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Chaptar 16 . Pathophysinlngy of Rectrictive Proredurs

There are three different types of restrictive surgical pro-
cedures for morbid obesity: vertical banded gastroplasty
(VBG), adjustable gastric banding (AGE), and sleeve gas-
trectomy {5G). These procedures are currently realized
via laparoscopy. The mechanism of VBG is related to the
size of the gastric pouch and to the calibrated outlet. After
a solid meal, patlents describe a sensation of fullness and
satiety or even epigastric or low-retrosternal discomfort,
indicating pouch fullness; at this point the patient muast
stop eating. If eating continues, discomfort Increases until
voluntary or spontaneoss regurgitation of the excess food
occurs. Satiety s dependent on the thickness and con-
sistency of the food ezten; hence patients who consume
mainly liquids usually have less weight loss, Gastric motil-
ity may play a part in the rate of drainage of the gastric
pouch, and excessive motility may be responsible for poor
weight loss in some cases. The va:iabﬂit}r in wigﬁt loes af-
ter gastroplasty and other restrictive procedures highlights
the fact that the final ampunt of welght loss depends on
patient-controlled factors as well as on the surgical proce-
dure. Following placement of laparoscopic AGE (LAGE),
as soon as the patient ingests two spoonfuls the small
gastric compartment above the band is filled and he or she
experiences & feeling of fullness. Since it takes a long time
for this compartment to empty because of the narrowed
stoma, more food can be ingested only after substantial
time has elapsed. The patient must therefore eat at a much
slower pace, and this slower pace allows the satiety center
to be stirnulated, As the hunger sensation is no longer pres-
ent, overall food intake is reduced. The major advantage of
LAGE is the possibility to adjust the size of the outlet. An-
ather hypothesis ol confimed as the mode of action of
gastric banding was gut hormone modulation, The mecha-
nism of action of laparoseopic SG (L3G) is not only the
restriction obtained by resecting part of the body and the
entire fundus of the stomach, leaving a small gastric tube
of 100-150 ml, Hormonal changes following this proce-
dure must also be considered, Ghrelin is a 28-amino-acid
orexigenic peptide, secreted essentially by the fundus of the
stomach, which stimuolates feeding behavior and hunger.
In LG, the gastric fundus is resected and plasma ghrelin
levels are expected to decrease following surgery. Another
mechanism explaining weight loss after LG could be the
relationship between appetite and gastric emptying, as the
gastric clearance seems to be improved.

16.1 Basics

A traditional classification of the different procedures for
the treatment of morbid obesity is based on their mode of
action. Three groups can be identified: restrictive, mixed,

and malabsorptive procedures. Restrictive procedures for
morbid obesity are represented by three different types:
=a Vertical banded gastroplasty (VBG)

= Adjustable gastric banding (AGE)

= Sleeve gastrectomy (5G)

The most commeon restrictive and malabsarplive proce
dure is Roux-en-¥ gastric bypass (RYGBF).

16.1.1 Vertical Banded Gastroplasty

In 1966 Mason and Ito performed the first gastric bypass
for morbid obesity [1]. In 1971, Mason reasoned that if
the mechanism of weight loss in this procedure was food
intale reduction, a small gastric pouch emptying directly
into the distal stomach should be equally effective in
promoting weight loss, Hence some complications of the
gastric bypass, such as micronulrent deficiency, could
be avolded, making surgery easier and safer, The firse
gastroplasty performed by Mason divided the stomach
into a smaller upper section and a larger distal part con-
nected by a channel on the greater ewrve, This procedure
was unsuceessful in maintaining weight loss (2, 3], Ma-
son and Gomez performed various modifications of the
gastraplasty procedure, The last variation was realized in
1980, the so-called vertical banded gastroplasty (VBG)
(BFig. 16.1) [4]. This procedure employed a lesser-curve
stoma supported by a Marlex band (1.5 cm wide and 5.5
cm long) passed through a window created by a circular

O Fig. 16.1. Masan's vertical banded gastroplasty
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stapler [5]. One year later, Laws and Piatadosi replaced
the Marlex band with a silastic ring as a permanent non-
expandable support for the VBG [6]. The procedure was
called silastic ring vertical banded gastroplasty (SEVBG).
At the time, VBG became the most popular procedure
for the treatment of marbid obesity. Technical principles
of the mechanism of this procedure are related to the
size of the gastric pouch, which measures 50 ml or less,
and to the calibrated outlet, which measures between 10
and 12 mm in diameter. In the era of minimally invasive
surgery, VBG was first performed via laparoscopy in 1993
by Chua and Mendiola [7]. This new approach boosted
ite popularity [8, 9]. Gastroplasty and its many variants
rely on the physical restriction of food intake in order
to achieve weight loss by radical reduction of energy
intake over the first year. After the first year a moder-
ate restriction remains, which allows weight stabilization
end prevents future weight regain. The advantage of this
restrictive approach iz that micronutrient deficiencies
(iron, caletum, vitamin B12) are less likely to occur. It
has been demonstrated that a pouch volume of about 20
ml or less is important for good weight loss. Liquids pass
easily and rapidly through the empty pouch according to
their viscosity and the rate at which they enter the pouch.
Solids pass through much mere slowly, depending on
the particle size of the swallowed food and on Its consis-
tency and the degree of resjstance at the stoma. After a
solid meal, patients describe a sensation of fullness and
satiety or even epigastric or low-retrosternal discomfort,
indicating pouch fullness. At this point the patient must
* stop eating. If eating continues, discomfort increases until
valuntary or spontaneous regurgitation of the excess food
occurs, There is no nausea, despite a definite feeling of
refief after regurgitation, Patients should be advised not
to eat until the next meal. The feeling of satiety induced
by filling the gastric pouch is a very important factor in
weight loss, Satiety is dependent on the thickness and
consistency of the food eaten; hence patients who ingest
mainly liquids usually have poor weight loss, whereas
those who can cope with solid food do much better. If the
gastric stoma is made too large, weight loss is poor. Simi.
larly, if there s breakdown of the partition of the stoma,
patients report an increase in hunger and an earlier loss
of postprandial satiety as well as an increased volome of
intake accompanying their weight regain. Patients must
be advised to avoid eating and drinking at the same time.
If a small amount of zolid feod is followed by a mowthful
of liquid, the food will be washed through into the distal
stomach. Satiety will not be achieved, and the sequence
can be repeated over and over, resulting in excessive
intake of food, Some patients use this strategy to appear
to be eating more normally when coping with soclally

iy

diffieult sitwations, but if it is used at all meals, weight
loss will be inadequate. Gastric motility may play a part
in the rate of drainage of the gastric pouch, and excessive
muotility may be responsible for poor weight loss in some
cases, The varizbility in weight loss after gastroplasty and
other restrictive procedures highlights the fact that the fi-
nal amount of weight loss depends on patient-controfled
factors as well Lack of dietary counscling may result in
poar weight loss, sinee surgery cannot control the follow-
ing four aspects:

The type or calorle content of food: fats, oils, sweet
foods are easy to chew

The frequency of eating: small amounts taken fre-
quently add up to a large amount

The amount or quality of liquids: liquids can be drunk
almost without limat

The consumption of food and drink beyond what Is
needed for adequate nutrition

=

16.1.2 Adjustable Gastric Banding

Wilkzingon and Peloso in 1981 [10], Ealle in 1982 [11],
and Molina and Orla in 1983 [12) have been credited with
initiating the nonadjustable gestric banding approach to
restrictive barfatric surgery [13]. An adjustable technique,
based on a liquid-filled silastic cuff, was introduced be-
cause of a high number of reoperations [14]. After the
first adjustable gastric banding (AGB) was realized by
Kuzmak [15] n 1986, further successful developments in
human subjects were the adjustable silicone gastric bard
(ASGE) and the Swedish adjustable gastrie band (Swed-

1€

ish band) [16], both initially placed by open surgery. -

The laparoscopic technique was introduced in 1992 by
Cadiere et al. [17), Thanks to laparoscopy, LAGE gained
in popularity, owing to less invasiveness and to the option
of adjustment of the stoma offered to the patient. The ad-
justable gastric band is implanted to reduce the stomach’s
volume by dividing it into two compartments through
an adjusteble restricted opening (stomal: a small gastric
pouch of 25 cc and the rest of the stomach (8 Fig.16.2).
As soon as two spoonfuls are ingested, the first compart-
ment is filled and one experiences a feeling of fullness.
Since it takes a long time for the first compartment to
empty because of the narrowed stoma, more food can be
ingested cnly after substantial time has elapsed. One must
therefore eal at a much slower pace, and this allows the
satiety center to be stimolated, As the hunger sensation
iz no longer present, overall food intalke is reduced [18].
Finally, weight loss achieved with this procedure is de-
termined mainly by changes in cating behavior [19], The
major advantage of LAGB is the possibility to adjust the
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B Fig. 16,2, Adjustable gastric banding

gize of the outlet (stoma) without anesthesia by injecting
or withdrawing saline via the percutanecus access porl,
thereby inflating or deflating the inflatable portion of
the silicane band, The adjustments should be based on
objective criteria, including documented dietary inguiry,
postoperative weight loss curves, and radiological studies.
Another hypothesis regarding the mode of action of AGB
is gut hormone modulation, Numerous stdies on the
relationship between the ghrelin hormone and appetite
suppression with LAGE have been reported [19-22].
Ghrelin, a 28-amino-acid crexigenic peptide, is secreted
essentially by the fundus of the stomach [23] and acts on
the hypothalamic arcuate nucleus, which stimulates feed-
ing behavior and hunger. Serum ghrelin levels increase
during fasting and decrease after a meal. Uzzan et al. [20]
found a significant increase of ghrelin expression 1 year
after gastric banding, which seems to exclude the role of
ghrelin in weight loss following laparoscopic AGB. De-
cresse of hunger with increasing fasting plasma ghrelin
following gastric banding was demonstrated by Schindier
et al. [19]. Together with ather reports, these data seem
to confirm the absence of a relationship between ghre-
lin fluctuations and appetite modifications in patients

subjected to LAGBE [21, 22], The role played by other
hormones such as glucagon-like-peptide-1 (GLP-1) and
peptide-YY (PYY) in weight loss after LAGE was abso
studied [24), but no known hormonal changes can dem-
onstrate a relation with weight loss after the procedure of
gastric banding. There may be still ancther mechanism,
in addition to mechanical restriction, which explains
satiety: the presence of a foreign body in contact with the
gastric wall, which contains afferent as well as efferent va-
gus nerve fibers, This assumption needs to be confirmed
by research on the electrophysiology of the banded stom-
ach. The possible link between pressure, velume, the
physical behavior of implanted bands, and the physiology
of the banded patient constitutes the “pressure-volume
theory” Hopefully, the ongoing laboratory and clinical
investigation of the pressure-volume theory will come
up with data to provide clear guidelines for further band
engineering and band adjustment policies [251.

16.1,2 Sleeve Gastrectomy

Sleeve pastrectomy (SG) is an essentially restrictive pro-
cedure for morbid obesity (8 Fig 163). It was first de-
scribed in 1988 as part of the procedure of biliopancreatic
diversion with duodenal switch by Hess and Hess [26],
and Marceay et al. [27], In 1993 the 5G was reporied in
jsolated form by Johnston et al. [28]. This procedure tar-
gets the same patient group as LAGE, It is more invasive.
hawever, and not reversible, and it carries a longer learn-
Ing curve. In the literature it has been reported mostly
as the first step in another bariatric procedure, such as
biliopancreatic diversion with duodenal switch [29-33]
or gastric bypass (34-37). 5G is justified as a first step,
owing to decreased postoperative morbidity in super-
obese (EMI 50 kg/m?®) or super super-obese patients
(B =60 kg/m?). This first step allows the surgeon to
perform the second bariatric procedure under better and
safer conditions, The mechanism of action of this proce-
dure is not only the restriction obtained by resecting part
of the body and the entive fundus of the stomach, leaving
a small gastric tube of 100-150 ml, The Banded Sleeve
Gastrectomy (LBGS) is developing even more restriction
{@Fig. 16.4). Many surgeons are convinced that 90% re-
duction of the gastric volume and thus decreasing caloric
intake early postoperatively may explain the resolution af
diabetes after the operation [38], However, the hormonal
changes following this procedure have to be considered
as well, The gastric fundus, kmown as the main source
of ghrelin-producing cells, is resected by SG, and plasma
ghrelin levels are expected to decrease following surgery.
Fruhbeck et al. [39] described reduction of the circulating
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3 Fig. 16.3. Sleawe gastrectomy

i Fig. 16.4. Banded 5leeve Gastrectomy
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phrelin concentrations after bariatric operations depend-
ing on the degree of fundus exclusion and subsequent
isolation of ghrelin-producing cells fram direct contact
with ingested nutrients. In a study comparing the ef-
fects on plasma ghrelin levels after laparoscopic 5G and
LAGHE, Langer et al. [40] showed a significant decrease
of plasma ghrelin levels at day 1 after laparoscopic 5G
compared with the preoperative levels. Moreover, plasma
ghrelin remained stable at 1 month and & months post-
operatively. [n contrast, patients who underwent LAGH
showed no change of plasma ghrelin levels at day 1,
while a significant increase was found at 1 month and &
maonths of follow-op. Thus, the reduction of ghrelfin pro-
duction after 5G, unlike after LAGB [21], could explain
the supericr weight loss achieved after laparoscopic 5G
[41). Another study [42] compared the modifications of
ghrelin levels in super super-ohese patients submitted to
laparoscopic 5G. The authors confirmed the reduction of
ghrelin levels after laparcscopic G but found a signifi-
cant Increase of this hormone after LAGB. An interesting,
study by Karamanakos et al, [43], comparing the weight
loss and the fasting ghrelin levels between laparoscopic
5G and laparcscopic RYGEP at 6 and 12 months, showed
a significant difference in favor of laparoscopic 5G. After
laparoscopic BYGBE, fasting ghrelin levels did not change
significantly compared with baseline and did not de-
crease significantly following meals, unlike laparoscopic
50, where a marked reduction in fasting ghrelin levels
and significant suppression after meals was observed,
Another mechanizm to explain weight loss after 3G could
be the relationship between appetite and gastric empty-
ing. A randomized and double-blind trial reported by
Bergmann et al, [44] showed an assoctation between gas-
tric emptying as evaluated by echography and appetite.
The more the antrum is expanded, the less the feeling
of hunger seems to be. This mechanism can be linked
to the new anatomy of the stomach after 5G. The gastric
emptying mechanisms were studied and compared in
three different groups: control patients, obese patients,
and patients submitted to a procedure similar to 5G
called the Mapenstrasse and Mill technique [45]. This
study showed no statistically sipnificant differences in the
emplying times between the three groups and concluded
that a procedure similar to 55 achieved acceptable weight
loss while preserving gastric emptying mechanisms and
minimizing possible side effects such as vomiting. Melis-
sas et al. [46] confirmed improved gastric clearance after
laparoseepic SG, which also explaing less vomiting than
after VBG, Almost all patients have the feeling of satiety
after L3G. Strong restriction alone could partly explain
the situation; on the other hand, the early vagal stimula-
tion due to postprandial increased tensile pressure on the

16
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gastric wall could be responsible for increased intestinal
motility via acetyicholine release. This may explain an
early stimulation of the llewm, which could elevate GLP-1
and PYY3-23, and which, together with ghrelin, influ-
ences peptide ¥ in the CNS and decreases appetite [47].
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