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Abstract
Objectives To compare the distention quality and patient experience of oral mannitol and polyethylene glycol (PEG) for MRE.
Methods This study is a retrospective, observational study of a subset of patients enrolled in a multicentre, prospective trial
evaluating the diagnostic accuracy of MRE for small bowel Crohn’s. Overall and segmental MRE small bowel distention, from
105 patients (64 F, mean age 37) was scored from 0 = poor to 4 = excellent by two experienced observers (68 [65%] mannitol and
37 [35%] PEG). Additionally, 130 patients (77 F,mean age 34) completed a questionnaire rating tolerability of various symptoms
immediately and 2 days after MRE (85 [65%] receiving mannitol 45 [35%] receiving PEG). Distension was compared between
agents and between those ingesting ≤ 1 L or > 1 L of mannitol using the test of proportions. Tolerability grades were collapsed
into “very tolerable,” “moderately tolerable,” and “not tolerable.”
Results Per patient distension quality was similar between agents (“excellent” or “good” in 54% [37/68] versus 46% [17/37])
with mannitol and PEG respectively. Jejunal distension was significantly better with mannitol compared to PEG (40% [27/68]
versus 14% [5/37] rated as excellent or good respectively). There was no significant difference according to the volume of
mannitol ingested. Symptom tolerability was comparable between agents, although fullness followingMREwas graded as “very
tolerable” in 27% (12/45) of patients ingesting PEG, verses 44% (37/84) ingesting mannitol, difference 17% (95% CI 0.6 to
34%).
Conclusion Mannitol-based solutions and PEG generally achieve comparable distension quality and side effect profiles, although
jejunal distension is better quality with mannitol. Neither distension quality nor side-effect profile is altered by ingestion of more
than 1 L of mannitol.
Key Points
• Mannitol-based and PEG-based oral preparation agents generally achieve comparable distension quality for MRE with the
exception of the jejunum which is better distended with mannitol.

• Mannitol-based and PEG-based oral preparation agents used for MRE have similar side effect profiles.
• Neither distension quality nor side-effect profile is altered by ingestion of more than 1 L of mannitol.
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Abbreviations
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MRE Magnetic resonance enterography
PEG Polyethylene Glycol
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Introduction

Cross-sectional imaging is sensitive and specific for diag-
nosing and staging small bowel Crohn’s disease (CD).
Magnetic resonance enterography (MRE) has the advan-
tage of not exposing patients to ionising radiation [1]. It
relies upon the combination of good small bowel disten-
sion and multi-parametric sequences to accurately identify
disease and phenotype as either predominantly inflamma-
tory or fibrostenotic [2, 3]. Diagnostic accuracy pivots on
the quality of luminal distension; poor distension can both
conceal or mimic disease, leading to misdiagnosis.
Distension is influenced by the type and volume of oral
preparation agent ingested and a variety of protocols are
used clinically [4–7]. A recent literature review by the
European Society of Gastrointestinal and Abdominal
Radiology (ESGAR) found no evidence for the superior-
ity of one oral preparation over another and made no
specific recommendation on either the optimal agent nor
ingested volume [8].

Whilst MRE is generally well tolerated, compared to small
bowel ultrasound (SBU), it is more burdensome and causes
symptoms, such that SBU is usually preferred by patients [9].
Gastrointestinal effects related to the oral preparation agent are
most commonly cited by patients as the least acceptable char-
acteristic of MRE [9].

The existing literature investigating oral preparation agents
has largely focused on a small number of healthy individuals
at single centres [5, 10–15]. Findings may not generalise to the
(often) symptomatic patients undergoing MRE. Indeed, sur-
prisingly, few studies have investigated oral contrast agents in
patients [16–17].

We conducted a prospective multi-centre study com-
paring the diagnostic accuracy of MRE with SBU in
Crohn’s disease [Diagnostic accuracy of magnetic reso-
nance enterography and small bowel ultrasound for the
extent and activity of newly diagnosed and relapsed
Crohn's disease (METRIC): a multicentre trial [1, 18].
The study afforded the pragmatic opportunity to

prospectively compare two commonly used MRE oral
contrast agents, mannitol and polyethylene glycol (PEG)
exactly as they are employed in clinical practice and was
a pre-specified secondary outcome [18, 19]. Specifically,
the aims of the current study were to compare (1) disten-
sion quality and (2) patient symptoms, according to the
agent ingested. We also investigated the influence of
ingested volume on image distention quality and patients’
symptoms.

Materials and methods

Study population

This study was conducted as a pre-specified sub-study of a
larger multi-centre, prospective cohort trial investigating the
sensitivity of MRE and SBU (METRIC Trial). The trial re-
cruited two patient cohorts: (1) newly diagnosed and (2) es-
tablished disease, clinically suspected of luminal relapse [1,
18]. Full ethical permission was obtained (NRES Committee
September 2013 reference 13/SC/0394).

The current study was a sample of convenience based on
the following: (1) receipt of MRE datasets from recruitment
sites for central distension scoring during the course of the trial
up until October 2015, (2) available information on oral con-
trast agent type and volume ingested and, (3) return of com-
pleted patient experience questionnaires.

The study cohort consisted of 114 (34%) of the 335 pa-
tients recruited to the main diagnostic accuracy trial. Of these
114, 9 patients were excluded subsequently (6 did not have a
diagnosis of CD and 3 withdrew from the trial). The final
cohort consisted of 105 patients recruited across 6 sites.
Overall, 68 (65%) received mannitol-based oral preparation
and 37 (35%) received PEG-based oral preparation. A subset
of 66 patients from the current study has been reported in part
previously [19].

Study design

Imaging protocol

The main diagnostic accuracy trial was a pragmatic trial. As
such, all recruitment sites used their usual clinical protocol for
all MRE examinations. There was no specific stipulation as to
the type of oral preparation agent to be used or volume to be
ingested.

This study included patients recruited from six of the eight
centres that took part in the main METRIC trial. The remain-
ing two centres had not provided data by the submission
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deadline for this substudy due to delays in commencing re-
cruitment. Four of the six sites used a mannitol-based oral
preparation regimen (two sites used mannitol 2.5% alone,
one site used mannitol 2.5% and 0.2% Locust Bean Gum
and one site used mannitol 2.5% and 2 scoops Carobel, Cow
& Gate, Nutricia Ltd.). Two sites utilised a PEG oral prepara-
tion without additives (69 g Klean prep/litre, Helsinn-Birex
pharmaceuticals Ltd.). Full details of the differing oral prep
regimens employed at all sites are provided in Appendix 8.
Patients were instructed to drink the provided volume of oral
preparation (1.5–2 L) at a steady rate over a 45–60-min period
according to tolerance and encouraged by radiography staff at
regular intervals.

A minimum dataset of sequences was acquired including
T2-weighted images with and without fat saturation, steady-
state free precession gradient-echo images, diffusion-
weighted images, and T1-weighted images after intravenous
gadolinium injection (see Appendix 1 for minimal MRE
dataset).

Recording MRE oral preparation details

Recruitment sites were requested to record prospectively the
exact volume of ingested contrast agent.

Patient experience questionnaires

Patients recruited to the main diagnostic accuracy trial
were invited to complete a three-part questionnaire asking
their experience of various symptoms before and after oral
preparation. The questionnaire was given to participants
by radiographers. Patients were asked to complete a base-
line questionnaire the day of their MRE but before
ingesting the oral contrast and to then complete a second
questionnaire immediately after MRE. These were then
handed to radiography staff. The third questionnaire was
completed two days later to capture symptoms for 48 h
post-MRE. Patients were asked to return this either by
hand or mail (stamped, addressed envelopes were provid-
ed). At each of the three time points, participants were
asked to rate tolerability (“not at all tolerable,” “somewhat
tolerable,” “moderately tolerable,” “very tolerable”) and
record symptoms of fullness, regurgitation, vomiting, ab-
dominal pains/spasms, and diarrhoea.

The questionnaire is reproduced in Appendix 2.

Grading of bowel distension

All MRE examinations were anonymised (for patient- and
site-specific information) and uploaded to an online viewing
platform (Biotronics 3Dnet, Biotronics 3D).

Two consultant gastrointestinal radiologists reporting
MRE as part of their routine clinical work at a tertiary referral

centre for 10 and 4 years, respectively, reviewed all MREs
independent of each other and performed qualitative disten-
sion grading in isolation. Observers were blinded to the oral
contrast agent used and its volume.

The small bowel was divided into the duodenum,
jejunum, ileum, and terminal ileum. The terminal ileum
was defined as the terminal 10 cm of small bowel. The
jejunum was defined as the proximal bowel lying large-
ly to the left of a diagonal line drawn from the right
lower quadrant to the left lower quadrant, demonstrating
a typical “feathery” fold pattern, and the ileum as the
bowel interposed between the jejunum and terminal ile-
um [18]. Right colonic segments (caecum, ascending
colon, and transverse colon) were defined as described
previously [20].

Segmental distension was graded qualitatively using
the methods described by Saini et al [21]. Each small
bowel and right colonic segment (caecum, ascending
colon, transverse colon) was graded independently by
each observer on a 5-point scale: 0, very poor disten-
sion; 1, poor distension; 2, fair distension; 3, good dis-
tension; and 4, excellent distension [5, 7, 15, 21]. The
reviewers were instructed to use the entire image set as
part of their assessment.

Observers also scored the overall per-patient quality of
small bowel distension using the same scale. Observers were
free to use all MRE sequences when making their grading
decision.

Statistical analysis

The frequency of “excellent” or “good” distension according
to the type of oral contrast was calculated on a per-patient
level and for individual intestinal segments. In cases of reader
disagreement, the best distension score of the twowas used for
the main analysis but results from each individual reader are
also presented. Per-patient and segmental distension scores
were compared between the two oral contrast groups using
the test of proportions. Distension scores were also compared
according to the volume of mannitol ingested (1 L or less vs.
more than 1 L). The distribution of data for the volume of PEG
ingested was insufficient to undertake meaningful analysis for
this agent.

For the purposes of analysis, tolerability grades were col-
lapsed as follows: (1) very tolerable (“I did not experience this
symptom” and “very tolerable”), (2) moderately tolerable
(combining “moderately” and “somewhat” tolerable), and
(3) not tolerable (“not at all tolerable”) and compared accord-
ing to oral contrast agent and volume of mannitol ingested (1
L or less vs. more than 1 L).

Inter-observer variability for distension scores were
analysed using Gwet’s chance–adjusted agreement coefficient
[22]. Strength of agreement was interpreted using the Landis
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and Koch criteria [23]: < 0.00 = poor, 0.00–0.20 = slight,
0.21–0.40 = fair, 0.41–0.60 = moderate, 0.61–0.80 = substan-
tial, and 0.81–1.00 = excellent.

Results

Distension

Patient characteristics

Detailed patient characteristics are provided in Appendix 3.
Importantly there were no important differences between the
groups in potential confounders which could influence disten-
sion, notably presence of stenosis, prior resection, and disease
activity (as measured by the HBI and CRP).

The volumes of mannitol- and PEG-based oral prep-
aration ingested are presented in Appendix 4. Of the 68
patients who ingested mannitol, 3 did not have informa-
tion on volume ingested (and so were excluded from
volume analysis). Overall, patients ingested between
200 mL and 1.8 L, and 49% (32/65) ingested more than
1 L. Of the 37 patients who ingested PEG, the volume
ranged between 300mL and 1.5 L, and 11% (4/35) of
patients drank more than 1 L. Overall, 34% (22/65)
ingested exactly 1 L of mannitol and 35% (13/37)
ingested exactly 1 L of PEG.

Qualitative distension assessment

Quality of luminal distension according to mannitol or PEG
oral preparation Using the best distension score of the two
readers, there was no significant difference in the proportion
of patients achieving excellent or good distention between

mannitol or PEG-based preparations. Specifically, per-
patient distension with mannitol-based preparation was rated
as excellent or good in 54% (37/68) versus 46% (17/37) with
PEG-based preparation (percentage difference [95% CI] 8
[−11 to 28]) (Table 1).

At a segmental level, ileal distension quality was greater for
both preparations, followed by the terminal ileum and the
jejunum (Table 1). Jejunal and transverse colon segmental
distension were significantly better distended in the mannitol
group in comparison to the PEG group (Table 1). This pattern
was consistent for both individual readers, reaching statistical
significance for reader 2 in the jejunum (95% CI of difference
in distension 11 to 37%) and reader 1 in the transverse colon
(95% CI of difference in distension 5 to 44%) (Appendix 9).

In general, the distension quality grading was comparable
across both individual readers with the exception of the TI
(Appendix 9). Reader 1 graded a greater proportion of TI
segments as good/excellent distension on both preparations
(mannitol 36 (53%) and PEG 15 (41%) versus reader 2 (man-
nitol 20 (29%) and PEG (24%)).

Overall Inter-observer variability

Table 2 demonstrates inter-reader agreement for patients/
segments where the two readers rated distention as “excellent”
or “good”. On a per-patient basis, there was substantial agree-
ment between readers, with reader 1 rating 45% (48/105) and
reader 2 rating 42% (45/102) of MREs as achieving “excel-
lent” or “good” distention. There was excellent inter-reader
agreement in assessing duodenal distension (Gwet’s AC =
0.84 Gwet’s AC 0.84 (10% and 8% assessed good/excellent
distension by the two readers)) but only fair for terminal ileal
distension (Gwet’s AC = 0.40 (49% and 28% assessed good/
excellent distension by the two readers)). There was

Table 1 Number of patients\segments achieving good (or excellent) distension according to oral contrast agent

Number of patients/segments where distension was graded as excellent/good by at
least one observer

Mannitol (n = 68) n/N* (%) Polyethylene glycol (PEG) (n = 37) n/N* (%) Difference between contrasts** % (95% CI)

Patients 37/68 (54) 17/37 (46) 8 (−11 to 28)

Segments

Duodenum 11/68 (16) 5/37 (14) 2 (−11 to 17)

Jejunum 27/68 (40) 5/37 (14) 26 (10 to 42) p = 0.0053

Ileum 51/68 (75) 28/37 (76) -1 (−18 to 17)
Terminal Ileum 37/68 (54) 20/37 (54) 0 (−20 to 20)

Caecum 22/51 (43) 14/28 (50) -7 (−30 to 16)
Ascending colon 43/61 (70) 23/33 (70) 0 (−19 to 20)

Transverse colon 41/64 (64) 16/37 (43) 20 (0 to 41) p = 0.0420

*In some patients, segments had been excised and so could not be assessed

**Mannitol minus polyethylene glycol (PEG)
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substantial agreement in assessing jejunal distension (Gwet’s
AC = 0.68 assessed as good to excellent distension in only 20
and 21% by the two readers). There was a moderate agree-
ment for the ileum (Gwet’s AC= 0.49 (59% and 65% assessed
good/excellent distension by the two readers)).

Impact of oral mannitol volume ingested There was no sig-
nificant difference in distension quality either overall or on a
segmental basis according to the volume of mannitol ingested
(1 L or less vs more than 1 L) (Table 3). Ileal distension
quality was most frequently rated the greatest for both cohorts.
The jejunum achieved good/adequate distension in 15/32
(47%) ingesting more than 1 L of mannitol versus 11/33
(33%) of patients ingesting 1 L or less but this difference
was not of statistical significance (−14% (−37 to 10)). Of note,
the sample size was limited and therefore a test of proportions
was not appropriate.

Patient symptoms

Overall, 143 (43%) of the 335 patients recruited to the
main diagnostic accuracy trial had information on oral
contrast type and volume ingested as well as providing
a completed questionnaire immediately after MRE. Of
these, 13 patients were excluded (10 patients did not
have a diagnosis of CD and 3 withdrew from the trial).
The final cohort consisted of 130 patients recruited
across 6 sites, with 85 (65%) receiving mannitol-based
oral preparation and 45 (35%) receiving PEG-based oral
preparation. Full patient characteristics are provided in
Appendix 5. 78 (60%) of these 130 patients were also
part of the cohort included in the qualitative distension
study.

The delayed patient symptom questionnaire (for symp-
toms over the 2-days following MRE) had a variable re-
turn rate: mannitol 44/85 (52%) and PEG 44/45 (98%).
All patients recording any symptom as “not tolerable”
immediately after MRE completed the delayed symptom
questionnaire.

Table 2 Excellent or good distension overall and by segment for the two readers

Reader 1 Reader 2 Agreement Gwet’s AC
Segment N* N(%) N(%) % (95% CI)

Overall 105 48 (45) 45 (42) 82 (75 to 90) 0.65

Duodenum 105 11 (10) 9 (8) 87 (80 to 93) 0.84

Jejunum 105 21 (20) 22 (21) 79 (71 to 86) 0.68

Ileum 105 63 (59) 70 (65) 73 (64 to 81) 0.49

Terminal_
ileum

105 52 (49) 30 (28) 68 (59 to 77) 0.40

Caecum 80 30 (37) 31 (39) 84 (75 to 92) 0.69

Ascending_C 94 61 (64) 53 (55) 77 (69 to 86) 0.56

Transverse_C 101 53 (51) 33 (32) 69 (60 to 78) 0.40

Table 3 Number of patients/segments achieving good or excellent distension according to mannitol oral contrast volume ingested

Volume less or
equal than 1L N* (%)

Volume more than 1L
N* (%)

Difference**
% (95% CI)

Patients 17/33 (52) 18/32 (56) −5 (−29 to 19)
Segments

Duodenum 5/33 (15) 5/32 (16)

Jejunum 11/33 (33) 15/32 (47) −14 (−37 to 10)
Ileum 24/33 (73) 25/32 (78)

Terminal_ileum 17/33 (52) 19/32 (59)

Caecum 8/19 (42) 12/30 (40)

Ascending_C 18/27 (67) 23/31 (74)

Transverse_C 17/29 (59) 23/32 (72) −13 (−37 to 10)

*In some patients, segments had been excised and so could not be assessed

**Volume less or equal than 1L vs volumemore than 1L (the statistical power is limited and therefore unable to show a statistical difference between proportions)
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The volumes of mannitol- and PEG-based oral prepara-
tion ingested are shown in Appendix 6. The volume of man-
nitol ingested ranged between 200 mL and 1.8 L with 34%
(29/85) drinking 1 L. The volume PEG ingested ranged
between 300mL and 1.5 L, with 33% (15/45) drinking 1 L.

Patient symptoms according to mannitol or PEG oral prepa-
ration Baseline symptoms were comparable between manni-
tol and PEG groups (Appendix 7).

Tolerability of symptoms immediately after MRE and
over the next 2 days is shown in Table 4 and graphi-
cally in Fig. 1.

In general, symptom tolerability immediately after the
MRE was comparable between the two preparations. For the
mannitol group, vomiting and regurgitation were the best-
tolerated symptoms and abdominal pain the least. Symptoms
of fullness were graded “very tolerable” in just 27% (12/45) of
patients ingesting PEG, a significantly lower proportion than
for mannitol (44% [37/84]), a 17% difference (95% CI 0.6–
34%)

For both preparations, tolerability of abdominal pain
and diarrhoea was generally rated worse after 2 days
than immediately after MRE, and again largely compa-
rable between preparations. For example, 2 days post-
MRE, patients reported abdominal pain as very tolerable
in 31% (15/49) and 43% (18/42) after ingesting manni-
tol and PEG respectively, a decrease from 61% (50/82)

and 58% (25/43) immediately after MRE. Similarly, di-
arrhoea was worse after 2 days for both preparations;
for example, 32% (14/44) reported it as very tolerable 2
days after PEG ingestion compared to 57% (25/44) im-
mediately after MRE. Regurgitation improved after 2
days.

Patient symptoms depending on volume of oral preparation
ingested The influence of ingested mannitol volume on pa-
tient symptoms is shown in Table 5. The response rate for the
delayed symptom questionnaire was 30/40 (75%) and 25/45
[(56%) for the “1 L or less” and “more than 1 L” groups
respectively.

In general, symptoms immediately after MRE were com-
parable between those ingesting 1 L or less compared to those
ingesting more than 1 L.

Diarrhoea immediately after MRE was rated “very tolera-
ble” by 59% (23/39) of patients drinking 1 L or less and 72%
(31/43) of patients drinking more than 1 L; not statistically
significant.

Similarly, symptoms up to 2 days after MRE were compa-
rable between the two volumes ingested. For example, ab-
dominal pain/spasms were “very tolerable” in 35% (9/26) of
patients drinking 1 L or less and 26% (6/23) of patients drink-
ing more than 1 L. Diarrhoea was “very tolerable” in 47% (14/
30) of patients drinking 1 L or less and 40% (10/25) of patients
drinking more than 1 L.

Table 4 Patient symptoms by contrast agent and time point following MRE

Mannitol (N = 85) Polyethylene Glycol (PEG) (N = 45)

Very tolerable Moderately tolerable Not tolerable Very tolerable Moderately tolerable Not tolerable
n/Na (%) n/Na (%) n/Na (%) n/Na (%) n/Na (%) n/Na (%)

Symptoms immediately following MRE

A feeling of fullness 37/84 (44*) 46/84 (55) 1/84 (1) 12/45 (27*) 32/45 (71) 1/45 (2)

Regurgitation 62/83 (75) 18/83 (22) 3/83 (4) 31/43 (72) 8/43 (19) 4/43 (9)

Vomiting 72/81 (89) 7/81 (9) 2/81 (2) 38/44 (86) 3/44 (7) 3/44 (7)

Abdominal pain/spasms 50/82 (61) 28/82 (34) 4/82 (5) 25/43 (58) 14/43 (33) 4/43 (9)

Diarrhoea 54/82 (66) 24/82 (29) 4/82 (5) 25/44 (57) 12/44 (27) 7/44 (16)

Symptoms for the 2 days following MRE

Flatulence 23/48 (48) 20/48 (42) 5/48 (10) 22/42 (52) 15/42 (36) 5/42 (12)

Regurgitation 39/43 (91) 4/43 (9) 0/43 (0) 33/41 (80) 6/41 (15) 2/41 (5)

Vomiting 39/44 (89) 3/44 (7) 2/44 (5) 36/41 (88) 3/41 (7) 2/41 (5)

Abdominal pain/spasms 15/49 (31) 29/49 (59) 5/49 (10) 18/42 (43) 19/42 (45) 5/42 (12)

Diarrhoea 24/55 (44) 22/55 (40) 9/55 (16) 14/44 (32) 24/44 (55) 6/44 (14)

a The number of patients answering each survey question varies, so numbers and percentages are given for those responding

*The only significant difference in experience between patients receiving mannitol and those receiving PEG was in the feeling of fullness immediately
after contrast, where 17% more patients (95% CI 0.6 to 34%) had a very tolerable feeling of fullness with mannitol compared to PEG
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The same pattern of worsening tolerability of abdominal
pain and diarrhoea but improved regurgitation after 2 days
was observed in both volume groups.

Discussion

We conducted a large multi-centre, prospective diagnostic ac-
curacy trial investigating the sensitivity of MRE and

SBU (METRIC trial) [1]. This afforded the opportunity to
prospectively assess the quality of bowel distension achieved
in representative clinical practice by two of the most common-
ly used MRE distention agents, and to compare symptoms
following ingestion. The results may also translate to other
luminal investigations requiring luminal distension such as
CT enterography and hydrosonography.

To date, the majority of previous literature pertaining to
oral contrast agents has reported healthy volunteers who are
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Fig. 1 Comparison of patient
symptoms dependent on oral
preparation ((a) mannitol-based
and (b) PEG-based) immediately
after and up to 2 days after the
MRE
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unlikely to represent patients commonly undergoing MRE [5,
10–15], or limited to retrospective studies of small numbers at
single centres [21, 24, 25]. In this regard, our work adds to the
current literature.

We found that, overall, there were no major differences in
distention quality between either mannitol-based preparations
or PEG. However, we did find some evidence that whilst
jejunal distension remains challenging, it is more commonly
good or excellent quality with mannitol (40%) compared to
PEG (14%). This is potentially an important observation given
difficulties with jejunal distention during MRE (as opposed to
MR enteroclysis) and the potential impact on diagnostic accu-
racy. Importantly, the two groups were generally well-
matched in terms of presentation (new diagnosis versus re-
lapse), presence of stenosis, and history of prior surgical re-
section, which increases our confidence that our findings are
real and not secondary to unequal disease phenotypes across
cohorts. Although the colon is not the primary target for MRE,
it is interesting to note superior transverse colonic distension
with mannitol.

We also found ingesting more than 1 L of mannitol did not
confer any beneficial effect. This concurs with Ajaj et al who
reported that in a study of 10 volunteers, 1000, 1200, and 1500
mL ofmannitol all gave similar quality distension [5]. Overall,
our data suggest there is no need for patients to ingest more
than 1 L of oral contrast. Perhaps surprisingly, we did not find
any difference in the immediate or delayed symptoms experi-
enced by patients, regardless of the volume of contrast. There
was perhaps a trend for greater diarrhoea in those drinking
more contrast, but this was not statistically significant perhaps
due to underpowering.

We also found mannitol and PEG were similarly tolerable,
although patients ingesting PEG reported that fullness was
significantly less tolerable immediately after MRE compared
to those ingesting mannitol. We note that the proportion of
patients ingesting 1 L or more was lower in the PEG cohort
than in the mannitol cohort. Whilst the exact reasons for this
observation are uncertain, it is possible the greater feelings of
fullness in the PEG group led to reduced overall intake.

Of note, abdominal pain and diarrhoea increased over the 2
days after MRE compared to immediately afterwards. This is
perhaps unsurprising as it takes time for contrast to traverse
through the gut and concurs with a recent study in which oral
contrast was rated the most unpleasant component of MRE;
18% of patients take longer than 1 day to recover [9]. Patients
should be warned of this prior to MRE.

There are no published studies comparing mannitol and
PEG in MRE but a recently published randomised controlled
trial did compare the two preparations in 70 patients undergo-
ing CT enterography at a single centre. Each patient under-
went 2 L of PEG bowel preparation prior to ingesting either
1.5 L of mannitol or PEG solution. The study reported no
significant differences in the quality of luminal distension be-
tween the agents but stated that patients undergoing mannitol
preparation reported nausea as more tolerable, the taste as
more acceptable, and were more willing to ingest again com-
pared to patients undergoing PEG preparation. [26]

Our study has limitations. We investigated the impact
of mannitol and PEG-based oral preparations alone, as
these were the two agents utilised at centres recruiting to
the main diagnostic accuracy trial. The number of patients
undergoing PEG-based oral preparation was smaller, and

Table 5 Patient experience according to mannitol oral contrast volume ingested

Volume less or equal than 1L (N=40) Volume more than 1L (N=45)

Very tolerable Moderately tolerable Not tolerable Very tolerable Moderately tolerable Not tolerable
n/Na (%) n/Na (%) n/Na (%) n/Na (%) n/Na (%) n/Na (%)

Symptoms immediately following MRE

A feeling of fullness 18/39 (46) 20/39 (51) 1/39 (3) 19/45 (42) 26/45 (58) 0/45 (0)

Regurgitation 30/40 (75) 10/40 (25) 0/40 (0) 32/43 (74) 8/43 (19) 3/43 (7)

Vomiting 34/38 (89) 4/38 (11) 0/38 (0) 38/43 (88) 3/43 (7) 2/43 (5)

Abdominal pain/spasms 25/39 (64) 13/39 (33) 1/39 (3) 25/43 (58) 15/43 (35) 3/43 (7)

Diarrhoea 23/39 (59) 14/39 (36) 2/39 (5) 31/43 (72) 10/43 (23) 2/43 (5)

Symptoms up to 2 days following MRE

Flatulence 14/26 (54) 12/26 (46) 0/26 (0) 9/22 (41) 8/22 (36) 5/22 (23)

Regurgitation 23/24 (96) 1/24 (4) 0/24 (0) 16/19 (84) 3/19 (16) 0/19 (0)

Vomiting 23/25 (92) 2/25 (8) 0/25 (0) 16/19 (84) 1/19 (5) 2/19 (11)

Abdominal pain/spasms 9/26 (35) 14/26 (54) 3/26 (12) 6/23 (26) 15/23 (65) 2/23 (9)

Diarrhoea 14/30 (47) 11/30 (37) 5/30 (17) 10/25 (40) 11/25 (44) 4/25 (16)

a The number of patients answering each survey question varies, so numbers and percentages are given for those responding
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as a result, we were unable to incorporate the PEG cohort
into the assessment of the impact of ingested oral volume
on either luminal distension or patient experience.
Furthermore, whilst we had a good proportion of delayed
patient experience questionnaires returned in the PEG co-
hort, this was much reduced in the mannitol cohort, which
impairs comparison for delayed symptoms. This may in
part reflect the different tenacity of individual recruitment
sites when encouraging patients to return questionnaires
but risks some bias. Whilst we compare the main agents
of the oral preparation, we acknowledge that some man-
nitol preparations utilised additives such as LBG or
Carobel in small quantities and we have not assessed the
specific contribution of these additives. Both readers for
the qualitative assessment of luminal distension work at
one centre which employed a mannitol-based preparation.
This may introduce some bias related to their prior expe-
rience. For practical reasons, other centres did not provide
readers for this substudy although that would have been
optimal. Agreement between readers was generally good,
although less so for the terminal ileum in particular.
Reassuringly though, both readers were consistent in the
relative grading of distension quality between the two
preparations for all segments so any disagreement in ab-
solute levels of distension did not impact our main con-
clusion. Whilst the main trial evaluated the diagnostic
accuracy of MRE (and SBU), this substudy was under-
powered to draw conclusions on whether the differing
quality of luminal distension affected the overall diagnos-
tic accuracy. This would be a useful topic for further
research. However, it is reassuring that although disten-
sion quality was judged as excellent in slightly over 50%
of terminal ileal segments, the results on the main trial
showed MRE has a high sensitivity for terminal ileal
Crohn’s disease, suggesting accurate diagnosis does not
always require optimal distension. Anecdotally, the seg-
mental small bowel distension will alter throughout the
MRI acquisition (as the study typically takes 30–45 min
to acquire); it would be of interest to review whether this
change in segmental distension is different for differing
luminal preparation agents; this was felt to be outside the
remit of this study.

Patients who reported at least one symptom as “not tol-
erable” generally completed the day 2 questionnaire,
whereas those less affected completed fewer. This may
introduce spectrum bias, with a greater proportion
returning this questionnaire more likely to experience less
tolerable symptoms. Ours was a convenience sample based
on data return, which could induce bias. Reassuringly, we
found no major difference between PEG and mannitol co-
horts regarding disease phenotype or baseline symptom
level. Although to our knowledge, ours is the largest pro-
spective patient study on this topic to date, we did not

perform a prior power calculation and so some of our com-
parisons are likely unpowered, for example, the effects of
agent volume on distension and symptoms.

In summary, mannitol-based solutions and PEG generally
achieve comparable distension quality and side effect profiles,
although jejunal distension is more frequently of better quality
with mannitol. Distension quality is not improved by inges-
tion of more than 1 L, although doing so does not adversely
influence patent tolerability.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00330-022-08614-9.

Funding This work was supported by the National Institute of Health
R e s e a r c h h e a l t h t e c h n o l o g y a s s e s sme n t N IHR HTA
programme (project number 10/68/01) published in full in Health
Technology Assessment, 2019 Aug;23(42):1–162. https://doi.org/10.
3310/hta23420. PubMed PMID: 31432777. The project is supported by
researchers at the National Inst i tute for Health Research
University College London Hospitals Biomedical Research Centre, and
by and NIHR Birmingham Biomedical Research Centre at the University
Hospitals Birmingham NHS Foundation Trust and the University of
Birmingham. The views and opinions expressed by authors in this
publication are those of the authors and do not necessarily reflect those
of the NHS, NIHR, NIHR Evaluation, Trials and Studies Coordinating
Centre (NETSCC), HTA programme, or the Department of Health.

Declarations

List of METRIC study investigators Rachel Baldwin-Cleland, Richard
Beable, Margaret Betts, Stuart Bloom, Helen Bungay, Peter J Hamlin,
Ailsa L Hart, Antony, Ilan Jacobs, Sara McCartney, Anne Miles, Charles
D Murray, Richard C Pollok, Shonit Punwani, Manuel Rodriguez-Justo,
Zainib Shabir, Simon Travis, Alastair Windsor, Peter Wylie, Jade Dyer,
Pranitha Veeramalla, Sue Tebbs, Steve Hibbert, Richard Ellis, Fergus
Thursby-Pelham, Nicola Gibbons, Claire Ward, Anthony O'Connor,
Hannah Lambie, Nigel Scott, Roger Lapham, Doris Quartey, Deborah
Scrimshaw, Simona Fourie, Niall Power, Phillip Lung, Ian Johnston,
Mani Naghibi, Morgan Moorghen, Adriana Martinez, Christopher
Alexakis, Anisur Rahman, Jonny Vlahos, Anita Wale, Teresita Beeston,
Wivijin Piga, Joey Clemente, Farooq Rahman, Simona de Caro, Shameer
Mehta, Roser Vega, Roman Jastrub, Hameed Rafiee, Mairead Tennent,
Caron Innes, CraigMowat, Gillian Duncan, Rebecca Greenhalgh, Rachel
Hyland, Hannah Lambie, Evgenia Mainta, James Pilcher,
Andrew Plumb, François Porté, Harbir Sidhu, Florian Tomini, and
Steve Morris

Guarantor The scientific guarantor of this publication is Professor
Stuart A Taylor.

Conflict of interest The authors of this manuscript declare no relation-
ships with any companies whose products or services may be related to
the subject matter of the article.

Statistics and biometry Professor SueMallett kindly provided statistical
advice for this manuscript.

Informed consent Written informed consent was obtained from all sub-
jects (patients) in this study.

Ethical approval Institutional Review Board approval was obtained.

Eur Radiol

https://doi.org/10.1007/s00330-022-08614-9
https://doi.org/10.3310/hta23420
https://doi.org/10.3310/hta23420


Study subjects or cohorts overlap A subset of 66 patients from this
study have been previously reported in Taylor SA, Mallett S, Bhatnagar
G, et al (2019) Magnetic resonance enterography compared with ultraso-
nography in newly diagnosed and relapsing Crohn’s disease patients: the
METRIC diagnostic accuracy study. Health Technol Assess (Rockv)
23:vii–161. doi: 10.3310/hta23420.
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