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Radionuclide scintigraphy provides a standard physiologic
evaluation of gastric emptying (GE) after laparoscopic
sleeve gastrectomy (LSG). This operation can be associated
with motor gastric dysfunction and abnormal GE. The aim of
this study was to evaluate the short-term effect of LSG on
GE quantitative indices for liquids and solids compared with
preoperative results. Forty obese patients were divided into
two equal groups, the liquid and solid groups. **™Tc-sulfur
colloid GE scintigraphy was performed on all patients
submitted to LSG before and after surgery (1-4 weeks for
liqguids and 4-6 weeks for solids). The quantitative indices
included half emptying time (71/2) and percentage gastric
retention at 15, 30, and 60 min for liquids and at 30, 60, 90,
and 120 min for solids. A modified technique was used to
label a boiled egg in order to be tolerated by the patients.
T1/2 was significantly enhanced after LSG compared with
baseline (25.3 + 4.4 vs. 11.8 3.0 min for liquids and
749171 vs. 28.4 £ 8.3 min for solids, respectively,

P < 0.001). The percentage of gastric retention in operated
patients was significantly less than that at baseline for
liquids at 15, 30, and 60 min (33.9+5.6, 17.7 £ 3.9, and

Introduction

Worldwide, the prevalence of obesity and obesity-related
diseases is inclining to an alarming figure, and a lot of
research is underway to understand and control this
pandemic. Bariatric procedures are involved in the
management of morbidly obese patients, especially if
associated with metabolic diseases.

Laparoscopic sleeve gastrectomy (LLSG) has become a
very frequent procedure in bariatric surgery because of its
simplicity and efficacy compared with the gastric bypass
procedure. It has succeeded in becoming the sole pro-
cedure for the management of morbid obesity and its
associated metabolic diseases [1].

This operation comprises major gastric resection, which
could be associated with motor gastric dysfunction
because of the resection of a gastric pacemaker, resulting
in multiple neurohormonal changes [2].

Radionuclide studies on gastric emptying and motility are
the most common physiologic studies available for
studying gastric motor function. The study is non-
invasive, uses a physiologic meal (solids or liquids), and is
quantitative [3].

0143-3636 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

75+2.8% vs. 69.4+10.5, 55.6 = 14.95, and 26.1 £ 4.7%,
respectively, P < 0.001), as well as for solids at 30, 60, 90,
and 120 min (42.0+11.1,20.8+6.1,11.0+ 5.9, and 3.8 £ 2.7%
vs. 79.9+8.7 674+12.2, 370+ 10.9%, and 13.8 £ 4.4%,
respectively, P < 0.001). The significant acceleration of GE of
liquids and solids after LSG may have contributed to weight
loss in the immediate postoperative period (4-6 weeks). It
remains to be determined whether the weight loss will
continue beyond that period. Nuc/ Med Commun
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Although gastric-emptying scintigraphy has been con-
sidered the standard for measuring gastric emptying,
there is a lack of standardization of the test, including
differences in the meals used, in patient positioning, and
in the frequency and duration of imaging. There are
differences in the quantitative data reported — for
example, half-time of emptying, rate of emptying (per-
centage per minute), and the percentage retention or
emptying at different time points during the study [3,4].
Normal values have often not been established for some
of the protocols used, and the performance characteristics
of the test with the specified meal may not have been
established or published [5].

The aim of this study was to evaluate the short-term
effect of LSG on quantitative indices of gastric emptying
for liquids and solids in obese patients compared with
preoperative results.

Patients and methods

Patients

Forty obese patients were investigated prospectively in
this study (seven male and 33 female patients; mean age
31.6£8.1 years). The patients were divided into two
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equal groups. The liquid group included 20 patients
(three male and 17 female patients, mean age
30.7+8.0 years, mean BMI 48.7+3.3 kg/m?) who were
evaluated for liquid gastric emptying scintigraphy before
and 1-3 weeks after LSG. The solid group included 20
patients (four male and 16 female patients, mean age
32.5+8.1 years, mean BMI 49.1+7.1 kg/mz) who were
evaluated for solid gastric emptying before and 4-6
weeks after LSG. Preoperative workup included blood
tests, chest radiography, pulmonary function tests, elec-
trocardiography, abdominal ultrasonography, and endo-
crinological profiling of thyroid and adrenal function. The
protocol of the study was approved by the ethics com-
mittee of the university hospital and informed consent
was obtained from all patients.

Operative technique

Under general anesthesia, the patient was placed in a
modified lithotomy position (ILloyd—Davies) after elastic
compression stockings had been put on the lower legs.
Both arms were padded and tucked at the patient’s side.
After establishing the pneumoperitoneum using either
the veress needle in the left hypochondrium or the open
Hasson method, the first trocar for the optical port was
placed in the periumbilical region slightly above and to
the left of the umbilicus according to the patient’s body
proportion, using a 10 mm port. Thirty-degree optics
were used. Two 12 mm ports were placed in both the
right and the left hypochondrium in the midclavicular
line as the surgeon’s working hands. According to the
liver size, another 5 or 10 mm port was added in the
epigastrium as a liver retractor. A fifth 5 mm port was
added in the left anterior axillary line for an extra second
assistance. First, the greater omentum attached to the
greater curvature was taken down medially to the gas-
troepiploic arch using ultrasonic shears, reaching 3—4 cm
proximal to the pyloric ring downward and upward,
opening the angle of His, exposing the left crus to free
the fundal bare area and control the posterior gastric
artery if encountered and opening the gastrophrenic
ligament. A 36 Fr bougie was orally advanced into the
stomach and the pylorus along the lesser curvature of the
stomach, until it reached the first part of the duodenum.
Then, a reticulating linear stapler was used to create the
gastric sleeve around the bougie. The first stapling car-
tridge was green (4.1 mm) for the thicker tissue at the
antrum, followed by gold (3.8 mm) and then blue car-
tridges (3.5 mm) until the angle of His was reached. A
methylene blue test was applied after stapling to check
the integrity of the staple line. One drain was inserted
away from the staple line for fear of reactionary hemor-
rhage or leaks.

A routine gastrografine swallow radiology test was per-
formed for all patients 24-48 h postoperatively to assess
leakage (Fig. 1).

Gastric-emptying study

Radiopharmaceutical and image acquisition

Patients had to fast for at least 8 h before the study. At the
time of the study, none of the patients had diabetes or
were under medications known to affect gastric motility
(such as metoclopramide, opiates, or antispasmodic
agents).

Imaging was performed with the patient in the supine
position using a dual-head gamma camera equipped with
an all-purpose, low-energy, parallel-hole collimator cov-
ering an Nal (T1) crystal of 3/8 inch thickness, set at
140 keV, with a 20% window, zoom 1.0, using a matrix
size of 64 X 64 for dynamic acquisition and 128 x 128 for
static acquisition at different time intervals. In the solid
study, patients were allowed to be in the sitting position
between each measurement.

Liquid meal

PmTe—sulfur colloid (37 MBq, 1mCi) was added to
200 ml water at baseline, and the volume was reduced to
100 ml water after LLSG. Anterior and posterior dynamic
images including the distal esophagus, stomach, and
proximal small bowel in the field of view were taken
immediately after drinking the solution, for 60 min
(1 frame/min).

Solid meal

Considering the early performance of the gastric empty-
ing study at 4-6 weeks after LSG and with respect to
starting the stage of eating solid foods, the small size of
the pouch after surgery, and the nauseating effect of fried
or cooked eggs, we practiced a modified technique of
labeling a boiled egg with the **™T'c—sulfur colloid (total
activity of 1 mCi), which would be more tolerable for
patients after LLSG, instead of cooking or frying as
described in other studies [5-8].

"This procedure was carried out as shown in Fig. 2, using a
syringe with a small-gauge needle to pierce the shell of
the raw egg carefully and then inject the tracer inside the
egg. The site of puncture was sealed with a small piece of
adhesive tape to prevent the fluid inside the egg from
coming out of the shell during boiling. The labeled egg
was then boiled for a few minutes for consumption. For
the baseline study, the patients ingested two labeled
boiled eggs in a sandwich (~300 g). For the postoperative
study, one labeled egg was ingested in a sandwich
(~100g). A sequential static acquisition was started
immediately after the patient completed the meal,
obtaining a 1-min frame at 0, 30, 60, 90, and 120 min.

Data processing

The activity in the entire stomach or in the remaining
sleeve was visually assessed to draw regions of interest
(ROIs), including any visualized activity in the proximal
and distal regions, with care taken to adjust the ROI to
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Gastrografin meal and follow-through 24 h after LSG shows homogenous opacification of the remaining pouch, with no evidence of leakage, stenosis,
or gastroesophageal reflux. The drainage tube was observed in the left subphrenic space.

avoid activity from the adjacent small bowel in anterior
and posterior views of the composite image (Fig. 3).

For the liquid study, a time—-activity curve was generated
from which the half gastriccemptying time (71/2) was
derived from an exponential fit that was decay-corrected.
ROIs were drawn at the first-minute image to calculate
total counts and the percentage of tracer retention at 15,
30, and 60 min. Background correction was not per-
formed as the orally ingested radiotracer did not mea-
surably leave the gastrointestinal tract during the course
of the study.

For the solid study a geometric mean (the square root of
the product of counts in the anterior and posterior ROIs)
was obtained simultaneously during acquisition of ante-
rior and posterior views. A time-activity curve of the
geometric means of gastric counts at all time points was
constructed, and gastric retention at 30, 60, 90, and
120 min after meal ingestion was calculated as a percen-
tage of the counts obtained at the first image (0 time,
100%). The 71/2 emptying time for the solid meal was
computed by interpolation of the observed data.

Statistical methods

Data were statistically described as means and SDs,
medians and ranges, or as frequencies (number of cases)
and percentages when appropriate. Numerical variables
between the study groups were compared using the
Student #test for independent samples. Within-group
comparison of numerical variables was made using a
paired r-test. For comparing categorical data, the y*-test
was used. The exact test was used when the expected
frequency was less than 5. P-values less than 0.05 were
considered  statistically  significant.  All  statistical

calculations were carried out using SPSS (SPSS Inc.,
Chicago, Illinois, USA) version 15 for Microsoft
Windows.

Results
BMI significantly decreased in the studied groups after
LSG, as shown in Table 1.

The quantitative results for gastric emptying were com-
pared before and after LSG for both the liquid and the
solid group.

For both liquids and solids, the half emptying time (71/2)
was significantly enhanced for patients after LSG com-
pared with baseline (P <0.001; Table 2).

Patients demonstrated a highly significantly smaller
percentage of tracer retention for liquids at 15, 30, and
60 min after LSG compared with baseline (P<0.001;
Table 3).

Similarly, patients demonstrated a highly significantly
smaller percentage of tracer retention for solids at 30, 60,
90, and 120 min after LSG compared with baseline
(P<0.001; Table 4).

Figures 4 and 5 show gastric-emptying scintigraphic
images for two obese patients before and after LLSG for
liquids and solids.

Discussion

In the vast majority of affected individuals, obesity
involves overconsumption of food relative to caloric
requirements. The sensory function of the stomach may
play a key role in the cessation of food ingestion. This
sensation of the stomach is, in part, determined by its
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Fig. 2

(a)

(b)

(d)

Steps of labeling a raw egg with 1 mCi of the °°™Tc-sulfur colloid in preparation for boiling. (a) Gentle piercing of the shell of the egg with a needle. (b)
Injection of the radiotracer. (c) Sealing the site of puncture with adhesive tape. (d) Boiling the labeled eggs in water.

motor functions, such as tone and compliance, and the
rate of emptying. However, studies on gastric emptying
in normal-weight and obese individuals have shown
inconsistent results [9].

The mechanisms that affect gastric emptying after LSG
include removal of the fundus, which has receptive and
propulsive abilities; altered compliance and contractility

of the narrow, hardly distendable sleeve; removal of the
gastric pacemaker area in the body of the stomach; and
impediment of the action of the antral pump if a part of
the antrum is resected [10].

After LSG, the gastric reservoir function is reduced
substantially because the gastric receptive relaxation or
accommodation is eliminated owing to gastric resection
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Regions of interest (ROls) including any visualized activity in the proximal and distal parts of the sleeve to calculate counts from the geometric means

of anterior and posterior images.

Table 1 BMI of the studied groups before and after LSG, with
comparison
Liquid group (N =20) Solid group (N=20)
1-4 weeks 4-6 weeks

Baseline after LSG Baseline after LSG

BMI (mean+SD) 48.7+3.3 40.5+£3.2 491+£71 37.7+4.4
(kg/mQ)

P <0.001 <0.001
% Weight loss 16.8% 23.2%

LSG, laparoscopic sleeve gastrectomy.

Table 2 Half gastric-emptying time (T1/2) for liquids and solids in
obese patients before and after LSG

Half gastric-emptying time (min)

Baseline (mean+SD) LSG (mean+SD) P-value
Liquids (N=20) 25.3+4.4 11.8+3.0 <0.001
Solids (N=20) 74.9+71 28.4+8.3 <0.001

LSG, laparoscopic sleeve gastrectomy.

Table 3 % Gastric retention for liquids in obese patients before and
after LSG

% Gastric retention for liquids

15 min 30 min 60 min
Baseline (mean+ SD) 69.4+10.5 55.6+14.9 26.1+4.7
LSG (mean+SD) 33.9+5.6 17.7+£3.9 75+28
P-value <0.001 <0.001 <0.001

LSG, laparoscopic sleeve gastrectomy.

Table 4 % Gastric retention for solids in obese patients before and
after LSG

% Gastric retention for solids

30 min 60 min 90 min 120 min
Baseline (mean+SD)  79.9+8.7 67.4+12.2 37.0+109 138144
LSG (mean+SD) 420+11.1 20.8£6.1 11.0£5.9 3.8+2.7
P-value <0.001 <0.001 <0.001 <0.001

LSG, laparoscopic sleeve gastrectomy.

and, as a consequence, secondary rapid emptying to the
antrum and duodenum can be observed [11].

For patients included in the current study, changes in
functional motility including accommodation, trituration,
and emptying occurred as a result of alteration of the
normal gastric motor function after major resection of the
fundus and corpus, resulting in rapid passing to the
duodenum. The pacemaker region activity was deeply
modified because a wide resection in this neuromuscular
area was carried out. Yet, the propulsion function of the
partially excised antrum remained almost intact because
antral innervation remained intact [2].

To our knowledge, this is the first study to perform
radionuclide gastric emptying in patients who had
undergone LSG shortly after surgery (2-3 weeks for
liquids and 4-6 weeks for solids).

Further, after surgery, patients started to introduce solid
food in their diet after the first month of surgery. Thus,
we aimed to study the motility of the gastric sleeve at the
time of maximum weight loss compared with baseline.

There are at present several operative techniques for
LSG with respect to the distance of the incision from the
pylorus, which subsequently alters gastric emptying.
Bernstine ¢z a/. [6] preferred to make the incision at 6 cm
proximal to the pylorus, emphasizing the importance of
protecting the anatomical and functional integrity of the
antrum of the stomach and explaining that the emptying
function when measured with a standard semisolid meal
was not affected 3 months after surgery. This was not the
case in our study, in which the incision was made at
34 cm, which reduces the capacity of the antrum,
allowing for enhanced gastric emptying, as reported by
several studies using the same operative technique [12,
13].

In the current study, significantly enhanced emptying of
liquids and solids was observed compared with baseline
results for the same group of patients. Our results are in
agreement with those of Braghetto ez 4/. [12]. However,
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Fig. 4

(@) (b)

T1/2 Emptying

% Retention 15 min

% Retention 30 min % Retention 60 min

Baseline 53.3 min 82
LSG 11.3min 38

69.5 38.4
15 4

LSG, laparoscopic sleeve gastrectomy; T1/2, half gastric-emptying time.

Liquid gastric-emptying images of a 28-year-old female patient (a) 8 days before and (b) 14 days after sleeve gastrectomy.

our quantitative indices including half emptying time and
percentage gastric retention for both liquid and solid
meals were obviously lower than their results. This dif-
ference could be attributed to the time of performing the
study, as they evaluated their patients 3 months
after LLSG.

In agreement with our results, Melissas e# @/. [13] found
that the gastric-emptying half-time for solid meals in their
14 patients accelerated significantly postoperatively, from
86.50 to 62.5min at 6 months and to 60.80 min at
24 months after sleeve gastrectomy (SG; P<0.05); the
percentage of gastric emptying also increased
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Fig. 5
(a)
(b)
T1/2 Emptying % Retention 30 min % Retention 60 min % Retention 90 min % Retention 120 min
Baseline 80 min 85 77 45 14
LSG 36 min 43 22 75 2.5

LSG, laparoscopic sleeve gastrectomy; T1/2, half gastric-emptying time.

Solid gastric-emptying images of a 40-year-old male patient (a) 10 days before and (b) 5 weeks after sleeve gastrectomy.



user
Cross-Out

user
Inserted Text
Gastric emptying study after sleeve gastrectomy

user
Sticky Note
Marked set by user

user
Sticky Note
Marked set by user


8 Nuclear Medicine Communications 2015, Vol 00 No 00

significantly postoperatively, from 52 to 72% at 6 months
and to 74% at 24 months after SG (P <0.05). However,
our indices still indicate more accelerated emptying,
supporting our findings that gastric motility is more
enhanced in the short term after LSG.

Another important mechanism involved in fast gastric
emptying after SG is the volume/pressure ratio, sug-
gested by Yehoshua and colleagues. The intragastric
pressure is significantly increased in patients who have
undergone this operation, reaching up to 40 mmHg
(32-58 mmHg), compared with 19 mmHg
(11-26 mmHg) in an intact stomach. This higher pres-
sure reflects its lesser distensibility and is a factor pro-
moting fast gastric emptying when antrum resection is
performed [#4515]. Therefore, the increased intragastric
pressure also promotes fast gastric emptying, considering
that the antral pump function does not change because
vagal innervation through Latarjet’s nerve remains
intact [12].

It is documented that maximum weight loss occurs in the
initial weeks after surgery, and the rate of weight loss
declines with time. In the current study, the percentage
reduction in BMI following LSG was 16.8 and 23.2% at
2-3 and 4-6 weeks after surgery, respectively. The
mechanism of weight loss after LLSG is multifactorial and
it cannot be assumed that a single factor contributes to
this weight loss. In patients who have undergone L.SG, a
decreased release of ghrelin has been reported, and
therefore patients experience reduced appetite with a
consequent modification in the food intake behavior,
with a reduction in caloric intake [#6:44]. Furthermore,
the occurrence of the dumping syndrome more fre-
quently in the early period after LSG could be attributed
to rapid gastric emptying, which may explain the max-
imum weight loss shortly after surgery [+§].

Accelerated gastric emptying after LSG contributes to
the digestive process by enhancing satiety signals.
Therefore, the mechanisms of weight loss and improve-
ment in glucose metabolism that are seen after LSG are
related not only to gastric restriction but also to neuro-
hormonal changes related to gastric resection and altered
gastric emptying [19].

Conversely, after LSG, a negative impact with respect to
the risk of weight regain can occur because rapid emp-
tying could reduce the negative feedback satiety signals
produced by the nutrients inside the stomach, thus pre-
cipitating a feeling of hunger and thereby shortening the
interval between consecutive meals. However, these
alterations can be considered as potential contributing
factors to the development and maintenance of obesity
and changed eating behavior [26—23].

Our study showed more rapid baseline gastric-emptying
indices in obese patients compared with that by
Braghetto er a/. [12], who performed the baseline study

on normal individuals. This finding confirms the
assumption that obese patients present more rapid gastric
emptying compared with nonobese individuals, and
therefore they eat more frequently. However, altered
gastrointestinal motility in obese patients is incompletely
understood and is controversial in the literature [206:2423;
24]. Thus, we recommend more gastric motility studies
to clarify the effect of gastric emptying on the percentage
of weight loss or weight regain over different time
intervals in obese patients after L.SG.

Conclusion

The significant acceleration of gastric emptying for
liquids and solids after LSG may have contributed to
weight loss in the immediate postoperative period (4-6
weeks). It remains to be determined whether the weight
loss will continue beyond that period.
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