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Abstract
AIM: To assess and compare the image quality of 4% 
sorbitol and diluted iodine 2% (positive oral contrast 
agent) in abdomino-pelvic multi-detector computed to-
mography.

METHODS: Two-hundred patients, referred to the Ra-
diology Department of a central educational hospital for 
multi-detector row abdominal-pelvic computed tomog-
raphy, were randomly divided into two groups: the first 
group received 1500 mL of 4% sorbitol solution as a 
neutral contrast agent, while in the second group 1500 
mL of meglumin solution as a positive contrast agent 
was administered in a one-way randomized prospective 
study. The results were independently reviewed by two 
radiologists. Luminal distension and mural thickness 

and mucosal enhancement were compared between 
the two groups. Statistical analysis of the results was 
performed by Statistical Package for the Social Sciences 
software version 16 and the Mann-Whitney test at a 
confidence level of 95%. 

RESULTS: Use of neutral oral contrast agent signifi-
cantly improved visualization of the small bowel wall 
thickness and mural appearance in comparison with 
administration of positive contrast agent (P  < 0.01). In 
patients who received sorbitol, the small bowel showed 
better distention compared with those who received io-
dine solution as a positive contrast agent (P  < 0.05). 

CONCLUSION: The results of the study demonstrated 
that oral administration of sorbitol solution allows better 
luminal distention and visualization of mural features 
than iodine solution as a positive contrast agent. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this study, performed on 200 cases, we ran-
domly divided the cases into two groups receiving either 
meglumin as a positive contrast or sorbitol as a negative 
contrast for abdominal and pelvic computed tomogra-
phy. Our study showed that luminal distension and mural 
thickness was significantly better delineated with neutral 
contrast agent compared with positive contrast solution.
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Improvement of distension and mural visualization of bowel 
loops using neutral oral contrasts in abdominal computed 
tomography



INTRODUCTION
The standard method to distend the gastrointestinal tract 
(GIT) in multi-detector computed tomography (CT) 
[multiple detector computed tomography (MDCT)] is 
administration of  high-attenuation contrast agents such 
as barium or diluted iodine (DI) to visualize the stomach 
and small bowel[1,2]. However, a search for different con-
trast materials to improve the image quality in abdominal 
MDCT is desired[3]. This is important for better mural 
enhancement and depiction of  bowel wall vs intraluminal 
content[4]. Use of  neutral or non-radiopaque contrast 
agents can help to improve visualization of  bowel wall 
and image quality[5]. It has previously been shown that 
neutral agents are beneficial in the CT diagnosis of  
Crohn’s disease, neoplasms, bowel ischemia, and hemor-
rhage[6,7]. Neutral agents are also used in the diagnosis of  
pancreatic and biliary tract disease, by providing better 
delineation and distention of  the duodenum[8]. There 
are a number of  neutral contrast agents that have been 
used widely throughout years. Whole milk, often used 
for this purpose, may not be well-tolerated by many pa-
tients and is difficult to store, which limits its usage[9]. 
The unfavorable taste of  methylcellulose solution makes 
it unpopular; and polyethylene glycol solution, despite 
its excellent bowel distention, is cathartic[10]. Manitol, an-
other neutral contrast agent, is available only in hospitals 
in Iran, so its administration is limited in the outpatient 
ward[11-13]. The most prevalent neutral contrast material, 
which is used extensively, is water[14]. Water has a slow 
intestinal transit that gives it a good contrast capacity in 
the upper part of  the GIT. However, rapid absorption by 
the distal part of  the small bowel, limits its usage in this 
part of  the GIT[15-17]. Adding high-osmolality materials 
to water might slow down its absorption. One of  these 
additive agents is sorbitol, a cost-effective, neutral oral 
contrast agent[18]. Sorbitol has been applied with low-
density barium (Volumen) for detection of  small bowel 
disorders[14,19]. To our knowledge, sorbitol alone has not 
been previously used as a neutral oral contrast agent for 
abdominal MDCT in a large non-homogenous group of  
patients. Paying attention to cost-effectiveness of  sorbitol 
and lack of  the availability of  Volumen in our country, 
we decided to assess and compare the image quality of  
4% sorbitol and diluted iodine 2% (positive oral contrast 
agent) in abdomino-pelvic MDCT. 

MATERIALS AND METHODS
A randomized clinical study using a random-numbers 
table was performed on 200 patients with various gastro-
intestinal or abdominal complaints, who were referred to 
out teaching hospital for a MDCT. 

Patient selection process
Patients older than 18 years old were selected and divided 
into two groups of  equal number, undergoing 100 CT scan 
examination with positive contrast agent and another 100 
with neutral contrast. Patient exclusion criteria were acute 

intestinal obstruction; acute intestinal inflammatory or in-
fectious disease; recent bowel surgery; fluid-restricted diet; 
inability to drink; and gastrointestinal perforation. Groups 
were pair-matched in demographic characteristics such as 
age and weight. Patients were asked not to eat or drink for 
at least 6 h before radiologic examination. There were equal 
number of  male and female subjects in both groups. 

This one-way blinded randomized prospective study 
was approved by our institutional Ethics Committee. The 
study protocol was explained to all patients, and after ob-
taining written informed consent, they were entered into 
the study.

Bowel distending agent
Patients were divided into two groups and randomly re-
ceived neutral or positive oral contrast agents. The total 
volume of  contrast agent consumption for each patient 
was recorded in order to estimate compliance. Standard 
protocol was used for contrast agent administration. For 
each group, 1500 mL of  contrast agent was administered 
over 60 min. Patients were observed closely by a trained 
nurse for the possible complications such as allergic re-
actions or gastrointestinal symptoms. The positive oral 
contrast group received 2% DI solution which had been 
compounded by diluting 20 mL of  meglumin diatrizoate 
compound in 1480 mL of  water (each meglumin vial 
contains 370 mg/mL iodine). In the second group, a 4% 
sorbitol solution was administered as a neutral oral con-
trast and prepared using 60 g of  sorbitol sugar mixed in 
1500 mL of  water. For sorbitol sugar, we used 12 sachets 
of  sorbitol, each containing 5 g of  sorbitol. 

Imaging protocol
All MDCT examinations were conducted on the same 
equipment, a 16-detector unit (Neusoft Inc., China). The 
procedure lasted 30-35 min and was conducted using the 
same technique for all patients. Patients lay in the supine 
position on the CT table and modifications in the general 
abdominal scan protocol were minimal. After obtaining 
topograms, a single phase acquisition in 60-90 s was per-
formed from diaphragm to the symphysis pubis. Each axial 
section was 5 mm thick, with a gap of  5 mm between slices. 
Coronal images with 1.5 mm thickness and 2 mm gap were 
reconstructed automatically; this view was referred to as the 
space between the anterior abdominal wall and the para-
vertebral muscles. Sagittal reconstructions were generated 
as required. In each group, 1500 mL of  contrast agent was 
administered within 60 min. Before imaging, an intravenous 
line was placed in all patients and 120 mL of  intravenous 
contrast material with concentration of  300 mg/mL iodine 
was administered by a power injector at rate of  3-4 mL/se-
vere central canal narrowing followed by infusion of  50 mL 
of  normal saline. At the end of  the imaging, all cases were 
coded, identifiers were deleted, and the studies were main-
tained for further analysis. 

Data analysis
Two radiologists interpreted and re-reviewed the data 
independently. Both radiologists had five years of  experi-
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Table 2  Radiologists’ satisfaction with image quality

Score First radiologist Second radiologist

Neutral Positive P value Neutral Positive P value

Satisfaction
  0   0 48   2 50
  1   8   6 < 0.000   4   8 < 0.000
  2   6 34   8 30
  3   0   4   2   6
  4 86   8 84   6
Kappa correlation 0.839

ence in body imaging. Because we designed the study to 
compare neutral and positive contrast agents, we were 
unable to blind our reviewers/radiologists to the type of  
material used. A five-point scale (0 = worst, 4 = best) was 
used to determine the quality of  images as well as the 
intestinal wall delineation. The latter was classified from 
indistinguishable (0) to completely visible (4). Overall im-
age quality was varied from unspecified (0) to perfect (4) 
according to Likert Scale[14]. The maximum horizontal di-
ameter of  duodenum, jejunum, and terminal ileum were 
measured from one inner margin wall to the other one. 

Statistical analysis
Data was analyzed by SPSS version 16. Descriptive sta-
tistical analysis of  the demographics was performed. To 
compare the reported scores of  the neutral oral contrast 
and positive contrast groups for intestinal distention and 
overall image quality by the radiologists, the Mann-Whitney 
U-test was performed. The difference between the overall 
image quality scores of  both groups was also compared 
by performing the Mann-Whitney U-test (P = 0.05). Inter-
observer variability was tested by Cohen’s kappa correlation 
test. 

RESULTS
All 200 patients tolerated the contrast agents well, and 
none of  the patients developed gastrointestinal symptoms 
or allergic reactions to any of  the oral contrast agents. No 
serious side effects were reported. The mean duodenal, 
jejunal and ileal diameter reported by both radiologists is 
shown in Table 1. The mean diameter after neutral con-
trast material was significantly higher than that of  posi-

tive contrast agent for duodenum (first radiologist: 9.1 
vs 13.3; second radiologist 9.08 vs 12.88) and ileum (first 
radiologist: 15.6 vs 18.1; second radiologist 15.4 vs 18.1). 
However, the difference was not statistically significant for 
jejunum (first radiologist: 15.3 vs 14.7; second radiologist 
15.3 vs 14.6). The inter-observer variability for wall thick-
ness of  intestinal loops was reasonably good with Spear-
man correlation values of  0.997-0.989. 

In Table 2, radiologists’ satisfaction with the quality of  
imaging was compared. Both agreed that it was significantly 
higher in the neutral contrast agent group. Wall delineation 
was significantly better in the neutral contrast group, as well 
(Table 3). Inter-observer agreement evaluated by kappa sta-
tistics demonstrated that there was no significant difference 
between the two observers regarding visibility of  the wall (P 
= 0.894) and image satisfaction (P = 0.839). 

In Figures 1 and 2, a sample coronal reconstruction 
of  an abdominal-pelvic CT scan using neutral and posi-
tive contrast agents is shown. As can be seen in Figure 1, 
the coronal reconstruction of  the abdominal and pelvic 
CT scan using a neutral oral contrast agent, there is excel-
lent visualization of  the wall of  the small intestine and 
good distention of  the bowel loops. However, in Figure 2, 
which was performed with positive contrast agent, there 
is poor distention of  the bowel loops and poor visualiza-
tion of  the small intestine wall.

DISCUSSION
Our study demonstrated that small bowel distention is 
significantly improved by the usage of  neutral contrast 
agent (sorbitol solution), especially for duodenum and 
ileum. It also demonstrated the value of  a neutral con-
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Table 1  Quantitative score assessment of bowel distension

Duodenum mean± SD Mann Whitney P value Jejunum mean ± SD Mann Whitney P value Ileum mean± SD Mann Whitney P value

First radiologist 0.009 0.62 0.014
  Positive     9.1 ± 0.633   15.3 ± 0.81  15.6 ± 0.66
  Neutral 13.3 ± 1.09 14.76 ± 0.75  18.1 ± 0.71
  Total 11.2 ± 0.66 15.03 ± 0.55 16.8 ± 0.5
Second radiologist 0.018 0.59 0.02
  Positive   9.08 ± 0.65   15.3 ± 0.88   15.4 ± 0.65
  Neutral 12.88 ± 1.07 14.68 ± 0.76   18.1 ± 0.65
  Total   11.0 ± 0.65 14.99 ± 0.55 16.77 ± 0.48
Spearman correlation 0.997 0.989 0.997
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study in a tertiary referral academic hospital, so that the 
studied population could be representative of  the general 
population.  

Oliva et al[21] concluded that orally administered neu-
tral barium suspension resulted in better visualization 
and distention of  the gastrointestinal tract in comparison 
with positive barium sulphate suspension or water. The 
same findings were obtained in our study due to higher 
osmolarity of  sorbitol in comparison with diluted iodine. 
While DI does not induce osmotic gap, and the solution 
is absorbed by the GI tract and therefore bowel disten-
sion is decreased in the distal parts, sorbitol solution is 
a non-digestible agent which increases the volume of  
physiologic fluids secreted by the upper GI tract, due to 
its osmotic effect. Moreover, many studies confirmed 
that low-density barium suspension with sorbitol was 
better-tolerated in patients who required oral contrast 
agents[15,22]. Otero et al[23] evaluated the effect of  low-
density neutral contrast agent on image quality in patients 
with malignancy undergoing positron emission tomog-
raphy/CT, and showed that this agent improved image 
quality without any side effects[23]. In some of  the previ-
ous studies, such as Berther et al[24] and Meindl et al[25], 3% 
mannitol was used as a neutral contrast agent. The final 
results of  this study were similar to ours, and confirmed 
that no matter what type of  neutral contrast agent was 
used, image quality is enhanced, compared with those us-
ing positive contrast agents. 

In conclusion, the results of  this study demonstrate 

trast agent in displaying the intestinal wall. We used a 4% 
sorbitol solution as a neutral contrast agent hypothesiz-
ing that sorbitol’s osmolarity would lead to better luminal 
distention, higher differentiation between the bowel wall 
and the hypo-dense intraluminal content, and detailed 
delineation and evaluation of  mural features. Our results 
showed that administration of  neutral luminal oral con-
trast agent combined with use of  multi-detector CT scan-
ners leads to improved assessment of  the bowel wall and 
its vascularity[7].

While the volume of  the oral contrast agent adminis-
tered in our study was less than the 1800 mL used in oth-
er studies such as in Shanmuganathan[8], we were still able 
to obtain radiologic images of  excellent quality. To opti-
mize the contrast agent’s performance, two-thirds of  the 
total volume (900-1000 mL) administered was in divided 
doses consumed over the period of  20-30 min before 
scanning, and the remaining third (200-300 mL) was con-
sumed when the patients entered the scanning suite. In 
the traditional oral contrast administration protocol, this 
stage lasts 45-60 min. In this study, acceleration without 
decreasing image quality improved patients’ compliance. 
Naeger emphasized the role of  positive oral contrast in 
identifying normal appendices[19]. Megibow et al[20] showed 
that Volumen would be a good contrast agent for gas-
trointestinal wall visualization. Sample size in the current 
study was larger than in Megibow et al[20]. Additionally, 
patients studied by Megibow et al[20] were limited to those 
who had pancreatic or biliary disease. We performed this 
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Table 3  Quantitative assessment of mural delineation

Score First radiologist Second radiologist

Positive Neutral P value Positive Neutral P value

Wall delineation 
  0 62 0 66 2
  1 14 10 < 0.000 14 8 0.004
  2 22 10 18 10
  3 2 0 0 80
  4 0 80 2
Kappa correlation 0.894

Figure 1  Coronal reconstruction of abdominal and pelvic computed to-
mography scan using neutral oral contrast agent.

Figure 2  Coronal reconstruction of abdominal and pelvic computed to-
mography scan using positive oral contrast agent.
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that neutral oral contrast agents provide better disten-
tion and visualization of  gastrointestinal mural features 
when compared with positive oral contrast agents; both 
radiologists agreed completely with these results. Admin-
istration of  neutral oral contrast did not diminish visual-
ization of  the bowel wall as induced by positive oral con-
trast materials. Thus, we concluded that the combination 
of  MDCT technology and the radiologist’s supervision, 
besides evaluation of  reconstructed images as required, 
can facilitate the detection and delineation of  mural 
characteristics, especially by administration of  neutral 
oral contrast agents. Our findings show that sorbitol is a 
safe, cost-effective, and easy-to-use neutral contrast agent 
which enhances image quality and is suitable for patients 
with various GIT disorders. 
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COMMENTS
Background
Distending the bowel lumen is very important for visualization of bowel wall in 
multi-detector computed tomography (MDCT). For this purpose we can use 
positive contrast agents or neutral ones. There has always been a challenge 
about the advantages of using either of these agents. There are a number of 
neutral contrast agents using worldwide, the most popular being water. Howev-
er, water is rapidly absorbed in the distal parts of small bowel and needs some 
high-osmolality additives.
Research frontiers
Sorbitol is one the additives that might slow down the water absorption in the 
distal parts of gastrointestinal tract (GIT). However, Sorbitol alone has not been 
previously used as a neutral oral contrast agent for abdominal MDCT in a large 
non-homogenous group of patients. In the area of using neutral contrast agents 
in MCDT of GIT, the hot spot of this study was to assess and compare the im-
age quality of 4% sorbitol and diluted iodine 2% (positive oral contrast agent) in 
abdomino-pelvic MDCT.
Innovations and breakthroughs
This study demonstrated that small bowel distention is significantly improved by 
the usage of neutral contrast agent (sorbitol solution), especially for duodenum 
and ileum. It also demonstrated the value of a neutral contrast agent in display-
ing the intestinal wall. While the volume of the oral contrast agent administered 
in this study was less than the 1800 mL used in other studies the authors were 
still able to obtain radiologic images of excellent quality. In this study, accelera-
tion without decreasing image quality improved patients’ compliance. In some 
of the previous studies, 3% mannitol was used as a neutral contrast agent. The 
final results of this study were similar to theirs, and confirmed that no matter 
what type of neutral contrast agent the authors use; image quality is enhanced, 
compared with using positive contrast agents. 
Applications
This study shows that sorbitol (as a neutral contrast agent) has a better capac-
ity in distending bowel wall and therefore better delineates of the bowel wall in 
MCDT compared with positive contrast agents. This finding is more consider-
able in duodenum and ileum.
Terminology
A Neutral contrast agent is a type of contrast material which is used in evalua-
tion of the bowel wall in abdominal imaging. Unlike positive contrast materials, 
these type of contrasts are not iodinated based and do not increase the density 
of the bowel lumen. Sorbitol is a cost-effective, neutral oral contrast agent.

Peer review
This is a good research study in which the authors assessed and compared the 
image quality of 4% sorbitol and diluted iodine 2% (positive oral contrast agent) 
in abdomino-pelvic MDCT.
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