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Abstract

Purpose of Review This review was conducted to gain insight into the history, present and future of bariatric and/or metabolic
surgery and endoscopic treatments of obesity. The challenges that have been overcome, the challenges we still face and our
recommendations for the future are discussed.

Recent Findings Over the last few decades, a number of treatment strategies have emerged for the treatment of obesity. Both
endoscopic and surgical options are available and they lead to significant weight loss and comorbidity reduction. However, to remain
a credible treatment alternative to the obesity pandemic, we need to perform these procedures in much larger numbers than we currently
do. Even though significant gains have been made in reducing the morbidity and mortality of surgical interventions, there is further
room for improvement, especially when it comes to long-term issues. Due to its impact on almost every single organ system in the
human body, bariatric surgery has attracted the attention of academics from a variety of medical disciplines. This has led to a rapidly
enlarging body of high-quality scientific literature, supporting its wider use and cost-effectiveness.

Conclusion Despite the advances made in bariatric surgery, the criteria determining suitability of patients for bariatric surgery in
most parts of the world are still based on a consensus agreed upon in the USA in 1991. There is a need to formulate some new
consensus and guidelines that would allow for a significant expansion of the pool of patients that can be offered these procedures.

Keywords History - Bariatric surgery - Metabolic surgery - Roux-en-Y gastric bypass - RYGB - Gastric band - AGB - Sleeve
gastrectomy - SG - Mini gastric bypass - MGB-OAGB - SADI-S

Introduction intended to induce weight loss but were associated with weight

loss and co-morbidity reduction [1].

It is hard to define when bariatric or metabolic surgery was
practiced for the very first time. In a way, it has been around
for over 80 years, ever since the subtotal gastrectomy, vagotomy
with or without antrectomy, or pylorotomies were performed to
surgically treat peptic ulcer disease. These procedures were not
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Perhaps the intention to surgically treat a patient for obe-
sity might best give an indication as to the true historical start
of bariatric surgery. R.L. Varco, a surgeon at the University
of Minnesota performed an end-to-end jejunoileostomy with
a separate ileocecostomy for drainage of the bypassed seg-
ment in 1953. Their landmark article described the first
hypoabsorptive procedure [2, 3]. In the following decades,
many other procedures were developed but these procedures
were not performed in large numbers, this was perhaps due
to open surgery on patients suffering from severe obesity
was not without its risks. It is also true that the global burden
of disease was considerably less at the time and obesity had
not caught the popular imagination as it has now. This may
explain why bariatric surgery was slow to take off. It is
probably due to a dramatic improvement in its safety and
excellent outcomes in terms of weight loss and comorbidity
that bariatric and metabolic surgery is now performed in very
large numbers worldwide, with an estimated 700,000 surger-
ies being performed in 2016 alone [4].


http://crossmark.crossref.org/dialog/?doi=10.1007/s13679-020-00382-1&domain=pdf
http://orcid.org/0000-0001-9198-9181
mailto:kmahawar@gmail.com

Curr Obes Rep (2020) 9:348-363

349

When Pinchiera, Price and Mason published their article
‘Effect of bariatric surgery on erythromycin absorption’ in
1981 they might not have realised that it was probably the first
with ‘bariatric surgery’ in its title [S]. Several years prior, in
1972, HW. Scott had already used the currently more common
term ‘metabolic surgery’ to describe the effects of the ileal
bypass on hypercholesterolaemia and arteriosclerosis [6].
This term was hardly used in the decades after it was pub-
lished until it was picked up again in recent years. Slowly but
steadily, in the same period, a number of different procedures
developed that were initially categorised into three groups
based on their supposed working mechanisms: restrictive,
malabsorptive and combined malabsorptive-restrictive proce-
dures. This categorisation of bariatric and metabolic procedure
is however increasingly being challenged [7].

Stomach-Based Procedures
A number of bariatric procedures were developed with the
original intention of creating a physical reduction of the gas-

tric capacity but it later became apparent that the significant
reduction in calorie intake seen with these procedures was

Fig. 1 Normal anatomy

probably mediated through as of yet, incompletely understood
neuro-hormonal mechanisms, rather than the physical reduc-
tion of the available stomach size [8]. This is an important
distinction to make, not just for the development of better
surgical procedures in the future but eventually for durable
non-surgical therapies for the treatment of obesity and its as-
sociated metabolic disorders.

Stomach-based procedures have the advantage of inducing
weight loss without altering the normal passage of food through
the intestinal tract. Mason and Printen were probably the first to
publish a stomach-based technique called the horizontal
gastroplasty in 1971 (Figs. 1 and 2). This technique divided the
stomach into a small upper pouch and a lower larger pouch
connected by a narrow passage along the greater curvature of
the stomach. The weight loss, however, was unsatisfactory with
this procedure, probably due to the dilatation of the pouch [2, 9].
Thereafter, Long et al. introduced the oblique gastroplasty using
the thicker wall of the lesser curvature (Fig. 3) [2, 10].
Subsequently, Mason developed the vertical banded gastroplasty
(VBG). In this procedure, a lesser curvature-based pouch is cre-
ated in which the narrow passage is reinforced with a prosthetic
(Marlex, Dacron) band (Fig. 4) [2, 11]. This procedure became
quite popular and was performed for over 20 years. It then fell

. Esophagus

. Stomach

Colon

Small intestine

Appendix

@ Springer



350

Curr Obes Rep (2020) 9:348-363

Fig. 2 Mason and Printen 1971

out of favour due to a large number of staple line disruptions and
strictures which required surgical intervention [2, 12, 13].

Tretbar used a fundoplication technique in 1976 and
sewed the fundus around the stomach to reduce its size
[2, 14]. The introduction of a Marlex mesh and Dacron
graft by Wilkinson and Molina in 1980 cleared the way
for the use of the gastric bands (Fig. 5) [2, 15]. Kuzmak
used the first adjustable gastric band (AGB) by inserting
an inflatable silastic band connected to a subcutaneous
port that was used to increase or decrease the diameter of
the band in 1986 (Fig. 6) [16]. After the introduction of
the laparoscopically placed AGB by Cantona in 1993,
gastric bands were increasingly utilised for the treatment
of morbid obesity especially after the FDA approval in
the USA [4, 17]. Unfortunately, due to disappointing
long-term results and high rates of removal, the number
of patients who receive a gastric band rapidly decreased
[4, 18, 19]. The most commonly performed bariatric pro-
cedure worldwide currently is the laparoscopic gastric
sleeve (LSG), in which the majority of the stomach is
resected leaving behind a narrow sleeve of the stomach.
Its first variant was described by Marceau et al. in 1993
(Fig. 7), forming the restrictive part of a biliopancreatic
diversion with a duodenal switch (BPD-DS) [20].
Nowadays, it is used as a standalone procedure with
excellent medium-term results for weight loss and co-
morbidity reduction [21, 22].

@ Springer
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Hind Gut-Based Procedures

An array of bariatric procedures has been developed over the
years where a majority of the small bowel is bypassed. Even
though they were previously labelled as malabsorptive (or
hypoabsorptive) [23], it is not entirely clear if malabsorption
is the main mechanism through which these procedures work
while there also seems to be a role for certain gut hormones
like PYYY and GLP-1 [24, 25].

The first of such procedures was probably performed by
Varco—a jejuno-ileal bypass (Fig. 8). This procedure and all
its variations resulted in significant weight loss. However, it
also led to an unacceptably high rate of malabsorptive com-
plications [2]. The idea found support from Scopinaro many
years later, who developed a biliopancreatic diversion in 1979
[2,26,27]. The idea was not to exclude any segment of the gut
from the intestinal flow. A partial gastrectomy is performed in
which the duodenal stump is closed. Then the jejunum is
divided at 250 cm from the ileocecal valve. The distal part
(Roux-limb) is anastomosed to the stomach and the proximal
portion is connected to the ileum, 50 cm proximal to the
ileocecal valve (Fig. 9) [26, 27]. The percentage of excess
weight loss (%EWL) is a common measure of reporting
weight loss after surgery. It is the percentage of overweight
kilo’s lost using an ideal BMI of 25 kg/m?. This procedure
results in a mean %EWL of 75% in the long term, but is also
associated with complications such as diarrhoea, metabolic
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Fig. 3 Long 1979
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disorders and dumping syndrome, which often significantly im-  the original BPD procedure is still in use but accounts for a
pair the quality of life of the patient [28]. An adapted version of  relatively miniscule proportion of the procedures worldwide [4].

Fig. 4 Mason/VBG 1980
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Fig. 5 Non-adjustable gastric
band 1980

The BPD-DS has been previously mentioned and it basi-
cally consists of a sleeve gastrectomy combined with a BPD-
like distal bypass procedure of the small intestine. In 1986,
Hess revised this procedure into its final form by preserving
the pyloric sphincter, hereby reducing the incidence of stomal

Fig. 6 Adjustable gastric band
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ulcers and dumping syndrome (Fig. 10) [2, 29]. As with the
BPD, this procedure is not commonly used as a primary bar-
iatric procedure [4].

More recently in 2010, Sanchez-Pernote and Torres pub-
lished their experience with single anastomosis duodenal-ileal
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@ Springer

Esophagus

Pouch

Adjustable Gastric Band

Stomach

Duodenum

Adjustment port



Curr Obes Rep (2020) 9:348-363 353

Fig. 7 Gastric sleeve 1993
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Fig. 9 Scopinaro 1979
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bypass with gastric sleeve (SADI-S) (Fig. 11) [30]. In this
procedure, a sleeve gastrectomy is combined with an anasto-
mosis of a loop of ileum, 250 cm proximal to the ileo-caecal
junction to the first part of duodenum. Anastomosis of the
small bowel with duodenum makes this procedure technically
more challenging but it is emerging as one of the acceptable
options after sleeve gastrectomy especially because it repli-
cates the effect of the duodenal switch while simultaneously
obviating the need for a second anastomosis [30, 31].

Stomach and Proximal Gut-Based Procedures

Another major category of bariatric procedures involves a
significant reduction in available gastric capacity in conjunc-
tion with the bypass of a section of the proximal small intes-
tine. They are loosely labelled as gastric bypass procedures.
The first gastric bypass was first performed in 1966 by Mason
and Ito. They divided the stomach horizontally to create a
pouch on which a loop of the jejunum was placed [28, 29].
An important alteration was made to this procedure by Griffin
et al. in 1977, who described the Roux-en-Y configuration
instead of the loop. It reduced complications like bile reflux
(Fig. 12) [32]. The procedure became very popular after the

@ Springer
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first laparoscopic Roux-en-Y gastric bypass (RYGB) was per-
formed in 1994 by Wittgrove and Clarke [33].

The Roux-en-Y gastric bypass (RYGB) is now the second
most common bariatric procedure in the world, having been
replaced by the SG as the most common procedure in recent
years [4]. Despite malabsorption being deemed to play a sig-
nificant role behind this procedure in the past, it is now be-
coming clearer that malabsorption makes a very small contri-
bution to the total calorie deficit after a RYGB in the short
term and probably even less in the long term [34].

Rutledge published his first results in 2001 of a modified
gastric bypass that he called the ‘mini-gastric bypass’ which
involved the creation of a long and narrow gastric pouch that
was anastomosed to a loop of proximal jejunum. Although the
initial description of this procedure suggested a biliopancreatic
limb of 200, more recently, the recommendation is to avoid
using a biliopancreatic limb of longer than 150 for this proce-
dure to reduce the rates of protein and calorie malnutrition
requiring reoperation [35¢, 36] (Fig. 13). The International
Federation for Surgery of Obesity and Metabolic Diseases
(IFSO) has now approved this procedure but recommended
that the identified one anastomosis gastric bypass (OAGB) be
used for it as the name ‘Mini’ may not reflect the true severity
of this major bariatric procedure [37]. This procedure is rapidly
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Fig. 10 BDP-DS (Hess) 1986
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Fig. 11 SADI-S (Sanchez-
Pernote) 2010
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Fig. 12 Roux-en-Y gastric
bypass (Griffin) 1977

becoming very popular and has now become the third most
common primary bariatric procedure [4].

The Road to Improvement

Metabolic surgery has been challenged many times in the past
by non-surgical treatments. Currently, none of these have
proven to be superior or even equal to it in efficacy, especially
in the long term. Some of these treatments have, however,
shown promising results and have gained wide interest among
healthcare providers and patients. One might argue, why look
any further when a potent and cost-effective remedy like met-
abolic surgery to treat obesity and its related comorbidities is
already available. Our quest for relatively less invasive op-
tions is likely to continue.

The benefits of bariatric surgery obviously come with risks.
The surgery can be associated with significant morbidity and
even mortality. Although the 30-day mortality with bariatric
procedures has come down to 0.1-0.2% due to less complex
procedures, operating techniques, patient care and advances in
anaesthesia, surgery can still be associated with significant
long-term morbidity and even mortality [38]. Some of the
complications that patients can explain in the long term are
gastro-oesophageal reflux disease, marginal ulcers, gall
stones, dumping and nutritional issues.

@ Springer
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Even though some procedures like RYGB or OAGB can
technically be reversed, reversal can be challenging and cer-
tain others procedures like sleeve gastrectomy cannot be re-
versed. Gastric band is probably the only completely revers-
ible bariatric procedure. Bariatric surgery should, therefore, be
largely regarded as a permanent alteration to the gastrointes-
tinal tract. Reversal, when possible, should be reserved for
management of complications as it is inevitably associated
with recurrence of obesity and its associated co-morbidities.
Conversion to a different procedure is far more common and
recommended whenever possible.

For any new treatment strategy to be successfully imple-
mented for treatment of large numbers of patients suffering
from obesity, it has to deliver sustained weight loss, be cost-
efficient, have few complications, mortality no greater than
non-operative treatment, be easily available, and accepted by
both patients and healthcare professionals. There is no such
alternative to bariatric surgery on the horizon.

Endoscopic Metabolic Procedures

A number of endoscopic treatments have emerged over the
last decades for the treatment of obesity and its associated co-
morbidities. Perhaps, the best know endoscopic procedure is
the gastric balloon (Fig. 14) which has the advantage of
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Fig. 13 OAGB (Rutledge) 2001
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leading to a total body weight loss (TWL) up from 7 to 15%
after 6 months and comes with a low morbidity and mortality
risk. Introduced for the first time in 1985, we now have a
number of balloon types, either filled with gas or liquid.

Fig. 14 General figure of gastric
balloon

This all probably lead to weight loss through both enhanced
satiety and alteration of gut hormones [39—41]. Unfortunately,
they have to be implanted and removed endoscopically and
often do not result in long-term sustainable results. It remains
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to be seen if the recently introduced (non-endoscopic) swal-
lowable gastric balloons that can be placed every 6 months
will be more successful [42].

The technique that perhaps comes closest to metabolic sur-
gery is endoscopic sleeve gastroplasty (Fig. 15), where the
greater curvature is endoscopically (partially) inverted and
functionally excluded. Using transgastric stitches, it decreases
gastric capacity up to 70%. It also leads to better TWL com-
pared to the gastric balloon with up to 19% TWL at 2 years
and significantly reduced comorbidities. The downside is that
is also comes with higher complication rates and long-term
results are scarce [39, 43, 44].

Another promising endoscopic intervention is AspireAssist
(Aspire Bariatrics, King of Prussia, PA, USA) (Fig. 16) [39,
45, 46]. Here, a catheter is placed into the stomach and after a
meal, water is flushed through this catheter into the stomach
and is aspirated afterwards, when the water has mixed with the
gastric content. There is a lack of published data but with up to
12% of TWL [39], the technique can be regarded as promis-
ing. The disadvantages of this technique are its complications,
the fact that the catheter remains in place and thus remains
visible, and it requires time and effort to flush and aspirate.

Other endoscopic treatment options target the small intes-
tine, especially the neuroendocrinologically important duode-
num and proximal jejunum to treat obesity and type 2 diabetes
mellitus (T2DM). A technique that showed promise is the
duodenojejunal bypass liner or Endobarrier (GI dynamics,
Lexington, MA, USA) (Fig. 17) [47+, 48, 49] which is placed
post-pyloric and results in altered gut hormones and increased
satiety. It showed good results with T2DM remission and
%TWL of up to 10%. [39, 49] It unfortunately also showed

Fig. 15 Endoscopic sleeve (
gastroplasty with inverted greater o

high preliminary removals, and results did not seem durable
[49, 50]. Targeting the neuroendocrine functions of the duode-
num to treat T2DM, NAFLD and NASH can also be achieved
by thermal ablation. Endoscopic duodenal mucosal resurfacing
performed using the Revita system (Fractyl Laboratories,
Cambridge, MA, USA) showed good HbA1C% reduction
within the first week after treatment. But there is no medium
and long-term data on weight loss [39].

Using magnets to form an anastomosis is not new, but was
recently introduced for obesity treatment (Incisionless
Anastomosis System (IAS) and the Incisionless Magnetic
Anastomosis System (IMAS) (GI Windows, West Bridgewater,
MA, USA), Magnamosis (Magnamosis Inc., San Francisco,
California, USA) (Fig. 18). These magnets can be used to create
a gastro-jejunostomy, or jejuno-ileostomy, bypassing nutrients
and resulting in weight loss. Only small studies have been per-
formed so far, but in our opinion, the gastro-jejunostomy in par-
ticular shows great promise as obesity and T2DM treatment
while it is technically the least challenging option [39].
Theoretically, however, internal herniations might occur as we
also see in gastric bypass surgery.

Table 1 shows a chronological overview of all procedures
described in this article and whether they are still used
nowadays.

Improving Outcomes of Bariatric Surgery

Metabolic surgery is not without risks, but in recent years,
much has changed. Mortality rates have dropped significantly
from up to 4% in 2002 to 0.6% in 2009 and 0.1% in 2017 in
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Fig. 16 Aspire Assist™

large American cohorts of patients [38]. In a report
combining the outcomes of all Swedish and Dutch bar-
iatric patients who were operated on in 2015 and 2016,
mortality was even as low as 0.04% [51]. The possible
risk factors for increased in-hospital mortality that has
previously recorded in literature are amongst others:
age, hypertension, T2DM, previous myocardial infarc-
tion, patients with increased embolism risk, BMI>
50 kg/m2, male gender, operation type and open surgery
[38, 51].

Fig. 17 Duodenal-jejunal liner or .ﬂ
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Health status can, however, be improved perioperatively.
Perhaps the biggest contributor to improved care is the imple-
mentation of multidisciplinary teams in many bariatric clinics
that not only look at things from a surgeon’s point of view but
also clear the road for other specialists. Endocrine, cardiac and
pulmonary evaluations might not be beneficiary for all pa-
tients, but for patients with such a specific history or com-
plaints, it might lead to better perioperative care.

Anaesthesiologists also have a key role in preventing com-
plications. With the current, improved understanding of the
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Fig. 18 Magnets used to create
gastroenterostomy
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perioperative risks in obese patients with metabolic dis-
ease, anaesthesiologists are better equipped to filter out
high-risk patients. The introduction of a selective relaxing
binding agent (Sugammadex™) standardized neuromus-
cular blocks which lead to better operative views, a
lowered use of opioids and less perioperative complica-
tions [52, 53]. Perhaps, the introduction of the enhanced

recovery after bariatric surgery (ERABS) did not only
improve efficiency but also reduced the amount of com-
plications [54, 55]. For example, with better and faster
mobilisation combined with preventive low molecular
weight heparins, the risks for pulmonary embolisms re-
duce. Pulmonary instruction and intensified analgesia
might lead to less postoperative pneumonia’s [56, 57].

Table 1 Chronologic overview of

bariatric surgery and endoscopy Year Procedure Procedure type Figure Still used
treatments
1953 Jejuno-ileal bypass Hind gut 8 No
1971 Horizontal gastroplasty Stomach 2 No
1977 Roux-en-Y gastric bypass Stomach and hindgut 12 Yes
1979 Scopinaro Hind gut Uncommon
1979 Oblique gastroplasty Stomach 3 No
1980  Non-adjustable gastric band Stomach 5 No
1980 Vertical banded gastroplasty Stomach 4 No
1985 Gastric balloon Endoscopic 14 Yes
1986  Biliopancreatic diversion with duodenal switch ~ Stomach and hindgut 10 Uncommon
1993 Adjustable gastric band Stomach Uncommon
1993 Gastric sleeve Stomach 7 Yes
2001 One anastomosis gastric bypass Stomach and hindgut 13 Yes
2007 Endobarrier Endoscopic 17 Uncommon
2008 Sleeve gastroplasty Endoscopic 15 Uncommon
2010 Single anastomosis distal ileal bypass with Stomach and Hindgut 11 Yes
gastric sleeve
2013 Aspire assist Endoscopic 16 Uncommon
2016 Gastric-jejunal magnets Endoscopic 18 Uncommon
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The biggest revolution in the bariatric surgery itself'is that it
has transformed from an open to a laparoscopic procedure.
With vastly improved views, operating times have declined
significantly and with it, the perioperative risks.

There is however still room for improvement. Even though
average complications and mortality rates are low, experi-
enced high-volume centres have better outcomes. Increasing
volumes might reduce these figures even further, but proper
training is essential. It is widely known that the learning
curves of surgeons and surgical residents trained by experi-
enced bariatric teams are relatively short [58]. This kind of
training should perhaps become mandatory for all surgeons
performing bariatric surgery [59¢].

The Future of Bariatric Surgery

Bariatric surgery is still a relatively new speciality, but since
2015, over a thousand articles per year are published on bar-
iatric or metabolic surgery. To put this into perspective, in
2000, only 54 articles were published on the subject [60].
These articles are important to be able to evaluate treatments,
develop new strategies and improve existing guidelines. It is
this research that showed that bariatric surgery not only results
in weight loss, but many related comorbidities are being re-
solved as well. To emphasize these effects and indirectly to
increase acceptance of weight loss surgery, large scientific
societies started to incorporate the word ‘metabolic’ into their
names. An example is the American Society For Bariatric
Surgery (ASBS) that changed their name to the American
Society For Metabolic and Bariatric Surgery (ASMBS) in
2007. The IFSO did not change their abbreviation, but also
added ‘and Metabolic’.

Randomized controlled trials (RCT) deliver some of the
best evidence required to prove that new strategies or treat-
ments give better outcomes compared to a gold standard or
control group. However, one must realize that performing
these trials in surgery patients is difficult and often proves
impossible. All the challenges combined in surgery studies
have led to the relatively small number of RCTs performed
in bariatric surgery. This has resulted in the gross number of
surgical trials that only describe the outcome of one type of
procedure performed for the same indication. In 2018, Ozsoy
and Demir showed for example, that the article ‘Outcomes
after laparoscopic Roux-en-Y gastric bypass for morbid obe-
sity’ by Schauer et al. was still the most cited article in bariat-
ric surgery with over 750 citations [60]. Although these kinds
of studies are valuable, they are often only offered for publi-
cation when the outcomes are positive. Because of the many
differences in setups, length of follow up, measurements taken
and patient populations, it becomes hard to compare the out-
comes between studies. It must be said, however, that al-
though RCTs are of great value, often in surgery, large

prospective trials and databases are also of great value.
These often better represent the actual clinical outcomes of
surgical interventions compared to the outcomes of those in
a well-organized and ideal setting found in RCTs.

Attempts have been made to change the most common
guideline for bariatric surgery, but unfortunately, the gross
majority of patients who consider metabolic surgery are still
confronted with the NIH criteria published in 1991 [61].
These inclusion criteria are based on age (18—65 years of
age), body mass index (BMI>40) of BMI combined with
comorbidity (BMI >35 kg/m? and a related comorbidity) and
patient readiness to change their lifestyle. Perhaps the latter is
a soft criterium, but the first two are often too strict.

Conclusion

The change of the name bariatric surgery to metabolic surgery
in recent years is not purely symbolic. It emphasises what is
treated with our weight loss procedures: the comorbidities and
not obesity per se. So, perhaps weight or BMI might still be
used to select patients undergoing bariatric surgery, but new
guidelines are eminent and should primarily focus on comor-
bidity reduction. In this context, the NIH criteria have to be
reconsidered and we suggest organising a consensus confer-
ence to expand these criteria involving all stakeholders—for
example surgeons, obesity experts, patients and funders, to
improve care and reshape obesity treatment.
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