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Abstract

More than half of the European population are overweight (body mass index (BMI) >25 and
<30 kg/m?) and up to 30% are obese (BMI> 30 kg/m?). Being overweight and obesity are becoming
endemic, particularly because of increasing nourishment and a decrease in physical exercise. Insulin
resistance, type 2 diabetes, dyslipidemia, hypertension, cholelithiasis, certain forms of cancer, steatosis
hepatis, gastroesophageal reflux, obstructive sleep apnea, degenerative joint disease, gout, lower back
pain, and polycystic ovary syndrome are all associated with overweight and obesity. The endemic
extent of overweight and obesity with its associated comorbidities has led to the development of
therapies aimed at weight loss. The long-term effects of diet, exercise, and medical therapy on weight
are relatively poor. With respect to durable weight reduction, bariatric surgery is the most effective
long-term treatment for obesity with the greatest chances for amelioration and even resolution of
obesity-associated complications. Recent evidence shows that bariatric surgery for severe obesity is
associated with decreased overall mortality. However, serious complications can occur and therefore a
careful selection of patients is of utmost importance. Bariatric surgery should at least be considered for
all patients with a BMI of more than 40 kg/m? and for those with a BMI of more than 35 kg/m? with
concomitant obesity-related conditions after failure of conventional treatment. The importance of
weight loss and results of conventional treatment will be discussed first. Currently used operative
treatments for obesity and their effectiveness and complications are described. Proposed criteria for
bariatric surgery are given. Also, some attention is devoted to more basic insights that bariatric surgery

has provided. Finally we deal with unsolved questions and future directions for research.
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Introduction

More than half of the European population are over-
weight (body mass index (BMI) >25 and <30 kg/m?)
and up to 30% are obese (BMI> 30 kg/m?) (1, 2). Being
overweight and obesity are created by a positive energy
balance (when energy intake exceeds energy consump-
tion) in which case the surplus of energy is stored as
adipose tissue (3, 4). Approximately 50% of the inter-
individual variation in BMI is genetically determined via
the influence on various complex neuroendocrine
systems; ultimately it is the interaction between genetic
predisposition and environment that finally determines
the attained body weight (3). Overweight and obesity are
becoming endemic, particularly because of increasing
nourishment and a decrease in physical exercise (3-5).

Overweight and obesity are associated with insulin
resistance, type 2 diabetes, dyslipidemia, hypertension,
cholelithiasis, certain forms of cancer, steatosis hepatis,
gastroesophageal reflux, obstructive sleep apnea, degen-
erative joint disease, gout, lower back pain, and
polycystic ovary syndrome (3, 4). Being overweight or

© 2008 Society of the European Journal of Endocrinology

obese at the age of 40 reduces life expectancy by at least
3 or 6 years (6). In the Netherlands, 5% of deaths are
indirectly caused by being overweight and obesity, the
estimated costs on a yearly basis are half a billion euros
due to direct medical expenses and three billion euros as
a result of economical losses (loss of production,
benefits, and other social premiums) (7).

The endemic extent of overweight individuals and
obesity with their associated comorbidities has led to the
development of therapies aimed at weight loss. The rates
of bariatric surgery procedures are increasing sharply
and to date it is the only option resulting in substantial
and durable long-term weight loss (8, 9).

In this review, the importance of weight loss and
results of conventional treatment will be discussed first.
Then we will describe currently used operative treat-
ments for obesity and their effectiveness and compli-
cations. Proposed criteria for bariatric surgery are
given. Also, some attention is devoted to some more
basic insights that bariatric surgery has provided. The
final part deals with unsolved questions and future
directions for research.
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Importance of weight loss

Weight reduction in the short term (1-3 years) leads to
a decline in insulin resistance, a better metabolic
regulation of patients with diabetes mellitus, lower
blood pressure, and a less atherogenic lipid profile
(10—12). In the Diabetes Prevention Program, it became
clear that in subjects with a BMI>24 modest weight
loss of only 5.6 kg on average reduced the incidence of
diabetes by 58% (12). The ‘Swedish obese subjects’
(SOS) study has shown that long-term weight reduction
— achieved by bariatric surgery — substantially improves
the cardiovascular risk profile (Table 1) (13), ultimately
resulting in a decrease in overall mortality (14).

Conventional treatment of overweight
and obesity

In the SOS study, the effect of conventional measures on
metabolic and cardiovascular risk profiles was compared
with the effect of bariatric surgery (10). The study
involved 4047 obese subjects of which 641 underwent
surgical treatment and 627 patients had an average age
of 47.3+6.1 years and a BMI of 40.5+4.2 kg/m? and
were conventionally treated and followed for 10 years
(13). After 10 years of conventional treatment — which
was not standardized and varied from intensive lifestyle

Table 1 Changes at 10 years in the Swedish obese subjects (SOS)
study (13).

Control Surgery
group group Odds
(n=627) (n=641) Pvalue ratio
Weight (%) 1.6 —16.1  <0.001 -
Blood pressure (%)
Systolic 4.4 0.5 -
Diastolic -2.0 —2.6 <0.001 -
Glucose (%) 18.7 —2.5 <0.001 -
Triglycerides (%) 2.2 —16.3 <0.001 -
HDL cholesterol (%) 10.8 24.0 <0.001 -
Incidence over 10 years
Diabetes mellitus 24% 7% <0.001 0.25
Hypertension 49% 41% 0.13 0.75
Triglycerides 27% 17% 0.03 0.61
(=1.7 mmol/l)
Total cholesterol 27% 30% 0.57 1.16
(=>5.2 mmol/l)
HDL cholesterol 6% 3% 0.12 0.57
(<1.0 mmol/l)
Recovery over 10 years
Diabetes mellitus 13% 36% 0.001 3.45
Hypertension 11% 19% 0.02 1.68
Triglycerides 24% 46% <0.001 2.57
(=>1.7 mmol/l)
Total cholesterol 17% 21% 0.14 1.30
(=5.2 mmol/l)
HDL cholesterol 53% 73% 0.001 2.35

(< 1.0 mmol/l)
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advice and guidance to no treatment at all — the weight
had increased by 1.6% (13).

The development of other cardiovascular risk factors
is shown in Table 1. It should be noted that the SOS
study was not a randomized trial but a well-matched
surgical intervention cohort study with a non-operative
comparison arm (13, 15).

Even an intensive program of lifestyle modification
only leads to a modest weight loss. In the Diabetes
Prevention Program, 1079 subjects with an average
BMI of 33.9 kg/m? were submitted to an intensive
program aimed at weight reduction through diet and
physical exercise (12). Despite very intensive individua-
lized guidance, the average weight loss after 2.8 years
was 5.6 kg (12). This is comparable with the mean
weight loss of 3.0 kg achieved in 1637 patients during 4
years of treatment with placebo and lifestyle measures
in the Swedish xendos trial (16).

Very low calorie diets contain <800 kcal/day.
Programs using very low caloric diets generally result
in a weight reduction of 15-25% after 3—6 months (17).
However, long-term results are modest: 9% weight
reduction after 1 year and 5% after 4 years (17).

Recently, pharmacologic treatment of obesity has
evolved (18-22). Drugs prescribed for weight loss can be
divided into two categories: appetite suppressants and
substances that inhibit the absorption of nutrients. By
and large, pharmacological support can generate an
extra weight loss of about 5 kg in the first year (18-21).
The xendos trial treatment with orlistat and lifestyle
measures over 4 years resulted in a mean weight loss of
5.8 kg (16). Unfortunately, longer-term data regarding
weight, cardiovascular events, incidence and preva-
lence of diabetes as well as side effects of these drugs are
lacking (18-21).

In contrast to these relatively poor long-term results
of conservative measures, there is a growing body of
evidence to suggest that surgical treatment of obesity
may lead to a more sustained weight loss.

Surgical treatment of obesity: bariatric
surgery

Bariatric surgical techniques are divided into two
groups: malabsorptive and restrictive procedures
(Fig. 1) (23).

Malabsorptive procedures induce decreased absorp-
tion of nutrients by shortening the functional length
of the small intestine (23). The created short-bowel
syndrome leads to a negative energy balance and weight
loss. The jejunoileal bypass (Fig. 1a) was one of the first
bariatric operations. It is associated with substantial
long-term complications including liver failure, malnu-
trition, electrolyte imbalances, vitamin deficiencies,
renal (oxalate) stones, and death. This procedure is
therefore no longer performed (9, 23). Currently used
malabsorptive techniques are the biliopancreatic
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Figure 1 Bariatric procedures. (a) Jejunoileal bypass; (b) biliopancreatic diversion; (c) biliopancreatic diversion with duodenal switch;
(d) vertical banded gastroplasty; (e) laparoscopic adjustable gastric band; and (f) Roux-en-Y gastric bypass. With permission from

Ref. (129).

diversion and the biliopancreatic diversion with
duodenal switch (Fig. 1b and c¢) (9, 23, 24). In both
procedures, a partial gastrectomy is performed, creating
a 100-150 ml gastric pouch. The biliopancreatic
diversion (Fig. 1b) consists of a horizontal distal
gastrectomy with a gastro-jejunostomy or gastro-
ileostomy; this long (food) limb is anastomosed to the
biliopancreatic (bile, a pancreatic juice) limb (23, 24).
In a biliopancreatic diversion with duodenal switch
(Fig. 1c), a pylorus-sparing sleeve gastrectomy with
duodeno-ileostomy is performed (23, 24). It is generally
accepted that biliopancreatic diversion with duodenal
switch results in less cases of dumping and marginal
ulcers than a classical biliopancreatic diversion (25,
26). In both procedures, the length of the common limb
— i.e., the time during which digestion and nutrient
absorption can occur — determines the degree of
malabsorption (23, 24).

Restrictive operations reduce the storage capacity
of the stomach and as a result early satiety arises,
leading to a decreased caloric intake (23). In general,
restrictive procedures are simpler to perform and are
accompanied by less procedural complications than
malabsorptive procedures. The vertical banded gastro-
plasty and the laparoscopic adjustable gastric band

represent the current most frequently performed
restrictive procedures (9) (Fig. 1d and e). During a
vertical banded gastroplasty (Fig. 1d), the fundus of the
stomach is stapled parallel to the lesser curve using a
surgical stapling device (23, 24). The distal exit of the
created pouch is narrowed with a band. A food-
receiving reservoir of ~50 ml remains and the banding
provides an outlet diameter of 10-12 mm (23, 24). The
laparoscopic adjustable gastric band technique (Fig. 1e)
involves placing a silicon inflatable gastric band
horizontally around the proximal part of the stomach.
By inflating the gastric band via a s.c. port, a pouch is
created. Moreover, the diameter of the band can be
adjusted to the individual needs of the patient (23, 24).
The advantage of the latter technique is that in the case
of excessive vomiting or reflux following the operation
(i.e., when the exit of the pouch is too narrow) the
tension of the gastric band can be reduced (23, 24).

An intragastric balloon is a smooth saline-filled
balloon that is endoscopically placed in the gastric
cavity. It can be used as temporary method to aid in
weight reduction, for example, as a first-stage treatment
of high-risk super-obese patients in need of surgical
intervention or in patients who refuse bariatric surgery
(27, 28).
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At this moment, the Roux-en-Y gastric bypass
(Fig. 1f) is (at least in the United States) the most
frequently performed bariatric procedure (9). It has both
restrictive and malabsorptive aspects (9) (Fig. 1c).
A (restrictive) gastric pouch is created and separated
from the remainder of the stomach (23, 24). The
continuity is then restored by a Roux-Y-limb, which is
connected to the jejunum (23, 24). During a meal, the
gastric pouch quickly fills creating a sensation of satiety.
Food in the gastric pouch enters the jejunum via the
Roux-Y-limb. The length of the common limb — which
is inversely related to the length of the Roux-Y-limb —
determines the degree of malabsorption. Roux-en-Y
gastric bypass is being performed laparoscopically on a
growing scale (23, 24).

Effectiveness of bariatric surgery

Weight

The effectiveness of bariatric surgery has recently been
studied in two meta-analyses (29, 30). On average
surgical treatment of obesity results in 20-40 kg of
weightlossanda 10-15 kg/m? reduction in BMI (29, 30).
In the SOS study, the average 10-year weight loss was
well over 19 kg (13). This result was achieved despite
the fact that vertical banded gastroplasty was the
dominant procedure and only 5% of those who had a
follow-up of 10 years had a Roux-en-Y gastric bypass
(which is superior to vertical banded gastroplasty
regarding weight loss) (13). After a period of 15 years,
patients who had undergone laparoscopic gastric
banding had lost 13 +14% compared with the baseline
weight. Corresponding weight losses 15 years after
vertical banded gastroplasty and Roux-en-Y gastric
bypass were 18 +11% and 27 + 12% respectively (14).

Few studies have compared weight loss between
surgical procedures. In two randomized clinical trials
collectively enrolling 231 patients, Roux-en-Y gastric
bypass was compared with vertical banded gastroplasty
(29, 31, 32). Pooled results showed that at 12 and 36
months patients assigned to Roux-en-Y gastric bypass
lost substantially more weight than those assigned to
vertical banded gastroplasty (42.43 kg versus 34.45 kg
and 39.73 kg versus 30.65 kg at 12 and 36 months
respectively) (29, 31, 32). On the basis of these and other
studies (33-35), it can be concluded that in regard to
weight loss, Roux-en-Y gastric bypass is superior to
vertical banded gastroplasty. Recently, laparoscopic
adjustable gastric banding was compared with laparo-
scopic vertical banded gastroplasty in a randomized trial
involving 100 patients (36). In this study, excess weight
loss was 58.9% 3 years after laparoscopic vertical banded
gastroplasty and 39% 3 years after laparoscopic
adjustable gastric banding (36). Biliopancreatic diver-
sion resulted in an excess weight loss of 74+ 12% at 2
years and 72+10% at 8 years after surgery (37).
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In biliopancreatic diversion with duodenal switch, a
mean weight loss of 46+ 20 kg was reported in 252
patients followed for a mean of 8.3 years (26).

Placement of an intragastric balloon for 6 months
resulted in an excess weight loss of 33.9+18.7% (38).
In well-selected patients, it seems possible to extend the
treatment period to 1 year (39). However, only about
half of the patients maintain a weight loss of over 50%
in the year after removal of the balloon (39).

Taken together it can be concluded that long-term
weight loss after Roux-en-Y gastric bypass is less than
after biliopancreatic diversion, but more than when
compared with restrictive surgical procedures including
intragastric balloon (29). Mean weight loss is maximal
after 1-2 years and slowly increases until year 8-10
after which body weight stabilizes (14).

Diabetes mellitus

Recovery from type 2 diabetes was established in 76.8%
of the patients who underwent bariatric surgery (30). In
the surgically treated group of the SOS study, type 2
diabetes had disappeared in 72% after 2 years.
Unfortunately, ‘only’ 36% of those who had diabetes
at entry remained free of the disorder at 10 years (13).
In the conventionally treated group, these percentages
were 21 and 13% respectively (13). Similar recovery
rates are described in other studies as well (40—42).
Moreover, these percentages seem related to the
operative procedure that is used, with vertical banded
gastroplasty, laparoscopic adjustable gastric banding,
and Roux-en-Y gastric bypass resulting in resolution of
diabetes in about 40, 60, and 80% of patients
respectively (for an overview see Table 5 in reference
(41)) (40-42). Several studies using homeostatic model
assessment have reported improvements in insulin
sensitivity and B-cell function (43, 44). These data are
substantiated by studies that have used euglycemic—
hyperinsulinemic clamp and i.v. glucose tolerance
testing (45, 46).

Interestingly, many patients become euglycemic well
before the weight loss occurs. Those procedures that
expedite nutrient supply to the lower gastrointestinal
tract appear to be especially promising in this respect
(41, 47, 48). Indeed, in surgically treated obese (albeit
nondiabetic) subjects studied with the insulin clamp
technique, gastric bypass improves insulin sensitivity in
proportion to weight loss whereas insulin resistance is
completely restored long before normalization of body
weight after biliopancreatic diversion (49).

Lipids

Hypercholesterolemia and hypertriglyceridemia
improve after surgical treatment of obesity irrespective
of the technique used (30). Total and low density

lipoprotein (LDL) cholesterol concentrations decreased
with an average of 0.86 mmol/l (95% confidence
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interval (CI) 0.60-1.13 mmol/l) and 0.76 mmol/l (95%
CI 0.46-1.06 mmol/l) respectively (30). While trigly-
ceride concentrations decrease with an average of
0.90 mmol/l (95% CI 0.73-1.08 mmol/l), high density
lipoprotein (HDL) cholesterol concentration showed
no difference in a combined analysis of all surgical
procedures (30). However, patients who underwent
vertical banded gastroplasty (n=253) or gastric banding
(n=623) showed an increase in concentration of HDL
cholesterol of 0.13 mmol/1 (95% CI 0.02—-0.24 mmol/I)
and 0.12mmol/l (95% CI 0.04-0.20 mmol/l)
respectively (30).

Hypertension, obstructive sleep apnea, and
polycystic ovary syndrome

A benefit of surgery in reducing the prevalence of
hypertension and obstructive sleep apnea has also been
shown (30). Of the surgically treated patients, 62% of
those with hypertension and 86% of those with
obstructive sleep apnea recovered (30). In patients
with polycystic ovary syndrome treated with bariatric
surgery (either laparoscopic gastric bypass or biliopan-
creatic diversion), hirsutism, hyperandrogenemia,
insulin resistance, and ovulation and/or restoration of
menstrual cycle significantly improved in all (50).

Quality of life

The SOS study found a dramatic improvement in the
quality of life at 2 years among patients who had had
surgical treatment for obesity, particularly concerning
psychological performance (51). Unsurprisingly, there is
a strong positive correlation between the degree of
improvement in quality of life and the degree of weight
loss (51). In another study, 95% of 275 patients who
underwent laparoscopic Roux-en-Y gastric bypass
surgery reported improvement in quality of life (52).
Similar results have been reported for laparoscopic
adjustable gastric banding (53).

Mortality

Retrospective cohort studies have suggested that bar-
iatric surgery leads to a decrease in mortality; two
published studies have shown that for obese patients with
diabetes mellitus, bariatric surgery reduces mortality
considerably (54, 55). Moreover, in nondiabetic patients
mortality reduction after bariatric surgery has also been
demonstrated: in a cohort of 1035 patients with an
average BMI of 50 kg/m? undergoing bariatric surgery,
mortality declined by 89% when compared with a
control group which did not receive surgical treatment
for obesity (0.68% vs 6.17%; relative risk 0.11, 95% CI
0.04-0.27) (56). Long-term mortality data for gastric
bypass surgery were very recently reported. In a large
retrospective cohort study (9949 gastric bypass
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procedures versus 9628 severely obese controls),
long-term mortality from any cause (mean follow-up
of 7.1 years) decreased by 40% compared with that in
the control group (57). Prospective mortality data are
provided by the ‘SOS’ study; during an average of 10.9
years follow-up subjects who underwent bariatric
surgery had an overall mortality hazard ratio of 0.76
when compared with control subjects (14).

In conclusion, bariatric surgery is an effective
treatment option for long-term reduction of body weight
and amelioration of obesity-related comorbid con-
ditions. Importantly, evidence shows that for obese
patients — with or without diabetes mellitus — surgical
treatment of obesity leads to a reduction in mortality.

Mortality, complications, and side effects
of surgical treatment of obesity

Mortality

The early mortality rate of bariatric surgery (i.e., death
<30 days) is 0.1-2.0%, depending on procedure and
patient characteristics (8, 29, 30, 58). Mortality after
30 days varies between 0.1 and 4.6% (29, 58). For all
60.077 patients who underwent Roux-en-Y gastric
bypass in California in the period 1995-2004, the
overall in-hospital mortality rate was 0.18%, 30-day
mortality was 0.33%, and 1-year mortality was 0.91%
(59). These results are similar to those found in a recent
audit of 1144 cases from 29 academic centers in the
United States in which the 30-day mortality rate for
gastric bypass was 0.4% (60). The 30-day mortality rate
for restrictive procedures in this study was 0% (60);
again comparable with that found in a number of other
studies (36, 61, 62). Important determinants of
mortality are: age, sex, cardiorespiratory fitness, and
surgeon experience. For patients over 65 years of age,
the mortality rate at 30 days is 4.8% and 11.1% at 1
year; for patients under age 65, the mortality rate is 1.7
and 3.8% respectively (58). The risk of death after
bariatric surgery is higher for men than for women:
at 30 days and at 1 year, 3.7% vs 1.5% and 7.5% vs
3.7% respectively (58, 63). Reduced cardiorespiratory
fitness levels — defined as peak oxygen consumption
< 15.8 ml/kg per min — were associated with a six times
higher risk of short-term (cardiovascular) complications
and death (64). Within the surgeon’s first 19
procedures the odds of death within 30 days were 4.7
times higher (95% CI, 1.2—-18.2) than at later points in
a surgeon’s case order (65). Considering the causes of
death it seems that pulmonary embolism is one of the
leading causes at least after gastric bypass (63, 66). In
an autopsy study of 10 patients who died after surgery,
pulmonary embolism was found in 8 (66).

Taken together the mortality after 30 days varies in
diverse studies between 0.1 and 4.6% and mainly
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occurs following a malabsorptive procedure. Restrictive
procedures appear to have a much lower mortality rate.

Postoperative complications and difficulties

As a result of the selection of overweight and obese
patients, the risk of postoperative complications in-
creases (67). In obese patients, the course of postoperative
complications and side effects is often atypical and a high
level of clinical suspicion is therefore warranted.

Of particular concern are venous thromboembolism
(66, 68—70) and sepsis. The latter occurs especially as a
result of infection of the gastric band, anastomotic leak,
and wound infection (52, 70-72). The incidence of
venous thromboembolism is reported to be between 0.4
and 3.1% (52, 71, 73). It is therefore imperative to use
adequate multimodal thromboprophylaxis. With a
protocol consisting of early ambulation, compression
stockings, intermittent compression stockings, and
enoxaparin, a low rate of postoperative venous throm-
boembolism was described (74). In patients at especially
high risk for venous thromboembolism (e.g., patients:
older than 65 years, BMI> 50, a previous venous
thromboembolism, venous insufficiency, sleep apnea),
placement of a vena cava filter as well as a prolonged
course of oral anticoagulants should be seriously
considered (75-78).

Anastomotic leaks are another cause of morbidity
and mortality occurring in ~0.5-3% (52, 63, 71, 75,
79-84). Leaks are difficult to diagnose, a heart rate
above 120 beats/min and respiratory distress/failure
are the most common manifestations of anastomotic
leak (68, 70, 85). It should be noted that anastomotic
leaks after bariatric surgery frequently become clinically
apparent after discharge (86). Radiological studies are
often falsely negative and anastomotic leak can there-
fore not be excluded on the basis of a negative water-
soluble gastrointestinal contrast study alone (85, 87).
So, if the clinical picture is compatible with the presence
of anastomotic leak, then an exploratory laparotomy is
strongly advised (70).

Intubation and mechanical ventilation can be difficult
and direct postoperative extubation is often not possible
(70, 88). Nursing (e.g., lifting, turning, and washing the
patient, helping the patient to go to the toilet) and
monitoring (e.g., measuring the blood pressure and
assessing X-rays) are often troublesome (70).

Thus, a high degree of clinical suspicion in considering
postoperative complications is mandatory. Pulmonary
embolism and anastomotic leaks are the most fearsome,
i.e. deadly, complications that should always be
considered whenever the postoperative course takes an
unexpected turn.

Procedure-specific perioperative complications

A substantial proportion of patients vomit during the first
postoperative months because of the decreased volume of
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the stomach (89). Vomiting may also be a symptom of
anastomotic stenosis occurring in 20-33% of all cases; as
a result upper gastrointestinal endoscopy is warranted in
all the cases of persistent vomiting. If in the first
postoperative weeks, food is insufficiently chewed it can
cause upper gastrointestinal obstruction at the level of the
gastrojejunal anastomosis. In such instance, endoscopic
removal will provide immediate relief. Anastomotic
stricture after laparoscopic gastric bypass occurs more
frequently when a 21 mm circular stapler instead of a
25 mm stapler is used (90).

Vertical banded gastroplasty has a high incidence of
persistent (> 10 years) postoperative vomiting (20%)
and heartburn (16%) (91, 92). In exceptionally severe
cases, symptoms can be reversed by converting to
gastric bypass (93).

Dumping syndrome occurs in about half of patients
after gastric bypass surgery (29). Treatment consists of
avoiding provoking food products. A newly described
complication after gastric bypass surgery is endogenous
hyperinsulinemic hypoglycemia with nesidioblastosis
(94). The exact factor that causes the nesidioblastosis is
unknown but might be related to a change in con-
centrations and/or activity of gut hormones due to the
change in the upper gastrointestinal tract (94).

Typical complications after laparoscopic adjustable
gastric band are erosion of the band into the gastric
wall, prolapse of the band leading to gastric outlet
obstruction, disconnection of the band from the s.c.
reservoir, and esophageal dilation (95-98).

Finally, as a consequence of the altered anatomy
after bypass surgery internal hernias are not uncommon
(23, 24).

In summary, vomiting is a relatively frequent
occurrence in the first postoperative weeks. Due to the
creation of a small gastric pouch upper gastrointestinal
obstruction can occur. Dumping syndrome initially
occurs in about half of patients after gastric bypass
surgery; more recently endogenous hyperinsulinemic
hypoglycemia with nesidioblastosis has been described.

Metabolic side effects

Immediate postoperative period

In the first six postoperative weeks, the diet can be
gradually expanded from clear liquids to small meals
only. As vomiting is quite common in this period, special
care should be taken to prevent dehydration, hypoka-
lemia, and hypomagnesia (89). Also, as thiamine
deficiency can ensue as a result of frequent vomiting,
thiamine supplementation can become necessary.

Six weeks postoperative

Even after the patient has adequately adopted new
eating habits, nutritional deficiencies can develop as a
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result of changes in the anatomy of the gastrointestinal
tract (89). Deficiencies of vitamin B12 and iron
are highest in prevalence especially after gastric bypass
(89, 99). Prevalence of vitamin B12 deficiency tends to
increase yearly and can be difficult to treat, often high
doses of an oral or parenteral supplement are needed
(89, 99, 100). Since bypassing the distal part of the
stomach hampers the absorption of iron, iron deficiency
can easily ensue, especially in menstruating women
(89, 101). In such cases, oral supplementation is indi-
cated; however, parenteral administration of iron may
be necessary in selected cases (89, 101). Anastomotic
ulceration is another frequent cause of iron deficiency
after bariatric surgery (89).

Three months after gastric bypass, bone resorbtion
markers are already increased and 9 months post-
operatively loss of bone mineral at the spine, hip, and
total body has been described (102). Gastroenterostomy is
also a known cause for vitamin D deficiency (103). Indeed,
3-5 years after gastric bypass 2 5-hydroxyvitamin D levels
are lower than normal (104). Thus, in the case of
secondary hyperparathyroidism, supplemental vitamin D
and calcium should be given (105-110).

Weight loss is related to the development of
cholelithiasis (111). The incidence of gallstones after
bariatric surgery varies between 22 and 71% (112, 113).
Of those who formed stones 7—41% had symptomatic
cholelithiasis (112, 113). In the case of concomitant
cholelithiasis at the time of the bariatric operation, it is
advisable to perform a cholecystectomy prior to or
during the bariatric procedure (112, 114). In all
patients on whom an open — as opposed to a laparo-
scopic — procedure is performed it seems reasonable to
perform a cholecystectomy.

Thus, due to the specific anatomical and physiological
changes after bariatric surgery and in order to prevent
development of serious complications, long-term follow-
up and monitoring of all patients is indicated. Table 2
provides some guidance (please note: this table is not
based upon evidence based guidelines and cannot
replace clinical judgment).

Table 2 Suggested follow-up after bariatric surgery (after Ref. (89)).
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Which patients are eligible for bariatric
surgery?

Overall it can be concluded that bariatric surgery is the
most effective long-term treatment for obesity. However,
serious complications can occur and therefore a careful
selection of patients is of utmost importance to ensure
that those with the greatest predicted benefit undergo
these procedures. We, and others (8), feel that bariatric
surgery should at least be considered for all patients with
a BMI of more than 40 kg/m? and for those with a BMI of
more than 35 kg/m? with concomitant obesity-related
conditions. Table 3 shows commonly accepted criteria
for bariatric surgery (23). Clearly, these criteria are not
absolute.

Research concerning age and BMI criteria is ongoing.
In a recent review, it was concluded that ‘it is reasonable
to propose that bariatric surgery performed in the
adolescent period may be a more effective treatment for
childhood-onset extreme obesity than delaying surgery
for extremely obese youth until adulthood’ (115). In a
small trial in patients with a BMI ranging from 30 to 35
surgical treatments using laparoscopic adjustable gas-
tric banding were statistically significantly more
effective than non-surgical therapy in reducing weight,
resolving the metabolic syndrome, and improving
quality of life during a 24-month treatment program
(62). Thus, by taking comorbidities and other patient
characteristics into account, it will be possible to better
identify those who will benefit the most from bariatric
surgery without using absolute age and/or BMI criteria
(62, 115-117). Moreover, it should be noted that
comorbid conditions caused by obesity are an argument
in favor of bariatric surgery. The majority of patients
operated upon in experienced centers are in American
Society of Anesthesiology class III (52).

In a recent report, recommendations considering
preoperative management of patients about to undergo
weight loss surgery are given (118). Several aspects
deserve special attention. Obstructive sleep apnea is
associated with an increased perioperative risk, notably
difficult intubation and postoperative respiratory

1 month 3 months 6 months 12 months 18 months 24 months Annually

Chemistry? X X X X X X X
Complete blood count X X X X X X

Magnesium X X X X (X) X X
Iron studies® X X X X (X) X X
Vitamin D X X (X) X X
PTH X X (X) X X
Vitamin B12 X X X (X) X X
Bone densitometry X

Dependent on the pace of weight loss, type of procedure (purely restrictive versus malabsorptive), and previous test results this scheme should be adapted.

2Electrolytes, glucose, BUN, creatinin, albumin, liver enzymes, and alkaline phosphate.

PFerritin, iron, and transferrin (transferrin saturation).
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Table 3 Criteria for bariatric surgery (Ref. 23).

BMI>40 kg/m? or BMI> 35 kg/m? with significant obesity-related
comorbidities

Age between 16 and 65 years

Acceptable operative risks

Documented failure at nonsurgical approaches to long-term weight
loss

A psychologically stable patient with realistic expectations

A well-informed and motivated patient

Commitment to prolonged lifestyle changes

Supportive family/social environment

Resolution of alcohol or substance abuse

Absence of active psychosis and untreated severe depression

problems (118-120). However, it is unknown if
preoperative evaluation has added value, but it might
be considered in high-risk patients (118-120). Pre-
operative management is otherwise dictated by the
presence of comorbidities (121).

Where should bariatric surgery be
performed?

Due to the inverse relationship between patient volume
and mortality and morbidity, bariatric surgery should
only be performed in experienced centers. Bariatric
surgery requires a multidisciplinary approach by an
internist, a surgeon, an anesthesiologist, a dietician,
and other specialists if necessary (24). Furthermore, the
hospital infrastructure should be adequately equipped:
operating tables which can handle extremely obese
patients, extra long laparoscopic instruments, special
staplers, and extra large beds. Also, the Radiology
Department must be able to accommodate extremely
heavy patients (24).

Basic insights derived from bariatric
surgery

The gastrointestinal tract is an important source of
peptides regulating food intake and energy homeostasis
(122). We have already referred to the impression that
those procedures that expedite nutrient supply to the
lower gastrointestinal tract appear to be especially
successful in the ‘cure’ of diabetes (41, 47, 48).
Moreover, it is very likely that changes in gut peptides
following specific bariatric procedures are related to, or
even responsible for, improvement in comorbid con-
ditions (123-126). Indeed, two of the most effective
bariatric procedures (Roux-en-Y gastric bypass and
biliopancreatic diversion with duodenal switch) are
associated with markedly suppressed ghrelin levels
whereas diet or gastric restrictive surgery lead to
increased ghrelin levels (127, 128). Further develop-
ment of such insights will hopefully lead way to
development of more effective pharmacotherapy of
obesity and its associated conditions.
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Conclusion

Bariatric surgery is the most effective treatment for
long-term reduction of body weight. Bariatric surgery
should at least be considered for all patients with a BMI
of more than 40 kg/m? and for those patients with a
BMI of more than 35 kg/m? with important obesity-
related comorbid conditions. Recent evidence shows
that bariatric surgery for severe obesity is associated
with decreased overall mortality.

References

1 James PT, Rigby N & Leach R. The obesity epidemic, metabolic
syndrome and future prevention strategies. European Journal of
Cardiovascular Prevention and Rehabilitation 2004 11 3-8.

2 York DA, Rossner S, Caterson I, Chen CM, James WP,
Kumanyika S, Martorell R & Vorster HH. Prevention Conference
VII: obesity, a worldwide epidemic related to heart disease and
stroke: Group I: worldwide demographics of obesity. Circulation
2004 110 e463-e470.

3 Haslam DW & James WP. Obesity. Lancet 2005 366 1197-1209.

4 Meinders AE & Fogteloo J. Overweight and obesity; recommen-
dations from the National Health Council. Nederlands Tijdschrift
Voor Geneeskunde 2003 147 1847-1851.

5 Mokdad AH, Bowman BA, Ford ES, Vinicor F Marks JS &
Koplan JP. The continuing epidemics of obesity and diabetes in the
United States. Journal of the American Medical Association 2001
286 1195-1200.

6 Peeters A, Barendregt JJ, Willekens F, Mackenbach JP, Al MA &
Bonneux L. Obesity in adulthood and its consequences for life
expectancy: a life-table analysis. Annals of Internal Medicine 2003
138 24-32.

7 Raad voor de Volksgezondheid en Zorg. Gezondheid en gedrag.
Zoetermeer, Raad voor de Volksgezondheid en Zorg, 2002.

8 Dixon JB, Pories W], O'Brien PE, Schauer PR & Zimmet P. Surgery as
an effective early intervention for diabesity: why the reluctance?
Diabetes Care 2005 28 472-474.

9 Santry HP, Gillen DL & Lauderdale DS. Trends in bariatric surgical
procedures. Journal of the American Medical Association 2005 294
1909-1917.

10 Stevens V], Obarzanek E, Cook NR, Lee IM, Appel L], Smith WD,
Milas NC, Mattfeldt-Beman M, Belden L, Bragg C, Millstone M,
Raczynski J, Brewer A, Singh B & Cohen J. Long-term weight loss
and changes in blood pressure: results of the trials of hypertension
prevention, phase II. Annals of Internal Medicine 2001 134 1-11.

11 Wood PD, Stefanick ML, Dreon DM, Frey-Hewitt B, Garay SC,
Williams PT, Superko HR, Fortmann SP, Albers JJ & Vranizan KM.
Changes in plasma lipids and lipoproteins in overweight men
during weight loss through dieting as compared with exercise.
New England Journal of Medicine 1988 319 1173-1179.

12 Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF,
Lachin JM, Walker EA & Nathan DM. Reduction in the incidence
of type 2 diabetes with lifestyle intervention or metformin. New
England Journal of Medicine 2002 346 393-403.

13 Sjostrom L, Lindroos AK, Peltonen M, Torgerson J, Bouchard C,
Carlsson B, Dahlgren S, Larsson B, Narbro K, Sjostrom CD,
Sullivan M & Wedel H. Lifestyle, diabetes, and cardiovascular risk
factors 10 years after bariatric surgery. New England Journal of
Medicine 2004 351 2683-2693.

14 Sjostrom L, Narbro K, Sjostrom CD, Karason K, Larsson B,
Wedel H, Lystig T, Sullivan M, Bouchard C, Carlsson B,
Bengtsson C, Dahlgren S, Gummesson A, Jacobson P, Karlsson J,
Lindroos AK, Lonroth H, Naslund I, Olbers T, Stenlof K,
Torgerson J, Agren G & Carlsson LM. Effects of bariatric surgery
on mortality in Swedish obese subjects. New England Journal of
Medicine 2007 357 741-752.

Downloaded from Bioscientifica.com at 03/12/2022 10:08:52AM
via free access



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2008) 158

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

3(

(=)

31

32

Sjostrom L, Larsson B, Backman L, Bengtsson C, Bouchard C,
Dahlgren S, Hallgren P, Jonsson E, Karlsson J & Lapidus L. Swedish
obese subjects (SOS). Recruitment for an intervention study and a
selected description of the obese state. International Journal of Obesity
and Related Metabolic Disorders 1992 16 465-479.

Torgerson JS, Hauptman J, Boldrin MN & Sjostrom L. XENical in
the prevention of diabetes in obese subjects (XENDOS) study: a
randomized study of orlistat as an adjunct to lifestyle changes for
the prevention of type 2 diabetes in obese patients. Diabetes Care
2004 27 155-161.

Tsai AG & Wadden TA. Systematic review: an evaluation of major
commercial weight loss programs in the United States. Annals of
Internal Medicine 2005 142 56—-66.

Li Z, Maglione M, Tu W, Mojica W, Arterburn D, Shugarman LR,
Hilton L, Suttorp M, Solomon V, Shekelle PG & Morton SC. Meta-
analysis: pharmacologic treatment of obesity. Annals of Internal
Medicine 2005 142 532-546.

Pi-Sunyer FX, Aronne LJ, Heshmati HM, Devin ] & Rosenstock J.
For the RIO-North America study group Effect of rimonabant, a
cannabinoid-1 receptor blocker, on weight and cardiometabolic
risk factors in overweight or obese patients: RIO-North America:
a randomized controlled trial. Journal of the American Medical
Association 2006 295 761-775.

Scheen A]J, Finer N, Hollander P, Jensen MD & Van Gaal LE
Efficacy and tolerability of rimonabant in overweight or obese
patients with type 2 diabetes: a randomized controlled study.
Lancet 2006 368 1660-1672.

Van Gaal LF, Rissanen AM, Scheen A]J, Ziegler O & Rossner S.
For the RIO-Europe study group. Effects of the cannabinoid-1
receptor blocker rimonabant on weight reduction and cardiovas-
cular risk factors in overweight patients: 1-year experience from
the RIO-Europe study. Lancet 2005 365 1389-1397.

Yanovski SZ & Yanovski JA. Obesity. New England Journal of
Medicine 2002 346 591-602.

Schneider BE & Mun EC. Surgical management of morbid obesity.
Diabetes Care 2005 28 475-480.

Buchwald H. Consensus conference statement bariatric surgery
for morbid obesity: health implications for patients, health
professionals, and third party payers. Journal of the American
College of Surgeons 2004 200 593-604.

Hess DS, Hess DW & Oakley RS. The biliopancreatic diversion
with the duodenal switch: results beyond 10 years. Obesity
Surgery 2005 15 408—416.

Marceau P, Hould FS, Simard S, Lebel S, Bourque RA, Potvin M &
Biron S. Biliopancreatic diversion with duodenal switch. World
Journal of Surgery 1998 22 947-954.

Melissas ], Mouzas ], Filis D, Daskalakis M, Matrella E,
Papadakis JA, Sevrisarianos N & Charalambides D. The intragas-
tric balloon — smoothing the path to bariatric surgery. Obesity
Surgery 2006 16 897-902.

Spyropoulos C, Katsakoulis E, Mead N, Vagenas K & KalfarentzosF.
Intragastric balloon for high-risk super-obese patients: a pro-
spective analysis of efficacy. Surgery for Obesity and Related Diseases
2007 3 78-83.

Maggard MA, Shugarman LR, Suttorp M, Maglione M, Sugerman HJ,
Livingston EH, Nguyen NT, Li Z, Mojica WA, Hilton L, Rhodes S,
Morton SC & Shekelle PG. Meta-analysis: surgical treatment of
obesity. Annals of Internal Medicine 2005 142 547-559.

Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories W,
Fahrbach K & Schoelles K. Bariatric surgery: a systematic review
and meta-analysis. Journal of the American Medical Association
2004 292 1724-1737.

Sugerman H]J, Starkey JV & Birkenhauer R. A randomized
prospective trial of gastric bypass versus vertical banded
gastroplasty for morbid obesity and their effects on sweets versus
non-sweets eaters. Annals of Surgery 1987 205 613-624.

Hall JC, Watts JM, O'Brien PE, Dunstan RE, Walsh JF, Slavotinek AH
&Elmslie RG. Gastric surgery for morbid obesity. The Adelaide study.
Annals of Surgery 1990 211 419-427.

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

143

Surgical treatment of obesity

Pories WJ, Flickinger EG, Meelheim D, van Rij AM & Thomas FT.
The effectiveness of gastric bypass over gastric partition in morbid
obesity: consequence of distal gastric and duodenal exclusion.
Annals of Surgery 1982 196 389-399.

Naslund I, Wickbom G, Christoffersson E & Agren G. A prospective
randomized comparison of gastric bypass and gastroplasty.
Complications and early results. Acta Chirurgica Scandinavica
1986 152 681-689.

Howard L, Malone M, Michalek A, Carter ], Alger S & Van W]J.
Gastric bypass and vertical banded gastroplasty — a prospective
randomized comparison and 5-year follow-up. Obesity Surgery
1995 5 55-60.

Morino M, Toppino M, Bonnet G & Del GG. Laparoscopic
adjustable silicone gastric banding versus vertical banded
gastroplasty in morbidly obese patients: a prospective randomized -
controlled clinical trial. Annals of Surgery 2003 238 835-841.
Scopinaro N, Gianetta E, Adami GF Friedman D, Traverso E,
Marinari GM, Cuneo S, Vitale B, Ballari F, Colombini M, Baschieri G
& Bachi V. Biliopancreatic diversion for obesity at eighteen years.
Surgery 1996 119 261-268.

Genco A, Bruni T, Doldi SB, Forestieri P, Marino M, Busetto L,
Giardiello C, Angrisani L, Pecchioli L, Stornelli P, Puglisi F, Alkilani M,
Nigri A, Di LN, Furbetta F, Cascardo A, Cipriano M, Lorenzo M &
Basso N. Bioenterics intragastric balloon: the Italian experience with
2515 patients. Obesity Surgery 2005 15 1161-1164.
Mathus-Vliegen EM & Tytgat GN. Intragastric balloon for treatment-
resistant obesity: safety, tolerance, and efficacy of 1-year balloon
treatment followed by a 1-year balloon-free follow-up. Gastrointes-
tinal Endoscopy 2005 61 19-27.

Pories W], Swanson MS, Macdonald KG, Long SB, Morris PG,
Brown BM, Barakat HA, deRamon RA, Israel G & Dolezal JM.
Who would have thought it? An operation proves to be the most
effective therapy for adult-onset diabetes mellitus Annals of
Surgery 1995 222 339-350.

Schauer PR, Burguera B, Ikramuddin S, Cottam D, Gourash W,
Hamad G, Eid GM, Mattar S, Ramanathan R, Barinas-Mitchel E,
Rao RH, Kuller L. & Kelley D. Effect of laparoscopic Roux-en Y
gastric bypass on type 2 diabetes mellitus. Annals of Surgery 2003
238 467-484.

Dixon JB & O'Brien PE. Health outcomes of severely obese type 2
diabetic subjects 1 year after laparoscopic adjustable gastric
banding. Diabetes Care 2002 25 358-363.

Ballantyne GH, Farkas D, Laker S & Wasielewski A. Short-term
changes in insulin resistance following weight loss surgery for
morbid obesity: laparoscopic adjustable gastric banding versus
laparoscopic Roux-en-Y gastric bypass. Obesity Surgery 2006 16
1189-1197.

Dixon ]B, Dixon AF & O'Brien PE. Improvements in insulin
sensitivity and beta-cell function (HOMA) with weight loss in the
severely obese. Homeostatic model assessment. Diabetic Medicine
2003 20 127-134.

Guidone C, Manco M, Valera-MoraE, Iaconelli A, Gniuli D, Mari A,
Nanni G, Castagneto M, Calvani M & Mingrone G. Mechanisms of
recovery from type 2 diabetes after malabsorptive bariatric
surgery. Diabetes 2006 55 2025-2031.

Polyzogopoulou EV, Kalfarentzos F, Vagenakis AG & Alexandrides TK.
Restoration of euglycemia and normal acute insulin response to
glucose in obese subjects with type 2 diabetes following bariatric
surgery. Diabetes 2003 52 1098-1103.

Le Roux CW, Aylwin SJ, Batterham RL, Borg CM, Coyle F
Prasad V, Shurey S, Ghatei MA, Patel AG & Bloom SR. Gut
hormone profiles following bariatric surgery favor an anorectic
state, facilitate weight loss, and improve metabolic parameters.
Annals of Surgery 2006 243 108-114.

Strader AD, Vahl TP, Jandacek R], Woods SC, D’Alessio DA &
Seeley R]. Weight loss through ileal transposition is accompanied
by increased ileal hormone secretion and synthesis in rats.
American Journal of Physiology. Endocrinology and Metabolism
2005 288 E447-E453.

www.eje-online.org

Downloaded from Bioscientifica.com at 03/12/2022 10:08:52AM

via free access



144 M ] F Bult and others

49

55

6(

(=)

61

62

63

64

65

Muscelli E, Mingrone G, Camastra S, Manco M, Pereira JA,
Pareja JC & Ferrannini E. Differential effect of weight loss on
insulin resistance in surgically treated obese patients. American
Journal of Medicine 2005 118 51-57.

Escobar-Morreale HF, Botella-Carretero JI, Alvarez-Blasco F,
Sancho ] & San Millan JL. The polycystic ovary syndrome
associated with morbid obesity may resolve after weight loss
induced by bariatric surgery. Journal of Endocrinology and
Metabolism 2005 90 6364-6369.

Karlsson J, Sjostrom 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. International Journal of Obesity and
Related Metabolic Disorders 1998 22 113-126.

Schauer PR, Ikramuddin S, Gourash W, Ramanathan R &
Luketich J. Outcomes after laparoscopic Roux-en-Y gastric bypass
for morbid obesity. Annals of Surgery 2000 232 515-529.
Dixon JB, Dixon ME & O'Brien PE. Quality of life after lap-band
placement: influence of time, weight loss, and comorbidities.
Obesity Research 2001 9 713-721.

MacDonald KG Jr, Long SD, Swanson MS, Brown BM, Morris P,
Dohm GL & Pories WJ]. The gastric bypass operation reduces the
progression and mortality of non-insulin-dependent diabetes
mellitus. Journal of Gastrointestinal Surgery 1997 1 213-220.
Sjostrom CD, Lissner L, Wedel H & Sjostrom L. Reduction in
incidence of diabetes, hypertension and lipid disturbances after
intentional weight loss induced by bariatric surgery: the SOS
intervention study. Obesity Research 1999 7 477-484.

Christou NV, Sampalis JS, Liberman M, Look D, Auger S,
McLean AP & MacLean LD. Surgery decreases long-term
mortality, morbidity, and health care use in morbidly obese
patients. Annals of Surgery 2004 240 416—423.

Adams TD, Gress RE, Smith SC, Halverson RC, Simper SC,
Rosamond WD, Lamonte M]J, Stroup AM & Hunt SC. Long-term
mortality after gastric bypass surgery. New England Journal of
Medicine 2007 357 753-761.

Flum DR, Salem L, Elrod JA, Dellinger EP, Cheadle A & Chan L.
Early mortality among Medicare beneficiaries undergoing
bariatric surgical procedures. Journal of the American Medical
Association 2005 294 1903-1908.

Zingmond DS, McGory ML & Ko CY. Hospitalization before and
after gastric bypass surgery. Journal of the American Medical
Association 2005 294 1918-1924.

Nguyen NT, Silver M, Robinson M, Needleman B, Hartley G,
Cooney R, Catalano R, Dostal J, Sama D, Blankenship J, Burg K,
Stemmer E & Wilson SE. Result of a national audit of bariatric
surgery performed at academic centers: a 2004 University Health
System Consortium Benchmarking Project. Archives of Surgery
2006 141 445-449.

Nilsell K, Thorne A, Sjostedt S, Apelman ] & Pettersson N.
Prospective randomized comparison of adjustable gastric banding
and vertical banded gastroplasty for morbid obesity. European
Journal of Surgery 2001 167 504-509.

O’Brien PE, Dixon ]B, Laurie C, Skinner S, Proietto J, McNeil J,
Strauss B, Marks S, Schachter L, Chapman L & Anderson M.
Treatment of mild to moderate obesity with laparoscopic
adjustable gastric banding or an intensive medical program: a
randomized trial. Annals of Internal Medicine 2006 144 625-633.
Livingston EH, Huerta S, Arthur D, Lee S, De SS & Heber D. Male
gender is a predictor of morbidity and age a predictor of mortality
for patients undergoing gastric bypass surgery. Annals of Surgery
2002 236 576-582.

McCullough PA, Gallagher M]J, deJong AT, Sandberg KR, Trivax JE,
Alexander D, Kasturi G, Jafri SM, Krause KR, Chengelis DL, Moy ] &
Franklin BA. Cardiorespiratory fitness and short-term compli-
cations after bariatric surgery. Chest 2006 130 517-525.

Flum DR & Dellinger EP. Impact of gastric bypass operation on
survival: a population-based analysis. Journal of the American
College of Surgeons 2004 199 543-551.

www.eje-online.org

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2008) 158

Melinek J, Livingston E, Cortina G & Fishbein MC. Autopsy findings
following gastric bypass surgery for morbid obesity. Archives of
Pathology and Laboratory Medicine 2002 126 1091-1095.
Pasulka PS, Bistrian BR, Benotti PN & Blackburn GL. The risks of
surgery in obese patients. Annals of Internal Medicine 1986 104
540-546.

Fernandez AZ Jr, DeMaria EJ, Tichansky DS, Kellum JM, Wolfe LG,
Meador ] & Sugerman HJ. Experience with over 3000 open and
laparoscopic bariatric procedures: multivariate analysis of factors
related to leak and resultant mortality. Surgical Endoscopy 2004
18 193-197.

Lowe GD, Carter DC & Prentice CR. Preoperative prediction of
postoperative deep-vein thrombosis. Lancet 1982 1 1474.
Pieracci FM, Barie PS & Pomp A. Critical care of the bariatric
patient. Critical Care Medicine 2006 34 1796-1804.

Nguyen NT, Goldman C, Rosenquist CJ, Arango A, Cole CJ, Lee SJ
& Wolfe BM. Laparoscopic versus open gastric bypass: a
randomized study of outcomes, quality of life, and costs. Annals
of Surgery 2001 234 279-289.

Angrisani L, Furbetta F, Doldi SB, Basso N, Lucchese M, Giacomelli F,
Zappa M, Di CL, Veneziani A, Turicchia GU, Alkilani M, Forestieri P,
Lesti G, Puglisi F, Toppino M, Campanile F, Capizzi FD, D’Atri C,
Sciptoni L, Giardiello C, Di LN, Lacitignola S, Belvederesi N,
Marzano B, Bernate P, luppa A, Borrelli V & Lorenzo M. Lap band
adjustable gastric banding system: the Italian experience with 1863
patients operated on 6 years. Surgical Endoscopy 2003 17 409—412.
Wu EC & Barba CA. Current practices in the prophylaxis of
venous thromboembolism in bariatric surgery. Obesity Surgery
2000 10 7-13.

Scholten DJ, Hoedema RM & Scholten SE. A comparison of two
different prophylactic dose regimens of low molecular weight
heparin in bariatric surgery. Obesity Surgery 2002 12 19-24.
Mason EE, Renquist KE & Jiang D. Perioperative risks and safety of
surgery for severe obesity. American Journal of Clinical Nutrition
1992 55 573S-576S.

Sapala JA, Wood MH, Schuhknecht MP & Sapala MA. Fatal
pulmonary embolism after bariatric operations for morbid obesity: a
24-year retrospective analysis. Obesity Surgery 2003 13 819-825.
Carmody BJ, Sugerman HJ, Kellum JM, Jamal MK, Johnson JM,
Carbonell AM, Maher JW, Wolfe LG & DeMaria EJ. Pulmonary
embolism complicating bariatric surgery: detailed analysis of a
single institution’s 24-year experience. Journal of the American
College of Surgeons 2006 203 831-837.

Sugerman HJ, Sugerman EL, Wolfe L, Kellum JM Jr, Schweitzer MA
& DeMaria EJ. Risks and benefits of gastric bypass in morbidly
obese patients with severe venous stasis disease. Annals of Surgery
2001 234 41-46.

Nguyen NT, Ho HS, Palmer LS & Wolfe BM. A comparison study
of laparoscopic versus open gastric bypass for morbid obesity.
Journal of the American College of Surgeons 2000 191 149-155.
Wittgrove AC & Clark GW. Laparoscopic gastric bypass, Roux-
en-Y - 500 patients: technique and results, with 3—-60 month
follow-up. Obesity Surgery 2000 10 233-239.

Higa KD, Boone KB & Ho T. Complications of the laparoscopic
Roux-en-Y gastric bypass: 1040 patients — what have we
learned? Obesity Surgery 2000 10 509-513.

Livingston EH. Development of bariatric surgery-specific risk
assessment tool. Surgery for Obesity and Related Diseases 2007 3 14-20.
Yeats M, Wedergren S, Fox N & Thompson JS. The use and
modification of clinical pathways to achieve specific outcomes in
bariatric surgery. American Surgeon 2005 71 152-154.

Podnos YD, Jimenez JC, Wilson SE, Stevens CM & Nguyen NT.
Complications after laparoscopic gastric bypass: a review of 3464
cases. Archives of Surgery 2003 138 957-961.

Hamilton EC, Sims TL, Hamilton TT, Mullican MA, Jones DB &
Provost DA. Clinical predictors of leak after laparoscopic Roux-en-Y
gastric bypass for morbid obesity. Surgical Endoscopy 2003 17
679-684.

Goldfeder LB, Ren CJ & Gill JR. Fatal complications of bariatric
surgery. Obesity Surgery 2006 16 1050-1056.

Downloaded from Bioscientifica.com at 03/12/2022 10:08:52AM
via free access



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2008) 158

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

Ganci-Cerrud G & Herrera MF. Role of radiologic contrast studies
in the early postoperative period after bariatric surgery. Obesity
Surgery 1999 9 532-534.

Rose DK, Cohen MM, Wigglesworth DF & DeBoer DP. Critical
respiratory events in the postanesthesia care unit. Patient, surgical,
and anesthetic factors. Anesthesiology 1994 81 410-418.
Fujioka K. Follow-up of nutritional and metabolic problems after
bariatric surgery. Diabetes Care 2005 28 481-484.

Nguyen NT, Stevens CM & Wolfe BM. Incidence and outcome of
anastomotic stricture after laparoscopic gastric bypass. Journal of
Gastrointestinal Surgery 2003 7 997-1003.

Balsiger BM, Poggio JL, Mai J, Kelly KA & Sarr MG. Ten and more
years after vertical banded gastroplasty as primary operation for
morbid obesity. Journal of Gastrointestinal Surgery 2000 4 598-605.
Nightengale ML, Sarr MG, Kelly KA, Jensen MD, Zinsmeister AR
& Palumbo PJ. Prospective evaluation of vertical banded
gastroplasty as the primary operation for morbid obesity. Mayo
Clinic Proceedings 1991 66 773-782.

Balsiger BM, Murr MM, Mai J & Sarr MG. Gastroesophageal
reflux after intact vertical banded gastroplasty: correction by
conversion to Roux-en-Y gastric bypass. Journal of Gastrointestinal
Surgery 2000 4 276-281.

Service GJ, Thompson GB, Service FJ, Andrews JC, Collazo-
Clavell ML & Lloyd RV. Hyperinsulinemic hypoglycemia with
nesidioblastosis after gastric-bypass surgery. New England
Journal of Medicine 2005 353 249-254.

DeMaria EJ, Sugerman HJ, Meador ]G, Doty JM, Kellum JM,
Wolfe L, Szucs RA & Turner MA. High failure rate after
laparoscopic adjustable silicone gastric banding for treatment
of morbid obesity. Annals of Surgery 2001 233 809-818.
DeMaria EJ. Laparoscopic adjustable silicone gastric banding:
complications. Journal of Laparoendoscopic and Advanced Surgical
Techniques 2003 13 271-277.

O'Brien PE & Dixon JB. Lap-band: outcomes and results. Journal of
Laparoendoscopic and Advanced Surgical Techniques 2003 13 265-270.
Ren CJ, Horgan S & Ponce J. US experience with the LAP-BAND
system. American Journal of Surgery 2002 184 46S—508S.
Halverson JD. Micronutrient deficiencies after gastric bypass for
morbid obesity. American Surgeon 1986 52 594-598.

Amaral JF, Thompson WR, Caldwell MD, Martin HF & Randall HT.
Prospective hematologic evaluation of gastric exclusion surgery
for morbid obesity. Annals of Surgery 1985 201 186-193.
Avinoah E, Ovnat A & Charuzi I. Nutritional status seven years after
Roux-en-Y gastric bypass surgery. Surgery 1992 111 137-142.
Coates PS, Fernstrom JD, Fernstrom MH, Schauer PR &
Greenspan SL. Gastric bypass surgery for morbid obesity leads
to an increase in bone turnover and a decrease in bone mass.
Journal of Endocrinology and Metabolism 2004 89 1061-1065.
Dibble JB, Sheridan P & Losowsky MS. A survey of vitamin D
deficiency in gastrointestinal and liver disorders. Quarterly
Journal of Medicine 1984 53 119-134.

Johnson JM, Maher JW, DeMaria EJ, Downs RW, Wolfe LG &
Kellum JM. The long-term effects of gastric bypass on vitamin D
metabolism. Annals of Surgery 2006 243 701-704.
Collazo-Clavell ML, Jimenez A, Hodgson SF & Sarr MG. Osteomalacia
after Roux-en-Y gastric bypass. Endocrine Practice 2004 10 195-198.
Fujioka K. Management of obesity as a chronic disease:
nonpharmacologic, pharmacologic, and surgical options. Obesity
Research 2002 10 (Suppl 2) 116S-123S.

Goode LR, Brolin RE, Chowdhury HA & Shapses SA. Bone and
gastric bypass surgery: effects of dietary calcium and vitamin D.
Obesity Research 2004 12 40-47.

Chapin BL, LeMar HJ Jr, Knodel DH & Carter PL. Secondary
hyperparathyroidism  following biliopancreatic ~ diversion.
Archives of Surgery 1996 131 1048-1052.

Marceau P, Biron S, Lebel S, Marceau S, Hould FS, Simard S,
Dumont M & Fitzpatrick LA. Does bone change after biliopancreatic
diversion? Journal of Gastrointestinal Surgery 2002 6 690-698.
Newbury L, Dolan K, Hatzifotis M, Low N & Fielding G. Calcium and
vitamin D depletion and elevated parathyroid hormone following
biliopancreatic diversion. Obesity Surgery 2003 13 893-895.

112

114

116

117

118

120

121

122

123

124

125

126

127

128

129

145

Surgical treatment of obesity

Weinsier RL, Wilson L] & Lee J. Medically safe rate of weight loss for
the treatment of obesity: a guideline based on risk of gallstone -
formation. American Journal of Medicine 1995 98 115-117.
Villegas L, Schneider B, Provost D, Chang C, Scott D, Sims T, Hill L,,
Hynan L & Jones D. Is routine cholecystectomy required during
laparoscopic gastric bypass? Obesity Surgery 2004 14 206-211.
Wudel L] Jr, Wright JK, Debelak JP, Allos TM, Shyr Y &
Chapman WC. Prevention of gallstone formation in morbidly
obese patients undergoing rapid weight loss: results of a
randomized controlled pilot study. Journal of Surgical Research
2002 102 50-56.

O’'Brien PE & Dixon JB. A rational approach to cholelithiasis in
bariatric surgery: its application to the laparoscopically placed
adjustable gastric band. Archives of Surgery 2003 138 908-912.
Inge TH, Xanthakos SA & Zeller MH. Bariatric surgery for
pediatric extreme obesity: now or later? International Journal of
Obesity 2007 31 1-14.

Nadler EP, Youn HA, Ginsburg HB, Ren CJ & Fielding GA. Short-
term results in 53 US obese pediatric patients treated with
laparoscopic adjustable gastric banding. Journal of Pediatric
Surgery 2007 42 137-141.

Wadden TA & Tsai AG. Bariatric surgery: crossing a body mass
index threshold. Annals of Internal Medicine 2006 144 689—691.
Schumann R, Jones SB, Ortiz VE, Connor K, Pulai I, Ozawa ET,
Harvey AM & Carr DB. Best practice recommendations for
anesthetic perioperative care and pain management in weight
loss surgery. Obesity Research 2005 13 254-266.

Benumof JL. Obstructive sleep apnea in the adult obese patient:
implications for airway management. Journal of Clinical Anesthesia
2001 13 144-156.

Benumof JL. Obesity, sleep apnea, the airway and anesthesia.
Current Opinion in Anaesthesiology 2004 17 21-30.
Ramaswamy A, Gonzalez R & Smith CD. Extensive preoperative
testing is not necessary in morbidly obese patients undergoing
gastric bypass. Journal of Gastrointestinal Surgery 2004 8 159—-164.
Murphy KG & Bloom SR. Gut hormones and the regulation of
energy homeostasis. Nature 2006 444 854-859.

Cummings DE, Weigle DS, Frayo RS, Breen PA, Ma MK,
Dellinger EP & Purnell JQ. Plasma ghrelin levels after diet-
induced weight loss or gastric bypass surgery. New England
Journal of Medicine 2002 346 1623-1630.

Rubino F, Forgione A, Cummings DE, Vix M, Gnuli D, Mingrone G,
Castagneto M & Marescaux J. The mechanism of diabetes control
after gastrointestinal bypass surgery reveals a role of the proximal
small intestine in the pathophysiology of type 2 diabetes. Annals of
Surgery 2006 244 741-749.

Ballantyne GH, Gumbs A & Modlin IM. Changes in insulin
resistance following bariatric surgery and the adipoinsular axis:
role of the adipocytokinese, leptin, adiponectin and resistin.
Obesity Surgery 2005 15 692-699.

Ballantyne GH. Peptide YY(1-36) and peptide YY(3—36). Part II.
Changes after gastrointestinal surgery and bariatric surgery.
Obesity Surgery 2006 16 795-803.

Cummings DE. Gastric bypass and nesidioblastosis — too much of
a good thing for islets? New England Journal of Medicine 2005 353
300-302.

Kotidis EV, Koliakos GG, Baltzopoulos VG, Toannidis KN, Yovos JG &
Papavramidis ST. Serum ghrelin, leptin and adiponectin levels before
and after weight loss: comparison of three methods of treatment — a
prospective study. Obesity Surgery 2006 16 1425-1432.

Mun EC, Blackburn GL & Matthews JB. Current status of medical
and surgical therapy for obesity. Gastroenterology 2001 120
669-681.

Received 20 October 2007
Accepted 8 November 2007

www.eje-online.org

Downloaded from Bioscientifica.com at 03/12/2022 10:08:52AM

via free access



	Outline placeholder
	Introduction
	Importance of weight loss
	Conventional treatment of overweight and obesity
	Surgical treatment of obesity: bariatric surgery
	Effectiveness of bariatric surgery
	Weight
	Diabetes mellitus
	Lipids
	Hypertension, obstructive sleep apnea, and polycystic ovary syndrome
	Quality of life
	Mortality

	Mortality, complications, and side effects of surgical treatment of obesity
	Mortality
	Postoperative complications and difficulties
	Procedure-specific perioperative complications

	Metabolic side effects
	Immediate postoperative period
	Six weeks postoperative

	Which patients are eligible for bariatric surgery?
	Where should bariatric surgery be performed?
	Basic insights derived from bariatric surgery
	Conclusion
	References


