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ABSTRACT

Introduction: Positron Emission Tomography-Computed Tomography (PET-CT) was introduced over four decades
ago as an imaging tool to evaluate functional and anatomical aspects of disease such as malignancy. Besides patho-
logical uptake, PET-CT also shows physiological uptake, especially in the gastrointestinal system, thus impacting
diagnostic accuracy in these cases. There are many conditions that can attribute to increasing physiological uptake
in PET-CT including microbial activity and drugs. Therefore, certain anti-spasmodic agents have been introduced to
help reduce physiological uptake during scanning such as Hyoscine-n-butylbromide (Buscopan). This study aims to
establish its effectiveness in reducing physiological bowel uptake on 18F-FDG PET-CT scan. Methods: 133 subjects
were recruited in random for this study and divided into hyoscine (68 subjects) and control groups (65 subjects),
respectively. Subjects in control group not given any anti-spasmodic medications and both groups received intrave-
nous 18F-FDG according to body weight. PET-CT scan and images were interpreted by experienced nuclear medi-
cine physician who scored the images according to the degree of bowel uptake and difficulty of image interpretation.
Results: There were no statistical difference in bowel uptake based on SUV mean of the bowel and bowel-to-liver
ratio between hyoscine and control groups. Conclusion: There was no significant effect of Hyoscine-n-butylbromide

in reducing physiological bowel uptake in PET-CT scan.
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INTRODUCTION

Positron Emission Tomography (PET) imaging was
introduced in the field of nuclear medicine since 1974
with the capability of assessing functional/physiological
status of a disease by using radioisotope. Over the years,
its use especially in oncology cases has been widely
accepted (1). However, it was limited due to lack of
anatomical localisation (2) due to poor spatial resolution
(3,4).

Computed tomography (CT) on the other hand has
the ability to demonstrate good anatomy localisation
but lack in functional evaluation. In view of that, new
advancement has been introduced in 1998 by combining
PET imaging and CT imaging to form a hybrid imaging
called PET-CT. The ability of PET-CT imaging to evaluate
the functional and anatomical findings has helped in
improving diagnostic accuracy (5). Furthermore, PET-CT

scan also enables evaluation of physiological 18F-FDG
uptake. This is important because some uptake appears
to be physiological in PET but CT evaluation found
evidence of pathology at the uptake site (6). The ability
to evaluate pathological and physiological findings has
significantly helped to improve patient management (7).

In the gastrointestinal tract, there are several conditions
attributed to high 18F- FDG uptake such as malignancy
and other benign or physiological conditions. Other
than smooth muscle activity or peristalsis, other benign
condition in the bowel may also take up 18F-FDG. These
conditions include inflammatory process such as colitis
and duodenitis, infection such as viral and H. pylori
infection, bleeding and microbial activity. The normal
flora in the bowel takes up 18F-FDG that is excreted
into the bowel lumen (8). Other than that, drug such
as metformin also causes high 18F-FDG uptake in the
bowel (9). Metformin is responsible for the activation of
glucose transporter proteins or GLUT-2 on the mucosal
surface of the bowel that causes higher avidity of glucose
in the bowel (10). Patient in hyperglycemic state during
18F- FDG injection will have lower 18F-FDG uptake
by the tumor. Insulin administration to lower down the
glucose level can be done provided that the 18F-FDG
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injection is delayed few hours later to avoid generalised
muscle uptake during PET-CT scan (11).

Normal peristaltic activity of the bowel may cause
18F-FDG uptake in PET-CT and usually demonstrates
variable uptake depending on sites. Diffuse low level
of uptake usually observed in the small bowel. Colon
demonstrates a more heterogenous uptake especially at
the ileo-caecal junction, ascending colon and rectum
(12). This is attributed to the activity of the sphincter and
peristaltic activity. Besides that, the higher 18F-FDG
uptake in the caecum and right colon was also attributed
to the abundance of lymphocytes in that region (13).
Other study also proposed that high 18F-FDG uptake
in ascending colon was also related to the presence of
lymphocytes (14).

Other conditions that can cause increase bowel activity
will also cause higher 18F-FDG uptake. Patients with
bowel related illness such as diarrhoea or constipation
during the scan time might exhibit high 18F-FDG
uptake in the bowel. However, some 18F-FDG uptakes
are difficult to interpret such as physiological uptake in
the smooth muscles of the bowel. Gastrointestinal tract
uptake among others is the commonest site of uptake in
PET-CT. High 18F-FDG uptake in the bowel might be
due to active bowel movement. In view of this, it may
mask any underlying bowel related pathology.

It is more challenging to interpret the image when
the primary lesion originated from the bowel or any
organ adjacent to the bowel. As a result, the use of
antispasmodic agent such as Hyoscine-n-butylbromide
(Buscopan) was introduced. Hysocine-n-butylbromide
is a spasmolytic agent that has effect on the smooth
muscles of gastrointestinal tract, genitourinary tract
as well as biliary tract. It does not cross into the
central nervous system as it in the form of quarternary
ammonium derivative. Therefore, anticholinergic effects
of central nervous system do not occur. However
peripherally, it exerts anticholinergic action as a result
from ganglionic blocking action within the visceral wall
and antimuscarinic effect.

Studies looking into the use of these agents prior to
PET-CT scan have noted reductions in the physiological
18F-FDG uptake in the bowel. However, in Malaysia
there is no consensus as to whether the use of this drug
helped in definite and resolute interpretation of the
scan. Therefore, the aim of this study is to assess the
effectiveness of this drug in reducing the physiological
uptake in the bowel by comparing SUVmean of bowel
and bowel-to-liver ratio among patients receiving
Hyoscine and control group, comparing the degree
of bowel uptake and difficulty of image interpretation
among patients receiving Hyoscine and control group;
and determining the relationship between the degree
of bowel uptake and difficulty of image interpretation
between these two groups.

MATERIALS AND METHODS

Institutional review board approval was obtained prior to
this study. The study was conducted between September
2016 and February 2017 in which 500 patients registered
for PET-CT scan in PET/CT unit, Department of Nuclear
Medicine, Hospital Pulau Pinang during the patient
recruitment period. Systematic random sampling was
done followed by simple random sampling was done to
nominate the members of groups A (received Buscopan)
and B (control). This was achieved by using random
number table available in statistical reference book (15).
Therefore, 70 patients were put in every group before
further inclusion and exclusion criteria were evaluated.

After considering the exclusion criteria, from the total
of 70 patients nominated in each group; 68 patients
were recruited in hyoscine group and 65 patients were
in the control group. The remaining patients who were
not selected into this study were diabetic on metformin
therapy and another 5 gave history of diarrhoea a week
before the scan.

Scanning protocol

Patients were fasted for at least 6 hours prior to 18F-FDG
injection. Patients” weight and fasting blood glucose were
recorded upon arrival. The acceptable glucose level for
all patients was 8.0 mmol/L or lower. Hyoscine group
patients were given oral Hyoscine-n- butylbromide 10mg
30 minutes before 18F-FDG injection. The patients in
control group were given not given any anti-spasmodic
medication and received intravenous 18F-FDG only.
The dose of 18F-FDG is based on body weight ranging
from 10-20 mCi (370-740 MBq).

PET-CT scanning was done 45 minutes to 1 hour after
18F-FDG injection using a dedicated PET-CT scanner
(Discovery ST, General Electric Medical Systems,
Waukesha, WI, USA). The scanner used Bismuth
Germanium Oxide (BGO) crystals, detector field of
view (DFOV) of 50 cm with 24 PET ring-detectors. The
scan was done covering from the skull to mid-thigh. A
contemporaneous low dose non-contrasted CT was also
done by the same scanner with 100 mA and 120 kV. CT
scan speed at 0.8 s per revolution with 3.75 mm slice
thickness. Meanwhile PET acquisition was obtained
at 6- 8 beds position with overlap of 3.270 mm and 3
minutes emission scan for each bed position. Images
were reconstructed using an iterative ordered-subsets
expectation maximisation (OSEM) algorithm with CT
attenuation correction.

An experienced nuclear medicine physician who was
blinded of the clinical data of the patients reviewed the
images. The revision was done using GE Advantage
Workstation  (General Electric  Medical  Systems,
Waukesha, WI, USA). The interpreter used visual
analysis to evaluate the degree of bowel uptake and
difficulty of image interpretation (Fig. 1, Fig. 2). The
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Figure 1: Maximum intensity projection of a patient with diffuse and
intense uptake in the bowel with lower uptake in the liver. The inter-
preter scored 2 for degree of bowel uptake but scored 0 in the difficul-
ty of bowel interpretation. This uptake was more likely physiological
rather than pathological. This patient was from the control group.

interpreter scored each aspect with number O to 2 scale
(Table I and Table I).

The differences in means SUVmean of bowel and
Bowel-to-Liver ratio among the two groups were tested
using One-Way ANOVA. Meanwhile, the associations
on the degree of bowel uptake and difficulty of image
interpretation among the two groups were tested
using Pearson Chi-square test and Fisher’s Exact test
respectively. The relationship between degree of
bowel uptake and difficulty of image interpretation

Table I: Scoring scale in visual analysis on the degree of bowel
uptake

Figure 2: Maximum intensity projection showing a diffuse high uptake
at the ascending colon area, which was higher than the liver uptake.
The interpreter scored 2 for degree of bowel uptake and 2 for difficulty
of image interpretation. This patient was from hyoscine group.

was determined by computing the Pearson correlation
coefficient (r). A p-value of less than 0.05 was accepted
as significant.

Semiquantitative subanalyses were also carried out. The
data from patients with colorectal and gynaecological
cancer was excluded in these subanalyses. Independent
t- test was used for the subanalyses of differences in
mean SUVmean of bowel and Bowel- to-Liver ratio of
patients in hyoscine versus control group. A p-value of
less than 0.05 was accepted as significant.

Table 11: Scoring scale in visual analysis on the difficulty in image
interpretation

Score  Description Score Description
0 No significant bowel uptake compared to background 0 No difficulty to interpret as physiological uptake
liver uptake 1 Slight difficulty to interpret as physiological uptake
1 Mild bowel uptake compared to background liver uptake 5 Most difficult to interpret as physiological uptake
2 Severe bowel uptake compared to background liver
uptake
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RESULTS

Atotal of 133 patients were recruited into this study. 55
male and 78 female patients were involved in this study.
Majority of the patients were Malay (46.7%, n=62),
followed by Chinese (43.1%, n=57), Indian (8.7%,
n=12) and others (1.5%, n=2). The youngest patient was
19 years old and the eldest was 80 years old.

In hyoscine group, colorectal cancer accounted the
highest number of patients (47.1%, n = 32) and no
thyroid cancer patient in this group. Only one patient
(1.5%) of lung cancer recruited in this group. Meanwhile,
in control group the highest number of patients was
lymphoma (32.3%, n = 21). The number of patient with
colorectal cancer was the least (4.6%, n = 3).

Semiquantitative analysis of bowel uptake in the two
groups based on SUVmean of bowel

This study showed that hyoscine group has lower value
of lowest SUVmean of bowel (0.50g/mL) in comparison
to control group (0.70g/mL). The values of highest
SUVmean hyoscine group was relatively lower (4.70g/
mL) than the control group (7.20g/mL). However, the
mean SUVmean of hyoscine group was higher (1.90g/
mL) than the control group (1.60g/mL). This reflected a
fairly equal effect between the control group and the
hyoscine group (Table 11I).

Table 111: The value of lowest, highest and mean SUV__ of each
group
Group Lowest Highest Mean
SUVmean SUVmean SUVmean
(g/mL) (g/mL) (g/mL)
Hyoscine 0.50 4.70 1.90
Control 0.70 7.20 1.60

One-way ANOVA analysis showed that the value of
mean SUVmean of bowel among the two groups was
statistically not significant. Post-hoc multiple comparison
test Bonferroni’s procedures were carried out to compare
the means between hyoscine versus control. There was
no significant difference in mean SUVmean of bowel in
between hyoscine group and control group (p = 0.215).

Semiquantitative analysis of bowel uptake in the two
groups based on Bowel-to-Liver ratio (B/L ratio)

Table IV shows that hyoscine group has the lowest value
of lowest Bowel-to-Liver ratio (B/L ratio) among the two
groups. The values of highest B/L ratio of hyoscine group
were lower than the control group. However, this was
not reflected in term of mean B/L ratio whereby hyoscine
group showed higher mean B/L ratio compared to Control
group. This reflected a fairly equal effect between the
hyoscine group and control group (Table IV).

One-way ANOVA found that the value of mean B/L ratio
among the two groups was not statistically significant.
Post-hoc  multiple comparison test Bonferroni’s
procedures were carried out to compare the mean

Table 1V: The value of lowest, highest and mean B/L ratio of each
group

Group Lowest B/L Highest B/L Mean B/L ratio
ratio ratio

Hyoscine 0.28 2.24 0.81

Control 0.21 3.13 0.65

B/L ratio between hyoscine versus control. There was
no significant difference in mean B/L ratio in between
hyoscine group and control group (p=0.064).

DISCUSSION

Most of the patients referred for PET-CT scan during
the study period were diagnosed with lymphoma
(25.6%, n=34) followed by colorectal (20.5%, n=27)
and gynaecological (16.9%, n=23) malignancies.
The demographic data collected in this study was
in accordance to local Penang Cancer Registry and
Malaysian National Cancer Registry report (16). PET-CT
is widely accepted as imaging modality for lymphoma as
it is superior in lesion detection, ability to characterise
the residual mass post therapy and in prognosis of
patient after chemotherapy (17).

In the control group, this study found that the lowest
SUVmean of bowel was 0.70 g/mL. This value was not
much different from the lowest SUVmean values for
hyoscine group. The highest SUVmean of bowel in the
control group was higher than the other group. However,
the mean SUVmean of bowel among the two groups
were not much different among each other. The results
showed that the two groups had a fairly equal effect
in term of reduction of physiological bowel uptake.
The statistical analyses also observed non-significant
difference in means of SUVmean of bowel among the
two groups.

Similarly, for the value of B/L ratio, the hyoscine group
showed not much difference in mean of B/L ratio
compared to the control group. These findings reflected
that the two groups were having fairly equal effect in
reducing physiological bowel uptake. The mean B/L
ratio of hyoscine group was slightly higher among the
two groups. Since the hyoscine group showed less effect
on this study, it might be related to its slightly poor
gastrointestinal absorption (18) as compared to other
drugs such as Mebeverine.

A study with 2290 patients was conducted in a nuclear
medicine centre in Spain in 2015, where patients
were subjected to PET and PET-CT scans without prior
pretreatment with any drugs or substance. Only 27
patients were found to have focal colorectal 18F-FDG
uptake. Although several methods of decreasing bowel
uptake in PET-CT had been studied, no technique has
been found to be consistently reduced bowel uptake
(19).
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Besides peristaltic activity, there was another possible
explanation of increased 18F-FDG uptake in the bowel.
The 18F-FDG was excreted into the lumen of bowel
and subsequently used by the normal flora along the
luminal wall (8). Therefore, antispasmodic agent such
as hyoscine did not cause any significant effect on
18F-FDG bowel uptake. Excessive peristaltic activity
in the bowel was probably not the cause of 18F-FDG
uptake during PET-CT. Jadvar et al. (20) hypothesised that
the bowel uptake in 18F-FDG PET-CT was probably not
due to peristaltic activity. The hypothesis was tested by
comparing the level of 18F-FDG uptake in the bowel in
the patients before and after administering two different
drugs (Atropine and Sincalide) in separate occasions.
Atropine has the antiperistaltic effect while Sincalide
increases peristaltic activity. They found that there was
no significant different in the level of 18F-FDG uptake
before and after administration of both drugs.

Meanwhile, the statistical analysis also showed that
in between hyoscine and control groups, there was
no significant difference in means SUVmean and B/L
ratio. This study found that hyoscine has higher mean
SUVmean compared to control group. B/L ratio of
hyoscine group was also higher than the control group.
In contrast to these findings, there was a study by
Emmott et al. (21), evaluating the effects of hyoscine on
bowel uptake during 18-F FDG PET-CT. They found that
hyoscine was effective in reducing bowel uptake when
comparing between patients received hyoscine and
control group. Furthermore, qualitative analysis showed
statistically significant contribution of bowel uptake
on confidence of reporting between two independent
observers.

Besides poor gastrointestinal absorption of hyoscine,
the above findings can be attributed to the shorter
effect of hyoscine. Ideally, hyoscine has to be given
30 minutes before 18F-FDG injection (22). The effect
of the drug achieved maximum at around 2 hours after
ingestion. The strict timing was difficult to follow in this
study because the 18F-FDG was brought from Hospital
Putrajaya (estimated 4-5 hours’ journey to Hospital Pulau
Pinang). In between scans, there were unscheduled
delays due to various reasons such as repeat scan and
machine breakdown. Efforts had been made to minimise
this problem such as recording strictly time of hyoscine
administration. The attending radionuclear pharmacists
were also helpful by getting the daily departure time of
18F-FDG from Hospital Putrajaya. Therefore, the arrival
time was estimated and time of hyoscine administration
could be scheduled.

Besides that, other confounding factor may need to
be considered is patients’ medications. Several drugs
were noted to interact with hyoscine. The examples
of commonly consumed drugs were antihistamine,
baclofen, antipsychotics, metoclopramide, thiazide
diuretics, tramadol and antidepressants. These drugs

reduced the efficacy of hyoscine as an antispasmodic
agent. Detail drug history need to be carried out in order
to reduce the drug-drug interactions. Unfortunately,
some of patients were not able to give a good drug
history being the majority of study samples were aged
above 60 years old.

The measurement of SUVmean was dependent on
the method of region of interest (ROI) selection for
SUVmean measurement and other factors such as body
habitus, bowel related disease, patients’ medications
and blood sugar level (23). The 18F- FDG uptake in
tumor was considerably affected by the blood glucose
level. However, 18F-FDG uptake in the bowel was not
related to blood sugar level (24). The measurement of
SUVmean was operator dependent. The size of region
of interest (ROI) might differ in one sample to another.
This is particularly important in patients with diffuse and
high bowel uptake. Other than that, a large focal bowel
uptake was also affected by ROI. Some patients also had
surgery done to bowel that changed the normal anatomy
of bowel. Examples were like patient with colostomy or
ileal conduit. The same size of ROl in the bowel as well
as in the liver was used. As far as possible, the interpreter
had tried to avoid putting the ROl box near a non-bowel
structure.

The computer used for SUVmean measurement
normalised the calculated value to the patients’ body
weight. This might affect the SUVmean measurement
in the larger body weight patient. The increased of body
fat fraction caused overestimation of SUV measurement
(25). The avidity of different tissues in the body was
also different. This caused variability of SUVmean
measurement by the computer. For example, fatty tissues
had the lowest 18-F FDG uptake while for changes in
body weightbetween 50 kg to 100 kg; normal liver uptake
varied almost 40-50% (23). Even though correctional
methods were available, many studies omitted this issue
when reporting SUV value. Most of the time, ratio of the
measured SUV value to background uptake of liver or
skeletal muscles were used.

The standard practice in our centre was to start scanning
the patient 45 minutes to one hour after 18F-FDG
injection. The time for rapid FDG uptake differed from
patient to patient due to various uncontrollable factors.
SUV value might differ when the patient had longer
uptake duration (26). Meanwhile, plasma glucose level
was also important factor affecting the SUV value.
Doubling the plasma glucose level might cause a fall
in SUV value up to 40% (27). The liver uptake was also
affected by the fasting plasma glucose. The variability
of uptake in the liver was associated with higher blood
glucose level (28). In this study, the 18F-FDG uptake
time was controlled as strict as possible. However, there
were occasions whereby the duration was violated due
to unforeseen circumstances. The upper value of fasting
blood sugar was set not to exceed 8.0 mmol/L.
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Our study however has some limitations. The
distribution of diagnoses within each group was unequal
despite proper randomisation. The hyoscine group
had the highest number of patients with colorectal
cancer reaching almost half of its population (47.1%,
n=32). Another 13 patients (19.1%) were diagnosed
with gynaecological cancer in this group. In contrast,
gynaecological cancer accounted to 20.0% (n=13) in
the control group with only 3 patients (4.6%) diagnosed
with colorectal cancer. This situation might explain the
findings of high mean SUVmean of bowel and Bowel-
to-Liver ratio in hyoscine group as the majority of
patients in this group were diagnosed with colorectal
and gynaecological cancers. There was no significant
difference of mean SUVmean and bowel-to-liver ratio
compared to the control group. Further subanalyses
between hyoscine and control group after excluding
patients with colorectal and gynaecological cancers
were carried out to test the effect in reduction of bowel
uptake. The subanalyses found that the control group
has significantly lower mean SUVmean of bowel and B/L
ratio (p=0.025 and p=0.002 respectively). It showed that
the control group has lower 18F-FDG uptake compared
to hyoscine group. These results were in contrast to the
study conducted by Emmot et al. (21). We hypothesised
the factors contributing to these results were due to
many causes of poor 18F-FDG uptake such as presence
of bowel flora, presence of pathological tissue within
the gastrointestinal system that might caused different
uptake level on PET-CT.

Various factors were considered upon making the
conclusion. Among others, pattern of 18-F FDG uptake
provided a clue to the underlying cause. Diffuse uptake
was likely due to physiological while focal uptake
were more suggestive of pathological (30). Therefore,
focal suspicious uptake in the bowel warrants further
evaluation (7).

Other than the pattern of bowel uptake, correlation with
CT findings was helpful as well. Calcification, surgical
sites, streakiness, bowel mass, thickening of bowel wall,
adjacent enlarged lymph nodes among the CT findings
related to pathology. Besides that, correlation with
clinical data was also important to decide the likelihood
of pathology.

PET-CT has high sensitivity to detect bowel malignancy,
however it has lower specificity due to the potential
pitfalls from bowel motility as well as low- attenuating
lesions mimicking bowel uptake (31). It showed high
18F-FDG uptake in primary and recurrent colorectal
cancer (32) with the smallest focal size of the primary
lesion detected measuring 1.4cm (33). The most
common cause for false positive interpretation of PET
findings was physiological 18F-FDG uptake in displaced
pelvic organs (34). There were many pitfalls detected in
patients with known pelvic pathology including ovarian
and endometrial diseases (35).

CONCLUSION

Based on our study, there was no significant effect of
Hyoscine-n-butylbromide in reducing physiological
bowel uptake during 18F-FDG PET-CT in this study.
Further study of involving other antispasmodic agents
might be beneficial to be conducted to look for their
effect on physiological bowel uptake during 18F-FDG
PET-CT.
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