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Abstract

Objectives After allogeneic stem cell transplantation (SCT), a
reliable diagnosis of acute graft versus host disease (aGvHD)
is essential for an early and successful treatment. It is the aim
of this analysis to assess intestinal aGvHD by magnetic reso-
nance imaging (MRI).

Methods Prior to allogeneic SCT, 64 consecutive patients
underwent abdominal MRI examination on a 3 T MR system,
including axial and coronal T2w sequences and a three-
dimensional dynamic T1w, contrast enhanced sequence.
After SCT, 20 patients with suspected aGvHD received a
second MRI as well as an endoscopic examination.

Results Nine patients suffered from histologically proven in-
testinal aGvHD. In eleven patients intestinal aGvHD was ex-
cluded. In all aGvHD patients typical MRI findings with long-
segment bowel wall thickening - always involving the terminal
ileum - with profound submucosal oedema, were detected. The
bowel wall was significantly thickened in patients with intesti-
nal aGvHD. Bowel contrast enhancement spared the submu-
cosa while demonstrating strong mucosal hyperemia.
Conclusions In intestinal aGvHD, a characteristic MR-
appearance can be detected. This MRI pattern might facilitate
an early and non-invasive diagnosis of intestinal aGvHD.
MRI might thus be used as a sensitive tool to rule out or
support the clinical diagnosis of aGvHD.
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Key Points

* Acute intestinal graft versus host disease (aGvHD) can be
assessed by MRI.

* The aGvHD of the bowel demonstrates a characteristic MR
imaging pattern.

* Bowel wall shows extensive long-segment wall thickening
with profound submucosal oedema.

o Terminal ileum seems invariably affected; other bowel seg-
ments show variable involvement.

* Colonoscopy in suspected aGvHD should include inspection
of terminal ileum.
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Introduction

Acute intestinal graft versus host disease (aGvHD) is a severe
and frequent complication after allogeneic stem cell transplan-
tation (SCT). After SCT 30-75 % of patients suffer from
clinically relevant grade II-IV aGvHD of the gastrointestinal
(GI) tract [1]. Symptoms of small bowel and colon aGvHD
include voluminous watery diarrhoea, intestinal bleeding, ab-
dominal cramps and ileus [2—5]. The main differential diag-
noses include infections, drug toxicity and side effects of the
conditioning regimen. Since an early immunosuppressive
therapy of aGvHD is essential, a rapid and reliable differenti-
ation between aGvHD and infections is desirable [6].
Currently, the diagnosis of intestinal aGvHD is mainly based
on clinical symptoms [7] in combination with endoscopic
examination of the upper and lower gastrointestinal tract
together with multiple biopsies for histological and virological
investigations.
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Imaging can be a valuable addition in the diagnostic work-
up of intestinal complications after SCT, as shown by previous
studies using ultrasound or CT imaging in patients with intes-
tinal aGvHD [8-14].

Inflammatory complications of the GI tract after allogeneic
SCT such as infections or aGvHD result in similar imaging
findings. These findings have to be interpreted in the light of
additional clinical information such as the time point after
transplantation or further signs of aGVHD or infections.

Previous studies on abdominal imaging in aGvHD after
allogeneic SCT focused on CT or ultrasound [8—10, 12—14].
Up to now, there is limited literature on magnetic resonance
imaging (MRI) of intestinal aGvHD. Even though MRI has
proven its superiority regarding soft tissue contrast and the
possibility to detect even subtle abnormalities in abdominal
examinations, there are — to our knowledge — only two case
reports describing MR imaging in GvHD of the abdomen —
one in acute [15], one in chronic GVHD after hematopoietic
stem cell transplantation [16]. Therefore, the aim of this ret-
rospective analysis was to systematically assess the value of
abdominal MRI for the detection of aGvHD.

Materials and methods
Patients

All 64 consecutive patients who received allogeneic stem cell
transplantation between July 2010 and July 2013 at our insti-
tution were included. The institutional review board waived
the requirement of informed patient consent in this retrospec-
tive study. As part of our routine pre-transplant preparation, all
patients underwent a baseline investigation abdominal MRI to
exclude abdominal infections and second primary malignan-
cies. Per institutional standard operating procedure all patients
after allogeneic SCT with severe gastrointestinal (GI) tract
symptoms, such as diarrhoea, nausea, vomiting, abdominal
pain or with signs of severe skin aGvHD (>stage 11, i.e.,
affection of more than 50 % of body surface) received a
second MRI no longer than 48 h after the onset of clinical
symptoms. In addition, all patients with severe GI tract symp-
toms received endoscopic examination of the upper Gl-tract,
colon and terminal ileum for macroscopic and histological
investigation. Patients with histologically proven intestinal
aGvHD were assigned to the aGvHD group. If acute intestinal
GvHD was ruled out by endoscopy and histology, patients
were assigned to the non-aGvHD group (“non-aGvHD”” sole-
ly referring to intestinal aGvHD).

MR imaging

Prior SCT, all 64 patients received a baseline abdominal MR-
exam on a whole-body 3 T MR-system (Magnetom Skyra,

@ Springer

Siemens, HealthCare Sector, Erlangen, Germany) which is
equipped with dual radiofrequency transmit technology
(TrueForm) that helps to minimize B1-heterogeneities in the
abdomen [17]. For signal reception, two 18-clements body
matrix coils in combination with the inbuilt 32-element spine
matrix coil were used. The patients were positioned head first
supine. The sequence protocol included axial and coronal T2
weighted sequences with and without spectral fat-saturation
and a dynamic three-dimensional fat-suppressed coronal T1
weighted, contrast enhanced sequence (Table 1). The T1 se-
quence was performed directly prior to application of contrast
agent (0.1 mmol gadolinium per kilogram of body weight, Gd-
DOTA, Dotarem®, Guerbet, Aulnays sous Bois, France) and
repeated three times every minute after the injection. Patients
with suspected aGvHD after SCT or higher grade of skin
GvHD received a second MRI with identical sequence param-
eters. No oral contrast agents or spasmolytics were used.

Endoscopic examination

All patients with clinically suspected intestinal aGvHD after
SCT received a colonoscopy with terminal ileoscopy as well as
an esophagogastroduodenoscopy. Endoscopy was performed
by three different examiners with at least six years of experi-
ence. Based on the macroscopic aspect, the involvement of the
six accessible segments (duodenum, terminal ileum, ascending,
transverse, descending and rectosigmoid colon) was graded on
a 3-point scale: segments with normal mucosa were graded n,
segments with signs of mild inflammation were rated +, and
severe inflammation with oedematous, ulcerous or denuded
mucosa was rated ++. Additionally, affection of the segments
was assessed as continuous or discontinuous. Stepwise biopsies
in all segments were performed.

Image analysis

All MR studies were evaluated by two experienced radiolo-
gists (H.J.M. and S.H., with 13 and five years of experience in

Table 1 Imaging parameters used for the examination

T2 HASTE T2 HASTE fs T1 VIBE
TRITE [ms] 1300/78 1300/88 3.48/1.6
Flip angle 117° 112° 12°
Matrix 384 x 288 320x 194 256 x 218
FoV [mm] 375 x 400 285 x 380 350 x 350
Acquisition time [s] 43 132 24
Slice thickness [mm)] 3 5 1.3
Slice gap [mm] 0.3 1 0
Orientation Coronal Axial Coronal
Parallel imaging 3 2 3

acceleration factor
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body MRI, respectively) simultaneously in a consensus
reading.

T2 images were used to identify mural oedema and to
screen for ascites as well as interenteric fluid. Wall thickness
of the intestine was measured in the coronal T1 weighted
images at three minutes after contrast media injection. Wall
thickness was measured twice at opposing sites in affected
intestines and twice in healthy intestines as an internal control.
If applicable, the measurements were performed for the large
and small intestine, respectively. The diameter of affected and
healthy intestine was measured at according sites in the coro-
nal T1 weighted images. If no affected small or large bowel
segments could be identified, wall thickness and bowel diam-
eter were measured at the descending colon and terminal
ileum, accordingly.

Regions of interest (ROIs) were placed over the intestinal
wall of affected and unaffected segments of each small and
large intestine in aGvHD positive patients, if applicable. The
ROIs contained the entire bowel wall over a length of approx-
imately 1 cm, including both mucosa and submucosa. The
ROIs” maximum values were measured prior, 1, 2 and 3 mi-
nutes after injection of contrast media. The ROIs’ maximum
values prior injection being set to 1, values after injection were
converted in proportion to the baseline value.

The dynamic T1 sequences post contrast injection were
also used to screen for extraintestinal pathologies like the
mesenterial comb sign and enlarged lymph nodes and to
evaluate vessel patency. Mesenterial comb sign was defined
as enlargement of mesenterial feeding vessels [9, 18].

To assess the extent of aGvHD involvement, the gut was
divided in seven segments: duodenum, jejunum and proximal
ileum, terminal ileum, ascending, transverse, descending and
rectosigmoid colon. Each segment’s affection was graded on a
3-point scale: segments with no changes compared to baseline
MRI were graded 0, segments that showed wall thickening over
5 mm as well as a strong mural contrast enhancement were
graded 2. Segments that featured either increased mural contrast
enhancement or wall thickening over 5 mm were graded 1.

For the ROI analysis OsiriX DICOM viewer (OsiriX 3.7.1,
The OsiriX Foundation, Geneva, Switzerland) running on a
commercially available MacPro (Apple, Cupertino, CA) was
used.

Statistical analysis

Statistical analysis was performed using JMP 10.0 (SAS
Institute, Cary, NC, USA). Continuous variables are expressed
as mean * standard deviation (SD). The Shapiro-Wilk test was
applied to determine the probability distribution. Comparisons
of continuous variables were performed with t-test for nor-
mally distributed data and with Kruskal-Wallis tests and post
hoc Mann-Whitney U tests for non-normally distributed data.
Nominal parameters were compared using the Pearson’s

Chi-square test. A two-tailed p-value 0f<0.05 was considered
statistically significant.

Results

Out of the 64 patients investigated at baseline prior to alloge-
neic SCT 20 received a second abdominal MRI after SCT due
to severe GI tract symptoms or stage III/IV skin GvHD.
According to the results of endoscopic and histologic investi-
gation, nine patients with histologically proven aGvHD were
assigned to the aGvHD group. Eleven patients without histo-
logically proven aGvHD or with skin restricted aGvHD were
included in the non-aGvHD group. Patient characteristics are
summarized in Table 2. The median age in the aGvHD group
was 61 years. At MRI the median time after transplantation
was 43 days. In the non-aGvHD group: median age was 52
and the median interval between SCT and MRI was 53 days.
For aGvHD group patients staging of gut aGvHD revealed
stage II (4), III (2) and IV (3) according to the revised
Glucksberg scale [19]. For patients assigned to the non-
aGvHD group, the triggers for MRI were diarrhea (4), severe
skin aGvHD (3), persisting nausea (2) and abdominal pain (2).

Intestinal findings: bowel wall

Analysis of bowel wall morphology and contrast enhance-
ment led to typical findings in intestinal aGvHD. All patients
in the aGvHD group presented with bowel wall thickening
due to profound submucosal oedema (Figs. 1 a,b,d,e). This
mural oedema was found in all aGvHD group patients, where-
as no patient with abdominal symptoms and negative endos-
copy and histology or aGvHD of the skin showed such
oedematous changes of the bowel wall. The bowel wall was
smooth and well delineable from the mesenteric fat in all
patients. Mural thickening without mucosal oedema was not
encountered in patients of both groups.

Wall thickness showed statistically significant differences
in affected versus unaffected intestines for both the large and
small intestine (Fig. 2 a+b). In aGvHD group patients’ unaf-
fected small intestines showed an average wall thickness of
0.440.1 cm, whereas affected parts showed an average diam-
eter of 0.8+0.1 cm (»p<0.0001). In the non-aGvHD group, the
average wall thickness of the small intestine was 0.3+0.1 cm
(»<0.0001). For large intestines, wall thickness in affected
parts in patients with aGvHD was 0.9+0.1 c¢m, for unaffected
parts 0.4+0.1 cm (p=0.0002). In the non-aGvHD group,
average wall thickness was 0.440.05 cm (»p<0.0001).

Despite overlaps between non-aGvHD and the aGvHD
group, in the affected parts of the small intestine a trend for a
higher signal increase in the dynamic imaging sequences could
be demonstrated: In affected parts a maximal average signal

@ Springer



1838

Eur Radiol (2014) 24:1835-1844

Table 2 Patient characteristics

Group of patients with histologically proven intestinal aGvHD (aGvHD group)

UPN Age (years) Sex diagnosis ~ MRI at day post SCT
156 69 m AML 38
176 65 m AML 55
188 61 m CLL 24
194 57 f MM 127
196 64 m AML 43
200 53 m MDS 56
204 51 f MDS 14
238 51 f AML 42
240 72 f AML 96
median 61 43

Group of patients without intestinal aGvHD (non-aGvHD group)

UPN Age (years) Sex Diagnosis MRI at day post SCT
Patients with aGvHD of the skin only
205 52 m CML 49
221 38 m ALL 53
241 19 f AML 28
Patients with non-aGvHD GlI-tract symptoms
191 20 m AML 146
193 55 m AML 111
197 42 f AML 55
212 58 f AML 10
218 53 f AML 32
226 57 m AML 118
260 49 m AML 98
267 53 m ALL 24
median* 52 53

Conditioning Donor  GvHD prophylaxis  Stage of GI-aGvHD
Flu/Mel MR CSA/MMF 4

Mel MR CSA 2

Flu/Mel/ATG MU CSA/MMF 4

Flu/Treo MR CSA/MMF 2

Flu/Mel/ATG MU CSA/MMF 2

8 Gy TBI/FIWATG MMU CSA/MTX 3

Flu/Mel/ATG MR CSA/MMF 3

FlamsaRIC MU CSA/MMF 2

Flu/Mel MR CSA 4

Conditioning Donor  GvHD prophylaxis ~ Reason for MRI
Flu/Bu/ATG MMU CSA/MMF Skin aGvHD
Flu/Mel/ATG MMU CSA/MMF Skin aGvHD
FlamsaRIC MMU CSA/MMF Skin aGvHD
FlamsaRIC MR CSA/MMF Nausea

8 Gy TBI/Flu MR CSA/MTX Nausea

8 Gy TBI/FIWATG MU CSA/MTX Diarrhoea
Flu/Mel/ATG MU CSA/MMF Diarrhoea
FlamsaRIC MU CSA/MMF Diarrhoea

8 Gy TBI/Flw/ATG MMU  CSA/MTX Abdominal pain
8 Gy TBI/FIWATG MU CSA/MTX Diarrhoea

8 Gy TBIFIWATG MU CSA/MMF Abdominal pain

UPN: unique patient number; ALL: acute lymphoblastic leukemia; AML: Acute myeloid leukemia; CLL: Chronic lymphocytic leukemia; CML:
Chronic myeloid leukemia; MDS: Myelodysplastic syndrome; MM: Multiple Myeloma; ATG: Anti-Thymocyte globulin; Flu: Fludarabin; Mel:
Melphalan; Bu: Busulfan (i.v.); Treo: Treosulfan; FlamsaRIC: Fludarabin, amsacrine, cytarabin, busufan, ATG; TBI: Total body irradiation; CSA:
Cyclosporin A, MMF: Mycophenolate mofetil; MTX: Methotrexate; MR: Matched related; MU: Matched unrelated; MMU: mismatch unrelated;
aGvHD: acute graft versus host disease; *median is referring to all patients of the non-aGvHD group.

enhancement of factor 2.7+0.8 was detected in comparison to
base line values prior to contrast media injection. For unaffected
parts, the mean maximal signal increase over all phases
was limited to factor 2.0+£0.6 (Fig. 3a). Even though the
same trend could be seen in the contrast enhancement
dynamics for affected versus unaffected parts in the
large intestine, there was a stronger overlap between the
groups (Fig. 3b).

The enhancement of the affected bowel parts was most
pronounced in the mucosa, showing a mural stratification-

type pattern (Fig. 4).
Distribution
Affection of large and small intestine in the aGvHD

group was mostly continuous, showing long-segment
(>20 cm) homogeneous wall thickening in MRI and
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continuous mucosal alterations in the endoscopic exam-
inations (Table 3). Few patients also showed discontin-
uous involvement patterns with short-segment (<5 cm)
wall thickening in MRI and patchy mucosal affection in
endoscopy.

With regard to the extent of bowel involvement in MRI,
seven patients with proven aGvHD showed a strong grade 2
affection of the terminal ileum, in two patients this affection
was rated grade 1. Analogously, endoscopy found the terminal
ileum to be involved in all patients. Although the jejunum was
also affected in all but two aGvHD-positive patients, the MRI
findings were subtler.

Colon involvement was heterogeneous in our patient pop-
ulation, ranging from strong affection of the entire colon to
completely unaffected large intestine.

Overall, there was a good correlation between MRI and
endoscopy grading, particularly in the terminal ileum. In this



Eur Radiol (2014) 24:1835-1844

1839

segment, affection was detected by both methods in every
patient. However, in all segments of the gut, grade 2 (MRI) or
++ (endoscopy) ratings were always confirmed with at least
grade+(endoscopy) or 1 (MRI) ratings, respectively.

Intestinal findings: bowel diameter

Diameter of affected versus unaffected intestine showed
no significant difference for large as well as for small
intestines (Fig. 2 c¢+d). In the aGvHD group, the diam-
eter of unaffected small intestine was 2.1+0.3 cm com-
pared to 2.0£0.4 cm in affected parts (n.s.). The aver-
age diameter in the non-aGvHD group was 1.9+0.6 cm

(n.s.).

Fig. 1 Typical findings in two
patients with histologically
proven aGvHD showing affection
of the small (a-c, f+g) and large
intestine (d+e, h+i) with
submucosal oedema (arrows) and
strong mucosal contrast
enhancement (arrowheads). a
shows unaffected parts of the
small intestine (asterisk)
alongside affected parts (arrow).
a+d: coronal T2 weighted
sequence, b+c+e: axial T2
weighted sequence with fat
suppression, f+g: coronal T1
weighted sequence with fat
suppression 1 minute after
contrast media injection, h-+i:
coronal T1 weighted sequence
2 minutes after contrast media
injection. c+g+i are showing
detailed views of b+f+h

For the large intestine, unaffected parts had an average
diameter of 3.0+0.3 cm, affected parts 2.6+0.5 cm (n.s.) and
the non-aGvHD group an average of 2.6+0.7 cm (n.s.) in the
large intestine.

Extraintestinal findings

In aGvHD patients, 44 % (4/9) showed ascites, whereas 27 %
(3/11) in the non-aGvHD group showed small amounts of
ascites (n.s.). No patient, neither in the aGvHD nor in the non-
aGvHD group, showed enlarged lymph nodes or an increased
number of mesenterial lymph nodes. All arterial (celiac axis,
superior mesenteric artery and inferior mesenteric artery) and
portal-venous vessels were open and well contrasted. A positive
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mesenterial comb sign was found in 56 % (5/9) patients in the
aGvHD group versus 27 % (3/11) in the non-GvHD group
(n.s.).

Discussion
MRI has proven its superiority regarding soft tissue contrast

and the possibility to detect even slight abnormalities in the
evaluation of intestinal pathologies [20, 21]. In two case

reports published a decade ago MRI findings in intestinal
GvHD had been described [15, 16]. In order to assess the
significance of MRI for the diagnostic workup of aGvHD, we
performed an MRI study on 20 patients with suspected intes-
tinal aGvHD or higher grade skin GvHD who underwent
allogeneic stem cell transplantation. In all nine patients with
histologically proven intestinal aGvHD, a typical MRI pattern
could be detected: Distinctive imaging features in affected
bowel segments were found to be long segmental wall thick-
ening, mural oedema, sharp delineation of the bowel wall and

Fig. 3 Box plots demonstrating d b
contrast enhancement of the wall = 40 =
. . . = .0 =
in small and large intestine of = £
aGvHD and non-aGvHD group o 2 3.04
. : = o 3.54 =)
patients. Values are relative to = @ c
baseline prior injection of contrast €9 EQ o5
media (=1). Depicted are relative =8 3.0 gg 7
signal intensity values referred to £e 5 g
precontrast baseline obtained in 58 2.5 S 9
dynamic T1w series with median, = R
25th and 75th percentile £ § 2.0 E & §
(S}
and range é S 1.51
£ 151 <
i} i
1.0- © € € £ @ £ £ £ W% = = ¢
£ E E E £ E E E £ E E E £ E E E
g = o o § -« o o =« o ® § - o o
@© @© @© ©
o0 as 0 i}
aGvHD non-aGvHD aGvHD non-aGvHD
Group / Time Group / Time
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Fig. 4 aGvHD of the large
intestine showing strong mucosal
contrast enhancement and a mural
stratification-type pattern.
Dynamic T1 weighted sequences
(from left to right: pre contrast, 1,
2 and 3 minutes after contrast
media injection, same patient as
shown in Fig. 1 d+e, h+i)

a strong enhancement of the mucosa in affected bowel seg-
ments (Figs. 1, 4 and 5).

Most patients with proven intestinal aGvHD showed an
affection of multiple bowel segments. Characteristically, the
terminal ileum was affected. The colon showed a heteroge-
neous affection. In our study population, the terminal ileum
was the only segment being affected in all patients. Only in a
previous study on high resolution ultrasound it has been
demonstrated that the majority of patients with intestinal
aGvHD showed an involvement of the ileocoecal region
[11]. The invariable affection of the terminal ileum should
influence the clinical work-up of patients with suspected
intestinal aGvHD. If colonoscopy is performed, biopsies
should be taken from the terminal ileum in order to obtain
the highest diagnostic yield and as underlined recently by
Kreisel et al. [22].

Wall thickening of the intestine has been described as a key
finding in a variety of intestinal complications after SCT. In

Table 3 Extent of gut involvement

comparison with aGvHD, other complications after SCT dem-
onstrate even more pronounced bowel wall thickening [10].
Nevertheless, previous CT-imaging based studies showed
moderate wall thickening in up to 100 % of patients with
intestinal aGvHD [23]. Comparable to earlier CT based anal-
yses, affected segments of small and large intestine showed
bowel wall thickening in our study [8, 10, 13]. The difference
between healthy and affected parts was statistically significant
for large and small intestine. Additionally, the wall thickened
segments showed submucosal oedema in all patients with
proven aGvHD, whereas bowel wall oedema was not found
in any patient of the non-aGvHD group.

Dilatation of GvHD affected parts of the intestine has been
described by ultrasound [12] and in several CT imaging
studies [9, 10, 13, 23]. In contrast to these studies, the diameter
of affected and unaffected bowel segments was not signifi-
cantly different in our study population. No patient in the
aGvHD group showed dilatation of the small or large

UPN Duodenum Jejunum and prox. ileum Terminal ileum Colon ascendens Colon transversum Colon descendens Rectosigmoid colon
MRI ENDO MRI ENDO MRI ENDO MRI ENDO MRI ENDO MRI  ENDO  MRI ENDO
156 C1 C+ C1 n/a C2 ++t Cl C++ Cc2 C++ C2 C++ Cc2 C++
176 C1 C+ Cl n/a c2 + 0 C+ 0 C+ 0 C+ 0 C+
188 0 n D1 n/a c2 + 0 n 0 n D1 n D1 n
194 0 n 0 n/a Cl +t Cl1 C++ Cl C ++ Cl C++ Cl C++
196 0 n D1 n/a c2 ++ 0 n 0 n 0 n 0 n*
200 D1 D+ Cc2 n/a cl + Cl n Cl n Cl n Cl C+
204 C2 C+ C2 n/a c2 +t C2 C++ Cc2 C++ C2 C++ C2 C++
238 0 n Cl n/a c2 ++ 0 n 0 n 0 n 0 n
240 C2 CH++ O n/a c2 ++ D1 C++ 0 n 0 n 0 n

Left columns: Grading based on MRI: 0: no affection, 1: mild affection, 2: strong affection; C : continuous, D: discontinuous

Right columns: Endoscopy (ENDO): Jejunum and proximal ileum not accessible through endoscopy (n/a), n: normal mucosa, +: mild inflammation, ++:
severe inflammation with oedematous, ulcerous or denuded mucosa; C: continuous, D: discontinuous; due to the limited accessibility of the terminal
ileum no endoscopic assessment of continuity of mucosal affection can be made

*mild inflammation without histologic signs of GYHD
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Fig. 5 Coronal T2 weighted
sequences obtained prior to (a)
and after SCT (b) showing a
typical pattern of aGvHD of the
small intestine with long
segmental wall thickening due to
mural edema with a sharp
delineation of the bowel wall

intestine. In addition, there was no difference in bowel diam-
eter between the aGvHD and non-GvHD group patients. The
discrepancy between this study and earlier reports on sonogra-
phy and CT might be related to differences of the time point of
imaging. In our study the majority of patients were investigated
shortly after the onset of clinical symptoms. Therefore, bowel
dilatation might not be a typical finding in the early phase of
intestinal aGvHD. Additionally, these results might partly be
explained by the omission of oral contrast in our imaging
protocol. Previous studies showed that patients suffering from
intestinal aGvHD are often not able to drink the amount of
water required for sufficient bowel distension [9]. If only cer-
tain subgroups of patients (e.g., those with lower grade aGvHD
or diarrhoea without abdominal pain) receive oral contrast in
such an imaging setting, this will also likely introduce bias
(e.g., regarding the assessment of bowel diameter).

Overall, grading of gut involvement correlated well be-
tween endoscopy and MRI. Mismatches in grading might be
attributed to real changes in the extent of intestinal affection
between MR and endoscopic examination, which were
performed in a time span of 48 hours. Depending on
the clinical condition of the patient, immunosuppressive
therapy had to be initiated after either positive endos-
copy or positive MR findings to prevent a delay of therapy.
Immunosuppressors can lead to rapid changes in appearance
in endoscopy, even within days. Additionally, while the en-
doscopic grading relies on the mucosal layer’s appear-
ance, the MR grading includes the entire bowel wall.
Both might explain the differences in grading between
MR and endoscopy.

Previous CT-imaging based studies suggested mucosal
enhancement to be a general finding in most patients with
intestinal complications after stem cell transplantation. Of all
typical intestinal complications after SCT, Kirkpatrick et al.,
found mucosal enhancement in CT-imaging to be most fre-
quently seen in aGvHD [10]. With respect to mucosal en-
hancement, the MRI findings presented in this study are
analogous to these previous CT imaging based studies. In all
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but one patient, affected bowel segments showed a stronger
mucosal enhancement in comparison to healthy segments. In
one patient, parts of the small intestine with a typical wall
oedema and wall thickening in T2w images showed no dif-
ference to unaffected segments on contrast-enhanced se-
quences. However, this patient had only mild clinical symp-
toms and empirical steroid therapy for aGvHD had been
already started prior to the MRI examination. Nevertheless,
there was a general overlap between healthy and affect-
ed segments with respect to mucosal enhancement, es-
pecially in the large intestine. This made a decision
based only on dynamic Tlw images difficult, both for
the large and the small intestine. The semiquantitative
measurement revealed differences, which did not turn
out to be statistically significant. Yet, the enhancement is well
perceivable for abdominal radiologists, and; hence, it might
help as an additional marker to mucosal oedema and wall
thickening in T2w images to make the diagnosis of GvHD
more likely.

In line with previous studies, ascites are not a reliable
finding in aGvHD [8].

There are three conceivable advantages of using MRI
instead of CT as imaging modality in patients with suspected
abdominal aGvHD. First, getting information about contrast
enhancement dynamics of the bowel wall in CT would require
multiple examinations and lead to an unacceptable high radi-
ation dose for the patient. Second, impaired kidney function,
which is frequently found in patients with aGvHD, is a con-
traindication for application of potentially nephrotoxic iodine
contrast agents [24]. In native CT examinations, the assess-
ment of bowel wall pathologies can be difficult, e.g., regard-
ing bowel wall morphology, or impossible, e.g,. regarding
bowel wall enhancement characteristics. In contrast, the neph-
rotoxicity of gadolinium based MR contrast agents is very
low. Furthermore, there seems to be no association between
the use of macrocyclic gadolinium compounds and
nephrogenic systemic fibrosis [24]. Third, the superior soft
tissue contrast of MRI might allow the detection of subtle
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pathologies of the bowel wall, like short segment mucosal
oedema with slight wall thickening.

Study limitations

Even though all patients with suspected intestinal aGvHD or
higher grade skin GvHD after allogeneic stem cell transplan-
tation at a single institution were included in this study, the
relatively small number of patients has to be regarded as the
main study limitation. This is a retrospective analysis.
However, all consecutive patients during a three-year period
at a single institution were included. The diagnostic workup as
well as the management of patients with suspected aGvHD
was performed uniformly according to institutional standard
operating procedures.

A variety of intestinal complications after SCT - such as
Clostridium difficile enterocolitis, neutropenic colitis or infec-
tion with cytomegalovirus - show similar imaging patterns in
CT and ultrasound The unfairest of them all / by
Shannon Hale [25, 26]. Thus, a differentiation between
intestinal aGvHD and infectious or drug-toxicity-related
complications based on MRI will likely remain a chal-
lenging task. Future investigations will have to show the
typical imaging patterns of intestinal complications in patients
after SCT other than aGvHD.

Intestinal aGvHD after allogeneic stem cell transplantation
shows the characteristic MRI pattern described in this study. In
patients with clinically suspected aGvHD, MRI can strongly
support the suspected diagnosis and allow the initiation of an
immunosuppressive therapy days before a final histological
diagnosis. Based on the findings presented in this study, the
absence of pathological findings can exclude intestinal aGvHD.
We, therefore, suggest using MRI as a readily available non-
invasive diagnostic tool in suspected intestinal aGvHD. An
MRI-guided earlier therapy of intestinal aGvHD might
help to improve the unsatisfactory outcome in severe intestinal
aGvHD.
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