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Objective: To compare the performances, tolerability and acceptability of mannitol
and polyethylene glycol (PEG) as oral contrast agents in patients undergoing com-
puted tomography enterography (CTE).

Methods: Patients aged 18-75 years indicated for CTE were randomized to receive
either mannitol or PEG as contrast agents. The coronal reconstructed images of each
abdominal quadrant were assessed for maximum distention, proportion of distended
bowel loops, presence of inhomogeneous contents and visibility of the small bowel
wall. Overall subjective imaging quality assessment and patients’ tolerability and
acceptability were recorded.

Results: Seventy patients were enrolled and randomized into two groups. In the per-
protocol analysis, no significant differences in imaging quality was found in bowel
distention maximum diameter, wall visibility and intestinal homogeneity (all P > 0.05).
The mean nausea score was lower in the mannitol group (0 [0-0] vs 1.0 [0-3.0],
P < 0.001). Mannitol was superior to PEG in taste (9.0 [8.0-10.0] vs 7.0 [5.0-8.0],
P < 0.001), patients’ willingness to reuse the drug (9.0 [8.0-10.0] vs 8.0 [7.0-9.0],
P = 0.036), satisfaction (9.0 [8.0-10.0] vs 8.0 [7.0-9.0], P = 0.022) and ease of comple-
tion (9.0 [8.0-9.3] vs 8.0 [6.5-9.0], P = 0.030).

Conclusions: Both mannitol and PEG provided good bowel distention and visualiza-
tion of the bowel wall. However, mannitol was significantly superior to PEG in

patients’ tolerability and acceptability.
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1 | INTRODUCTION

Thanks to the development of imaging technology, computed tomogra-
phy enterography (CTE) has become one of the first-line modalities for
detecting diseases of the small bowel, particularly inflammatory bowel
(IBD).1®  Unlike

(CT) examination, CTE allows the visualization of both small intestinal

diseases conventional computed tomography
wall and lumen after ingested a large volume of contrast agents.* More-
over, CTE shows clearly the pathological changes of the small bowel by
presenting mural stratification, segmental mural hyperenhancement,
increased density of mesenteric fat and engorged vasa recta.>”

Quality of a CTE examination depends mainly on adequate intes-
tinal distention and wall visibility, which optimize the resolution of the
bowel wall and lumen.2 Oral contrast agents used in CTE examina-
tions are considered the key to achieving a satisfactory outcome. In
IBD patients the form of mural enhancement is crucial to the diagno-
sis, especially for Crohn's disease.”° Neutral oral contrast agents,
which are isodense, are preferred to positive oral contrast materials in
CTE as these agents improve the conspicuity of bowel mucosal and
mural hyperenhancement.!%12

Several studies have compared the performances of various neu-
tral contrast agents used in CTE, including water, whole milk, methyl-
cellulose, polyethylene glycol (PEG), mannitol, lactulose and low-
concentration barium.*®*® Excellent imaging quality combined with a
good taste makes mannitol one of the most widely used neutral con-
trast agents in CTE.}16 However, risks of dehydration and loss of
electrolytes, as well as that of producing explosive gas after mannitol
ingestion have significantly limited its clinical application.!”:*®
Although no serious adverse reactions have been reported, it remains
to be confirmed whether the use of isotonic mannitol as an oral con-
trast agent in CTE is accompanied by other side effects. PEG has also
been recommended as an oral contrast agent for CTE because of its
safety; however, certain inherent attributes of PEG may have negative
effects on the imaging quality of CTE. Moreover, its poor taste and
drainage effect as a volumetric laxative may also affect the imaging
quality and patients’ tolerance to the agent.*>'%2° As few relevant
prospective studies are available,'> whether the quality of CTE imag-
ing using PEG as an oral contrast agent was inferior to that using man-
nitol, despite its safety advantages, remains to be investigated.

The aim of this study was to evaluate prospectively the perfor-
mances of two neutral oral contrast agents, mannitol and PEG, in CTE,
and to assess the image quality and patient's tolerability and
acceptability.

2 | MATERIALS AND METHODS

This study was approved by the Medical Ethics Committee of Qilu Hos-
pital of Shandong University (Jinan, Shandong Province, China) in accor-
dance with the provisions of the Declaration of Helsinki. Written
informed consent was obtained from all patients before their enroll-
ment.  This study was

(no. NCT03495804).

registered at  ClinicalTrials.gov
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21 | Patients

Adult inpatients aged 18-75 years undergoing CTE at our hospital
from October 2017 to August 2018 were recruited. Exclusion criteria
were: (a) aged <18 years or >75 years; (b) with known or suspected
bowel obstruction or perforation; (c) severe cardiac dysfunction,
severe chronic renal failure (creatinine clearance below 30 mL/min),
uncontrolled hypertension (systolic blood pressure >170 mmHg
and/or diastolic blood pressure >100 mmHg), or being hemodynami-
cally unstable; (d) with a previous history of colorectal or gastric sur-
gery; (e) with severe IBD or megacolon; (f) with dehydration or
dysphagia; (g) pregnancy or lactation; (h) with documented allergy to
intravascular contrast agents; and (i) unable to give informed consent.
Patients with abnormal CTE imaging related to non-research factors
(ie, intestinal dysplasia) were excluded from per-protocol (PP) analysis,
as were patients who failed to complete the oral preparation as

required.

2.2 | Randomization

The allocation sequences were generated by a computer and encapsu-
lated in sealed, opaque envelopes by an independent investigator.
Patients were randomized to receive either of the two neutral oral
contrast agents by opening one of these envelopes. The nurses, image
technicians, radiologists and analysts were all blinded to the patients'

randomization.

2.3 | Regimens for preparation

The patients were instructed to take PEG (2 L) before the CTE for
bowel preparation. They were then randomized to receive 1500 mL
oral contrast agent, either mannitol (isotonic mannitol solution
diluted with hypertonic mannitol; Baxter, Shanghai, China) or PEG
(pineapple-flavored PEG electrolyte power dissolved to 1500-mL vol-
ume; Wanhe Pharmaceutical, Shenzhen, Guangdong Province, China),
in 50 minutes: 1000 mL within the first 30 minutes, 250 mL in the
next 10 minutes and the remaining 250 mL in the last 10 minutes.
After taking the contrast agent, 20 mg anisodamine hydrochloride
was given intramuscularly. Patients were then transferred immediately
to the CT room, and CT scan was performed within 10-20 minutes

after the injection.

24 | CTE procedure

Plain and contrast-enhanced triphasic CT scans were performed by
using a dual-source CT (Siemens, Munich, Germany). The scan param-
eters were as follows: 120 kV, variable mA, rotation time of 0.5 sec-
onds, pitch of 0.6, thickness of 5mm. An automatic intravenous
injection of 60-100 mL (1.5 mL/kg) contrast material (Ultravist
300 [iopromide]; Bayer Schering Pharma, Berlin, Germany) was
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administrated via a power injector at a rate of 3.0 mL/s. CT scan was
then performed at 30 seconds and 60 seconds, which corresponded
to the hepatic arterial phase and the portal venous phase, respec-
tively. The scan ranged from above the diaphragm to the pubic sym-
physis. Raw data were reconstructed at 1-mm section widths and a
1-mm increment.

2.5 | Assessment of CTE images
The primary outcome was the imaging quality of CTE by using the
two neutral oral contrast agents. All the CT findings and coronal
reconstruction CT images were obtained and evaluated by a single
experienced radiologist (QSZ) in a blinded manner on a computer
workstation using a picture archiving and communication system
(Impax, AGFA, Mortsel, Belgium). The abdomen was divided into four
quadrants using a vertical line through the xiphoid process and a hori-
zontal line through the iliac spine.*®

Based on prior studies and radiologists' recommendations,?%22
intestinal segments of no less than 20 mm in diameter were defined
as adequately distended segments. Each quadrant was assessed for
the overall distention based on the proportion of adequately dis-
tended bowel segments, which was graded on a scale of 1-4: 1, poor
distention (0%-25%); 2, fair distention (26%-50%); 3, good distention
(51%-75%); and 4, excellent distention (76%-100%). The luminal diam-
eter of the most distended bowel loops in each abdominal quadrant
was recorded in millimeters. Visibility of the small bowel wall at each
quadrant was evaluated according to the visualization of folds and
wall of the intestine, which was graded on a scale of 1 (poor) to
4 (excellent). In addition, whether inhomogeneous substances, includ-
ing solids, semi-solids and gases, were present in the intestinal lumen
at each of the four quadrants were recorded by the observer, which
was recorded as “yes” or “no”. The overall evaluation included a judg-
ment on whether the contrast agent had reached the ileocecal part, as
well as an overall assessment with a score of 1 (poor) to 4 (excellent),

based on the abovementioned criteria.

2.6 | Assessment of tolerability and acceptability
of the patients

The secondary outcomes of the study were the patient's tolerability
and acceptability of both neutral oral contrast agents. After complet-
ing the CT scan, each patient was interviewed using a questionnaire
about their tolerability and acceptability. The patients were asked to
rate the degree of nausea, vomiting, diarrhea, abdominal distention
and pain during the ingestion of oral contrast regimens on a scale of
0-10, with O being no feeling and 10 being unbearable. They were also
asked to rate the taste, ease of completion of the contrast agent
ingestion, their own willingness to reuse the contrast agent and their
satisfaction with the preparation on a scale of 0-10, with O being
unacceptable and 10 being satisfactory. The presence or absence of

dizziness, weakness and electrolyte disorders was also documented.

2.7 | Sample size calculation

The study was designed to be a non-inferiority trial, which is an exper-
iment to test whether a new drug or therapy is not inferior to an exis-
ting positive control drug or therapy. The sample size was calculated
based on the average diameter of intestinal distention at all four
abdominal quadrants. Assuming a significance level of 0.05, a power
of 0.8, a standard deviation of 3 mm and a non-inferiority margin of
2 mm,?® the calculated total sample size required was 58 patients.
Considering 15% of the patients might drop out, at least 70 patients
should be included.

2.8 | Statistical analysis

All the statistical analyses were performed by using SPSS for Win-
dows version 21.0 (IBM, Armonk, NY, USA). Continuous variables
were presented as mean + standard deviation and compared using the
Student's t-test or the Mann-Whitney U-test between the two
groups. While binary variables were presented as numbers and per-
centages, and were compared using the 2 test. Multi-categorical vari-
ables were presented as median and interquartile range (IQR) and
compared using the Mann-Whitney U-test. Intention-to-treat (ITT)
and PP analyses were used to evaluate the primary outcome. P < 0.05
was considered significant for the statistical analyses.

3 | RESULTS

3.1 | Patients’ characteristics

From October 2017 to August 2018, 85 eligible inpatients were
assessed for inclusion, of whom 15 were excluded due to intestinal
obstruction (n = 7), a previous history of colorectal surgery (n = 2),
severe constipation (n = 1) and declined to participate in the study
(n = 5), respectively. Finally, a total of 70 patients were equally ran-
domized into the mannitol group or the PEG group. Patients’ charac-
teristics are shown in Table 1. There were no significant differences in
age, gender distribution, or body mass index between the two groups
(all P> 0.05).

The imaging findings of 60 patients were analyzed in the PP anal-
ysis, while 10 patients were excluded due to their failure to finish the
examination on time (n = 2), or to take the contrast agent as required
(n = 4), intestinal dysplasia (n = 1), possible drug allergy (n = 1) and
intestinal gas accumulation (n = 2). The flow diagram of patient enroll-

ment and randomization is shown in Figure 1.

3.2 | CTEimages

The diameters of the most distended bowel loops at the four abdomi-
nal quadrants of the mannitol group ranged from 19.0 mm to
26.5 mm, while that in the PEG group ranged 18.3-24.8 mm. In the
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PP analysis, no significant differences were found in the maximal dis-
tention of bowel loops at any of the four abdominal quadrants
between the two groups (mannitol vs PEG: left upper [LU]: [21.9
+1.7] mm vs [21.7 £ 1.4] mm, P = 0.669; right upper [RU]: [21.6
+1.5] mm vs [21.8 £ 1.5] mm, P = 0.459; left lower [LL]: [21.5 + 1.0]
mm vs [22.1 + 1.5] mm, P = 0.080; right lower [RL]: [22.2 + 1.7] mm
vs [21.8 £ 1.4] mm, P = 0.319) (Table 2). Moreover, there were no sig-
nificant differences between the two groups when assessing the
degree of bowel distention using the artificial 4-point scale (mannitol
vs PEG: LU: 25+ 1.1 vs 26+ 1.0, P = 0.785; RU: 24+ 0.8 vs 2.5
+0.9,P=0.576; LL: 3.2+ 0.9 vs 3.2+ 0.7, P = 0.815; RL: 2.9 + 1.0 vs
3.2+0.9,P=0.270).

The mean score for bowel wall visibility in both groups was above
the level of good. There were no significant differences at each of the
four abdominal quadrants (mannitol vs PEG: LU: 34+ 1.0 vs 3.3
+0.8,P=0.642; RU: 3.0 £+ 0.8 vs 3.0 £ 0.9, P = 0.880; LL: 3.9 + 0.6 vs
3.8+ 0.6, P = 0.448; RL: 3.5 £ 0.9 vs 3.6 + 0.8, P = 0.741). Addition-
ally, in the ITT analysis, no significant differences were found in these
parameters, as shown in Table 2.

Contrast agents reached the cecum in 31 patients in the mannitol
group and 29 in the PEG group (P = 0.495). By using the ITT analysis,

TABLE 1 Patients’ characteristics
Mannitol
Parameters (N = 35) PEG (N = 35) P value
Age,y (mean £ SD)  44.9 + 13.0 447 + 144 0.951
Gender, n (%) 0.810
Male 20(57.1) 19 (54.3)
Female 15 (42.9) 16 (45.7)
BMI, kg/m? (mean 22.0+3.6 21.5+3.7 0.514
+SD)

Abbreviations: BMI, body mass index; PEG, polyethylene glycol; SD,
standard deviation.

there was no significant difference in the appearance of inhomoge-
neous substances between the two groups (mannitol vs PEG: 85.7%
[120/140] vs 81.4% [114/140], P = 0.333). Additionally, the overall
assessment of the imaging quality of the two groups showed no sig-
nificant difference (mannitol vs PEG: 2.6+10 vs 26=*1.0,
P = 1.000). While based on the PP analysis, both contrast agents
reached the cecum in all the patients enrolled. There was no signifi-
cant difference in the appearance of inhomogeneous substances
(mannitol vs PEG: 96.8% [120/124] vs 98.3% [114/116], P = 0.457) or
the overall assessment of imaging quality (mannitol vs PEG: 2.8 + 0.8
vs 3.0 £ 0.8, P = 0.542) as well.

In summary, we found that PEG was statistically not inferior to
mannitol in CTE, based on the maximum mean diameter of the dis-
tended bowel loops and the imaging quality (Figure 2).

3.3 | Patients’ tolerability and acceptability of the
contrast agents

Adverse events related to the use of contrast agents were analyzed
(Table 3). Four (12.9%) patients in the mannitol group reported dizzi-
ness after the examination, compared with only one (3.4%) in the PEG
group, although there was no statistically significant difference
(P = 0.185). Three patients each in both groups reported fatigue after
the examination (P = 0.931). Only one patient in the mannitol group
experienced a slight decrease in serum sodium level (134 mmol/L;
normal range: 137-147 mmol/L); while in the PEG group blood elec-
trolyte levels were within the normal range in all the patients
(P=0.329).

The nausea score of the mannitol group was significantly lower
than that of the PEG group (0 [0-0] vs 1.0 [0-3.0], P < 0.001). No sig-
nificant differences were found between the two groups in the scores
of vomiting (0 [0-0] vs O [0-0], P = 0.301), diarrhea (3.0 [2.0-3.0] vs
3.0 [2.0-4.0], P = 0.244), abdominal distention (2.0 [0-3.0] vs

‘ Patients assessed for eligibility (N = 85) ‘

Excluded (n = 15)

Intestinal obstruction (n = 7)

Colorectal surgery (n = 2)

‘ Patients included for randomization (n = 70) ‘

Severe constipation (n = 1)

Declined to participate (n = 5)

Mannitol (n = 35)

| ITT analysis (n = 35) |

Excluded (n = 4)
Unfinished preparation (n = 1)
Delayed examination (n = 1)
Intestinal dysplasia (n = 1)
Gas accumulation (n = 1)

PP analysis (n =31)

FIGURE 1

1

| ITT analysis (n=35) |

Excluded (n = 6)
Unfinished preparation (n = 3)
Delayed examination (n = 1)
Gas accumulation (n = 1)
Possible drug allergy (n=1)

PP analysis (n =29)

Flowchart of patient inclusion and randomization. ITT, intention-to-treat; PEG, polyethylene glycol; PP, per-protocol
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TABLE 2 Computed tomography imaging data between the two groups based on intention-to-treat (ITT) and per-protocol (PP) analyses

ITT analysis PP analysis

Mannitol (n = 35) PEG (n=35) Pvalue Mannitol (n = 31) PEG (n = 29) P value

Maximum diameter of distention, mm (mean + SD)

LU 194+7.2 180+ 84 0.460 219+17 21.7+14 0.669
RU 19171 18.1+£85 0.597 21.6+15 218+15 0.459
LL 19.1+£7.0 183 £8.6 0.693 21.5+1.0 221+15 0.080
RL 19.6£7.3 180+84 0.398 222+17 218+14 0.319

Bowel distention score (mean * SD)

LU 24+11 23+11 0.914 25+£11 26+10 0.785
RU 22+09 23+10 0.903 24+08 2509 0.576
LL 29+11 29+11 0.739 32+09 32+07 0.815
RL 27+11 28+12 0.674 29+10 32+09 0.270

Bowel wall visibility (mean * SD)

LU 31+£12 29+12 0.422 34+10 3.3+£038 0.642
RU 28+10 27+12 0.742 3.0+08 3.0£09 0.880
LL 35+11 33+12 0.342 3.9+0.6 3.8+0.6 0.448
RL 32+11 31+12 0.762 3.5+£09 3.6+0.8 0.741

Abbreviations: LL, left lower; LU, left upper; PEG, polyethylene glycol; RL, right lower; RU, right upper; SD, standard deviation.

FIGURE 2 Coronal computed
tomography enterography images. A
and B, two patients with small bowel
diseases; C and D, two patients without
intestinal abnormalities. A and C were
prepared with mannitol, and B and D
were prepared with polyethylene glycol
(PEG), respectively. A, B, Both contrast
agents clearly depicted mural
hyperenhancement, thickening

and perienteric inflammatory changes
(arrows)
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TABLE 3 Patients’ tolerability to and acceptability of mannitol
and polyethylene glycol (PEG) as oral contrast agents by per-protocol
analysis (median [IQR])

Mannitol
(n=31) PEG (n = 29) P value
Tolerability
(assessed by
adverse events)
Nausea 0(0-0) 1.0 (0-3.0) <0.001
Vomiting 0(0-0) 0(0-0) 0.301
Diarrhea 3.0(2.0-3.0) 3.0 (2.0-4.0) 0.244
Abdominal pain 0(0-0) 0(0-1.5) 0.314
Abdominal 2.0 (0-3.0) 2.0(0-3.0) 0.976
distension
Acceptability
Taste 9.0 (8.0-10.0) 7.0 (5.0-8.0) <0.001
Ease of 9.0 (8.0-9.3) 8.0 (6.5-9.0) 0.030
completion
Willingness to 9.0 (8.0-10.0) 8.0 (7.0-9.0) 0.036
reuse
Satisfaction 9.0 (8.0-10.0) 8.0 (7.0-9.0) 0.022

Abbreviation: IQR, interquartile range.

2.0 [0-3.0], P = 0.976) and abdominal pain (0 [0-0] vs O [0-1.5],
P = 0.314). No serious adverse events were reported in either group.

The score for the taste of mannitol was significantly higher
than that of PEG (9.0 [8.0-10.0] vs 7.0 [5.0-8.0], P < 0.001). The
ease of completion score was significantly higher in the mannitol
group (9.0 [8.0-9.3] vs 8.0 [6.5-9.0], P = 0.030). Patients in the
mannitol group were significantly more willingly to reuse the drug
than those in the PEG group (9.0 [8.0-10.0] vs 8.0 [7.0-9.0],
P = 0.036). Additionally, patients in the mannitol group were sig-
nificantly more satisfied with their preparation (9.0 [8.0-10.0] vs
8.0 [7.0-9.0], P = 0.022).

3.4 | Medical cost of the contrast agents

The cost of mannitol per patient was significantly less than that of
PEG. Specifically, for each eligible exam, mannitol cost $1.28 per
patient, while PEG cost $8.86 per patient.

4 | DISCUSSION

Our results showed that both substances were equally effective for
imaging quality. However, the patient's tolerability and acceptability
of mannitol were significantly superior to those of PEG, and with a
lower cost.

This study suggested that the imaging quality using mannitol and
PEG as oral contrast agent did not differ significantly with respect to

small bowel distention, bowel wall visibility, and intestinal homogeneity.
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Previous studies have shown that both mannitol and PEG can achieve
relatively good imaging quality.2*? Because both mannitol and PEG are
isodense that can improve the conspicuity of bowel lumen and wall.
Some studies have indicated that mannitol can be fermented by gut bac-

1738 which, as inhomoge-

teria to produce hydrogen and methane gases,
neous components, may affect the image quality of CTE. In this study, no
difference was found in intestinal homogenity between the two groups.
This may be because that hydrogen and methane are mainly produced
during anaerobic bacterial activity in the human colorectum.?* Moreover,
the process may be too short to produce detectable gases.

Unexpectedly, in terms of the adverse events, the score for nau-
sea in the PEG group was significantly higher than that of mannitol
group, and one patient in the PEG group developed nausea. The score
for taste of PEG in our study was significantly lower than that for
mannitol, which is consistent with the results of Leduc et al.*® Poor
taste also raised other issues, as patients in the PEG group were sig-
nificantly less satisfied with the preparation and showed a signifi-
cantly lower willingness to reuse the contrast agent than those in the
mannitol group.

In this study, the ease of completion score was significantly
higher in the mannitol group and the results also showed that the
completion rate of the pre-examination preparation in the PEG group
was lower than that of the mannitol group, as three of the four
patients who did not complete the prescribed preparation were those
who ingested PEG. This may be due to the reason that all the patients
used PEG as routine bowel preparation regime before CTE. In the
mannitol group, the sequential use of the two agents made the taste
of the contrast more distinct; while in the PEG group, repeated use of
large volumes of PEG might have led to reduced tolerability.

Because of dehydration and the lack of electrolyte components,
water and electrolyte disturbance caused by mannitol is a focus of
attention. In our study only one patient experienced slightly
decreased sodium level after mannitol ingestion. Possible reasons are
as follows: (a) dehydration resulting from mannitol diminished with
the decrease in concentration; (b) slight changes in blood electrolyte
levels failed to cause corresponding clinical presentations; and (c) the
administration of intravenous fluids was the standard practice for the
inpatients. This is consistent with the results of other authors,?> who
found a mild subclinical dehydration with the use of 10% mannitol.
The stimulation of mannitol to the intestinal tract is an important fac-
tor leading to abdominal cramps and bloating. A comparative study of
two oral lavage methods for bowel preparation demonstrated that
patients experienced more nausea, cramps, and abdominal pain with
10% mannitol,?® but there were no significant differences in abdomi-
nal pain and bloating between the two groups in our study. This sug-
gests that low concentrations of mannitol may cause only mild
irritation to the gut.

Investigators tend to focus on the effect of contrast agents on
imaging quality and have conducted a series of studies on imaging
quality by using different contrast agents. However, patient's tolera-
bility and acceptability are also very important, as the large volume of
liquid intake is a heavy physical and psychological burden on patients.

To our knowledge, there have been no prospective studies comparing
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both performance and patient's tolerability and acceptability of man-
nitol and PEG for CTE.

There were several limitations to our study. First, we involved
inpatients only in our study. Thus, the efficacy of these two oral con-
trast agents cannot be generalized to outpatients. Second, patients
were not followed up after they completed the questionnaire for sub-
sequent adverse reactions such as diarrhea, leading to the inability to
assess the effects on patients' quality of life after the examination.
Finally, the patients in our study were not blinded to the agents as the
two drugs differed greatly in taste. Therefore, further investigation is
needed to overcome these shortcomings.

In conclusion, both mannitol and PEG achieve good imaging qual-
ity with respect to the degree of bowel distention, wall visibility and
intestinal homogeneity. In addition, the taste of mannitol was signifi-
cantly superior to that of PEG, which was closely related to its accept-
ability and made it easier for patients to complete the prescribed
preparation. Both mannitol and PEG are relatively safe oral neutral
contrast agents. In general, with its good imaging effect and low cost,
mannitol is a contrast agent that can be widely used. PEG formula-
tions provide an alternative for some special groups because of its

electrolyte composition.

ACKNOWLEDGMENTS

This study was supported by the National Natural Science Foundation
of China (no. 81670489) and the Key Research and Development Pro-
gram of Shandong Province (no. 2017CXGC1215).

CONFLICTS OF INTEREST

None.

ORCID

Xiu Li Zuo "= https://orcid.org/0000-0002-1521-3450
Yan Qing Li "2 https://orcid.org/0000-0003-0575-0399
REFERENCES

1. Bruining DH, Zimmermann EM, Loftus EJ, et al. Consensus recom-
mendations for evaluation, interpretation, and utilization of computed
tomography and magnetic resonance enterography in patients with
small bowel Crohn's disease. Gastroenterology. 2018;154(4):1172-
1194.

2. Camera L, Pezzullo F, Acampora A, et al. Multi-detector CT entero-
graphy in active inflammatory bowel disease: image quality and diag-
nostic efficacy of a low-radiation high contrast protocol. Clin Imaging.
2019;58:27-33.

3. JiaV, Li C, Yang X, et al. CT enterography score: a potential predictor
for severity assessment of active ulcerative colitis. BMC Gastroenterol.
2018;18(1):173. https://doi.org/10.1186/s12876-018-0890-z.

4. Paulsen SR, Huprich JE, Fletcher JG, et al. CT enterography as a
diagnostic tool in evaluating small bowel disorders: review of clinical
experience with over 700 cases. Radiographics. 2006;26(3):
641-657.

5. Colombel JF, Solem CA, Sandborn WJ, et al. Quantitative measure-
ment and visual assessment of ileal Crohn's disease activity by com-
puted tomography enterography: correlation with endoscopic
severity and C reactive protein. Gut. 2006;55(11):1561-1567.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Booya F, Fletcher JG, Huprich JE, et al. Active Crohn disease: CT find-
ings and interobserver agreement for enteric phase CT enterography.
Radiology. 2006;241(3):787-795.

Fletcher JG, Fidler JL, Bruining DH, Huprich JE. New concepts in
intestinal imaging for inflammatory bowel diseases. Gastroenterology.
2011;140(6):1795-1806.

Panes J, Bouhnik Y, Reinisch W, et al. Imaging techniques for assess-
ment of inflammatory bowel disease: joint ECCO and ESGAR
evidence-based consensus guidelines. J Crohns Colitis. 2013;7(7):
556-585.

Bodily KD, Fletcher JG, Solem CA, et al. Crohn disease: mural attenu-
ation and thickness at contrast-enhanced CT enterography-
correlation with endoscopic and histologic findings of inflammation.
Radiology. 2006;238(2):505-516.

Johnson KT, Hara AK, Johnson CD. Evaluation of colitis: useful-
ness of CT enterography technique. Emerg Radiol. 2009;16(4):
277-282.

Megibow AJ, Babb JS, Hecht EM, et al. Evaluation of bowel distention
and bowel wall appearance by using neutral oral contrast agent for
multi-detector row CT. Radiology. 2006;238(1):87-95.

Minordi LM, Vecchioli A, Mirk P, Bonomo L. CT enterography with
polyethylene glycol solution vs CT enteroclysis in small bowel dis-
ease. Br J Radiol. 2011;84(998):112-119.

Leduc F, De A, Rebello R, Muhn N, loannidis G. A comparative study
of four oral contrast agents for small bowel distension with com-
puted tomography enterography. Can Assoc Radiol J. 2015;66(2):
140-144.

Wong J, Moore H, Roger M, McKee C. CT enterography: mannitol
versus VolLumen. J Med Imaging Radiat Oncol. 2016;60(5):
593-598.

Arslan H, Etlik O, Kayan M, Harman M, Tuncer Y, Temizéz O. Peroral
CT enterography with lactulose solution: preliminary observations.
AJR Am J Roentgenol. 2005;185(5):1173-1179.

Zhang LH, Zhang SZ, Hu HJ, et al. Multi-detector CT enterography
with iso-osmotic mannitol as oral contrast for detecting small bowel
disease. World J Gastroenterol. 2005;11(15):2324-2329.

La Brooy SJ, Avgerinos A, Fendick CL, Williams CB, Misiewicz JJ.
Potentially explosive colonic concentrations of hydrogen after bowel
preparation with mannitol. Lancet. 1981;317(8221):634-636.

Taylor EW, Bentley S, Youngs D, Keighley MRB. Bowel preparation
and the safety of colonoscopic polypectomy. Gastroenterology. 1981;
81(1):1-4.

Young BM, Fletcher JG, Booya F, et al. Head-to-head comparison of
oral contrast agents for cross-sectional enterography: small bowel
distention, timing, and side effects. J Comput Assist Tomogr. 2008;32
(1):32-38.

Lauenstein TC, Schneemann H, Vogt FM, Herborn CU, Rihm SG,
Debatin JF. Optimization of oral contrast agents for MR imaging of
the small bowel. Radiology. 2003;228(1):279-283.

Macari M, Megibow AJ, Balthazar EJ. A pattern approach to the
abnormal small bowel: observations at MDCT and CT enterography.
AJR Am J Roentgenol. 2007;188(5):1344-1355.

Koo CW, Shah-Patel LR, Baer JW, Frager DH. Cost-effectiveness
and patient tolerance of low-attenuation oral contrast material:
milk versus VoLumen. AJR Am J Roentgenol. 2008;190(5):1307-
1313.

Dillman JR, Towbin AJ, Imbus R, Young J, Gates E, Trout AT. Compar-
ison of two neutral oral contrast agents in pediatric patients: a pro-
spective randomized study. Radiology. 2018;288(1):245-251.

Flourié B, Etanchaud F, Florent C, Pellier P, Bouhnik Y, Rambaud JC.
Comparative study of hydrogen and methane production in the
human colon using caecal and faecal homogenates. Gut. 1990;31(6):
684-685.


https://orcid.org/0000-0002-1521-3450
https://orcid.org/0000-0002-1521-3450
https://orcid.org/0000-0003-0575-0399
https://orcid.org/0000-0003-0575-0399
https://doi.org/10.1186/s12876-018-0890-z

ZHENG ET AL

oumalof ) 119
Digestive Diseases SAUY| LEYJ—

25. Saunders BP, Masaki T, Fukumoto M, Halligan S, Williams CB.

26.

The quest for a more acceptable bowel preparation:
comparison of a polyethylene glycol/electrolyte solution and a
mannitol/Picolax mixture for colonoscopy. Postgrad Med J. 1995;
71(838):476-479.

Beck DE, Fazio VW, Jagelman DG. Comparison of oral lavage
methods for preoperative colonic cleansing. Dis Colon Rectum. 1986;
29(11):699-703.

How to cite this article: Zheng MQ, Zeng QS, Yu YQ, et al.
Evaluation of the performance of two neutral oral contrast
agents in computed tomography enterography: A randomized
controlled trial. J Dig Dis. 2020;21:112-119. https://doi.org/
10.1111/1751-2980.12835



https://doi.org/10.1111/1751-2980.12835
https://doi.org/10.1111/1751-2980.12835

	Evaluation of the performance of two neutral oral contrast agents in computed tomography enterography: A randomized control...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patients
	2.2  Randomization
	2.3  Regimens for preparation
	2.4  CTE procedure
	2.5  Assessment of CTE images
	2.6  Assessment of tolerability and acceptability of the patients
	2.7  Sample size calculation
	2.8  Statistical analysis

	3  RESULTS
	3.1  Patients´ characteristics
	3.2  CTE images
	3.3  Patients´ tolerability and acceptability of the contrast agents
	3.4  Medical cost of the contrast agents

	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICTS OF INTEREST
	REFERENCES


