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Assessment of Gastric Accommodation in Patients with Functional
Dyspepsia by 99mTc-Pertechtenate Single Photon Emission Computed
Tomography Imaging: Practical but not Widely Accepted
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Abstract

Objective: Impaired gastric accommodation is one of the main symptoms in patients with functional dyspepsia. The
aim of the present study was to assess gastric accommodation in patients with functional dyspepsia using single
photon emission computed tomography (SPECT) imaging.

Methods: Twenty-four patients with functional dyspepsia and 50 healthy volunteers as control group were enrolled
in this study. All participants were given 5 mCi 99mTc-pertechtenate intravenously, served with a low fat meal, and
underwent SPECT scanning 20 minutes after the meal.

Results: Based on the scintigraphic data, gastric volumes were found to be significantly increased after food ingestion
in both patient and control groups. We also found that while there was no significant difference between patient and
control groups in terms of fasting gastric volumes, postprandial gastric volume was significantly lower in patients as
compared to healthy individuals (p<0.05).

Conclusion: Measuring gastric volume by using SPECT can be a valuable method in the detection of functional
dyspepsia and in differentiation of this entity from other organic disorders.

Keywords: Gastric accommodation, functional dyspepsia, single photon emission computed tomography, fasting
gastric volumes, postprandial gastric volume

0z
Amag: Bozulmus gastrik akomodasyon fonksiyonel dispepsi hastalarinin ana belirtilerinden biridir. Bu calismanin amaci,

fonksiyonel dispepsi hastalarinda gastrik akomodasyonun bilgisayarli tek foton emisyon tomografisi (SPECT) gérintileme ile
degerlendiriimesidir.

Yontem: Fonksiyonel dispepsisi olan 24 hasta ve kontrol grubu olarak 50 saglikli génilli ¢alismaya alindi. Tim katiimcilara
intraven6z 5 mCi 99mTc-perteknetat uygulandi, distk yagl yemek verildi ve yemekten 20 dakika sonra SPECT taramasi yapildi.
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Bulgular: Sintigrafik verilere gére gida alimindan sonra hem hasta hem de kontrol gruplarinda mide hacimlerinin 6nemli
Olctide arttigi saptandi. Aglik mide hacimleri agisindan hasta ve kontrol gruplari arasinda anlamli bir fark saptanmadi, ancak
hastalarda tokluk mide hacmi saglikli kisiler ile karsilastirldiginda anlamli olarak dustk bulundu (p<0,05).

Sonug: SPECT kullanilarak mide hacmi 6lciimi fonksiyonel dispepsinin saptanmasinda ve bu patolojinin diger organik

bozukluklardan ayriminda degerli bir ydntem olabilir.

Anahtar kelimeler: Gastrik akomodasyon, fonksiyonel dispepsi, bilgisayarli tek foton emisyon tomografisi, aclik mide hacmi,

tokluk mide hacmi

Introduction

Gastric accommodation (GA) is a vagal nerve mediated
reflex, which is associated with reduction in gastric tone
along with an increase in gastric volume and gastric
compliance (1). This reflex is a predictable response in
healthy subjects that allows ingestion of food without
inducing postprandial symptoms. Impaired GA may be
observed in many pathologic conditions such as functional
dyspepsia, dyspepsia after fundoplication or gastric
surgery (2,3). Therefore, assessment of GA may improve
our understanding of the causes of upper gastrointestinal
symptoms after food intake in functional and neuropathic
diseases, and ultimately their effects on the outcome of
treatment.

Since the total volume of the stomach is mainly
determined by the volume of its proximal portion, changes
in proximal gastric volume after eating is assumed to reflect
changes in the whole stomach. Evaluation of proximal
gastric motor function is of particular importance in
clinical trials, as it can be used to detect abnormalities in
the stomach, which in turn may be used as an indicator of
upper gastrointestinal problems (4,5,6).

The gold standard for measuring GA is the gastric
barostat (7). Currently, this is the only reliable method for
the assessment of gastric accommodation. A polyethylene
balloon is placed in the proximal stomach to measure
fasting and postprandial gastric volume. Although this
invasive technique is valuable, it is not practical for research
studies and is unacceptable for most patients in daily clinical
practice. That is why many attempts have been made to
identify the role of noninvasive methods such as abdominal
ultrasonography and MRI that could replace this invasive
procedure (8).

One of the non-invasive methods used to evaluate
GA is single photon emission computed tomography
(SPECT) using technetium-99m pertechnetate, which was
first developed by Camilleri and colleagues at the Mayo
medical center (1). Dynamic scintigraphy of the stomach by
99mTc enables measurement of gastric volume using two-
dimensional scintigraphic images, and provides images of
gastric mucosa and gastric wall motion (9). Several studies
have assessed the validity of this method, indicating that
there was no significant difference between scintigraphic
data and gastric barostat in terms of GA criteria including

fasting gastric volume, postprandial gastric volume and the
ratio of these two volumes (6,10,11).

For these reasons, in this study we investigated the
correlation of functional dyspepsia and GA using SPECT
imaging. Measuring GA and changes in gastric volume in
functional dyspepsia may lead to better treatment planning
for these patients.

Materials and Methods

Participants and Study Design

Informed consent was obtained from all patients and
the Research Ethics Committee of Golestan University of
Medical Sciences reviewed the study. Twenty-four patients
diagnosed with functional dyspepsia and 50 healthy
volunteers as control group were included in this study. The
sample size was calculated based on a previous study (2)
with a=0.05, $=0.2 and power=80%. Patient data were
recorded in the Research Center of Gastroenterology
and Hepatology (GRCGH), and they were referred to the
Nuclear Medicine center for measurement of fasting and
postprandial gastric volumes. All patients had at least two
of the following symptoms for more than three months:
abdominal discomfort or pain, early satiety, distension,
bloating, nausea, vomiting, belching.

Patients with a history of peptic ulcer disease,
scleroderma, biliary abnormality, cerebrovascular accidents,
diabetes, gastric outlet obstruction, use of corticosteroids,
NSAIDs or other drugs with known complication of peptic
ulcer, gastritis or gastrointestinal infection, abdominal
surgery, metabolic disease and recent trauma to the
abdomen were excluded from the study.

Healthy control participants did not have any history of
gastrointestinal surgery or gastrointestinal complaints and
were not taking any medications.

All participants, both patients and control subjects, had
normal findings on esophageal and gastric endoscopy.

Imagining Protocols

In order to determine GA using SPECT imaging, each
individual was administrated intravenously with 5 mCi
99mTc-pertechtenate and then served with a low fat meal
including egg. The scintigraphic imaging was performed at
fasting and 20 minutes after ingestion of meal to measure
gastric volume.
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The images were obtained on a large field-of-view, dual-
head gamma camera (Prism 1000XP) with a 15% energy
window centered on 140 keV, and a low-energy all-purpose
collimator.

The upper and lower limits of the stomach were
identified by projection of the longest fundus-to-antrum
distance. 3-dimensional renderings of the stomach were
produced from the SPECT images, and gastric volume
was measured by summation of all gastric voxels for each
transaxial slice (11).

Statistical Analysis

The data are represented as mean + standard deviation.
The ttest, Chisquare test and Fisher's exact test were
used when appropriate to determine statistical differences
between groups. p-values less than 0.05 were considered
as significant. Statistical analysis was performed using an
IBM computer and PASW software, version 18.0 (SPSS,
Inc., Chicago, IL).

Results

In this study, 24 patients with functional dyspepsia were
compared with 50 healthy subjects, as control group, in
terms of GA based on fasting and postprandial gastric
volume as determined by SPECT imaging. Demographic data
of the subjects, both controls and patients, are presented
in Table 1.

Participating individuals (patients and volunteers) in this
study were composed of 15 men (20.3%) and 59 women
(79.7%). With respect to age, height and weight they ranged
from 21 to 67 years (mean of 47.17+12.64 years), 154 to
181 ¢cm (mean of 163.37+£7.41) and 40 to 102 kg (mean of
66.28+12.21 kg), respectively. Their mean body mass index
(BMI) was 24.69+3.17 kg/m2. Three individuals (4.1%) were
underweight (BMI<18.5), and 36 (48.6%) were within the
normal range (18.5=BMI<25), while 30 (40.5%) were over-
weighted (25=BMI<30) and 5 (6.8%) were obese (BMI=30).

Table 1 shows comparison of demographic characteristics
between the two groups. Based on statistical analysis, there
was no significant difference between patients and control
group in terms of BMI (p>0.05). However, differences
between the two groups in terms of age and sex were
statistically significant (p<0.0001).

Results of SPECT imaging to determine fasting and
postprandial gastric volumes are given in Table 2. The mean

Table 1. Statistical difference in age, sex and body mass
index of patients and control group

fasting and postprandial gastric volumes determined by GA
scintigraphy were 217.54+32.37 and 651.87£70.10 mL in
the patient group and were 207.84+13.54 and 760+77.41
mL in the control group, respectively. Statistical analysis
of the data showed a significant difference between
fasting and postprandial gastric volumes in both patient
(p<0.0001) and control group (p<0.0001).We also found
that while there was no significant difference between
fasting gastric volumes of patients and control group
(p>0.05), postprandial gastric volumes were statistically
different between these two groups (p<0.0001). Figure
1 presents examples of fasting and postprandial gastric
volumes in patients with functional dyspepsia and healthy
individuals.

Correlation of fasting and postprandial gastric volumes
with demographic properties of patient and control groups
were assessed and presented in Table 3. We observed that
for patients, both fasting and postprandial gastric volumes
were not correlated with age or sex (p>0.05), but correlated
with BMI (p<0.05). In the control group, fasting gastric
volume was not correlated with age and BMI (p>0.05), but
there was a correlation between fasting volume and sex
(p<0.05). In addition, postprandial gastric volume of the
healthy volunteers were statistically correlated with age,
sex and BMI (p<0.05).

Discussion

The incidence of functional gastrointestinal disorders
has been increasing as compared to organic diseases in
recent years. In recent years, there has been an increase
in the incidence of functional gastrointestinal disorders in
comparison with organic diseases. However, studies on

Table 2. Gastric accommodation in terms of fasting
gastric volume and postprandial gastric volume in
patients and control group

Patients Control group  p-value
Fasting volume 217.54+32.37 207.84+13.54  0.073
(mL)
Postprandial 651.87£70.10  760+77.41 <0.0001
volume (mL)
p-value <0.0001 <0.0001

Table 3. Correlation of fasting and postprandial gastric
volumes with demographics of patients and control

group

Age (year) Sex BMI (kg/m?2)
Male Female
Patients 35.87£10.84 6 18 25.56+4.52
Control group  52.60£9.51 9 41 24.28+2.20
p-value <0.0001 <0.0001 0.103

Age Sex BMI
Fasting volume Patients - - +
Control group - +
Postprandial volume Patients - - +
Control group  + + +

BMI: Body mass index

Correlated (+), not correlated (-), BMI: Body mass index
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Figure 1. Examples of single photon emission computed tomography
images of fasting gastric volumes (top row) and postprandial gastric

volumes (botton row) in healthy individuals (left column) and patients with
functional dyspepsia (right column)

this pathology have been limited in clinical practice due
to the heterogeneity in the pathogenesis of functional
dyspepsia. However, there are still limited number of clinical
studies on this pathology because of the heterogeneity in
the pathogenesis of functional dyspepsia. Reduced GA
is a major pathophysiological mechanism that is usually
associated with early satiety, discomfort after eating
and weight loss. One of the major pathophysiological
mechanisms is the reduced gastric accommodation, that is
usually associated with early satiety, discomfort after eating
and weight loss. Identification of the correlation between
gastric compliance and dyspepsia symptoms is important
to understand disease pathogenesis. Ongoing studies
aim at improving diagnostic and therapeutic procedures
related to this pathology. Several studies have indicated the
clinical potential of SPECT imaging in GA evaluation. SPECT
generates valuable information on motor abnormalities,
providing additional insight into the pathophysiology
of functional dyspepsia (1). Scintigraphic data would
assist in selective and effective therapy of these patients
(1). Vijayvargiya et al. (12) determined that 1 scan after
ingestion provided equivalent information on GA as two
scans after food intake, and that the difference in method
precision was less than 2%. Vasavid et al. (6) reported
that measurement of GA by 99mTc-pertechnetate SPECT is
associated with favorable reproducibility at both the same
and different times in a day. Results of a study performed
by Van den Elzen et al. (13), on 21 healthy volunteers
that compared results of SPECT with the gold standard

barostat, showed that although SPECT scanning was able
to detect changes in postprandial gastric volume it was not
as suitable as barostat in detecting changes in gastric tone.
Simonian et al. (11) showed that SPECT scanning provided
an opportunity to measure gastric emptying and gastric
accommodation, simultaneously. The present study was in
fact an attempt to assess the clinical value of SPECT as a
possible alternative to barostat in GA studies.

This study showed that while there was no significant
difference in fasting gastric volume between patients and
healthy group, the difference between these two groups
was statistically significant with respect to postprandial
gastric volume. Results of our study on fasting volume
were in accordance with the findings by Bredenoord (1),
however, our results on postprandial volume contradicted
their findings. One possible reason for this controversy
may be related to the difference in the number of cases
between the two studies.

Published results have indicated that GA is significantly
reduced in patients with functional dyspepsia as compared
to healthy individuals. This apparent difference was also
revealed in our study with findings on postprandial gastric
volumes (651.87+70.10 versus 760+77.41). In a study
that assessed gastric volume using SPECT on 10 healthy
volunteers by Kuiken et al., (14) the mean fasting and
postprandial gastric volumes were reported as 182+11
mL and 690+32 mL, respectively. An increase of 200% to
400% was observed in gastric volumes, in both the proximal
and distal segments. In our study, the mean fasting and
postprandial gastric volumes in healthy subjects were
207.84+13.54 and 760+77.41 mL, respectively, that was
higher than corresponding values in their study. Kim et al.
(8) reported the postprandial/fasting gastric volume ratio in
healthy individuals as 4.9 and stated that 41% of patients
with idiopathic non-ulcer dyspepsia showed reduced
accommodation, while in our study the postprandial/
fasting gastric volume ratio was determined as 3.6 in the
control group. A major factor that could have affected the
results of our study in comparison to previous studies may
be the method that was used to measure gastric volumes.
However, the utilization of this noninvasive, clinically
applicable scintigraphic test that could simultaneously
measure both gastric emptying and accommodation may
be valuable in defining the pathophysiology of symptoms
in patients with functional dyspepsia, who constitute main
referrals to Gl departments (11,15).

Conclusion

This study showed that there is a statistical correlation
between reduction in gastric volume and postprandial
GA with functional dyspepsia symptoms. Furthermore,
the adaptive response of the gastric volume, especially
postprandial gastric volume, was correlated with age, sex
and BMI that was significant in comparison to fasting
gastric volume. Therefore, it can be concluded that
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measuring gastric volume can be a valuable method in the
detection of functional dyspepsia and differentiation of this
entity from other organic disorders, and that SPECT can be
accepted as a feasible method to measure gastric volume
changes in response to food intake.

Ethics Committee Approval: The study was approved
by the Golestan University of Medical Sciences, Concept:
Taghi Amiriani, Hamid Javadi, Tahereh Raiatnavaz, Design:
Taghi Amiriani, Hamid Javadi, Tahereh Raiatnavaz, Data
Collection or Processing: Taghi Amiriani, Hamid Javadi,
Tahereh Raiatnavaz, Shahriar Semnani, Analysis or
Interpretation: Hamid Javadi, Majid Assadi, Seyed Masoud
Tabib, Literature Search: Hamid Javadi, Ali Mahmoud-
Pashazadeh, Majid Assadi, Writing: Ali Mahmoud-
Pashazadeh, Majid Assadi, Peer-review: Externally peer-
reviewed, Conflict of Interest: No conflict of interest was
declared by the authors, Financial Disclosure: The authors
declared that this study has received no financial support.

References

1. Bredenoord AJ, Chial HJ, Camilleri M, Mullan BR Murray JA. Gastric
accommodation and emptying in evaluation of patients with upper
gastrointestinal symptoms. Clin Gastroenterol Hepatol 2003;1:264-
272.

2. Bouras E, Delgado-Aros S, Camilleri M, Castillo E, Burton D,
Thomforde G, Chial HJ. SPECT imaging of the stomach: comparison
with barostat, and effects of sex, age, body mass index, and
fundoplication. Single photon emission computed tomography. Gut
2002,51:781-786.

3. Thumshirn M, Camilleri M, Saslow SB, Williams DE, Burton DD,
Hanson RB. Gastric accommodation in non-ulcer dyspepsia and
the roles of Helicobacter pylori infection and vagal function. Gut
1999;44:55-64.

4. De Schepper H, Cremonini F; Chitkara D, Camilleri M. Assessment
of gastric accommodation: overview and evaluation of current
methods. Neurogastroenterol Motil 2004;16:275-285.

109

Schwizer W, Steingdtter A, Fox M, Zur T, Thumshirn M, Bosiger R
Fried M. Non-invasive measurement of gastric accommodation in
humans. Gut 2002;51(Suppl 1):i59-62.

Vasavid B Chaiwatanarata T, Gonlachanvit S. The Reproducibility of
Tc-Pertechnetate Single Photon Emission Computed Tomography
(SPECT) for Measurement of Gastric Accommodation in Healthy
Humans: Evaluation of the Test Results Performed at the Same
Time and Different Time of the Day. J Neurogastroenterol Motil
2010;16:401-406.

Tomita T, Okugawa T, Yamasaki T, Kondo T, Toyoshima F, Sakurai
J, Oshima T, Fukui H, Daimon T, Watari J, Kashiwagi T, Matsumoto
T, Miwa H. Use of scintigraphy to evaluate gastric accommodation
and emptying: Comparison with barostat. J Gastroenterol Hepatol
2013;28:106-111.

Kim DY, Myung SJ, Camilleri M. Novel testing of human gastric motor
and sensory functions: rationale, methods, and potential applications
in clinical practice. Am J Gastroenterol 2000,95:3365-3373.

Asli IN, Ehsani MJ, Javadi H, Semnani S, Tabib SM, Assadi M.
Comparison of three with six regions of interest analyses in patients
with idiopathic constipation undertaking colon transit scintigraphy
using 67Ga-citrate. Eur Rev Med Pharmacol Sci 2013;17:69-74.
Hong SP Assessment of gastric accommodation by SPECT. J
Neurogastroenterol Motil 2010;16:347-349.

Simonian HP  Maurer AH, Knight LC, Kantor S, Kontos D,
Megalooikonomou V, Fisher RS, Parkman HP Simultaneous
assessment of gastric accommodation and emptying: studies with
liquid and solid meals. J Nucl Med 2004;45:1155-1160.

Vijayvargiya P Camilleri M, Shin A, Breen M, Burton D. Simplifying
the measurement of gastric accommodation using SPECT.
Neurogastroenterol Motil 2013;25:542-546.

van den Elzen BD, Bennink RJ, Wieringa RE, Tytgat GN, Boeckxstaens
GE. Fundic accommodation assessed by SPECT scanning: comparison
with the gastric barostat. Gut 2003;52:1548-1554.

Kuiken SD, Samsom M, Camilleri M, Mullan BP Burton DD, Kost LJ,
Hardyman TJ, Brinkmann BH, O'Connor MK. Development of a
test to measure gastric accommodation in humans. Am J Physiol
1999;277:1217-1221.

Javadi H, Bayani H, Mogharrabi M, Pashazadeh AM, Semnani S,
Semnani S, Nabipour |, Assadi M. Relation between clinical features
and gastric emptying time in diabetic patients. Nucl Med Rev Cent
East Eur 2015;18:3-6.



