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Abstract

Purpose: The implantation of a gastric balloon (also known
as intragastric balloon) is an established and reversible en-
doscopic procedure for adiposity therapy. Structural chang-
es of the stomach wall are expected to occur with gastric
balloon implantation; however, until now these changes
have rarely been investigated. Methods: We compared the
histological structure of the stomach wall after gastric-
sleeve resection in a group of patients following gastric bal-
loon implantation and a group without previous gastric bal-
loon implantation. Results: Following gastric balloon im-
plantation, the tunica muscularis was found to be
significantly thicker than without gastric balloon implanta-
tion. The enlarging of the tunica muscularis is not caused by
hyperplasia of the leiomyocytes, but by hypertrophy of the
leiomyocytes and an increase in collagen fibers (fibrosis).
Conclusion: A longer-lasting hypertrophy of the tunica
muscularis, particularly in the corpus, should be taken into
accountwhen surgical treatment follows gastric balloon im-

plantation. The staple suture height should be adjusted to
the altered tissue composition since reduced tissue elastic-
ity must be expected due to fibrosis.
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Introduction

Endoscopic gastric balloon implantation is a tempo-
rary measure for reducing weight [1-5], which can be car-
ried out both as part of a weight loss program [6] and in
preparation for surgery [1, 7-10]. Little is known about
the structural changes in the stomach due to gastric bal-
loon implantation. In our view, it would be unusual if a
large foreign object (volume 400-700 mL) implanted in a
muscular hollow organ for 6 months did not cause chang-
es in the organ’s wall structure. However, there is hardly
any data available about changes in the stomach wall in
the context of gastric balloon treatment. Endoscopic bi-
opsies indicate reversible inflammation of the mucosal
lining [11, 12]. Changes in the main gastric-muscle layer
have so far not been investigated or described [13]. Many
studies refer to the necessity of using surgical stapling de-
vices of different heights that are basically adjusted to the
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anatomically different stomach wall thickness in the re-
gions of the stomach [14-16]. The overall goal of this
study was to examine the structure of the stomach wall of
resection specimens from the area of the corpus with and
without previous gastric balloon therapy.

Materials and Methods

Data were collected from the period 2012-2018. We enrolled
patients with an initial BMI >40 and a medically indicated gastric
balloon implantation. There were 12 patients (8 females and 4
males) with a successful gastric balloon implantation and subse-
quent gastric-sleeve creation. One female patient noticed the pass-
ing of the gastric balloon via naturalis during the explantation
preparation so there was no need for its removal. This day was
regarded as explantation day. The specimens of 4 patients with a
BMI >40 and gastric-sleeve creation but without previous gastric
balloon implantation served as the control group (2 females and 2
males) and they underwent a histologic examination.

Gastric Balloon Implantation and Explantation

The implantation and explantation of the gastric balloon
(BIB™ System Intragastric Balloon, Apollo Endosurgery, Austin,
TX, USA) were carried out under sedation with analgesics (Dipri-
van + midazolam) in compliance with the only just-published
guidelines in 2015 on sedation in endoscopy [17]. During the cali-
bration (filling) of the gastric balloon, care was taken to ensure a
smooth stomach passage with the endoscope and a high volume-
filled balloon. The fill volumes of the gastric balloons were ap-
proximately 720 + 25 mL (mean + SEM). A calibration solely based
on the administered volume was not carried out as this seemed to
not be explicitly relevant for a successful therapy [18].

Creation of a Gastric Sleeve

The laparoscopic gastric-sleeve creation took place under gen-
eral anesthesia. After creating a capnoperitoneum (14 mm Hg) and
exposing the hiatus esophagus, the bursa omentalis was opened
approximately 6 cm oral of the pylorus on the side of the greater
curvature; at this point, the omentum majus was removed upwards
from the stomach using LigaSure (10 mm), thus exposing the crus
of the diaphragm and the cardial notch. Next, a tension-free gastric
sleeve was created by using a 45-mm Endo GIA magazine (tri-
stapler, purple or black magazine) and several 60-mm Endo GIA
magazines (tri-stapler, purple magazine) via a 42 Charriére stom-
ach tube (CH42, Dahlhausen, Cologne, Germany). Resected gas-
tric specimens were retrieved, the volume of the resection speci-
mens was ascertained by NaCl maximum distention, and they
were sent to pathology for examination.

Histopathology

Measurement of Wall Thickness

Each measurement was carried out in the region of the 3 thin-
nest initial cuts of the mucous membrane by determining the
mean value. By choosing the thinnest area of the mucous mem-
brane, the variability induced by an angled cutting of the tissue
was reduced. From at least 3 different areas of the proximal, mid-
dle, and distal gastric-sleeve resection specimens, hematoxylin &
eosin (HE)-stained excised specimens were used for routine diag-
nostics. The initial cuts were performed along the longitudinal
axis of the gastric specimens, i.e., in the corpus and antrum of the
resected stomach.

Balloon Changes Stomach Wall

The measurement of the stomach-wall thickness was carried
out with camera microscopy (microscope: Leica type 301/371.010;
camera: Nikon DS-Fil) and the NIS-Elements Basic Research Pro-
gram. The total stomach-wall thickness, stomach-lining thickness,
the width of the tunica submucosa, and the tunica muscularis were
measured in both groups (i.e., gastric-sleeve creation after gastric
balloon implantation and without gastric balloon implantation).
Additionally, the ratio of the width of the tunica muscularis to the
total thickness of the stomach wall was also determined.

Determination of the Cell Nuclei Density of the Smooth

Muscles

The cell nuclei density in the area of the diagonally cut bundle
of muscles of the tunica muscularis was determined for examining
whether the implantation of the gastric balloon had caused hyper-
plasia of the smooth muscles. The number of nuclei of the smooth-
muscle fibers of 5 unit areas (each 0.625 mm?) at x400 magnifica-
tion was counted. The mean values were calculated from these
units.

Fibrosis (Sirius Red Staining Intensity)

In a third procedure, the connective tissue proportion or fibro-
sis proliferation of the tunica muscularis and the entire stomach
wall were displayed in Sirius Red staining and quantitatively exam-
ined. For this purpose, and by using camera microscopy and the
NIS Basic Research Program, microscopic photos and the number
of red pixel dots (Sirius Red) were captured in the image. The total
number of Sirius Red dots was calculated in each identically cho-
sen area. The red parts were thus (in ascending order with the pro-
gram), multiplied according to their intensity and the number of
pixel dots was recorded. The total number of the red portion was
the result of the sum of the measured red pixel dots (integral of the
detected intensity x the number of red pixel dots).

Statistics

Mann-Whitney U tests and Wilcoxon matched-pairs signed-
ranks test were performed using GraphPad Prism v8.0.0 for Win-
dows (GraphPad Software, San Diego, CA, USA; www.graphpad.
com).

Results

At the beginning of the study, the patients had a
(mean + SEM) BMI of 53.2 + 2.3 in the balloon group
and 51.3 * 4.6 in the group without the balloon. There
were no differences between these 2 groups in age
(40.3 + 3.5 vs. 50.5 + 1.9 years; p = 0.123), gender (8 fe-
males and 4 males vs. 2 females and 2 males; p > 0.99)
and BMI at the time of surgery (47.3 £ 1.0 vs. 51.3 + 4.6;
p =0.123). The balloon had been inside the stomach for
approximately 29 weeks (range: 25-39 weeks; mean *
SEM: 29.8 + 1.2 weeks). There was an interval of ap-
proximately 8 weeks (range: 5-14 weeks; mean + SEM
8.2 £ 0.8 weeks) between explantation of the gastric bal-
loon and implementation of the laparoscopic creation of
the gastric sleeve. The fill volumes of the gastric balloons
were approximately 720 + 25 mL.

Regarding the thickness of the stomach wall, the gas-
tric resection specimens examined showed no difference.
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Table 1. Composition of the stomach corpus wall

Total wall Tunica Tunica Tunica Ratio of: Cell nuclei Sirius Red staining
thickness, mucosa, submucosa, muscularis, tunica muscularis/ density intensity
mm mm mm mm total wall thickness (tunica muscularis)
With balloon
Mean + SEM 4.74%0.25 1.22+0.07 0.58+0.06 2.94+0.18 0.6212+0.0183 5.50+0.24 266,825,000+11,595,206
5th percentile 3.62 2.01 0.4850 4.6 160,000,000
25th percentile 3.94 1.03 0.47 2.46 0.5913 5.0 257,600,000
Median 4.69 1.24 0.59 2.79 0.6115 5.1 267,000,000
75th percentile 5.39 1.42 0.74 3.58 0.6723 5.8 296,825,000
95th percentile 6.43 3.9 0.7210 7.4 309,500,000
Without balloon
Mean + SEM 4.45+0.52 1.36+0.36 0.9+0.26 1.95+0.33 0.4423+0.0569 5.85+0.67 168,725,000+2,886,860
5th percentile 2.93 1.34 0.2740 4.6 162,000,000
25th percentile 3.39 0.84 0.49 1.36 0.3263 4.7 163,525,000
Median 4.82 1.12 0.77 1.97 0.4845 5.9 168,400,000
75th percentile 5.14 2.12 1.44 2.52 0.5160 7.0 174,250,000
95th percentile 5.23 2.53 0.5260 7.0 176,100,000
Statistics ns;p>099 ns;p=086 ns;p=0.32 *p=0.0297 ** p =0.0044 ns; p>0.999  *p=0.01
ns, not significant; * p < 0.05; ** p < 0.01.
Fig. 1. Thickness of the stomach wall (whis-
kers: 5th and 95th percentile, median; box: o
25th and 75th percentile; n = 12 [with bal- - §
loon] vs. n = 4 [without balloon]). A Stom- E S
ach wall thickness with/without gastric bal- — 84 E‘ 51 * < 0.8 *
loon. The stomach wall thickness has not E g 1 §
increased after the gastric balloon implan- ‘@ 6 S 4 = 0.6 %
tation (4.74 + 0.25 vs. 445 + 0.52 mm; g s ] g
*p>0.99). B Thickness of tunica muscula- S 4 @ g E 0.4
ris with/without gastric balloon. The thick- £ 2 5 E Z
ness of the tunica muscularis has signifi- g, % 1 § 0.2
cantly increased following the gastric bal- B 2 17 E
loon implantation (2.94 + 0.18 vs. 1.95 + © ol & ol 8 o0l
0.33 mm; p = 0.0297). C Ratio of tunica NN S NN 5 NN
laris to stomach wall thickness with/ & 5 ¢ o &
muscularis to | ¥ & ? S § &
o S T
without gastric balloon. The ratio of the tu- & & & & z & &
nica muscularis increases after a gastric A: & B: & c: &
balloon (0.62 + 0.02 vs. 0.44 + 0.06; p = : ) :
0.0044). For details, see Table 1.

The mean total wall thickness of the group that had im-
planted gastric balloons was 4.74 + 0.25 mm and that of
the group without previous gastric balloon implantation
was 4.45 + 0.52 mm. No significant difference between
the groups could be verified (p > 0.99; Table 1). Figure 1A
presents the thickness of the stomach wall with a median
of 25/75% percentile (box) and 5/95% percentile (whis-
kers). However, when examining the stomach wall’s indi-
vidual layers, the main muscle layer of the stomach (tu-
nica muscularis) is clearly thicker (2.94 + 0.18 mm), even
along time after the explantation of the balloon (8.2 + 2.9
weeks), than in the control group without gastric balloon
implantation (1.95 + 0.33 mm; p = 0.0297; Table 1). This
is shown in Figure 1B for greater clarity with a percentile
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and median of 5/25/75/95%. The effect of the muscle lay-
er’s increase in size is even more obvious when relating
the thickness of the tunica muscularis to the total thick-
ness of the stomach wall (Fig. 1C; Fig. 2; Table 1). Here,
in the gastric balloon implantation group, the tunica
muscularis takes up approximately 62.12 + 1.83% of the
stomach wall compared to 44.23 £ 5.69% (p = 0.0044) in
the group without a previously implanted gastric balloon.
Here, too, the effect is illustrated with greater clarity with
a percentile and median of 5/25/75/95% in Figure 1C
(and Table 1). The next question was whether the increase
in thickness of the tunica muscularis and its proportion
of the stomach wall had been caused by cell proliferation
or an increase in connective tissue. For this purpose, the
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Fig. 2. A Cross-section of the stomach cor-
pus wall without balloon dilatation, tunica
muscularis thickness (} ). HE. B Cross-sec-
tion of the stomach corpus wall following
balloon dilatation with clearly increased
tunica muscularis propria ( } ) versus with-
out balloon dilatation. HE. C Cross-section
of the stomach corpus wall without balloon
dilatation with red-stained connective tis-
sue proportion/fibrosis proliferation (ar-
rows). Sirius Red. D Cross-section of the
stomach corpus wall following balloon dil-
atation with red-stained connective tissue
proportion/fibrosis proliferation (arrows)
versus without balloon dilatation. Sirius
Red. A-D Length of the lower edge of the
image: 8 mm.

10- > 4x108- *
7]
S 0

@ 8 £ 5 3x10%+

S 6- E 23
Fig. 3. Specific structure of the stomach ° | E E 2x108
wall (whiskers: 5th/95th percentile, medi- S 44 " =
an; box: 25th/75th percentile; * p < 0.05; = ° 3
n = 12 [with balloon] vs. n = 4 [without bal- E 2 e g 1x108-
loon]). A Display of cell nuclei density @+
with/without gastric balloon. The cell nu- E
clei density with and without gastric bal- 0 T T »n 0 T T
loon cannot be differentiated (5.5 + 0.24 vs. o N & N

: ~ & & & &

5.58 £ 0.67; p > 0.99). B Tunica muscularis &\ Q}\ ,&\ -a}\
with/without gastric balloon. Following o s\? o &‘0
gastric balloon implantation, patients ,{x{\' o _x'\{\' o
showed increased intensity of the Sirius 4&' .g\'§
Red staining (266,825,000 + 11,595,206 vs.
168,725,000 + 2,886,860, p = 0.0132). For A: B:
details, see Table 1.

cell nuclei density in the stomach wall was determined.
The density of the stomach wall’s cell nuclei did not in-
crease in the group of former gastric balloon patients (5.5
+0.24 vs. 5.58 £ 0.67 without balloon; p > 0.9999), illus-
trated in Figure 3A with percentile details (see above). It

Balloon Changes Stomach Wall

must therefore be concluded that the increase in tunica
muscularis thickness was not caused by proliferation or
infiltration of cells. Sirius Red staining of the connective
tissue section exhibited a significantly higher proportion
of red per tunica muscularis surface in patients after gas-
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tric balloon implantation than the staining intensity of
the group without gastric balloon implantation (Fig. 2;
Fig. 3B; Table 1; p = 0.0132), corresponding to an in-
creased proportion of collagen making up the tissue vol-
ume. These results support the hypothesis that this is
most likely due to tissue hypertrophy and fibrosis rather
than hyperplasia.

Discussion

The implantation of a gastric balloon is an established
and effective intervention in the therapy of adiposity [1-
5], where, depending on the indication, bariatric surgical
interventions [1, 7-9] as well as other surgical therapies
(e.g., hernia repair [8] and liver transplantation [10])
may follow. However, gastric balloon implantation is not
recommended as a noncritical standard procedure for
weight reduction prior to bariatric interventions [19, 20].
The gastric balloon implantation itself, i.e., as a stand-
alone adiposity therapy, is inferior to bariatric surgery in
the long run [21, 22]. It is a procedure where complica-
tions have been observed, such as esophageal perforation
and stomach muscle rupture including bowel obstruc-
tion due to deflation of the balloon [2, 23]. Pancreatitis
[24, 25] has also been known to occur after gastric bal-
loon implantation. Following balloon implantation, in-
flammation of the gastric mucosa [26], sometimes culmi-
nating in life-threatening bleeding ulcers, has been re-
ported [27]. Histologically, inflammatory alterations of
the gastric mucosa infiltrated with CD3-positive T cells
and an increased cell division reaction (Ki-67) could be
observed during gastric balloon explantation [11]; these
were not present at the time of the balloon implantation,
meaning that this therapy might also be of immunologi-
cal relevance. Reversible and mostly inflammatory alter-
ations of the gastric mucosa were described over a period
of 2 weeks following a gastric balloon explantation [12].
This is why we recommended an appropriate period of
time between gastric balloon explantation and any sub-
sequent surgical therapy [12]. As our study verified
changes in the stomach wall structure (Fig. 1B, GC;
Fig. 2A-D; Fig. 3B; Table 1) even 8 weeks after the ex-
plantation of the gastric balloon, the time period between
balloon explantation and surgical therapy should be ex-
tended to beyond 2 weeks.

The stomach wall’s generally varying thickness profile
[14-16] implies the recommendation to use surgical sta-
pling devices with adjusted surgical-staple heights when
creating a gastric sleeve [14-16]. The thickest stomach
wall is situated in the antrum and the thinnest stomach
wall in the fundus [14-16]. In some segments, there is a
difference in height of approximately 1 mm [28] between
the fundus and antrum. The distribution of our model’s
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stomach wall thickness did not apply to the anatomical
position within the organ but focused on the change trig-
gered by the gastric balloon implantation. In doing so, no
changes in the stomach wall thickness could be detected
in our patient group after gastric balloon implantation
(Fig. 1A). The fact that our wall thickness measurements
after fixation (Fig. 1A) of 4.74 + 0.25 versus 4.45 + 0.52
mm were in the upper range of the wall thickness in fresh
specimens (antrum: 3.12 mm in males vs. 3.09 mm in fe-
males) described by Huang and Gagner [14] might have
been caused by the fixation. However, it may also have
been linked to the fact that they used compression to de-
termine the stomach wall thickness [14, 28].

A research paper by Boeker et al. [13] describes the tis-
sue structure of the stomach wall in the fundus and com-
pares it to the leakage rate as well as other parameters, but
without identifying clear differences regarding the de-
tailed stomach wall structure [13]. Yazar et al. [29] deter-
mined the stomach wall thickness by histologic examina-
tion and ultrasound, and then correlated the results with
existing inflammation. In doing so, an increased thick-
ness of the mucosa wall (mucosa + muscularis mucosa +
submucosa) might be correlated with inflammation; of
note, they did not determine the thickness of the tunica
muscularis [29]. Our histologic examinations of the tu-
nica mucosa did not detect a change in the thickness of
the stomach wall of the group after gastric balloon thera-
py (Table 1), which, according to Yazar et al. [29] contra-
dicts the existence of gastritis at the time of our examina-
tion. However, it is likely that the gastritis described with-
in the context of a balloon explantation [11] and which
was still verifiable 14 days after the balloon explantation
[12], had completely healed after an additional 6 weeks
(the time point in our study).

It was a different situation with the changes in the tu-
nica muscularis. Here, we were able to determine an in-
crease in thickness after gastric balloon therapy com-
pared to in the patients without gastric balloon implanta-
tion (Fig. 1B), also illustrated by the higher proportion of
the tunica muscularis in the thickness of the stomach wall
(Fig. 1C; Fig. 2A, B). This effect could be verified 8 weeks
after removing the irritation from the stomach (gastric
balloon). As the increase in tunica muscularis thickness
is not explained by an increase in the number of cells
(Fig. 3A; Table 1), but by the increase in collagen fibers
(Fig. 2C, D; Fig. 3B; Table 1), we have to assume this in-
volved a longer-term hypertrophy of the tissue.

Conclusion
To the best of our knowledge, our study presents the

first histologic examination of the stomach wall structure
following a gastric balloon implantation. Whilst stomach
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wall thickness was not influenced by the preceding gastric
balloon implantation, the altered tissue composition,
with hypertrophy and fibrosis, is suspected to lead to re-
duced elasticity and compressibility of the tissue. In the
case of subsequent laparoscopic gastric-sleeve creation,
the altered structure of the stomach, particularly in the
corpus, should be taken into account when choosing the
heights of the staple sutures.
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