SG “failure”. A common 
definition of weight regain has been an increase in weight of 10kg from weight 
nadir. Insufficient weight loss is often defined as never having achieved %EWL 
of  ≥ 50%. A systematic review by Lauti et al. found 9 heterogenous studies to 
report weight regain ranging from 6% at 2 years to 76% at 6 years [18]. This sys-
tematic review and other reviews also describe factors that have been found to 
contribute to weight regain for SG patients followed at least 2 years: namely initial 
sleeve size, sleeve dilatation over time, increased ghrelin levels, inadequate fol-
low-up support, and maladaptive lifestyle behaviors [19].

Arman et al. demonstrated that 21% of the 110 patients undergoing SG 
required revision due to weight regain. At long-term follow-up of 11+ years, the 
EBMIL was 82% for those undergoing revision versus 62% for those who kept the 
original sleeve construction [15].

Panella and colleagues correlated weight loss outcomes with gastric reservoir vol-
umes after SG in 50 patients. Gastric volume was measured at 1 month, 1 year, and 
5 years after surgery and measured to be 114 ml, 216 ml, and 367 ml, respectively. 
The %EWL at 1 and 5 years was 74.5% and 55.5%, the %EBMIL was 86% and 64%, 
and %TWL was 35.7 and 27.4% [20]. Long-term weight loss has not been shown to 
correlate with gastric volume after SG. A different study has shown that smaller bou-
gie size of  ≤ 6Fr and closer distance of the staple line to the pylorus (2 to 4 cm) was 
correlated with superior weight loss outcomes at 4 to 7 years after SG [12].

Eid et al evaluated long-term outcomes after SG in super obese patients (BMI ≥ 
60 kg/m2) who did not undergo a planned second stage operation after SG. Excess 
weight loss at 72, 84, and 96 months after LSG was 52%, 43%, and 46%, respec-
tively, with an overall %EWL of 48%. The mean BMI decreased from 66 kg/m2 to 
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46 kg/m2 [21]. Csendes et al. showed significant rates of weight regain for patients 
with BMI ≥ 40 kg/m2. Specifically, in patients with an initial BMI ≥ 40 kg/
m2 ,  15% of patients (n = 20) had a BMI over 30 at 1 year and that increased to 
85% of patients beyond 5 years. For those patients with a BMI ≥ 50 kg/m2, 100% 
of patients (n = 4) had a BMI > 30 kg/m2 at 1 year and ≥ 6 years [17]. Patient edu-
cation is important in patients with high BMIs (≥40 kg/m2) who are considering 
SG for weight loss as they should be counseled that weight loss outcomes may not 
meet expectations and other metabolic procedures may be a better option.

Women seeking to become pregnant following SG can be counseled that long-
term weight loss has not been shown to be negatively impacted by pregnancy, but 
studies are conflicting [22]. Bakr et al. evaluated 100 patients after SG with up to 
5 years follow-up, and 25 patients who became pregnant within 3 years had a 54% 
EWL compared to the 52 patients who did not become pregnant and had a 64% 
EWL [23]. Weight loss results may be acceptable after pregnancy but, in some 
cases, may be inferior to those not becoming pregnant. Lastly, while SG is deemed 
safe in the pediatric and elderly populations, more studies are to be done to deter-
mine the long-term weight loss outcomes and if they differ from the adult popula-
tion [24, 25].

6  Summary

In summary, sleeve gastrectomy is now the most commonly performed metabolic 
and bariatric procedure worldwide. Heterogeneity of studies in terms of BMI at 
the time of surgery, technical details including bougie size and resection of gastric 
antrum, along with various retention rates and follow-up times can significantly affect 

Fig. 2  Long-term results of weight loss after sleeve gastrectomy according to publications with 
follow-up equal or longer than 72 months. Adapted from Csendes, A., Burgos, A.M., Martinez, 
G. et al. Loss and Regain of Weight After Laparoscopic Sleeve Gastrectomy According to 
Preoperative BMI. OBES SURG 28, 3424–3430 (2018)
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the reported weight loss estimates in the literature. Evidence shows that the expected 
weight loss in the long-term is 50% to 60% of excess weight, with an average long-
term BMI reduction of 10 kg/m2. Patients should be counseled on the potential of 
weight regain that is multifactorial—related to patient characteristics, operative tech-
nique, compensatory behavioral and physiologic adaptations, and more [26].
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1  Introduction

One of the challenges facing clinicians in treating obesity has been the oversim-
plification and characterisation of the disease in itself, as well as the mechanisms 
contributing to its development. Although obesity is typically viewed as a sin-
gle disease state, it is more likely that an increase in adipose tissue is the result 
of a heterogeneous set of complex interactions and disorders which affect appe-
tite, eating behaviours and critically, metabolism. Recognising the multifacto-
rial causes of obesity have shed light on the challenge of adequately treating this 
complex disease with lifestyle interventions. These changes may be effective in 
producing weight loss however, weight loss through modifications in dietary or 
exercise habits have yet to demonstrate the ability to treat the set of diseases of 
obesity or to produce a sustained change in the signs of these diseases specifi-
cally, long term weight loss maintenance. Lifestyle interventions for those with 
significant obesity have consistently found that only 15% of patients are able to 
maintain a 10% weight loss over one year and in the majority of patients, most 
of the weight is regained within 3–5 years [1, 2]. Rather than seeing these figures 
as a sign of the futility of treating obesity, it should serve as a reminder to clini-
cians and patients that obesity is indeed a challenging disease to treat and weight 
regain should not be viewed as a personal failing rather as an indication that we 
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must employ interventions that shift the body fat set point in order to see sus-
tained results.

Bariatric surgery is an effective treatment for obesity which can be in part 
attributed to the fact that it treats several of the pathological processes driv-
ing obesity, including inducing profound metabolic changes which alter the 
homeostatic regulation of our body fat set point. This concept of the set point 
is thought to be one of the main contributory factors associated with the criti-
cal long-term weight loss maintenance which is responsible for the improve-
ments in cardiovascular risk factors and associated improvement in all-cause 
mortality [3, 4].

With our growing understanding of the multisystemic effects of obesity comes 
an appreciation that weight is not the sole measure of the efficacy of a treatment 
for obesity however it remains a useful and quantifiable measure of the effect of 
an intervention. Considering weight loss alone however is an unhelpful metric. 
Weight loss in isolation is largely meaningless unless accompanied by a sustained 
period of weight loss maintenance which is largely responsible for the physiologi-
cal changes contributing to control of comorbidity and ultimately, improved mor-
tality. Outcomes from both lifestyle and surgical interventions would suggest that 
in evaluating the utility of a treatment, we should perhaps shift our perception to 
view weight loss and weight loss maintenance as two distinct entities, governed by 
discrete but interrelated homeostatic mechanisms.

2  Set Point Theory

The proposed mechanisms underlying weight regulation have long been domi-
nated by an overly simplistic view that it is governed predominantly by a calcu-
lation of energy balance between caloric intake and energy expenditure. The 
biological plausibility of this explanation has seen it become near dogma not only 
within the wider population but the medical community as well, in spite of mount-
ing evidence to support the fact that mechanisms regulating weight are likely a 
complex series of interactions between environmental and biological factors, many 
of which remain incompletely understood. Bariatric surgery has proven to be an 
effective treatment for obesity in its own right but it has also produced conditions 
whereby we can further expand our understanding of the homeostatic mechanisms 
regulating weight. Although procedures were initially classified according to the 
presumed mechanisms based on anatomical intentions of the operations such as 
malabsorptive or volume restrictive, mechanistic studies have demonstrated that 
there are a series of changes both centrally and within the gut responsible for not 
only weight loss but changes in metabolism and energy balance. While these find-
ings have enlightened our general view of the complex regulatory mechanisms 
controlling hunger, satiety and weight regulation, they have also highlighted that 
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it is very likely our current understanding and appreciation of the disease is only 
very rudimentary and there are many more unanswered questions. Unlike weight 
loss mediated by lifestyle or dietary intervention, patients losing weight follow-
ing sleeve gastrectomy are able to maintain this weight loss even after they return 
to caloric intake similar to their preoperative levels. These findings would suggest 
that sleeve gastrectomy produces a sustained changes in central neurohormonal, 
metabolic and behavioural processes regulating weight.

One proposed element in the regulation of body weight is thought to be a 
centrally determined ‘set point’ which ensures that through various homeostatic 
mechanisms there are adjustments in food intake, energy expenditure or a com-
bination of the two in order to maintain a certain inherent body fat mass. From a 
basic evolutionary perspective which is supported by the observed trend towards 
an increasing prevalence of obesity, this set point appears to be more attuned 
to the need of preventing starvation rather than obesity as starvation would 
pose a more imminent threat to life. There are a number of different purported 
mechanisms by which our bodies ‘defend’ this set amount of fat mass includ-
ing regulatory feedback from specific body components such as fat mass and/or 
neurohormonal signalling. One such theory regarding a set point controlled by 
fat mass comes from one of the earliest investigations of the regulation of body 
weight, the Minnesota Starvation Experiment [5]. The researchers found follow-
ing a period of starvation in participants without obesity, the degree of hyper-
phagia or overeating once the starvation period ended was proportional to the 
depletion of fat and muscle mass, suggesting that food intake and appetite may 
be in part driven by a homeostatic mechanism to maintain or in this case, restore 
lost fat and or muscle mass. This very early work indicated the possible presence 
of regulatory mechanisms based on a set point, as hyperphagia persisted only 
until the patients returned to the  pre-intervention levels of fat and muscle mass. 
This basic concept appears to be supported by later research suggesting it was 
not necessarily signals from fat per se as the determining factor rather, neuro-
hormones responding to variation in fat mass which were major contributors to 
our homeostatic control of body weight. The adipocyte derived hormone, leptin 
appears to play a potentially critical role in this regulatory pathway, serving as 
signal to the hypothalamus regarding nutritional status, energy balance and body 
weight. Although leptin mediates its activity via both orexigenic and anorectic 
neurons in the hypothalamus, leptin activity appears to be more closely related 
to preservation of body weight rather than prevention of obesity. In weight loss 
where it appears to have its greatest effect, as leptin levels fall with decreasing 
body weight and overall fat mass, there is a rise in NPY levels [6]. NPY is pro-
duced in the arcuate nucleus and is one of the most potent orexigenic hormones, 
mediating increased appetite and food intake. Similarly, changes in leptin recep-
tor sensitivity, receptor mutations or resistance could also potentiate these effects 
with preserved leptin levels. It has been proposed that conditions which alter the 
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leptin concentrations at which the hypothalamus perceives as a state of energy 
imbalance may change the intrinsic ‘set point’ however it is unclear how this is 
mediated [7].

3  Weight Regulation and Weight Loss Maintenance

The emergence of bariatric surgery as a treatment for obesity has deepened our 
understanding of the metabolic and homeostatic mechanisms involved in obe-
sity and specifically how weight is regulated. The ability to produce significant 
weight loss which is sustained in the long term, unlike that seen with any life-
style intervention has led to further development of the “set point” theory to 
describe how weight is maintained in both healthy weight patients and in those 
with obesity. The set point theory evolved from the idea that individuals pos-
sess an intrinsic mechanism for weight regulation by which their body appears 
to have a baseline weight around which there is little variation once they have 
reached adulthood. Without sustained and major changes in diet or lifestyle/activ-
ity levels, most individuals will maintain their weight around this set point which 
appears to have at least in part a genetic basis. This concept may serve to explain 
why without intervention such as bariatric surgery, the majority of patients may 
be able to lose weight with lifestyle measures initially but will struggle to main-
tain this in the long term.

4  Weight Loss and Weight Loss Maintenance Following 
Sleeve Gastrectomy

Given the relative late adoption of sleeve gastrectomy in comparison to other 
procedures, there is not as much long term data regarding weight loss com-
pared to RYGB although evidence from studies with short to mid-term follow 
up would support that it produces roughly equivalent weight loss and similar lev-
els of improvement or resolution of many obesity related comorbidities [8–10]. 
Although there is some variation in the individual pattern of weight loss, following 
sleeve gastrectomy the majority of patients will follow a similar trajectory with a 
period of rapid weight loss over the first year to 18 months followed by a period of 
weight loss plateau and eventual gradual regain. Longer term studies with follow 
up > 5 years would suggest %EWL in the range of 50–60% [11, 12]. Although it is 
recognised that following SG, some patients will regain some of the initial weight 
lost however, the critical element to recognise is that most weight loss is durable 
and is maintained around what appears to be a new “settling point”. Looking at 
the natural pattern of weight gain over the course of an individual’s life, there is a 
general and gradual trend towards increasing weight. Patients following SG follow 
this same pattern however now starting from a new, lower baseline weight and fol-
lowing a parallel trajectory.
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Bariatric surgery was initially viewed as a treatment governed by the funda-
mental principles of volume restriction and malabsorption to produce weight loss. 
Our early understanding at the time of its effects with regards to the metabolic 
changes it evoked as well as the mechanisms by which it acted were incomplete. 
Although the procedures since then have also changed as evidenced by the wide-
spread adoption of sleeve gastrectomy, perhaps the most critical shift in the field of 
bariatric surgery has been our greater appreciation of the complexity of obesity as 
a disease as well as the mechanisms of weight regulation and how this is affected 
by surgery. Mechanistic and behavioural studies have demonstrated that number 
of interrelated mechanisms including alterations in appetite and satiety, neurohor-
monal signalling as well as bile acid metabolism are key mediators of the effects 
of SG with regards to weight loss and improvements in metabolic dysfunction 
[13–15].

5  Behavioural Change Following SG Contributing to a 
Shift in the Set Point and Long Term Weight Loss

Although there are well recognised behavioural changes following SG which may 
play an important role in weight loss maintenance, the concept that it is solely the 
result of a decreased volume in food intake has been consistently demonstrated 
to be incorrect. In both human and rodent models, it is recognised that there is 
decreased food intake during the early postoperative period however weight loss 
persists after this transient change disappears [16, 17]. There are however recog-
nised changes in eating behaviours which are more likely to be contributory fac-
tors in maintaining weight loss. In one study looking at rats undergoing bariatric 
surgery, there was a clear change in food preferences following SG and RYGB 
with a decrease in the intake of dietary fat as well as a preference for less calo-
rie dense foods. Interestingly, only the rats undergoing SG subsequently displayed 
an avoidance after intragastric oil administration whereas the RYGB rats did not, 
suggesting that the development of food avoidance in the SG model may contrib-
ute to altered food choices [18]. These findings were supported by a further study 
which demonstrated a reduced preference for high fat containing foods as well 
as an alteration in nutrient sensing which lowered the satiety threshold, resulting 
in smaller meal size following SG [19]. In human studies, these changes in food 
preferences are more controversial. One study observed patients following SG and 
showed a 68% reduction in caloric intake not only a result of decreased volume 
but due to a preference for less calorie dense foods up to two years postoperatively 
[20]. These findings have been supported by further studies demonstrating changes 
in food preferences with patients post SG reporting sensing an increased intensity 
of sweet and fatty flavours which was accompanied by decreased enjoyment and 
desire for these same food groups [21]. Other studies showed no changes in food 
selection when more direct measures of behaviour were employed [22].
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6  Neurohormonal Regulation of the Body Set Point

Given the observed changes in food preferences, appetite and eating behaviour, 
there has been an increasing focus on gut derived neurohormonal signalling which 
may underlie or potentiate these changes and how they contribute to weight loss 
maintenance. In the period following SG, there may be an adjustment of the 
pre-existing set point at which the body perceives there to be an energy deficit. 
Lowering this threshold would alter the point at which the normal homeostatic 
mechanisms normally preventing excessive weight loss would become active. 
The role of leptin has been extensively investigated with suggestions that there 
is the possibility of increased leptin receptor sensitivity or receptor upregulation 
which would counteract the normal hypothalamic response to falling leptin levels 
due to fat loss however, this has not been borne out by data from rat models [16]. 
Looking specifically at RYGB, there are studies which have served to support the 
role of leptin, demonstrating that leptin deficient mice lost less weight following 
bypass surgery. This finding would suggest that intact leptin signalling pathways 
are required to demonstrate the beneficial response to bariatric surgery however, 
its exact role in SG has yet to be elucidated [23]. Other potential neurohormonal 
mediators which have been proposed to have an important role in postoperative 
weight loss maintenance include PYY and GLP-1 which are both secreted by the 
L cells primarily found in the distal ileum. PYY is a key hypothalamic regula-
tor of satiety mediated though its effects of delayed gastric emptying and reduced 
gastric acid secretion and is thought to potentially counteract the orexigenic effects 
of falling leptin levels in the postoperative period. Like PYY, GLP-1 has important 
and similar regulatory effects with regards to appetite but as an incretin hormone 
is also thought to potentiate many of the metabolic improvements in glycaemic 
control following SG. Both PYY and GLP-1 levels rise post sleeve gastrectomy 
which appears to be related to increased appetite suppression and improved weight 
loss [15, 24–26]. Resection of the gastric fundus in SG  differentiates it from other 
commonly performed procedures such as RYGB or LAGB which is an important 
consideration when it comes to the neurohormonal changes it imparts as this is 
the primary location for the production of ghrelin which plays an important role 
in regulating hunger. A meta-analysis of 25 studies including two randomised 
controlled trials demonstrated decreased levels of ghrelin following SG how-
ever the implications for postoperative weight loss, weight loss maintenance and 
the metabolic implications are less clear [14, 15, 27]. Outcomes with RYGB are 
similar with regards to all of the aforementioned parameters despite the fact that 
it has been associated with maintained or increased ghrelin levels. Furthermore, 
studies in ghrelin deficient mice have demonstrated comparable outcomes fol-
lowing SG to wild type mice with regards to weight loss, food intake and dietary 
preferences, suggesting the effects of SG are ghrelin independent [28]. While 
these studies have not definitively demonstrated a causal role in weight loss 
following  bariatric surgery, it is likely that neurohormonal changes related to ghre-
lin are part of a complex interaction of numerous factors in postoperative weight  
regulation.



Other Potential Benefits of the Sleeve … 399

7  Bile Acids and Long-Term Fat Mass Set Point 
Regulation

Changes in bile acid metabolism have also been identified as potential targets 
for inducing long term weight loss following SG. Studies have demonstrated an 
increase in serum bile acids following SG in rats which are thought to play an 
important role in metabolic regulation via their interaction with the nuclear recep-
tor, farnesoid X receptor (FXR) [29]. FXR is a bile acid receptor and a key regula-
tor in bile acid synthesis which also plays an important role in lipid and glucose 
metabolism [30]. This may be a key mediator, linking the alterations in bile acids 
following surgery to changes in glucose metabolism and plays a critical role in 
the postoperative remission of T2DM. The presence of this link was demonstrated 
when mice with a genetic disruption of FXR and diet induced obesity had attenu-
ated weight loss and glycaemic control after a sleeve gastrectomy, suggesting the 
potential role of this pathway in mediating the effects of surgery [31]. Increased 
levels of bile acids may also contribute to an overall negative energy balance in the 
postoperative period via their effect on the bile acid receptor, TGR5 which results 
in increased oxygen consumption and energy expenditure. In rodent models fol-
lowing sleeve gastrectomy, increases in bile acids result in upregulation of TGR5 
activity, mediating an increase in brown adipose tissue (BAT) thermogenesis [32]. 
BAT is involved in postprandial increases in thermogenesis and is thought to play 
a protective role against obesity. Overall energy expenditure has not been dem-
onstrated to rise following SG however this increase in BAT thermogenesis may 
be sufficient to counteract the drop in total energy expenditure that is commonly 
observed following weight loss, thereby contributing to the maintenance of a new, 
lower weight set point. Experimental studies looking at non-invasive methods of 
measuring thermogenesis have supported this observation in human studies with 
patients following SG demonstrating increased BAT thermogenesis when meas-
ured with infrared thermography whereas there was no change evident follow-
ing RYGB [33]. Although only preliminary, this data would support the possible 
role of SG in inducing changes in BAT activation and postoperative alterations in 
energy expenditure.

8  Conclusions

Sleeve gastrectomy has proven to be an effective method of inducing clinically 
significant weight loss, improving obesity related complications and cardiometa-
bolic risk factors for mortality. Of critical importance in the success of SG as a 
procedure has been its ability to produce these changes which are sustained in 
the long-term however the mechanisms by which this occurs are incompletely 
understood. Long-term follow up data would suggest that these changes are in 
part the result of a re-setting of the intrinsic ‘set point’. Studies using both rodent 
and human data indicate that this new, lower set point may cause the changes 
in eating behaviours, hunger and satiety. This may be mediated by complex 
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interactions of neurohormonal and bile acid signalling both within the gut and 
centrally. An understanding of the regulatory pathways involved in the ‘set point’ 
may help identify means of improving surgical outcomes. This may also explain 
why patients immediately after surgery have profound reductions in hunger and 
increases in satiety, because they find themselves 25–30% above their new set 
point. As they reach their new set point their hunger and satiety may return to nor-
mal to allow them to maintain themselves at this new set point. This is therefore 
not a failure of the operation of its mechanisms but rather explains clinical obser-
vations. Clinicians can thus use the explanation of the body fat set point changes 
after sleeve gastrectomy to inform patients to help them achieve optimal long term 
health benefits.
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Quality of life includes mental, physical, and social well-being. Besides increased 
morbidity and mortality, obesity is also associated with reduced quality of life as 
reported by studies assessing Health-Related Quality of Life (HRQL) in patients 
with obesity, which report BMI to be associated with fatigue, chronic pain, and phys-
ical limitations, ultimately resulting in poor patient health perception and reduced 
quality of life (QOL) [1–7] that is more prominent in the female population [8].

The success of a bariatric intervention does not only relate to weight loss, but 
is also determined by its effect on QOL, behaviors of eating disorders, food tol-
erance, and resolution of co-morbidities. It is expected that after bariatric sur-
gery quality of life improves due to weight loss, better function, and resolution 
of  co-morbidities, however, the occurrence of side effects may hinder that. Such 
side effects include recurrent vomiting, regurgitation, or poor postoperative nutri-
ent absorption [9, 10].

In fact, the great majority of studies in the literature conclude that HRQL 
improves drastically within months after bariatric surgery with maintained effect 
up to 10 years post-operatively in some patients [11–16]. If assessed before and 
after undergoing a bariatric procedure, patients score better post-operatively and 
can even score better than the “normal” general population, making bariatric sur-
gery an intervention of great impact on QOL [11, 12]. The changes in HRQL after 
bariatric surgery are not absolute but rather they largely reflect periods of weight 
loss, weight regain, and weight stability. HRQOL greatly improves with a weight 
loss of 30% after bariatric surgery [17] and starts deteriorating as a patient regains 
weight [16]. Peak improvement is seen in the short-term (6–12 months) but tends 
to slowly decrease with time (1 to 6 years post operatively), which is greatly 
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influenced by the total weight loss and side-effects of specific procedures [14, 
18]. In extended follow-up studies, it was reported that the periods between 6 and 
10 years postoperatively show stability in both body weight and HRQL scores [16] 
and that a maintained total weight loss of only 10% is sufficient for a positive long 
term outcome on HRQL. In fact, if assessed after 10 years, patients who under-
went bariatric surgery show better outcomes on health perception, social interac-
tion psychosocial functioning and depression than those who did not undergo an 
intervention [16].

Food tolerance, gastrointestinal health, and quality of life are different between 
surgeries. Sleeve Gastrectomy (SG) and Roux-en-Y Gastric Bypass (RYGB) show 
better effect on HRQL as compared to Gastric Banding (GB) with a significant 
relation to weight loss after each surgery [19, 20]. SG also results in better food 
tolerance, eating behavior, and gastrointestinal quality of life than RYGB and GB, 
which contribute to its favorable outcome on HRQL [9, 21]. Gastrointestinal qual-
ity of life is strongly correlated with food tolerance after surgery [19].

To assess the QOL of patients, different tools are available, the most studied 
are:

1  Medical Outcomes Survey Short Form 36S (SF-36)

This is a questionnaire of 36 items around 8 areas: physical functioning, social 
functioning, physical problems, emotional problems, mental health, energy, pain, 
and general perception of health. Results are reported into 2 categories: physical 
health and mental health. It is scored from 0 to 100 for each area [22–24].

2  Bariatric Analysis and Reporting Outcome System 
(BAROS) Score [25]

This score is done after a bariatric intervention and assess its effectiveness 
through examining 3 domains: weight loss, changes in co-morbidities, and qual-
ity of life. Each domain can have up to 3 points, with points deducted for com-
plications or reoperations. It finally divides patients into 5 groups and determines 
the success or failure of the intervention. This score can be used to compare out-
comes of different operations or surgeons and serve as a uniform assessment of 
outcomes.

3  The Bariatric Quality of Life Index (BQL)

This tool combines medical data of a patient with a questionnaire of 13 questions 
and 65 points. It measures a patient’s QOL before and after a bariatric interven-
tion. It was reported to be superior to other questionnaires (e.g., BAROS) [26, 27]. 
A study conducted to validate this questionnaire reported BQL to show a strong 
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correlation with results of SF but less correlation with BAROS, EWL, and other 
questionnaires [26]. The verified version of BQL was also validated by a study on 
466 patients [27].

4  The Food Tolerance Score (FT Q)/Quality 
of Alimentation Questionnaire

This questionnaire of 27 points was developed to assess food tolerance after bari-
atric surgery through assessing 4 components including: tolerance of different 
food types, timing and content of meals, frequency of vomiting/regurgitation, and 
patient satisfaction with alimentation. It is easy to use and useful when comparing 
food tolerance before and after surgery and between different procedures [18].

Quality of Life After Sleeve Gastrectomy
Several studies of different follow-up intervals have assessed the effect of sleeve 
gastrectomy on QOL and compared it to other procedures.

1. Short-Term Effect (1–3 years)
Kirkir et al. conducted a study on 562 patients undergoing SG with a mean fol-
low up time of 7 months and showed the mean scores for QOL to be significantly 
increased after SG (p < 0.05 to < 0.001), with 19.6% of the study sample to be clas-
sified as excellent, 25.6% as very good, 34.9% as good, 15.3% as fair, and 4.6% 
as failure results on the updated BAROS scoring system. They concluded that SG 
is a very effective bariatric intervention for weight control and improvement in 
comorbidities and QOL in short- and mid-term [28]. Peterli et al. also conducted 
a prospective study to measure QOL of patients undergoing SG and RYGB using 
the BQL and other scores and showed QOL to improve significantly when com-
paring pre- and post-operative results at 1 and 2 years but results were poorer at 
3 years. They reported a tendency of SG patients’ QOL to improve shortly after 
the surgery but continue to deteriorate overtime; however, they concluded that 
both surgery types are equally effective in terms of weight loss, quality of life, and 
complication rate [29]. In addition, Fezzi et al. used the SF36 questionnaire for 78 
consecutive patients undergoing SG. The patients completed the questionnaire pre-
operatively and one year post-operatively. All areas of the questionnaire regarding 
patients’ QOL showed significant improvement, and they concluded that SG is an 
effective procedure with measurable improvement in HRQOL as well as weight 
reduction [30]. Even more, Nadalini et al. [20] examined 110 patients using the 
SF36 questionnaire to assess the effects of 3 different surgeries; GB, RYGB, and 
SG. Patients completed the questionnaire pre-operatively and at mean of 3 years’ 
post-operatively. All categories of the questionnaire showed significant improve-
ment, except general and mental health, and satisfaction was greater in patients 
with higher EWL and in those who underwent RYGB or SG as compared to GB, 
with a significant relation to weight loss after each surgery. The authors also exam-
ined the possibility of different domains of the questionnaire being able to predict 
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weight loss and found physical functioning domain to be a significant predic-
tor of the weight lost after surgery independent of age, sex and type of surgery 
(p = 0.01).

2. Medium-Term Effect (4–5 years)
AlKhalifa et al. compared SG to GB in 48 patients and showed the former surgery 
to result in better food tolerance (P < 0.001) and better eating behaviors (P = 0.001) 
when compared with gastric banding after 1–4 years of follow-up. They also 
reported that SG patients showed significant improvement in all parameters of 
HRQOL except for mental health status [21]. Also, Flølo et al. [31] studied the 
effect of SG using SF36 on 168 patients and reported their outcomes at 5 years 
post-operatively, which showed patients to score better on mental and physical 
components of the questionnaire than the non-surgical cohort but not the general 
population. Strain et al., in addition, conducted a study on 77 patients undergoing 
SG by using the SF36 at 1, 3, and 5 years post-operatively and found QOL to ini-
tially improve but then deteriorate in most domains overtime which was associated 
with weight regain [32].

3. Long-Term Effect (6–10 years)
D’Hondt et al. [33] used the BAROS and SF36 questionnaires to investigate the 
effect of SG on quality of life of 83 patients up to 6 years post-operatively. They 
concluded that SG results in good to excellent improvement in HRQOL. The 
authors divided patients into 2 groups according to %EWL (<50 or >50) and found 
QOL to improve dramatically with significant differences in 2 domains: physical 
functioning and general health. According to the BAROS score, authors reported 
that 75 (90.4%) of their study participants scored a ‘‘good’’ to ‘‘excellent’’ 
score. They also reported that different groups of patients may experience dif-
ferent changes in their QOL depending on factors like the development of reflux 
or weight regain. They concluded that SG procedure results in good to excellent 
improvement in HRQL. Furthermore, Felsenrich et. al conducted a study to assess 
QOL of patients 10 years after SG through BQL and SF 36 questionnaires and 
found that symptomatic reflux, but not %EWL, impairs patients’ long-term QOL 
after SG. BQL showed significant differences between patients with and without 
any symptoms of reflux but failed to detect a statistically significant difference 
between those with >50% or <50% %EWL. The results with SF36 also showed 
reflux to be a determinant of lower QOL but this score also found %EWL >50 to 
correlate with better QOL scores in 3 categories; these were less body pain (p = 
0.02), better emotional role (p = 0.04), and better mental health (p = 0.04) [34].

Conclusion
In conclusion, sleeve gastrectomy as a bariatric surgery is associated with signifi-
cant improvement in HRQL that is most prominent in the first months after sur-
gery and can be maintained in the long term and up to 10 years, which is largely 
dependent on maintained weight loss and absence of gastroesophageal reflux 
disease.



Quality of Life and Bariatric Surgery 407

References

 1. Hsu LK, Mulliken B, McDonagh B, Krupa Das S, Rand W, Fairburn CG, et al. Binge eating 
disorder in extreme obesity. Int J Obes Relat Metab Disord. 2002;26(10):1398–403.

 2. Fabricatore AN, Wadden TA, Sarwer DB, Faith MS. Health-related quality of life and 
symptoms of depression in extremely obese persons seeking bariatric surgery. Obes Surg. 
2005;15(3):304–9.

 3. Fine JT, Colditz GA, Coakley EH, Moseley G, Manson JE, Willett WC, et al. A pro-
spective study of weight change and health-related quality of life in women. JAMA. 
1999;282(22):2136–42.

 4. Fontaine KR, Cheskin LJ, Barofsky I. Health-related quality of life in obese persons seeking 
treatment. J Fam Pract. 1996;43(3):265–70.

 5. Larsson U, Karlsson J, Sullivan M. Impact of overweight and obesity on health-related qual-
ity of life–a Swedish population study. Int J Obes Relat Metab Disord. 2002;26(3):417–24.

 6. Sullivan M, Karlsson J, Sjöström L, Backman L, Bengtsson C, Bouchard C, et al. Swedish 
obese subjects (SOS)--an intervention study of obesity. Baseline evaluation of health and 
psychosocial functioning in the first 1743 subjects examined. Int J Obes Relat Metab Disord. 
1993; 17(9):503–12.

 7. Mitchell JE, Selzer F, Kalarchian MA, Devlin MJ, Strain GW, Elder KA, et al. 
Psychopathology before surgery in the longitudinal assessment of bariatric surgery-3 
(LABS-3) psychosocial study. Surg Obes Relat Dis. 2012;8(5):533–41.

 8. Kubik JF, Gill RS, Laffin M, Karmali S. The impact of bariatric surgery on psychological 
health. J Obes. 2013;2013:837989.

 9. Freeman RA, Overs SE, Zarshenas N, Walton KL, Jorgensen JO. Food tolerance and diet 
quality following adjustable gastric banding, sleeve gastrectomy and Roux-en-Y gastric 
bypass. Obes Res Clin Pract. 2014;8(2):e115-200.

 10. Tack J, Deloose E. Complications of bariatric surgery: dumping syndrome, reflux and vita-
min deficiencies. Best Pract Res Clin Gastroenterol. 2014;28(4):741–9.

 11. Schok M, Geenen R, van Antwerpen T, de Wit P, Brand N, van Ramshorst B. Quality of life 
after laparoscopic adjustable gastric banding for severe obesity: postoperative and retrospec-
tive preoperative evaluations. Obes Surg. 2000;10(6):502–8.

 12. Choban PS, Onyejekwe J, Burge JC, Flancbaum L. A health status assessment of the impact 
of weight loss following Roux-en-Y gastric bypass for clinically severe obesity. J Am Coll 
Surg. 1999;188(5):491–7.

 13. Dymek MP, le Grange D, Neven K, Alverdy J. Quality of life and psychosocial adjustment in 
patients after Roux-en-Y gastric bypass: a brief report. Obes Surg. 2001;11(1):32–9.

 14. Karlsson J, Sjöström L, Sullivan M. Swedish obese subjects (SOS)--an intervention study 
of obesity. Two-year follow-up of health-related quality of life (HRQL) and eating behavior 
after gastric surgery for severe obesity. Int J Obes Relat Metab Disord. 1998; 22(2):113–26.

 15. Roger Andersen J, Aasprang A, Bergsholm P, Sletteskog N, Våge V, Karin NG. Health-
related quality of life and paid work participation after duodenal switch. Obes Surg. 
2010;20(3):340–5.

 16. Karlsson J, Taft C, Rydén A, Sjöström L, Sullivan M. Ten-year trends in health-related qual-
ity of life after surgical and conventional treatment for severe obesity: the SOS intervention 
study. Int J Obes (Lond). 2007;31(8):1248–61.

 17. Sarwer DB, Wadden TA, Moore RH, Eisenberg MH, Raper SE, Williams NN. Changes 
in quality of life and body image after gastric bypass surgery. Surg Obes Relat Dis. 
2010;6(6):608–14.

 18. Suter M, Calmes JM, Paroz A, Giusti V. A new questionnaire for quick assessment of food 
tolerance after bariatric surgery. Obes Surg. 2007;17(1):2–8.

 19. Overs SE, Freeman RA, Zarshenas N, Walton KL, Jorgensen JO. Food tolerance and gas-
trointestinal quality of life following three bariatric procedures: adjustable gastric banding, 
Roux-en-Y gastric bypass, and sleeve gastrectomy. Obes Surg. 2012;22(4):536–43.



R. El-Abd and S. Al-Sabah408

 20. Nadalini L, Zenti MG, Masotto L, Indelicato L, Fainelli G, Bonora F, et al. Improved quality 
of life after bariatric surgery in morbidly obese patients. Interdisciplinary group of bariatric 
surgery of Verona (G.I.C.O.V.). G Chir. 2014; 35(7–8):161–4.

 21. Al Khalifa K, Al AA. Quality of life, food tolerance, and eating disorder behavior after lapa-
roscopic gastric banding and sleeve gastrectomy - results from a middle eastern center of 
excellence. BMC Obes. 2018;5:44.

 22. Jenkinson C, Coulter A, Wright L. Short form 36 (SF36) health survey questionnaire: norma-
tive data for adults of working age. BMJ. 1993;306(6890):1437–40.

 23. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. 
Conceptual framework and item selection. Med Care. 1992; 30(6):473–83.

 24. Brazier JE, Harper R, Jones NM, O’Cathain A, Thomas KJ, Usherwood T, et al. Validating 
the SF-36 health survey questionnaire: new outcome measure for primary care. BMJ. 
1992;305(6846):160–4.

 25. Oria HE, Moorehead MK. Updated Bariatric Analysis and Reporting Outcome System 
(BAROS). Surg Obes Relat Dis. 2009;5(1):60–6.

 26. Weiner S, Sauerland S, Fein M, Blanco R, Pomhoff I, Weiner RA. The Bariatric 
Quality of Life index: a measure of well-being in obesity surgery patients. Obes Surg. 
2005;15(4):538–45.

 27. Weiner S, Sauerland S, Weiner R, Cyzewski M, Brandt J, Neugebauer E. Validation of the 
adapted Bariatric Quality of Life Index (BQL) in a prospective study in 446 bariatric patients 
as one-factor model. Obes Facts. 2009; 2 Suppl 1(Suppl 1):63–6.

 28. Kirkil C, Aygen E, Korkmaz MF, Bozan MB. Quality of life after laparoscopic sleeve gas-
trectomy using baros system. Arq Bras Cir Dig. 2018;31(3):e1385.

 29. Peterli R, Wölnerhanssen BK, Vetter D, Nett P, Gass M, Borbély Y, et al. Laparoscopic 
sleeve gastrectomy versus Roux-Y-gastric bypass for morbid obesity-3-year outcomes of the 
prospective randomized Swiss Multicenter Bypass Or Sleeve Study (SM-BOSS). Ann Surg. 
2017;265(3):466–73.

 30. Fezzi M, Kolotkin RL, Nedelcu M, Jaussent A, Schaub R, Chauvet MA, et al. Improvement 
in quality of life after laparoscopic sleeve gastrectomy. Obes Surg. 2011;21(8):1161–7.

 31. Flølo TN, Andersen JR, Kolotkin RL, Aasprang A, Natvig GK, Hufthammer KO, et al. Five-
year outcomes after vertical sleeve gastrectomy for severe obesity: a prospective cohort 
study. Obes Surg. 2017;27(8):1944–51.

 32. Strain GW, Saif T, Gagner M, Rossidis M, Dakin G, Pomp A. Cross-sectional review 
of effects of laparoscopic sleeve gastrectomy at 1, 3, and 5 years. Surg Obes Relat Dis. 
2011;7(6):714–9.

 33. D’Hondt M, Vanneste S, Pottel H, Devriendt D, Van Rooy F, Vansteenkiste F. Laparoscopic 
sleeve gastrectomy as a single-stage procedure for the treatment of morbid obesity and the 
resulting quality of life, resolution of comorbidities, food tolerance, and 6-year weight loss. 
Surg Endosc. 2011;25(8):2498–504.

 34. Felsenreich DM, Prager G, Kefurt R, Eilenberg M, Jedamzik J, Beckerhinn P, et al. 
Quality of Life 10 Years after sleeve gastrectomy: a multicenter study. Obes Facts. 
2019;12(2):157–66.



LSG: Risks and Considerations



411

Approximately 46% of all bariatric operations performed worldwide consist of 
Sleeve Gastrectomy (SG). Thus, making it the most commonly performed bariatric 
operation worldwide [1]. Technical ease, simplicity, no alteration of gastrointes-
tinal continuity, and relative safety are some of the reasons behind its immense 
popularity. SG also has a lower learning curve as compared to gastric bypass 
procedures which are technically more challenging. In a review, the outcomes of 
sleeve gastrectomy were compared with other bariatric operations and the com-
plication rate in the SG group was much lower than the gastric bypass group [2]. 
However, though less frequent, the complications after SG, especially leaks, can 
be devastating and very difficult to treat. It is, therefore, important that surgeons 
undergo appropriate training and mentoring before they start performing this pro-
cedure. Careful attention to a number of preoperative, intra-operative, and post-
operative considerations is the only way to deliver safety. Newer surgeons should 
recognise that bariatric surgery poses a number of unique challenges that go 
beyond the general, technical expertise of the surgeon. Even surgeons well versed 
with other complex gastrointestinal procedures need to be involved with at least 
50–100 bariatric procedures before independent practice. Best outcomes are deliv-
ered by surgeons who are appropriately trained and mentored and have a reason-
able volume that allow for the maintenance of skills. Surgeons should consider 
teaming up with other surgeons if the volumes are low in their practice.
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The early complication rate after sleeve gastrectomy varies from 5.4 to 7.3%. 
The overall rate of severe complications after sleeve gastrectomy is approxi-
mately 1.2 to 2.2% and the 30 days readmission rate is reported as 2.8% [3–6]. 
Complications after sleeve gastrectomy can be classified as:

• Intra-operative complications—Anaesthesia related complications, Injury to 
internal organs, Haemorrhage

• Early complications (≤30 day)—Haemorrhage, Staple line leaks, Deep Vein 
Thrombosis and Pulmonary Embolism, Porto-mesenteric venous thrombosis, 
Trocar site herniation

• Late complications (>30 day)—Abscesses, Late leaks, Strictures, Twists and 
kinks, Gastro-esophageal reflux disease, Cholelithiasis, Iron and vitamin B 12 
deficiency, Secondary hyperparathyroidism, Neuropathy.

Like any other surgery, complications after sleeve gastrectomy may be graded 
as per the Clavien Dindo classification and surgeons are encouraged to use them 
whilst reporting (Table 1).

It is crucial to not only pay attention to technical details but also diagnose and 
manage complications promptly to further improve the safety of this procedure. 
Currently, there is enormous variation amongst bariatric surgeons concerning vari-
ous aspects of this procedure [8]. Future studies and consensus building exercises 

Table 1  Clavien Dindo classification of surgical complications [7]

*Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient ischemic 
attacks. CNS, central nervous system; IC, intermediate care; ICU, intensive care unit

Grade Definition

Grade I Any deviation from the normal postoperative course without the need for pharma-
cological treatment or surgical, endoscopic, and radiological interventions
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, 
diureties, electrolytes, and physiotherapy. This grade also includes wound infec-
tions opened at the bedside

Grade II Requiring pharmacological treatment with drugs other than such allowed for 
grade I complications Blood transfusions and total parenteral nutrition are also 
included

Grade III
Grade IIIa
Grade IIIb

Requiring surgical, endoscopy or radiological intervention
Intervention not under general anesthesia
Intervention under general anesthesia

Grade IV
Grade IVa
Graade IVb

Life-threatening complication (including CNS complications)* requiring IC/ICU 
management
Single organ dysfunction (including dialysis)
Multiorgan dysfunction

Grade V Death of a patient

Suffix “d” If the patient suffers from a complication at the time of discharge, the suffix “d” 
(for “disability”) is added to the respective grade of complication. This label 
indicates the need for a follow up to fully evaluate the complication
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will need to identify the best options from amongst a range of practices being used 
worldwide.

Patients suffering from obesity pose a greater challenge when it comes to diag-
nosing severe early surgical complications. They may not present in the manner 
other general surgery patients do. Hence the onus is on the bariatric professionals 
to be extra-vigilant and pick up the subtle signs that may be the only indication of 
an impending catastrophe.

In general, unexplained tachycardia, tachypnoea, fever, pain, nausea, vomiting 
and not feeling well should prompt further evaluation. In particular, a heart rate of 
over 100 should alert the surgeon and a heart rate of > 120 should prompt further 
investigation or even a diagnostic laparoscopy as appropriate. A full blood count, 
CRP, urine routine, pro-calcitonin, X-ray studies of chest and abdomen, CT scan and 
other tests as appropriate may be performed as indicated clinically. In general, bari-
atric surgeons advise early laparoscopy in cases of persistent doubt and uncertainty.

Best outcomes are achieved when the complications are detected and treated 
early. Early action also helps to reduce the morbidity and mortality. Ensuing chap-
ters in this section discuss the management of some of the commonest and most 
dreaded complications of this procedure in detail.
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1  Introduction

The SG does not involve intestinal bypass and is simply a restrictive procedure. 
The evolution from an open duodenal switch procedure to the laparoscopic sleeve 
gastrectomy that is now routinely performed was initially reserved for high risk, 
super-morbidly obese patients as a staged procedure. It was then subsequently 
adapted as a single-staged operation in those with a lower BMI. However, the ben-
eficial effects of SG go beyond that of simply reducing obesity, and has positive 
effects on diabetes, dyslipidaemia, and hypertension.

2  Impact on Obesity

Studies have shown that SG can produce outcomes that are equivalent to or bet-
ter than Roux-en-Y gastric bypass in alleviating obesity-related comorbidities [2]. 
Patients report an improvement in hypertension, type 2 diabetes, increased HDL 
levels, and reduction in uraemia levels, that were present even after 10 years [3]. 
Whilst these changes vary amongst the population, it appears that it typically 
occurs within 17 months [4–6]. However, after approximately 2–3 years, patients 
start to regain weight following the bariatric operation, although the amount 
of overall mass that patients lose varies within the literature, with some studies 
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suggesting there is an estimated weight loss of 46% whilst others suggest esti-
mated weight loss as high as 86% (Table 1, Fig. 1) [7–16].

3  Impact on Diabetes

Bariatric surgery is highly effective at improving outcomes in diabetic patients 
and has demonstrated superior results to medication alone [17]. Additionally, sur-
gery can significantly improve microvascular and macrovascular effects which 
are often responsible for the complications of diabetes [18–20]. Approximately 
56–59% of patients experience type 2 diabetes mellitus remission after a year 
following a SG operation, and the beneficial effects of the operation on diabe-
tes continue long after a year, with 84–86% of patients noting remission after a 
5-year period. However, it does appear that many patients will also relapse. The 
HBA1c level reduces significantly in the several months following a SG but starts 
to steadily increase again (Fig. 2) [21]. There is however conflicting evidence 

Table 1  Meta-analysis demonstrating changes in weight (pooled mean (95% confidence 
interval)).

Adapted from Pedroso et al. [1]. BMI = body mass index; EWL = excess weight loss

Time after surgery Change in BMI Change in EWL

6 months −11.49 (−8.81 to −14.18) −50.40 (−26.29 to −74.50)

12 months −13.05 (−9.68 to −16.42) −61.12 (−20.26 to −101.98)

24 months – −71.00 (−57.00 to −85.00)

36 months −13.00 (−11.00 to −15.00) −75.90 (−67.62 to −84.18)

Fig. 1  Meta-analysis results assessing weight loss following bariatric operations. (GB = gas-
tric bypass; AGB = adjustable gastric banding; SG = laparoscopic sleeve gastrectomy). Adapted 
from Chang et al. [16]
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when comparing the effects of Roux-en-Y gastric bypass with SG. Whilst some 
studies report no significant difference between the two [22–24], others suggest 
Roux-en-Y will lead to a greater improvement in diabetes remission, and a more 
sustained improvement [21].

There are multiple different mechanisms contributing to the beneficial effect. 
Firstly, patients experience a hypocaloric state immediately following a bariatric 
operation aided by a restriction in caloric intake. Additionally, there is significant 
weight lost through the procedure, together, these play a fundamental role in influ-
encing diabetes remission. This is exemplified when patients achieve comparable 
glycaemic changes whilst observing caloric restriction after a SG when compared 
with those who have similar caloric restriction without being operated upon [25].

4  Impact on Hypertension

There is a strong correlation between obesity and hypertension, and there are sev-
eral proposed mechanisms that link the two conditions. This includes adipocytes 
increasing free fatty acid and angiotensinogen levels. Additionally, it causes stimu-
lation of the renin angiotensin system leading to retention of salt and water, which 
increases the blood pressure [26]. As such, decreasing obesity will in turn reverse 
these effects.

Bariatric surgery has been demonstrated to be both effective and safe in patients 
who are clinically hypertensive. Studies suggest approximately 78.5% who 
undergo SG will see improvements in hypertension, whilst 67.1% will report reso-
lution [27]. The literature on the effects of SG on hypertension suggests that SG 
does improve blood pressure levels. However, many studies don’t define the values 
that they classify as hypertensive, and there is heterogeneity in those that do define 
their values which makes it difficult to combine data, and fully analyse the out-
comes [28].

Fig. 2  Change in HBA1c 
after sleeve gastrectomy over 
time. Adapted from McTigue 
et al. [21]
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5  Impact on Dyslipidaemia

As with hypertension, the link with obesity and dyslipidaemia is well established, 
with between 50–80% of obese patients also presenting with dyslipidaemia [29]. 
Obese patients tend to have lower amounts of high-density lipoprotein (HDL) lev-
els, but greater amounts of low-density lipoproteins (LDL) and triglyceride levels. 
This may be as a result of the insulin resistance that obese patients also tend to 
have, which contributes to increased levels of free fatty acids being transported to 
the liver. The liver, in turn, produces very low-density lipoprotein (VLDL), which 
promotes the circulation of triglycerides and LDL levels [30]. Dyslipidaemia has 
significant consequences for patients, causing increased atherogenesis as well as 
adversely influencing cardiovascular disorders.

For the majority of patients (83.5%), SG will improve hyperlipidaemia, and a 
significant proportion of patients (54%) will experience complete resolution, per-
haps as a result of the reversal of insulin resistance [31]. Patients will see a greater 
level of HDL, and lower LDL and triglyceride levels after the operation, with the 
effects lasting for over a year [32]. Removal of the fundus also leads to reduced 
gastric lipase and ghrelin secretion, hormones that contribute to dyslipidaemia 
[33–35]. Additionally, reduced caloric intake and changes in gastrointestinal tran-
sit time means that patients absorb less food which will all lead to improvements 
in hyperlipidaemia.

6  Complications

Whilst a SG is a routine procedure that produces significant benefits for patients, 
there are numerous complications that, although uncommon, should be consid-
ered. The SG operation has a mortality of close to less than 0.01%, with morbidity 
typically associated in cases involving inexperienced surgeons [36]. As an exam-
ple, mid-gastric stenosis, which occurs in less than 1% of cases, occurs as a result 
of over-sewing of the staple line or if the SG is calibrated on a tube that is too 
narrow [37, 38]. Complications can be categorised dependent on their expected 
duration of occurrence following the operation (Table 2). However, as will all 
operations, there are also non-surgical complications that are attributed to SG.

7  Non-Surgical Complications of Sleeve Gastrectomy

The non-surgical complications of SG include an increased incidence of pulmo-
nary embolism, which is expected in up to 0.6% of bariatric patients. However, 
mortality remains low at up to 0.4% with appropriate anticoagulation [39–42]. 
Additional respiratory complications including pneumopathies, pleural effusion, 
and atelectasis, although these are rare affecting approximately 1% of bariatric 
patients [43, 44]. As with all surgeries, prognosis tend to be worse with increasing 
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age, BMI, pre-existing cardiovascular risk factors, and intra-operative complica-
tions. However, bariatric operations will specifically lead to nutritional deficien-
cies, as a direct consequence of anatomical manipulation or indeed following the 
procedure for example due to vomiting and reduced food intake. Five years fol-
lowing a SG, patients report a deficiency of zinc (14.3% of patients), vitamin D 
(42% of patients), vitamin B1 (30.8% of patients), along with hypoalbuminaemia 
(5.5% of patients), and low serum haemoglobin (28.6% of patients) [45].

8  Nutritional Deficiency After Sleeve Gastrectomy

The severity of disease as a result of nutritional deficiency would likely depend 
on the length of duration without correction. As an example, those with vitamin 
D deficiency can develop osteoporosis from secondary hyperparathyroidism. 
Additionally, deficiency of thiamine, a water-soluble B-complex vitamin, is nec-
essary for cerebral metabolism. Deficiency, therefore, can damage regions of the 
brain including the cerebellum, mamillary bodies, superior and inferior colliculi, 
medial thalamus, periventricular region of the third ventricle, as well as the peri-
aqueductal area. Whilst Wernicke encephalopathy is classically defined as a triad 
of ophthalmoplegia, ataxia, and reduced consciousness, many patients will not 
exhibit all these symptoms and so the condition may often go unreported [46]. As 
a side note, this condition is more likely to occur following a Roux-en-Y bypass 
because the jejunum is involved in maximal absorption of thiamine. Thiamine 
deficiency can also result in beriberi, a condition characterised by sensory and 
motor impairment [47].

Table 2  Complications 
associated with sleeve 
gastrectomy

Complications Chronicity

Haemorrhage Acute

Pulmonary embolism Acute

Nutritional deficiency Chronic

GERD Chronic

Abscess Chronic

Stricture Chronic

Leak Acute/chronic

Alteration to bile flow Chronic

Anatomical changes Chronic

Hormonal changes Chronic

Impact on metabolism Acute/chronic

Cardiovascular effects Acute/chronic

Changes to the microbiota Chronic
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Following a SG, vomiting is a prominent risk factor for vitamin deficiency. This 
can be due to the formation of strictures, leakage, or bleeding from the staple-line. 
Additionally, reduced energy intake, rapid weight loss, and non-compliance of 
supplements can all contribute to vitamin deficiency [48–50].

9  Early Complications of Sleeve Gastrectomy

Early complications of SG include the formation of a fistula which is likely to 
affect approximately 2% of patients. Fistulae typically arise at the upper edge 
of the staple line and may be produced as a result of increased intragastric pres-
sure, ischaemia on the staple lines, or indeed by poor technique. Other complica-
tions include formation of strictures (0.7–4% in patients), haemorrhage (1.5% of 
patients), and leakage (1.5–2.4%) [51–53]. It is important to recognise that com-
plication rates increase if revision surgery is required or if patients require con-
version of other bariatric surgical procedures into a SG [54]. Leakage typically 
occurs near the gastro-oesophageal junction at the top of the suture lines, but the 
 post-operative time onset varies widely. Most cases will occur between 3–14 days 
following the operation with a median onset at 7 days [55].

These complications are largely driven by operative skill and the risk can be 
diminished with an experienced surgeon, and a compliant patient. However, the 
physiological changes that occur following a bariatric operation can sometimes be 
unpredictable and the effects of bariatric operations go beyond simply reducing 
weight. These effects can be split into 5 distinct categories through the so-called 
BRAVE effects of bypass surgery, that is: alteration to bile flow; restriction of the 
stomach; anatomical changes; effects on vagus nerve function; and entero-humoral 
modulation.

10  Alteration to Bile Flow After Sleeve Gastrectomy

SG can disrupt enterohepatic circulation resulting in elevated plasma bile acid 
[56–58]. Bile acid salts bind to farnesoid X nuclear receptor (FXR), which in turn 
lead to downstream metabolic sequences that ultimately reduce bile acid biosyn-
thesis from cholesterol [59–63]. Additionally, FXR induces the secretion of fibro-
blastic growth factor-19 (FGF-19) from enterocytes. In addition to decreasing 
cholesterol biosynthesis, FGF-19 also increases the basal metabolic rate [64]. The 
increased basal metabolic rate can be measured through reduced TSH levels and 
a greater conversion of T4 to T3 following bariatric operations [65]. As expected, 
this disruption to the lipid metabolism results in a reduction in low-density lipo-
protein (LDL), an increase in high-density lipoprotein (HDL) levels, and a signifi-
cant improvement in total cholesterol and triglyceride levels. These changes are 
measurable up to 10 years following the bariatric operation [66, 67]. The improve-
ment in lipid profiles is likely polymodal but the influence of bile acids in regulat-
ing transcription of several genes associated with lipolysis alongside fatty acid and 
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triglyceride synthesis is well established [68]. Moreover, bile acids lead to reduced 
endoplasmic reticulum stress, which can improve glucose tolerance and beta-cell 
mass [69].

11  Anatomical Changes After Sleeve Gastrectomy

Anatomical changes that occur during a SG can result in complications. The 
majority (more than 85%) of leaks following SG occur in the upper part of the 
gastric tube [70] perhaps owing to the reduction in vascular supply of that region 
[71], and increased pressure in the gastric tube following the operation [72]. 
Additionally, anatomical changes clearly lead to a reduced stomach capacity and 
resultant decreased digestion which accelerates weight loss. Removal of the fun-
dus during a SG results in significant hormonal effects as well. This isn’t surpris-
ing, with the gastrointestinal tract being the largest endocrine organ in the body. 
The gastric fundus produces ghrelin, a hormone best known for its orexigenic 
properties. However, this 28 amino acid peptide also has many more important 
roles including inhibition of insulin secretion as well as upregulation of gluconeo-
genesis and glycogenolysis leading to greater levels of glucose in the bloodstream 
[73]. However, the removal of the gastric fundus through a SG means that there 
are reduced ghrelin levels [74], which reverses the effects associated with ghre-
lin. In these patients, the insulinostatic activity is overturned and the islet cells can 
secrete more insulin to meet with the increased demand in obese patients. This 
may be aided in part by increased levels of Glucagon-like Peptide-1  (GLP-1) 
and peptide YY, both released from L cells in the small intestine as a result of 
the increased passage of undigested nutrients. GLP-1 can stimulate the pancreas 
to release insulin and additionally also preserves the beta cells involved in releas-
ing insulin. On the other hand, peptide YY binds to Y2 receptors that are highly 
expressed in the arcuate nucleus, and acutely suppresses appetite but may also 
ameliorate insulin resistance [75].

12  Vagus Nerve Modulation After Sleeve Gastrectomy

The role of the vagus nerve is important in modulating energy metabolism, food 
intake, and glycaemic control. The afferent fibres of the vagus nerve is known to 
be sensitive to mechanical stretch following ingestion of food. The visceral sen-
sory information is relayed to the nucleus of tractus solitarius, where converging 
signals from hormonal, metabolic, and cortical centres are processed to influence 
satiety [76, 77]. The vagus nerve is however perhaps more important in other bari-
atric operations such as the Roux-en-Y gastric bypass where the ventral and dorsal 
gastric branches of the vagus nerve are transected when forming the gastric pouch. 
Disruption of normal vagal activity can lead to early satiety and weight loss. 
Interestingly, patients who experienced SG plus truncal vagotomy did not experi-
ence an improvement in diabetes, when compared with SG alone [78–80].
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13  Cardiovascular Effects of Sleeve Gastrectomy

There are several mechanisms that link obesity with hypertension and, as with dia-
betes, they involve intricate biochemical pathways, although it is still an evolv-
ing area of research. Atherosclerotic plaques in patient’s arteries can impair the 
baroreflex sensitivity leading to impaired parasympathetic cardiac modulation, 
as a result of affected arteries becoming stiffer. This therefore leads to the sym-
pathetic system dominating arterial resistance thereby inducing hypertension 
[81]. Furthermore, it appears that free fatty acids (FFAs) are critical to inducing 
hypertension in obese patients. They inhibit Na + /K + ATPase enzymes leading 
to greater vascular smooth muscle contraction and resistance. However, they can 
also have a more direct effect on ion channels causing activation of the smooth 
muscles and again leading to greater vascular resistance [82]. In the early phases 
of obesity, there is increased renal tubular reabsorption which causes primary 
retention. However, this is short lived and compensation through renal vasodila-
tion and increased glomerular filtration rate tends to normalise the blood pressure. 
However, incomplete compensation can result in expansion of the extracellu-
lar fluid and, over time, resetting of the kidney-fluid balance. This can be aided 
by compression of the renal medulla causing compression of the vasa recta and 
loop of Henle [83, 84]. However, the process causing hypertension is much more 
complex and research suggests hormones such as insulin and leptin, as well as 
endothelial dysfunction that can result from the pro-inflammatory state in obe-
sity all have a role in causing hypertension [85–87]. The reduction in the level of 
adipocytes following SG would diminish these effects and over 80% of patients 
reportedly see lasting improvements to their blood pressure [6].

Whilst bariatric surgery is highly effective for treating the comorbidities men-
tioned, the results on triglycerides aren’t as successful. The total cholesterol levels 
don’t change significantly but there is an improvement in the HDL and triglyceride 
levels. These changes appear to be long-lasting [88, 89].

14  Effects on Microbiota After Sleeve Gastrectomy

Additionally, the microbiota composition changes following a SG surgery. Obese 
patients have already been shown to have increased Firmicutes and decreased 
Bacteroidetes [90, 91]. However, following SG, there appears to be an increase 
in the level of Verrunomicrobia bacteria, and significant increases in the level 
of Akkermansia muciniphila. Studies suggest Akkermansia muciniphila can 
reduce weight and adipocyte levels, as well as improve metabolic outcomes 
[92, 93]. The changes in microbiota composition are gradual when compared to 
 Roux-en-Y gastric bypass, perhaps because Roux-en-Y leads to a much greater 
reduction in pH of the gut environment [94].
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15  Impact on Metabolism After Bariatric Surgery

There is also a significant effect on patients’ metabolic state. This is important 
considering the substantial comorbidities that obese patients present with. These 
include dyslipidaemia, hypertension, heart failure, type 2 diabetes. Furthermore, 
obesity can also lead to renal failure and, as our understanding about obesity 
evolves, it is evident that the harmful biochemical processes involving fatty acids 
and triglycerides can produce far more significant pathology than previously 
thought.

Fatty acids can activate several serine kinase pathways, notably IkK kinase 
(IKK) and c-Jun N-terminal kinase (JNK) that are involved in particularly potent 
proinflammatory cascades. This can act to inhibit insulin function leading to insu-
lin resistance and contributing to a greater risk of developing type 2 diabetes [95]. 
Further studies have demonstrated the involvement of the immune system which 
becomes activated by the action of fatty acids on toll-like receptors in adipocytes 
and macrophages. The downstream inflammatory cascade can lead to further insu-
lin resistance and a greater cardiovascular risk [96, 97]. It is clear therefore that 
obesity is a highly complex process. As such, bariatric procedures should be given 
greater consideration for their ability to alleviate many of these harmful comor-
bidities affiliated with obesity.

16  Conclusion

Since the introduction of SG, the outcomes of surgery are durable with weight 
recidivism and success comparable to other stapled/bypass bariatric procedures. 
Complications from SG are uncommon but can be severe, and the involved mech-
anisms are only partially revealed. However, optimisation of risk factors in the 
months leading up to the operation can significantly improve outcomes in patients. 
This involves an early implementation of a healthy lifestyle including advising 
patients to exercise more regularly and adopt a low fat, low salt diet. Additionally, 
cessation of smoking and limiting alcohol consumption along with optimisation 
of cardiovascular disease and diabetes will not only aid in improving weight-loss 
outcomes but will also lead to a reduction in complications.
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1  Background

Laparoscopic Sleeve Gastrectomy (LSG) has gained popularity among sur-
geons and patients alike, due to its multiple benefits, which include: maintaining 
 gastro-intestinal continuity, absence of foreign body, lack of malabsorption, and a 
good option of conversion to multiple bariatric procedures [1]. The stomach has an 
enriched blood supply via a network of submucous plexus which is derived from 
the left and right gastric arteries, gastroepiploic vessels and short gastric arter-
ies. Multiple modalities in the management of bleeding situations are available  
(Table 1).

The most significant operative complications of LSG are staple line leak 
and bleeding, with reported total complication incidence of up to 13.7% [2–5]. 
However, hemorrhage, both intra-abdominal and intra-peritoneal, can be more 
challenging not only because of their rare occurrence, but also because of their 
life-threatening postoperative complication impact following bariatric surgery. The 
reported incidence of staple line hemorrhage is up to 3% [2, 3]. However accord-
ing to the MBSQIB data base, unplanned readmission of patients who had post-
operative bleeding within 30 days was up to 21.7% [6]. There is concern that the 
actual percentage of patients who experience bleeding is much higher than those 
undergoing re-operation which could lead to possible late complications of bleed-
ing, specifically leaks that appear late due to infected hematomas [7].
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Multiple attempts to reduce the incidence of these complications have been 
done by staple line reinforcement (SLR) with synthetic or biologic material or 
suturing, but the evidence is equivocal; hence, there is no consensus with respect 
to the best method for SLR or its necessity [8–10]. Having mentioned that, it is 
important to emphasize that postoperative bleeding does not only occur at the sta-
ple line even though such bleeding has a reported incidence between 55 and 57%. 
The occurrence of post-operative bleeding that require re-operation, varies from 
20 to 69% [11, 12].

Postoperative hemoglobin and heart rate are associated with bleeding but 
not systolic blood pressure or patient characteristics. Further research would be 
needed to develop a robust predictive model [13]. Multiple factors that could affect 
hemostasis during surgery are summarized in Table 1. Computed tomography 

Table 1  Modalities in 
hemostasis

Mechanical techniques

• Direct pressure

• Sutures
• Staples
• Ligating clips
• Fabric pads
• Gauzes
• Sponges
• Blood component/replacement therapy
Thermal techniques

• Electrocautery
• Hemostatic scalpel
• Laser
• Radiofrequency
Chemical techniques

• Pharmacotherapy
• Hypotensive anesthesia
• Epinephrine
• Vitamin K
• Protamine
• Desmopressin
• Aminocaproic acid
• Tranexamic acid
Topical hemostats

• Collagen
• Cellulose
• Gelatins
• Thrombins
Topical sealants and adhesives

• Fibrin sealants

• Synthetic glues
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(CT) scan can be used in the stable patient and can be important in differentiat-
ing between the locations. In the case of the intraperitoneal bleeding, the CT can 
visualize a fluid collection in an extra luminal location; whereas, in the intralu-
menal bleeding there may be clot seen in the lumen of the bowel or distention of 
the remnant stomach. Patients who are hemodynamically unstable as well as those 
with an important intraperitoneal hematoma are candidates for surgery. Surgical 
exploration allows blood clots evacuation and eventually the identification and 
treatment of the bleeding source. Evacuation of the hematoma simplifies the post-
operative course because spontaneous resorption is longer and needs monitoring. 
Furthermore, the hematoma can open into the stomach through the staple line and/
or get infected secondarily. In case of intraluminal bleeding at the staple line that 
persists after conservative treatment, endoscopy can achieve hemostasis. In case 
of endoscopic failure or impossibility to perform endoscopy, hemostasis can be 
achieved by oversewing the entire staple line with sutures.

2  Bleeding Cascade, Patient and Surgeon Factor

Hemorrhage after LSG is multifactorial and therefore bleeding cascade and 
patient factors should be addressed briefly. A simplified major pathway version 
of the clotting cascade, emphasizing two mechanisms for initiating blood clot-
ting is shown in Fig. 1. These are the contact activation pathway (also known as 
the intrinsic pathway), and the tissue factor pathway (also known as the extrinsic 
pathway), which both lead to the reactions that produce fibrin. The primary path-
way for the initiation of blood coagulation is the tissue factor or extrinsic pathway. 
Various substances are required for the proper functioning of the coagulation cas-
cade such as Calcium and Phospholipid, Vitamin K, and several Regulators.

Medications may interfere with the platelet clot and fibrin clot formation 
(Fig. 1). In addition, pathogenic bacteria may secrete agents that alter the coagula-
tion system, such as coagulase and streptokinase which use this enzyme to break 
up blood clots [14].

Fig. 1  The hemostatic cascade and antithrombotic medications that disrupt the ability to form a 
clot
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Aminian et al. analyzed the data of 5871 cases of primary LSG extracted 
from the American College of Surgeons National Surgical Quality Improvement 
Program (ACS-NSQIP) database. Several factors that contributed to the risk of 
serious adverse events were identified as follows: diabetes, body mass index, male 
sex, congestive heart failure, steroid use, bilirubin level, and hematocrit level [15]. 
Janik et al. showed in a retrospective multivariate regression analysis several inde-
pendent risk factors for postoperative hemorrhagic complications, in particular his-
tory for hypertension, obstructive sleep apnea, low surgeons experience in bariatric 
surgery and no staple line reinforcement use [11]. In that observational study the 
surgeon’s level of expertise in bariatric surgery is essential, demonstrating signifi-
cantly less hemorrhagic complications among experienced surgeons. According to 
the literature, the technical skill of practicing bariatric surgeons varies widely, and 
greater skill is associated with fewer postoperative complications and lower rates 
of reoperation, readmission, and less visits to the emergency department [16]. 
However in the Michigan Bariatric Collaborative, surgical skill did not affect the 
bleeding rate in the early postoperative period, nor the postoperative weight loss or 
resolution of medical comorbidities.[17].

Recently an observation was made that routine elevation of systolic blood pres-
sure (SBP) to 140 mmHg at the end of stomach resection to identify bleeding and 
oversewing the staple line minimized hemorrhagic complications [7, 12].

3  Surgical Stapler Technology

Stapler technology has aided in advancing surgical techniques and have short-
ened operative time and improved perioperative safety [18]. The development 
and improvement of stapling devices in which cartridges are manufactured with a 
variety of different staple heights, correspond to the thickness of the intended tis-
sue and allows a perfect staple formation to the relevant tissue [19]. Kimura and 
Terashita demonstrated in an experimental study the superiority of the shapes of 
the formed staples with powered stapling devices. The intestine is not fixed com-
pletely with the stapler after the squeezing motion. Deviation of the intestine 
occurs even when the stapling is being performed. In addition to this, tremors of 
the hands and staplers plus suspension and resumption of stapling result in further 
deviation of the intestine. Malformations of the staples were fewer with powered 
stapling devices. They concluded that powered staplers possibly result in more 
reliable and secure stapling [20]. Better formed staples could potentially produce 
fewer leaks and bleeding complications postoperatively [21–24].

The clinical relevance of powered stapling technology is demonstrated in a 
“Premier Perspective Hospital Database Study”, in which 31.409 Patients were 
identified as having either powered or manual stapling performed during the bari-
atric procedure. The adjusted rate of bleeding and/or transfusion during the hos-
pital admission was significantly lower (24%) in the powered vs manual stapler 
group. In addition the adjusted mean total hospital costs and supply costs were 
statistically significantly lower in the powered vs manual stapler group [25].
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Additional innovation was developed in the Gripping Surface Technology 
(GST) of the cartridge deck. Fegelman et at. could demonstrate, that in the use 
of the GST stapling system a reduced need for staple line interventions as non-
prophylactic actions taken in response to bleeding along the staple line following 
tissue transection, was necessary. The use of the GST stapling system reduces the 
need for staple line interventions in LSG [26].

4  Management and Prevention

High costs are an additional argument to reduce complication rate such as leak 
and bleeding. Prolonged hospitalization in the ward and intensive care unit will 
account for the costs of bleeding, 50% and 35% respectively [27]. Bleeding can 
occur during the division of the greater curvature vessels or during gastric sta-
pling. The division of the short gastric vessels during the mobilization of the gas-
tric fundus in proximity to the splenic upper pole particularly exposes to the risk 
of hemorrhage. In case of bleeding, the injured vessel can retract, making any 
attempts to achieve hemostasis very difficult. If bleeding occurs, mechanical com-
pression should be attempted first followed by the placement of hemostatic gauze. 
Mechanical hemostats, adhesives with patch or sealants should always be available 
in anticipation of potential bleeding with anatomical difficult access and situations 
with potential rebleeding risk [28].

The bleeding on the staple line can be controlled by stitches, metallic clips or 
bipolar coagulation which has been a controversial practice. The rebleeding risk 
can be treated with hemostats. All these techniques are generally very effective 
and conversion to laparotomy due to bleeding is unusual. Appropriate staple size 
(height) for the tissue is recommended. Using longer staple height for thin tissues 
may cause bleeding from stapler line or intraluminal bleeding at the site. These 
may lead to early postoperative intra-abdominal or upper gastrointestinal (GI) 
hemorrhage. On the other hand, using short height cartridges on a thick tissue can 
be a risk factor for leakage from the anastomosis or staple line, or can create sero-
sal tearing and bleeding. These differing staple heights are designed to ensure that, 
when closed, the staples provide secure apposition of the edges of the bowel [29]. 
Shipping safety cover should not be removed until the cartridge is loaded into the 
Stapler. Handling of the instrument must be motion free while firing, avoiding ten-
sion on the stapling tissue. Usually, waiting at least 15 s before firing allows ade-
quate compression time before cutting the tissue by staplers [30–32].

The author’s recommended checklist before, during and after linear stapling is 
shown in Table 2.

4.1  Buttressing, Oversewing

Buttressing material has been shown to ensure more even distribution of the sta-
ple pressure over a wider surface area thus resulting in higher burst pressures and 
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lower bleed rates [29]. Although gastric wall thickness has been reported to vary, 
it is thick in the antrum (3.1 mm), moderate in the body (2.4 mm), and thin in the 
fundus (1.7 mm), the choice of staple height is very important when a buttress-
ing material is added. The height of the buttress decreases the actual height of the 
staple, and a longer staple height should be considered for safe and proper closure 
[29, 33]. A number of materials have been studied in staple-line reinforcement, 
including porcine small intestinal submucosa strips [34], absorbable polyglycolic 
acid [35] and bovine pericardial strips [36, 37]. The use of integrated absorb-
able synthetic polymers has proved feasible and well tolerated [38], and gly-
colide copolymer reinforcement sleeves have been shown to reduce staple-line 
bleeding and may reduce gastrointestinal hemorrhaging [24, 39]. However in lit-
erature reviews Knapps reported that mortality, bleeding, and reintervention rates 
were not affected by reinforcement and that there is no statistical difference in the 
pooled rate of bleeding, or reintervention [10]. Shikora analyzed out of 253 pri-
mary included studies and abstracts 215 bleed study arms the two most commonly 
used buttresses, bovine pericardium and a biocompatible glycolide copolymer 
buttress [23]. In this meta analyzes the total bleed rate was 3.45%. Overall, rein-
forcing with bovine pericardium had the lowest bleed rate of 1.23%. Buttressing 
with a biocompatible glycolide copolymer resulted in a bleed rate of 2.48% but 
had significantly lower bleed rates than no reinforcement. However inconsistency 
is seen in systematic reviews and meta analyses, where the incidence of bleeding 
is 0–6.7% without reinforcement and 0–8% with reinforcement [10], and compar-
ative studies which did not find a statistically significant decrease in staple line 
hemorrhage [21]. Stapler with preloaded buttress material could potentially pro-
vide ease of use, might have less staple line bleeding and reduced waste in the 
operating room [48, 49]. Conflicting results make it difficult to generally justify 
the use of buttressing materials to reduce staple line bleeding most probably also 

Table 2  Factors that could affect hemostasis during surgery

Surgical

• Disease state—certain conditions lead to increased bleeding from compromised tissue

• Medications may interfere with clot formation
• Patient factors such as bmi, age, vitamin deficiencies and smoking obstructive sleep apnea
• Blood pressure
• Anesthesia routine (e.g. amount of infusions)
• Surgeons expertise
Mechanical

• Buttressing
• Oversewing
• Clips
• Prophylactic use of hemostats
• Surgical technique in the use of the stapling device (dissection, tissue compression, tissue 
tension, staple height)

• Stapler technology
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because of a lack of a consistent definition of post-operative staple line bleeding 
[38, 40–45].

Oversewing the staple line with a continuous suture has been used widely to 
reduce postoperative complications after LSG [45]. However, Choi et al. suggested 
that oversewing could reduce the frequency of leak but that it might increase the 
risk of bleeding after LSG although the results were not statistically significant 
[21]. Oversewing itself could be potentially dangerous. Tearing at the point of 
suture penetration may increase bleeding and leak, and the running suture could 
cause sleeve stricture and tissue ischemia [29, 46]. On one hand, studies have 
shown that the rates of sleeve stenosis and hematoma formation respectively 
were significantly higher in the oversewing group [30, 47]. In a meta-analysis of 
7 prospective randomized studies, Wang et al. found no significant difference in 
staple line bleeding between oversewing and no staple line treatment but it does 
prolong the operative time [8]. In addition omentopexy technique have shown no 
significant difference in bleeding, thrombosis, gastric reflux or gastric stenosis but 
increased operating time as well, compared to no omentopexy [50].

Despite the disagreement observed when reviewing the recent literature, staple 
line reinforcement might play a role in high risk patients in prevention of postop-
erative bleeding and rebleeding.

5  Hemostats

A wide variety of hemostatic agents (Table 4) are available as adjunctive  measures 
to improve hemostasis during surgical procedures if residual bleeding  persists 
despite correct standard surgical technique (eg, electrocautery, sutures) for 
 hemorrhage control. Topical and tissue adhesives are particularly useful for diffuse 
nonanatomic bleeding, bleeding associated with sensitive structures, and bleeding 
in patients with hemostatic abnormalities. Active Hemostatic agents are consid-
ered active agents, since containing fibrinogen and thrombin, actively  participating 
at the end of the coagulation cascade to form a fibrin clot [51]. Hemostats can 
be used effectively in different scenarios in patients with spontaneous oozing or 
 drug-induced coagulation disorders in LSG [Table 3]. The most important fac-
tors are the ability of a product to achieve and maintain hemostasis and the speed 
in which bleeding is controlled [52]. Adhesives (Liquid fibrin adhesives, Fibrin 
patch), mechanical hemostats, sealants can be used either in different bleeding sit-
uations or to apply it in reducing the rebleeding risk.

Adhesives are active agents which participate at the final step of the coagulation 
cascade to form a fibrin clot (Fig. 1). They are made of two components: human 
purified fibrinogen and/or thrombin [53]. Sroka et al. have shown in a prospective 
randomized study that the routine use of fibrin sealant in LSG has little benefit to 
reduce hemorrhagic complications [54]. Bülbüller et al. conducted a four-arm ran-
domized trial with a total of 65 patients. They had no bleeding complications, but 
severe complications in the barbed oversewing group [54]. Musella et al. has so 
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far shown also in a prospective randomized trial the use of fibrin sealant in LSG to 
significantly reduce postoperative bleeding [55].

Mechanical hemostats provide platelet activation and aggregation and form a 
matrix at the site of bleeding, which allows clotting to occur. Oxidized cellulose 
regenerated or non-regenerated [56, 57], porcine gelatin [58], bovine collagen 
[59], and plant-derived polysaccharides spheres [60], are known as mechanical 
hemostats, by providing platelet activation and aggregation. Mechanical hemostats 

Table 3  Checklist in linear 
gastric stapling (K. Miller)

Closing of the device

• No bunching at crotch √

• Crotch staple removed √
• Staple height appropriate √
• Device parallel to the tissue √
• Tension on the stomach released √
Before firing

• Tissue compression 15 s √
• Interrupted firing if indicated (e.g. thick tissue) √
After firing check staple line

• Check staple line of B-formed staples √
• Leak proof test √
• Hemostasis if indicated or necessary √

Table 4  Addressing surgical bleeding situations with adjunctive hemostats

Bleeding situation Problem definition Possible use of hemostats

Continuous quzing • Will not stop with compression 
or simple packing
• Is more time consuming than 
difficult

Oxidized regenerated cellulose 
(ORC)

Problematic bleeding • Is accessible but could be dif-
ficult to expose
• Is more than routine bleeding
• Requires immediate attention
• Disruptive to the normal progres-
sion of surgery

Fibrin/thrombin matrix (patch)

Difficult to access • Occurs in tight and irregular 
spaces
• Can not be precisely visualized
• Raises concerns that accessing 
the space will cause more harm

Flowable gelatin

Rebleeding risk • Is addressed intraoperatively
• Could later develop into more 
serious complications especially 
in high risk patients

Fibrin sealant
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are not biologically active, they rely on patient’s own fibrin production, consid-
ered as passive hemostats and are only appropriate for patients who have an intact 
coagulation system. Cellulose can be either regenerated to form organized fibers 
or non-regenerated with unorganized fibers prior to oxidation. When cellulose fib-
ers are oxidized, conversion of hydroxyl groups to carboxylic acid groups occurs, 
yielding to polyuronic acid [61, 62]. The low pH of the carboxylic acid groups 
is responsible for several actions: primary local hemostyptic action, secondary 
platelet activation to form a temporary platelet plug [61, 62], and proven bacte-
ricidal against a broad range of gram-positive and gram-negative organisms [63–
65]. Recently developed oxygenized regenerated cellulose (ORC) hemostat with 
structured non-woven fabric, needle punched with interlocking fibers are faster in 
hemostasis compared to loose knit structured. The scientific evidence of the use 
in bariatric and metabolic surgery is very limited. In gastric bypass surgery Moon 
et al. reported excellent experience in stapler buttressing with loose knit structured 
ORC versus bovine pericardial strips. With the use of absorbable hemostat as but-
tress material, the study has shown significant less acute postoperative bleeding at 
a lower cost [66]. The use of ORC as a staple line reinforcement is off label, there-
fore I prefer to use it as a hemostat on the staple line in LSG to prevent bleeding 
and rebleeding (Fig. 2). Recently ORC has also been made available as powder. 
The structure of the powder penetrates the surface of the blood which saturates the 
material, providing a surface for platelet adhesion and aggregation, and initiating 
clot formation.

Sealants are low viscosity liquids that polymerize forming a solid film that con-
nects the tissue surfaces [67–71]. This characteristic makes these agents effective 
both as sealants and as hemostats. They can be divided in synthetic (cyanoacrylate 
and polyethylene glycol-PEG) and semisynthetic (glutaraldhyde albumin-derived) 
sealants.

The use of a porous collagen matrix would provide greater hemostatic effec-
tiveness than oxidized cellulose. The protein-binding layer adheres to the colla-
gen pad more rapidly than a fibrinogen–thrombin-coated collagen pad. Hemostatic 

Fig. 2  a Oozing staple line b oxygenized regenerated cellulose (structured non-woven fabric, 
needle punched with interlocking fibers
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pads consist of a sheet-like backing and a self-adhering surface. The various back-
ings include collagen, neutralized oxidized cellulose, or an oxidized cellulose–pol-
yglactin composite; while the active surfaces include fibrinogen and thrombin or a 
synthetic, protein-reactive monomer [71, 72].

In bleeding situations where it is difficult to access and visibility is limited, 
gelatin matrix sealants might have a great value (Fig. 3). Gelatin-based foam that 
flows into the bleeding area serves as a scaffold for platelet adhesion and can be 
combined with thrombin to expedite clot formation. The mixture of a flowable gel-
atin matrix (bovine or porcine) and a human-derived thrombin component are typ-
ically prepared immediately before use and directly injected to the site of bleeding 
[73–75].

6  Summary

Tissue healing is a dynamic process consisting of continuous, overlapping, and 
precisely programmed phases. This includes prompt hemostasis and blood per-
fusion of the tissue. The right staple height in LSG will find the right balance 
between hemostasis without compromising the blood supply and microvascular 
invasion. Restricted circulation could be noticed in hand-sewn anastomoses whilst 
such lack of vascular supply was not seen in stapled anastomoses. The intramural 
arteries passed through the B-shaped staples without hindrance [76, 77].

The versatility and utility of hemostats might replace traditional hemostatic 
methods on the staple line (eg, electrocautery, sutures, clips) which might affect 
the blood supply and healing process, to improve surgical outcomes with less 
bleeding.

Fig. 3  Flowable gelatin 
matrix with or without 
thrombin in difficult to 
access and visibility bleeding 
situations
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1  Introduction

Laparoscopic sleeve gastrectomy (SG) is currently the most popular primary bari-
atric surgical procedure for morbid obesity [1, 2]. Approximately 10 to 13% of 
patients undergoing this surgery have complications such as bleeding, stenosis, 
and leaks [3]. Leaks after SG are typically found at the upper end of the staple 
line, near the angle of His, where the staple line meets the gastroesophageal junc-
tion because of staple line-height mismatch, ischemia, and unfavorable pressure 
gradients secondary to distal intraluminal narrowing of the sleeve [4, 5]. The inci-
dence of leaks or fistulas after SG is approximately 2 to 5% of the cases, and it 
is the second most common cause of death after bariatric surgery with an overall 
mortality rate of 0.4% [6].

The management of post SG leaks is challenging, resource-intensive and invari-
ably requires a multidisciplinary team approach involving surgery, gastrointestinal 
endoscopy, and interventional radiology. The optimum management of leaks and 
subsequent intra-abdominal collections following SG is still controversial despite 
several reported techniques. The American Society for Metabolic and Bariatric 
Surgery position statement on prevention, detection, and treatment of gastrointes-
tinal leak after gastric bypass and sleeve gastrectomy, including the roles of imag-
ing, surgical exploration, and non-operative management was published in 2015 
[7]. It states that the initial step in the management of an acute leak is to con-
trol the infection secondary to the leak. Thus, surgical washout with drain place-
ment is mandatory in a patient whose condition is unstable, with an acute leak 

Endoscopic Management 
of Leak and Abscess Following 
Laparoscopic Sleeve Gastrectomy

Iqbal Siddique  

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 
Nature Switzerland AG 2021 
S. Al-Sabah et al. (eds.), Laparoscopic Sleeve Gastrectomy, 
https://doi.org/10.1007/978-3-030-57373-7_43

I. Siddique (*) 
Department of Medicine, Faculty of Medicine, Kuwait University, Jabriya, Kuwait
e-mail: iqbal.siddique@ku.edu.kw

https://orcid.org/0000-0002-2150-2929
https://doi.org/10.1007/978-3-030-57373-7_43
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57373-7_43&domain=pdf


I. Siddique444

and systemic inflammatory response syndrome or peritonitis, and should not be 
delayed. In a more stable patient, any collection should be drained whether sur-
gically, radiologically or endoscopically. In addition to adequate drainage, nutri-
tional support and antibiotics are the mainstays of the treatment.

Leaks after SG may be difficult to seal despite adequate drainage because of 
the higher pressures within the sleeve conduit. Because surgical re-intervention is 
associated with increased morbidity, non-operative management should be favored 
whenever possible [7]. Revision surgery before endoscopic management may also 
delay treatment success [8]. Thus, the role of endoscopy in the management of 
leaks is usually preferred, and, is being performed more frequently [5].

2  Definitions and Technical Principles of Endoscopic 
Management

The role of endoscopy in the scenario of leaks is constantly evolving. Endoscopic 
treatment options of leaks vary widely and currently, there is no consensus on 
the optimum endoscopic approach to managing SG leaks. In addition, there is 
an absence of prospective and randomized trials comparing different endoscopic 
techniques. Primary endoscopic closure is rarely successful or feasible for chronic 
leak and fistula management. The endoscopic therapeutic strategies have evolved 
and have increasingly standardized along two lines of management. The first of 
these is closure of the leak site, which generally includes the use of a covered  
self-expanding metallic stent (SEMS) to cover the leak [9, 10]. The second strat-
egy is internal drainage, which aims to guide the drainage of the perigastric collec-
tion towards the lumen of the gastrointestinal tract and eventually closure of the 
fistula tract. When using any of the endoscopic methods to treat a post SG leak, it 
is important to manage any downstream stenosis, twist, or kink within the sleeve 
that creates an unfavorable pressure gradient to enhance drainage and resolution. 
Optimizing the pressure gradient allows closure of the cavity by secondary inten-
tion, through granulation tissue formation and fibrosis [11].

2.1  Definition of Post SG Leak

The clinical presentation of post SG leak is defined according to the modified UK 
Surgical Infection Study Group classification [12]. The presence of a leak is con-
firmed by upper gastrointestinal swallow study or abdominal computed tomogra-
phy. Leaks are classified as acute (≤1 week), early (1–6 weeks), late (6–12 weeks), 
and chronic (>12 weeks) according to the Rosenthal classification [1].

2.2  Definition of Post SG Leak Healing

Healing of post SG leak is usually defined as resumption of oral feeding and 
the absence of (1) percutaneous drainage; (2) leakage of contrast agent seen on  
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upper gastrointestinal swallow study or abdominal computed tomography; (3) 
intra-abdominal collections; and (4) flow through a previous surgical path (such as 
gastro-cutaneous fistula).

3  Closure of the Leak Site

The first principle of management of post SG leaks is closure of the leak site, 
which generally includes the use of a covered SEMS to cover the leak [9, 10] but 
may also include the use of through-the scope or over-the-scope and clips (OTSC) 
[13], and endoscopic suturing [14]. Endoscopic treatment of post SG leak with 
the placement of a covered SEMS or clips should only be done after abdominal  
collections have been drained either surgically or percutaneously before stent 
placement. In cases involving inaccessible, especially large, collections, the stent-
ing should be postponed or abandoned.

3.1  Self-Expanding Metal Stents

SEMS have been the most widely studied devices for endoscopic management 
of SG leaks. SEMS have been used for the palliation of dysphagia in esophageal  
cancer since the early 1990s [15]. Although primarily used to palliate malignant 
strictures, other indications for SEMS placement now include strictures from 
extrinsic compression, malignant perforations and fistulas, and, more recently, 
benign conditions such as recalcitrant esophageal strictures, perforations, fistulas, 
post-surgical leaks and bleeding esophageal varices [16].

SEMSs are relatively easy to place and are widely available in most endos-
copy units. One benefit to their use, compared to other endoscopic modalities for 
SG leaks, such as OTSC, suture, and internal drainage, is that SEMS placement 
does not require endoscopic navigation and identification of the leak or fistula ori-
fice, which can be often difficult to locate. The SEMS coating isolates the leak 
orifice from gastric contents and allows re-feeding during the healing process 
(Fig. 1). There is evidence that high intragastric pressure from either mechani-
cal or functional stenosis in the SG may contribute to persistent leak and delayed 
healing, which can be also be successfully managed by SEMS placement [17, 18]. 
However, covered SEMS placement for the treatment of post SG leaks should be 
performed in patients with adequate external drainage of the perigastric collection. 
It should be mentioned that the use of SEMS for the management of leaks after 
SG is currently not Food and Drug Administration approved, and is an off-label 
use of the device.

3.2  Types of SEMS

Commercially available stents are usually made of a shape-retaining nickel 
and titanium alloy (nitinol) and covered with polyurethane or silicone. Partially 
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covered SEMSs have a portion of the exposed bare metal at the proximal and 
distal ends, which allows for ingrowth of surrounding tissue and could increase 
watertightness. Fully covered SEMSs do not have any exposed bare metal at either 
end. Partially covered stents have less risk of migration because of hyperplasia 
and ingrowth of tissue into the uncovered ends [19]. However, tissue ingrowth 
into the uncovered end also makes their removal more difficult resulting in tissue 
trauma and limits placement for a longer period. Fully covered stents, on the other 
hand, are more prone to migration but are easier to remove. New, extra-long, fully 
covered SEMSs have been developed especially for post SG leaks, such as the 
MEGA esophageal stent (Taewoong Medical, Gyeonggi-do, South Korea) and the 
Hanarostent (MITECH, Seoul, South Korea). These SEMS are available in lengths 
up to 23 cm and 24 cm, respectively, and are associated with less incidence of 
stent-specific complications such as migration and difficulty with removal [20, 
21]. These stents are currently not available in the United States.

3.3  SEMS Insertion Procedure

All endoscopic procedures for placement of SEMSs for post SG leaks should  
be performed under fluoroscopic guidance with patients under general anesthe-
sia. Once the site of the leak is identified, it should be marked with an external  
radio-opaque marker taped to the patient’s skin (Fig. 2). A stiff guidewire is then 

Fig. 1  Acute unorganized 
leak with peritoneal spread 
treated by covering the leak 
site with a fully covered 
self-expanding metallic stent. 
Reprinted from Vargas EJ, 
Abu Dayyeh BK. Keep calm 
under pressure: a paradigm 
shift in managing postsurgical 
leaks. Gastrointest Endosc. 
2018;87:438–441 [11], with 
permission from Elsevier
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passed through the endoscope all the way to the third part of the duodenum.  
The SEMS is then deployed over the guidewire to cover the leak orifice with  
the covered part of the SEMS. The longest available stent should be used to  
provide adequate coverage above and below the leak. In some cases, placement 
of a second SEMS may be necessary because of liquid reflux from the distal 
end between the gastric wall and the SEMS, or because of lack of watertight-
ness at the proximal end due to the angle between the proximal end of the stent 
and the esophagus. If one of the new fully covered, extra-long SEMS, specifi-
cally designed for post-SG leaks is used, then it should be placed such that the 
proximal end is in the mid esophagus and the distal end in the proximal duode-
nal bulb, just distal to the pylorus. The SEMS are usually left in place from 3 to  
4 weeks [19, 20].

Fig. 2  Fluoroscopic images of a fully covered SEMS insertion for a post SG leak. A A guide-
wire has been passed through the endoscope into the duodenum. B External markers are placed 
on the skin marking the location of the pylorus and the site of the leak. C A fully covered SEMS 
is passed over the guidewire. D The fully covered SEMS is deployed, coving the leak site
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SEMS extraction is usually done by pulling gently but firmly on the proximal 
end of the stent with a rat − tooth forceps. In case of a partially covered SEMS, 
argon plasma coagulation may be used to help destroy hyperplasia that develops 
between the SEMS meshes. This technique is used mainly in patients who had 
only proximal and mild hyperplasia. For this reason, another extraction technique 
can be employed, in which a Self-Expanding Plastic Stent (SEPS) is placed into 
the SEMS in order to induce necrosis of the hyperplastic proliferation. Extraction 
is then easily performed in a second endoscopic session [19]. In some cases, 
relapse or persistence of leakage after SEMS extraction justifies another SEMS 
implantation.

3.4  Outcome of SEMS Placement

The reported overall success rate of SEMS, with percutaneous drainage, in the clo-
sure of SG leaks, ranges from 65 to 95% [22, 23]. Table 1 shows the comparison of 
nine reported series of SEMSs in the management of laparoscopic sleeve gastrec-
tomy leaks. However, these success rates are usually seen after multiple endoscopies 
(mean 4.7 procedures per patient) until fistula closure is achieved [24]. Permanent 
closure is usually obtained using only one stent in about 40%, and multiple stents 
in 20% of patients. In another 20% of patients presenting with a large fistula tract, 
stenting has to be complemented by another modality, such as insertion of a bio-
prosthetic plug into the fistula or use of an OTSC. The success rates of SEMS place-
ment correlates with the duration of treatment with a diminishing chance of fistula 
closure as the treatment period lengths. Multivariate analysis identified four predic-
tive factors of healing following endoscopic treatment: interval <21 days between 
fistula diagnosis and first endoscopy, small fistula size (<1 cm), interval between SG 
and fistula ≤3 days, and, no history of gastric banding [24].

Tolerance to the placement of SEMSs is variable but usually fair. The reported 
symptoms such as nausea, dysphagia, and retrosternal discomfort are mild and 
transient, usually resolving within a few days [19]. The adverse events related to 
SEMS placement for SG leaks include migration, impaction and ulceration, diges-
tive perforation, and incarceration. Stent migration is the most common complica-
tion of SEMS placement and is highly dependent on the type of stent used. A large 
meta-analysis revealed an overall stent migration rate of 16.94% [25]. The migra-
tion rate of fully covered SEMS is between 25 and 58% [26, 27]. The SEMSs 
have been reported to migrate even when they are clipped in position [28, 29].  
The migration may require endoscopic stent repositioning, retrieval, or replace-
ment. There have been reports of a number of patients who passed the stent via the 
rectum without incident [19, 26], but there have also been cases of stents which 
had to be removed surgically because of migration into the small intestine with 
subsequent failure to pass the stent through the rectum [26]. When stents migrate, 
they may become impacted into the wall of the digestive tract, creating a contact 
ulcer. Gastrointestinal bleeding and intestinal perforations have also been reported, 
and are due to migration and subsequent impaction of a metallic stent [24].
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The other major complication of SEMS placement is incarceration. This is 
again dependent on the type of stent used and has been reported to occur up 90% 
of partially covered and about 7% of fully covered SEMS [24]. Removal of an 

Table 1  Comparison of reported series of self-expanding metallic stents in the management of 
laparoscopic sleeve gastrectomy leaks

SG Laparoscopic sleeve gastrectomy
RYGB Roux-en-Y gastric bypass
SEMS Self-expanding metallic stent

Author 
(reference)

No. of 
patients

Bariatric 
surgery

Type of 
SEMS

Duration 
of SEMS 
placement 
(days)

Success 
rate (%)

Complications 
(n)

Eisendrath 
et al. (2007) 
[19]

21 SG: 12
RYGB: 8
BPD: 1

Partially 
covered

21 81 Stricture: 2
Migration: 1

Bège et al. 
(2011) [58]

27 (22 
treated with 
SEMS)

SG: 25
RYGB: 2

Covered 64 70 Migration: 13

El Mourad 
et al. (2013) 
[9]

47 SG: 24
RYGB: 14
Others: 12

Partially 
covered

45 87 Migration: 7
Stricture: 1
Perforation: 1
Bleeding: 1

Alazmi et al. 
(2014) [59]

17 SG: 17 Partially 
covered

42 76 Dysphagia: 3
Bleeding: 2
Migration: 1

Murino et al. 
(2015) [43]

91 SG: 55
RYGB: 36

Partially 
covered

70 81 Stricture: 13
Migration: 7
Bleeding: 5
Perforation: 2

Fishman 
et al. (2015) 
[22]

26 SG: 26 Fully 
covered

28 65 Migration: 7
Severe intoler-
ance: 4
Severe bleed-
ing: 1

Southwell 
et al. (2016) 
[23]

20 SG: 20 Fully cov-
ered: 16
Partially 
covered: 4

75 95 Migration: 10
Severe intoler-
ance: 5
Perforation: 2
Stricture: 2

Martin Del 
Campo et al. 
(2018) [60]

24 SG: 24 Fully 
covered

29 67 Migration: 9

Smith et al. 
(2019) [61]

85 (61 
treated with 
SEMS)

SG: 85 Fully cov-
ered: 59
Partially 
covered: 2

NA 73 Migration: 21
Bleeding: 7
Embedded 
SEMS: 2
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incarcerated partially covered SEMS can even be associated with complications, 
such as esophageal wall striping and perforation, when not managed properly 
[30]. Incarcerated SEMS extraction is usually obtained by careful traction, with 
the help of a SEPS left in place for 1–2 weeks (stent-in-stent technique), or by 
surgical extraction. The use of a SEPS is an effective technique for the removal 
of an incarceration SEMS [31]. However, tissue hyperplasia into partially covered 
SEMS is sometimes responsible for stricture development attributed to a fibrotic 
healing process after removal in up to 14% of patients and may require endoscopic 
dilation [31].

3.5  Over-The Scope Clip System

Over-the Scope Clip (OTSC) is a system for endoscopic closure of gastrointes-
tinal leaks and defects after endoscopic or surgical procedures and is a promis-
ing option for treatment of leaks and fistula after bariatric surgery. The system is 
designed to secure larger tissue volume, provide higher stability at the site of leak 
or perforation, and decrease the strain on the surrounding tissue [32]. It has a very 
strong grasp to include full wall thickness and can allow closure of defects up to 
30 mm [33]. However, simply putting an OTSC at the site of a leak is not usually 
successful in permanently sealing a leak. Reasons for clip failure include friabil-
ity of tissue, tissue ischemia, presence of infection, and presence of distal steno-
sis forming a high-pressure zone at the site of leakage. For this reason, OTSCs 
are usually placed in combination with a SEMS or just after their removal [34]. A 
recent systemic review looking at the efficacy and safety of the OTSC system in 
the management of post SG leaks showed an overall success rate of 86% [32] but 
success rates are much lower in cases of chronic leaks due to difficulty approxi-
mating fibrous tissue [32]. Predictive criteria for fistula closure success using 
OTSC are as follows: very early fistula (<7 days); fistulas with less fibrosis, leak 
size 10–30 mm; and leakages after LSG [33].

4  Internal Drainage

Internal drainage is the second principle for management of post SG leaks and aims 
to guide the drainage of the perigastric collection towards the lumen of the gastro-
intestinal tract and eventually closure of the fistula tract. This is usually achieved by 
either endoscopic internal drainage (EID) with biliary double pigtail stents (DPS) 
[35], or placement of a naso-cystic drain [5] Other, less-often used therapies include 
endo-luminal vacuum therapy [36].

4.1  Endoscopic Internal Drainage

First described in 2012, EID is a relatively recent strategy in the management of 
SG leaks [37]. EID is usually performed by the deployment of biliary DPSs across 
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the leak orifice, positioning one end inside the collection and the other end in the 
lumen of the stomach (Fig. 3a). Alternatively, a naso-cystic tube is placed through 
the fistula and connected to suction (Fig. 3b). The principle of EID is similar to 
that of endoscopic cystogastrostomy in pancreatic pseudocyst drainage. The DPS 
keep the fistula tract between the stomach lumen and the infected para-gastric 
space open, allowing the para-gastric space to drain and heal by secondary inten-
tion progressively reducing it to a “virtual” cavity that is only occupied by pigtail 
loops.

EID is effective both clinically and from a cost perspective, especially for suba-
cute or chronic leaks with an organized walled-off collection [5, 38–40]. Another 
advantage of EID is that concurrent endoscopic necrosectomy may be performed 
to remove necrotic infected material from within the cavity and enhance drainage 
and healing. As experience with EID increases, there is an apparent trend in many 
centers to move towards early EID, especially in stable patients with a localized 
perigastric collection and no or minimal signs of sepsis [8, 18]. In some patients, 
percutaneous drainage may not be possible because of the interposition of spleen 
or bowel. In these situations, EID offers a viable alternative and may be the only 
therapy required, precluding the need for external drainage. In those patients who 
already have external drainage, EID may facilitate its early removal with concomi-
tant capping and slow withdrawal of the percutaneous drain [11]. EID can also be 
used as a rescue method in cases of failed SEMS-based treatment, with no statisti-
cal difference in terms of clinical success between these two groups [41].

Fig. 3  A An organized post SG leak treated by endoscopic internal drainage with two pigtail 
drains and pneumatic dilation device dilating a twisted and tight distal stomach, facilitating 
drainage. B An organized post SG leak treated by endoscopic internal drainage with nasocystic 
drain on low intermittent suction, facilitating drainage. Reprinted from Vargas EJ, Abu Dayyeh 
BK. Keep calm under pressure: a paradigm shift in managing postsurgical leaks. Gastrointest 
Endosc. 2018;87:438–441 [11], with permission from Elsevier
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4.2  EID Procedure

All endoscopic procedures for EID for post SG leaks should be performed under 
fluoroscopic guidance with patients under general anesthesia. In the majority of 
the patients, the fistulous opening is identified in the upper end of the staple line, 
between the gastric fold, by careful examination. The opening is then cannulated 
with an ERCP cannula and the leak confirmed by injection of water-soluble con-
trast into the fistula and extravasation into the para-gastric cavity. A guidewire is 
passed, through the ERCP cannula, until it looped in the cavity. A double pigtail 
biliary stent (7–10 Fr, 4–7 cm) is then placed into the cavity, through the fistula, 
leaving the proximal end of the stent in the stomach or distal esophagus. The pro-
cess was repeated and a second pigtail stent was placed alongside the first one 
(Figs. 4 and 5).

If the fistulous opening is not initially identified during endoscopy then place-
ment of a Savary guidewire or a nasogastric tube may help to open up the gas-
troesophageal junction and facilitate the identification of the fistula. Sometimes 
flushing radiographic contrast material through the endoscope in the lower esopha-
gus, under fluoroscopy may show the leak site on fluoroscopy, which can then be 
identified on endoscopic vision. The leak site may also be identified on endoscopy 
after methylene blue dye is injected through a percutaneous drain, if available. If 
the fistulous opening is tight and does not allow passage of the DPS into the cav-
ity, then, biliary dilatation balloon or Soehendra biliary dilation catheter may be 
used to dilate the track to facilitate the insertion of the stents. Removal of the DPS 
is performed endoscopically by grasping the proximal end of the stent with a snare 
and removing it with gentle traction of the endoscope.

Fig. 4  Endoscopic images of internal drainage procedure. A A guidewire has been passed into 
the perigastric collection, through the leak site. B A double pigtail stent deployed in the perigas-
tric collection. The guidewire is reinserted into the perigastric collection. C Two double pigtail 
stents deployed in the perigastric collection
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4.3  Outcome of EID Procedure

The overall success of EID in healing a post SG leak ranges from 78 to 95% [5, 
35, 37, 38, 41, 42], with one small series of nine patients even reporting a 100% 
success rate [17]. Table 2 shows the comparison of eight reported series of EID 
in the management of laparoscopic sleeve gastrectomy leaks. This is better with 
the reported healing rates of 62 to 87% achieved with placement of SEMS with 
percutaneous drainage [9, 19, 43, 44]. EID has also been shown to be successful in 

Fig. 5  Fluoroscopic images of endoscopic internal drainage procedure. A Injection of contrast 
into the perigastric collection, through the leak site. B A guidewire has been passed and looped 
into the perigastric collection. C Two double pigtail stents deployed in the perigastric collection. 
D Two pigtail stents deployed along with a naso-jejunal feeding tube
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healing post SG leak in patients who have previously failed to respond to covered 
SEMS placement [35, 37, 41]. Additionally, EID is better tolerated by the patient 
compared to SEMS, which usually causes symptoms such as pain, nausea, vomit-
ing, and bleeding.

The rate of complications of EID ranges from 4 to 15% [38, 41]. Most of these 
adverse events are mild and easily tolerated, such as ulceration at the tip of the 
DPS and bleeding [38]. Migration of the DPS is rare, and if occurs, is usually 
towards the gastric lumen and spontaneous passage through the rectum. There are 
reports of distal migration of the DPS. Four of these caused serious complications 
such as massive upper gastrointestinal bleeding from a pseudoaneurysm of the 
splenic artery [45] and splenic injury [46–48]. The other distal migrations included 
two patients with the migration of the DPS into the abdominal wall and the other 

Table 2  Comparison of reported series of endoscopic internal drainage by double pigtail biliary 
stents in the management of laparoscopic sleeve gastrectomy leaks

a28 Laparoscopic sleeve gastrectomy; 5 Gastric bypass
EID Endoscopic internal drainage
SG Laparoscopic sleeve gastrectomy
SEMS Self-expanding metallic stent

Author 
(reference)

No. of 
patients

Management 
prior to EID 
(n)

Mean duration of 
EID (days)

EID success 
rate (%)

EID complica-
tions (%)

Pequignot 
et al. (2012) 
[37]

25 Surgery: 14
SEMS: 13

62 84 8

Donatelli 
et al. (2014) 
[42]

21 Laparoscopic 
drainage: 15

55 (26–180) 95 10

Nedelcu 
et al. (2015) 
[17]

9 Laparoscopic 
drainage: 9

2.8 months 100 11

Donatelli 
et al. (2015) 
[38]

67 External 
drainage: 42

57 (10–206) 78 4

Bouchard 
et al. (2016) 
[41]

33a SEMS:19 47 79 15

Lorenzo 
et al. (2018) 
[5]

44 SEMS: 22 12.2 ± 15.8 months 84 –

Gonzalez 
et al. (2018) 
[35]

44 SEMS: 61%
Surgical 
drain: 33%

226 days 84 5

Siddique 
et al. (2020) 
[62]

20 Laparoscopic 
drainage: 11
Surgical 
drainage: 4
SEMS: 8

83 days 85 10



Endoscopic Management of Leak … 455

with DPS migrating completely into the perigastric collection. All of these were 
easily removed endoscopically [41, 49, 50].

The presence of a gastrobronchial fistula is a recognized factor associated with 
the failure of EID in healing post SG leaks [5]. A statistical analysis evaluating 
whether other factors such as the type of bariatric surgery, treatment or diagnostic 
delays, or the use of EID as a primary or secondary treatment demonstrated no 
significant predictor of success [34, 41, 51]. Success rates were also not influenced 
by the type of leak according to the Rosenthal classification [1].

A recent study looking at the cost-effectiveness of SEMS placement vs. EID in 
the endoscopic management of post SG leaks found that EID with DPSs is more 
effective and reduces the cost by making management easier and shortening hos-
pital stay [40]. The authors recommended that EID should be proposed as standard 
management for patients with post SG leak.

4.4  Endoscopic Vacuum Therapy

Endoscopic vacuum therapy (EVT), also known as endoscopic negative pressure 
therapy, involves endoscopic placement of a sponge connected to a nasogastric tube 
into the defect cavity or gastrointestinal lumen. This promotes healing, which is sim-
ilar to the mechanisms in which skin wounds are treated with commonly employed 
wound vacuums [52]. One of the disadvantages of EVT is the need for repeated 
endoscopic procedures because the sponge needs to be changed every 3 to 5 days.

A recent study, evaluated the use of EVT in patients with early infradia-
phragmatic leakage after bariatric surgery, including SG and gastric bypass. In  
some patients, EVT was performed alone, while others had EVT with a SEMS 
(stent-over-sponge). In 80% of patients, the leak was connected to abscess cavi-
ties. Clinical success, defined as no signs of persistent leakage, was achieved in 
all patients studied [53]. In another study including patients with acute, early, late, 
and chronic leaks after SG, the use of EVT was associated with 100% resolution 
of leaks confirmed by upper GI series, with an average of 10 sponge exchanges 
over an average of 50 days [36].

In general, EVT is a safe procedure with a low complication rate. The most 
frequent adverse events are sponge dislocation, minor bleeding after sponge 
exchange due to ingrowth of granulation tissue into the sponge, and anastomotic 
strictures. However, major bleeding events have also been reported due to the risk 
of development of a fistula between the cavity and surrounding major blood ves-
sels and structures due to the ongoing inflammatory process of EVT [54].

5  Septotomy and Pneumatic Balloon Dilatation

Intraluminal pressure in the stomach increases after SG [55] and can lead to a 
pressure gradient that favors flow through the fistula or leak into the abscess cav-
ity, thus preventing closure. Endoscopic septotomy has been described as a reso-
lution technique that could be useful in the setting of late and chronic leaks. It 
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allows for fluid drainage from the abscess cavity into the stomach by dividing the 
septum that separates the abscess from the gastric lumen [56], which when com-
bined with aggressive sleeve dilatation, equalizes cavity pressures and promotes 
secretion flow into the gastrointestinal tract.

Endoscopic septotomy is performed by dividing the septum separating the gas-
tric lumen and the abscess cavity. This is done with a needle knife or a Triangle 
Tip Knife and electrosurgical energy. The division of the septum is considered 
complete when the entire abscess cavity communicates with the gastric lumen, 
thus allowing drainage of secretion into the lumen of the stomach.

Fig. 6  Fluoroscopic images of balloon dilatation procedure for post SG gastric stenosis. A A 
guide wire is passed into the duodenum and a balloon is seen going over the guide wire. B The 
balloon inflation is started by filling it with radiographic contrast. C The balloon is gradually 
filled with radiologic contrast the stenosis becomes evident in the middle part of the sleeved 
stomach. D The balloon is gradually filled until the gastric stenosis is dilated
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When a downstream stenosis is present, the patient may require pneumatic bal-
loon dilation. This can be combined with a septotomy or performed by itself [57]. 
The dilatation is performed with a large achalasia balloon, usually with a 30 mm 
diameter balloon, but it may gradually be increased up to 40 mm in case of subop-
timal response (Fig. 6).

6  Conclusion

As bariatric surgery becomes more prevalent, so will the complications associ-
ated with this procedure. Thus, gastroenterologists and endoscopists must become 
familiar with the types of bariatric surgery, the main complications, and the vari-
ous endoscopic ways to safely and effectively manage these complications. The 
optimal approach to managing these patients is through the development of  
multi-disciplinary teams (MDT) consisting of bariatric surgeons, therapeutic gas-
troenterologists, interventional radiologist, and intensivists. It is only through fol-
lowing these best practice guidelines that we will be able to provide the best care 
for these patients.
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1  Introduction

Laparoscopic sleeve gastrectomy (SG) has become the most commonly performed 
primary bariatric procedure worldwide [1, 2]. However, the staple-line leak (SGL) 
remains the most serious concern averaging 2% and ranging from less than 1% 
to nearly 5% [3]. Over the past 10 years, numerous studies [4–7] addressed risk 
factors linked to SGL, including bougie size, distance from the pylorus, surgeon’s 
experience, and reinforcement of the staple line. Next to the surgeon’s learn-
ing curve [8], the later may be the most important risk factor of the occurrence 
of SGL. Recently, Gagner et al. [3] performed a systematic review of nearly 150 
studies representing 40,653 patients, demonstrating an overall SGL rate of 1.5%. 
Reinforcement of the staple line with an absorbable polymer membrane had the 
lowest statistically significant SGL rate of 0.7%. This was lower than oversewing, 
other subtypes of reinforcement, or no reinforcement at all. A recent randomized 
study [9] comparing the use of owersewing with invagination to no reinforcement 
demonstrated a reduction in SGL rates for the suturing approach, although longer 
the operative time was. Previously, a metaanalysis of published studies did not 
show any significant benefit of oversewing, either on the rate of SGL itself or on 
the overall rate of complications after SG [10].

Among others [3, 7, 8], we believe that the reduction in SGL is most likely 
related to accomplished surgical experience. Progressively, the fields of improve-
ments in surgical techniques included better dissection with preservation of well 
vascularized tissue, reduction of thermal injury and tissue trauma, selection of 
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appropriate staple thickness, avoidance of narrowing the incisura angularis, choice 
of adequate bougie sizes, and avoidance of stapling along the esophagus.

Mortality of a patient with SGL could reach up to 3% or ten times that of the 
SG itself [11]. A French study showed that the mean cost of a SGL could reach 
more than 75,000 euros [12].

Theoretically, a digestive leak could be defined as the spilling of luminal con-
tents from a surgical join between two hollow viscera [13]. By extrapolation, SGL 
could be considered as an effluent of gastrointestinal content through the gastric 
staple line, which may collect near the stomach, or exit through the abdominal 
wall, the pleural cavity, or a drain. SGL can be classified based either on the time 
of onset, clinical presentation, site of dehiscence, radiological appearance, or mix 
of these factors.

Early, intermediate, and late SGLs are those appearing 1 to 4, 5 to 9, and 10 or 
more days following surgery, respectively [14]. By clinical relevance and extent 
of dissemination, one may define type I or subclinical SGLs as those that are well 
localized, infra-clinical, and without dissemination (i.e., peritoneal or pleural cavi-
ties). On the opposite, type II are SGLs with dissemination into the abdominal or 
pleural cavity, with consequent severe and systemic clinical manifestations. Based 
on both clinical and radiological findings, type A SGLs are microperforations 
without clinical or radiographic signs, while type B are macroperforations detected 
by radiological studies but without any clinical finding, and finally, type C SGLs 
present with both radiological and clinical evidence [15].

2  Principles of Management

Despite the absence of a standardized algorithm, the treatment of SGL may 
involve surgical, endoscopic, or radiological procedures. The purpose of the 
present chapter is to define the place of surgical treatment of the SGL and its 
complications.

Surgery should no more be considered as a secondary option after failure of 
endoscopy but as another dimension of a treatment targeting definite healing of 
SGL and not only long remission.

The management of the patient with a SGL, either surgical or non surgical 
should target the following:

– Treat the endoluminal or exoluminal complications
– Control the site of the dehiscence
– Optimize the nutritional status of the patient

The healing of a SGL is defined as a combination of two conditions:

– Disappearance of clinical, biological, endoscopic and radiological features of 
the leak

– Absence of recurrence
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All endoscopic measures and some of the surgical procedures fall short from ful-
filling the second component of the previous definition. Consequently, we prefer to 
use the term remission, as opposed to the healing (i.e., remission plus absence of 
recurrence).

Endoscopy is still a major tool in the current dogmatic treatment of SGL. In 
the most optimistic scenarios, it could lead to high rates of control of the SGL. 
Otherwise, it represents a bridging measure that controls the complications, 
builds-up the nutritional status, allowing upcoming definite surgical treatment.

3  Endoscopy

Over the last years, endoscopic management evolved with the development and 
improvement of several techniques including self-expanding metal and plastic 
stents, clips, tissue sealants, suturing systems, and internal drainage devices [16]. 
The use of endoscopic therapies has gained popularity over time, mainly due to 
the presumed complexity and high-risk of surgical options, and not to an inherent 
better outcome per se.

The median interval between implantation and removal of a stent or an endo-
scopic device could vary between 15 and more than 120 days. The overall pro-
portion of successful control of the SGL could be as high as 90%, but usually 
averages 70%. However, the overall proportion of stent-related complications 
including dysphagia, migration, ulcers, stenosis, perforation, or bleeding could 
reach as high as 25% [17–21]. Many of these techniques require repeated, addi-
tional, or combined sessions.

The use of endoscopic therapies demands precise visualization of the internal 
fistula orifice, which can be a great challenge, especially in Type A microperfo-
rations. Proper selection of patients seems to be critical for favorable outcomes. 
Patients qualified to endoscopic therapy should be hemodynamically stable, oth-
erwise surgery should be immediately indicated. Patients with uncontrolled sepsis 
with peritonitis should be treated surgically. The success of endoscopic therapies 
in the management of SGL also depends on the defect’s size. However, this obser-
vation lacks clear evidence in the literature. Other unclear items include the opti-
mal time to start endoscopic therapy, the length of endoscopic treatment, and the 
weaning chances of control with time.

In recent years, the endoscopic treatment has become more sophisticated using 
surgical endoscopy and natural orifice transluminal endoscopic surgery (NOTES) 
techniques with combined, simultaneous, or sequential use of several endoscopic 
methods. Internal endoscopic drainage (IED) using pigtail drains (PTD) may 
reduce the need for more invasive, trans-cutaneous, radiology-guided drainage of 
para-gastric collections.

Our approach to SGL is based on conservative treatment initially unless the 
septic condition of the patient mandates explorative surgery. Besides antibiot-
ics and artificial nutrition, either enteral or parenteral, our preferred approach is 
the use of one or more PTDs with or without naso-cavity drainage if the fistula 
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is more than 1 cm diameter. Rarely, an over-the-scope clip is used if the fistula 
is very recent (i.e., less than 10 days), and large (more than 20-mm diameter). 
Usually, gastro-pleural SGL should be considered as contra-indications to the 
insertion of PTDs since the negative intra-thoracic pressure may disturb the flow 
of fluids from the lumen towards the pleura. Therefore, future research should 
focus on assessing the effectiveness of complex therapies rather than individual 
endoscopic methods.

Some believe that the use of endoscopic methods could contribute to reducing 
the costs associated with reoperation and the patient’s hospital stay [16]. However, 
this does not seem to be easy to prove. Many factors contribute to the overall cost 
of a SGL, including hospital stay, number of endoscopic attempts, return to nor-
mal oral feeding, and resuming of normal activities.

4  Surgery

Surgery of the SGL addresses also the 3 components of the targeted management, 
including control of early complications, the patient’s nutritional status, and the 
leak site itself.

4.1  Control of Early Complications and Nutritional Status

In case of suspicion of sepsis (i.e., early tachycardia), peritonitis, purulent  pleural 
effusion, or profound abscess (either abdominal, pelvic, or thoracic), prompt  
laparoscopic surgery is mandatory. Usually, these complications occur within 
3 weeks after the primary SG. Consequently, tenacious adhesions should not be 
a limiting factor. Laparoscopy provides better visualization of the surgical field,  
permits pressurized, high-volume (i.e., more than 20 liters) lavage, and preserves 
the patient’s abdominal wall allowing smoother post-operative outcome.

During this acute phase, we do not recommend to attempt surgical control of 
the leak site itself (i.e., suture, patching, resleeve, etc.). This is almost certainly 
vowed to failure, while hindering residual vascularization and future preservation 
of the sleeved stomach itself. However, a combination of interventional endoscopy 
and surgery seems interesting. As an example, inserting a PTD in order to drain 
the peri-gastric area may obviate the need for trans-abdominal, surgical or radio-
logical drainage. These later options may eventually create an epithelialized tract, 
synonymous of future delayed complications.

During this early surgery, one must not forget to insert a naso-jejunal, 
feeding tube, preferentially guided by endoscopy, and reaching beyond the  
duodeno-jejunal angle. This low-profile tube allows better enteral feeding while 
generating less adhesions as compared to surgical jejunostomy.

In case of pleural contamination, large trans-thoracic drains should be used. 
We recommend to avoid PTDs since associated to inversion of intraluminal flow 
which may entertain thoracic sepsis.
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In the acute phase of the SGL, no surgical attempt should be made on correc-
tion of associated anomalies (i.e., stenosis at the incisura angularis, fundic steno-
sis, twist). This is to be addressed later when the patient’s condition is stabilized 
and the nutritional status optimized. However, adding an expandable metallic stent 
in order to bypass a narrowed stomach may be of some help.

4.2  The Leak Site

If SGL remains patent for more than 3 months despite conservative therapeu-
tic attempts, surgical control of the leak site may be indicated. The 3 most com-
monly proposed procedures for SGL include Roux en Y Fistulo-Jenunostomy [22, 
23] (RYFJ) or Roux en Y Gastro-jejunostomy [24], Roux-en-Y Gastric Bypass 
[25] (RYGB), and Total Gastrectomy [26] (TG). Other options, either nowadays 
abandoned or very rarely used, include serosa or omentum patching, re-SG, direct 
suturing, or the use of sealants.

The choice of the specific surgical approach depends on the team’s experi-
ence, the specificities of each SGL, and the patient’s expectations. The later is 
very important to take in consideration since many of the patients prefer keeping 
eventually their “sleeve”. For example, a mid gastric SGL could be treated with a 
RYGB, if the patient accepts the proposition. Moreover, non resectional solutions 
should be preferred (i.e., RYFJ or RYGB) as compared to more radical solutions 
(i.e., TG).

4.3  Roux en Y Fistulo-Jejunostomy

In 2007, we performed our first RYFJ, as a salvage procedure for SGL reluctant 
to non-operative treatment. We defined this procedure as being a RYFJ, including 
a side-to-side fistula-jejunostomy and a side-to-side jejuno-jejunostomy, respec-
tively. Figure 1 represents the first drawing of the procedure back in 2007 in order 
to explain it to the first patient.

In 2020, we are about to report the long-term results of the largest ever series 
of a single surgical treatment of SGL, including 82 patients who had RYFJ. We 
always attempted primary laparoscopy, even in patients with previous laparotomy.

The RYFJ is standardized in 7 steps including:

• Control of distant adhesions (small bowel/omentum)
• Anterior approach: Left liver lobe separation
• Right lateral approach: Right crux to be reached (Danger points: spiegelian 

lobe/retro hepatic inferior vena cava)
• Left lateral approach: Left crux to be reached (Danger points: spleen/left 

pleura/splenic flexure)
• Posterior approach: Through the lesser sac (Danger points: pancreas/splenic 

vein/transverse colon)
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• Revitalization of the leak site: previous endoscopic material removal/
debridement

• Reconstruction: Hand sewn side-to side Fistulo-Jejunostomy, stapled side-to 
side Jejuno-Jejunostomy.

The left liver lobe is usually intimately affected by the neighboring inflammatory 
process (Fig. 2).

Complete dissection of the sleeved stomach is performed. In case of previous 
percutaneous drainage, the drain tract could be used as a guide to reach the leak 
site, avoiding inadvertent tissue damage. It is recommended to preferentially use 
previously non dissected planes, including the pars flaccida, the right crux, and the 
lesser sac (Fig. 3).

Every effort should be made in order to avoid damaging the remaining gas-
tric blood supply (i.e., the right and left gastric arteries). Complete dissection of 
the esophagogastric junction with some mobilization of the lower third of the 
esophagus is mandatory (Fig. 4). This enables, tension-free anastomosis between 
the leak site and the jejunum, especially in very high fistulas. In case of associ-
ated diaphragmatic defects, closure with interrupted non absorbable sutures is 
recommended.

Debridement of the fistula margins is an important step in order to perform the 
fistula-jejunostomy on a well vascularized, healthy tissue (Fig. 5).

The jejunum is then divided 60–80 cm from the Treitz angle and mobilized 
through the transverse mesocolon. Side to side, fistulo-jejunostomy is performed 
using absorbable running sutures (Fig. 6). Stapled, side-to-side jejunojejunostomy 
is the performed 60 cm more distally.

Fig. 1  The first 
representation of the RYFJ as 
a drawing used to explain the 
procedure to the first operated 
patient back in 2007
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It is not mandatory to close the mesocolon defect around the Roux limb. 
Percutaneous closed drainage of the hiatal area is optional. No naso-gastric tube is 
required.

Fig. 2  Anterior approach to the RYFJ: Adhesions between the left liver lobe and the sleeved 
stomach are divided

Fig. 3  Mobilization of the esophagogastric junction: Both the left and the right arms of the dia-
phragmatic crura are identifible as well as a previously inserted pigtail drain (PTD)
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Fig. 4  Mobilization of the esophagogastric junction: The Angle of His is to be detached from 
the left arm of the crura while making sure the left pleura is not teared

Fig. 5  The fistula site is now completely debrided with well-vascularized, healthy edges, ready 
to be anastomosed to the jejunum
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In the postoperative period, patients had control CT scan with oral contrast 
fluid at POD3 before resuming oral intake.

Between January 2007 and December 2018, we managed 221 patients with 
SGL. Remission is defined as the absence of clinical or radiological expression of 
the SGL site itself or by its consequences (i.e., collection, extravasation, air bub-
bles). Healing is nothing by a definite remission (i.e., apparent remission + absence 
of recurrence). We made this distinction after noticing that apparently “healed” 
SGL may recur even many years later (i.e., pregnancy, pancreatitis, malnutrition, 
chronic illness) [27]. We could easily understand the situation if we compare a 
SGL to type 2 diabetes mellitus. Its remission after bariatric surgery and weight 
loss must not be confound with healing.

Of the initial 221 patients, 82 (37.1%) underwent eventually RYFJ. The median 
age of SGL in the entire population of patients presenting for RYFJ was 5 months 
(range, 0–133). The longest interval between the primary SG and the declara-
tion of the SGL (during a pregnancy) was more than 10 years. In the subgroup 
of patients who presented with less than 3-months SGL, the median interval was 
16 days (range, 1–88).

Endoscopic treatment was attempted in almost all of the patients, includ-
ing stenting, IED, clips, glue, sponge, or septotomy. The success rate of the first 

Fig. 6  The closing stages of the side-to-side fistulo-jejunostomy using an absorbable runing 
suture
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attempt at endoscopic treatment was 66.4%. In patients with more than one cycle 
of endoscopic treatment, the remission rate rose eventually to 79.1%.

Laparoscopy was attempted in 96.4% of the patients, while 3 patients had 
open surgery (i.e., the first 3 patients of the series in 2007). Secondary conver-
sion to laparotomy occurred in only 2 patients (2.5%). The causes of conversion 
were poor exposure and bleeding in both cases. The left lobe of the liver was the 
major cause of poor exposure. The splenic vessels were the most common cause 
of bleeding. The mean operative time was 200 minutes (100–450). Besides two 
limited bleedings, no major operative incident was encountered. No splenectomy 
had to be performed.

The mortality rate was nil. The post-operative rate of complications was 6.1% 
with Only 2 patients had persistent post operative leak (24%). Both eventually 
healed in less than 10 days with conservative management.

Long-term analysis of this series revealed that the 10-years control rate of the 
SGL was 100% either endoscopic wise (Fig. 7) or as defined by radiology (Fig. 8).

Interestingly, the long-term analysis of the results revealed that the patients who 
had RYFJ obtained better long-term weight loss results as compared to those who 
had primary SG with no complications (Fig. 9).

4.4  Literature Review of the Remaining Surgical Options

Excluding our experience, less than 20 studies in the literature addressed series 
with more than 5 patients who had some form of surgical treatment for patients 
with SGL [28]. Almost 60% of these reported patients who had TG (inreality, 
these were mainly open Total Degastro-Gastrectomy with Roux en Y Eso-Jejunal 
anastomosis). Surprisingly, nearly 10% of authors performed Roux En Y Gastric 
Bypass, even for high SGL.

Fig. 7  Illustrative endoscopic endoscopic view of the esophagogastirc junction in a patient who 
had previous RYFJ, showing a double oulet pattern (i.e., jejunal and gastric) with no residual 
fistula
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The laparoscopic approach succeeded in less than 70% of cases with a conver-
sion rate of 6.4% [28]. The most common complication reported for all types of 
definitive reconstructive surgeries was another leak (15%), including 37.5% fol-
lowing RYGB, 30% other forms of fistula-jejunostomy, and 8% after TG. The 

Fig. 8  Illustrative radiological, CT, coronal view of the upper abdomen in a patient who had previ-
ous RYFJ, showing a double oulet pattern (i.e., jejunal and gastroduodenal) with no residual fistula

Fig. 9  5-year, total weight loss pattern in patients who had RYFJ for leak after SG as compared 
to matched patients who had non-complicated SG at the same period
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healing time for a leak following definitive reconstructive surgeries varied between 
10 and 165 days. Other complications were reported in 12.3% of patients, includ-
ing included intra-abdominal abscesses, wound infection, pulmonary embolism, 
intestinal obstruction, and miscellaneous other entities.

Mortality was reported in 1% of cases. However, we believe this is  
under-estimated since patients may die from complications linked to the SGL 
before surgery or more than 30 days after surgery, without being accounted for in 
the overall rate.

4.5  Discussion of the Surgical Approach

SGL are more likely to occur in SG patients with distal stenosis, resulting in diffi-
culties in gastric emptying [29]. High intraluminal pressure and low compliance of 
the gastric tube may be entertaining causes of SGL [30]. This is why RYFJ seems 
to be a pathophysiologically relevant solution since it bypasses both difficulties 
(i.e., gastric lack of compliance and endo-luminal high pressure). Additionally, 
RYFJ is a surgically conservative option requiring no organ removal (as com-
pared to TG) while not leaving in situ the leak site (as compared to the majority of 
RYGBs). However, additional factors are most probably implicated in the occur-
rence of SGL, including impaired suture line healing, poor blood flow, infection, 
and poor oxygenation with subsequent ischemia. All of these items are addressed 
either by the preoperative optimization of the patient’s nutritional status or the per-
operative surgical debridement during the RYFJ.

Our experience was forged from a heterogeneous panel of techniques used in 
SG since patients came from 8 different countries with as many different tech-
niques. However, the management has been eventually homogeneous and imple-
mented by the same multidisciplinary team. Our approach to the management  
of SGL has evolved after nearly 15 years of experience with this technique. Our 
first SG was performed in 2002 as a part of a duodenal switch and in 2004 as a 
stand-alone procedure. Multidisciplinary approach is always indicated with deci-
sions taken jointly by the surgeon, the gastroenterologist, the radiologist, the nutri-
tionist, and the critical care specialist. The patient is closely monitored by a team 
of psychologists specialized in obesity management. Depression and suicide ideas 
are common among these patients who have been treated, for some of them, for 
years with long cumulated hospital stays.

RYGB could still be an option in case of possible gastric remnant. However, 
limitations include the risk of leaving the fistula tract in very high localization and 
the metabolic consequences of the procedure. Moreover, numerous patients are 
reluctant to the idea of having a RYGB. TG is associated to a relatively high risk 
of complications related to both the esophagojejunal anastomosis and the duode-
nal stump. Moreover, the long term nutritional consequences are cumbersome with 
malnutrition, weight loss, anemia and the need to readjust the volume and frequen-
cies of meals.
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We believe that RYFJ is the most adequate option since it controls the fistula 
site in all cases, may preserve the chance of maintaining the SG preferential path-
way in the future and avoid the complications of an anastomosis performed on an 
ill-vascularized esophagus. The use of a Roux limb type for the anastomosis aims 
to allow less tension on the gastrojejunal anastomosis while avoiding the risk of 
biliary reflux. Finally, our recent results on long term control of weight loss in 
patients with RYFJ are very encouraging.

5  Conclusion

In conclusion, we believe that RYFJ is a safe and confirmed treatment for patients 
with persistent SGL. It may even be used as a first option in some patients with 
acute SGL.

Figure 10 summarizes our algorithm of management of SGL.
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1  Introduction

As the total number of individuals within the United States and worldwide with 
obesity has continued to increase over the past several decades, so too has the 
use of bariatric surgery [1–3]. As of 2013, laparoscopic sleeve gastrectomy has 
become the most common type of bariatric surgery performed in the United 
States, accounting for more than 50% of all bariatric procedures at this time [4–
7]. Although this increase in the number of laparoscopic sleeve gastrectomy pro-
cedures reflects several advantages over alternative bariatric surgeries, namely a 
reduced number of complications with lower morbidity compared to traditional 
Roux-en-Y gastric bypass, sleeve-related leaks, de novo gastroesophageal reflux 
disease (GERD), and sleeve-associated stenosis may occur [8–10]. In this review, 
we will discuss proper identification, classification, and endoscopic management 
of sleeve stenosis.

2  Timing, Classification, and Rate of Sleeve Stenosis

While sleeve gastrectomy-related leaks and GERD typically occur early and late 
in the post-operative course, respectively, sleeve stenosis and stricture forma-
tion may occur are any time post-surgery. After sleeve leaks, stenosis is the most 
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common complication associated with laparoscopic sleeve gastrectomy. Sleeve 
stenosis may occur early in the post-operative course (even days after the surgery) 
or years post-sleeve gastrectomy [8, 11]. Broadly speaking, laparoscopic sleeve 
gastrectomy associated stenosis may be classically classified into two categories: 
acute and chronic [12]. Acute stenoses may be a result by mucosal edema and 
acute angulation of the sleeve while chronic stenoses are considered to be related 
to ischemia of the pouch and angulation or retraction due to fibrosis or scarring. 
Current literature estimates that sleeve gastrectomy associated strictures occur in 
0.2–4.0% of laparoscopic sleeve operations [8, 13–15]. Despite this number being 
as high as 4%, typically less than 1% of stenoses require endoscopic revision or 
surgical reintervention [16].

3  Mechanisms, Location, and Classification of Stricture

Sleeve stenosis typically develops as a result of luminal narrowing or torsional 
scarring—Fig. 1 [12]. Although multiple etiologies and mechanisms exist to 
potentially explain stricture formation, risk factors for stricture formation are 

Fig. 1  a and b Endoscopic images of sleeve stenosis at the level of the incisuria angularis c 
Upper gastrointestinal series image demonstrating a stricture after laparoscopic sleeve gas-
trectomy. Permission obtained from de Moura DTH, Jirapinyo P, Aihara H, Thompson CC. 
Endoscopic tunneled stricturotomy in the treatment of stenosis after sleeve gastrectomy. 
VideoGIE. 2019;4(2):68–71
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mainly related to the surgical technique—most commonly improper alignment 
of the staple line along the greater curvature is believed to be the main driver  
of sleeve stenosis [17, 18]. Alternative mechanisms to explain sleeve stenosis 
include narrowing of the gastric sleeve as a result of using thin, small bougies, 
over-aggressive imbrication of the staple-line, stapling too close to the bougie, or 
unintentional progressive rotation of the staple-line in an anterior to posterior fash-
ion, potentially causing a functional helix-like stenosis of the sleeve [10, 18–20].

Although these mechanisms are mostly structural in nature, functional sleeve 
stenosis as a result of axis deviation has also been demonstrated. These type of 
functional sleeve stenoses develop as a result of edema or hematomas at the sta-
ple line, and typically do not require treatment and resolve spontaneously—unlike 
mechanical etiologies. The most common location for stricture formation includes 
the incisura angularis or more proximally at the gastroesophageal junction [20, 
21]. Previous data by Deslauriers and others has shown that proximal strictures 
may have a more symmetric appearance, potentially due to mechanical narrowing 
[22]. Distal stenoses, which are classically located at the incisura angularis, are 
typically due to axial deviation with a twisting-like stricture formation and may be 
more difficult to treat endoscopically.

4  Signs and Symptoms

It is important to first underscore that there are two types of stenosis following 
sleeve gastrectomy: a clinical (symptomatic) and subclinical (asymptomatic) ste-
nosis [23]. Clinical or symptomatic stenosis is by far the most relevant to clini-
cians as it warrants timely investigation and treatment. Classic symptoms of sleeve 
stenosis include nausea, vomiting, abdominal pain, and typically dysphagia. These 
manifestations present with obstructive symptoms and inability to tolerate oral 
intake though severity of symptoms largely depends upon the degree of sleeve nar-
rowing. Given these non-specific symptoms, it is also critical to evaluate for poten-
tial motility disorders as well as other causes.

5  Diagnosis and Management

Although an upper gastrointestinal series with fluoroscopy may be used to con-
firm the diagnosis of sleeve stenosis, endoscopic management provides an  
ideal first diagnostic and therapeutic approach for short-segment sleeve sten-
oses. Additionally, while upper gastrointestinal series may be selected for some  
patients, it remains vital to underscore these tests may miss leaks and to consider 
cross-sectional imaging if a high clinical suspicion remains. While current sleeve 
stenosis treatments range from endoscopic treatment and revisional surgical inter-
ventions, seromyotomy, or conversion to Roux-en-Y gastric bypass, endoscopic 
management remains a first-line strategy when conservative management fails. 
This is mostly due to high initial success rates with balloon or pneumatic dilation 
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as well as providing the least minimally invasive approach [24]. Given the excel-
lent safety profile of endoscopy, an approach using balloon dilation has emerged 
as a promising initial treatment option and alternative to revisional surgery with 
laparoscopic seromyotomy [19, 25]. A summary table for sleeve stenosis is high-
lighted in Table 1.

6  Bougie Dilation

At present, there is limited evidence to recommend endoscopic bougienage as a 
first-line strategy for the treatment of short-segment sleeve stenosis. Published 
data is largely limited to a small case series by Burgos et al., where the authors 
describe successful dilation with various sized Savary bougies [24]. In this series, 
a single endoscopic dilation with a Savary 48F bougie was successful at improv-
ing a sleeve-related stricture at the incisura angularis that developed 7 months  
post-operatively. While this patient with a late occurring stenosis remained 
asymptomatic at follow-up 11 months post-dilation, another patient included 
in this study developed a sleeve leak and distal stenosis 2 weeks post-surgery 
and required progressive bougienage (using Savary dilators 45F, 51F, and 54F). 
Another patient in this study developed stenosis at the middle-third portion of the 
sleeve within the first month following the surgery and required Savary dilation 
with a 36F bougie. The final patient included in this case series developed an early 
stricture at the incisura angularis within 2 weeks of the surgery; however, did not 
respond to multiple endoscopic dilations with the Savary bougie. Based on this 
one series, it is impossible to draw strong conclusions regarding a role for Savary 
dilation of sleeve stenosis. Additionally, concerns have been raised regarding the 
blind dilation of early sleeve stenosis with a Savary dilator, especially within the 
first 2 weeks of post-operation, as the wound is still healing and the risk of perfo-
ration is high [23]. Given the paradigm shift towards controlled radial expansion 
(CRE) balloons for the treatment of esophageal stenosis, it is likely balloon dila-
tion will be a much more common first-line treatment for sleeve stenosis.

7  Controlled Radial Expansion (CRE) Balloon 
and Pneumatic Dilation

In a recent systematic review by Brunaldi and colleagues, 9 studies have  evaluated 
the role of CRE balloon dilation in the management of sleeve stenosis [17]. 
Among these 9 studies, including 129 cases, CRE balloon dilation was successful 
for 108 cases (non-pooled success rate of 83.7%). Of note, most of these studies 
were small in number and case series, potentially allowing for selection bias. A 
representative image of CRE balloon dilation of sleeve stenosis is shown in Fig. 2. 
In this same systematic review, the success rate for studies evaluating pneumatic 
dilation was reported to be 88.7%—including 7 studies with 115 patients [17].  
In another recent meta-analysis by Chang et al. data was combined for multiple 
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types of balloon dilators (including CRE and Rigiflex II pneumatic dilation bal-
loons) [19]. This study provided key data including an overall pooled success rate 
of 76%. More importantly, these authors also stratified success rates for sleeve 
stenosis by stricture location. Proximal strictures were successfully dilated with 
endoscopic balloon dilators in 90% of cases while dilation was only effective 
in 70% of cases for distal stenoses. Furthermore, stratification by early and late 
stenosis was also performed for studies reporting these characteristics and dem-
onstrated success rates of 59% and 61%, respectively. Additionally, on meta-
regression analyses, balloon type (CRE versus pneumatic) as well as balloon size, 
did not affect rates of clinical success [19]. Step-by-step instructions for use of 
balloon dilation is highlighted in Fig. 3. Overall, for severe stenoses, we recom-
mend a graded or step-up approach, involving first treatment with CRE balloon 
dilation, and then consideration for pneumatic dilation for refractory strictures.

8  Self-Expanding Metal Stent (SEMS) Placement

For patients that fail to respond to endoscopic balloon dilation, placement of a 
self-expanding metal stent (SEMS) may also be a viable option for many. This 
may be especially helpful in the setting of concomitant sleeve leak and offers a 
safe and effective alternative, obviating the need for repeat surgical interven-
tion. While an effective treatment for leaks, these stents should be removed after 
6–8 weeks as stent migration has been noted to occur in up to 15% of cases [26]. 
Importantly, use of a dumbbell shaped, lumen apposing metal stent (LAMS) 
with a bi-flanged design may reduce the migration rate [10, 27]. Although lim-
ited literature exists from cases series, the non-pooled success rate of SEMS as 
a first-line strategy for the management of sleeve stenosis is 95.5% [17]. When 
used after balloon dilation for refractory strictures, SEMS placement has a success 
rate of approximately 78% to 83%, though a significant risk of migration has been 
reported [17, 19]. Reported adverse events and stent migration with SEMS place-
ment have ranged widely from 5% to >50% in some studies [17, 19, 28]. Although 
suturing of the stent in place has been described, similar to what is performed for 

Fig. 2  Successful dilation of 
sleeve gastrectomy stricture 
using a through-the-scope 
(TTS) using a controlled 
radial expansion (CRE) 
balloon
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some esophageal stents, the location of stenosis as well as the limited maneu-
verability within the sleeve may make this challenging for the endoscopist [29]. 
Figure 4 demonstrates successful placement of a SEMS on endoscopic and fluoro-
scopic imaging [30]. We advocate SEMS placement only in the setting of a severe 
stricture refractory to first-line balloon dilation or in the setting of a distal stenosis 
with length > 3 cm. Most importantly, this should ideally be performed in cent-
ers with significant expertise and after consultation with the patient and surgical 
colleagues.

9  Alternative Endoscopic Treatments for Sleeve 
Stenosis

Several other novel or alternative endoscopic treatments have been described in 
the literature to date. It should be noted, however, that these are limited to case 
reports and small case series and likely only possible at centers with significant 
expertise. As such, we will highlight a few of these novel strategies but do not feel 
they should be rapidly adopted in clinical practice at this time. One such treatment 
that our group has previously described includes use of a novel endoscopic tun-
neled stricturotomy technique [12]. The steps involved for this technique include 
submucosal injection proximal to the area of the stricture followed by submucosal 

Fig. 3  In this case, a sleeve stenosis was noted at the incisura angularis. Next, a Savary guide-
wire was placed deep in the second portion of the duodenum, then the scope was exchanged 
over the wire. b and c The pneumatic balloon was advanced over the wire and the endoscope 
was advanced adjacent to the balloon. d Dilation with a 40 mm pneumatic balloon was then per-
formed under fluoroscopic and endoscopic guidance. The balloon was inflated to 18 PSI with 
complete effacement of the balloon waist. e Pressure was held for 5 minutes before balloon defla-
tion and withdrawal. f Final appearance of incisura angularis post-sleeve dilation



T. R. McCarty and C. C. Thompson484

tunneling to disrupt the muscle layer and perform stricturotomy, and then clo-
sure—Fig. 5 [12]. In another case report by the Hopkins group, led by Vivek 
Kumbhari, these authors described successful gastric peroral endoscopic myot-
omy (G-POEM) for the treatment of sleeve stenosis [31].  While more recently 
developed as a treatment for delayed gastric emptying, G-POEM was performed 
after the patient had previously not responded to endoscopic balloon dilation—
Fig. 6 [31]. The procedure was highly successful with with resolution of the tor-
tuosity. While these case reports of novel techniques and treatments demonstrate 
these methods to be feasible and may provide an alternative for patients unable 
to undergo or refractory to balloon dilation and not amenable to surgical revision, 
additional studies are needed to measure their efficacy and safety.

10  Strategies for Endoscopic Success

Currently, there are no data driven or consensus guidelines to suggest which bal-
loon type or methodology offers the best outcomes for the endoscopic manage-
ment of sleeve stenosis. Additionally, there are a lack of randomized trials or 
well-designed case-controlled studies to compare balloon versus pneumatic dila-
tion as well as to other treatment modalities such as seromyotomy. Ultimately, 
these types of studies, along with cost-effectiveness analyses, are needed to guide 
future therapy and identify optimal algorithms to ensure the best patient care.

Despite the current lack of evidence, the meta-analysis by Chang and col-
leagues perhaps provides the best current estimate or strategy for adoption to clini-
cal practice [19]. Endoscopic balloon dilation was more successful for proximal 

Fig. 4  Placement of a fully covered self-expandable metal stent (SEMS) for sleeve stenosis. 
a Endoscopic image. b Fluoroscopic image. Images and permission obtained from Costa MN, 
Capela T, Seves I, Ribeiro R, Rio-Tinto R. Endoscopic Treatment of Early Gastric Obstruction 
After Sleeve Gastrectomy: Report of Two Cases. GE Port J Gastroenterol. 2016;23(1):46–9
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Fig. 5  With this endoscopic tunneled stricturotomy technique, first submucosal injection is per-
formed approximately 3 to 5 cm proximal the area of stenosis. a Next, submucosal tunneling 
dissection is performed, b with careful attention to identify muscle fibers during submucosal tun-
neling. c Demonstrates submucosal tunneled stricturotomy with d final appearance after endo-
scopic suturing to close the defect. e and f Endoscopic and g and h fluoroscopic images are 
shown to illustrate the area of stenosis pre- and post-intervention. Permission obtained from de 
Moura DTH, Jirapinyo P, Aihara H, Thompson CC. Endoscopic tunneled stricturotomy in the 
treatment of stenosis after sleeve gastrectomy. VideoGIE. 2019;4(2):68–71
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stenoses when compared to more distal strictures; however, this was not statisti-
cally significant (90% versus 70%; P = 0.28). Due to limited study reporting (only 
3 studies including a total of 68 patients), this may be underpowered to detect a 
true or significant difference. Proximal strictures anecdotally are considered easier 
to treat given improved visibility, ease of maneuverability, and potential underly-
ing pathophysiology of stricture formation.

Based upon these results, Chang and colleagues (including an author of 
this review) have proposed an algorithm for endoscopic management of sleeve 

Fig. 6  a Balloon dilation image demonstrating sleeve stenosis—entire stomach becomes 
ischemic as opposed to simply seeing a single ring-like ischemic area (high risk of perforation). 
b Fluoroscopic image highlights sleeve stricture. c Upper gastrointestinal series demonstrat-
ing stenosis at the incisura angularis. d Upper gastrointestinal series demonstrating improved 
stricture after gastric peroral endoscopic myotomy (G-POEM) has been performed. Permission 
obtained from Farha J, Fayad L, Kadhim A, Simsek C, Badurdeen DS, Ichkhanian Y, et al. 
Gastric Per-Oral Endoscopic Myotomy (G-POEM) for the Treatment of Gastric Stenosis Post-
Laparoscopic Sleeve Gastrectomy (LSG). Obes Surg. 2019;29(7):2350–4
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stenosis—Fig. 7. This strategy recommends CRE balloon dilation as a first-
line strategy for all proximal strictures as well as short (defined as < 3 cm) dis-
tal stenoses. For long strictures in the distal sleeve, we recommend starting with 
pneumatic dilation at 30 mm. From there, the pneumatic dilation balloon may 
be progressively increased and reattempted at a maximum 40 mm for a total of 
3 times prior to consideration of SEMS placement or surgical reintervention. It 
should be emphasized that these recommendations do not relate to the immediate 
post-operative period where fresh staple lines may have a high risk of perforation.

11  Conclusions

In summary, we have reviewed the pathophysiology and characteristics of sleeve 
stenosis as well as discussed how to endoscopically manage stricture complica-
tions from laparoscopic sleeve gastrectomy. It remains critical for the endoscopist 
to be in close communication with the patient and surgical colleagues, understand 
bariatric surgery anatomy, and evaluate for alternative complications such as leaks 
or GERD during the endoscopic examination. While balloon dilation, either via 

Fig. 7  Proposed algorithm for endoscopic management of sleeve stenosis Permission obtained 
from Chang SH, Popov VB, Thompson CC. Endoscopic balloon dilation for treatment of 
sleeve gastrectomy stenosis: a systematic review and meta-analysis. Gastrointest Endosc. 
2020;91(5):989–1002 e4
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CRE balloon dilation or pneumatic dilation, remains a first-line strategy based 
upon stricture length and location, it is critical to individualize treatment based on 
timing of stenosis formation, mechanism of stricture formation, patient reported 
symptoms, and ability to achieve successful dilation.
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1  Introduction

According to the latest literature data, laparoscopic sleeve gastrectomy (LSG) has 
become the most popular bariatric-metabolic procedure across the world [1]. One 
of the obvious explanations for this rather unexpected situation is the relative tech-
nical ease of the laparoscopic sleeve gastrectomy operation, but also the fact that, 
according to most publications, LSG appears to cause fewer short- and mid-term 
complications than Roux-en-Y gastric bypass (RYGB) procedure, which was con-
sidered the “champion” bariatric-metabolic technique up until recently. In addi-
tion, the metabolic activity of LSG appears to closely match the clinical outcomes 
of RYGB [2].

In terms of mid- to long-term LSG-linked complications, the most frequently 
reported is stenosis. This condition is usually described either at the mid-gastric 
body level (incisura angularis) or, less frequently, at the level of the cardia [3].

2  Diagnosis

Until recently, the diagnosis of sleeve stenosis typically was achieved by conven-
tional radiology (contrast swallow) but this approach has been widely abandoned 
to the benefit of upper gastro-intestinal endoscopy [4]. Conversely, however, 
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endoscopy may generate a false negative diagnosis because often stenosis are 
functional and allow passage of the endoscope [5], which is the criterion usually 
used by endoscopists for ruling out stenosis. Nowadays the most accurate diagno-
sis relies in three-dimensional CT reconstruction of the sleeved stomach [6].

Three-dimensional CT- reconstructions allow to accurately locate the possible 
stricture (i.e. actual significant diameter reduction of the stomach), but at the same 
time to detect axial aberrations such as torsions (the so-called corkscrew deform-
ity) and kinks, that are significant contributors to functional stenosis [7].

3  Incidence

Stenosis after LSG, is quite rare a condition (occurring in between 0.1 and 4% 
of the cases according to a recent meta-analysis [8]. Post-LSG stenosis symptoms 
usually include gastro-esophageal reflux (GERD), sometimes accompanied by sig-
nificant dysphagia, regurgitation and vomiting of thick, white slime. Most steno-
sis, located at the level of the angulus, are due either to technical factors (such as 
overstretching the tissues causing the stapler to staple closer to the endoluminal 
bougie), or oversewing the staple line, or to scarring issues [9].

4  Prevention

Post-sleeve stenosis may be avoided by the judicious use of peroperative endos-
copy. Nimeri et al. [10] demonstrated that with this strategy the incidence of 
stenosis may drop from 3.2 to 0%. Possible mechanisms resulting in better out-
comes—as mentioned by the authors—included the ability to detect and remove ill 
placed sutures covering the staple line, or to address stapling errors such as staples 
placed too close to the incisura, Of note, Nimeri et al. mentioned that short steno-
sis created by stapling flaws may be addressed by an immediate short seromyot-
omy, a technique that will be described later. In one Italian study, it appeared that 
oversewing the staple line was accompanied by a significant increase of stenosis 
rate, while it did not improve bleeding and fistula prevalence [10]. This experience 
has recently been duplicated [9].

Along the same lines, smaller bougie sizes may negatively affect the steno-
sis rate after sleeve gastrectomy, as concluded during the fifth consensus confer-
ence on sleeve gastrectomy [11]. More recent data, however, do not confirm this 
assumption [12].

5  Treatment

First line treatment of sleeve stenosis nowadays is undoubtedly endoscopic, and 
consists of balloon dilation, preferably with high pressure balloons dilations, 
kept dilated for a substantial length of time [8, 13]. The balloon treatment may 
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be complemented by placement of self-expandable fully or partly covered metallic 
stents. Of note, the endoscopic insertion of fully covered self-expanding metallic 
stents, usually requires endoscopic fastening to avoid migration [14].

The surgical options usually are kept for the failure cases of repeated balloon 
dilation treatment. Nath et al. [5] found that, while close to 10% of the individuals 
submitted to sleeve gastrectomy had developed stenosis or symptomatic angula-
tion, 69% of those were successfully treated by one or more sessions of balloon 
dilation. Chang et al. [15] reported a success rate of the endoscopic approach 
of 37%, but 50% of the patients still required conversion to Roux-en-Y gas-
tric bypass. Burgos et al. [16] reported a success rate of 80% in a small group of 
patients, the remaining failures being addressed by conversion to Roux-en-Y gas-
tric bypass.

A recently described “minimally invasive” technique consists of endoscopic 
tunneled stricturotomy, but the numbers are small [17].

Considering the abundance of endoscopic techniques, nowadays, surgery is 
mostly saved for recalcitrant post-sleeve stenosis. There are still several surgical 
options to address the stenosis of the gastric body after sleeve gastrectomy. The 
theoretically most appealing technique (briefly mentioned above to address perop-
eratively diagnosed stenosis induced by ill stapling) is probably laparoscopic sero-
myotomy [18] (Fig. 1). The laparoscopic technique is quite similar to proximal 
gastric seromyotomy used in achalasia (Heller’s procedure). In brief, in gasric sero-
myotomy, the serosal and muscular layers of the anterior stomach are incised by 
cautery or harmonic scissors, leaving the mucosa intact. Burning lesions must be 
avoided at all cost and simple mechanical disruption of the deepest layers may be 
a good and safe technique to this regard. It is essential to extend the incision far 

Fig. 1  Artist impression of seromyotomy in sleeve stenosis. The magnified view provided by the 
laparoscopy facilitates the identification of the different layers of the gastric wall, authorizing the 
safe severance of the muscular fibers, and the preservation of the mucosa
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beyond the stenosis, both proximally and distally to tackle the entire stenotic area. 
However, the drawbacks of this approach appeared to be many and included a high 
leak rate, a substantial stenosis recurrence rate, and weight regain [18]. This is the 
reason why many teams have looked for surgical alternatives. Our group reported 
on a small group of patients who had their stenotic sleeve gastrectomy treated by 
resecting the stenotic area, followed by an end to end manual reanastomosis [19] 
(Fig. 2). A similar approach was described by Kalaseilvan et al. [20]. Unfortunately, 
attempts at resecting the stenosis appeared to be unsatisfactory because of the recur-
rence of the condition, as reported both by our team and by the team of Kalaseilvan 
who experienced a stenosis recurrence in one of their two patients.

Another theoretical option to deal with gastric stenosis after LSG consists of 
stricturoplasty, in analogy with the technique used in small bowel strictures linked 
with Crohn’s disease [21]. Despite the elegance of this approach we could find 
only one report on this technique [22].

Because of the drawbacks and possible complications of the “direct” treatment 
technique of post-LSG stenosis, conversion to Roux-en-Y gastric bypass (RYGB) 
(Fig. 3) remains the most frequently described strategy in addressing the side-
effects of an ill-fated sleeve gastrectomy, ranging from chronic leaks to highly 
symptomatic stenosis, recurrence of the condition despite other treatment modes, 
and, quite frequently, invalidating gastro-esophageal reflux (GERD).

Laparoscopic conversion of the stenotic sleeve to RYGB must comprise tran-
section of the stomach proximal to the stenosis in order to avoid possible recur-
rence of stenosis symptoms [23]. Of note, whereas conversion from sleeve 

Fig. 2  Artist impression of the “wedge” or “segmental resection” dealing with the “corkscrew 
deformity” of a stenotic sleeve. The redundant part is being resected and the continuity restored 
by a manual end-to-end anastomosis
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to RYGB does not appear to offer a sound solution in case of associated insuf-
ficient weight loss or weight recovery after initial acceptable weight loss the 
consequences of gastric corpus stenosis appear to be adequately addressed [24]. 
Consequently, some consensus exists as to the efficacy of converting sleeve gas-
trectomy stenosis to RYGB, with reported good clinical outcomes, but at the cost 
of more complications than primary RYGB [25, 26].

A more recently reported solution for sleeve gastrectomy stenosis is conversion 
to One Anastomosis (or mini-) Gastric Bypass [27] (OAGB) (Fig. 4). This tech-
nique that involves just one anastomosis is obviously simpler than conversion to 
RYGB and is accompanied by fewer complications.

In our department we are however reluctant to use this solution because con-
structing a correct OAGB implies a long pouch that extends beyond the crow’s 
foot, hence more often than not the stenotic area will not be excluded. In addition, 
theoretical long-term side effects such as bile reflux must still be assessed.

6  Conclusion

The treatment of post-LSG stenosis is endoscopic in the majority of cases. In case 
of failure of endoscopic treatment, surgical options are available, including sero-
myotomy, segmental resection and, theoretically, stricturoplasty. The high inci-
dence of complications after seromyotomy and other “targeted treatment mode” 
make these technique less desirable for the indication of (late) post-sleeve steno-
sis. Consequently, the preferred solution remains conversion to Roux-en-Y gastric 
bypass. Conversions to single anastomosis gastric bypass are at risk of leaving the 
stenosis in place.

Fig. 3  Conversion of sleeve gastrectomy to Roux-en-Y Gastric Bypass for sleeve stenosis. The 
small gastric pouch is constructed well proximal to the stenotic area
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Treatment Algorithm

Fig. 4  Conversion of sleeve gastrectomy to One Anastomosis Gastric Bypass. Because the gas-
tric pouch must be quite long it is often difficult to avoid the stenotic part of the sleeve while 
constructing the pouch
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1  Introduction

The development of gastroesophageal reflux disease (GERD) and heartburn asso-
ciated symptoms is quite common among patients following sleeve gastrectomy. 
New-onset GERD or worsening GERD among individuals with pre-existing heart-
burn symptoms is a well-known complication of laparoscopic sleeve gastrectomy. 
Although GERD symptoms improve for the vast majority of patients (87–100%) 
following Roux-en-Y gastric bypass, sleeve gastrectomy has been shown to result 
in an increase in GERD for patients post-procedure [1–5]. As such, less invasive 
endoscopic treatments are needed to target this specific population. In this chapter, 
we will review the mechanisms that predispose to GERD after sleeve gastrectomy, 
incidence of GERD post-procedure, screening recommendations, as well as proper 
diagnosis and treatment. Additionally, we review three endoscopic interventions 
that may provide improvement for patients with GERD after sleeve gastrectomy.

2  Mechanisms of GERD Post-Sleeve Gastrectomy

Many potential theories for the development of GERD after sleeve gastrec-
tomy have been proposed [6]. Given the nature of the gastric sleeve, there is a 
decrease in gastric compliance, resulting in a rigid stiff stomach with little abil-
ity for accommodation [7]. This likely leads to an increased intraluminal pressure, 
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thereby increasing regurgitation or reflux of stomach contents into the esophagus 
with an intact pylorus. Additionally, laparoscopic sleeve gastrectomy results in 
a lower esophageal sphincter (LES) pressure and shortens the abdominal length 
of the esophagus [8]. Other potential causes may be iatrogenic in nature and are 
related to overlooking the presence of hiatal hernias and general shape of the 
sleeve, including over-dilation of the proximal part of the sleeve to create a reser-
voir which may increase GERD [9, 10].

3  Incidence of GERD After Sleeve Gastrectomy

A landmark study by Genco et al. found that sleeve gastrectomy was associated 
with a significant increase in erosive esophagitis and non-dysplastic Barrett’s 
esophagus with no correlation between patient-reported symptoms and endoscopic 
findings [11]. This key finding that symptoms may not correlate with endoscopic 
findings was critical to the realization that a large majority of post-sleeve gastrec-
tomy patients may develop GERD-related sequalae even without overt symptoms. 
In a recent systematic review and meta-analysis of 46 studies and over 10,000 
patients, 19% of patients developed worsening GERD post-sleeve gastrectomy 
with another 23% reporting de novo symptoms [12]. Similar to the previous study, 
the long-term prevalence of esophagitis and Barrett’s esophagus after sleeve gas-
trectomy was 28% and 8%, respectively.

4  Screening Recommendations

This increased risk of new onset Barrett’s esophagus has been estimated to be 15–17% 
by the International Federation for the Surgery of Obesity and Metabolic Disorders 
(IFSO). As such, this society currently recommends a surveillance endoscopy after 
sleeve gastrectomy at 1, 3, and 5 years, then subsequently every 10 years—with more 
frequent surveillance needed and consideration of conversion to Roux-en-Y gastric 
bypass should patients develop non-dysplastic Barrett’s esophagus [13]. Yet, despite 
this recommendation, significant variability remains among surgeons and gastro-
enterologists with respect to screening for GERD and de novo Barrett’s esophagus 
post-sleeve gastrectomy. Furthermore, beyond traditional pharmacologic therapies, 
including proton pump inhibitors (PPIs), few endoscopic treatment options are avail-
able for symptomatic and asymptomatic patients post-sleeve gastrectomy. In this 
review, we will highlight the important role of endoscopy in the management of 
GERD after sleeve gastrectomy and discuss several potential endoscopic treatments.

5  Role of Pharmacotherapy, Diagnosis, and Testing

For all patients with symptomatic GERD or evidence of esophagitis on upper 
endoscopy, standard PPI therapy (typically with starting dose of omeprazole 
20 mg daily) is recommended. Although far less common compared to patients 
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with Roux-en-Y anatomy, heartburn symptoms that fail to response to tradi-
tional PPI therapy (classically higher dose PPI twice daily) should prompt inves-
tigation for non-acid reflux. Due to the anatomy of Roux-en-Y gastric bypass, 
proper recognition of bile acid reflux with gastropathy or non-acid reflux as an 
alternative to GERD is important [14]. While the clinical diagnosis of GERD is 
based upon typical symptoms that respond to treatment with a PPI, more objec-
tive measures including via 24 hour esophageal pH monitoring (diagnosed by 
having a pH < 4.0 and the length of time the esophagus is exposed to acid) may 
be helpful—especially for patients that may have no symptoms. Motility testing 
with pH and impedance testing along with manometry may also help to identify 
acid and non-acid reflux etiologies. Impedance testing is critical to differentiate 
acid versus non-acid reflux, thereby allowing proper identification of the underly-
ing etiology. Esophageal manometry (i.e., motility testing) is also key as this may 
identify underlying functional disorders or explain difficult to control symptoms. 
Gastroenterologists and surgeons should collaborate in the care of these patients.

6  Anti-Reflux Mucosectomy (ARMS)

Given the significantly increased rate of de novo GERD and downstream conse-
quences of possible Barrett’s esophagus, a need has been created for effective, 
sleeve-specific endoscopic GERD treatments. One such treatment for patients with 
refractory disease, and utilized as a potential alternative to surgical conversion to 
Roux-en-Y gastric bypass is the endoscopy procedure called anti-reflux mucosec-
tomy (ARMS). This procedure involves endoscopic mucosal resection (EMR) or 
endoscopic submucosal dissection (ESD) of the gastroesophageal junction (GEJ) 
at the level of the gastric cardia from a retroflexed view [15]. Although this is a 
newer technique, this endoscopic procedure has really come to the forefront of 
endoscopic therapies in recent years. By performing EMR or ESD of the GEJ, 
this creates an area of fibrosis or scar formation potentially tightening the GEJ to 
reduce esophageal acid exposure and improve symptoms—similar to documented 
improvement in previous studies examining GERD symptoms after mucosal resec-
tion for short-segment Barrett’s esophagus [16–18].

The first case of the ARMS procedure was reported in a pilot study of 10 
patients with normal gastric anatomy by Inoue and colleagues in 2014 [16]. In this 
study, importantly among patients without sleeve gastrectomy, DeMeester score, 
Hill classification (hiatal hernia), and time of esophageal acid exposure (pH < 4), 
all significantly improved post-ARMS procedure. Perhaps most importantly, 
symptoms improved across the board with PPI therapy completely discontinued 
for all 10 patients. Notably, stenosis did develop in 10 patients requiring endos-
copy balloon dilation with control of symptoms. A subsequent case report by our 
group demonstrated application of this novel ARMS technique in a sleeve gastrec-
tomy patient with a relatively narrow stomach with altered blood supply [15]. In 
this case, a 71-year-old woman with sleeve gastrectomy approximately 5 years 
prior developed worsening GERD post-procedure despite twice daily PPI therapy. 
Step-by-step procedure details are shown in Fig. 1 with significant resolution of 
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symptoms at 12 month follow-up. While more data among a population of patients 
with prior bariatric surgery is needed, ARMS may provide an alternative to surgi-
cal conversion to Roux-en-Y gastric bypass. At this time, use of ARMS is limited 
to tertiary academic centers with high volume endobariatric expertise.

7  Radiofrequency Ablation

Use of radiofrequency ablation to the LES has been well studied as an effective 
treatment for GERD refractory to medical therapy [19]. Applied through a pro-
cedure call Stretta (Mederi Therapeutics, Greenwich, CT, United States), which 
is a minimally invasive endoscopic procedure for the treatment of GERD, radi-
ofrequency energy is applied to the LES and gastric cardia which results in 
local inflammation, collagen deposition, and muscular thickening to disrupt 
nerve fibers [20, 21]. This was approved by the United States Food and Drug 
Administration (FDA) in 2000. The device is a soft, flexible, bougie tip (20 
French) that includes a balloon/basket with four 5.5 mm NiTi electrodes along 
with temperature and impedance monitoring—Fig. 2. The radiofrequency ablation 
procedure involves a balloon assembly with needle electrodes that are positioned 

Fig. 1  Antireflux mucosectomy (ARMS) procedure. (A) Pulsed argon plasma coagulation marks 
the 85% circumferential area of mucosa to be treated and the 15% of the circumference to be left 
untreated. (B and C) Gastroesophageal junction after 2 EMR procedures and after 8 EMR pro-
cedures. (D) Retroflexed view after the completion of 10 resections, highlighting partial circum-
ferential resection. (E and F) Follow-up EGD at 3 months, with the gastroesophageal junction in 
forward view and retroflexed view. (G) Timed barium swallow performed 3 months after ARMS 
with normal esophageal caliber, contour, distensibility, and prompt passage of contrast material
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approximately one cm above the GEJ and deliver radiofrequency energy waves 
directly to the submucosa [22].

While effective, the vast majority of data is limited to non-sleeve gastrectomy 
patients. However, within the last few years, some literature has emerged regarding 
the safety and efficacy of radiofrequency ablation among a population of patients 
with sleeve gastrectomy. In a retrospective analysis of 15 patients at a single-
center, Khidir and colleagues found that Stretta did not improve GERD symptoms 
in patients post-sleeve gastrectomy at follow-up of 6 months. Furthermore, adverse 
events occurred in 6.7% of patients and ranged from mild to severe and refractory 
symptoms. Overall, two-thirds of patients (n = 10) were not satisfied with the therapy 
despite 20% of patients being able to completely discontinue PPI therapy. Another 
small case series of a two patients undergoing Stretta after sleeve gastrectomy 
revealed positive results [24]. Given this limited data among patients with a history 
of sleeve gastrectomy, a multi-center clinical trial was underway (NCT02637713); 
however, this was terminated and results have not been released [25].

8  Transoral Incisionless Fundoplication (TIF)

The transoral incisionless fundoplication (TIF) procedure was first introduced 
in 2005 and later approved by the United States FDA in 2007. The procedure is 
performed using the the EsophyX device (EndoGastric Solutions, Redmond, 
Washington, USA) to reconfigure the GEJ to obtain a full-thickness esophageal 
valve from inside the gastric body, using serosa-to-serosa plications that include 
the muscle layers. The EsophyX device constructs an omega-shaped valve approx-
imately 3–5 cm long, in a 250°–300° circumferential pattern around the GEJ, by 
deploying non-absorbable polypropylene fasteners through the two layers (esopha-
gus and stomach) under endoscopic visualization—Fig. 3 [23, 26].

In a systematic review and meta-analysis by the lead author of this review, 
TIF was associated with a high success rate of 99% and adverse event rate of 
only 2% [23]. Subjective data based upon the GERD Health-Related Quality of 
Life (HRQL) score, Gastroesophageal Reflux Symptom Score (GERSS), and 
Reflux Symptom Index (RSI) as well as objective measures such as DeMeester 
scores improved significantly post-TIF. Furthermore, PPI therapy was discontin-
ued in 89% of patients. Importantly, none of the 32 studies (n = 1475 patients) 
included in this meta-analysis study included patients with a history of sleeve gas-
trectomy. Currently, the role of TIF among patients post–sleeve gastrectomy who 

Fig. 2  Representative images of Stretta device and procedure. Available at: https://www.restech.
com/solutions/stretta/

https://www.restech.com/solutions/stretta/
https://www.restech.com/solutions/stretta/
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report severe GERD-related symptoms remains unclear and an area of needed 
research. However, given the size of the device, TIF may only be a viable treat-
ment for patients with significantly dilated sleeves. While promising results have 
been shown for non-bariatric surgery patients, more data is needed for patients 
with a history of sleeve gastrectomy.

9  Conclusion

At this time, there is poor evidence to support the use of any endoscopic modali-
ties for the treatment of GERD post-sleeve gastrectomy. We acknowledge there 
is limited data at this time for endoscopic therapies as a whole. Procedures like 

Fig. 3  Representative 
images of transoral 
incisionless fundoplication 
(TIF) device and procedure. 
Available at: https://www.
endogastricsolutions.com/
tif-procedure/

https://www.endogastricsolutions.com/tif-procedure/
https://www.endogastricsolutions.com/tif-procedure/
https://www.endogastricsolutions.com/tif-procedure/
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ARMS, Stretta, and TIF require more data before increased adoption to patients 
with sleeve gastrectomy. Furthermore, given the paucity of data, future studies 
are needed to specifically examine this uniquely at-risk population. Given lim-
ited data, the use of endoscopic therapy for post-sleeve GERD is driven largely 
by expert opinion, and limited to centers with expertise. Other laparoscopic pro-
cedures, such as the LINX Reflux Management System (Torax Medical, St. Paul, 
MN, USA) and conversion to Roux-en-Y gastric bypass, should be strongly con-
sidered in this patient population. It is important to underscore the mechanisms 
that contribute to reflux and role of proper surveillance of GERD and Barrett’s 
esophagus post-sleeve gastrectomy.
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1  Background

The sleeve gastrectomy (SG) procedure was evolved from the biliopancreatic 
diversion- duodenal switch procedure in order to reduce complication rates and 
improve outcomes for patients. The complications can be categorised as early, 
medium, and long-term. Early complications include gastric leak, bleeding, 
obstruction, formation of abscess, and infection. Mid-late complications typically 
include fistula development, stenosis, neofundus, regain of weight, nutritional defi-
ciencies and gastro-oesophageal reflux disease (GERD) [1–3]. GERD is a promi-
nent complication that patients will often complain about, and symptoms include 
chest pain, dysphagia, heartburn, regurgitation, chronic cough, and laryngitis. With 
the rise in obesity, and the already high prevalence of GERD in these populations, 
this is a significant cause of morbidity in western populations and is likely set to 
worsen.

2  Pathophysiology

GERD can be categorised as non-erosive or erosive based on the endoscopic 
appearance of the oesophageal mucosa. It is particularly important considering 
the high prevalence particularly in the western countries. Approximately 20% 
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of individuals in USA alone are effected by GERD [4] and, if left untreated, can 
subsequently lead to the formation of Barret’s oesophagus and adenocarcinoma. 
There are several mechanisms for the formation of GERD (Table 1). Removal 
of the gastric fundus and body has consequences on both acid secretion and gas-
tric accommodation and shifts the balance between these protective and exacer-
bating factors leading to GERD. However, another peak is seen after 6 years, 
likely caused by incomplete resection of the gastric tissue, thereby leading to a 
 neo-fundus years later [5–7].

The exact mechanism of GERD in both obesity and post-operatively following 
SG is unclear [8]. However, one method that has been suggested involves transient 
relaxation of the lower oesophageal sphincter, which is seen more often in obese 
patients. This typically occurs following distention of the fundus after a large 
meal. As a result, these patients experience greater amounts of acid exposure to the 
distal oesophagus [9, 10].

Additionally, it has been demonstrated that severely obese patients are more 
likely to present with a motility disorder. This includes a low lower oesophageal 
sphincter resting pressure, nonspecific motility disorders, and nutcracker oesopha-
gus, a diagnosis given to those patients who have a mean contraction amplitude 
of the lower oesophagus of greater than 180 mmHg. Whilst these features would 
likely increase the risk of GERD, the majority of these patients were found to 
be asymptomatic [11–13]. Importantly, SG itself can also lead to the develop-
ment of GERD in patients following the operation through a separate mechanism. 
However, it is likely that GERD occurs as a result of a combination of pre-, intra- 
and post-operative factors.

Our studies suggest approximately 20% of patients who undergo this proce-
dure will develop de-novo GERD following a SG whereas approximately 19% 
of patients will have an increase in reflux symptoms [8]. However, this is likely 
to be lower than the true value. Indeed, many patients will have GERD but not 
experience any of the symptoms. In patients who underwent SG, active moni-
toring through upper gastrointestinal endoscopy and pH manometry revealed a 
much higher rate of de novo GERD as well as worsening GERD in those who 
had  pre-existing symptoms [14–17]. In addition, patients were found to have a 
higher rate of oesophagitis, hiatus hernia, as well as Barrett’s oesophagus [18–21]. 
Measuring such complications is difficult simply because many patients won’t 

Table 1  Mechanisms for gastro-oesophageal reflux disease in sleeve gastrectomy

Intraoperative causes Postoperative causes

Poor surgical technique causing strictures Hiatus hernia

Opening of the angle of His Smoking

Resection of the fundus reducing stomach compliance Dietary factors

Damage to vagus nerve Regain of weight

Dissection of sling of Helvetius Alcohol
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complain of symptoms, and therefore using the obvious symptomology of patients 
as a screening tool is unreliable and likely to disregard a large group of patients. 
As such, we recommend routine post-operative follow-up in these patients to mon-
itor for changes to mucosal tissue.

Many patients who need to be re-operated on following SG do so after develop-
ing severe, medically resistant oesophageal reflux. It is therefore clearly a major 
problem in patients who undergo this operation, but the complex pathophysiology 
behind this has led to discrepancy amongst surgeons. Whilst approximately 23.3% 
of surgeons questioned in a survey felt that GERD was an absolute contraindica-
tion, 52.6% felt that the pathological presentation of Barrett’s oesophagus was 
an absolute contraindication [22]. Understanding the exact pathophysiology and 
the effect of environmental factors may help determine the subset of patients who 
should be investigated further, or who require post-operative screening.

There are several mechanisms that contribute to patients experiencing GERD 
following a SG operation. These can be separated into intra-operative and 
 post-operative complications. Poor surgical technique leads to an increased num-
ber of complications as a result of the formation of strictures. This is infrequently 
seen, however, but the remnant stomach is intentionally constructed as a narrow 
tube and can subsequently stenose or obstruct, increasing the risk of reflux [23].

Competence of anatomical structures have a vital role in preventing anti-reflux. 
The obvious structure would be the lower oesophageal sphincter but others such 
as the diaphragmatic crus, the gastric sling fibres, the phrenic-oesophageal and 
 cardiac-phrenic ligaments all have an important role in preventing reflux. The car-
dia of the stomach can also act as a weak mechanical valve through constriction 
on the oesophagogastric junction, partly aided by the oblique direction in which 
the oesophagus enters the stomach, commonly known as the angle of His. The 
importance of this angle has been studied extensively for decades within literature 
[24–26]. The flap of mucous membrane that extends from the greater curvature 
of the cardia is maintained by the movement of the muscularis mucosae, which 
moves the mucosa forming a barrier in the orifice. In this instance, SG can open 
the angle of His, weakening the barrier and leading to reflux.

Additionally, SG leads to an increase in gastric pressure because of the resec-
tion of the fundus, the most expandable portion of the stomach. However, if the 
gastro-oesophageal pressure gradient is exceedingly high, it can lead to reflux. 
Conversely, a reduction in gastro-oesophageal pressure reduces the risk of GERD. 
This can occur following a reduction in BMI, which reduces gastro-oesophageal 
pressures and accelerates gastric emptying following a SG [27]. Moreover, the 
deepest muscles of the stomach wall arrange to form oblique fibres which main-
tain the angle of His by forming a sling around the lateral portion of the cardia. 
This is known as the sling of Helvetius and has an important role in maintain-
ing competence of the cardia. During a SG however, dissection of the sling 
muscle fibres can impair the lower oesophageal sphincter and lead to reflux. 
Furthermore, intra-operative damage to the vagus nerve can also lead to reflux and 
is a  well-known complication of anti-reflux surgery. During a SG, gastric branches 
of the vagus nerve can be divided leading to preganglionic afferent and efferent 
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fibre damage. This is usually performed by splitting the stomach longitudinally, 
damaging the distal portions of the gastric vagal branches [28, 29]. However, it 
is difficult to determine the extent to which the nerve has been damaged and as 
such, surgeons must rely on clinical symptoms including nausea, vomiting, and 
diarrhoea [30–32].

Post-operatively, the stomach may slip into the thoracic cavity leading to a hia-
tus hernia. Because of the increased esophago-gastric pressure gradient, obese 
patients are already at an increased risk of developing a hiatus hernia [33]. The 
increased pressure likely results from the high levels of adipose tissue which pro-
vides greater gravitational force on the abdominal cavity. On the other hand, the 
mechanism for hiatus hernia following SG appears complicated and may be due to 
a multitude of factors. During creation of the gastric tube, dissection of the angle 
of His and the left pillar can increase the risk of herniation. Furthermore, there 
is an increased risk of herniation in patients who regain weight after SG due to 
an increased intra-gastric pressure. Notably, the amount of weight that is regained 
varies substantially, with studies reporting a range of weight gain from between 
5.7% at 2 years to 75.6% at 6 years after the operation [34]. Interestingly, stud-
ies also suggest that there is no significant difference in the level of ghrelin and 
leptin in post-operative patients who reported change in appetite and those without 
any change in their appetite, suggesting hormones may not have a major role in 
this process [35]. Additionally, in patients who had a retained fundus following a 
SG, there was no significant difference in the level of weight loss in comparison 
to those with complete resection of gastric fundus [36]. Nonetheless larger pro-
spective studies will need to be done to conclusively determine the significance 
of ghrelin in long term weight regain. In the acute phase following the operation 
however, the rapid weight loss can lead to enlargement of the hiatus orifice and 
hypotonia of the diaphragm due to muscular depletion, also increasing the risk of 
a hiatus hernia. However, de novo hiatus hernia following a SG is rarely discussed 
in literature and understanding more about the pathophysiology of this complica-
tion may help us to understand and better manage patients in the future [37].

There is no clear consensus on treatment options for patients who develop 
symptomatic GERD following bariatric surgery, and a multitude of treatment 
options are available.

Modification of timing, quantity, and quality of patient’s diets, as well as a 
reduction in smoking and alcohol consumption are well known to reduce the 
risk of GERD. Items such as coffee, alcohol, chocolate, and mint can reduce 
lower oesophageal sphincter tone, whereas acidic foods and beverages and spicy 
foods can cause direct oesophageal mucosal irritation. Large meals and carbon-
ated drinks in particular can lead to increased gastric distention and a greater 
 gastro-oesophageal pressure gradient [38]. On the other hand, smoking decreases 
the lower oesophageal sphincter pressure and also reduces salivary bicarbonate 
secretion leading to prolonged acid secretion [39, 40]. Evidence suggests that 
patients may report a significant decrease in acid reflux, after only 48 hours of not 
smoking [41].
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Reflux tends to occur more frequently in the postprandial state and is largely 
composed of non-acidic ingested food. This is perhaps the reason for the absence 
of symptoms and lack of PPI efficacy for managing GERD-related complications 
[42]. It is clear therefore that the mechanisms underpinning GERD are complex, 
and the intricate pathophysiology leading to GERD in both obesity as well as a 
complication of SG can complicate the picture making it difficult to manage these 
patients. However, use of acid-reducing medications such as proton pump inhibi-
tors or H2-receptor blockers can still be extremely beneficial to patients. Many 
patients are already likely to be on such medication prior to the surgery because 
of the association of GERD and obesity. Evidence suggests that less patients will 
need to continue these medications, although this is dependent on bariatric proce-
dure type. SG appears to have a higher association of post-operative GERD than 
other bariatric operations [43, 44]. In those who continue to experience GERD 
symptoms or alternatively experience de-novo GERD symptoms, these medica-
tions can be useful in the short term.

3  Management

If symptoms of GERD are present despite maximal medical therapy, invasive ther-
apy options can be considered.

These include converting the SG to a Roux-en-Y gastric bypass. Multiple stud-
ies suggest the high success rate with this operation for intractable GERD symp-
toms after a failed SG [45, 46]. There is evidence suggesting that conversion to 
Roux-en-Y gastric bypass is superior than conversion to other bariatric opera-
tions for managing intractable GERD following a failed SG. Patients can experi-
ence further weight-loss with an estimated weight loss of greater than 50% after 
2 years when compared with baseline weight [47]. However, this operation carries 
greater risk than the other options. There is a slightly increased risk of developing 
a gastro-jejunal anastomotic leak compared to a primary Roux-en-Y bypass (3% 
vs. 1%) [48]. The increased risk could be due to several reasons including fibrous 
scar created from the previous SG, fistula development from the first operation, 
and possible devascularisation to the gastric pouch whilst performing the revision 
surgery. A late complication of the revision surgery is the formation of a marginal 
ulcer, although this is a rare occurrence [49]. Because the gastric bypass is a more 
malabsorptive procedure in comparison to the SG, it can lead to nutritional defi-
ciencies. These can occur despite supplemental nutrition. The extent to the defi-
ciency varies within literature and depends somewhat on the length of the bypass. 
Nonetheless, patients can be deficient in vitamin B12, Iron, folic acid, vitamin D, 
vitamin B1 and B6, magnesium, and zinc [50].

The concerning side-effect profile of this revision surgery has led surgeons 
to proactively seek more innovative solutions to prophylactically prevent reflux 
symptoms from occurring. Studies have shown that addition of hiatoplasty and 
180° cardioplication as an anti-reflux procedure demonstrated improvement in 
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GERD symptoms. Whilst transient lower oesophageal relaxations is associated 
with symptoms of GERD, many individuals who are asymptomatic will also 
experience the relaxations as well [51, 52]. As discussed earlier, they occur pri-
marily as a result of gastric distention, but can also occur following relaxation of 
the diaphragmatic crura. Vagally stimulated receptors in the fundus in association 
with oral and pharyngeal contractions can additionally relax the lower oesopha-
gus sphincter [51] and as such the SG in particular can be helpful to prevent this 
because dissection of the fundus can remove the basis of transient lower oesoph-
ageal relaxations. In patients who have their short gastric vessels and associated 
nerves cut, there are lower rates of relaxation of the lower oesophagus sphincter. 
However, to obtain the best outcome, the stapling line has to be as close as pos-
sible to the oesophageal gastric junction, which has an adverse effect of increas-
ing the risk of fistula development, and also risks damage to the sling fibres of 
the lower oesophageal sphincter [53]. In this operation, the addition of hiatoplasty, 
fat pad removal, fixation of the stomach, and cardioplication sufficiently reduced 
GERD symptoms, and led to a reduction in the number of patients who required 
the use of PPI medication [54].

Alternatively, another team performed a Nissen SG alongside a SG as a pro-
phylactic measure to prevent GERD [55]. In these patients, an N-sleeve also has 
an added benefit of lowering leak rate that is achieved by covering the angle of 
His with the anti-reflux valve and moving the staple line to a region that is more 
vascularised. The result would lead to a sleeved stomach with an appropri-
ate Nissen valve. Whilst these techniques serve to add to SG procedure, others 
have tried to modify the gastrectomy itself. Examples include the laparoscopic 
 sleeve-Collis-Nissen gastroplasty [56], a procedure involving a 4 cm gastrotomy 
of the anterior section of the stomach followed by a gastrogastrostomy and sub-
sequent Nissen fundoplication. The advantages to this include a reduction in the 
sectors of stomach removed, and because the operation is simpler, it also leads to 
a reduction in cost, whilst the fundoplication provides additional protection. Other 
procedures are more creative in their approach including the use of the ligamen-
tum teres. This ordinarily forms the superior border of the suprahepatic ligament, 
running from the liver to the umbilicus, whilst the hepatic artery provides it with 
a rich blood supply through small arterial branches. By manipulating the ligamen-
tum teres such that it connects the gastro-oesophageal junction to the left lobe of 
the liver, it pushes the gastro-oesophageal junction anteriorly, inferiorly and to the 
right, thus maintaining the angle of His [57].

4  Conclusion

The SG can be viewed as more of an evolution of procedures. It originally began 
as an open duodenal switch procedure before being modified to an open sleeve 
gastrectomy and subsequently to a laparoscopic sleeve gastrectomy, taking inspira-
tion from the Magenstrasse and Mill operation along the way [58–61]. However, 
in its current status, because of the post-operative risk of GERD in SG, there is a 
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need to consent patients about the risk of developing GERD. Additionally, more 
evidence and international collaborations would help determine which patient 
groups require counselling and will benefit from novel management to minimise 
complications.
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Porto-mesenteric and splenic vein thrombosis (PMSVT) is a complication that can 
result in bowel ischemia with subsequent infarction [1], and liver failure that may 
lead to liver transplantation [2]. PMSVT most commonly involves the main portal 
vein, superior mesenteric vein, and a splenic vein.

Although as a surgical complication PMSVT has been reported across all spec-
trums of laparoscopic surgery [3], it has also been notoriously reported after bari-
atric procedures. Early descriptions followed procedures that distinctly involved 
ligation and surgical manipulation of major portal tributaries, such as splenectomy, 
liver transplantation, and portal shunts, suggesting the prominence of local factors. 
However, it has also been described after surgical procedures that do not inflict 
injury to the portal system highlighting the role of other factors.

This section reviews the available literature about PMSVT after laparoscopic 
sleeve gastrectomy. A summary of this complication is provided presenting its 
incidence and possible etiology, with the description of common clinical presenta-
tions and options for diagnosis and treatment, as well as outcomes.

1  Etiology and Risk Factors

The literature recognizes incidence rates of PMSVT after sleeve gastrec-
tomy of 0.3–1% [4–6]. Unfortunately, no systematic analysis has yet eluci-
dated the definitive risk factors for post-sleeve PMSVT, its etiology is deemed 
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multi-factorial. Laparoscopic operative conditions including pneumoperitoneum 
pressures >15 mm Hg, prolonged reverse Trendelenburg position, and hypercap-
nia may cause mesenteric vasospasm and subsequently reduce portal blood flow. 
Tan and coauthors [1] reported intraoperative factors in laparoscopic sleeve gas-
trectomy noting that prolonged liver retraction, and both mechanical and ther-
mal effects inflicted by electrosurgical devices during takedown of gastroepiploic 
and short gastric vessels may cause thrombosis and affect venous return from the 
stomach. Similar local factors are deemed responsible of PMSVT after fundopli-
cation. However, obesity itself is a well-accepted predisposing factor to venous 
thrombosis by reduction of fibrinolysis, elevation of clotting factor levels, and 
release of proinflammatory mediators [7]. It is known that surgical interventions 
and hospitalizations are prothrombotic events. Nevertheless, PMSVT may present 
even in bariatric patients whose procedures require <35 minutes of operative time 
and short hospitalizations <2 days. In a cohort of 40 patients undergoing laparo-
scopic sleeve gastrectomy [8], factor VIII elevation has been described as the most 
common (76%) hypercoagulable abnormality. Shoar and coauthors [9] assessed 
systemic risk factors from a meta-analysis of 41 studies including 110 patients 
with post bariatric PMSVT. Overall, 43% of patients had a known hypercoagu-
lable disorder. The other most commonly inherited risk factors were identified as 
prothrombin 20210 mutation (10%), protein C deficiency (10%), and protein S 
deficiency (8%). Other risk factors included factor V Leiden mutation, increased 
fibrinogen level, Methylenetetrahydrofolate deficiency, the JAK2 mutation, and 
lupus anticoagulants. Smoking and oral contraceptive pills are established risk fac-
tors for development of deep vein thrombosis. Perioperative exposure to them may 
also increase the risk of PMSVT.

2  Diagnosis

Early diagnosis of PMSVT is an important task for any surgeon participating in 
the care of bariatric surgery patients. At present, the most valuable tool for diag-
nosis remains a high index of clinical suspicion. The majority of patients with 
PMSVT only present vague symptoms with median time to diagnosis of 13 days 
(interquartile range, 5–25) following bariatric surgery, although some patients may 
present several years after surgery.

PMSVT most common symptoms are abdominal pain (83%), nausea and vom-
iting (38%). Other, less common symptoms include fever (13%), sepsis (8%), GI 
bleeding, shoulder tip pain, and diarrhea (Fig. 1).

Laboratory results are of limited diagnostic utility. For example, leukocytosis is 
present in 20%, and elevated erythrocyte sedimentation rate and C-reactive protein 
in 10% of patients.

In most patients, the diagnosis of acute PMSVT can be established using non-
invasive imaging. Ultrasonography can show hyperechoic material in the vessel 
lumen with distention of the portal vein and its tributaries. Doppler imaging shows 
partial or complete absence of flow. A CT scan without contrast can show hyperat-
tenuating material in the portal vein. However, the first line diagnostic entity with 
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a sensitivity of 90% is a CT scan with intravenous contrast that reveals lack of 
intraluminal enhancement and a pattern that may involve thrombosis of the main 
portal vein, superior mesenteric vein, and splenic vein vessels [10]. Thrombosis 
commonly occludes the involved vessels, rarely causing changes in the intestinal 
wall or lack of mucosal enhancement of a thickened intestinal wall suggestive of 
intestinal infarction. This involvement pattern can be attributed to the proximity of 
the affected vessels to the anatomic region of the procedure.

3  Management

Anticoagulation therapy is the first treatment option at present. The current guide-
lines suggest that anticoagulation therapy should be started promptly after the 
diagnosis of PMSVT [11, 12]. When possible, any predisposing conditions should 
also be treated to ensure the persistence of recanalization and to avoid future 
recurrence. A metanalysis of 41 included studies [9] points out that in practice, 
treatment ranges from the use of unfractionated heparin to bowel resection and 
liver transplantation in rare cases. Unfractionated heparin (59%), vitamin K antag-
onists (51%), and low-molecular weight heparin (39%) were the most common 
treatment options for PMSVT. Other antithrombotic modalities including factor 
Xa inhibitors (6%) and thrombolysis (4%) are less often used.

Fig. 1  Presentations of PMSVT after bariatric surgery. Adapted from [9]
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Attempts to establish portal vein patency have been undertaken by open por-
tal thrombectomy, percutaneous transhepatic, and percutaneous jugular portal vein 
thrombolytic therapy with AngioJet suction of the clot. These approaches have 
limited success and are now rarely attempted.

Bowel resection and splenectomy may be required in 20% and 2% of patients, 
respectively. Orthotopic liver transplantation has also been reported in 3% of 
patients as the final treatment option for refractory ascites secondary to chronic 
PMSVT [2]. The types and invasiveness of therapeutic interventions depends on 
the timing of PMSVT after bariatric surgery, the extent of the thrombosis, and the 
severity of the ischemic damage to the gastrointestinal organs (Fig. 2).

4  Summary

• As more patients are successfully treated for severe obesity through bariatric 
surgery and especially laparoscopic sleeve gastrectomy, we can expect PMSVT 
cases to occur in the coming years.

• PMSVT is a rare complication but increases the mortality of bariatric surgery 
40 times higher.

• Similar to gastroesophageal reflux disease (GERD), PMSVT is more frequently 
seen after sleeve gastrectomy compared with other bariatric procedures.

• About half of reported cases of PMSVT after bariatric surgery had hypercoagu-
lable state. In patients with congenital or acquired hypercoagulable state, bari-
atric procedures other than sleeve gastrectomy can be suggested.

• The current incidence of PMSVT is similar to the incidence of gastric leak after 
sleeve gastrectomy. While we always think about the leak, we usually do not 
consider PMSVT in our differential diagnosis in patients who develop adverse 
events after sleeve gastrectomy.

• In any patient who develops abdominal pain, fever, prolonged vomiting, GI 
bleeding, tachycardia, leukocytosis, abnormal liver function tests, or elevated 
pancreatic enzymes in days or weeks after sleeve gastrectomy, we should per-
form CT scan to rule out PMSVT.

• In most cases with early diagnosis, anticoagulation for 3–6 months is the 
appropriate treatment.

• Preventive measures to decrease the risk of PMSVT would include:

– Stop smoking 2–3 months before sleeve gastrectomy
– Stop oral contraceptive pills 4-weeks before and after sleeve gastrectomy
– Perioperative thromboprophylaxis
– Hydration
– Suppress nausea and vomiting
– Liberal use of extended thromboprophylaxis after hospital discharge (in high 

risk patients or patients with hypercoagulable state) [13]

• Patient and physician education may assist in screening, treating, and thus 
avoiding PMSVT.
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Fig. 2  Diagnosis and management of PMSVT after sleeve gastrectomy
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1  Introduction

Obesity rates has nearly tripled since the 1970s reaching pandemic proportions. 
According to the World Health Organization (WHO) estimates in 2016, more than 
1.9 billion adults, 18 years and older, were overweight of which over 650 million 
were obese [1].

Obesity, if untreated, is associated with higher rates of numerous comorbidities, 
including hypertension, diabetes mellitus, osteoarthritis, obstructive sleep apnea, 
intracranial hypertension, infertility, certain types of cancers, as well as associated 
nutritional deficiencies [2].

One of the most effective treatments for obesity is bariatric surgery, because of 
its efficient and sustained results. There is a growing evidence to support its effec-
tiveness in reducing morbidity and mortality for patients with BMI >40 and for 
those with BMI >35 and obesity- related complications [3].

Bariatric restrictive surgeries, such as sleeve gastrectomy (SG) and gastric 
banding, have been widely used to manage morbid obesity. SG has recently gained 
popularity as the leading bariatric procedure for the treatment of morbid obesity. 
It generates weight loss solely through restriction of stomach size. Although these 
surgeries are known to cause less metabolic derangements than malabsorptive sur-
geries (e.g. gastric bypass), it was also associated with a rise in the incidence of 
neurological complications [4].
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Peripheral neuropathy is a one of the common complications following any 
type of bariatric surgery affecting 5–16% of patients. It is a collection of disor-
ders arising from damage in the somatosensory system. It usually presents years 
later and progress insidiously but may be seen early in the course following SG. 
Symptoms involve distal, painful paresthesias “burning feet syndrome” and loss of 
pinprick and temperature sensation. Patterns have included sensory-predominant 
polyneuropa- thy, motor-predominant polyneuropathy, sensory motor polyneu-
ropathy, mononeuropathy, and radiculoneuropathy. The polyneuropathies typically 
described are length dependent with an axonal pathophysiology. Mononeuropathy 
is also a documented after bariatric surgery with carpal tunnel syndrome being the 
most common. Less common are ulnar neuropathy at the elbow, radial mononeu-
ropathy and peroneal neuropathy and lateral femoral cutaneous neuropathy have 
also been reported [5, 6].

However, despite the fact that most cases of neuropathy post-gastric bypass 
procedures are nutritional, this is not the case with SG. It is not commonly associ-
ated with malabsorption and it is important for physicians dealing with bariatric 
surgery patients to differentiate between those two types of surgeries as they have 
different mechanisms for neuropathy [7].

Available data in literature addressing peripheral neuropathy following SG 
are limited and consists mainly of case series and case reports. A wide spectrum 
of clinical presentations can ensue, with both acute and chronic neuropathies. 
Tabbara et al. reported only 1.18% of 592 SG cases to present with neurological 
complications. Symptoms included motor and sensory deficits with absence of 
deep tendon reflexes of the lower limbs and in some cases. All patients had une-
ventful post-operative course, but all had feeding difficulties, accompanied by 
severe dysphagia, and rapid weight loss, with a mean weight loss of 35 kg (30–
40 kg) 3 months after SG. All patients were treated for neuropathy secondary to 
vitamin B1 deficiency and had a significant improvement and resolution of their 
symptoms [8]. Abarbanel et al. described neurological complications after gas-
tric restrictive surgery in 4.6% of their 500 patients in 3–20 months period. Their 
symptoms included chronic or subacute symmetric polyneuropathy, acute severe 
polyneuropathy, burning feet syndrome, myotonic syndrome, myelopathy, and 
Wernicke-Korsakoff encephalopathy [9].

Another study reported that seven out of 635 SG patients developed foot drop 
as a result of peroneal nerve entrapment neuropathy (PNEN). It was attributed to 
rapid weight loss as patients had no nutritional deficiencies [10].

Peripheral neuropathy following SG can be attributed to several factors. First, 
obese patients tend to have a presurgical baseline deficiencies of several micro-
nutrients. Second, gastrointestinal symptoms postoperatively including dysphagia, 
gastro-esophageal reflux and recurrent vomiting. Third, rapid and excessive weight 
loss within the first 3 months after SG. Fourth, postoperatively they tend to have 
poor nutritional habits including inadequate vitamin supplementation, poor food 
choices, limited portion sizes or food intolerance [11].

In several case series, the neurological complications after SG were attributed 
to vitamin storage depletion. In a study of 112 SG patients, vitamin and nutritional 
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deficiencies appeared to be a common phenomenon and was corrected with the 
deficiencies before surgery, insufficient supplementation immediately after the 
procedure, and lack of routine long follow-up [12]. Another study of 32 patients 
from Kuwait, post-SG neuropathy was associated with older age, low levels of 
vitamin B1, B2, and copper and high vitamin B6 levels, which at toxic levels, 
can be associated with neuropathy [13]. SG limits the production of intrinsic 
factor by removing part of the stomach, therefore, can also lead to vitamin B12  
deficiency [13].

2  Management

Education is of utmost importance to patients undergoing bariatric surgery 
and should be done regularly. The potential risks of each SG should be clearly 
explained to the patients before undergoing this type of surgery. Early identifica-
tion of neurological symptoms after the surgery and early intervention may help 
reduce the occurrence of these complications. A multidisciplinary approach (sur-
gery, endocrinology, neurology, nutrition and physiotherapy) with careful nutri-
tional monitoring at regular intervals is crucial in all patients for early diagnosis 
and management of these complications [14, 15].

The American Society for Metabolic and Bariatric Surgery (ASMBS) recom-
mends presurgical screening for levels of vitamins B1, B12, folate, iron, calcium, 
zinc, copper and fat-soluble vitamins (A, D, E, K). It also further recommends 
nutrient assessment every 3–6 months in the first postoperative year. ASMBS rec-
ommends micronutrient supplementation for all patients following bariatric sur-
gery [15, 16].

All patients with neurological complications should be readmitted to the hos-
pital for evaluation. They should undergo full gastrointestinal work-up to rule 
out functional stenosis. All patients should do vitamin measurements (vitamins 
B1, B6, B9, B12, and D) at the time of presentation with neurological compli-
cations and before beginning vitamin supplementation. All patients should be 
evaluated by a neurologist. A thorough clinical examination must be performed. 
Electrophysiological studies (nerve conduction study and electromyography) are 
needed to confirm the presence of axonal peripheral polyneuropathy [17].

Treatment consists of aggressive multivitamin and mineral replacement ther-
apy. Treatment is usually achieved by parenteral administration of vitamin B1, 
B6, B12, fat-soluble vitamins (A, D, E and K), folate, iron, copper, zinc and sele-
nium. Several regimens and guidelines are available but the information is mostly 
empiric rather than evidence-based.

Vitamin B1 standard dose of 100 mg intravenously daily may not improve thia-
mine status or the clinical picture and a more aggressive dose of 500 mg IV three 
times a day for 2–3 days can be given, then 250 mg IV daily until improvement is 
seen, followed by an oral dose of 50–100 mg three times a day thereafter [Class 
IV]. Vitamin B12 dose is 1,000 μg per day for a week (either intramuscularly 
or deeply subcutaneous), followed by 1,000 μg weekly for 1 month then every 
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month is suggested [Class IV]. Copper replacement is 6 mg per day for a week, 
4 mg per day the next week, and 2 mg daily thereafter. If oral replacement fails to 
increase copper levels, then IV replacement at a dose of 2 mg per day for 5 days 
(repeated as necessary) is suggested [Class IV]. Vitamin D dose is 3000–6000 IU 
of D3 daily (preferred), or 50,000 IU of D2 1–3 times per week. Vitamin E dose is 
90–300 mg (100–400 IU) daily. Folate is given in a 1000 mcg dose daily until the 
level is normalized, then maintenance dose (400–800 mcg daily) is resumed.

Iron can be given orally in a dose of 150–300 mg 2–3 times a day. Parenteral 
iron can be given to those who do not respond to oral supplementation. Zinc opti-
mal repletion dose is unknown. Caution must be taken from overdose as it can 
be associated with toxicity or copper deficiency. Calcium dose is 1200–1500 mg 
daily in divided doses. Selenium role is unclear but can be in patients who develop 
cardiomyopathy rather than neuropathy in a dose of 2 mcg/kg/day. Patients should 
continue on oral multivitamin supplementations after discharge from the hospital 
[18–20].

In conclusion, peripheral neuropathy after SG is not uncommon and can be 
prevented by avoiding rapid and/or excessive weight loss, regular counseling and 
follow-ups with a nutritionist, adequately treating recurrent vomiting and oral mul-
tivitamin and mineral supplementations.
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1  Introduction

Sleeve gastrectomy (SG) is a highly effective stand-alone surgical procedure for 
morbidly obese patients and an adequate operation as a first step for  super-obese 
patients or high-risk patients. However, long-term results indicate that up to 
70% of patients present with insufficient weight loss despite proper preoperative 
management [1].

If weight loss after SG is inadequate, or the patient regains weight, there are 
different surgical options available as a revisional surgery, such as re-sleeve, 
sleeve plication, banding of the sleeve, gastric bypass (GB), or duodenal switch 
(BPD-DS) [2, 3]. For insufficient weight loss in a patient with a correct sleeve 
anatomy, in our department we normally opt for a malabsorptive procedure, espe-
cially if the patient was initially super-obese, as it offers the best weight loss for 
this subset of patients. Laparoscopic single-anastomosis duodeno-ileal bypass with 
sleeve gastrectomy (SADI-S) was first described in our department in 2007 as a 
simplified BPD-DS that has achieved satisfactory short and long-term results [4]. 
This was carried out by practicing a vertical gastrectomy as a restrictive procedure 
with pyloric preservation, followed by an end-to-side duodeno-ileal anastomosis 
in the first duodenal portion, beyond the pylorus (Fig. 1). Since its development, 
SADI-S procedure has offered good results for the treatment of both morbid obe-
sity and its metabolic complications [5–7]. Initially, the procedure was performed 
with a 200 cm common limb. The initial series of 50 patients achieved excellent 
weight loss results after 3 years of follow-up. However, nearly 5% of the patients 
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had to be submitted to reoperation for persistent diarrhoea or malabsorption, and 
so in 2009 the length of the common limb was modified to 250 cm.

Two years later, after demonstrating outstanding results as a primary restric-
tive and metabolic procedure, we decided to introduce single-anastomosis  
duodeno-ileal bypass (SADI) as a second step after SG for insufficient weight loss 
or as a scheduled second-step surgery in super-obese patients, regardless of satis-
factory weight loss at 12 months from SG. SADI was performed as a revisional 
surgery in those patients without problems derived from the SG and without any 
accompanying conditions contraindicating a malabsorptive procedure.

2  Patient Preparation

Patients are thoroughly evaluated before surgery by a team of specialized endocri-
nologists, surgeons and anesthetists, and they undergo a number of tests including 
an upper gastrointestinal endoscopy, barium swallow, chest X-ray, electrocar-
diogram, and blood tests. Respiratory function tests and psychiatric evaluation is  
also performed. Before the intervention, endocrinologists recommend a healthy, 
low-calorie diet. Patients are encouraged to lose as much weight as possible and to 
start a healthy lifestyle, as this will not only reduce the possibility of postoperative 
complications, but it will also improve results.

Fig. 1  SADI-S
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3  Surgical Technique

3.1  Position of the Patient and the Surgical Team

For SG the operating table is placed in anti-Trendelenburg position. The surgeon 
is positioned between the legs of the patient, the first assistant on the patient´s left 
side, holding the camera, and the second assistant on the patient´s right side, hold-
ing the liver retractor (Fig. 2).

For the second part of the surgery, the duodeno-ileal by-pass, the position is 
changed. The patient 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 cam-
era assistant, who will introduce the laparoscope through the left subcostal trocar, 
leaving the supraumbilical and right midline trocars as working trocars (Fig. 3).

3.2  Trocar Position

The standard laparoscopic approach for both procedures is performed by placing 
the same four trocars. A 10–12 mm optical trocar (Optiview) is inserted above 
the umbilicus, slightly left from the midline, and pneumoperitoneum is applied. 
A 10–12 mm left subcostal trocar and a 5 mm trocar in a subxiphoid position are 
placed. Also, a 10–12 mm trocar is placed right from the midline position.

Fig. 2  SG trocar and surgical 
team positioning
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4  Procedures

4.1  Sleeve Gastrectomy

Complete devascularization of the greater gastric curvature is performed. 
Adhesions from the gastric posterior wall to the pancreatic surface are also divided 
with a harmonic scalpel. Standard SG is then performed over a 42–54-French 
gastric bougie, starting 5 cm from the pylorus, with a black plated linear stapler 
(Echelon Ethicon), reinforced with Seamguard (Gore) sheets.

4.2  Duodeno-Ileal Bypass

After a complete evaluation of the abdomen, the distal end of the previous sleeve 
is identified, and with the stomach held upwards, dissection of the greater curva-
ture is completed down to the first segment of the duodenum. The duodenum is 
dissected proximally, taking care not to injure the right gastric artery. The perito-
neum overlying the hepatoduodenal ligament is slightly opened and a vessel loop 
is passed posteriorly. A circumferential dissection of the first duodenal portion is 
performed, 3–4 cm distal to the pylorus, to facilitate an adequate mobilization and 
the anastomosis (Fig. 4). Dissection of the duodenum from the pancreatic surface 
is carried out until the pancreatoduodenal groove is reached and the gastroduode-
nal artery is identified (Fig. 5).

The duodenum is sectioned with a 60 mm blue cartridge linear stapler 
(Echelon Ethicon) as distal as possible from the pylorus. The ileo-cecal valve is 

Fig. 3  SADI surgical team 
positioning
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identified and 250–300 cm are measured upwards. In special situations, such as 
aged patients, patients with low BMI or liver or bowel diseases, 300 cm is the 
preferred length of the common limb to avoid important nutritional complica-
tions. Measurement of the bowel is performed, stretching the loops at 10 cm 
intervals and after infusion of hyoscine butylbromide (Buscapin) to completely 
relax the bowel wall and obtain the maximum possible length. The selected loop 
is ascended in an ante-colic fashion, and an end-to-side, double-layer, hand-sewn 
anastomosis to the proximal duodenal stump is carried out with running sutures of 
V-Loc 3/0 (Covidien) and PDS 3/0 (Johnson & Johnson) (Fig. 6).

Both SG staple line and duodeno-ileal anastomosis are checked for leaks by 
oral introduction of methylene blue. The surgery is completed with the removal 

Fig. 4  Verticalized duodenum and circumferential dissection of the first portion

Fig. 5  Gastroduodenal and right gastric arteries
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of the resected stomach through the right midline trocar and the placement of a 
vacuum drain.

The patient is taken to a post-anaesthesia recovery unit for immediate postop-
erative care. Six to eight hours postoperatively the patient begins oral intakes of 
water on the surgical ward, starting with a low caloric liquid diet the following 
day. On the second day after surgery the patient starts with a low-caloric shake 
diet (Optifast). The abdominal drain is removed on the third postoperative day and 
patient is discharged the next day if postoperative course is uneventful.

During follow-up, for the first postoperative month, patients follow a  
low-caloric diet based on self-prepared shakes. Multivitamin supplements, calcium 
and iron are initially prescribed and maintained depending on the results of subse-
quent blood tests. The patient will continue with periodical visits to the endocri-
nologist and the surgeon.

5  Results

Torres et al. have recently published their results with SADI as  a revisional  
procedure [8]. Over the last 10 years, 49 patients (34 women and 15 men, mean 
age 42 years) have been submitted to SADI as a revisional surgery after a SG in 
our department. Their mean initial weight was 141 kg (99–216) and their mean 
initial BMI was 52 kg/m2 (36–71); 75% of patients were initially super-obese 
patients. Mean maximum excess weight loss (EWL) following SG was 63% (34–
113) in the first postoperative year (4–24 months). Mean time between the first 
and second surgery was 34 months (11–111). Mean EWL was 43% (20–70) when 
performing SADI. In 70% of patients the common limb was 250 cm long, and in 

Fig. 6  Duodeno-ileal 
anastomosis
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the other 30% its length was 300 cm. In three cases, re-sleeve over a 54-French 
bougie was also performed during revisional surgery. No postoperative complica-
tions were encountered and mean hospital stay was 4 days long.

EWL was 80% at one year after revisional surgery, 85% at two years, 77% at 
three years, 81% at four years, and 73% at 5 years (Fig. 7). During follow-up, one 
patient was reoperated on to undergo reversion of the procedure due to liver fail-
ure; she had an underlying liver cirrhosis due to HVC infection. Two patients were 
submitted to trimming of previous sleeve in a third procedure due to insufficient 
weight loss.

Forty-five percent of our patients had type-2 diabetes mellitus (DM2), 30% of 
them were under insulin therapy. Diabetes improved considerably following SG 
with an important reduction in mean glycemia and HbA1c of patients. Moreover, 
outstanding results were observed after revisional surgery, with normalization of 
mean levels of HbA1c and glycemia (Table 1).

All patients after SADI received different postoperative supplements to meet 
their daily requisite of vitamins after surgery and to prevent nutritional deficien-
cies from occurring. I is important to take this into account in an adequate follow-
up. Blood tests during follow-up demonstrated deficiencies in the red series, iron, 
vitamin D, and some micronutrients (Table 2). Many of these parameters worsen 
after SADI in spite of correct supplementation.

Fig. 7  EWL% after SG and 
after SADI as a revisional 
surgery

Table 1  Evolution of type 2 
diabetes after SG and SADI

Pre-sleeve After sleeve After SADI

Glycemia (mg/dI) 171 140 92,7

HbA1c (%) 8,15 7,2 5,2

Off therapy (%) 26 60 92
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6  Conclusions

In our series, outstanding weight loss results after the second-step procedure were 
seen, ranging from SADI as a revisional procedure after Sleeve Gastrectomy gets 
an outstanding weight loss, ranging from an initial 43% EWL after SG to a final 
73% EWL after SADI. Comorbidities were successfully controlled after revisional 
surgery. These results are similar to those published in other series such as the one 
studied by Balibrea et al. [9], where an %EWL and a BMI at 24 months of 78.93% 
and 28.64 kg/m2, respectively, were encountered.

SG was born as the first step of BPD-DS. BPD-DS has been the recommen-
dation of many surgeons because most of the patients submitted to a second-step 
procedure after SG had initially been super-obese, and so BPD-like operations, 
such as SADI, exhibit better long-term metabolic results in this subset of patients.

This weight loss is comparable to that obtained 1–2 years after re-sleeve 
or Roux-en-Y gastric bypass (RYGBP) in the literature. In fact, as stated in 
Dijkhorst’s study, 72% of RYGB patients regained part of their lost weight 2 years 
after revisional surgery; as opposed to SADI patients, who seemed to progres-
sively keep losing weight during this time span [10]. Another important finding in 
this study was the comparable rate of complications following SADI and RYGB.

The rates of comorbidity resolution, especially DM2, were more than satisfac-
tory. This has been studied by Balibrea et al., where 71.4% patients showed com-
plete remission of DM2. Dyslipidemia disappeared in 31.2% and improved in 25% 
of patients. High blood pressure remission and improvement rates were 27.7 and 
22.2%, respectively.

Table 2  Comparison between blood test parameters preoperatively, after SG and after SADI

Preoperative After sleeve After SADI

Mean Abnormal 
(%)

Mean Abnormal 
(%)

Mean Abnormal 
(%)

Hemoglobin 13,8 18 14,3 3 12,5 39

Hematocrit 41,9 9 41,7 0 38,1 35

Iron 67,7 5,5 89,3 11 65 32

Calcium 9,5 5 9,5 0 8,9 0

Parathormone 74,6 50 62,4 39 95,7 57

Vitamin D 16,8 73 21,4 52 24,9 62

Copper 140 0 129 0 99 20

Zinc 85 0 83 0 59 52

Selenium 83 0 78 0 99 20

Proteins 7,2 5 7,08 0 6,4 9

Albumin 4,1 9 4,1 3 3,8 41
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An important concern associated with malabsorptive procedures, such as a 
SADI, is an increase in the occurrence of nutritional deficiencies. In Ceha’s study, 
it appeared that SADI leads to an equal remission of comorbidities, fewer  vitamin 
deficiencies and fewer complications [11]. Moreover, Dijkhort found similar 
amount of nutritional deficiencies between the two procedures, likely related to 
sufficient supplementation.

SADI offers satisfactory metabolic results for those patients submitted previ-
ously to a SG. It is a simplified technique with satisfactory weight loss, low post-
operative complication rates and acceptable nutritional deficiency parameters, and 
should be considered as an adequate revisional technique after SG.
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1  Introduction

Laparoscopic Sleeve Gastrectomy (LSG) is the most commonly performed bari-
atric operation worldwide [1], this is not surprising given its shorter operating 
time and relative safety. Patients may experience early or late complications, de 
novo symptoms, worsening of pre-operative symptoms, inadequate weight loss, 
weight regain or unsatisfactory improvement in comorbidities after any bariatric 
procedure. Some patients do not achieve a satisfactory response following pri-
mary bariatric surgery, and a significant other group experience a gradual waning 
of satisfactory initial response [2]. It is inevitable that many of these patients will 
seek Revisional Bariatric Surgery (RBS) for further weight loss or co-morbidity 
resolution.

Data suggests that a number of patients undergoing primary LSG will need 
consideration of RBS in later life [3]. These numbers are not small: Clapp et al. 
[4] describe a failure rate due to weight gain following LSG of 33.6% at 11yrs 
[4], likewise at 11 years Arman et al. [5] found that 32% undergoing LSG in their 
study had required RBS (22% for weight regain) and Felsenreich et al. [6] 36% 
at ten years (21% for weight regain) [5–6]. It is therefore important for bariatric 
surgeons performing LSG to understand the various options available for RBS fol-
lowing LSG.
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Presently there is no consensus on the best RBS following LSG [7]. In a world-
wide survey of practicing revisional surgeons, we found widespread variation 
in practices for all RBS, explained by a lack of high-quality studies and almost 
absence of randomised trials [8]. The results from the same survey showed that 
Roux-en-Y gastric bypass (RYGB), One-anastomosis gastric bypass (OAGB), 
Biliopancreatic diversion/duodenal switch (BPD-DS) and Single Anastomosis 
Duodeno-Ileal Bypass with Sleeve Gastrectomy (SADI-S) are options used by 
surgeons around the world after LSG for further weight loss or metabolic bene-
fit. Interestingly, in spite of OAGB’s relatively recent mainstream utilisation as a 
primary procedure, it was the second most commonly utilised RBS option after 
RYGB for these patients. This chapter will explore outcomes with conversion of 
LSG to OAGB.

2  OAGB as a Primary Procedure

In 1997 Rutledge coined the term “mini gastric bypass” after crucially modify-
ing the previously described (and disregarded) Mason’s loop gastric bypass by 
anastomosing an ante-colic Billroth II gastrojejunostomy to a long narrow gastric 
pouch [9]. In 2001, he published his initial experience and excellent results after 
performing over 1000 procedures, concluding that the MGB “appears to meet many 
of the criteria of an ideal weight loss operation” [10]. A number of variations to the 
originally described procedure have since been reported (most notably the OAGB 
technique of Carbajo), and so to avoid confusion the International Federation for 
the Surgery of Obesity and Metabolic Disorders (IFSO) agreed in 2018 that the 
standard term mini gastric bypass-one anastomosis gastric bypass (MGB-OAGB) 
should be used to incorporate all the variations of this procedure [11]. For the pur-
poses of this book, the term OAGB refers to the antecolic, isoperistaltic anastomo-
sis of a Billroth II type gastrojejunostomy to a long, narrow gastric pouch.

Following Rutledge’s series, many surgeons from all over the world have 
reported their experience with OAGB for both primary and revisional surgery, and 
it is now considered a mainstream surgical option in the treatment of obesity [12–
13]. This rapid uptake of OAGB is understandable,compared to LSG and RYGB, 
OAGB has been shown to have superior mid- and long-term weight loss outcomes 
and improvements in comorbidities [14]. OAGB also has fewer short-term compli-
cations than RYGB and has a shorter learning-curve [12, 15–16].

In the longer term, internal hernias seem very rare, as does dumping and  
post-prandial hyperinsulinaemic hypoglycaemia (PHH) [12]. Similarly, the cre-
ation of a long gastric tube does not seem to be associated with a higher mar-
ginal ulcer rate compared to RYGB [17–18]. Whilst OAGB is associated with a 
higher rate of diarrhoea and steatorrhoea than RYGB, Lee et al. [15] did not find 
that this translated into a worse quality of life [15]. Concerns regarding a high 
frequency of gastro-oeosphageal reflux (GORD) post-OAGB have not been sup-
ported by conclusive literature, with studies reporting a prevalence of approxi-
mately 0.5% [12, 19–21]. At the same time, we feel that the true number of 
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patients who need further revisional surgery for persistent symptoms of GORD 
despite best medical management after OAGB is likely higher and probably in 
the range of 3.0–4.0%.

Earlier concerns that that OAGB would be associated with a high oesophagogas-
tric cancer rate has also not materialised. A recent narrative review of all published 
literature [22] found that, since the advent of the MGB in 1997 there were only five 
reported gastric cancers (four of which were in the gastric remnant and so not linked 
to reflux), and two oesophageal-type cancers (AEG 1 of the gastric cardia) [22].

3  The Rationale for Conversion from LSG to OAGB

Many of the reasons that make OAGB an appealing primary bariatric procedure 
are applicable to OAGB as a revisional procedure for further weight loss or meta-
bolic benefit after a gastric band or sleeve gastrectomy. As previously discussed, 
compared to RYGB, the OAGB is faster to perform, safer and results in fewer 
complications whilst producing (at least) equal improvements in weight and 
comorbidity [12, 14–16]. Furthermore, OAGB is a safer and carries a lower risk 
of nutritional complications than BPD or DS [23–24]. OAGB as a revisional pro-
cedure is consequently growing in popularity throughout the world [11, 25–26]. In 
a recent study, approximately 42% of revisional bariatric surgery experts reported 
that they would perform OAGB after a LSG, with OAGB being the preferred revi-
sional option for 21% [8].

At the same time, it is widely recognised that revisional bariatric surgery car-
ries higher risks than primary bariatric surgery and is associated with lower weight 
loss and metabolic benefits [27]. Noun et al. [19] in their series of 1000 OAGBs of 
which 77 were revisional (after gastric band or vertical banded gastroplasty) found 
that there was a significantly higher rate of short term complications (11.6%) and 
long-term bile reflux (5.2%) in the revisional cases than primary OAGBs [19].

We further know that conversion of LSG to RYGB improves reflux symptoms 
but does not yield clinically significant weight loss [28]. Though head to head 
comparisons are lacking available data seems to suggest that conversion to OAGB 
might offer superior benefits at lower risk.

4  OAGB as a Revisional Procedure

The available literature on conversion from LSG to OAGB is sparse. To the best 
of our knowledge, there are only six published studies reporting on the outcomes 
of LSG to OAGB Table 1 [3, 7, 25, 29–31]. In total 348 patient outcomes were 
reported, with median follow-ups ranging from one- to five-years. There is wide 
variability between the numbers of patients, the post-operative follow-up, and 
reported measures between studies. Operative techniques are quite similar but with 
subtle variations. In the following few paragraphs we will summarise these findings. 
Where available, outcomes are compared to those achieved with primary OAGB.
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5  Indications for Surgery

In 4/6 papers the indication for conversion from LSG to OAGB was either defined 
by inadequate weight loss following LSG or weight regain [7, 25, 29–30]. Two 
papers also included patients converted for gastro-oesophageal reflux (GORD) fol-
lowing LSG (N = 22) [3, 30]. The median time between LSG and OAGB ranged 
from 1–5 years.

6  Weight Loss

Weight loss reporting between studies varies according to whether it is percent-
age excess weight loss including that lost with LSG, or since conversion to OAGB 
(see Table 1). The indication for conversion for almost all patients was inadequate 
weight loss or weight regain. In summary, all but one study reported significant 
further weight loss following conversion. In the two largest studies reporting 
excess weight loss since LSG (with 72 and 104 patients respectively), percentage 
excess weight loss changed from 21 and 23% post-LSG/pre-OAGB to 66% and 
73% respectively [30–31]. Those commenting on percentage excess weight loss 
after OAGB report 59% and 77% [7, 25]. A recent meta-analysis of twenty arti-
cles and over 4000 OAGB patients reported a range of percentage excess weight 
loss of 31 to 85% at 12 months, and 51 to 98% at five years [32]. The results of 
the 5/6 studies reporting significant weight loss post-OAGB imply that conver-
sion from LSG to OAGB is effective for weight loss, and may be comparable to 
primary OAGB (in contrast with Parmar et als’ findings following LSG to RYGB 
conversion) [28]. One study, however, reported no significant weight loss follow-
ing conversion to OAGB at three year follow-up [29]. The study design and opera-
tive technique appears similar to the others and so the reason for this discrepancy 
is unclear. The authors rightly conclude that more studies with larger numbers at 
multiple centres are required.

7  Comorbidity Resolution

Five out of the six studies commented on the outcomes of patients with Type 2 
diabetes mellitus (T2DM) undergoing LSG to OAGB conversion [3, 7, 29–31]. In 
all of these T2DM improved post surgery with resolution rates ranging from 50 to 
100%.

All studies reported outcomes for patients with hypertension post-OAGB. 
In one study there was no improvement of hypertension [31], with the other five 
reporting improvement, with remission rates ranging from 50 to 83%.

Three studies commented on obstructive sleep apnoea (OSA), all showing 
improvements with resolution in 70% to 82% of cases [3, 7, 31].
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Two studies reported outcomes for patients with dyslipidaemia, one of which 
showed no improvement and the other showing 60% remission [25, 30].

8  Complications

There were no reported mortalities in any study. Overall there were eight early 
complications related to OAGB and 18 late (excluding de novo reflux) (see Table 
2), equating to 2.3% and 5.2% respectively. For comparison, in Noun et als’ [19] 
series of a thousand OAGBs, the early complication rate for primary OAGB was 
2.7% and late 4.1% [19].

One of the main concerns following OAGB is the development of trouble-
some reflux. In the studies that reported on this (3/6), incidence ranged from 8 
to 12%, totalling 19 patients. In one study 4/6 (67%) patients with post-OAGB 
reflux required conversion to RYGB [31], another 2/7 (29%) [7] and the other 
not converting any [3]. This incidence of reflux seems high compared to primary 
OAGB [12].

In two studies the indication for conversion from LSG to OAGB included  
gastro-oesophageal reflux (N = 22) [3, 30]. Musella at el found that 60% of 
patients with de novo reflux after LSG were cured by OAGB, whereas Chiappetta 
found no significant difference between reflux symptoms pre- and post-OAGB 
(although in their series the patients also had weight regain and BMI >50, and so 
reflux was not the sole indication for surgery) [3].

Table 2  - Complications

Early Late

Anastomotic leak (n = 3) [7, 25]
Gastrointestinal bleed (n = 1) [7]
Pleural effusion (n = 1) [31]
Pneumonia (n = 1) [7]
Post-operative haemorrhage (n = 1) [31]
Strangulated port site hernia (n = 1) [31]

Anastomotic stenosis (n = 2) [25, 31]
Anastomotic ulcer (n = 6) [3]
Chronic diarrhoea (n = 3) [7, 31]
Dumping (n = 2) [7]
Incisional hernia (n = 3) [31]
Marginal ulcer (n = 2) [31]
Gastro-oesophageal reflux (inc bile reflux)
(n = 19) [3, 7, 31]
– 6 converted to RYGB

9  Operative Technique

All studies clearly described their surgical technique. In all cases division of the 
stomach as done at the level of the lesser curve crow’s foot or distal to it. In 5/6 
studies the pouch was then calibrated with an orogastric tube and re-sleeve per-
formed if required; the calibre of the tube varied from 32 to 42Fr [3, 7, 29–31]. 
Authors prefer an orogastric tube of 36 Fr for calibration of the OAGB pouch 
for these patients. A gastrojejunostomy was then performed using an antec-
olic biliopancreatic (BP) loop between 150 and 250 cm in these studies. We  
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recommend using a Biliopancreatic limb of 150 cm for both our primary and 
revisional OAGB patients. Interestingly the study that reported no significant 
weight loss after OAGB used a 250 cm BP limb, which was the longest of all 
of the studies [29]. We do not routinely approximate crura for patients with hia-
tus hernia but recommend routine closure of Petersen’s defect using either clips 
or non-absorbable sutures in both primary and revisional OAGB patients,whilst 
the incidence of internal hernia after OAGB is lower than after RYGB there are 
several reported cases, including one resulting in gastric remnant perforation 
[33–34].

10  Summary

There is relative scarcity of published data on LSG conversion to OAGB. Given 
the current popularity of sleeve, it is inevitable that many of these patients will 
seek further metabolic intervention in the course of their lifetime. Given that 
RYGB does not yield clinically meaningful further weight loss in these patients 
and that Duodenal Switch or even Single Anastomosis Duodeno-Ileal Bypass with 
Sleeve Gastrectomy (SADI-S) may be associated with higher complication rates, 
OAGB is an attractive option for these patients.

There is need for high quality data comparing the safety and efficacy of OAGB 
with RYGB , DS, and SADI-S in these patients. Early results with LSG conver-
sion to OAGB seem satisfactory. The procedure is technically simple and is asso-
ciated with a low complication rate. It further appears that conversion from LSG to 
OAGB is safe and likely to provide short- to medium- term improvements in terms 
of weight and comorbidities. The incidence of troublesome reflux however appears 
higher than with primary surgery and merits further investigation.

11  Conclusion

Primary OAGB is an increasingly performed procedure worldwide and is viewed 
by many experts as a valid option for revision after sleeve gastrectomy for patients 
seeking further weight loss or metabolic benefit. The relative technical ease, safety 
and outcomes of primary OAGB make it an attractive revisional options for these 
patients. Longer term, and comparative data are needed.
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1  Introduction

The laparoscopic sleeve gastrectomy (LSG) was introduced in the early 2000s 
as the first step of a bariatric procedure for super-obese and high-risk patients, to 
reduce the high morbidity rate of laparoscopic biliopancreatic diversion/duodenal 
switch [1]. Because of the excellent weight loss, LSG has been validated as a sole 
bariatric procedure. Today, the LSG has become the most common bariatric proce-
dure in the world with almost 2 of 3 patients operated.

This growth can be explained by several advantages that LSG has over more 
complex bariatric procedures that involve the small bowel like RYGBP or duo-
denal switch (DS) with a lower morbidity rate of dumping syndrome and malnu-
trition and without specific complications like small bowel obstruction, internal 
hernia, or marginal ulcers.

Comparable results with other techniques were achieved at 5 years in rand-
omized studies [2, 3].

With an increasing number of LSG performed, the significant issue of weight 
regain is becoming more prevalent and it will represent a major issue that revi-
sional bariatric surgery will need to address in the upcoming years. The long-term 
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weight loss results following LSG are extremely variable, ranging between 40 and 
86% Excess Weight Loss (EWL) [4, 5]. Some authors incriminate the learning 
curve as one of the favorable factors for weight loss failure. Even without a clear 
definition, the percentage of weight regain following LSG must be discussed and it 
has been reported to be up to 35% at 5 years [6].

A second intervention, such as revisional sleeve gastrectomy (ReSG) [7–9], 
RYGB [10], OAGB, or biliopancreatic diversion with DS [11] or its variant SADI 
[12] can be proposed. It is also necessary to know the frequency and causes of fail-
ures of LSG as well as the indications and outcomes of revision after LSG. Each 
team should use a specific algorithm in order to evaluate their results. We have 
previously proposed an algorithm to use for failed LSG [7].

The results of the revisional surgery after LSG may be expected to be inferior 
compared to the primary surgery.

2  Surgical Methods

The posterior approach with the 3-port technique should remain constant [7]. 
Any intraperitoneal attachment between the left lobe of the liver and the anterior 
gastric surface should be carefully dissected. The greater curvature would be dis-
sected next, to expose the previous staple line. All adhesions between the stomach 
and the pancreas should be taken down carefully not to injure the splenic artery 
or the pancreas. Once the mobilization of the stomach is completed, the anesthe-
siologist would insert a 36F orogastric bougie to reach the pylorus, and different 
applications of a linear stapler Echelon 60–4.1 mm (Ethicon Endo-Surgery Inc., 
Cincinnati, OH) would be fired.

All patients should be followed up on an outpatient basis, regularly over the 
entire period. The follow-up should consist of a careful documentation of changes 
in weight and comorbidities. The radiological studies of the patients should be 
reviewed, and the dilatation would be classified as primary or secondary. A pri-
mary or localized dilation is defined as an upper posterior gastric pouch incom-
pletely dissected during the initial procedure due to learning curve or difficult 
cases (super-super-obesity) with poor posterior exposure and incomplete visuali-
zation of the left crus of the diaphragm. A secondary or diffuse dilation is defined 
as a homogeneous dilated gastric tube of more than 300 mL in volume at CT scan 
volumetry, seen later during follow-up.

3  Discussion

The surgical technique of the LSG is one of the major determinants of the suc-
cess of this procedure in term of complications and long-term results. Removal 
of the entire gastric fundus is a key point. The left crus of the diaphragm must be 
systematically visualized. Our technique includes the following: the posterior part 
of the fundus is grasped repeatedly with forceps operated by the right hand, while 
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the left hand releases the stapler and pulls laterally before the stapler is definitively 
clamped and fired [13].

Revisional bariatric surgery after LSG is becoming more common due to the 
rapid increase of number of patients undergoing this procedure as treatment for 
morbid obesity. The problem of the inadequate weight loss and weight regain after 
LSG is an issue as for other bariatric procedures. Some of the existing data in the 
literature is summarized in Table 1. Weight regain after gastric bypass is equally 
prevalent, but the procedure is less performed today due to lack of successful 
options, except for conversion to DS. Hence, LSG is more frequently revised, 
giving the impression that this procedure fails more frequently. Also, it is often 
performed as a two-stage procedure and when the second stage is performed it is 
often considered as a failure, when it is not.

A systematic review of weight regain following bariatric surgery identified five 
principal etiologies: nutritional non-compliance, hormonal/metabolic imbalance, 
mental health, physical inactivity and anatomical/surgical factors [14]. For the 
latter one, Deguines et al. [15] have demonstrated a correlation between residual 
gastric volume and LSG success as defined by %EWL > 50%, BAROS > 3, BMI 
< 35 kg/m2, and/or the Biron criteria. They have proved that with a residual gas-
tric volume > 225 cc, the probability of weight loss failure after LSG was higher. 
Possible explanations for other anatomical LSG failures include the following: 
dilatation of the residual stomach, calibration of the stomach with an excessively 
large gastric bougie, [16] and incomplete section of the gastric fundus (from where 
ghrelin is secreted) [17]. In an experience we had with 39 patients followed up 
for 5 years, the best results were achieved for the 28 patients (71.8% of patients) 
with >50% EBMIL. Analyzing this group of patients, there were 26 out of 28 
patients with primary/localized dilatation and only two patients with secondary 
dilatation. Hence, the primary/localized dilatation represents a positive prognostic 
factor to achieve satisfactory weight loss results following ReSG at long term fol-
low up.

Table 1  Literature review of long-term results following LSG

LSGLaparoscopic Sleeve Gastrectomy; RYGBPRoux en Y Gastric Bypass; DSDuodenal Switch; 
SADISingle Anastomosis Duodeno–Ileal bypass; ReSGResleeve gastretomy; BMI – Body Mass 
Index; EWLExcess weight loss; Yrsyears

Study Journal/year Number of patients Follow up EWL

D’Hondt et al. [15] Surg. Endos/2011 23 26.5% (6 yrs) 55.9

Rawlins et al. [5] SOARD/2013 49 100% (5 yrs) 86

Peterli et al. [16] SOARD/2014 68 91% (5 yrs) 57.4

Boza et al. [17] SOARD/2014 161 70% (5 yrs) 62.9

Lemanu et al. [6] SOARD/2015 96 57% (5 yrs) 40

Himpens et al. [18] SOARD/2016 110 59.1% (11 yrs) 62.5

Noel et al. [19] SOARD/2017 168 69% (8 yrs) 67
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For the LSG, the risk of dilatation in time, with weight loss failure, was a con-
stant source of debate. In a current study 35 patients were isolated with primary or 
localized dilatation (upper gastric pouch), thus a question came up rapidly among 
the authors: has this part of the stomach undergone dilatation or was it incom-
pletely dissected from the beginning? The answer remains unknown; a prospective 
randomized study based on CT scan volumetry would be needed. With the devel-
opment of CT scan gastric volumetry, it will be easier to differentiate between sec-
ondary and primary dilation.

A short literature review on significant data for alternative revisional surger-
ies following LSG is summarized in Table 2. In the setting of weight loss fail-
ure following LSG, many bariatric centers have advocated the LRYGBP as the 
standard revisional procedure, especially in patients with postoperative GERD. In 
our experience, for 5 out of 9 patients who underwent LRYGBP additional revi-
sional surgery following ReSG, the main indication was invalidating gastroesopha-
geal reflux with no or minimal weight regain. In patients with important weight 
regain or insufficient weight loss following ReSG with minimal reflux, the pro-
cedure of choice was SADI. Today we have added the possibility to do OAGB 

Table 2  Literature review of revisional surgery following LSG

LSG—Laparoscopic Sleeve Gastrectomy; RYGBP—Roux en Y Gastric Bypass; DSDuodenal 
Switch; SADI—Single Anastomosis Duodeno–Ileal bypass; ReSGResleeve gastretomy; BMI—
Body Mass Index; EWL—Excess weight loss; Mo—Months;

Study Journal/year Number of 
patients

Revisional 
procedure

Weight loss results

Birch et al. [20] Am J Surg./2017 18 RYGBP Mean BMI dropped from 
40.5 to 36.4

Kim et al. [21] SOARD/2016 48 RYGBP Percentage total weight 
loss at 36 Mo was 6.5%

Crovari et al. [22] SOARD/2016 28 RYGBP Percentage total weight 
loss at 36 Mo was 19.3%

Prager et al. [23] SOARD/2016 11 RYGBP Mean BMI dropped from 
40.6 to 34.7

Berends et al. [24] SOARD/2015 43 25 DS vs 18 
RYGBP

EWL greater for DS 
(59%) compared to 
LRYGB (23%)

Keidar et al. [25] SOARD/2015 19 9 DS vs 10 
RYGBP

EWL greater for DS 
(80%) compared to 
LRYGB (65%)

Torres et al. [12] SOARD/2015 16 SADI mean EWL was 72%

AlSabah et al. [26] Obes Surg/2016 36 12 RYGBP vs 
24 ReSG

at 1 year, EWL was 61,3% 
for RYGBP and 57% 
ReSG

Noel et al. Current series 31 ReSG 58% achieved > 50%EWL 
at 5 years follow up
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for these patients without major acid reflux. The long-term results of LRYGBP as 
a revisional procedure following LSG, are disappointing in term of weight loss. 
The reported percentage of total weight loss at 36 months following revisional 
LRYGBP varies between 6.5 and 19.3% [18, 19]. There is only one comparative 
study between LRYGBP and ReSG as revisional surgery following LSG. Al Sabah 
et al. [21] have reported similar weight loss results one year after revisional sur-
gery with an EWL of 61.3% for LRYGBP and 57% for ReSG.

Consensual opinion exists concerning the superior weight loss obtained with 
the DS compared with LRYGBP, as revisional surgery following LSG. Berends 
et al. [22] reported 25 patients with revisional DS with an EWL of 59%, 3 years 
after the surgery, compared with 23% EWL following revisional LRYGBP. 
Similarly, Keidar et al. [23] reported an EWL of 80% following DS and 65% fol-
lowing LRYGBP. The interest in using this approach in the treatment of recurrent 
morbid obesity following LSG has grown with the widespread of SADI. Torres 
et al. [12] have reported the first 16 patients with revisional SADI with an EWL of 
72%.

4  Conclusions

At 5 years postoperative, the ReSG as a definitive bariatric procedure remains 
effective in the majority of patients. For the patients who did not require an 
additional procedure after resleeve, the success rate of EBMIL >50% is usually 
high. The results appear to be more favorable especially for the non-super-obese 
patients and for primary or localized dilatation. For patients with a global dilata-
tion of the SG the procedure of ReSG should be avoided. ReSG remains a path-
way rescue after a technical mistake during the first LSG and is an acceptable 
bariatric procedure with low long-term complication rates. Further prospective 
clinical trials are required to compare the outcomes of ReSG with those of RYGB, 
OAGB or SADI for weight loss failure after LSG.
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1  Introduction

Laparoscopic Sleeve Gastrectomy’s (SG) is the most common weight loss proce-
dure performed in the United States (US), Europe, Asia, Middle East and North 
Africa [1]. In the US, as of 2018, over 61% of bariatric procedures performed are 
SG [1]. Despite similar mid-term effectiveness of primary SG and lower rates of 
complications compared to Roux-en-Y gastric bypass (RYGB), long term out-
comes show that many patients may need revisional surgery after SG mainly for 
weight regain or gastroesophageal reflux disease (GERD) [2, 3]. In this chapter 
we will review the indications, preoperative workup, operative technique and out-
comes of conversion of SG to RYGB.

2  Indications for Conversion of SG to RYGB

There are no randomized controlled trials, systematic reviews or meta analyses 
comparing conversion of SG to RYGB to other procedures. In addition, most of 
the series comparing conversion of SG to RYGB are small series (18–77 patients); 
with the exception of few matched controlled studies or multi center studies.  
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The most common reason to covert SG to RYGB is due to the development of 
GERD because RYGB is more effective in treating GERD than biliopancreatic 
diversion (BPD), BPD-duodenal switch (BPD-DS), single anastomosis duodeno-
ileostomy (SADI) or one anastomosis gastric bypass (OAGB) [2, 3]. In contrast, 
several studies report that conversion of SG to RYGB is not as effective for weight 
regain as described in a study by Parmar et al. [4]. Similarly, a multi-center study 
from the Netherlands by Dijkhorst et al. compared conversion of SG to RYGB  
or SADI [5]. It was able to demonstrate that RYGB was very effective for the  
resolution of GERD. However, SADI was more effective than RYGB for conver-
sion from SG for weight regain, with a similar complication rate and higher rate of 
nutritional deficiencies after SADI (34%) compared to RYGB (26%) [5].

The high incidence of GERD and the potential for Barrett’s esophagitis 
was first highlighted by Genco et al. in 2016 [2]. In his landmark paper, Genco 
reported that 5 years after SG, 68% of 110 patients presented with GERD versus 
33% preoperatively and proton pump inhibitor (PPI) intake also increased to 57 
from 19% preoperatively while 17.2% of patients developed Barrett’s esophagi-
tis2. Similarly, Mandeville et al. followed 100 patients after SG over 8.5 years and 
was able to show that 50% of patients developed severe reflux up from 17% pre-
operatively [6]. In this series, after conversion of SG to RYGB, 57% of patients 
converted had complete resolution of GERD symptoms [6]. There are other rea-
sons to convert SG to RYGB. For example, a study by Landreneau et al. reported 
on patients converted for SG complications (47.2%), planned two-stage approach 
(40.5%) and weight regain (12.4%) [7]. Similarly, a multi-center study by Boru 
et al. revealed that 50% of patients converted were due to GERD, 40% IWL/WR 
and 10% GERD and IWL/WR and GERD resolution was 83% after conversion 
from SG to RYGB [8].

3  Pre-Operative Work-Up

Prior to converting SG patients to RYGB or other procedures, a thorough evalu-
ation is required to evaluate the anatomy of SG, objective assessment for GERD, 
assessment of patient’s compliance and nutritional status. To assess the anatomy 
of SG, an upper endoscopy (EGD) is often used to check the presence of a hiatal 
hernia, size of the SG pouch, presence of strictures or proximal migration of the 
Z line. In addition, an upper gastrointestinal (UGI) series is often used to estimate 
the function of the SG as well as the presence of any esophageal dilatation.

To objectively assess for the presence of GERD, one must not depend on symp-
toms as they are misleading. Objective assessment utilizing esophageal manom-
etry and pH testing is necessary to document the presence or absence of GERD 
after SG. Finally, all patients considered for conversion of SG to RYGB or other 
procedures need assessment of their compliance to follow-up, behavioral and 
dietary recommendation of the dietitians and obesity medicine specialists as well 
a complete nutritional evaluation to assess for deficiencies can affect a patient’s 
morbidity and quality of life.
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4  Operative Technique for Conversion of SG to RYGB

The technical aspects of converting SG patients to RYGB involve important steps 
including always looking for a hiatal hernia (especially on the left side), using 
a higher surgical staplers height to compensate for thickness of the SG tissue as 
well as liberal over-sewing of the staple lines, utilizing the patients current BMI 
and prior weight loss success in deciding the length of the BP limb (100 cm up 
to a maximum of 1/3 of the small bowel up to 250–300 cm) [9]. For example, 
Nergaard et al. evaluated 187 primary RYGB patients randomized to a long BP 
limb (200 cm) versus a short BP limb (60 cm) over a median follow-up of 70.6 
months[10]. Median pre-operation BMI was 44 kg/m2. At 2-years post-RYGB, the 
long BP limb group had a higher mean EBMIL% of 88.5% compared to the short 
BP limb group at a mean EBMIL% of 77.7% [10]. A difference between groups 
was maintained throughout the study period and at 7 years post-surgery even in 
the superobese (BMI > 50 kg/m2) [10]. However, nutritional deficiencies were 
more common in the long BP limb group (17–67%) compared to the short BP 
limb group (3.5–52%) [9]. In addition, others have shown that significant nutri-
tional deficiencies (requiring hospital admission) can occur if the BP limb is made 
too long and studies have suggested that BP length over 200 cm may redispose 
patients to hospitalization [11].

5  How Common Do SG Patients Need Conversion 
to RYGB

It is difficult to council SG patients about the true incidence of conversion of SG 
to RYGB due to the lack of large series with long-term follow up. Nevertheless, 
Felsenreich et al. followed 96 patients for 10-years after SG and reported that 14% 
of SG patients were converted to RYGB due to GERD [12]. In addition, 38% of 
SG patients had symptomatic GERD but did not undergo revisional surgery [12]. 
The authors updated their study in 2018, and the conversion rate increased from 14 
to 33% while the number of symptomatic patients who did not undergo revisional 
surgery increased from 38 to 57% [12]. Similary, Chang et al. reported on a series 
of SG patients with a 10-year follow-up. In this series 50% had de novo GERD 
symptoms and 21.5% needed revision to RYGB [13].

It appears that conversion of SG to RYGB leads to improvement in GERD 
symptoms, more weight loss and improvement of obesity related medical prob-
lems. For example, a Canadian study by Yorke et al. evaluated 273 SG for a mean 
of 41.8 months and 6.6% needing conversion to RYGB [14]. Reasons for conver-
sion were inadequate weight loss (65.3%) and severe reflux (26.1%) [14]. The 
mean BMI after conversion was 36.4 kg.m2, down from a mean BMI of 50.5 kg/m2  
preoperatively [14]. Similarly, Parmar et al. reported that conversion of SG to 
RYGB over a 3-year period with 16 month follow-up yields benefits for resolv-
ing GERD but not for further reducing weight [4]. Reasons for conversion were  
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GERD in 45.5% (pre-conversion BMI 30.5) and IWL/WR in 50% (pre-conversion 
BMI 43.3) [4]. All patients converted for GERD noted improvement in their symp-
toms, with 80% stopping their medications altogether [4]. In the IWL/WR group, 
the BMI drop was 2.5 point after 2 years similar to the BMI drop in the GERD 
group (2-point drop) [4].

6  Conversion of SG to RYGB Versus Other Procedures

In patients with weight regain post-SG, the BMI at the time of the conversion 
plays an important role in which procedure is recommended and patients with 
super obesity (BMI>50 kg/m2) are not recommended to undergo conversion of 
SG to RYGB. This is particularly important since weight loss is lower in patients 
undergoing conversion of SG to RYGB and the rate of complications is higher 
than primary RYGB. For example, Malinka et al. compared outcomes of revisional 
RYGB vs primary RYGB [15]. The percent excess weight loss was higher in the 
primary group (74 ± 23%) versus the revisional group (52 ± 26%) at 3 years. With 
similar resolution of comorbidities such as diabetes and hypertension[15].

A study by Dijkorst et al. evaluated 140 patients after conversion of SG to 
RYGB or Single Anastomosis Duodenoileal Bypass (SADI) [5]. At 2 years, SG 
patients converted to SADI had 20% more total weight loss than those converted 
to RYGB [5]. The SADI group however also had more nutritional deficiencies 
than the RYGB group, 34 versus 26% [5]. Similarly, Homan et al. evaluated out-
comes of SG patients converted to RYGB versus biliopancreatic diversion with 
duodenal switch (BPD/DS) [16]. The primary reasons for conversion were inade-
quate weight loss in 40% and weight regain in 19% [16]. After 34 months, median 
excess weight loss was 59% in BPD/DS and 23% in RYGB and nutritional defi-
ciencies were more significant in patients converted to BPD/DS [16]. Likewise, 
Shimon et al. also studied the outcomes of SG patients converted to RYGB or 
BPD/DS for insufficient weight loss [17]. The mean follow-up was 49 months and 
conversion to RYGB led to lower BMI reduction of 8.5–31.9 kg/m2 compared to 
SG conversion to BPD/DS BMI reduction of 12.8–31.9 kg/m2 [17].

7  Conclusion

The data suggests that an important component in the decision making of convert-
ing SG patients to RYGB vs other procedures should be balancing the amount of 
weight loss desired with potential side effects such as diarrhea, steatorrhea and 
nutritional deficiencies that may lead to additional complications. Complications 
such as osteoporosis due to severe vitamin D deficiency or iron deficiency ane-
mia. It appears that converting a SG patient to RYGB will have less weight loss 
than conversion of SG to SADI or BPD/DS but SG patients converted to RYGB 
tend to suffer fewer nutritional deficiencies compared to SG patients converted to  
BPD/DS.
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1  Introduction

The prevalence of obesity has been increasing steadily over the last decades. It 
is predicted to reach 18% in men and 21% in women globally by 2025 [1]. For 
most individuals with severe obesity, lifestyle interventions, perhaps effective in 
inducing short-lived weight loss, are ineffective for long-term weight loss main-
tenance and durable metabolic recovery. For example, the vast majority (74%) of 
individuals with severe obesity undergoing intensive lifestyle intervention in the 
Look AHEAD trial did not maintain a weight loss greater or equal to 10% of ini-
tial body weight after 4 years [2]. Bariatric surgery represents the best option for 
these individuals, including patients with poorly controlled type 2 diabetes (T2D), 
with the demonstration that it is more effective than standard medical approaches, 
including use of medication and dietary counselling [3–6].

Among the weight-loss surgeries commonly performed around the world, a 
version of the biliopancreatic diversion with duodenal switch (DS, Fig. 1) was 
developed by our team in the early 90’s [7, 8]. This modification was based on 
animal studies by DeMeester et al., who originally described duodenal switch pro-
cedure for the treatment of bile gastritis [4]. Our experience in a series of 2,615 
consecutive DS patients followed up to 20 years (median follow-up of 8 years) has 
shown excellent results in terms of weight loss and metabolic recovery [9]. This 
operation offers one of the most pronounced and durable weight loss (71% excess 
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weight loss), and 80–90% remission rates for T2D [9, 10]. Yet, the technical com-
plexity of this operation and the risk for long-term nutritional deficiencies has 
hindered its widespread use. According to the most recent data, DS represented 
1.1% of the total number of surgeries worldwide and 5–6% of all bariatric oper-
ations in Canada [11, 12]. Conversely, sleeve gastrectomy (SG) now represents 
46% and 58% of all surgeries in the world and North America, respectively [11].  

Fig. 1  Biliopancreatic diversion with duodenal switch (DS)
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It was initially offered as part of a staged-approach for standard DS, but has rap-
idly gained popularity as a stand-alone procedure [11, 13, 14]. SG is technically 
easier with less side-effects, but also has a much higher rate of weight regain 
and T2D relapse, especially in individuals with well-established disease [10]. 
Consequently, many bariatric centers are now faced with significant proportions of 
SG patients with insufficient weight loss and diabetes relapse. An increasing rate 
of revisional surgery has been witnessed in the US over the last few years [15]. 
This is where second-stage Duodenal Switch (DS) will play an increasing role as 
one of the most effective surgical options for patients with SG failure.

2  Preoperative Assessment

Classical indications for revisional surgery include patient that are (a) still meet-
ing the initial criteria for obesity surgery, as defined in the 1991 NIH consensus  
guidelines [16]; (b) have insufficient weight loss, defined as an Excess Weight 
Loss (EWL) under 50%; (c) have experienced as significant weight regain of 
25% EWL or more or d) for the management of a significant, potentially revers-
ible comorbidity. In addition, revision to DS should not be considered before SG 
patients are weight stable with a minimal follow-up of 18 and 24 months.

Upper GI endoscopy is part of the routine evaluation to rule-out  oesophageal 
or gastric pathology (ie Barrett’s oesophagus) and to assess gastric volume. Other 
gastric volume assessment techniques, like CT-Scan volumetry or upper-GI  
swallow are done to rule-out technical errors, for example fundus enlargement, 
and assess the SG volume. Our preferred option however, to obtain significant 
long-term weight loss, is to convert patients to DS. Conversion to Roux-en-Y 
Gastric Bypass (RYGB) is considered for the management of refractory reflux, 
complications (i.e. stenosis or chronic fistula) or control of comorbidities, and not 
when significant weight loss is required. We only consider doing a re-sleeve in 
patients with significantly enlarged stomach who are not candidates or willing to 
undergo a DS.

Other pre-operative evaluation includes a standard multidisciplinary evalua-
tion, with a bariatric surgeon, bariatric nurse, and a dietician. The dietician should 
be experienced with DS to educate patients on the recommended long-term  
post-operative diet (high-protein, >90gr per day with very low-fat diet). Before 
surgery, a low-calorie diet can also be used to decrease the size of the liver and 
the amount of intraperitoneal fat. A psychiatric or psychological evaluation is 
requested for patients with a history of mental health illnesses or when clinically 
indicated. Screening for diabetes, dyslipidemia and obstructive sleep apnea is per-
formed and treatment is initiated.

Preoperative blood work consists of a complete blood cell count, ions, creati-
nine, liver enzymes, albumin, calcium, parathyroid hormone, vitamin D, vitamin 
A, vitamin B12, Thyroid Stimulating Hormone and iron panel. All patients receive 
a multivitamin complex with B1 supplement (ie Centrum Forte©) a few months 
before surgery and vitamin D3 (10,000U per day for 1 month followed by 1000 



L. Biertho et al.568

U per day until surgery). Other vitamins and minerals deficiencies are corrected 
before surgery.

3  Surgical Technique

The patient is positioned in a split leg position with both arms open. 
Thromboprophylaxis is given 2 hours prior to surgery and antibiotic-prophylaxis 
at induction (Heparin 5,000U s/c and Cefazolin 2 to 3 g for patients below and 
above 120 kg, respectively). Pneumatic compression devices are used during the 
procedure and until patients are walking. The surgeon stands between the patient’s 
legs, with the assistant at the patient’s left (Fig. 2).

A long Veress needle (15 cm) is first inserted in the left upper quadrant to cre-
ate a 15 mmHg pneumoperitoneum. A 5-mm or 10-mm optical trocar is used to 
enter the abdominal cavity under direct vision, 2 handbreadths under the xyphoid. 
One 12-mm ports is placed at the same level in the left flank. A 5-mm port is 
placed in the right flank and at the epigastria for the liver retractor, in the left upper 
quadrant for the assistant, and in the left flank for the infra-mesocolic part of the 
procedure. Trocart position is described in Fig. 3.

The first step of the procedure is to release adhesions from the previous sleeve 
and confirm feasibility of the duodenal switch. Usually, when a patient has lost 
a significant amount of weight after the SG, the working space and length of the 
mesentery are sufficient to perform a DS. In rare occasions (ie extensive adhesions 
in the lower abdomen, chronic cholecystitis, significant weight regain after SG or 

Fig. 2  Operative room setup
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complex ventral hernia), the surgery may be postponed and weight loss obtained 
through medical/nutritional therapy before considering a second-stage surgery.

3.1  Duodenal Dissection

The relationships between the duodenum, pancreatic head, common bile duct and 
gastroduodenal artery should be familiar. A liver retractor is placed to retract seg-
ment IV and V of the liver and expose the first duodenum and pylorus. Mayo’s 
vein, located at the inferior edge of the pylorus can be useful to identify the 
pylorus. The antrum is retracted to the patient’s left to bring the first portion of the 
duodenum towards midline. The peritoneum is opened above and below the first 
duodenum. The common bile duct is often seen at the superior edge of the duode-
num and represents a good landmark for dissection. Two different techniques can 
be used to mobilize the duodenum.

Gastro-duodenal approach: the dissection starts on the antrum and the gas-
trocolic ligament is released, past the pylorus. The pyloric artery can be con-
trolled with clips. The posterior attachments of the duodenum are dissected to  
mobilize the first 3 to 4 cm of duodenum. The gastroduodenal artery, which lies  
at the posterior aspect of the first duodenum, marks the distal end of the dissec-
tion. 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 win-
dow to retract the duodenum. That window is slightly enlarged to accommodate 
the anvil of a linear stapler and an Echelon Flex with a blue cartridge or Endo-
GIA tri-staple is passed through the 12-mm port in the left flank, to transect the 
duodenum.

Fig. 3  Trocar position for second-stage duodenal switch
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Direct duodenal approach: This approach can be quicker, especially in  
second-stage surgery patients with significant weight loss. The duodenum is 
retracted medially by pulling the antrum to the left. The surgeon pulls the duo-
denum up and the peritoneum is opened 3–4 cm distal from the pylorus on the 
lower and the upper aspect of the duodenum. A window is created at the inferior 
part of the duodenum, 3 to 4 cm distal to the pylorus. Blunt dissection is used to 
identify the plane between the posterior duodenal wall and the pancreas (Fig. 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. 5).

3.2  Small Bowel Transection

The patient is placed in a head-down position with a slight tilt to the patient’s left 
and the operating surgeon move to the patient’s left. The 2 lower trocars in the 
left flank are used. The ileocecal junction is identified and adhesions between 
the ascending colon and the omentum are released. The ileum is measured from 
the ileo-caecal valve, using small bowel graspers (the length of our grasper’s jaw 
is 5 cm). The small bowel is first marked at 100 cm from the ileocecal junction, 
using a large clip on each side of the mesentery to mark the location of the future 
ileo-ileostomy. The small bowel is then run another 150 cm and a Penrose drain 
is passed below the small bowel for retraction. The alimentary limb is identified 
directly using a metal clip on the mesentery to maintain orientation. The small 
bowel mesentery can be opened a few centimeters to decrease tension on the duo-
denal anastomosis.

Fig. 4  The duodenum (a) is lifted up and the retro-duodenal window is created above the pan-
creatic head (b), 3-cm distal from the pylorus (c)
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3.3  Duodeno-Ileal Anastomosis

The patient is now placed in head-up position and the surgeon goes back between 
the patient’s legs. The alimentary limb is brought to the right upper quadrant in 
an antecolic fashion and approximated to the transected duodenum. The Penrose 
drain is used for retraction and placed to the left of the anastomosis. A handsewn 
end-to-side anastomosis is then created with 23-cm 3–0 absorbable V-Loc sutures. 
The first posterior layer is created to approximate the antimesenteric side of the 
small bowel to the duodenum (Fig. 6). The intestinal lumens are opened and the 
back wall of the anastomosis is sewn using the same suture. The anterior layer of 
the anastomosis is then created, starting from the top of the anastomosis (Fig. 7). 
The 2 running sutures are crossed or tied together. The anastomosis can be tested 
by insufflating air through a nasogastric tube or with an endoscope. This also 
allows testing the patency of the anastomosis. The small bowel is then transected 
using a linear-stapler passed through the mesenteric window at the level of the 
Penrose.

3.4  Ileoileal Anastomosis

The patient is placed head-down and the surgeon goes to the patient’s left. The 
ileoi-leal anastomosis is created 100 cm from the ileocecal valve. The biliary 
limb is attached to the ileon using a 2–0 Vicryl in an antiperistaltic technique  
(Fig. 8). The stitch is retracted to the patients’ right and an enterotomy is made on 
the anti-mesenteric side of the marked ileon, at 100 cm, and the biliopancreatic 
limb. A 3 to 4 cm 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 

Fig. 5  The duodenum (a) is transected 3 cm distal from the pylorus (b)
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of 3–0 V-Loc suture, starting from the mesenteric side (Fig. 9). The small bowel 
is then retracted to the right upper quadrant using the Vicryl stay suture. The mes-
enteric window is closed using a nonabsorbable 2–0 Prolene suture. The Petersen 
window is also closed using a 2–0 Prolene suture. The patient is placed head up 
and the assistant lift the transverse colon up. The alimentary limb is placed in the 
right flack to expose Petersen’s defect. A routine cholecystectomy and liver biopsy 
are performed at the end of the surgery and the pneumoperitoneum is exsufflated 
under direct vision.

Fig. 6  The first posterior layer is created using 3–0 absorbable suture, to approximate the ileon 
(a) to the first duodenum (b)

Fig. 7  Anterior layer of the anastomosis, starting from the top of the duodenum



Revisional Surgery: Second-Stage Duodenal Switch 573

4  Post-Operative Care

Regular subcutaneous heparin is started 6 hours post surgery and patients are 
switched to a low-molecular-weight heparin on postoperative day 1. Pneumatic 
compression devices, incentive spirometry and non-invasive airway support are 
also used. Patients are started on water the day of surgery, and full liquids on 

Fig. 8  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. 9  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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postoperative day one. Typical discharge is on postoperative day three with a 
liquid diet for two 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 (Actigall, Ciba-Geigy, Summit, New Jersey), 250 mg PO twice a day for 
6 months. Daily vitamins and mineral supplementations are started within the first 
month: ferrous sulfate, 300 mg; vitamin D3, 20,000 IU; vitamin A, 30,000 IU; cal-
cium carbonate, 1000 mg and a multivitamin complex. Supplements are adjusted 
over time and education in consuming a high-protein diet is reinforced. Patients 
are followed with bloodwork (similar to pre-op) at 4, 8, 12, 18 and 24 months and 
annually thereafter. Fasting glucose, Haemoglobin A1C and lipid panel is done 
every year.

5  Surgical Outcomes

Five-year efficacy of SG has been confirmed in recent randomized controlled tri-
als, however, 10-years good quality data is still missing. In the largest RCT trial, 
240 patients (mean age of 48 [SD, 9] years and BMI of 46, [SD, 6]), were rand-
omized to SG or RYGB. At 5 years, EWL was 49% (95% CI, 45%-52%), remis-
sion rate for T2D was 37%, dyslipidemia 47% and hypertension 29% [17]. These 
results are similar to other prospective trials [18–20] and illustrate the need for an 
effective revisional option for patients with suboptimal SG outcome. Second-stage 
DS offers such an option and has the advantage, compared to conversion to RYGB 
or re-sleeve, of a relatively simple procedure, avoiding scarred tissues at the level 
of the previous sleeve and approaching obesity in a stepwise approach.

A study recently reported on medium term outcomes with second-stage 
DS [21]. All patients who had a second stage DS with a minimal follow-up of 
2 years were matched 1:1 for age, sex, BMI and year of surgery, with a group 
of patients who had a single-stage DS (Table 1). A total of 118 patients were 
included (59 in each group) and there was no significant difference in initial 
BMI (53.8 ± 9.7 vs. 52.7 ± 7.8 kg/m2, P = 0.4), age and sex ratio between the 2 
groups. Interestingly, the overall 90-days major complication rate of 2-stages 
DS was not significantly different from single-stage DS (2% after SG, 5% after 
second-stage DS and 5% after single-stage DS). EWL was 39 ± 17% at the time 
of conversion. After second-stage DS versus single-stage DS, EWL increased to 
75 ± 18% versus 88 ± 18% at 1 year (p = 0.00021), 80.2 ± 17% versus 92.3 ± 14% 
at 2 years (p = 0.002), and 80.2 ± 18% versus 87.2 ± 16% at 3 years (p = 0.6) 
(Fig. 10). Remission rate for T2D increased from 59 to 94% after second-stage 
DS (p = 0.001), similar to the remission rate in the single-stage group, at 94%. 
Remission of hypertension increased from 42 to 77% after second-stage DS 
(p = 0.03), compared to 71% with single-stage DS (P = 0.8). In addition, second-
stage DS was highly effective in controlling patients with T2D on insulin, with a 
remission rate of 80% (from 15% after SG).

Other series of staged DS have reported similar weight and metabolic benefits. 
Homan et al. [22] reported a retrospective series of SG patients converted to either 
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RYGB (n = 18) or DS (n = 25). The additional median EWL was significantly 
greater for DS (59% [range 15–113]) compared to RYGB (23% [range −49–84], 
p = 0.008) at 34 months (range 14–79).

Iannelli et al. [23] also published a retrospective series of patients with 
an initial BMI≥ 50 kg/m2 who underwent either single or 2-stage approach. 

Table 1  Remission rate of obesity related comorbidities

Data are reported as percentages (n). A Chi-square or Fischer exact test was used to compare SG 
to DS (a) and 2nd Stage to DS (b).

Variable SG 2nd Stage DS 1-stage DS (32) pa/pb

T2D (n) 34 34 32

Improved 41% [14] 6% [2] 6% [2] 0.001/1

Remission 59% [20] 94% (32) 94% (30) 0.001/1

T2D on insulin (n) 12 12 7

Improved 83% [10] 17% [1] 29% [2] 0.04/0.6

Remission 17% [2] 83% [10] 71% [5] 0.04/0.6

Hypertension (n) 31 31 28

Unchanged 9 (29%) 13% [4] 4% [1] 0.01/0.4

Improved 9 (29%) 10% [3] 25% [7] 0.7/0.8

Remission 13 (42%) 77% [24] 71% [20] 0.03/0.8

OSA (n) 39 39 41

Unchanged 14 (36%) 2 (5%) 17% [7] 0.07/0.2

Improved 11 (28%) 7 (18%) 22% [9] 0.6/0.6

Remission 14 (36%) 14 (36%) 61% [25] 0.03/0.02

Fig. 10  Percentage of excess weight loss (mean ± Standard Deviation) over time following one-
stage and two-stage DS. Number of data available (1-stage/2-stages) at: T0 (59/59), 6 m (51/50), 
12 m (56/54), 18 m (30/45), 24 m (45/54), 36 m (40/57), 48 m (30/45), 60 m (27/27), 72 m 
(17/17). Mean EWL at the time of conversion was 51%
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Second-stage DS was required in 39 patients and EWL reached 73% ± 14%, simi-
lar to patients who had a single-stage DS (73% ± 18%).

Overall, these results confirm the medium-term efficacy of a two-step approach, 
in terms of additional weight loss, remission rate of comorbidities and quality of 
life. The overall complication rate of the staged-approach, compared to single-
stage DS, needs to be better defined but is likely inferior. The question of eco-
nomic burden, loss of productivity, surgical costs and timing (early versus late 
revision) is still unanswered.

However, the problem with DS is not as much the efficacy than the risk of long-
term nutritional deficiencies and side-effects. In our experience [21], the rate of 
moderate protein malnutrition was low, at 1.7%; and was not significantly differ-
ent from that of patients undergoing a single-stage DS. The two-step approach 
could potentially improve the selection of patients who are compliant to follow-
ups, blood work prescriptions and vitamin supplementations. When protein malnu-
trition occurs, it can usually be managed through nutritional consultation, protein 
supplements and pancreatic enzymes (ie Cotazyme 10000U, 2co with meals). 
When medical treatment is insufficient or for patients with some chronic medi-
cal conditions that are unlikely to improve (ie alcoholism, drug addiction, mental 
illness), surgical revision can be needed. In a series of 2615 primary DS with a 
mean follow-up 9.8 ± 4.8 years, readmission for protein malnutrition was needed 
in 8% of cases, including placement of feeding jejunostomy in 1.8% and lengthen-
ing of the common channel in 1.4% of cases.

The place of Single-Anastomosis Duodenal Switch (SADI) is beyond the scope 
of this chapter but could represent an option to decrease side-effects and protein 
malnutrition rate. It was described in 2011 by Sanchez-Pernaute and Torres [24], 
and consists in connecting the last 250 to 300 cm of distal ileon to the duodenum, 
as an omega loop. The outcomes of second-stage SADI are extremely scarce, how-
ever. In a series of 16 patients who underwent two-stages SADI-250 cm [25], the 
EWL increased from 39.5 to 72%. Two-years data were however available in only 
5 patients. Remission rate for T2D was 88, 60% for hypertension, and 40% for 
dyslipidemia. Long-term data is still lacking and drawing conclusion from the 
literature on DS for long-term benefits of second-stage SADI is clearly biased. 
Prospective data on second-stage SADI are urgently needed to clarify the risk ver-
sus benefits of this option.

6  Conclusion

Second-stage DS represents an effective option for patients with SG failure, with 
an additional 41% EWL and 35% cure rate for T2D. Staged approaches could 
also improve selection of candidates for DS and simplify the surgical technique 
and early outcomes. The selection of patients that would benefit the most from a 
staged-approach is however not yet perfectly defined and single-stage DS remains 
a standard option for patients with severe obesity and long-lasting comorbidities. 
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Protein malnutrition remains a long-lasting risk and long-term follow-up is man-
datory. Overall, the medium-term outcomes of a staged approach seem similar to 
single-stage DS and represent the most effective option for the management of 
obesity-related diseases and weight loss for patients with SG failure.
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1  Introduction

Obesity and diabetes comprise a great health epidemic, involving millions of  
people. Morbid obesity, however, is a problem that cannot be prevented by a 
healthy diet and exercise alone [1]. Recently, Second Diabetes Surgery Summit 
(DSS-II), had recommended inclusion of bariatric/metabolic surgery among 
glucose-lowering interventions for select patients with type 2 diabetes mellitus 
(T2DM) and obesity [2]. The mechanism in which this weight loss and control of 
metabolic syndrome is attained involves a detailed understanding of the way the 
gut anatomy is modified, interconnected with the role of gut hormones and micro-
biota [3, 4]. Metabolic surgery represents the new hope to control both diseases in 
one shot. The concept of metabolic surgery involves operations and procedures to 
treat metabolic diseases, such as T2DM [5]. These procedures encompass operat-
ing on normal organs to procreate effects beneficial to treat medical health prob-
lems. Bariatric surgery now represents a developed form of metabolic surgery that 
is used on a large scale to fight obesity and metabolic syndrome through more than 
50 implemented surgical operations [6–8]. However, recently it has been reported 
that up to 10–50% of inadequate weight loss or weight regain patients who under-
went an initial restrictive bariatric procedure will require another secondary bariat-
ric surgical rescue operation [9].
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2  Rationale for Another Bariatric Surgical Procedure 
Following Sleeve Gastrectomy

Sleeve gastrectomy (SG) is mainly a restrictive procedure that has become one of 
the most commonly performed stand-alone bariatric operations due to its efficacy 
in achieving weight loss and attractive improvement of comorbidities, easiness to 
perform, better quality of life, and absence of complications of other complex pro-
cedures like marginal ulceration, internal herniation, malabsorption and dumping 
syndrome [10]. However, with the higher number of SGs performed and availabil-
ity of long term results, a higher appearance of post SG consequences will become 
present that raise alarm, like sleeve stenosis, intractable severe reflux, or suboptimal 
results such as weight loss failure (inadequate weight loss and weight regain espe-
cially in super obese) and inadequate remission or relapse of T2DM [11]. This leads 
predominately to revision of the gastric sleeve or a conversion to a diversion pro-
cedure such as Roux-en-Y Gastric Bypass (RYGB), Mini Gastric Bypass (MGB), 
Single-anastomosis Duodeno-Ileal Bypass with Sleeve (SADI-S), or Duodenal 
switch (DS). Some identified causes of weight regain following SG in patients at 
least 2 years post-surgery include: a large retained fundus, increased ghrelin levels, 
inadequate follow-up support, and maladaptive lifestyle behaviors [12].

3  Options of Secondary Bariatric Procedures Following 
Suboptimal Sleeve Gastrectomy Results: What is 
the Rightful Choice?

Although revisional bariatric surgery is usually complex, technically demanding 
and riskier in terms of postoperative complications than that of primary proce-
dures, with a perioperative morbidity rate of 19–50% [13]; it can be done safely 
by well-trained experienced bariatric surgeons in special bariatric centers [14]. 
Revisional surgery rates following SG are variable worldwide; it accounts for 
about 1.1% of bariatric procedures over a 6 year follow-up as proven in a Swedish 
study, 1.7% over 6 years in a high volume center in the US, up to 4.2% in Norway 
over 5 years, 6.4% in a study from Turkey over 7 years, and 6.6% over 7 years  
in a Canada center [9, 10, 15–17]. Re-sleeve gastrectomy is suitable only for 
patients with large gastric pouch after the original sleeve. However, it has higher 
risk of complications such as gastric fistula formation compared to the primary 
sleeve procedure that may be difficult to manage, and is also of lower efficacy 
in comparison to other revisional procedures like DS [18, 19]. Reversal of SG to 
RYGB also carries problems, such as inability to monitor gastric residue by upper 
gastro-intestinal endoscopy keeping it under risk, lack of access to biliary tract, 
complete exclusion of the duodenum and proximal jejunum leading to calcium 
and iron deficiencies, complete bypassing of the pylorus leading to dumping syn-
drome, and increased risk of internal hernias due to mesenteric division [20, 21]. 
MGB has recently come into light, becoming a familiar competitive procedure in 
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the last decade because of its effectiveness, however, has approximately the same 
limitations, in addition to alkaline reflux gastritis [22, 23].

Research recently shed light on the correlation between gastrointestinal 
physiology and the metabolic pathways in response to operative and anatomi-
cal changes of the classic restriction and/or malabsorption mechanisms [24]. 
Biliopancreatic diversion with duodenal switch (BPD-DS) effects can be explained 
by neurohormonal modulation and alterations of the microbiota and bile salt 
metabolism resulting from initial and strong distal intestinal stimulation, making 
malabsorption an unnecessary and avoidable side effect [25]. This understanding 
helped form the current surgical set up as well as create future possibilities for 
metabolic surgery [26].

Although classic malabsorptive operations such as the BPD-DS are the most 
effective surgery’s known given that they promote the best weight loss [90% 
excess weight loss (EWL)], and glycemic control than other techniques [27], its 
greater technical complexity, gastrointestinal complications and long-term nutri-
tional risks that requires long-life follow up have limited its use [28].

SADI-S is a loop modification of the BPD-DS [29]. Malabsorption is relatively 
lower compared to BPD-DS because the common channel length is between 200 
to 250 cm, and has even been recently increased to 300 cm to lessen hypoalbu-
minemia and dramatic malabsorption effects, but it is still considered a procedure 
causing concern in several patients [30, 31]. Furthermore, access to the biliary 
tract is lost in the SADI-S procedure. These procedures that are dominantly diver-
sion related may result in atrophy of the mucosa. This is proven histologically by 
the flattening of intestinal villi and an increase in mitotic frequency, which may be 
followed by bacterial translocation and hepatic decompensation of already altered 
hepatic function by nonalcoholic fatty liver disease in obese patients [32, 33]. 
Additionally, proximal intestinal exclusion will initiate increased secretion and 
unopposed incretin action that eventually leads to the risk of hypoglycemia. That, 
plus the continuing weight loss adds to the malabsorptive effect [34].

4  The Rising Concept of Bipartition in Bariatric Surgery

Santoro et al. [35] introduced new operative modifications to the BPD-DS in the 
year 2003 making it safer and easier to perform, with comparable dramatic weight 
loss and comorbidity resolution, while reducing its adverse effects. The procedure 
entails sleeve gastrectomy with transient intestinal bipartition (SG-TB), in which a 
gastro-ileal anastomosis in a Roux-en-Y fashion is done to the pre-pyloric region, 
at a point 250 cm from the ileocecal junction reconstruction. This technique differs 
from the classic BPD-DS given that there is no exclusion of intestinal segments. The 
purpose of this new surgical technique is to promote only a partial exclusion of the 
proximal bowel and to boost early distal intestinal stimulation [36]. In addition, the 
preservation of some duodenal food flow has many advantages like nutritional pro-
tection, ensuring full access to the digestive tract, maintaining proximal protective 
mechanisms against hypoglycemia and micronutrient absorption capacity [36, 37].
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5  Single Anastomosis Sleeve Ileal (SASI) Bypass: 
Pathophysiological Merits and Role in Weight 
Reduction and T2DM Remission

SASI bypass was born as a loop modification of the SG-TB of Santoro rather 
than the Roux-en-Y double anastomosis (Fig. 1) [36]. It Gained its name and 
popularity by Mahdy et al. [33], and since, has erupted as a unique bariatric and 
metabolic model representing a bipartition technique to treat obesity, diabesity or 
weight regain after SG. It acts by decreasing ghrelin secretion through  sleeve gas-
trectomy while increasing the flow of food majorly through the gastro-ileostomy 
instead of the pylorus, which is thought to intensify hindgut stimulation rather 
than the foregut that provides positive intervention with the neuroendocrine con-
trol of hunger and satiety and not causing harm to the important digestive pro-
cesses unrelated to obesity. It only has one intestinal anastomosis which in turn 
is associated with less anastomotic complications and shorter operative time [33]. 
The perception of nutrients in the distal bowel makes SASI patients eat less food 
due to a hypothalamic-generated satiety sensation [39]. The profound distal bowel 
stimulation reduces proximal gastrointestinal activity through the distal gut hor-
mones such as glucagon like peptide-1 (GLP-1), which has central satietogenic 
effects, and reduces gastric emptying by the ileal break mechanism [40–42].

Like the SG-TB, the SASI is described as safer and easier to perform than 
BPD-DS and carries similar weight-loss benefits without the nutrient deficiencies 
and protein caloric malnutrition seen with the latter. The duodenum and papilla 

Fig. 1  Original Santoro et al. SG-TB procedure and SASI Bypass [38]
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continue to be endoscopically accessible, with satisfactory short-term follow-up 
evidence now available for the SASI bypass [4].

6  SASI Bypass Technique

The operation is done as a two step procedure; SG followed by gastro-ileostomy, 
or a single complementary step added to the previously performed SG under gen-
eral anesthesia. The latter is performed in the following steps:

The operating table is set in a horizontal position and the surgeon positioned 
on the left side of the patient. The procedure starts using 12-mm optical trocar to 
enter the abdomen under direct vision about 20 cm below the xiphoid process and 
3 cm to the left side of the midline. Pneumo-peritoneum is achieved with carbon 
dioxide at 15 mmHg. Four additional ports are placed under direct vision, using 
the same sites as in SG. The ileocecal junction is identified and 250 cm is meas-
ured upwards. The selected loop is ascended without division of the greater omen-
tum, and is stapled iso- peristaltic side-to-side to the anterior wall of the antrum of 
the stomach, just 3 cm away from the pylorus with a linear stapler charged with a 
green cartridge, the diameter of ileal antrum anastomosis should not exceed 3 cm 
in diameter. The anterior wall of the anastomosis is closed with a two-layer run-
ning 3/0 polydioxanone suture [33].

7  SASI Bypass Clinical Outcomes for Weight Regain 
and T2DM Remission

Mahdy et al.’s report was one of the initial studies that demonstrated the efficacy 
of the SASI bypass technique and included 50 patients [mean body mass index 
(BMI) 48.7 ± 7.6 kg/m2]. The patients experienced significant (90%) excess 
weight loss (EWL) at 1 year. Also, serum glucose level was normalized in 100% 
of patients at 3 months, and all patients discontinued insulin and oral hypo-
glycemic medications [33]. In another study, Salama et al. reported on a 1-year 
follow-up of 45 patients (mean BMI 43.2 kg/m2) BMI had decreased to 29.1 kg/
m2. Fasting plasma glucose (FPG), low-density lipoprotein (LDL), and insulin use 
were statistically significantly decreased, while high-density lipoprotein (HDL) 
was significantly increased [43]. In a multicenter study done also by Mahdy et al., 
fifty-eight patients underwent the SASI bypass after unsatisfactory SG outcomes. 
A significant decrease in weight and BMI from the mean preoperative weight 
at 12 months after SASI was recorded. The mean % total weight loss (TWL) at 
12 months postoperatively was 17.3 ± 9.3 and the mean % EWL was 40.9 ± 22.1. 
Complete remission of T2DM was also documented, with complete remission of 
hypertension in 16.6%, while none of the patients with dyslipidemia or obstructive 
sleep apnea syndrome (OSAS) showed remission of their comorbidities [4].

The remarkable impact of the SASI bypass on glycemic control in diabetic 
patients is a major advantage of this procedure, with remission rates reaching 
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100%. This finding would suggest that the SASI bypassis an excellent option for 
patients with obesity and T2DM. As the procedure entails only a single gastroileal 
anastomosis, the risk of anastomotic complications may theoretically be less than 
other procedures that include more than one anastomosis [4]. In terms of compari-
son with SG-TB it is found to be more effective and simpler to perform, while also 
being an easily reversible technique.

Lower preoperative BMI and lower body weight were reported to predict 
higher %EWL after the SASI bypass. It should be emphasized that higher preop-
erative BMIs (>50 kg/m2) scored poorer outcomes and lower % EWL after SG 
[44]. Performing the SASI to overcome sub-standard outcomes after SG was also 
associated with significantly lower % EWL (40.9 vs. 63.9%) compared with per-
forming the SASI bypass as a primary bariatric procedure. Although weight regain 
was not observed in patients who underwent the SASI bypass compared with more 
than 5% of patients who underwent SG [12].

Furthermore, the SASI bypass was associated with significant improvement in 
other obesity-associated comorbidities, particularly gastroesophageal reflux dis-
ease (GERD) which is a considerable issue for the predominantly restrictive bari-
atric procedures such as SG. Moreover, research has proven that the leakage and 
GERD rates from SG was significantly decreased after performing gastrojejunos-
tomy due to a decrease in the stomach tube pressure [45]. It is also worth mention-
ing that recent reports disclosed possible Barrett’s esophagus risk following SG 
due to exposure of the distal esophagus to severe reflux, with de novo reflux seen 
in up to 23% of patients [46–48].

8  SASI Bypass Perioperative Morbidity, Reversal/
Revision

Salama et al. reported no mortalities in their study, with minimal postop-
erative nutritional complications in comparison to other procedures, reduced  
dumping syndrome and diarrhea [43]. Complications in the Mahdy et al. ini-
tial study included one complete obstruction at the gastroileal anastomosis, one  
post-operative internal hemorrhage, one pulmonary embolism, seven bilious vom-
iting and one leak in the biliary limb. At 6 months, one patient was diagnosed with 
a marginal ulcer; at 1 year, one patient was re-operated on to hault potential exces-
sive weight loss, but no mortalities were seen [33]. From the multicenter study 
which included more than 600 patients, Mahdy et al. reported fifty-six (10.1%) 
complications after the SASI bypass, which is slightly higher than the mean over-
all complication rate after SG (8.7%) [4, 30]. Four (0.72%) patients required read-
mission within 30 days after surgery. However, the vast majority of morbidities 
after SASI bypass were minor, graded as grade I or II on the Clavien-Dindo scale. 
Complications included bilious vomiting, diarrhea, stomal ulcer, calcular obstruc-
tive jaundice, pulmonary embolism, intestinal obstruction, staple line bleeding, 
and ileal perforation (Table 1) [4].
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The most frequently reported complication after the SASI bypass was bilious 
vomiting. Bile reflux seems to be a common phenomenon in patients with a sin-
gle gastroileal anastomosis, MGB and even RYGB [49] but even if dumping or 
biliary reflux is intractable, it can be simply reversed or revised to Braun’s recon-
struction [45]. In Mahdy et al.’s study, bilious vomiting and diarrhea were treated 
conservatively with fluids and medications. Stomal ulcers were managed with pro-
ton pump inhibitors, and calcular obstructive jaundice was treated with endoscopic 
retrograde cholangiopancreaticography (ERCP)and stone extraction, whereas a 
staple line bleeding, intestinal obstruction, and ileal perforation required surgical 
intervention. One patient who developed a pulmonary embolism was admitted to 
the ICU and was treated with intravenous fluids, anticoagulant medications, and 
thrombolytic therapy [4].

While most bariatric surgical procedures can be associated with nutritional 
deficiencies (as were reported for SG with median deficiency rates of iron, zinc, 
vitamin D, and vitamin B12 (9%, 20%, 35.5%, and 11.7%, respectively)) [50], 
SASI bypass has only a statistical decrease in serum albumen, which has proven 
to cause no clinical significance as serum albumin levels were still within the nor-
mal laboratory range so that none of the patients developed protein malabsorption 
after the SASI bypass [4, 43]. On the contrary, Salama et.al reported normal serum 
albumin and hemoglobin levels, with calcium deficiency in 2 cases of his study 
which improved with oral supplements [43]. On the other hand, Mahdy et al. dem-
onstrated that vitamin D levels showed a significant increase at 1 year after the 
SASI bypass, which was explained by patients’ compliance with systemic intake 
post operatively [33]. All options for weight regain after sleeve are associated with 
high failure and nutritional deficiency because they depend on malabsorption. 
SASI bypass, however, depends on modulation of gastrointestinal hormones with-
out causing malabsorption, with easy conversion to the normal anatomy and a low 
morbidity rate.

Table 1  Grades of complications after SASI bypass [4]

Grade of complication Type of complication Number (%)

Grade I Bilious vomiting 32 (5.8%)

Diarrhea 15 (2.7%)

Grade II Stoma ulcers 3 (0.54%)

Grade III Staple line bleeding 1 (0.18%)

Intestinal obstruction 1 (0.18%)

Ileal perforation 1 (0.18%)

Calcular obstructive jaundice 2 (0.36%)

Grade IV Pulmonary embolism 1 (0.18%)
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9  Take Home Message

The ideal metabolic operation is one with high efficacy, cause resolution of comor-
bidities, easy to perform and have an easy exit strategy. The SASI bypass is an 
effective and safe bariatric procedure, with low and minor complication rate that 
can be added to suboptimal or failed SG to combat weight regain. It has also 
shown remarkable improvement in obesity-related comorbidities, namely T2DM 
and GERD.
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1  Introduction

Teams treating patients who underwent LSG must be aware of evaluation and 
management options for potential reasons behind poor weight loss and weight 
regain. Interventional modalities that re-induce weight loss can be surgical, 
endoscopic, medical, or combination therapy. A personalized management plan 
must be established for each patient based on evaluation. Common reasons that 
are associated with failure of LSG include poor compliance, baseline body mass 
index (BMI) greater than 50 kg/m2, retained antrum or fundus, use of an exces-
sively large orogastric calibration tube, and gastric dilation. Volumetric analy-
sis using computerized tomography following LSG has revealed that gastric 
volume increases by about 60 ml on average during the first year, and that greater 
increases in volume are associated with poor weight loss [1].

2  Patient Assessment

Weight loss trajectories after LSG vary between patients, and we recommend wait-
ing 18 to 24 months after LSG before considering revision. Patients with poor 
weight loss or weight regain (% excess weight loss <50%) should undergo evalu-
ation for anatomical reasons for weight loss failure. The investigations assess the 
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presence and size of hiatal hernias, which could contribute to reflux symptoms and 
maladaptive eating. Segmental or generalized pouch dilations as well as the size 
of the antrum and fundus should be evaluated since these can limit the restrictive 
effect of the sleeve (Fig. 1). The rate of pouch emptying should be rapid without 
delays in any segment or significant reflux into the esophagus. It is important to 
recognize that weight regain can occur without pouch dilation or anatomic abnor-
mality. Also, stable weight loss may exist with a very malformed or dilated pouch. 
Thus, it is important to fully evaluate each patient prior to embarking on any inter-
vention to address failure.

3  Endoscopic Revision of LSG Using OverStitch

Given the evolving role of endoscopic suturing as a therapeutic bariat-
ric intervention, there is growing interest in endoscopic revision of LSG as  
a minimally-invasive alternative to surgical revision for weight recidivism. 
Endoscopic sleeve gastroplasty (ESG) involves plication of the body of the stom-
ach, reducing its lumen by approximately 70% [2]. The aim of the technique is 
to reduce the effective volume of the gastric lumen using lines of full-thick-
ness sutures created along the greater curvature of the stomach. Current evi-
dence Illustrates that ESG can safely induce 15–20% total body weight loss in 
18–24 months [3, 4]. This approach has several advantages over traditional sur-
gical revision options, including improved safety, technical ease, and the organ-
sparing nature that allows for further revisional surgery.

After discussing all options, complete workup including evaluation with CT 
volumetry, upper gastrointestinal contrast study and/or EGD is performed. The 
choice of revision intervention is reached as an agreement between the surgeon/
gastroenterologist and the patient considering the results of the workup and the 
expected weight loss with each option. Contraindications against performing revi-
sional endoscopic gastroplasty (rEGP) include esophageal disorders, presence of a 
large hiatal hernia, and active peptic ulcer disease.

Fig. 1  Upper GI contrast 
study 6 years post LSG 
showing concentric dilatation
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4  Technique

There are two aims from this procedure. The first is to reduce the capacity of the 
enlarged sleeve (Fig. 2), and the second is to shorten it. In general, the technique 
of rEGP post-LSG is the same for primary ESG [4] with two main exceptions: The 
surgeon must be wary of taking bites that traverse the diameter of the lumen as 
there is a risk of closing the lumen especially with the first suture. Secondly, the 
gastric caliber will be reduced resulting in poor visualization of the system’s jaw. 
This raises the risk of damaging the gastric wall especially at the fundus. All sides 
of the gastric wall, including the greater curvature, are incorporated. The site of 
previous resection can be incorporated without major concerns. The gastric wall 
is expected to be thicker compared to patients who have not undergone sleeve gas-
trectomy, and the helix can safely have two or more full turns secure full thickness 
bites.

Under general anesthesia and with the patient in the left lateral position, a 
dual-channel gastroscope (Olympus, Tokyo, Japan) is inserted with an esopha-
geal overtube placed over the scope. After reaching the stomach, the overtube is 
inserted using the scope as a guide. Surveillance gastroscopy is performed, delin-
eating the exact anatomy of the sleeve, assessing for dilated or remnant areas in 
the antrum, body and fundus, and deciding on the suturing map. Suturing usually  
starts on the anterior wall at the level of incisura anteriorly. This point may be 
marked.

The gastroscope is withdrawn and an OverStitch system (Apollo Endosurgery, 
Austin, TX, USA) is mounted over the scope. The procedure commences at the 
referenced staring point. A helix is pushed, turning twice to thrice and grasping 
gastric tissue. The helix is pulled, presenting the gastric wall in a perpendicular 
position to the needle apparatus in the endcap (the jaw). A full-thickness bite is 
taken, exchanging the needle with the holder in the other channel. The tissue helix 
is then released. The process is repeated at the greater curvature and the posterior 
wall. The gastroscope is then repositioned proximally and a second bite line is per-
formed. The needle is then released and the first cinch is deployed to secure the 
first knot of the procedure.

Fig. 2  EGD view showing 
dilated stomach after sleeve 
gastrectomy
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The total number of bites taken per suture is not fixed. This depends on tissue 
configuration and anatomy. Thorough plication leaving no pockets but a main, pat-
ent lumen is aimed for (Fig. 3). Additionally, the number of sutures depends on the 
gross volume of the gastric sleeve. Implanting of 2–4 sutures is expected consider-
ing the sleeve surface area. We believe that enlarged/retained fundus and antrum 
are major causes of weight regain, and we therefore focus on closing them during 
plication (Fig. 4).

Fig. 3  Final look after 
endoscopic revision of sleeve 
gastrectomy using OverStitch

Fig. 4  Upper GI contrast 
study after rEGP
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5  Follow-Up

Postoperative visits are scheduled monthly for the first year and in 3–6 month 
intervals afterwards. At each visit, patients are counseled by multidisciplinary 
teams. Each team should include at least a clinical dietitian and a bariatric surgeon 
or a gastroenterologist.

6  Outcomes

The safety and efficacy of rEGP post-LSG were evaluated in two multicenter stud-
ies. The first was an international multicenter study that included 82 patients from 
Saudi Arabia, the United States, the UAE, and Brazil. More than 80% of patients 
lost at least 10% of their weight within one year, and mean weight loss was 16%. 
However, one patient experienced narrowing of the gastroesophageal junction that 
required endoscopic dilatation [5]. The second study included 34 patients primar-
ily from Brazil. Patients lost 18% of their weight during the first year after revi-
sion, and similar to the international multicenter study, more than 80% lost at least 
10% of their weight. No severe adverse events were recorded [6].

7  Conclusions

rEGP for patients with weight regain after LSG is feasible. The reversibility of 
the procedure, the fact that it induces weight loss without disruption of GI anat-
omy, and its day-case nature are important advantages that make it an intervention 
worth considering before revisional surgery.
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1  Introduction

Sleeve gastrectomy (SG) was first described as a modification of the  
biliary-pancreatic diversion, then combined with the duodenal switch in 1998, and 
first performed laparoscopically in 1999 [1–3]. Having been shown to be safe and 
effective in the short term, SG subsequently became a standalone bariatric proce-
dure [4].

According to recent data, SG has become the most commonly performed bari-
atric procedure around the world [5]. While short-term postoperative outcomes of 
SG are satisfactory, revision surgery is still unavoidable during mid to  long-term 
follow up in some patients. In a recent systematic review and meta- analysis, the 
overall revision rate was 10.4%, but for patients with more than 10-years fol-
low up, the rate was 22.6% [6]. During long-term follow-up, some patients may 
require revision due to insufficient weight loss, weight regain, intolerable gas-
troesophageal reflux disease (GERD) symptoms, or relapse of diabetes mellitus. 
Revision to a Roux-en-Y gastric bypass (RYGB) [6, 7] has been the most com-
monly performed procedure, but recently, revision to a duodeno-jejunal bypass 
(DJB) is also being performed. In this chapter, we report the significance of adding 
a DJB, surgical procedure and outcomes of revision surgery from SG to DJB.
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2  Significance of Adding a DJB

It is known that biliopancreatic diversion with duodenal switch (BPD/DS)  
is the most effective bariatric procedure for weight loss and improvement of  
obesity-related complications [8]. But patients who undergo BPD/DS are suscep-
tible to malabsorption of fat-soluble vitamins, calcium, zinc, iron, and protein, 
even when taking supplementation appropriately [9]. Above all protein intake var-
ies from region to region. Amount of protein intake in the Asia Pacific population 
is much less than that of westerners due to the different dietary habits. However, 
there are few reports of malnutritional complications in long-term follow-up after 
RYGB. Therefore, the risk of nutritional deficiency after DJB (proximal intestinal 
bypass) is expected to be lower than that after DS [10].

The duodenal jejunum anastomosis in DJB is placed 1–2 cm distal to the 
pylorus, allowing a wider range of anastomosis than the RYGB anastomosis, and 
reducing the incidence of anastomotic stenosis. Pyloric preservation can reduce 
the rates of marginal ulcers, dumping syndrome, bile reflux and reactive hypogly-
cemia which are often problematic after RYGB [10, 11]. Also, unlike RYGB, there 
is no need to create an anastomotic stoma out of scarred or fibrotic tissues (the 
duodenum had not been dissected during the primary LSG).

Duodenal exclusion may have a significant role in the resolution of diabetes in 
addition to weight reduction. Several randomized trials have shown that procedures 
which include duodenal exclusion are associated with higher rates of diabetes 
remission or eliminating the need for medications than procedures without duo-
denal exclusion, especially in patients with diabetes and a lower body mass index 
[12, 13]. The mechanism of this effect is not fully elucidated. After the bypass pro-
cedure, there are changes in the secretion of intestinal hormones [14, 15], intestinal 
flora, and an elevation of serum bile acid concentration [13, 16, 17]. Investigators 
in the field of metabolic disorders are increasingly interested in the role of bile 
acids as a metabolic modulator [18]. Miyachi et al. reported that a long biliopan-
creatic limb contributes to metabolic improvement and elevation of serum bile acid 
concentration in a rat model [19]. These effects were negated after removing the 
biliopancreatic limb. Ise et al. reported that shortening the enterohepatic circulation 
by early reabsorption of conjugated bile acids in the biliopancreatic limb, not by 
the early influx of bile into the ileum, after DJB in a type 2 diabetes rat model [20]. 
The metabolic improvement effect and the increase in bile acid concentration after 
DJB may both depend on the length of the biliopancreatic limb.

3  Effects of DJB on Diabetes Mellitus

Patients who underwent bypass as the first operation serve as a reference for pre-
dicting the effect of revision surgery on the rate of relapse of diabetes mellitus. 
Raj et al. observed in a randomized controlled trial comparing laparoscopic RYGB 
and laparoscopic SG/DJB that the remission rate of diabetes mellitus (defined by 
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achieving a HbA1c < 7.0% without the need for diabetes medication at 1 year) was 
similar (laparoscopic SG/DJB: 80%, laparoscopic RYGB: 81%) [21]. Lee et al. 
reported a retrospective matched case–control study comparing laparoscopic SG 
with single-anastomosis duodenal-jejunal bypass and laparoscopic SG alone. In 
their study, the length of the (loop) biliary limb was 150 to 250 cm based on the 
body mass index. The mean reduction in the HbA1c level in the laparoscopic SG/
DJB group was also higher than that found for the laparoscopic SG group (2.8 ver-
sus 2.1%, p = 0.045) [22]. Naito et al. reported that laparoscopic SG/DJB is sig-
nificantly more effective than laparoscopic SG alone for obese diabetic patients 
with a lower ABCD score [23] (patients with more severe type 2 diabetes mellitus) 
[24]. They also recommend that patients with type 2 diabetes mellitus who use 
insulin or whose ABCD score is ≤5 undergo laparoscopic SG/DJB.

Although the rate of diabetes remission after bariatric surgery may be strongly 
influenced by various factors such as patients’ background especially in terms of 
diabetes severity, surgical technique, surgeon’s preference, etc., it still seems to be 
safe to say that laparoscopic SG/DJB is superior to laparoscopic SG and at least 
equivalent to RYGB in terms of long-term glycemic control.

4  Reasons for Revising a SG to a DJB

Inadequate weight loss, weight regain, GERD and diabetes relapse are the most 
common reasons to revise a SG [25]. In patients with post-operative GERD, 
RYGB is considered as the first choice. If the sleeve pouch is dilated when con-
sidering revision from SG to DJB, a re-sleeve procedure needs to be added. Sleeve 
volume is an important determinant of weight loss/weight regain. Returning to a 
low volume restores satiety and appetite suppression [25–27]. In case of insuffi-
cient weight loss or weight regain without sleeve pouch dilatation, there are no 
definite recommendations for the choice of revision procedure. It is strongly rec-
ommended to add a DJB or bypass procedure (for example duodenal switch or 
single-anastomosis duodeno–ileal bypass with sleeve gastrectomy (SADI-S), as 
described in other chapters). If diabetes relapses, a bypass procedure should be 
added.

5  Surgical Procedure for Revising SG to DJB

5.1  Biliopancreatic Diversion/Duodenal Switch (Fig. 1)

As mentioned earlier, SG was originally developed as a first stage procedure 
for biliopancreatic diversion with duodenal switch (BPD/DS) [28]. In the origi-
nal BPD/DS, the total alimentary limb, including the common limb, was 250 cm, 
the common channel was 50–100 cm from the ileocecal valve, and the rest was 
the biliopancreatic limb [28]. BPD/DS is the most effective bariatric procedure 
for weight loss and improvement of obesity-related complications [8], but is 
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performed in only 1.1% of bariatric procedures worldwide [5]. The major obsta-
cles to BPD/DS are the technical difficulties (two anastomoses and closure of two 
mesenchymal defects: Petersen’s defect and the mesenteric defect from the entero-
enterostomy) and the possibility of long-term nutritional problems [29]. Patients 
who undergo BPD/DS are susceptible to malabsorption of fat-soluble vitamins, 
calcium, zinc, iron, and protein, even when taking supplementation appropriately 
[9]. Since BPD/DS results in malabsorption, it is important to evaluate long-term 
nutritional changes.

6  Laparoscopic SG/DJB (Fig. 2)

A modified short duodenal switch has been proposed by Kasama et al. from Asia 
with a procedure called laparoscopic SG with duodeno-jejunal bypass (laparo-
scopic SG/DJB) in 2009 [10]. Initially, SG and dissection of the posterior duodenal 

Fig. 1  BPD/DS: 
Biliopancreatic diversion with 
duodenal switch
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wall are carried out. Subsequently, DJB is added with 50–150 cm of biliopancre-
atic tract and 100–150 cm of alimentary tract resulting in a common channel length 
more than 300 cm. DJB consists of a jejuno-jejunostomy created using a linear sta-
pler and hand sewn closure and duodeno-jejunostomy with a two layer hand-sewn 
closure. The duodeno-jejunostomy is placed 1–2 cm distal to the pylorus allow-
ing a wide anastomosis compared to that in RYGB, which contributes to a lower 
rate of anastomotic stenosis. Pyloric preservation can reduce the rates of marginal 
ulcers, dumping syndrome and reactive hypoglycemia which are often problem-
atic after RYGB. Bile reflux is not anatomically possible. The risk of nutritional 
deficiency after laparoscopic SG/DJB is expected to be lower than that after DS. 
Theoretically, the combination of SG and DJB (proximal intestinal bypass) is 
expected to have strong anti-diabetic effects. Seki reported the medium-term (up to 
5 years) effects and outcomes after laparoscopic SG/DJB. Laparoscopic SG/DJB is 
effective for achieving significant weight loss and improvement of glycemic con-
trol, and the effects seem to be durable up to 5 years [30].

Fig. 2  Laparoscopic SG with 
duodeno-jejunal bypass [10]
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Laparoscopic SG/DJB is an ideal operation with no bile reflux into the stom-
ach but requires advanced skill and more time (two anastomoses and closure 
of two mesenteric defects: Petersen’s defect and the mesenteric defect from the 
entero-enterostomy).

7  Loop Duodenojejunal Bypass with Sleeve 
Gastrectomy (Fig. 3)

Huang CK et al. proposed the loop duodenojejunal bypass with sleeve gas-
trectomy in 2013 [11]. The concept of a one loop anastomosis is similar to the 
technique of SADI-S. SADI-S includes a sleeve gastrectomy followed by a loop 
duodeno-ileal anastomosis with a 200 cm efferent limb from the ileocecal valve 
(see other chapters). In the loop duodenojejunal bypass with sleeve gastrectomy, 
SG is initially carried out, the transection of the first part of the duodenum per-
formed 2 cm from the pylorus, and an antecolic loop duodeno-jejunal anastomo-
sis created 200 cm from the ligament of Treitz using a hand-sewn single-layer 
technique. In the anastomosis as a loop, there is only one anastomosis and one 
mesenteric defect (Petersen’s defect) compared to the two anastomoses and two 
mesenteric defects in BPD/DS or laparoscopic SG/DJB. The elimination of one 
anastomosis may reduce operating time and needs no mesenteric opening, there-
fore decreasing the possibility of surgically related complication. Pyloric preser-
vation can reduce the rates of marginal ulcer formation and dumping syndrome 
and prevent bile reflux. However, bile reflux is anatomically possible. Ser et al. 
reported long-term data after single-anastomosis duodenal-jejunal bypass with 
sleeve gastrectomy (logically the same operation as loop duodenojejunal bypass 
with sleeve gastrectomy) [33]. At 1, 2 and 5 years postoperatively, the mean per-
centage of total weight loss and excess weight loss in patients who underwent 

Fig. 3  Loop duodenojejunal bypass with sleeve gastrectomy [34]
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single-anastomosis duodenal-jejunal bypass with sleeve gastrectomy were 
25.5%, 22.8%, 22.5%, and 83.9%, 76.1%, 58.6%, respectively. Among 118 
patients with type 2 diabetes mellitus, 62 (52.5%) achieved complete remis-
sion (HgbA1C < 6.0%) at 1 year and 36.5% at 5 years after surgery. Their results 
showed that primary single-anastomosis duodenal-jejunal bypass with sleeve gas-
trectomy is a durable primary bariatric procedure with sustained weight loss and a 
high resolution of type 2 diabetes mellitus at 5 years.

8  Conclusions

There is no consensus on what operation should be carried out after failed SG 
[35]. Bariatric revision surgery is often technically challenging due to the altered 
anatomy and tissue fibrosis after the primary procedure [36]. Revision surgery has 
been associated with severe increases in the rate of surgical complications.

The need to revise a SG to a DJB is strongly influenced by a number of fac-
tors such as the patients’ background, surgical technique, surgeon’s preference, 
etc. Each procedure introduced in this chapter is effective for substantial weight 
loss and improvements in comorbidities which are maintained, but each has both 
advantages and disadvantages. It is important for surgeons to understand the char-
acteristics of each procedure and to provide appropriate advice and treatment for 
patients.
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1  Introduction

Currently, the sleeve gastrectomy (SG) is the leading procedure for the treatment 
of obesity, and associated diseases worldwide. The procedure is standardized in 
many surgical involvements, but not performed identically in general. Consensus 
Conferences on SG organized by M. Gagner [5] and R. Rosenthal [8]had a pivotal 
role in establishing the fundamental standards of the procedure There is notable 
evidence that weight loss, after SG, has a wide range, especially in the mid- and 
long-term periods. Per definition inadequate weight loss is an excess weight loss 
of less than 50% in the post-operative period. The view of each obese patient can 
differ, and any EWL less than 70 or 100% can be considered as failure by the indi-
vidual patient. This is the result of unrealistic expectations and anticipations by the 
obese patient.

The EWL is highly dependent on the amount that the individual patient is over-
weight (BMI classes). Higher initial weight, higher BMI-classes would ultimately 
achieve lower rates of EWL. While there is no scientific basis for the limit of exact 
50% EWL, excessive weight loss (also inadequate) is defined as EWL of more 
than 100%. The inadequate (poor) weight loss can be due to several factors, such 
as insufficient gastric volume reduction for nutritional uptake (restriction) and/or 
incorrect habits in daily nutrition.
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The “normal” range of EWL after SG in BMI-classes between 35 and 50 kg/m2 
were reported in literature with large series to be between 75 and 90% EWL  [9].

2  Diagnosis

The diagnostic algorithm normally begins with non-invasive tools.

(A)  An evaluation of nutritional behaviors that include eating disorders is 
fundamental.

(B)  A 3-D CT-volume measurement of the sleeve after ingestion of gas-form-
ing agents is an important next step. The gastric volume should not exceed 
180 ml. If this technical tool is not available, then an experienced physician 
in bariatric surgery should follow up with an upper endoscopy procedure.

(C)  The exploration by upper endoscopy should be readily available. The highest 
diagnostic value can be reached if the endoscopy is performed by a “bari-
atric” surgeon. That is due to the fact that they will have a better ability to 
determine:
a. Persistent gastric volume,
b. Herniation of the sleeve into the mediastinum,
c. Non-resected fundus
d. Pylorus function. If the pylorus is always open, then the duodenum would 

become a new reservoir and weight loss would be poor.

3  Treatment

The treatment of the unresponsive sleeve is mostly based on the diagnostic find-
ings of the aforementioned tests. The most common cause for ineffective weight 
loss has been found to be the lack of restriction. In contrast to primary BPD-DS, 
the volume of the gastric sleeve should be smaller after a stand-alone procedure 
than that preceding a double stage procedure such as the BPD-DS. DS surgeons 
using larger bougie sizes (e.g.. 50–56) than what is commonly used in single-stage 
sleeve gastrectomy, or performing the part of SG during BPD-DS “free-handedly” 
without calibration tend to result in less restriction.. Thus, the reduction of gastric 
volume is not sufficient.

Studies from the last decade have shown that a resected gastric volume of less 
than 500 cc is associated with poor weight loss and therefore, with failure in treat-
ment [10]. Early weight loss results were not considerably different between SG 
using a 32 French and a 44 French tube for calibration, but after 2 years follow-up, 
the more restrictive LSG results were significantly better in patients without cali-
bration. A removed gastric volume of <500 cc appears to be a predictor of failure 
in treatment or in early weight regain.
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4  Laparoscopic Redo Sleeve Gastrectomy (LRSG) 
in Short and Midterm Follow-Up

Laparoscopic redo sleeve gastrectomy (LRSG) has been shown to be an efficient 
revisional surgery option for insufficient weight loss after primary gastric sleeve 
in short and medium term follow-up [4]. This study from Rumania was able to 
prove that the initial weight reduction was effective. Mean BMI before LRSG was  
35.69 kg/m2 (range 28,58–52) and follow-up results at 6 months after re-sleeve 
revealed a mean BMI of 28.39 +  −5.32 kg/m2 corresponding to an EWL of 
83.88%, while at 1 year mean BMI reached 27.23 +  −5.23 kg/m2 with EWL of 
94.45% and at 3 years BMI reached 27.65 +  −5.13 kg/m2 with EWL of 85.41%. 
There are statistically significant differences (p 0.01), between BMI before LRSG 
and BMI for all other periods of measurement at 6 months, 1 year and 3 years 
after LRSG.

Similar results were reported by Mehmet [7]. He concluded that LRSG is an 
available and efficient method to correct the weight regain or inadequate weight 
loss following SG.

A total of 21 patients underwent LRSG after SG, due to inadequate weight 
loss. This study revealed that, 7 (33.3%) of them were males, and 14 (66.7%) 
were females. The mean body weight index (BMI) before primary LSG was 
52.3 ± 4.7 kg/m2 and EWL% was 32.7 ± 4.6. After an average follow-up of 24 
months. BMI of patients before LRSG was 46.1 ± 4.3 kg/m2. Following a 1-year 
observation period, there was a substantial (p<0.001) improvement in BMI 
(21.6 ± 3.1 kg/m2) and excess weight loss percentage (86.82% EWL).

Al Sabah et al. [1] reported about the outcome of 1300 SG in the period of 
2009 to 2012. A total number of 36 patients needed a conversion due to insuffi-
cient weight loss and weight regain. 24 underwent a LRSG and 12 were converted 
to RYGB. The mean BMI prior to LSG for the LRYGB and LRSG patients were 
52 kg/m2, and 50 kg/m2, respectively. The EWL after the initial LSG was 37.9 and 
43%, for LRYGB and LRSG.. Results of conversion of LSG to LRYGB involved 
a mean EWL of 61.3% after 1 year (p value 0.009). Results of LRSG involved a 
mean EWL of 57% after an interval of 1 year (p value 0.05). Comparison of the 
EWL% of LRYGB and LRSG for failed primary LSG was not significant (p value 
0.097).

5  Laparoscopic Redo Sleeve Gastrectomy (LRSG) 
in Long-Term Follow-Up

The long-term results have proven to be different and non sufficient. De Angelis 
et al. [3] presented the outcomes of a cohort of LRSG at 52 months. Around 40% 
of the patients complained of GERD symptoms after 36 months and finally were 
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converted to RYGB. Based on our disappointing results, De Angelis et al. [3] con-
cluded that LRSG should not currently be offered as a revisional procedure any 
longer.

In the case of a proper sleeve, the conversion to a malabsorptive procedure is 
the solution for long-term success in weight loss. Beside the classic BPD-DS, 
SADI, MGB/OAGB, SASI, many other variations can be offered. The BPD-DS 
has proven to be very effective after failed sleeve [3]. While the technique of duo-
denoileostomy has no influence [11], the RYGB has been shown to be the best 
solution for gastroesophageal reflux symptom. If further weight loss is indicated, 
then the biliopancreatic limb should be extended (100–150 cm). The correct sleeve 
is a conditio sine qua non, if a BPD-DS or SADI will be added. Lebel et al. [6] has 
shown, that after SG, the biliopancreatic diversion with a common channel (CC), 
of 100 cm and 200 cm do not result in considerable differences in weight loss 
(EWL 61 ± 22% versus 68 ± 18%) (P = 0.18).

Patients with 200 cm CC showed a lower incidence of severe protein deficiency 
(11% versus 19%, p = 0.3) and hyperparathyroidism (17.1% versus 35.3%, p = 0 
0.17); require a lower amount of vitamins A and D (P < 0.05); and had a decreased 
number of daily bowel movements (2.0 versus 2.9, p = 0 .03). In this popula-
tion, BPD-DS with a 200-cm common channel offered similar remission rate of  
co-morbidities compared to standard BPD-DS. It was associated with similar 
weight loss at nadir, followed by a more significant weight regain, while yielding a 
lower rate of nutritional complications [9]. Long-term randomized data are needed 
to detect other potential advantages.

6  Conclusion

The proper and perfect gastric sleeve is the basis for success in weight loss and 
treatment of obesity-related diseases.
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1  Introduction

1.1  Problem Statement

The LSG procedure involves major gastric resection as 60–80% of the stomach 
capacity is removed including the ghrelin producing fundus [28]. Accordingly, 
weight loss occurs through a combination of food restriction and a hormonal 
mechanism [19]. The consequences of the limited oral intake, food intolerance, 
and malabsorption following LSG are a major nutritional concern in the short and 
long term. Studies have shown that micronutrients including iron, thiamin, folate, 
vitamin B12, and vitamin D are the most affected post LSG procedure [6, 10, 31]. 
Worth noting is the fact that obesity is associated with nutritional deficiencies [7, 
26, 27, 35]. These deficiencies might be further exacerbated post LSG procedure. 
Severe nutritional deficiencies after bariatric surgeries may lead to anemia Brolin 
et al. [9, 8], bone mass loss [12], protein malnutrition [16], peripheral neuropathies 
[18], visual impairment [24], Wernicke encephalopathy Aasheim et al. [2, 3], and 
fetal malformations [21]. Beside the nutritional deficiencies, it is also important 
to mention that some studies reported undesirably high micronutrients levels post 
LSG surgery [1, 31]. Excess level may progress into toxicity which is also associ-
ated with devastating conditions.
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2  Literature Review

2.1  Nutritional Concerns Pre Bariatric Surgeries

Obesity is associated with low micronutrient levels. Although, obese individuals 
have excess energy stores, they are quite often not well nourished (Fig. 1). Many 
obese subjects have already existing nutritional deficiencies before bariatric pro-
cedures. These deficiencies commonly include iron, vitamin B12, thiamin, folate, 
and vitamin D [7, 27, 35]. Screening and correction of micronutrient deficiencies 

Fig. 1  Sites of nutrients absorption in gastrointestinal tract



Nutritional Status of Sleeve Patients … 615

preoperatively are crucial, as these deficiencies may be more exacerbated post bar-
iatric procedures.

Several studies have examined nutritional deficiencies among morbidly obese 
patients prior to bariatric procedures. An overview of selected studies repre-
senting nutrients status pre bariatric procedures is shown in Table 1. Schweiger 
et al. [26] studied nutritional deficiencies in 114 bariatric candidates who under-
went surgery between 2006 and 2008. The prevalence of pre-operative nutri-
tional deficiencies was: 35% for iron, 24% for folate, 24% for ferritin, 3.6% 
for vitamin B12, 2% for phosphorous, and 0.9% for calcium. Hemoglobin and 
Mean Corpuscular Volume (MCV) levels were low in 19% of the patients. High 
levels of Parathyroid Hormone (PTH) were found among 39% of the patients. 
No hypoalbuminemia was encountered. Low iron and ferritin were more com-
mon in females than males (40.8% vs.14.3%) and (31.8% vs. 0%), respectively. 
Similarly, another study conducted in Saudi Arabia by Al-Mulhim [4] evalu-
ated nutritional status in 112 patients prospectively. Pre-operatively, 64% of the 
patients had one deficiency and 11% had more than one. Deficiencies rates were 
reported as follows: hemoglobin 24%, iron 11.6%, vitamin D 60%, vitamin B12 
1.8%, and folate 0.9%.

3  Discussion

3.1  Nutritional Status Pre LSG Surgery

3.1.1  Nutritional Deficiencies Pre LSG
Nutritional deficiencies among LSG candidates are commonly attributed to 
unhealthy dietary and lifestyle habits (Moizé et al. [23]; Aasheim et al. [2, 3]. 
Obese individuals often displace nutritious foods with high calorie foods that 
are rich in refined carbohydrates and fat. Moreover, chronic dieting, which 
is common among obese individuals, might further deteriorate their nutri-
tional status as a result of food restrictions. Besides diet and lifestyle, a fur-
ther explanation includes the volumetric dilution factor. Obese individuals 
have relatively high amounts of total body water, and their extracellular com-
partment appeared to be more expanded than the intracellular compartment 
[33]. Aasheim et al. [2, 3] suggested that the low micronutrient levels might 
be related to the dilution effect of the extracellular fluid on micronutrient con-
centrations. The following sections will address pre-operative status for each 
nutrient parameter studied.

3.1.2  Protein Deficiency Pre LSG: Albumin and Transferrin
Reports of albumin status vary widely in literature as percentage of low albumin 
ranged from 0–27% before LSG [31, 10, 22, 25, 26]. Since obesity is associated 
with chronic low grade inflammation, acute phase protein levels, including albu-
min and transferrin, might be altered [34].
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3.2  Vitamins Deficiencies Pre LSG

3.2.1  B Vitamins Deficiencies Pre LSG
Vitamin B12 was the only B vitamin that showed considerable deficiency preva-
lence prior to LSG (13–16%) [16, 15, 31]. However, several studies had also 
reported significant deficiencies in vitamin B1, B6, and folate [6, 31, 10, 22, 26]. 
These variations in B vitamins status may be partially explained by the differences 
in the extent of food fortifications between countries. It can also be related to food 
and supplement intake. Chronic alcoholism can be a contributing factor to vitamin 
B1 deficiency as alcohol interferes with the active transport of vitamin B1 across 
the intestinal wall and hastens its excretion in urine [13, 20].

3.2.2  Vitamin D Deficiency Pre LSG
A prevalence of vitamin D deficiency can be seen in previously reported studies, 
falling in the range of 60–91% [4, 10, 31, 22, 25].

Several reasons can be attributed to vitamin D deficiency in current LSG candi-
dates. One reason is the decreased dietary consumption of vitamin D rich sources 
including fortified dairy products. A second reason is the reduced exposure to sun-
light. The psychological status of the obese individual and the cultural and life-
style factors of the population might further explain the limited sun exposure. A 
third possible reason of vitamin D deficiency is the sequestration of vitamin D in 
adipose tissues. The degree of adiposity appears to be inversely correlated with 
vitamin D levels. Correspondingly, several studies reported that obese individuals 
tend to have lower levels of vitamin D due to its increased uptake in adipose tissue 
[17, 30, 32]. A fourth reason for deficiency might be related to the decreased syn-
thesis of vitamin D by the liver as a result of impaired liver function due to fatty 
liver disease, which is common among obese individuals [5]. Lastly, regarding the 
variation in vitamin D deficiency prevalence in the literature, it can also be related 
to the geographical, seasonal, and fortification policy differences.

3.2.3  Anemia and Iron Deficiency Pre LSG
Based on low hemoglobin levels as an indicator for anemia, anemia was observed 
in 18–24% in previously reported literature [4, 23, 25, 26]. However, anemia is 
variably reported in the literature, as others observed a much lower prevalence 
(1–5%) [10, 15, 31]. Iron biochemical parameters such as ferritin, serum iron, and 
transferrin saturation indicated poor iron status pr-eoperatively. Low ferritin was 
found in 24% of patients as reported by Schweiger et al. [26]. Low serum iron 
was observed in half of the patients before surgery according to Ben-Porat et al. 
[6] data (47%). On the contrary other previous studies reported a much lower 
prevalence in term of low ferritin (1–10%) [6, 23, 29, 31] and serum iron levels 
(7–29%) [4, 11, 25, 29].

The high percentages of pre-operative anemia and iron deficiency may be 
attributed to the inadequate iron intake due to poor dietary choices. It can also 
be attributed to the dominance of female gender (75%) in the reproductive age in 
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LSG candidates. Women in the reproductive age are at increased risk of iron defi-
ciency anemia due to blood loss through menstruation. Furthermore, blood investi-
gation of ferritin, serum iron, and transferrin saturation were not part of the routine 
preoperative assessment, hence, these tests might only be requested when deficien-
cies were suspected.

4  Excess Micronutrient Level Pre LSG

Some patients were found to have excess micronutrient levels which are consistent 
with data reported by van Rutte et al. [31]. This excess level might be due to con-
suming large doses of over the counter supplements by the patient’s own initiative 
or by intense preoperative nutritional optimization from healthcare providers.

5  Conclusions and Recommendations

The rising prevalence of obesity is causing a parallel increase in the use of bari-
atric surgery. LSG is an effective procedure for morbid obesity management. 
Nutritional status is one of the main concerns in bariatric field. However, little is 
known about the nutritional status as well as the optimal nutritional care plan post 
LSG at longer term. Nutritional deficiencies were already present in LSG candi-
dates as seen in multiple previous studies. Vitamin D, vitamin B12, and iron defi-
ciencies were the most commonly observed before surgery.

The current data emphasize the importance of pre and post-operative nutritional 
assessment. Since nutritional deficiencies are common among obese individual, 
optimizing LSG candidates before surgery is crucial to avoid further deterioration. 
Routine screening and adequate supplementation are vital post LSG to prevent and 
correct nutritional problems at an early stage. Data on iron, vitamin B12 and folate 
prove that these parameters deserve more attention particularly in females in the 
childbearing age. However, it is important to note that supplementation should 
be tailored to patient laboratory test to prevent excessive rise towards toxic level. 
Health care providers should be aware of vitamins toxicity risks, particularly vita-
min B6 and its adverse effect leading to neuropathy.
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1  Introduction

The preoperative nutritional status of patients undergoing sleeve gastrectomy (SG) 
has already been discussed in the previous chapter and represents at least one pre-
condition for the postoperative nutritional status.

In addition, postoperative specific changes such as the limited oral intake, 
emerging food intolerances, and possible malabsorption in the short and long term 
have further impact on the postoperative nutritional status. Studies have shown 
that the most affected micronutrients after SG are iron, thiamine, folate, vita-
min B12, and vitamin D [1]. It seems that the nutritional consequences of SG 
are fundamentally different from that of bypass surgery. Bypass surgery excludes 
the duodenum from food passage, which is the major absorption site for minerals, 
with resulting respective resorption limitations.

SG differs fundamentally. This procedure exclusively modifies the anatomy 
of the stomach by reducing its extensible volume along the “Magenstrasse” by 
about 90%. Thus, the cause of possible postoperative deficiency symptoms may be 
explained with anatomical and physiological alterations of the stomach.

Nutritional Status of Sleeve 
Patients, Micronutrients 
and Vitamins: Post-op

Christine Stier

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 
Nature Switzerland AG 2021 
S. Al-Sabah et al. (eds.), Laparoscopic Sleeve Gastrectomy, 
https://doi.org/10.1007/978-3-030-57373-7_61

C. Stier (*) 
Sana Obesity Center Northrhine Westphalia, Krankenhausstrasse 42, Hürth, Germany
e-mail: christine.stier@sana.de

https://doi.org/10.1007/978-3-030-57373-7_61
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57373-7_61&domain=pdf


C. Stier622

2  Effect on Vitamin B12

SG involves, in particular, the resection of the fundus and the largest part of the 
corpus, while the volume of the antrum is only marginally diminished [2]. Thus, 
the parietal cells that produce acid and intrinsic factor are drastically reduced 
in number (Fig. 1), while the number of gastrin-producing antral G cells remains 
only slightly reduced.

The intrinsic factor forms a complex with vitamin B12 (cobalamin) ingested 
from food, thus enabling its absorption. Subsequently this certainly plays an influ-
ential part after SG on the absorption of vitamin B12. Vitamin B12 cannot be 
synthesized by the body itself and must therefore be gained through food. As it is 
sensitive to acids, it is first attached to haptocorrin secreted by the parotid glands 
and thus protected from the acidic pH of the stomach. Haptocorrin is then split off 
from vitamin B12 in the alkaline milieu of the duodenum by pancreatic proteases 
and further linked to intrinsic factor. This complex formation between vitamin 
B12 and the intrinsic factor is essential for its absorption which is mediated by the 
cubam receptor complex in the terminal ileum [3–6].

3  Effect on Iron

Furthermore, volume reduction can interfere with iron absorption. The human 
organism utilizes both bivalent (Fe2+ ) and trivalent (Fe3+ ) iron ions, only diva-
lent iron is able to be absorbed directly, whereas trivalent iron needs to be con-
verted into bivalent ions. A distinction is made between heme–iron, which is 

Fig. 1  Parietal cell of the stomach
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present as bivalent iron protoporphyrin, and non-heme iron, which is present 
as free ionized iron bivalent or trivalent iron. Since Fe3+ and Fe2+ are basically 
firmly bound to food proteins, the breakdown of the proteins by special digestive 
enzymes such as pepsin is a prerequisite for the absorption of iron. If there is suf-
ficient gastric acid (HCl) production in the stomach, this breakdown is ensured. 
The amount of gastric acid production is modified after SG, as well. Thus, another 
influence of the remaining petite gastric volume with thereby reduced acid and 
pepsin production on the absorption behavior of iron can be supposed. However, 
usually SG only marginally affected the antrum with its gastrin-producing G-cells. 
Gastrin is a peptide hormone and is the strongest stimulus for the production of 
gastric acid, but the interaction between the surgical significantly increased num-
bers of parietal cells at almost the same number of G-cells in SG still remains 
unclear [4, 7, 8].

4  Effect of Volume Reduction on Vitamin Status

A further anatomical influence can be derived from the quantity of volume reduc-
tion and the resulting shape of SG. In adults the average stomach volume is about 
1.5–2 L. SG reduces stomach volume down to 75–150 ml [2]. There is very little 
literature available that describes objectively the volume determination with SG, 
and only one paper dealt specifically with the preoperative stomach volume, the 
achieved SG volume, and the volume of the obtained specimen and its correla-
tion to weight (Fig. 2a, b) [9]. Hence, it does not seem to be clear at what extent 
the quantity of volume change itself exactly influences weight loss, nor are there 
many facts available regarding the influence of the extend of gastric volume 
change on possible postoperative nutritional deficiencies, especially on vitamin 
B 12 and iron. However, it appears that the rhythm and speed of gastric empty-
ing has a significant influence on many aspects of the effects and side effects of 
bariatric interventions. In the physiological stomach the exact tuned regulation 
of gastric emptying speed of the chyme into the duodenum is crucial for further 
digestion processes and subsequently provides feedback from the intestine via a 
variety of gastrointestinal hormones [10, 11]. However, it seems to be clear that 
a too rapid gastric emptying of the physiological stomach alters the secretion of 
intestinal hormones and thus has complex effects not only on carbohydrate metab-
olism. A surgical induced accelerated gastric emptying has been reliably proven 
for SG, even if only few data are available due to rare publications on basic physi-
ology of bariatrical procedures [12]. In addition, it has not yet been demonstrated 
to what extent and how pronounced the influence of the reduced volume leads to 
this acceleration of gastric emptying [13–15]. It is conceivable whether this will 
lead to a shorter enterocyte contact time with subsequently reduced absorption 
rates of vitamins and minerals, but this has not yet been investigated. In the case of 
folic acid, this could be an aspect for the, albeit low, rates of folic acid deficiencies 
observed following SG [16]. Folic acid must be broken down enzymatically in the 
duodenum and proximal jejunum, but is subsequently absorbed in the entire small 
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Fig. 2  a Volume-rendered 3D image of the distended stomach with multi-detector CT (preop-
erative) (volume 1108 ml). b Volume-rendered 3D image of the gastric sleeve 3 months postop-
eratively (volume 158 ml)
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intestine. The ubiquitous nutritional undersupply with folic acid can be another 
aspect of the observed deficiencies [4].

5  Effect on Thiamine

Thiamine (Vitamin B1) is also absorbed throughout the entire small intestine. 
The enteral uptake of thiamine is subject to a dose-dependent dual mechanism. 
Physiological amounts of thiamine below a concentration of 2 µmol/l are absorbed 
by an energy-dependent sodium-mediated carrier mechanism, above a concentra-
tion of 2 µmol/l, vitamin B1 is absorbed by passive diffusion. The comparison of 
biopsies of the intestinal mucosa of patients with and without thiamine deficiency 
revealed a significantly higher intestinal vitamin B1 intake in subjects with poor 
thiamine status. The increased absorption of thiamine in the deficient state results 
from the upregulation of apical thiamine transporters in the intestinal mucosa cells 
[17–19].The biological half-life of thiamine is relatively short and is reported to 
be 9.5–18.5 days in humans. The maximal limited storage capacity and high con-
version rate of thiamine make a daily supply of sufficient quantities necessary to 
meet demand [19]. These facts may lead to special nutritional problems with thia-
mine, which must be kept in mind after bariatric surgery, and especially after SG, 
as postoperative nausea and vomiting (PONV) may be considered the most com-
mon adverse effect of LSG. Without prophylaxis the incidence can be as high as 
80% [20]. Another and even more important and longer lasting reason for chronic 
vomiting after SG is due to functional gastric stenosis at the angulus fold [21–
24]. The incidence can be as high as 4%, but with that incidence only proven and 
treated cases are represented [21–24]. In fact, more patients suffer from chronic 
vomiting after SG. Further reasons for this issue can be the presence of a hiatal 
hernia or emerging food intolerances. Important in this context is the fact that 
chronic vomiting easily leads to a thiamine deficiency based on its short half-life 
and its absolute limited storage capacity. Another contributing aspect is the fact 
that these patients often almost stop eating due persistent nausea.

This can lead to two clinical pictures with a pronounced thiamine deficiency, 
both of which can take a dramatic course. Acute thiamine deficiency occurs when 
patients in an already catabolic state (e.g. like after bariatric surgery) additionally 
fast for some time, (e.g. due to chronic vomiting) and then resume eating.

5.1  Refeeding Syndrome

The initial phase of starvation (e.g. low food intake after bariatric surgery plus 
nausea) leads to a high consumption of the total concentration of essential electro-
lytes within the extracellular space. During such a period carbohydrate metabolism 
is minimized, and thus insulin release is suppressed, whereas gluconeogenesis, 
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lipolysis and proteolysis are increased, the substrates of which are fatty acids, 
glycerol, ketones and amino acids. At the same time intracellular electrolyte con-
centration is still high. Subsequently, along this concentration gradient magne-
sium, phosphate and potassium shift to the extracellular space. “Starvation seizes 
the cellular level” is probably the best way to describe convincingly this state. In 
this phase of starvation, when electrolytes already have been shifted from intra- 
to extracellular, resumption of food results in a massive insulin release, which 
immediately leads to increased glycogeno-, proteino- and lipogenesis. Henceforth, 
massive amounts of thiamine are consumed by acting as cofactor for the glucose 
transport into the intracellular space. Simultaneously, with indication of this meta-
bolic process, phosphate, potassium and magnesium massively flux back into the 
cell. This results in an engraving and persisting deficiency of potassium, phos-
phate, magnesium and thiamine in the extra cellular space followed by all its clini-
cal consequences. This phenomenon is known as refeeding syndrome (Fig. 3a–c) 
that has so far been recognized mainly in the context with anorexia [25–28]. 
The hallmark biochemical feature of this phenomenon is hypophosphatemia. 
Regardless of the serious symptoms of that malignant electrolyte imbalance, addi-
tionally, the acute thiamine deficiency may result in symptoms of an acute dry 
and/or wet Beriberi syndrome with severe cordial and neurological impairments 
(Table 1). This situation mostly represents a life-threatening condition. Milder 
forms of electrolyte shifts have been frequently observed as moderate hypophos-
phatemia in the post-bariatric phase, characterized by the significant reduction of 

Fig. 3  a Starvation leads to a consumption of extracellular electrolytes. Carbohydrate metabo-
lism is minimized, gluconeogenesis, lipolysis, and proteolysis is increased. This results in a con-
centration gradient of electrolytes from intracellular to extracellular. b “Starvation seizes the cel-
lular level”. This results in a shift of intracellular phosphate, magnesium and potassium into the 
extracellular space. c Refeeding Syndrome. Resumption of food in the state of starvation results 
in a massive insulin release, which simultaneously leads to increased glycogeno-, proteino- and 
lipogenesis. Thiamine is consumed as cofactor for the transport of glucose, phosphate, potassium 
and magnesium back into the intracellular space. The hallmark biochemical feature of refeeding 
syndrome is hpophosphatemia and thus phosphate is the indicator electrolyte
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food intake over weeks. Some published cases of patients with “bariatrical refeed-
ing syndrome” demonstrated impressively that this clinical picture can occur inde-
pendently of body weight, but is solely induced by prolonged starvation with a 
subsequent electrolyte shift [28].

Emergency intensive care therapy of the refeeding syndrome includes a reduced 
and controlled protocol of nutrient supply under monitoring and ad hoc substitu-
tion of electrolytes and thiamine, potassium and magnesium according to the 
NICE guidelines [25]. Often the adequate therapy necessitates very high doses 
especially of phosphate and thiamine for several days,

The Refeeding Syndrome leads to an excessive lack of thiamine by shifting 
the vitamin between the different spaces of the body. If the deficiency is due to 
an insufficient extrinsic supply or waste through vomiting, Beriberi syndrome 
can develop without further phosphate imbalance. The Beriberi syndrome shows 

Fig. 3  (continued)

Fig. 3  (continued)
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three different clinical manifestations, with dry Beriberi being the most com-
mon of all. Its symptoms include neuritis and neuropathy that manifests particu-
larly at the lower extremity, but also muscle pain and atrophy with loss of tendon 
reflexes. The cardio-vascular manifestation with hypertension, formation of ede-
mas and possible respiratory symptoms is called wet beriberi. An acute severe 
thiamine deficiency may even lead to cerebral Beriberi, which is also known as 
 Wernicke-Korsakoff Syndrome. If the disease occurs in this severe form, com-
plete remission is rare and mortality rate ranges high as between 10–20%. Even 
early therapy cannot cure the cognitive impairment, which is not reversible in most 
cases [29].

Therapy of symptomatic Beriberi is the immediate administration of thiamine 
(up to 400 mg parenteral per day) [29, 30], directly after the blood sample has 
been taken for current vitamin level determination. In suspected cases, there is no 
need to wait for the result and an initial dose of 100 mg is administered ex juvan-
tibus. In such situations, however, it is always worth controlling the indicator elec-
trolyte phosphate to differentiate suspected Beriberi from refeeding syndrome.

6  Effect on Vitamin D

Vitamin D deficiency is not specific.
Although only parts of the stomach are removed in SG, the resulting reduc-

tion in gastric acid and intrinsic factor and the rapid emptying of the stomach can 
have effects on the vitamin and mineral balance. Other influencing factors are the 
drastically reduced postoperative food and vitamin intake or recurrent vomiting 
after SG. Additionally, proton pump inhibitor (PPI) intake, which is frequently 
after SG, has a considerable effect on iron, and vitamin B12 levels, as well as it 

Table 1  Classification and symptoms of beriberi syndrome

Dry Beriberi
More frequent than wet 
Beriberi

Wet Beriberi
Cardio-vascular manifestation

Cerebral Beriberi
Wernicke-Korsakoff syndrome
Complete remission is rare
Mortality rate: 10–20%

Neuritis Cardiac insufficiency Encephalopathy

Neuropathy,
esp. of the lower limbs with 
loss of tendon reflexes

Tachycardia Omphtalmoplegia, with nys-
tagmus and impairment of eye 
movements

Muscle atrophy with muscle 
pain

Right heart insufficiency Hemorrhagic lesions of the 
3.and 4. Ventricle

General weakness Edema Ataxia

Respiratory symptoms Korsakoff pychosis

Hypertension Coma
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interferes with the calcium and bone metabolism [31–34]. Besides that, PPI retard 
the clinical response to iron supplementation [34].

A vitamin D deficiency is not specific after SG, but is generally widespread in 
obese patients. Indeed, deficiencies of fat-soluble vitamins are more likely after 
bypass procedures due to the duodenal exclusion.

7  Conclusion

In summary of all these influences on the absorption of vitamins and minerals fol-
lowing SG, the lifelong supplementation is obligatory according to the guidelines 
(Table 2). Standardized follow up examinations and lab tests are necessary to 
monitor the vitamin and mineral status in bariatric patients after SG, to conclude, 
according to the current state of knowledge, postoperative supplementation after SG 
should be recommended life-long, since anatomical and physiological changes pro-
vide at least deficiencies in iron, thiamine, folate, vitamin B12, and vitamin D.
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1  Pre-operative Deficiencies

The World Health Organization (WHO) estimates 13% of the world’s adult popu-
lation were obese in 2016 [1]. The sleeve gastrectomy (SG) can be argued as the 
fastest growing weight loss surgical procedure since 2003, resulting in excess 
weight loss percentages of 33–90% [2, 3]. From 2003 to 2013, the percentage of 
sleeve gastrectomy procedures performed in North America increased by 244%, in 
Europe there was an increase of 48%, South America experienced a 14% increase, 
and Asia/Pacific countries reported a 75% increase in procedure volume; this 
details only about 0.01% of the world’s population having bariatric surgery [2].

Although there are many health advantages and resolutions of co-morbidities, 
many micronutrient deficiencies can result from metabolic changes associated 
with the sleeve gastrectomy [4]. Patients undergoing a sleeve gastrectomy pro-
cedure are at risk for nutrient deficiencies due to: limited food intake, increased 
risk of postoperative nausea and vomiting, food intolerances which may be newly 
developed since surgery, and reduced amounts of hydrochloric acid and intrinsic 
factor secretions within the stomach [4]. Nutritional deficiencies can be common 
in pre-operative patients and should be addressed and treated prior to surgery, to 
avoid postoperative complications [4, 5].
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2  Post-operative Deficiencies

Weight loss surgery procedures can decrease nutrient intake, specifically in 
patients undergoing a sleeve gastrectomy procedure, due to the restrictive nature 
of the procedure [6]. The current and updated 2019 ASMBS(American Society for 
Metabolic and Bariatric Surgery) Guidelines provide the following early postop-
erative care and immediate follow up period checklist for monitoring during the 
first year after a sleeve gastrectomy procedure [7].

Early care related to vitamin supplementation for sleeve gastrectomy:

• Multivitamin plus minerals in 2 tablets to supply minimum requirements
• Elemental calcium in citrate form 1,200–1,500 mg/d
• 3,000 IU/d vitamin D
• Vitamin B12 at dose to maintain normal levels
• Oral hydration of minimum 1.5 L/d.

Immediate follow up care related to vitamin supplementation for sleeve 
gastrectomy:

• Office visits at one, three, six, twelve months and then annually thereafter
• Comprehensive metabolic panel (CMP) at each visit
• Complete blood count with platelet testing at each visit
• Iron studies test for baseline and as needed thereafter
• Bone density scan at 2 years
• Vitamin B-12 performed annually and every 3–6 months if needing supplemen-

tation (methymalonic acid-MMA test- and homocysteine test as preferred)
• Thiamine evaluation as needed.

Postoperative micronutrient deficiencies, specifically in thiamine and vitamin 
D and calcium, can cause serious complications. Thiamine plays a role in major 
metabolic pathways within the body by creating many precursors for brain metab-
olism, separating ATP (adenosine triphosphate) molecules from glucose, and pro-
viding the core function in initiating many biochemical reactions in the central and 
peripheral nervous system [6, 8].

Deficiency in thiamine can lead to Wernicke-encephalopathy, wet Beriberi, 
and ultimately death, if left untreated. Wernicke-encephalopathy is diagnosed 
by a change in mental status, ocular movement abnormalities, and ataxia. Early 
onset symptoms of thiamine deficiency are non-specific and can include: fatigue, 
 lethargy, uneasiness, and headaches [8]. If left untreated, symptoms can pro-
gress to congestive heart failure or wet beriberi, peripheral neuropathy, dyspha-
gia, depression, or Korsakoff syndrome [8]. Kröll et al. developed an overview of 
Wernicke-Encephalopathy after sleeve gastrectomy (Table 1) [8].

Weight loss surgery procedures can increase the risk of developing thiamine 
deficiency due to nausea and vomiting, rapid weight loss, and excessive alcohol 
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intake [8]. Since thiamine is a water-soluble vitamin, daily intake is needed to 
maintain normal serum levels, in fact, Sechi et al. found that lack of thiamine 
intake can lead to a deficiency in as few as 20 days without appropriate thia-
mine supplementation [9]. Angelou et al. found Wernicke encephalopathy onset 
occurred as early as 2 weeks and as late as 60 weeks after sleeve gastrectomy [10].

Postoperative thiamine deficiency was found to be as great as 25% in patients 
up to 2 years, and ranged from 0–30.8% by the 5-year mark regardless of supple-
mentation [6]. A study conducted by Johns Hopkins University, found that out of 
105 patients status post sleeve gastrectomy, patients with a higher BMI that were 

Table 1  Progression of wernicke-encephalopathy after sleeve gastrectomy

Adapted from Kröll et al. [8]

Risk factors – Recurrent emesis
– Non-compliance and inadequate vitamin 
supplementation
– Preoperative vitamin B deficiencies
– Surgical complications (stenosis)
– Parenteral feedings, caloric carbohydrate diet
– Co-morbidities: alcohol consumption, type 2 diabe-
tes, hepatic stenosis, non-alcoholic fatty liver disease, 
delayed gastric emptying

Time of neurological symptoms Early: within 2–6 weeks (stores can be depleted)
Late: within 7 months with variability, usually 
3–5 months

Clinical manifestations – Wernicke encephalopathy (ocular dysfunction, gait 
ataxia, encephalopathy) classic triad often not seen
– Altered mental status changes
– Korsakoff syndrome (amnestic-confabulatory 
syndrome)
– Peripheral neuropathy and polyradiculopathy
– Nonspecific symptoms: fatigue, lethargy, restlessness
– Atypical symptoms: vestibular dysfunction without 
hearing loss, dysphagia, depression

Diagnostic tools – Clinical diagnosis
Laboratory examination may not be specific, serum 
thiamine levels may be reduced
MRI may show increased T2 signals in periventricular 
regions

Differential diagnosis Other nutrient deficiencies: vitamin B-12, copper, folate, 
niacin, vitamin E

Treatment 500 mg thiamine IV TID for 2 days, followed by 
500 mg/d IV or IM for 5 days with magnesium and other 
B vitamins, followed by long-term oral supplementation 
of 50 or 100 mg/d

Outcome Complete recovery is rare
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also of a minority ethnicity, or whom were of a minor ethnicity, independently, 
had a higher risk of developing thiamine deficiency: 20% at 3 months, 17% at 
6 months, and 20% at 12 months post-surgery, even while taking recommended 
3 mg thiamine supplementation daily [6].

There is evidence that suggests that weight loss procedures can cause a negative 
effect on bone mineral density, accelerate bone loss, and increase bone fragility 
[11]. However, these negative effects can mostly be reversed with adequate sup-
plementation after surgery [12]. Serum calcium levels often remain within normal 
limits in post-operative patients due to the regulatory pathways within the body. 
Unfortunately, obese individuals typically have abnormal 25(OH)D levels due to 
sequestration of vitamin D within adipose tissue and due to a sedentary lifestyle 
with reduced sunlight exposure [12]. It is believed that changes in gut hormone 
concentrations after the sleeve gastrectomy can cause vitamin D deficiency in 
post-operative patients [13].

Lu et al. conducted a twelve-year study to observe fracture risk in weight loss 
surgery patients. Their results showed that out of the total 1,775 patients that had 
a restrictive procedure, 154 (8.7%) patients had fractures. The fracture rate for the 
surgical group were: 1.6% for 1 year, 2.37% for 2 years, 1.69% for 5 years, and 
2.06% greater than 5 years, with most fractures occurring in the extremities [11].

Likewise, Mihmanli et al. studied 119 post sleeve gastrectomy patients and 
their vitamin D levels during the first year after surgery. At 12 months after sur-
gery, 32.7% of patients needed high-dose vitamin D supplementation to combat 
deficiency [13].

Carrasco et al. noted vitamin D deficiency in sleeve gastrectomy patients in 
31.6% preop, 5.6% 6 months, and 15.8% 12 months after surgery. Coincidentally, 
hyperparathyroidism was observed in 57.9% preop, 31.6% 6 months, and 5.3% 
12 months after surgery. Patients who achieved higher vitamin D and calcium 
intake via diet and supplementation had reduced parathyroid hormone levels. 
Calcium intake of patients, closer to ASMBS recommendations, showed an asso-
ciation with less bone loss in the lumbar region of the spinal cords of sleeve gas-
trectomy patients [14].

Pluskiewicz et al. noted bone mineral density reductions of 1.2% in the spine, 
7% in femoral neck, and 5.3% in total hip in sleeve gastrectomy patients that were 
6 months post-surgery [15]. A review of evaluation and management of bone 
health in the surgical patient (Table 2) and recommendations for calcium and vita-
min D supplementation (Table 3) are described below [16].

Although the causes for micronutrient deficiencies is multifactorial, resecting 
the gastric fundus in the sleeve gastrectomy procedure thus leading to reduced die-
tary intake, reduced hydrochloric acid and intrinsic factor, and a hypo acidic envi-
ronment, can lead to micronutrient deficiencies such as iron, folic acid, vitamin 
B-12, thiamine, vitamin B-6, and copper [17].

In a literature review conducted by Emile and Elfeki, several studies were 
reviewed to compare nutritional deficiencies after sleeve gastrectomy (Table 4).  



Long-Term Consequences of Nutritional Deficiencies 637

Ta
bl

e 
2 

 E
va

lu
at

io
n 

an
d 

m
an

ag
em

en
t o

f 
bo

ne
 h

ea
lth

 in
 s

ur
gi

ca
l p

at
ie

nt
s

A
da

pt
ed

 f
ro

m
 B

en
-P

or
at

 e
t a

l. 
[1

6]

Pa
ra

m
et

er
Pr

e 
op

 m
an

ag
em

en
t

Po
st

-o
p 

m
an

ag
em

en
t

T
re

at
m

en
t

C
al

ci
um

Se
ru

m
 p

ar
at

hy
ro

id
 h

or
m

on
e,

 s
er

um
 c

al
-

ci
um

, 2
5(

O
H

)D
, D

X
A

 o
f 

sp
in

e 
an

d 
hi

p 
fo

r 
w

om
en

 a
ge

d 
≥

 6
5,

 m
en

 a
ge

d 
≥

 7
0,

 p
at

ie
nt

s 
w

ith
 c

on
di

tio
ns

 a
ss

oc
ia

te
d 

w
ith

 b
on

e 
lo

ss
 

or
 lo

w
 b

on
e 

m
as

s

12
00

–1
50

0 
m

g/
d.

 M
on

ito
r 

se
ru

m
 p

ar
at

hy
-

ro
id

 h
or

m
on

e,
 c

al
ci

um
, a

nd
 2

5(
O

H
)D

 e
ve

ry
 

6–
12

 m
on

th
s 

an
d 

th
en

 a
nn

ua
lly

. D
X

A
 a

t 
sp

in
e 

an
d 

hi
p 

2 
ye

ar
s 

po
st

 o
p,

 th
en

 e
ve

ry
 

2–
5 

ye
ar

s

E
vu

al
at

e 
se

co
nd

ar
y 

ca
us

es
, i

f 
lo

w
 b

on
e 

m
as

s 
in

 p
re

 o
p 

ph
as

e.
 C

on
si

de
r 

bi
sp

ho
s-

ph
on

at
es

 w
he

n 
bo

ne
 d

en
si

ty
 T

 s
co

re
 is

 <
 2

.5

V
ita

m
in

 D
25

 (
O

H
)D

, s
er

um
 p

ar
at

hy
ro

id
 h

or
m

on
e

30
00

 I
U

/d
 o

r 
do

se
 n

ee
de

d 
to

 r
ea

ch
 2

5(
O

H
)

D
 >

 3
0 

ng
/m

l. 
M

on
ito

r 
se

ru
m

 p
ar

at
hy

ro
id

 
ho

rm
on

e 
an

d 
25

(O
H

)D
 e

ve
ry

 6
–1

2 
m

on
th

s,
 

th
en

 a
nn

ua
lly

. 2
4-

h 
ur

in
ar

y 
ca

lc
iu

m
 a

t 
6 

m
on

th
s,

 th
en

 a
nn

ua
lly

Fo
r 

ra
pi

d 
co

rr
ec

tio
n 

of
 v

ita
m

in
 D

 d
efi

-
ci

en
cy

 ≥
 3

,0
00

 I
U

 a
nd

 ≤
 6

,0
00

 I
U

 v
ita

m
in

 
D

3/
d 

or
 5

0,
00

0 
Iu

 v
ita

m
in

 D
2 

1–
3 

tim
es

/
w

ee
k.

 S
ev

er
e 

m
al

ab
so

rp
tio

n 
m

ay
 r

eq
ui

re
 

hi
gh

er
 d

os
in

g 
of

 ≤
 5

0,
00

0 
IU

 D
2 

or
 D

3 
1–

3 
tim

es
/w

ee
k 

to
 o

nc
e 

da
ily

. H
ig

h 
vi

ta
m

in
 

D
 d

os
in

g 
sh

ou
ld

 b
e 

ad
m

in
is

te
re

d 
ov

er
 a

 
lim

ite
d 

pe
ri

od
 o

f 
tim

e 
an

d 
sh

ou
ld

 b
e 

m
on

i-
to

re
d 

by
 m

ed
ic

al
 p

ro
fe

ss
io

na
ls

Pr
ot

ei
n

Se
ru

m
 a

lb
um

in
; c

an
 a

ls
o 

m
ea

su
re

 s
er

um
 

pr
ot

ei
n,

 p
re

-a
lb

um
in

, D
X

A
 o

f 
fa

t-
fr

ee
 m

as
s

60
–8

0 
g/

d 
or

 1
.1

–1
.5

 g
/k

g 
id

ea
l b

od
y 

w
ei

gh
t. 

M
on

ito
r 

se
ru

m
 a

lb
um

in
 

6–
12

 m
on

th
s 

an
d 

th
en

 a
nn

ua
lly

O
ra

l p
ro

te
in

 s
up

pl
em

en
ta

tio
n 

or
 e

nt
er

al
/

pa
re

nt
er

al
 n

ut
ri

tio
n 

as
 n

ee
de

d

Ph
ys

ic
al

 a
ct

iv
ity

N
/A

M
od

er
at

e 
ae

ro
bi

c 
ph

ys
ic

al
 a

ct
iv

ity
 a

t m
in

i-
m

um
 1

50
 m

in
/w

k 
w

ith
 a

 g
oa

l o
f 

30
0 

m
in

/
w

k.
 S

tr
en

gt
h 

tr
ai

ni
ng

 2
–3

 ti
m

es
/w

k

N
/A



S. Stavola638

A
da

pt
ed

 f
ro

m
 B

en
-P

or
at

 e
t a

l. 
[1

6]

Ta
bl

e 
3 

 R
ec

om
m

en
da

tio
ns

 f
or

 c
al

ci
um

 a
nd

 v
ita

m
in

 D
 s

up
pl

em
en

ta
tio

n

C
al

ci
um

V
ita

m
in

 D

T
hr

es
ho

ld
 v

al
ue

s
Se

ru
m

 c
al

ci
um

 (
w

ith
ou

t r
en

al
 d

is
ea

se
) 

9–
10

.5
 m

g/
dl

Se
ru

m
 p

ar
at

hy
ro

id
 h

or
m

on
e:

 h
yp

er
pa

ra
th

yr
oi

di
sm

 >
 6

5 
pg

/m
l

25
(O

H
)D

: r
ef

er
en

ce
 r

an
ge

 3
0–

10
0 

ng
/m

l; 
pr

ef
er

re
d 

ra
ng

e:
 3

0–
50

 n
g/

m
l; 

in
su

f-
fic

ie
nc

y:
 2

0–
30

 n
g/

m
l, 

de
fic

ie
nc

y 
<

 2
0 

ng
/m

l

R
ou

tin
e 

pr
ev

en
ta

tiv
e 

su
pp

le
m

en
ta

tio
n

12
00

–1
50

0 
m

g/
d

30
00

 I
U

/d

Su
pp

le
m

en
ta

l s
ou

rc
e

C
al

ci
um

 c
itr

at
e 

is
 p

re
fe

rr
ed

 o
ve

r 
ca

lc
iu

m
 c

ar
bo

na
te

 d
ue

 to
 it

 b
ei

ng
 

in
de

pe
nd

en
t o

f 
st

om
ac

h 
ac

id
ity

 a
bs

or
pt

io
n

D
3 

is
 m

or
e 

po
te

nt
 th

at
 D

2,
 b

ut
 b

ot
h 

ca
n 

be
 e

ff
ec

tiv
e 

an
d 

do
se

 d
ep

en
de

nt

A
dd

iti
on

al
 

co
ns

id
er

at
io

ns
D

iv
id

ed
 d

os
es

 n
o 

gr
ea

te
r 

th
an

 6
00

 m
g;

 s
ep

ar
at

e 
by

 a
t l

ea
st

 2
 h

ou
rs

 
fr

om
 ir

on
 c

on
ta

in
in

g 
pr

od
uc

ts
; c

al
ci

um
 c

ar
bo

na
te

 s
ho

ul
d 

be
 ta

ke
n 

w
ith

 m
ea

ls
, c

al
ci

um
 c

itr
at

e 
ca

n 
be

 ta
ke

n 
w

ith
 o

r 
w

ith
ou

t m
ea

ls

V
ita

m
in

 D
 s

ho
ul

d 
be

 ta
ke

n 
w

ith
 m

ea
ls

 c
on

ta
in

in
g 

a 
fa

t s
ou

rc
e 

fo
r 

be
st

 a
bs

or
pt

io
n

To
le

ra
bl

e 
da

ily
 

up
pe

r 
in

ta
ke

 le
ve

l
19

–5
0 

yr
s:

 1
50

0 
m

g/
d,

 >
 5

1 
yr

s:
20

00
 m

g/
d,

 p
re

gn
an

cy
/

la
ct

at
io

n:
25

00
 m

g/
d

 >
 9

 y
rs

: 4
00

0 
IU

/d

Sa
fe

ty
 a

nd
 r

is
k 

as
se

ss
m

en
t

Po
te

nt
ia

l a
dv

er
se

 e
ff

ec
ts

 o
f 

ex
ce

ss
 in

ta
ke

 in
cl

ud
e 

in
cr

ea
se

d 
ri

sk
 o

f 
ki

dn
ey

 s
to

ne
s,

 c
on

st
ip

at
io

n,
 h

yp
er

ca
lc

iu
ri

a,
 h

yp
er

ca
lc

em
ia

, v
as

cu
la

r 
an

d 
so

ft
 ti

ss
ue

 c
al

ci
fic

at
io

n,
 r

en
al

 in
su

ffi
ci

en
cy

, a
nd

 in
te

rf
er

en
ce

 w
ith

 
an

ot
he

r 
m

in
er

al
’s

 a
bs

or
pt

io
n

C
on

tr
ai

nd
ic

at
io

ns
 f

or
 v

ita
m

in
 D

 s
up

pl
em

en
ta

tio
n 

in
cl

ud
e 

pa
tie

nt
s 

w
ith

 h
yp

er
ca

l-
ce

m
ia

 o
r 

m
et

as
ta

tic
 c

al
ci

fic
at

io
n

Se
ru

m
 2

5O
H

D
 c

hr
on

ic
al

ly
 >

 5
0 

ng
/m

L
 m

ay
 b

e 
re

la
te

d 
to

 p
ot

en
tia

l a
dv

er
se

 
ef

fe
ct

s.
 L

ev
el

s 
of

 2
5(

O
H

)D
 >

 1
00

 n
g/

m
L

 r
efl

ec
t e

xc
es

s 
of

 v
ita

m
in

 D
, l

ev
el

s 
of

 
25

(O
H

)D
 >

 1
50

 n
g/

m
L

 in
di

ca
tin

g 
in

to
xi

ca
tio

n.
 V

ita
m

in
 D

 d
os

es
 <

 1
0,

00
0 

IU
/d

 
ar

e 
un

lik
el

y 
to

 c
au

se
 to

xi
ci

ty
 in

 a
du

lts
E

xc
es

si
ve

 v
ita

m
in

 D
 in

ta
ke

 is
 a

ss
oc

ia
te

d 
w

ith
 c

lin
ic

al
 a

dv
er

se
 e

ff
ec

ts
 in

cl
ud

-
in

g 
hy

pe
rc

al
ce

m
ia

, h
yp

er
ca

lc
iu

ri
a,

 a
nd

 r
en

al
 s

to
ne

s 
(w

he
n 

ta
ke

n 
to

ge
th

er
 w

ith
 

ex
ce

ss
 c

al
ci

um
 s

up
pl

em
en

ta
tio

n)
In

 s
en

si
tiv

e 
su

bp
op

ul
at

io
ns

 (
gr

an
ul

om
a-

fo
rm

in
g 

di
so

rd
er

s,
 c

hr
on

ic
 f

un
ga

l 
in

fe
ct

io
ns

, l
ym

ph
om

a,
 th

ia
zi

de
 d

iu
re

tic
s 

tr
ea

tm
en

t)
 2

5(
O

H
)D

 a
nd

 c
al

ci
um

 le
ve

ls
 

sh
ou

ld
 b

e 
m

on
ito

re
d 

ca
re

fu
lly

Se
ru

m
 c

al
ci

um
 le

ve
ls

 s
ho

ul
d 

be
 m

on
ito

re
d 

1 
m

o 
af

te
r 

co
m

pl
et

in
g 

th
e 

lo
ad

in
g 

re
gi

m
en

 o
f 

hi
gh

-d
os

e 
vi

ta
m

in
 D

 s
up

pl
em

en
ts

 to
 tr

ea
t d

efi
ci

en
cy

. I
f 

ca
lc

iu
m

 
le

ve
ls

 a
re

 e
le

va
te

d,
 a

ny
 c

al
ci

um
-c

on
ta

in
in

g 
vi

ta
m

in
 D

 s
up

pl
em

en
ts

 s
ho

ul
d 

be
 

st
op

pe
d 

an
d 

fu
rt

he
r 

vi
ta

m
in

 D
 lo

ad
in

g 
sh

ou
ld

 b
e 

de
la

ye
d.

 E
le

va
te

d 
ca

lc
iu

m
 

de
sp

ite
 s

to
pp

in
g 

ca
lc

iu
m

 a
nd

 v
ita

m
in

 D
 s

up
pl

em
en

ts
 r

eq
ui

re
s 

PT
H

 m
on

ito
ri

ng
 

an
d 

re
fe

rr
in

g 
to

 e
nd

oc
ri

no
lo

gi
st



Long-Term Consequences of Nutritional Deficiencies 639

Ta
bl

e 
4 

 M
ic

ro
nu

tr
ie

nt
 d

efi
ci

en
ci

es
 a

ft
er

 s
le

ev
e 

ga
st

re
ct

om
y

D
efi

ci
en

cy
 p

er
ce

nt
ag

e 
(%

)

St
ud

y
Ty

pe
a

# 
of

 
pa

tie
nt

s
Ir

on
A

ne
m

ia
C

al
ci

um
Z

in
c

M
ag

ne
si

um
B

1
B

6
B

12
V

it 
D

Fo
lic

 A
ci

d
H

yp
oa

lb
ui

na
em

ia
Fo

llo
w

-U
p

H
ak

ea
m

 e
t a

l. 
(2

00
9)

P
61

4.
9

4.
9

N
A

N
A

N
A

N
A

N
A

26
.2

N
A

9.
8

N
A

12

Sa
lle

 e
t a

l. 
(2

01
0)

P
33

25
N

A
N

A
18

.8
N

A
N

A
N

A
N

A
N

A
N

A
0

12

A
ar

ts
 e

t a
l. 

(2
01

1)
P

60
43

26
0

N
A

N
A

11
0

9
39

15
15

12

R
ui

z-
To

va
r 

et
 a

l. 
(2

01
2)

R
30

3.
3

N
A

N
A

N
A

N
A

N
A

N
A

N
A

3.
3

N
A

N
A

24

M
oo

re
 a

nd
 S

he
rm

an
 

(2
01

4)
P

60
N

/A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
27

.3
N

A
N

A
3

D
am

m
s-

M
ac

ha
do

 e
t a

l. 
20

12
P

54
4.

3
N

A
4.

3
N

A
N

A
N

A
17

.2
17

.2
70

.4
13

.8
N

A
12

V
an

 R
ut

te
 e

t a
l. 

(2
01

4)
P

20
0

18
.5

6.
5

2
5

3
9

4
11

.5
36

12
.5

0.
5

12

B
en

-P
or

at
 e

t a
l. 

20
15

R
77

27
.7

20
N

A
N

A
N

A
N

A
N

A
16

.7
93

.6
21

.4
N

A
12

B
el

fio
re

 e
t a

l. 
(2

01
5)

R
47

8.
8

N
A

N
A

32
.4

N
A

17
.7

N
A

6
11

.8
11

.8
N

A
6

A
l-

M
ul

hi
m

 (
20

16
)

P
11

2
7.

1
6.

25
9.

8
N

A
2.

7
N

A
N

A
14

.3
8.

9
6.

25
N

A
12

Sa
if

 e
t a

l. 
[1

8]
R

30
0

28
.6

0
14

.3
0

30
.8

N
A

0
42

0
5.

5
60

Pe
lli

te
ro

 e
t a

l. 
(2

01
7)

P
51

N
A

4
N

A
N

A
N

A
0

0.
2

0
35

0
N

A
60

G
eh

re
r 

et
 a

l. 
(2

01
0)

P
50

18
N

A
0

34
N

A
0

0
18

56
.3

22
4

36

A
le

xa
nd

ro
u 

et
 a

t 
(2

01
4)

P
40

30
54

.2
N

1
N

A
N

A
N

A
N

A
5

N
A

20
N

A
48

K
he

ni
se

r 
et

 a
l. 

(2
01

7)
R

50
6

49
N

1
N

A
N

A
N

A
N

A
12

35
.5

N
A

N
A

48

M
ed

ia
n

–
90

7
8.

8
20

1
18

.8
2.

7
10

0.
2

11
.7

12
.5

4
12

a P
 =

 p
ro

sp
ec

tiv
e,

 R
 =

 re
tr

os
pe

ct
iv

e.
 A

da
pt

ed
 f

ro
m

 E
m

ile
 a

nd
 E

lf
ek

i [
17

]



S. Stavola640

Ta
bl

e 
5 

 2
01

9 
A

SM
B

S 
gu

id
el

in
es

 f
or

 v
ita

m
in

/m
in

er
al

 s
up

pl
em

en
ta

tio
n 

po
st

 w
ei

gh
t l

os
s 

su
rg

er
y

V
ita

m
in

/
m

in
er

al
Pr

ev
al

en
ce

 o
f 

de
fic

ie
nc

y
R

ec
om

m
en

de
d 

su
pp

le
m

en
ta

tio
n

R
ep

le
tio

n 
fo

r 
de

fic
ie

nc
y

Sc
re

en
in

g

T
hi

am
in

 
(B

1)
 <

1–
49

%
 d

ep
en

d-
in

g 
on

 p
ro

ce
du

re
 

an
d 

po
st

 s
ur

ge
ry

 
tim

e 
fr

am
e

 ≥
 2

 m
g 

th
ia

m
in

e 
da

ily
; p

re
fe

ra
bl

y 
a 

50
–1

00
 m

g 
da

ily
 d

os
e 

of
 th

ia
m

in
e 

fr
om

 a
 

B
-c

om
pl

ex
 s

up
pl

em
en

t o
r 

hi
gh

- 
po

te
nc

y 
m

ul
tiv

ita
m

in

B
ar

ia
tr

ic
 p

at
ie

nt
s 

w
ith

 s
us

pe
ct

ed
 

th
ia

m
in

e 
de

fic
ie

nc
y 

sh
ou

ld
 b

e 
tr

ea
te

d 
be

fo
re

 o
r 

in
 th

e 
ab

se
nc

e 
of

 la
bo

ra
to

ry
 

co
nfi

rm
at

io
n 

an
d 

m
on

ito
re

d/
ev

al
ua

te
d 

fo
r 

re
so

lu
tio

n 
of

 s
ig

ns
 a

nd
 s

ym
pt

om
s

R
ep

le
tio

n 
do

se
 f

or
 th

ia
m

in
e 

de
fic

ie
nc

y 
va

ri
es

 b
as

ed
 o

n 
ro

ut
e 

of
 a

dm
in

is
tr

at
io

n 
an

d 
se

ve
ri

ty
 o

f 
sy

m
pt

om
s:

O
ra

l t
he

ra
py

: 1
00

 m
g 

2–
3 

tim
es

 d
ai

ly
 

un
til

 s
ym

pt
om

s 
re

so
lv

e
IV

 th
er

ap
y:

 2
00

 m
g 

3 
tim

es
 d

ai
ly

 to
 

50
0 

m
g 

on
ce

 o
r 

tw
ic

e 
da

ily
 f

or
 3

–5
 d

, 
fo

llo
w

ed
 b

y 
25

0 
m

g/
d 

fo
r 

3–
5 

d 
or

 u
nt

il 
sy

m
pt

om
s 

re
so

lv
e,

 th
en

 c
on

si
de

r 
tr

ea
t-

m
en

t w
ith

 1
00

 m
g/

d 
or

al
ly

, i
nd

efi
ni

te
ly

, 
or

 u
nt

il 
ri

sk
 f

ac
to

rs
 h

av
e 

be
en

 r
es

ol
ve

d
IM

 th
er

ap
y:

 2
50

 m
g 

on
ce

 d
ai

ly
 f

or
 3

–5
 

d 
or

 1
00

–2
50

 m
g 

m
on

th
ly

M
ag

ne
si

um
, p

ot
as

si
um

, a
nd

 p
ho

sp
ho

-
ru

s 
sh

ou
ld

 b
e 

gi
ve

n 
si

m
ul

ta
ne

ou
sl

y 
to

 
pa

tie
nt

s 
at

 r
is

k 
fo

r 
re

fe
ed

in
g 

sy
nd

ro
m

e

R
ec

om
m

en
de

d 
fo

r 
hi

gh
-r

is
k 

gr
ou

ps
: F

em
al

es
, A

fr
ic

an
 A

m
er

ic
an

s,
 

Pa
tie

nt
s 

w
ith

 la
ck

 o
f 

nu
tr

iti
on

al
 c

ar
e 

po
st

-s
ur

ge
ry

, P
at

ie
nt

s 
ex

pe
-

ri
en

ci
ng

 s
ym

pt
om

s 
su

ch
 a

s 
in

tr
ac

ta
bl

e 
na

us
ea

 a
nd

 v
om

iti
ng

, p
oo

r 
ap

pe
tit

e,
 o

r 
co

ns
tip

at
io

n,
 P

at
ie

nt
s 

w
ith

 c
om

or
bi

di
tie

s 
th

at
 a

re
 ta

ki
ng

 
m

ed
ic

at
io

ns
, E

xc
es

si
ve

 a
lc

oh
ol

 u
se

, M
al

nu
tr

iti
on

, E
xt

re
m

e 
w

ei
gh

t 
lo

ss
Po

st
-W

L
S 

pa
tie

nt
s 

w
ith

 s
ig

ns
 a

nd
 s

ym
pt

om
s 

or
 r

is
k 

fa
ct

or
s 

sh
ou

ld
 

be
 a

ss
es

se
d 

fo
r 

th
ia

m
in

 d
efi

ci
en

cy
 a

t l
ea

st
 d

ur
in

g 
th

e 
fir

st
 6

 m
on

th
s 

an
d 

th
en

 e
ve

ry
 3

–6
 m

on
th

s 
un

til
 s

ym
pt

om
s 

re
so

lv
e

C
ob

al
am

in
 

(B
12

)
4–

20
%

 a
t 

2–
5 

ye
ar

s 
po

st
 S

G
Su

pp
le

m
en

t d
os

e 
va

ri
es

 b
as

ed
 o

n 
ro

ut
e 

of
 

ad
m

in
is

tr
at

io
n

O
ra

lly
 b

y 
di

si
nt

eg
ra

tin
g 

ta
bl

et
, s

ub
lin

-
gu

al
, o

r 
liq

ui
d:

 3
50

–1
,0

00
 m

cg
 d

ai
ly

N
as

al
 s

pr
ay

 a
s 

di
re

ct
ed

 b
y 

m
an

uf
ac

tu
re

r
Pa

re
nt

er
al

 (
IM

 o
r 

SQ
):

 1
,0

00
 m

cg
 

m
on

th
ly

1,
00

0 
m

cg
/d

 to
 a

ch
ie

ve
 n

or
m

al
 le

ve
ls

 
an

d 
th

en
 r

es
um

e 
do

sa
ge

s 
re

co
m

m
en

de
d 

to
 m

ai
nt

ai
n 

no
rm

al
 le

ve
ls

R
ec

om
m

en
de

d 
fo

r 
pa

tie
nt

s 
w

ho
 h

av
e 

un
de

rg
on

e 
SG

M
or

e 
fr

eq
ue

nt
 s

cr
ee

ni
ng

 (
ev

er
y 

3 
m

on
th

s)
 r

ec
om

m
en

de
d 

in
 th

e 
fir

st
-y

ea
r 

po
st

-s
ur

ge
ry

, a
nd

 th
en

 a
t l

ea
st

 a
nn

ua
lly

 o
r 

as
 c

lin
ic

al
ly

 
in

di
ca

te
d 

fo
r 

pa
tie

nt
s 

w
ho

 c
hr

on
ic

al
ly

 u
se

 m
ed

ic
at

io
ns

 th
at

 e
xa

ce
r-

ba
te

 r
is

k 
of

 B
12

 d
efi

ci
en

cy
, s

uc
h 

as
 n

itr
ou

s 
ox

id
e,

 n
eo

m
yc

in
, m

et
-

fo
rm

in
, c

ol
ch

ic
in

e,
 p

ro
to

n-
pu

m
p 

in
hi

bi
to

rs
, a

nd
 s

ei
zu

re
 m

ed
ic

at
io

ns
Sc

re
en

in
g 

sh
ou

ld
 in

cl
ud

e 
se

ru
m

 M
M

A
 w

ith
 o

r 
w

ith
ou

t h
om

oc
ys

t-
ei

ne
 to

 id
en

tif
y 

m
et

ab
ol

ic
 d

efi
ci

en
cy

 o
f 

B
12

 in
 s

ym
pt

om
at

ic
 a

nd
 

as
ym

pt
om

at
ic

 p
at

ie
nt

s 
an

d 
in

 p
at

ie
nt

s 
w

ith
 h

is
to

ry
 o

f 
B

12
 d

efi
ci

en
cy

 
or

 p
re

ex
is

tin
g 

ne
ur

op
at

hy
V

ita
m

in
 B

12
 d

efi
ci

en
ci

es
 c

an
 o

cc
ur

 d
ue

 to
 f

oo
d 

in
to

le
ra

nc
es

 o
r 

re
st

ri
ct

ed
 in

ta
ke

 o
f 

pr
ot

ei
n 

an
d 

vi
ta

m
in

 B
12

-c
on

ta
in

in
g 

fo
od

s

(c
on

tin
ue

d)



Long-Term Consequences of Nutritional Deficiencies 641

Ta
bl

e 
5 

 (
co

nt
in

ue
d)

V
ita

m
in

/
m

in
er

al
Pr

ev
al

en
ce

 o
f 

de
fic

ie
nc

y
R

ec
om

m
en

de
d 

su
pp

le
m

en
ta

tio
n

R
ep

le
tio

n 
fo

r 
de

fic
ie

nc
y

Sc
re

en
in

g

Fo
lic

 A
ci

d
U

p 
to

 6
5%

 o
f 

pa
tie

nt
s

40
0-

80
 m

cg
 o

ra
l f

ol
at

e 
da

ily
 f

ro
m

 th
ei

r 
m

ul
tiv

ita
m

in
80

0–
1,

00
0 

m
cg

 o
ra

l f
ol

at
e 

da
ily

 in
 

w
om

en
 o

f 
ch

ild
-b

ea
ri

ng
 a

ge

O
ra

l d
os

e 
of

 1
00

0 
μ

g 
of

 f
ol

at
e 

da
ily

 to
 

ac
hi

ev
e 

no
rm

al
 le

ve
ls

 a
nd

 th
en

 r
es

um
e 

re
co

m
m

en
de

d 
do

sa
ge

 to
 m

ai
nt

ai
n 

no
rm

al
 le

ve
ls

 >
 1

 m
g/

d 
su

pp
le

m
en

ta
tio

n 
is

 n
ot

 
re

co
m

m
en

de
d 

be
ca

us
e 

of
 th

e 
po

te
nt

ia
l 

m
as

ki
ng

 o
f 

vi
ta

m
in

 B
12

 d
efi

ci
en

cy

Sc
re

en
in

g 
re

co
m

m
en

de
d 

fo
r 

al
l p

at
ie

nt
s,

 f
em

al
es

 o
f 

ch
ild

be
ar

in
g 

ag
e,

 n
on

co
m

pl
ia

nc
e 

w
ith

 v
ita

m
in

 s
up

pl
em

en
ta

tio
n,

 a
nd

 p
oo

r 
di

et
ar

y 
in

ta
ke

 o
f 

fo
la

te
-c

on
ta

in
in

g 
fo

od
s

Ir
on

 <
 1

8%
 S

G
 

3 
m

on
th

s-
10

 y
ea

rs
 

po
st

 s
ur

ge
ry

M
al

es
 a

nd
 p

at
ie

nt
s 

w
ith

ou
t a

 h
is

to
ry

 o
f 

an
em

ia
: 1

8 
m

g 
of

 ir
on

 f
ro

m
 m

ul
tiv

ita
m

in
M

en
st

ru
at

in
g 

fe
m

al
es

 a
nd

 p
at

ie
nt

s 
w

ho
 

ha
ve

 u
nd

er
go

ne
 R

Y
G

B
, S

G
, o

r 
B

PD
/D

S:
 

45
–6

0 
m

g 
of

 e
le

m
en

ta
l i

ro
n 

da
ily

 (
cu

m
u-

la
tiv

el
y,

 in
cl

ud
in

g 
ir

on
 f

ro
m

 a
ll 

vi
ta

m
in

 
an

d 
m

in
er

al
 s

up
pl

em
en

ts
)

O
ra

l s
up

pl
em

en
ta

tio
n 

sh
ou

ld
 b

e 
ta

ke
n 

in
 

di
vi

de
d 

do
se

s 
se

pa
ra

te
ly

 f
ro

m
 c

al
ci

um
 

su
pp

le
m

en
ts

, a
ci

d-
re

du
ci

ng
 m

ed
ic

at
io

ns
, 

an
d 

fo
od

s 
hi

gh
 in

 p
hy

ta
te

s 
or

 p
ol

yp
he

no
ls

O
ra

l s
up

pl
em

en
ta

tio
n 

sh
ou

ld
 b

e 
in

cr
ea

se
d 

to
 p

ro
vi

de
 1

50
–2

00
 m

g 
of

 
el

em
en

ta
l i

ro
n 

da
ily

 to
 a

m
ou

nt
s 

as
 h

ig
h 

as
 3

00
 m

g 
2–

3 
tim

es
 d

ai
ly

O
ra

l s
up

pl
em

en
ta

tio
n 

sh
ou

ld
 b

e 
ta

ke
n 

in
 d

iv
id

ed
 d

os
es

 s
ep

ar
at

el
y 

fr
om

 
ca

lc
iu

m
 s

up
pl

em
en

ts
, a

ci
d-

re
du

ci
ng

 
m

ed
ic

at
io

ns
, a

nd
 f

oo
ds

 h
ig

h 
in

 p
hy

ta
te

s 
or

 p
ol

yp
he

no
ls

V
ita

m
in

 C
 s

up
pl

em
en

ta
tio

n 
m

ay
 b

e 
ad

de
d 

to
 in

cr
ea

se
 ir

on
 a

bs
or

pt
io

n 
an

d 
de

cr
ea

se
 r

is
k 

of
 ir

on
 o

ve
rl

oa
d

IV
 ir

on
 in

fu
si

on
 s

ho
ul

d 
be

 a
dm

in
is

te
re

d 
if

 ir
on

 d
efi

ci
en

cy
 d

oe
s 

no
t r

es
po

nd
 to

 
or

al
 th

er
ap

y

Ir
on

 d
efi

ci
en

cy
 c

an
 o

cc
ur

 a
ft

er
 a

ny
 b

ar
ia

tr
ic

 p
ro

ce
du

re
, d

es
pi

te
 

ro
ut

in
g 

su
pp

le
m

en
ta

tio
n

R
ou

tin
e 

po
st

-b
ar

ia
tr

ic
 s

cr
ee

ni
ng

 is
 r

ec
om

m
en

de
d 

w
ith

in
 3

 m
on

th
s 

af
te

r 
su

rg
er

y,
 a

nd
 th

en
 e

ve
ry

 3
 to

 6
 m

on
th

s 
un

til
 1

2 
m

on
th

s,
 a

nd
 

an
nu

al
ly

 th
er

ea
ft

er
 f

or
 a

ll 
pa

tie
nt

s
Ir

on
 s

ta
tu

s 
sh

ou
ld

 b
e 

m
on

ito
re

d 
in

 p
os

t-
ba

ri
at

ri
c 

pa
tie

nt
s 

at
 

re
gu

la
r 

in
te

rv
al

s 
us

in
g 

an
 ir

on
 p

an
el

, c
om

pl
et

e 
bl

oo
d 

co
un

t, 
to

ta
l 

ir
on

-b
in

di
ng

 c
ap

ac
ity

, f
er

ri
tin

, a
nd

 s
ol

ub
le

 tr
an

sf
er

ri
n 

re
ce

pt
or

 (
if

 
av

ai
la

bl
e)

, a
lo

ng
 w

ith
 c

lin
ic

al
 s

ig
ns

 a
nd

 s
ym

pt
om

s
A

dd
iti

on
al

 s
cr

ee
ni

ng
 s

ho
ul

d 
be

 p
er

fo
rm

ed
 b

as
ed

 o
n 

cl
in

ic
al

 s
ig

ns
 

an
d 

sy
m

pt
om

s 
an

d/
or

 la
bo

ra
to

ry
 fi

nd
in

gs
 o

r 
in

 c
as

es
 w

he
re

 d
efi

-
ci

en
cy

 is
 s

us
pe

ct
ed

(c
on

tin
ue

d)



S. Stavola642

Ta
bl

e 
5 

 (
co

nt
in

ue
d)

V
ita

m
in

/
m

in
er

al
Pr

ev
al

en
ce

 o
f 

de
fic

ie
nc

y
R

ec
om

m
en

de
d 

su
pp

le
m

en
ta

tio
n

R
ep

le
tio

n 
fo

r 
de

fic
ie

nc
y

Sc
re

en
in

g

V
ita

m
in

 D
U

P 
to

 1
00

%
 o

f 
pa

tie
nt

s 
po

st
-

su
rg

er
y 

de
pe

nd
in

g 
on

 p
ro

ce
du

re
 a

nd
 

tim
ef

ra
m

e 
po

st
-o

p

A
pp

ro
pr

ia
te

 d
os

e 
of

 d
ai

ly
 c

al
ci

um
 f

ro
m

 
al

l s
ou

rc
es

 v
ar

ie
s 

by
 s

ur
gi

ca
l p

ro
ce

du
re

SG
: 1

,2
00

–1
,5

00
 m

g/
d

To
 e

nh
an

ce
 c

al
ci

um
 a

bs
or

pt
io

n 
in

 p
os

t 
W

L
S 

pa
tie

nt
s

C
al

ci
um

 s
ho

ul
d 

be
 g

iv
en

 in
 d

iv
id

ed
 d

os
es

C
al

ci
um

 c
ar

bo
na

te
 s

ho
ul

d 
be

 ta
ke

n 
w

ith
 

m
ea

ls
C

al
ci

um
 c

itr
at

e 
m

ay
 b

e 
ta

ke
n 

w
ith

 o
r 

w
ith

ou
t m

ea
ls

R
ec

om
m

en
de

d 
pr

ev
en

ta
tiv

e 
do

se
 o

f 
vi

ta
m

in
 D

 s
ho

ul
d 

be
 b

as
ed

 o
n 

se
ru

m
 

vi
ta

m
in

 D
 le

ve
ls

R
ec

om
m

en
de

d 
vi

ta
m

in
 D

3 
do

se
 is

 
3,

00
0 

IU
 d

ai
ly

, u
nt

il 
bl

oo
d 

le
ve

ls
 o

f 
25

(O
H

)D
 a

re
 g

re
at

er
 th

an
 s

uf
fic

ie
nt

 
(3

0 
ng

/m
L

)
7–

90
%

 lo
w

er
 v

ita
m

in
 D

3 
bo

lu
s 

is
 n

ee
de

d 
(c

om
pa

re
d 

to
 v

ita
m

in
 D

2)
 to

 a
ch

ie
ve

 th
e 

sa
m

e 
ef

fe
ct

s 
as

 th
os

e 
pr

od
uc

ed
 in

 h
ea

lth
y 

no
nb

ar
ia

tr
ic

 s
ur

gi
ca

l p
at

ie
nt

s

A
ll 

ba
ri

at
ri

c 
pa

tie
nt

s 
w

ith
 v

ita
m

in
 D

 
de

fic
ie

nc
y 

or
 in

su
ffi

ci
en

cy
 s

ho
ul

d 
be

 
re

pl
et

ed
 a

s 
fo

llo
w

s:
V

ita
m

in
 D

3 
at

 le
as

t 3
,0

00
 I

U
/d

 a
nd

 
as

 h
ig

h 
as

 6
,0

00
 I

U
/d

, o
r 

50
,0

00
 I

U
 

vi
ta

m
in

 D
2 

1–
3 

tim
es

 w
ee

kl
y

V
ita

m
in

 D
3 

is
 r

ec
om

m
en

de
d 

ov
er

 
vi

ta
m

in
 D

2 
as

 a
 m

or
e 

po
te

nt
 tr

ea
tm

en
t 

w
he

n 
co

m
pa

ri
ng

 f
re

qu
en

cy
 a

nd
 a

m
ou

nt
 

ne
ed

ed
 f

or
 r

ep
le

tio
n

R
ep

le
tio

n 
of

 c
al

ci
um

 d
efi

ci
en

cy
 v

ar
ie

s 
by

 s
ur

gi
ca

l p
ro

ce
du

re
:

SG
: 1

,2
00

–1
,5

00
 m

g/
d

R
ou

tin
e 

sc
re

en
in

g 
is

 r
ec

om
m

en
di

ng
 f

or
 a

ll 
pa

tie
nt

s.
 2

5(
O

H
)D

 is
 th

e 
pr

ef
er

re
d 

bi
oc

he
m

ic
al

 a
ss

ay
E

le
va

te
d 

PT
H

 le
ve

ls
 a

nd
 in

cr
ea

se
d 

bo
ne

 f
or

m
at

io
n/

re
so

rp
tio

n 
m

ar
k-

er
s 

m
ay

 a
ls

o 
be

 c
on

si
de

re
d

V
ita

m
in

 A
U

p 
to

 7
0%

 o
f 

pa
tie

nt
s 

w
ith

in
 

4 
ye

ar
s 

po
st

-
su

rg
er

y 
de

pe
nd

in
g 

on
 p

ro
ce

du
re

D
os

ag
e 

is
 b

as
ed

 o
n 

ty
pe

 o
f 

pr
oc

ed
ur

e:
SG

: 5
,0

00
–1

0,
00

0 
IU

/d
H

ig
he

r 
m

ai
nt

en
an

ce
 d

os
es

 o
f 

fa
t-

so
lu

bl
e 

vi
ta

m
in

s 
m

ay
 b

e 
re

qu
ir

ed
 f

or
 b

ar
ia

tr
ic

 
pa

tie
nt

s 
w

ith
 a

 p
re

vi
ou

s 
hi

st
or

y 
of

 v
ita

-
m

in
 A

 d
efi

ci
en

cy
W

at
er

-m
is

ci
bl

e 
fo

rm
s 

of
 f

at
-s

ol
ub

le
 

vi
ta

m
in

s 
ar

e 
al

so
 a

va
ila

bl
e 

to
 im

pr
ov

e 
ab

so
rp

tio
n

Sp
ec

ia
l a

tte
nt

io
n 

sh
ou

ld
 b

e 
pa

id
 to

 p
os

t-
ba

ri
at

ri
c 

su
pp

le
m

en
ta

tio
n 

of
 v

ita
m

in
 A

 in
 

pr
eg

na
nt

 w
om

en

Fo
r 

ba
ri

at
ri

c 
pa

tie
nt

s 
w

ith
 v

ita
m

in
 A

 
de

fic
ie

nc
y 

w
ith

ou
t c

or
ne

al
 c

ha
ng

es
, a

 
do

se
 o

f 
10

,0
00

–2
5,

00
0 

IU
/d

 o
f 

vi
ta

m
in

 
A

 s
ho

ul
d 

be
 g

iv
en

 o
ra

lly
 u

nt
il 

cl
in

ic
al

 
im

pr
ov

em
en

t i
s 

ev
id

en
t

Fo
r 

ba
ri

at
ri

c 
pa

tie
nt

s 
w

ith
 v

ita
m

in
 A

 
de

fic
ie

nc
y 

w
ith

 c
or

ne
al

 c
ha

ng
es

, a
 d

os
e 

of
 5

0,
00

0–
10

0,
00

0 
IU

 o
f 

vi
ta

m
in

 A
 

sh
ou

ld
 b

e 
ad

m
in

is
te

re
d 

IM
 f

or
 3

 d
, f

ol
-

lo
w

ed
 b

y 
50

,0
00

 I
U

/d
 I

M
 f

or
 2

 w
ee

ks
B

ar
ia

tr
ic

 p
at

ie
nt

s 
w

ith
 v

ita
m

in
 A

 
de

fic
ie

nc
y 

sh
ou

ld
 a

ls
o 

be
 e

va
lu

at
ed

 f
or

 
co

nc
ur

re
nt

 ir
on

 a
nd

/o
r 

co
pp

er
 d

efi
ci

en
-

ci
es

 b
ec

au
se

 th
es

e 
ca

n 
im

pa
ir

 r
es

ol
ut

io
n 

of
 v

ita
m

in
 A

 d
efi

ci
en

cy

Sc
re

en
in

g 
is

 r
ec

om
m

en
de

d 
w

ith
in

 th
e 

fir
st

 p
os

to
pe

ra
tiv

e 
ye

ar
, e

sp
e-

ci
al

ly
 f

or
 th

os
e 

w
ith

 s
ym

pt
om

s 
of

 p
ro

te
in

-c
al

or
ie

 m
al

nu
tr

iti
on

(c
on

tin
ue

d)



Long-Term Consequences of Nutritional Deficiencies 643

Ta
bl

e 
5 

 (
co

nt
in

ue
d)

V
ita

m
in

/
m

in
er

al
Pr

ev
al

en
ce

 o
f 

de
fic

ie
nc

y
R

ec
om

m
en

de
d 

su
pp

le
m

en
ta

tio
n

R
ep

le
tio

n 
fo

r 
de

fic
ie

nc
y

Sc
re

en
in

g

V
ita

m
in

 E
U

nc
om

m
on

15
 m

g/
d

H
ig

he
r 

m
ai

nt
en

an
ce

 d
os

es
 o

f 
fa

t-
so

lu
bl

e 
vi

ta
m

in
s 

m
ay

 b
e 

re
qu

ir
ed

 f
or

 p
os

t-
ba

ri
-

at
ri

c 
pa

tie
nt

s 
w

ith
 a

 p
re

vi
ou

s 
hi

st
or

y 
of

 
vi

ta
m

in
 E

 d
efi

ci
en

cy
W

at
er

-m
is

ci
bl

e 
fo

rm
s 

of
 f

at
-s

ol
ub

le
 

vi
ta

m
in

s 
ar

e 
al

so
 a

va
ila

bl
e 

to
 im

pr
ov

e 
ab

so
rp

tio
n

O
pt

im
al

 th
er

ap
eu

tic
 d

os
e 

fo
r 

ba
ri

at
ri

c 
pa

tie
nt

s 
is

 n
ot

 d
efi

ne
d

Po
te

nt
ia

l a
nt

io
xi

da
nt

 b
en

efi
ts

 c
an

 b
e 

ac
hi

ev
ed

 w
ith

 s
up

pl
em

en
ts

 o
f

10
0–

40
0 

IU
/d

, w
hi

ch
 is

 h
ig

he
r 

th
an

 
th

e 
am

ou
nt

 f
ou

nd
 in

 m
ul

tiv
ita

m
in

s.
 

A
dd

iti
on

al
 s

up
pl

em
en

ta
tio

n 
m

ay
 b

e 
re

qu
ir

ed
 f

or
 r

ep
le

tio
n

Sc
re

en
in

g 
is

 r
ec

om
m

en
de

d 
in

 p
at

ie
nt

s 
w

ho
 a

re
 s

ym
pt

om
at

ic

V
ita

m
in

 K
U

nc
om

m
on

SG
: 9

0–
12

0 
m

cg
/d

ay
H

ig
he

r 
m

ai
nt

en
an

ce
 d

os
es

 o
f 

fa
t-

so
lu

bl
e 

vi
ta

m
in

s 
m

ay
 b

e 
re

qu
ir

ed
 f

or
 p

os
t-

W
L

S 
pa

tie
nt

s 
w

ith
 a

 p
re

vi
ou

s 
hi

st
or

y 
of

 v
ita

-
m

in
 K

 d
efi

ci
en

cy
W

at
er

-m
is

ci
bl

e 
fo

rm
s 

of
 f

at
-s

ol
ub

le
 

vi
ta

m
in

s 
ar

e 
al

so
 a

va
ila

bl
e 

to
 im

pr
ov

e 
ab

so
rp

tio
n

Sp
ec

ia
l a

tte
nt

io
n 

sh
ou

ld
 b

e 
pa

id
 to

 p
os

t-
W

L
S 

su
pp

le
m

en
ta

tio
n 

of
 v

ita
m

in
 K

 in
 

pr
eg

na
nt

 w
om

en

A
 p

ar
en

te
ra

l d
os

e 
of

 1
0 

m
g 

is
 r

ec
om

-
m

en
de

d 
fo

r 
ba

ri
at

ri
c 

pa
tie

nt
s 

w
ith

 a
cu

te
 

m
al

ab
so

rp
tio

n
A

 d
os

e 
of

 e
ith

er
 1

–2
 m

g/
d 

or
al

ly
 o

r 
1–

2 
m

g/
w

ee
k 

pa
re

nt
er

al
ly

 is
 r

ec
om

-
m

en
de

d 
fo

r 
po

st
-W

L
S 

pa
tie

nt
s 

w
ith

 
ch

ro
ni

c 
m

al
ab

so
rp

tio
n

Sc
re

en
in

g 
is

 r
ec

om
m

en
de

d 
in

 p
at

ie
nt

s 
w

ho
 a

re
 s

ym
pt

om
at

ic

Z
in

c
U

P 
to

 1
9%

 p
os

t 
SG

A
ll 

po
st

-W
L

S 
pa

tie
nt

s 
sh

ou
ld

 ta
ke

 4
 

R
D

A
 z

in
c,

 w
ith

 d
os

ag
e 

ba
se

d 
on

 ty
pe

 o
f 

pr
oc

ed
ur

e
SG

: M
ul

tiv
ita

m
in

 w
ith

 m
in

er
al

s 
co

nt
ai

n-
in

g 
10

0%
 o

f 
th

e 
R

D
A

 (
8–

11
 m

g/
d)

T
he

 s
up

pl
em

en
ta

tio
n 

pr
ot

oc
ol

 s
ho

ul
d 

co
nt

ai
n 

a 
ra

tio
 o

f 
8–

15
 m

g 
of

 s
up

pl
em

en
-

ta
l z

in
c 

pe
r 

1 
m

g 
of

 c
op

pe
r 

to
 m

in
im

iz
e 

th
e 

ri
sk

 o
f 

co
pp

er
 d

efi
ci

en
cy

T
he

 f
or

m
ul

at
io

n 
an

d 
co

m
po

si
tio

n 
of

 z
in

c 
su

pp
le

m
en

ts
 s

ho
ul

d 
be

 c
on

si
de

re
d 

in
 

po
st

-W
L

S 
pa

tie
nt

s 
to

 c
al

cu
la

te
d 

ac
cu

ra
te

 
le

ve
ls

 o
f 

el
em

en
ta

l z
in

c 
pr

ov
id

ed
 b

y 
th

e 
su

pp
le

m
en

t

A
 d

os
e-

re
la

te
d 

re
co

m
m

en
da

tio
n 

fo
r 

re
pl

et
io

n 
ca

nn
ot

 b
e 

m
ad

e 
du

e 
to

 in
su

f-
fic

ie
nt

 e
vi

de
nc

e
R

ep
le

tio
n 

do
se

s 
sh

ou
ld

 b
e 

ch
os

en
 

ca
re

fu
lly

 to
 a

vo
id

 in
du

ci
ng

 a
 c

op
pe

r 
de

fic
ie

nc
y

Z
in

c 
st

at
us

 s
ho

ul
d 

be
 r

ou
tin

el
y 

m
on

ito
re

d 
us

in
g 

co
ns

is
te

nt
 p

ar
am

et
er

s 
th

ro
ug

ho
ut

 tr
ea

tm
en

t

Z
in

c 
de

fic
ie

nc
y 

is
 p

os
si

bl
e,

 e
ve

n 
du

ri
ng

 z
in

c 
su

pp
le

m
en

ta
tio

n
Se

ru
m

 a
nd

 p
la

sm
a 

zi
nc

 a
re

 th
e 

pr
ef

er
re

d 
bi

om
ar

ke
rs

 f
or

 s
cr

ee
ni

ng
 

in
 p

os
t-

 b
ar

ia
tr

ic
 p

at
ie

nt
s

(c
on

tin
ue

d)



S. Stavola644

Ta
bl

e 
5 

 (
co

nt
in

ue
d)

V
ita

m
in

/
m

in
er

al
Pr

ev
al

en
ce

 o
f 

de
fic

ie
nc

y
R

ec
om

m
en

de
d 

su
pp

le
m

en
ta

tio
n

R
ep

le
tio

n 
fo

r 
de

fic
ie

nc
y

Sc
re

en
in

g

C
op

pe
r

U
nc

om
m

on
A

ll 
po

st
-W

L
S 

pa
tie

nt
s 

sh
ou

ld
 ta

ke
 4

 R
D

A
 

co
pp

er
 a

s 
pa

rt
 o

f 
ro

ut
in

e 
m

ul
tiv

ita
m

in
 a

nd
 

m
in

er
al

 s
up

pl
em

en
ta

tio
n,

 w
ith

 d
os

ag
e 

ba
se

d 
on

 ty
pe

 o
f 

pr
oc

ed
ur

e:
SG

: 1
00

%
 o

f 
th

e 
R

D
A

 (
1 

m
g/

d)
Su

pp
le

m
en

ta
tio

n 
w

ith
 1

 m
g 

co
pp

er
 is

 r
ec

-
om

m
en

de
d 

fo
r 

ev
er

y 
8–

15
 m

g 
of

 e
le

m
en

-
ta

l z
in

c 
to

 p
re

ve
nt

 c
op

pe
r 

de
fic

ie
nc

y 
in

 a
ll 

po
st

-W
L

S 
pa

tie
nt

s
C

op
pe

r 
gl

uc
on

at
e 

or
 s

ul
fa

te
 is

 th
e 

re
co

m
m

en
de

d 
so

ur
ce

 o
f 

co
pp

er
 f

or
 

su
pp

le
m

en
ta

tio
n

R
ec

om
m

en
de

d 
re

pl
et

io
n 

re
gi

m
en

 v
ar

ie
s 

w
ith

 s
ev

er
ity

 o
f 

de
fic

ie
nc

y:
M

ild
 to

 m
od

er
at

e 
(i

nc
lu

di
ng

 lo
w

 h
em

a-
to

lo
gi

c 
in

di
ce

s)
: 3

–8
 m

g/
d 

or
al

 c
op

pe
r 

gl
uc

on
at

e 
or

 s
ul

fa
te

 u
nt

il 
in

di
ce

s 
re

tu
rn

 
to

 n
or

m
al

Se
ve

re
: 2

–4
 m

g/
d 

in
tr

av
en

ou
s 

co
pp

er
 

ca
n 

be
 in

iti
at

ed
 f

or
 6

 d
 o

r 
un

til
 s

er
um

 
le

ve
ls

 r
et

ur
n 

to
 n

or
m

al
 a

nd
 n

eu
ro

lo
gi

c 
sy

m
pt

om
s 

re
so

lv
e

C
op

pe
r 

le
ve

ls
 s

ho
ul

d 
be

 m
on

ito
re

d 
ev

er
y 

3 
m

on
th

s 
af

te
r 

th
ey

 r
et

ur
n 

to
 

no
rm

al

Se
ru

m
 c

op
pe

r 
an

d 
ce

ru
lo

pl
as

m
in

 a
re

 r
ec

om
m

en
de

d 
bi

om
ar

ke
rs

 f
or

 
co

pp
er

 s
ta

tu
s

SG
 S

le
ev

e 
ga

st
re

ct
om

y



Long-Term Consequences of Nutritional Deficiencies 645

Table 6  Nutrient deficiencies at baseline, 1 year, and 4 years after sleeve gastrectomy

Ben-Porat et al. [20]

Micronutrient Baseline deficiency (%) 1 year deficiency (%) 4 year deficiency (%)

Hemoglobin 11.5 20 18.5

Iron 44 41.2 28.6

Vitamin B-12 7.7 13.6 15.4

Folate 46 14.3 12.5

Vitamin D 96.2 89 86.4

Hyperparathyroidism 52 15.4 60

The studies ranged in dates from 2009 through to 2017 to provide a comprehen-
sive review of micronutrient deficiencies ranging from 3 months to 5 years after 
surgery [17].

Obesity related, low grade inflammation caused by obesity can lead to anemia. 
For the correct diagnosis of anemia after surgery, it is important to conduct a broad 
assessment of not only iron levels, but also vitamin B-6, B-12, folic acid, copper, 
selenium and zinc because deficiencies of these vitamins and minerals can lead to 
iron deficiency anemia [19].

A hypo acidic environment and over supplementation of zinc can lead to cop-
per deficiency, which is a nutrient needed for iron mobilization, and thus will 
cause a reduction in numbers of red blood cells. Copper deficiencies are often 
mistaken for iron or vitamin B-12 deficiency, and usually are not diagnosed until 
advanced neurologic conditions such as unstable gait, numbness in the extremities, 
or damage to peripheral nerves [19].

The ASMBS released updated 2019 clinical practice guidelines for care and 
management of patients undergoing weight loss surgery procedures. Table 5 pro-
vides a comprehensive review of the vitamin and mineral recommendations for 
supplementation and repletion of deficiencies.

Saif et al. monitored blood levels of major vitamins and minerals of 82 patients 
who underwent a sleeve gastrectomy over the course of 5 years. In this study, 20% 
of the population had low hemoglobin and hematocrit values, however, these val-
ues normalized up to year 3. By year 5, levels had returned to preoperative defi-
ciency levels. There was an increase in low levels for thiamine, however, enough 
values were not collected. Vitamin D status improved by year 1 for those that were 
deficiency pre-op, but by year 5 parathyroid hormone levels began to rise [18].

Likewise, Ben-Porat et al. observed long term results of 27 patients who under-
went a sleeve gastrectomy procedure, below are their findings in Table 6 [20].

Similarly, Moizé et al. conducted a 5 year study to review micronutrient defi-
ciencies in malabsorptive versus restrictive procedures. Of 355 patients, 61 under-
went a sleeve gastrectomy with their laboratory findings detailed in Table 7 [21].

Although the sleeve gastrectomy is a restrictive procedure, patients are still 
at a nutritional risk for developing deficiencies of major micronutrients due to 
an array of clinical reasons. The research studies reviewed in this chapter, prove 
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the importance of, and need for, long-term supplementation for vitamins and 
minerals after weight loss surgery. There is limited research that has been done 
on patients greater than 2 years post-surgery. However, the research that has been 
conducted, shows a trend towards reappearance of deficiencies that were noted in 
the  pre-operative phase for surgery.
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1  Introduction

The laparoscopic sleeve gastrectomy (LSG) was introduced initially as the first 
step of a staged procedure for high risk super-obese patients to be later followed 
by Roux-en-Y gastric bypass (RYGB) or duodenal switch (DS) [1]. The initial 
experiences and results with the LSG at that time suggested that it has the poten-
tial to be considered as a stand-alone single stage bariatric operation [2].

The LSG became extremely popular over the following years. Initially it con-
stituted 5% of all bariatric procedures , as reported by the 2008 IFSO survey 
(International Federation for the Surgery of Obesity and related disorders), after-
wards, the LSG dominated the bariatric field in 2016 and constituted 50% of all 
primary bariatric procedures [3] Fig. 1.

This trend can be explained by the fact that the LSG is seemingly easy and 
likey has a lower learning curve compared to the other procedures, especially that 
it was reported to have a slightly lower 30 days adverse outcome rate compared to 
the RYGB [4].

The safety profile and good short term outcomes are not enough. The lack of 
longterm data, particularly 10 years follow up, became an area of crticisim and 
debate. Longterm weight loss outcomes, the rate of weight regain, resolution of 
comorbidities, the risk of gastroesophageal reflux disease, and the need for reop-
eration became the pilars of this ongoing debate.

In this chapter we will examine the available longterm outcomes (beyond the 
10 years) of the LSG.
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2  Weight Loss Outcomes

Despite the LSG’s impressive short term and midterm weight loss outcomes, 
longterm weight loss outcomes beyond the 10 years mark are minimal, consisiting 
of few series and small amounts of patients.

Chang et al. reported on 65 post LSG patients with more than 10 years fol-
low up. The perentage of excess body weight loss (%EBWL) was 70.5% [5]. A 
second study by Felsenreich et al. descibed the outcomes of another 65 patients 
who reached 10 years follow-up with only 50% EBWL [6]. Arman et al. similarly 
reported on 47 patients that were not converted who sustained 62.5% EBWL at 
10 years [7]. Rodriguez et al. and Gissey et al. both reported on EBWL at 10 years 
being 53.8% in 40 patients and 52.5% in 114 patients respectively [8, 9]. To sum-
marize, data is only available on the outcomes of 331 patients beyond 10 years 
with EBWL ranging between 50 and 70.5% Table 1.

Fig. 1  Number of the main primary bariatric/metabolic surgical procedures from 2008 to 
2016. AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, SG sleeve gastrec-
tomy, BPD-DS biliopancreatic diversionduodenal switch, OAGB oneanastomosis gastric bypass 
Angrisani et al. [3].

Table 1  Summary of 
10 years weight loss 
outcomes after LSG

Study Number of patients % 
EBWL

Arman et al. [7] 47 62.5

Rodriguez et al. [8] 40 53.8

Gissey et al. [9] 114 52.5

Chang et al. [5] 65 70.5

Felsenreich et al. [6] 65 50
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3  Weight Regain

Weight regain has been descibed in 10.4% of LSG patients at 10 years [8]. The 
overall revision rate post LSG for all reasons was reported to be 21.5 to 33% [5–8].  
Revisions for weight regain constitutes 27.5 to 81% of all revisions, with the 
RYGB being the most commonly performed revisional procedure post LSG for all 
purposes [5, 7, 8].

4  Gastroesphageal Reflux Disease Post Sleeve 
Gastrectomy

Gastroesophageal reflux disease (GERD) is one of the other major longterm con-
cerns after LSG. These concerns sharply increased with the longterm de-novo 
GERD rate being reported between 21.4 and 58.4% at 10 years [5, 7, 8]. This sig-
nificant rise in GERD, erosive esophagitis, and Barrets esophagus with no resolu-
tion of preoperative GERD at 10 years follow up led to substantially more people 
taking proton pump inhibitors (PPI) late after the procedure [7, 8].

With almost half of the patients (50%) consuming PPI regularly at 10 years, 
together with longterm GERD constituting 19–65.2% of all indications for post 
LSG revisions, this translated into a 16.9% conversion rate to RYGB, further high-
lighting GERD as a major pitfall of the LSG at 10 years [5–7] Table 2.

It is important to highlight that patients with GERD symptoms report signifi-
cantly lower quality of life scores at 10 years [6].

5  Barretts Esophagus Post LSG

It is known that morbidly obese patients are more affected by GERD than lean 
patients. Furthermore; the duration and severity of GERD symptoms has a direct 
relationship to Barretts esophagus (BE). Although there is no longterm data on BE 
after LSG we felt it is important to disccuss the short and midterm outcome of 
LSG and BE in this chapter.

Table 2  Summary of all studies reporting GERD outcomes at 10 years post LSG

Study Denovo GERD rate (%) Coversion rate due to GERD

Arman et al. [7] 21.4 19% of all conversions

Gissey et al. [9] 42.9 1.8% of the total cohort of patients

Chang et al. [5] 58.4 65.2% of all conversions

Felsenreich et al. [6] 57 34% of all conversions
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Although the diagnosis of GERD post LSG has been based on symptoms and 
PPI use, in 2017 Genco et al. reported on 110 post LSG patients that underwent 
both pre and post operative endoscopy and biopsies with a 58 months follow up. 
They reported 68.1% GERD symptoms and 57.2% PPI intake. This translated into 
a significant increase in erosive esophagitis leading to upward migration of the 
“Z” line in 73.6% of patients and a new diagnosis of non dysplastic BE in 17.2% 
of patients [10].

A follow up study by the same group with 144 patient and a mean follow up of 
66 months showed an increase in GERD and PPI rate to 70.2% and 63.9% respec-
tively. 72.9% had pathological endoscopic findings with 13.1% documentd BE 
[11]. This is similar to the BE rate of 14% documented by Felsenreich et al. [6].

This worrisome issue of GERD leading to the early development of BE in a 
young population led the International Federation for the Surgery of Obesity and 
related disorders (IFSO) to release a position statement on endoscopy and bariatric 
surgery in July 2020 stating:

EGD should be undertaken routinely for all patients after bariatric surgery at 1 year and 
then every 2–3 years for patients who have undergone LSG or OAGB to enable early 
detection of Barrett’s esophagus or upper GI malignancy until more data is available to 
confirm the incidence of these cancers in practice [12].

6  Comorbidities Beyond the 10 years

Comorbidities resolution should constitute the main long-term interest in bariatric 
surgery. Although long-term outcomes of comorbidity resolution are available for 
the RYGB, outcomes beyond the 10 years for LSG are minimal. We will summa-
rize the data available on comorbidities and LSG beyond the 10 years.

The LSG showed resolution of comorbidities at 1 year with some persistence 
in the results at 10 years. Chang et al. reported type II diabetes (DM) remission 
of 60% at 1 year that drops to 39.6% at 10 years [5]. Felsenreich reported 71.4% 
10 years DM resolution in 5 patients only [6]. Arman et al. reported on 3 patients 
with DM in their series. All 3 required revisional surgery during the follow up 
period (2 converted to RYGB, 1 to DS) [7]. Rodriguez reported a 54.9% improve-
ment rate in his 40 patient’s cohort. However; 33.3% required DM medications 
again [9]. Gissey et al. followed 17 diabetic post LSG patients and reported 64.7% 
DM resolution rate at 10 years.

As for Hypertension (HTN), resolution rates between 28.6 and 78.4% in very 
small numbers of patients have been reported [5–9]. However; 31.1% of patients 
had to restart HTN medications during follow up [9]. Resolution of comorbidities 
at 10 years after LSG is summarized in Table 3.
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7  Conclusion

The LSG has become one of the most commonly performed bariatric procedures 
worldwide. It has good short to mid term outcomes. Longterm results beyond the 
10 years are lacking and is constituted of small series of patients. Weight regain, 
relapse of comorbidities that initially resloved, GERD, and Barretts esophagus are 
longterm concers that need to be closely observed and followed in larger series of 
patients to document the long term efficacy and safety of the LSG.
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1  Recommended Diet Post Sleeve

Prior to sleeve gastrectomy, all patients should be counseled on the importance 
of making dietary changes that focus on lean protein intake to preserve fat free 
mass, while promoting the loss of fat tissue following weight loss surgery [1]. 
Fat free tissue within the body is responsible for resting metabolic rate and nor-
mal body functioning, making it crucial to promote high protein, well-balanced, 
 well-hydrated dietary intake that increases lean tissue mass and prevents any stall-
ing of weight loss due to dehydration [1, 2]. Table 1 provides recommendations 
for macronutrient and fluid intake and behavior changes for long-term success 
after surgery [2].

2  Types of Exercises: Recommended Exercise Programs

Physical activity and exercise are important components of comprehensive care 
and long-term weight loss success following bariatric surgery. Thus, it is impor-
tant to provide individualized exercise recommendations to patients, that are 
within their specific capabilities, to promote long-term compliance [3]. Increased 
exercise after bariatric surgery contributes not only to supporting weight loss, 
but also improving quality of life [4]. Practice guidelines from The American 
Association of Clinical Endocrinologists/American College of Endocrinology 
and The American College of Cardiology, The American Heart Association, and 
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the Obesity Society Task Force recommend daily physical activity consisting of 
moderate aerobic activity equaling a minimum of 150 min per week, spanning 
a range of 3–5 days, in addition to dietary changes to promote weight loss, with 
the need of higher levels of activity, near 300 min weekly, to prevent weight gain 
[3, 5]. Jointly, the American College of Sports Medicine and American Diabetes 
Association recommend resistance training 2 to 3 times weekly to reduce visceral 
fat mass and improve body composition [3, 6]. There are two main areas of focus 
for exercise after weight loss surgery: aerobic activity and muscle strengthening/
resistance exercise to preserve lean muscle mass [7].

Obesity is associated with a high energy expenditure needed to move a greater 
physical mass, this causes a compressed capacity to exercise and shorter duration 
periods of activity [8–10]. Promoting a negative energy balance of 500 cal per day 
promotes a net weight loss of one pound each week [11]. A thirty-minute period 
of moderate exercise can utilize up to 300 kilocalories of energy and represent 
approximately 20% of total energy intake for the day [12, 13]. Individuals attempt-
ing to maintain their weight status and prevent weight regain, may have to increase 
their weekly exercise routine to 300 minutes of moderate-intensity exercise to 
maintain weight loss [7]. Further, long term maintenance of weekly energy expen-
ditures of 1,500–2,000 kilocalories have been proven to prevent weight regain 
[14]. Exercise after surgery should focus on key areas that include: cardiovascular 
health, strength training, and flexibility.

There are three main aerobic activities that should be promoted after surgery 
due to their ease and accessibility to improve cardiac health:

• Walking/Treadmill-simplest and most available form of exercise
• Cycling/Elliptical-low impact that is less stressful on knees, hips, and back
• Swimming-moderate activity that provides full body range of motion [6, 7].

A detailed beginner’s exercise program is outlined in Table 2 to help patients begin 
a structured walking program.

A study conducted by de Souzaet al. monitored 65 patients’ ability to walk on 
a treadmill pre-operatively, six months, and twelve months post bariatric surgery. 
In the pre-operative period, patients were able to walk a distance of 401 meters 
in 5.37 minutes. At their first visit at six months post-op, patients averaged 
513 meters in 6.42 minutes. At their final visit at twelve months, patients were 
able to cover a distance of 690 meters in 8.81 minutes. These results showed a 
27.8% increase in distance from pre-op to six months; 34.5% increase from six 
to twelve months; and 71.9% increase from pre-op to twelve months post-op 
[15]. A study conducted by Shah et al. followed 33 post-surgical patients through 
a twelve-week high volume exercise program and compared them to a control 
group that did not endure high volume activities. 80% of the group assigned to 
the exercise program depleted at minimum 1,500 kilocalories each week, span-
ning five days, on aerobic activities that consisted of treadmill, elliptical, or row-
ing machines and increased their daily step count from 4,500 to 10,000 steps daily 
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[16]. These studies clearly demonstrate a positive correlation between continued 
exercise post bariatric surgery and improved activity tolerance.

Strength training should consist of 12–15 repetitions of low to moderate free 
weights to maintain lean muscle mass while losing weight [17]. Herring et al. 
examined 24 sedentary patients 12–24 months after surgery. The patients were 
enrolled in an exercise program of 3- sixty-minute gym sessions per week of mod-
erate aerobic activity and resistance training for a twelve-week period. Those in 
the exercise program lost, on average, 5.6 kg body weight more than those in the 
control group [18]. Huck et al. enrolled 15 patients in a twelve-week resistance 
training program to monitor physical fitness and functionality of individuals. At 
the conclusion of the program, there was significant improvement in functional 
strength and flexibility in the group that underwent resistance training [19].

However, when evaluating a patient for exercise programs, it is important to 
first gather an understanding of their current exercise routine and any concerns or 
fears they may have regarding an increase in their aerobic activity or transitioning 
from a sedentary lifestyle to a more active lifestyle [20].

3  Long-Term Outcomes-What to Expect

Since the late 1990s, weight loss surgery has been the most effective long-term 
treatment for weight loss for obese patients. Weight loss after surgery is primar-
ily affected by a reduction in the secretion of the hormone ghrelin, which stimu-
lates appetite. A study conducted by BuŽga et al. followed 37 patients for 3, 6, and 
12 months after laparoscopic sleeve gastrectomy to monitor biochemical, physi-
cal and dietary changes after surgery. Prior to surgery, 5.4% patients reported low 
appetites, whereas 27% reported low appetites and 48.6% noticed a decrease in 
overall appetite in the first year after surgery due to reductions in ghrelin secretion.

However, at twelve months post sleeve gastrectomy, it was noticed that ghrelin 
hormone levels began to trend upwards near pre-operative levels.

It is known that with the removal of the large portion of the gastric fundus with 
the sleeve gastrectomy, there is a change in ghrelin production. However, Meier 
et al. was able to show that negative energy balance can increase ghrelin produc-
tion [21].

At six months post surgery, patients reported statistically significant reductions 
of fatty foods and simple carbohydrates in their diets, with increased intake of fish. 
At twelve months, patients reported statistically significant reductions in intake 
of fatty foods, however, there was a lack of statistical significance in the reported 
reduced intake of simple carbohydrates such as rice and baked goods [22]. 
Another study conducted by Odom et al. showed that 79% of patients included 
in the study experienced weight regain, with 15% regaining greater than or equal 
to 15% of their total amount of weight loss. However, it is important to note that 
there was an inverse association of weight regain and attendance of post-operative 
appointment visits by patients [23].
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4  Ways to Prevent Weight Regain

– Stay connected with clinical team to monitor bloodwork and anthropometric 
changes

– Stay engaged through a supportive environment whether through patient 
focused support groups or behavioral therapy appointments with a specialist

– Continue to eat a balanced diet focusing on higher protein intake of 0.8–1.2 g/
kg body weight

– Long term maintenance of weekly energy expenditures of 1,500–2,000 
kilocalories

– Continue to celebrate non-scale victories to promote positive mind-set.

Many study outcomes show it is beneficial for patients to stay engaged with clini-
cal appointments with their registered dietitians and behavioral support clinicians 
to monitor dietary intake and lifestyle changes to prevent weight regain after 
sleeve gastrectomy.
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1  Introduction

The prevalence of obesity has increased dramatically in the United States and 
around the world over the last several decades. Several factors have been impli-
cated in the rise of this epidemic including dietary and lifestyle factors. Expert 
panels sponsored by the World Health Organization, the National Institutes of 
Health, and several professional societies have recommended that obese individu-
als lose approximately 5–10% of initial body weight to improve their health and 
quality of life [1–3]. This can be achieved through behavioral weight loss pro-
grams, which consist of three components: dietary modification, physical activity, 
and behavioral modification strategies. This chapter provides an overview of phys-
ical activity recommendations for weight management and reviews the literature 
for physical activity post-bariatric surgery.

2  Overview of Physical Activity

Physical activity plays a key role in obesity management. It also reduces the risk of 
cancer incidence, cancer recurrence, and helps reduce risk of co-morbidities such 
as type 2 diabetes and hypertension [4–6]. Despite all this evidence, the vast major-
ity of adults in the United States continue to not meet physical activity recommen-
dations. In fact, only 23.0% of U.S. adults meet the aerobic physical activity and 
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muscle-strengthening guidelines [7]. The guidelines from the American College of 
Sports Medicine recommend 150 minutes per week of moderate physical activity or 
75–150 minutes of vigorous physical activity for health benefits, but also recognize 
that higher amounts are needed for prevention of weight gain, to promote weight 
loss, in combination with reduction in energy intake [8].

Physical activity is an important component of a comprehensive lifestyle inter-
vention, in which participants are typically instructed to increase their physical 
activity gradually to approximately 150–180 minutes/week over the first 6 months. 
This goal can be achieved by engaging in moderate physical activity (e.g., brisk 
walking) for 30 minutes on 5 days per week [3, 9]. Physical activity can be 
increased by incorporating short bouts of activity into individual’s daily routines, 
such as increasing the amount of daily walking or using the stairs when possible, 
or by longer bouts of structured physical activity (e.g., at the gym). Individuals 
should be encouraged to engage in physical activities that they enjoy rather than 
be prescribed a particular activity. The effects of physical activity on weight loss, 
the maintenance of weight loss, and CVD risk factors have been investigated 
extensively and will be discussed next.

3  Physical Activity and Weight Loss

The role of physical activity in weight loss remains debatable. While exercise is rec-
ommended by all public health organizations for weight loss and prevention of weight 
gain, the evidence has been conflicting. A review by Wing et al. revealed that exercise 
alone results in a minimal weight loss of 2 kg compared to control conditions [10]. 
This data predominantly comes from multiple short-term behavioral weight loss stud-
ies which demonstrated that physical activity has a minimal impact on weight loss 
when compared with the effect of caloric restriction [11]. For example, in a 12-week 
study, participants lost 0.3–0.6% (male vs female) of initial weight with physical activ-
ity alone, compared to 5.5–8.4% (female vs male) and 7.5–11.4% (female vs male) 
losses for participants who reduced their calorie intake and those who changed both 
diet and physical activity, respectively [12]. The exercise performed in this study 
consisted of 30 minutes/day on 5 days per week. Similarly, Wing et al. [13] reported 
weight losses of 2.1, 9.1, and 10.3 kg after 6 months in participants assigned to physi-
cal activity alone, diet alone, and diet plus physical activity groups, respectively, all 
of whom were provided behavioral intervention. These short term studies suggest that 
exercise administered alone is not generally viewed to cause substantial weight loss.

However, longer term efficacy studies have demonstrated an opposing conclu-
sion, in which exercise alone can result in clinically significant weight loss, inde-
pendent of any dietary changes. The Midwest Diet and Exercise Trial (MET) was 
a long-term (16 months) efficacy trial aimed to evaluate the benefits of exercise on 
its own; subjects were randomized into an intervention group and a control group. 
The study consisted of supervised exercise 5 days/week (225 minutes per week 
of moderate physical activity) with an ad libitum diet for the intervention group 
[14]. Men in the exercise group lost 5.2 kg compared to control whereas women 
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maintained baseline weight despite performing the same physical activity. This 
discrepancy in weight loss between men and women may be explained by signifi-
cant differences in energy balance between women and men, where women were 
expending approximately 400 kcal/session compared to 700 kcal/session in men.

These findings led to a second trial designed to evaluate if there are differ-
ences in weight loss between men and women prescribed the same level of 
energy expenditure of exercise (EEEx) (either 400 or 600 kcal/session) without 
diet restriction [15]. Subjects in the 400 and 600 kcal/session lost 4.3 and 5.7% 
weight, respectively, which was not significantly different. This is important 
because it highlights that physical activity can lead to clinical meaningful weight 
losses. Furthermore, 44.5% of men and 47.4% of women lost > 5% of their weight 
in the 400 kcal/session group compared to 68.4% and 55.6%, respectively in the 
600 kcal/session group. Most of the weight loss was fat mass. These studies illus-
trate that unlike the short-term studies described earlier, exercise can lead to clin-
ically meaningful weight loss when it is supervised and EEEx is of a sufficient 
magnitude. Supervision is critical since compliance decreases as physical activ-
ity prescription increases, leading to less weight loss compared to unsupervised 
exercise. This is evident in an 18-months behavioral weight loss program, where 
participants who were achieving 300 minutes/week of exercise under supervision 
in the first 6 months; Once the exercise became unsupervised, only a third of sub-
jects maintained the 300 minutes/week at 18 months, and over 40% did not even 
achieve the minimal guidelines for health benefits [16].

The amount of physical activity needed to induce weight loss are very high for 
most individuals who are obese and sedentary, especially in a non-supervised set-
ting. Alternatively, they can lose 1 lb./wk by only reducing their food intake by 
500 kcal/d (the equivalent of eliminating 2 20 oz sugared sodas per day). This 
is likely the reason most the studies indicate that exercise alone, without caloric 
restriction, is insufficient to produce significant weight loss.

Regarding type of physical activity, minute by minute, aerobic training gener-
ally burns more calories than resistance training, and works best for reducing fat 
mass and body mass [17, 18]. However, resistance training can lead to favorable 
changes in body composition, physical function, markers of metabolic health and 
muscle efficiency [19]. Resistance training may be easier and more enjoyable for 
some individuals with overweight and obesity [20].

Current, generic approaches to increasing physical activity within a behavioral 
weight loss intervention work well for some, but not others. The best approach 
to increasing physical activity may depend on the characteristics of the person. 
Understanding the phenotypes that contribute to differences in physical activity 
adoption and maintenance could inform novel targets for personalized physical 
activity interventions. Research identifying phenotypes relevant top physical activ-
ity, particularly as it relates to weight management is limited [21].

Adaptive interventions are a promising area where the type and dose of inter-
ventions are altered based on personal characteristics and adjusted over time, typi-
cally using a series of a priori decision rules about when and how to modify and 
intervention [22–24]. One example of this is a study in 20 adults with overweight 
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and obesity who were randomized to a 6 months physical activity intervention: 
an adaptive intervention group, where the daily step goal was adjusted based on 
a algorithm that responded to the individual’s performance compared to a static 
intervention of 10,000 steps/day. The idea in the adaptive intervention group is to 
keep the activity challenging yet attainable. The results showed that the adaptive 
intervention group increased their steps by 1,130 more than the static intervention 
group [25]. This study shows the promise of how personalizing the physical activ-
ity goals can enhance activity adherence. Simply monitoring physical activity does 
not seem to increase physical activity adherence or weight loss. Closing the loop 
with personalized feedback and support shows promise.

4  Physical Activity and Weight Maintenance

Exercise plays an important role in weight loss maintenance. Several studies have 
shown that the more physical activity the patient engages in, the better the main-
tenance of lost weight [26, 27]. Jeffery et al., for example, randomly assigned 
patients enrolled in a comprehensive lifestyle modification program to expend 
either 1000 kcal/week or 2500 kcal/week (principally through walking) [28]. 
There were no significant differences in weight loss between the two groups at 
month 6 (8.1 and 9.0 kg, respectively), consistent with the previous discussion of 
the limited effects of exercise on short-term weight loss. However, at month 18, 
patients in the high activity group maintained a loss of 6.7 kg, compared with a 
significantly smaller 4.1 kg for the low-activity group. Jakicic et al. [27] similarly 
demonstrated in a secondary analysis of a randomized controlled trial, that women 
who exercised more than 200 minutes/week maintained greater weight losses than 
those who exercised 150–199 minutes/week or < 150 minutes/week. Data from the 
National Weight Control Registry have also provided evidence that high levels of 
physical activity are characteristic of individuals who report for long-term, sus-
tained weight loss [29]. The Registry follows patients who have lost a minimum of 
13.6 kg (i.e., 30 lb) in six months and maintained this loss for at least one year. Of 
these successful weight loss maintainers, 91% reported that they were exercising 
consistently, with women expending 2,545 kcal/week and men 3,293 kcal/week 
[30]. Based on these findings and other evidence, the current recommendation by 
the American College of Sports Medicine is that, for weight maintenance, indi-
viduals should exercise at a minimum level equivalent to an hour of brisk walking 
per day [11].

Practitioners should emphasize that, for weight control, this activity can be per-
formed at a moderate intensity and in short bouts, as brief as 10 minutes. When 
included as part of a comprehensive weight loss program, multiple short bouts 
of activity (throughout the day) are as effective as one long bout (>40 minutes) 
in achieving weight control [31, 32]. Additional studies have shown that lifestyle 
activity, which involves increasing energy expenditure throughout the course of 
the day, without concern for the intensity or duration of the activity, is as effec-
tive for weight control as more traditional programmed activity (such as jogging, 



Types of Exercises: Recommended Exercise Programs 671

swimming, or biking) [33, 34]. Furthermore, short-term studies comparing 
 high-intensity interval training with moderate-intensity continuous training result 
in similar adherence, enjoyment and body composition changes in individuals with 
obesity [35]. Pedometers and activity trackers (e.g., Fitbit, Jawbone, smart phones) 
provide some of the most convenient methods of monitoring lifestyle activity [36]. 
The ultimate goal is to walk approximately 10,000 steps daily, the equivalent of 
4 to 5 miles, as practiced by members of the National Weight Control Registry. 
When prescribing exercise and trying to personalize exercise recommendations for 
patients, it is important to consider factors such as patient preference, time con-
straints, fitness level, and risk for musculoskeletal injury.

5  Physical Activity and Cardiovascular Health

Physical activity is crucial for improving cardiovascular health for both 
 average-weight and obese individuals. In the absence of significant weight loss, 
regular bouts of aerobic activity have been found to reduce blood pressure [5], 
lipids [37], and visceral fat [38], the latter which is associated with improved glu-
cose tolerance and insulin sensitivity (in non-diabetic individuals) and glycemic 
control (in patients with type 2 diabetes) [39, 40]. Several authors have evaluated 
the independent effects of cardiorespiratory fitness and adiposity on subsequent 
CVD mortality, and have suggested that high levels of cardiorespiratory fitness 
significantly decrease the CVD mortality risk in overweight and obese individu-
als, regardless of adiposity. Barry et al. [41] performed a meta-analysis of 10 stud-
ies and concluded that, compared to individuals who were normal weight and fit, 
unfit individuals had twice the risk of all-cause mortality regardless of their BMI, 
whereas individuals who were obese and fit had similar mortality risks as normal-
weight, fit individuals. Similarly, in a longitudinal study of 25,000 men, Lee et al. 
[42] found that those who were lean but unfit had double the mortality of fit, lean 
men. Even in the absence of weight loss, regular aerobic activity reduces blood 
pressure, lipid concentrations, and visceral fat, while also ameliorating glucose 
intolerance and insulin resistance in non-diabetic individuals, and improving gly-
cemic control in persons with type 2 diabetes [43]. These findings indicate that 
obese individuals should increase their physical activity to improve their health, 
regardless of its impact on their weight.

6  Physical Activity and Bariatric Surgery

While there is extensive evidence to the benefits of physical activity in obesity, 
the same does not apply to patients who have had bariatric surgery. There are rel-
atively few studies of physical activity in bariatric surgery patients to date, and 
those available are limited by small sample size, short interventions, and inability 
to assess adherence to intervention. Consequently, it is not known what the opti-
mal physical activity prescription is for patients [44, 45]. The few studies available 
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mainly target the first few months after surgery, and lack longer term follow up 
and intervention. For example, a post hoc analysis of patients who underwent a 
RYGB who were randomized into either a 6‐month structured exercise program 
or a health education control demonstrated that those who exercised heavily (i.e., 
286 ± 40 minutes per week) lost a significantly greater amount of body weight, 
total fat mass, and abdominal subcutaneous abdominal fat compared with the 
health education control group. These studies only focused on exercise interven-
tions and short-term outcomes [9, 10]. In a small randomized controlled trial of 
twenty-four inactive adult bariatric surgery patients whose BMI remained ≥30 kg/
m2 12 to 24 months post-surgery were randomized to an exercise intervention 
(n = 12) or control group (n = 12) [46]. Supervised exercise consisted of three 
60-minutes gym sessions per week of moderate intensity aerobic and resist-
ance training for 12 weeks. Control participants received usual care. The results 
revealed a 5.6 kg difference between groups in body mass change from baseline to 
24 weeks favoring the exercise group. The majority of reports demonstrate a posi-
tive effect of exercise on body composition, blood pressure control, insulin sensi-
tivity, and inflammatory markers [47]. A metanalysis demonstrated the benefits of 
exercise after bariatric surgery on weight loss with a mean of 3.62 kg (CI = 1.28, 
5.96) greater weight loss compared to the minimal exercise groups [45]. However, 
a recent metanalysis on the effects of a physical activity program after bariatric 
surgery demonstrated no significant weight loss with exercise when compared to 
usual postoperative care [48].

Expert panels from The American Society of Metabolic and Bariatric Surgery 
(ASMBS), the American Association of Clinical Endocrinologists (AACE), and 
the National Institute for Health and Care Excellence (NICE) recommend multi-
component perioperative care that includes increased physical activity for patients 
undergoing bariatric procedures. Patients should be advised to incorporate mod-
erate aerobic physical activity to include a minimum of 150 minutes per week 
and goal of 300 minutes per week, including strength training 2 to 3 times per 
week. However, other expert groups from the Institute of Medicine and American 
College of Sports Medicine all agree that 150 minutes/week is insufficient for the 
prevention of weight regain. More recently, the ASMBS/ACSM have assembled 
an expert panel to develop specific pre- and post-operative recommendations.

7  Summary

Obese individuals should be counseled on the importance of physical activity on 
their health and on the recommendations from the American College of Sports 
Medicine consisting of 150 minutes per week of moderate physical activity or 
75–150 minutes of vigorous physical activity for health benefits. Current generic 
approaches to increasing physical activity within a behavioral weight loss inter-
vention work well for some, but not others. Physical activity can promote weight 
loss, especially when enrolled in supervised programs, as supervised exercise gen-
erally results in greater weight loss compared to unsupervised exercise. However, 
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long term adherence to physical activity is challenging in weight loss interven-
tions. There is a lack of data and number of unanswered questions regarding the 
role of exercising following bariatric surgery, especially regarding weight loss. 
Further robust research is needed to study the health benefits of physical activ-
ity and its effect on weight after bariatric surgery in order to provide guidance to 
patients.
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1  Introduction

The American Society of Plastic Surgery declared 2018 as, ‘The Year of the Body’ 
[1], as global statistics showed a rise in the number of body contouring procedures 
performed around the world [2]. The psychological and functional benefits of 
body contouring procedures after bariatric surgery are well documented in the lit-
erature and are an essential component of providing comprehensive care for these 
patients, after the dramatic changes their bodies undergo [3, 4]. In addition to the 
psychosocial benefits that body contouring surgeries offer these patients, evidence 
has recently emerged that bariatric patients who have undergone body contouring 
procedures undergo greater weight loss than those that have not and are able to 
sustain those weight losses for longer [3, 5–10]. Despite the numerous advantages 
that body contouring surgery offers and the high desire for it by patients who have 
undergone laparoscopic sleeve gastrectomies (LSG) [11], (around 60% of bariatric 
patients reported interest in body contouring surgery one year after their bariat-
ric surgery [12]), a relatively low proportion, around 5–7% of bariatric patients 
end up actually having body contouring procedures [11]. Some have attributed this 
low uptake to the high out-of-pocket costs for patients who must personally fund 
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these operations, as they are often not covered by insurance providers. The lack of 
access to plastic surgeons in the public hospital system is another factor that may 
be contributing to the discrepancy in the number of patients who desire body con-
touring surgery and those who end up getting it [13].

Another reason for the lack of access to body contouring procedures is the low 
prevalence of plastic surgeons on multi-disciplinary bariatric teams. The UK’s 
National Institute for Health and Care Excellence (NICE) guidelines explicitly 
state in their recommendations that, ‘bariatric surgery should be undertaken by a 
multi-disciplinary team (MDT) that can provide information on access to plastic 
surgery (such as apronectomy), where appropriate’ [14]. Despite this, a recent sur-
vey, completed by over 70% of bariatric surgeons that are members of the British 
Obesity and Metabolic Surgery Society, reported that only 1 out of 61 respondents 
involved a plastic surgeon in their bariatric MDTs on a regular basis [15]. A prime 
example of how both bariatric and plastic surgery groups can be integrated to pro-
vide ongoing support for patients during all phases of weight loss, is the ‘Life 
After Weight Loss’ Program, which is a joint venture between the Department 
of Plastic Surgery and Bariatric Surgery Division at the University of Pittsburgh 
Medical Center (UPMC). Patients are prescribed personalized exercise and nutri-
tion programs as well as behavioral seminars and are continuously assessed by 
both surgical teams to ensure that patients are optimized for the multiple proce-
dures they require [15]. Adequate counselling regarding the deleterious impact of 
the excess amount of skin that is left behind after massive weight loss has been 
shown to improve patient satisfaction with their overall treatment, as their expec-
tations are managed [16]. In addition, inter-disciplinary care can improve patient 
selection for body contouring surgery, reducing unnecessary referrals for patients 
who are unsuitable candidates [17].

2  Importance of Patient Selection and Timing for Body 
Contouring Surgery Safety and Optimized Outcomes

Several factors need to be considered prior to referring patients for body contour-
ing surgery after LSG. It is advisable that patients wait around 12–18 months 
after bariatric surgery, until their weight stays constant for 2 months, to ensure 
that their weight loss and nutritional status are stable[18]. This allows time 
for protein, micronutrients, and vitamin deficiencies to be corrected. In bariat-
ric patients seeking body contouring procedures, 40% of patients were found 
to have iron deficiency anemia, despite 50% of those patients reporting that 
were taking iron supplements. The next most common vitamin deficiency in the 
same group patients was reported to be vitamin B12 deficiency (14.5%) [19]. 
Hypoalbuminemia was also found to be present in 14% of post-bariatric patients 
seeking body contouring surgery[19]. Although the impact of low albumin levels 
on wound complications is unclear [20], there is some evidence that pre-operative 
consumption of over-the-counter protein supplements prior to abdominoplasty in 
massive weight loss patients reduces post-operative wound complications (0.0% 
in protein supplement group versus 21.8% in the non-supplemented group).  
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To optimize patients prior to body contouring surgery, the following blood work 
can be ordered to identify potential nutrient deficiencies so that they can corrected 
via pre-operative supplementation: full blood work, electrolytes, albumin and 
pre-albumin levels, iron, ferritin, total iron binding capacity, vitamin B12 levels, 
folate and glucose levels [21].

Another safety consideration is adequate risk stratification for thromboembolic 
episodes and appropriate administration of thromboprophylaxis. Although uncom-
mon, thromboembolic episodes are a serious, preventable complication, whose 
occurrence can be minimized through careful patient selection and by taking 
adequate precautions [22]. Older age (>65 years old), BMI at the time of surgery 
(>30 kg/m2) and multiple combined body contouring procedures (>2 at the same 
time), have shown to be significantly associated with thromboembolic episodes in 
bariatric patients undergoing body contouring procedures [23]. Anti-coagulation 
has been demonstrated to safely decrease that risk, whilst not being shown to 
increase the hematoma rates after surgery [24, 25].

In addition to medical optimization, psychological counseling and assessment 
is important to adequately manage patient expectations and to prepare them for 
the upcoming changes in their body after body contouring surgeries. Adequate 
informed consent and a detailed explanation of what to expect has been shown 
to improve patient satisfaction [16]. Minimally invasive procedures are rarely an 
option for these patients, as the large amount of skin redundancy that must be 
managed and the poor skin quality can often only be addressed through direct 
excision [26]. These patients are trading scars for a more aesthetic body contour, 
as their skin is essentially being tailored to fit their bony framework again, after 
undergoing years of expansion. Patients need to be informed about this tradeoff 
and the potential impact of their scars’ visibility on their psychological well-being. 
The potential need for multiple staged procedures also needs to be discussed, to 
prepare patients psychologically [27].

3  Overview of Body Contouring Procedures 
and Staging

As already stated, most body contouring procedures for massive weight loss 
patients, such as those who have undergone LSG, tend to rely on direct excision 
of excess skin and subcutaneous tissue. Considerations for scar placement include: 
placing the scars in the least visible area, avoiding distortion to adjacent tissues 
through appropriate scar placement (e.g. placing the incision far away enough from 
the labia in an abdominoplasty incision to avoid labial distortion) and ensuring that 
the scar length and vector is able to correct the majority of the skin redundancy that 
is concerning the patient (Figs. 1 and 2). Multiple areas of the body tend to be con-
currently affected in these patients, including the trunk, arms, thighs, and face, and 
may all need to be addressed in the same patient. The types of surgeries that are 
available to massive weight loss patients are summarized in Table 1. Whether the 
procedures are staged and how they are staged depends on what surgeries the patient 
desires and whether the grouping of those procedures can be performed safely [27].
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Fig. 1  ‘Before’ and ‘after’ pictures for a massive weight loss patient. Significant breast and 
abdominal deformities can be seen in the ‘before’ pictures (top). For example, massive deflation 
of the breasts, asymmetry, loss of definition of the lateral breast borders and prominent lipodys-
trophy of the abdomen. Significant improvement of the breast deformity (bottom) can be seen 
after breast reduction surgery using an inverted T-scar and auto-augmentation. The abdominal 
contour has also significantly improved after a traditional abdominoplasty and liposuction of the 
flanks (photos courtsey of Dr John Stein, Dalhousie University)

Fig. 2  Illustrations demonstrating the classical deformities that occur after massive weight loss 
(a) and the surgical markings for the body contouring procedures required to improve those 
deformities (b)



Completing the Weight Loss Journey for Laparoscopic Sleeve … 681

Table 1  Summary of commonly performed body contouring procedures in laparoscopic sleeve 
gastrectomy patients ([27] adapted from Almutairi et al.)

Procedure Type of Procedure Description

Brachioplasty (arm 
lift)

Upper extremity 
contouring

• In mild deformities, liposuction or a short 
axillary scar technique might be adequate. 
More commonly a posteromedial long scar 
extending from the elbow to the axilla, and 
sometimes the chest, is required to address the 
deformity in most MWLa patients

Breast procedures Upper trunk 
contouring

• Breast reshaping can be a challenge in these 
patients as the breasts are often severely 
deflated and their associated supporting struc-
tures are very lax. Volume replacement via an 
implant, fat grafting or tissue redistribution 
is often required along with skin tightening 
procedure

Bra-line back lift or 
other upper body lifts 
to address upper body 
rolls

Upper trunk 
contouring

• A transverse scar at the back or bilateral 
vertical scars on the lateral chest can be used to 
excise upper back rolls. These procedures are 
often combined with other upper trunk contour-
ing procedures

Panniculectomy Abdominal 
contouring

• For patients who are unsuitable candidates for 
an abdominoplasty, this is a functional opera-
tion, where the undesirable lower abdominal 
excess tissue is directly excised without under-
mining or rectus plication

Abdominoplasty
• Traditional
• High Lateral Tension
• Mini abdominoplasty
• Umbilical float 
abdominoplasty
• Lipo-abdominoplasty
• Vertical or Fleur-
de-lis or Gauthier 
abdominoplasty
• Reverse 
abdominoplasty

Abdominal 
contouring

• The type of abdominoplasty that is carried out 
should be tailored to the amount of excess skin 
that the patient has and where it is located
• A mini abdominoplasty or an umbilical float 
abdominoplasty is an option for minor skin 
excess, where the umbilicus is placed high in 
the abdomen
• Traditional abdominoplasties involve a 
horizontal incision that is strategically placed, 
some undermining of the abdominal flap and 
plication of the rectus abdominis muscle. A 
high lateral tension abdominoplasty is a refine-
ment, where most of the skin that is excised, 
is excised laterally, where it is predominantly 
present
• A vertical abdominoplasty includes a vertical 
midline scar, in addition to a horizontal scar to 
correct skin excess in both dimensions
• A reverse abdominoplasty involves a scar 
that is placed in the lower part of the chest, 
often below the breast in women, to address 
epigastric laxity

(continued)
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Most patients prefer not to stage their procedures and to have all their areas of 
concern addressed in a single operation. Several safety concerns must be consid-
ered, as the complication rate and the overall recovery time for patients increases 
significantly when multiple procedures are grouped together [28]. These compli-
cations often include an increase in the rate of thromboembolic episodes, wound 
healing complications, unnecessary blood transfusions and infections [22]. For 
example, combining surgeries with opposing vectors of tension, such as an upper 
body lift with a lower body lift can be associated with a much longer recovery and 
wound healing complications. Ultimately, a frank discussion regarding the risks/
benefits is an important component of the informed consent process. Safety must 
never be compromised for convenience or patient preference, especially these 
elective procedures [27].

4  Future Trends in Body Contouring Surgery

Body contouring techniques are becoming more sophisticated. Reshaping and 
 re-sculpting the body to achieve a more aesthetically desirable contour has become 
the focus of most plastic surgeons, rather than just skin and fat reduction in mas-
sive weight loss patients. An appreciation for the influence of light and shadows on 

aMWL = massive weight loss

Table 1  (continued)

Procedure Type of Procedure Description

Monsplasty Lower trunk 
contouring

• A ptotic mons can be distressing to MWL 
patients and suspension techniques can help 
improve function and aesthetics for those 
patients

Lower body lift and 
belt lipectomy

Lower body 
contouring

• These circumferential procedures can be 
powerful in addressing skin excess in massive 
weight loss patients. Body lifts differ from belt 
lipectomies in that their scar placement are 
located differently. Auto-augmentation of the 
buttock and reshaping can also be incorporated 
in combination with these procedures

Thigh lift Lower trunk 
contouring

• Medial and vertical incisions can be used to 
correct thigh laxity. Body lifts do address some 
of the lateral thigh laxity. Combining them with 
a medial vertical thigh lift is a common way of 
addressing lower extremity skin deformities in 
MWL patients

Facelift Facial volumization 
and contouring

• MWL patients faces can also be severely 
affected after MWL. Skin excision through 
facelifts and volume replacement via fat graft-
ing can help rejuvenate this area if it is a cause 
of distress for patients
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the perception for contour, has resulted in an increased uptake of additive surgi-
cal procedures, such as those that utilize fat grafting and auto-augmentation tech-
niques to reshape anatomical regions [29]. The use of liposuction as an adjunct 
to body contouring surgeries is becoming more popular as a result. Liposuction 
can also be combined with reductive procedures to help preserve key anatomi-
cal structures, reducing the risk of injuring critical lympho-vascular and neural  
structures [30].

Lastly, ambulatory surgical care and enhanced recovery after surgery (ERAS) 
protocols are becoming an essential component of modern care for body contour-
ing patients, minimizing the discomfort and certain risks associated with these sur-
geries [31, 32]. As a result, drainless procedures are becoming more common, as 
well as measures to minimize seroma formation, which can be time-consuming to 
manage in the outpatient setting [33]. Future studies should be directed towards 
confirming the benefits and safety of these protocols need to be conducted, to 
ensure that these measures are more widely adopted [31].
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