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Intestinal failure

Endoscopic ultrasound in the
monitoring of the intestinal allograft

Mihai Oltean,"? Per Hedenstrom
Riadh Sadik®*

ABSTRACT

Objective Chronic rejection (CR) of the small intestinal
allograft includes mucosal fibrosis, bowel thickening and
arteriopathy in the outer wall layers and the mesentery.
CR lacks non-invasive markers and reliable diagnostic
methods. We evaluated endoscopic ultrasound (EUS) as

a novel approach for monitoring of the intestinal allograft
with respect to CR.

Design In intestinal graft recipients, EUS and enteroscopy
with ileal mucosal biopsy were performed via the
ileostomy. At EUS, the wall thickness of the intestinal graft
was measured in standard mode, whereas the resistive
index (RI) of the supplying artery was assessed in pulsed
Doppler mode. At enteroscopy, the intestinal mucosa was
assessed. Findings were compared with histopathology
and clinical follow-up.

Results EUS was successfully performed in all 11
patients (adequate clinical course (AC) n=9; CR n=2)
after a median interval of 1537 days (range: 170-5204),
post-transplantation. The total diameter of the wall

(layer 1-V) was comparable in all patients. Meanwhile,

the diameter of the outermost part (layer IV-V; that

is, muscularis propria—serosa) was among the two

CR patients (range: 1.3—1.4mm) in the upper end of
measurements as compared with the nine AC patients
(range: 0.5—1.4 mm). The Rl was >0.9 in both CR patients,
while the Rl was <0.8 in all AC patients. Both CR patients
had abnormal findings at enteroscopy and histopathology
and deceased during follow-up.

Conclusion EUS is a promising tool providing detailed
information on the intestinal graft morphology and
rheology, which may be used for assessment of potential
CR in long-term follow-up of intestinal allograft recipients.

BACKGROUND

Intestinal transplantation (ITx), either alone
or in combination with other splanchnic
organs, is a relatively rare and challenging
type of organ transplantation. The early
results of ITx have continuously improved
over the last decades with 1-year patient and
graft survival increasing from less than 60%
to over 80%." * However, long-term results
have remained unchanged with 5-year and
10-year graft survival of around 50%.° * A
major cause for graft attrition is chronic rejec-
tion (CR), a puzzling clinical and pathologic
condition ascribed to both allogenic and allo-
independent factors. Animal models suggest
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What is already known about this subject?

» Chronic rejection (CR) of the small intestinal allograft
is a potentially life-threatening condition, which
is difficult to diagnose with non-invasive markers
and routine imaging. Endoscopic ultrasound (EUS)
can provide detailed images of the intestinal wall
including supplying arteries. Therefore, EUS may
contribute with important diagnostic information in
suspected CR.

What are the new findings?

» We evaluated EUS, including measurement of the
wall thickness and the resistive index (Rl), for mon-
itoring of the intestinal allograft with respect to CR
in 11 intestinal graft recipients also subjected to
enteroscopy with forceps biopsy. EUS was success-
fully performed in all patients—nine patients with
adequate clinical course (AC) and two patients with
suspected CR. The total wall thickness was com-
parable in CR patients and AC patients. Meanwhile,
the Rl was recorded higher in both patients with CR
as compared with AC patients. Both patients with
CR had abnormal findings also at enteroscopy and
histopathology.

How might it impact on clinical practice in the

foreseeable future?

» The use of EUS in the monitoring of the intestinal
allograft will be beneficial to gastroenterologists by
providing diagnostic information on the risk for CR,
which can be challenging to obtain by other meth-
ods. Moreover, EUS is patient-friendly since it is a
non-radiating type of imaging, which can be per-
formed in an outpatient setting without any need for
general anaesthesia.

that CR starts with mesenterial fibrosis and
arteriolitis and later progresses with submu-
cosal fibrosis.” Unfortunately, all these earlier
features occur outside the reach of endo-
scopic mucosal biopsies, which is the main
method for intestinal graft surveillance. It is
only in late, advanced stages that CR results
in mucosal alterations and a clinical picture
featuring motility impairment, bacterial over-
growth, enterocutaneous fistulas or weight
loss, all suggestive of this ominous condition.
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Even so, the diagnosis of CR is usually confirmed only in
full-thickness biopsies after removing the failed grafts.’

Ultrasound is an imaging technique whose non-
invasiveness, rapid availability and low costs have
propelled it as essential tool in transplantation medicine
for the assessment of parenchymatous organs and fluid
collections.” The growing expertise of examiners has
expanded the use of intestinal ultrasound in the assess-
ment of the gastrointestinal tract. Intestinal ultrasound
has been shown to have high sensitivity and specificity as
well as high positive and negative predictive value, in the
detection or exclusion of intestinal inflammatory activity
in inflammatory bowel disease (IBD).*'’ Moreover, the
advent of endoscopic ultrasound (EUS) equipment has
offered new possibilities for detailed, close range exam-
ination of structures laying inside or in close proximity of
the gastrointestinal wall."' > EUS can accurately discrim-
inate wall thickening, intraparietal circulation or inflam-
mation. The equipment for EUS is fitted on regular
endoscopes and allows both regular endoscopies and
biopsies as well as a detailed assessment of intestinal wall
and the neighbouring structures. With EUS, the intestinal
wall appears as a five-layered structure: the mucosa (layer
I, innermost, hyperechoic), the muscularis mucosae
(layer II, hypoechoic), the submucosa (layer III, hyper-
echoic), the muscularis propria (layer IV, hypoechoic)
and subserosa (layer V, hyperechoic), figure 1.

To date, the diagnosis of CR is delayed and the clin-
ical decisions stemming from it such as graft removal or
retransplantation are mostly based on clinical criteria,
without having a well-defined marker or specific inves-
tigation.” '* Given the proven ability of intestinal EUS to
assess bowel wall thickness, wall layer stratification as well
as blood flow inside and close to the intestinal wall, we set
up to assess the findings and diagnostic value of intestinal
EUS in the long-term graft surveillance after ITx.

METHODS
Patients and preparations
All transplants were performed at Sahlgrenska Univer-
sity Hospital between 2007 and 2021. Patient charac-
teristics are detailed in table 1. EUS and enteroscopy
were performed in 11 intestinal graft recipients at
variable intervals after transplantation at the time of
scheduled, protocol endoscopic follow-up. No routine,
cross-sectional imaging was performed during follow-up.

Two out of 11 patients had clinical suspicion of CR
due to need for late reintroduction of parenteral nutri-
tion, fistulae, recurrent sepsis episodes and protracted,
unexplained abdominal pain in the absence of any other
cause. These two patients died during the follow-up time
frame, partly due to CR, which is further discussed below.

The remaining nine patients had stable graft function
and adequate clinical course (AC). None of the patients
had Crohns’ disease.

All study participants were scheduled for a 90 min exam-
ination (60 min for the procedure as such and 30 min for
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Figure 1 A: The measurement of the total thickness of

the small bowel wall with the lumen appearing upwards.
The EUS image shows the five wall layers of the small
bowel presented as follows —layer |, innermost: mucosa
(hyperechoic); layer IIl: muscularis mucosae (hypoechoic);
layer IlI: submucosa (hyperechoic); layer IV: muscularis
propria (hypoechoic); layer V, outermost: serosa
(hyperechoic). The measurement of the complete bowel
thickness (wall layer I-V) was performed by marking the
distance between the first (innermost cross) and the fifth
wall layer (outermost cross) at bowel relaxation. B: The
measurement of innermost part of the bowel wall (wall layer
I-11l) was performed by marking the distance between the
first and the third wall layer at bowel relaxation (D2 —1.2 mm,
B). The diameter of the outermost part of the bowel wall was
performed by subtracting the diameter of the innermost part
from total wall diameter. EUS, endoscopic ultrasound.

postprocedural monitoring) at the endoscopy unit. The
examinations were performed through the ileostomy
without any bowel preparation apart from.

The patients were not examined under general anaes-
thesia, but sedation with intravenous midazolam and/or
alphentanil was administered if requested by any of the
patients. The study was approved by the Regional Ethical
Review Board (Dnr 573-09).

Equipment and procedures

Endoscopic ultrasound

The procedures were performed by the study endosonog-
rapher (PH) using an ultrasound processor (HI VISON
Ascendus, Hitachi, Tokyo, Japan) and a linear echoen-
doscope (eg, 3870UTK, Pentax, Tokyo, Japan). In four
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Table 1 Characteristics of the study patients

Patient Sex Age attransplant Age at first EUS  Pre-transplant diagnosis Graft type  Clinical course
1 M 54 56 PMVT MVTx Adequate

2 F 39 41 SBS MVTx Adequate

8 F 4 14 SBS ISB Chronic rejection
4 F 37 37 SBS MVTx Adequate

5 F 13 22 SBS ISB Chronic rejection
6 M 40 45 SBS MVTx Adequate

7 M 48 58 SBS, PMVT MVTx Adequate

8 M 33 34 SBS MVTx Adequate

9 F 20 35 CIPO MVTx Adequate

10 F 46 46 SBS MVTx Adequate

11 F 12 19 AL MVTx Adequate

AL, autoimmune leiomyositis; CIPO, chronic intestinal pseudoobstruction; EUS, endoscopic ultrasound; ISB, isolated small bowel overnight
fasting; MVTx, multivisceral transplantation; PMVT, portomesenteric venous thrombosis; SBS, short bowel syndrome.

of the procedures, a second endosonographer (RS) was
also present on-site. Without any insufflation of air, the
echoendoscope was introduced 10-20cm into the small
bowel graft via the ileostomy. A small amount of luke-
warm tap water was injected into the bowel lumen. Then,
a cross-sectional ultrasound image of the bowel segment
was centred on the screen during intestinal relaxation
and the image was frozen. The thickness of the entire
bowel wall (wall layer I-V), figure 1A, the innermost part
of the bowel wall (wall layer I-III), and the outermost
part of the bowel wall (wall layer IV-V) were measured
and recorded. This procedure was repeated for at least
three times at different locations. Finally, the median
value of the three measurements was recorded and used
for subsequent comparisons.

After bowel wall measurements, a mesenteric artery
close to the bowel wall was identified by the use of
colour Doppler, figure 2. Then, settings were changed to
the pulsed wave mode and the resistive index (RI) was
measured in the selected artery a previously described
formula'*: RI=(PSV-EDV)/PSV (PSV: peak systolic
velocity; EDV: end diastolic velocity). In total, three
RI-measurements were performed in each examina-
tion, and the median value of the three measurements
was recorded and used for subsequent comparisons. For
reasons related to the ultrasound software, the procedure
of RI measurement was initiated after the start of the
study and performed in nine patients during one EUS
examination only.

Enteroscopy

Thereafter, a high-definition gastroscope (eg, 760Z, Fuji-
film, Tokyo, Japan) was used for graft enteroscopy. The
gastroscope was advanced 10-20 cm into the small bowel
via the ileostomy. Then, the small bowel mucosa was care-
fully assessed in white light mode while capturing still
images and video sequences. Assessment of the mucosa
was performed both in standard view and close-up viewand
evaluated according to a previously described endoscopic

score,15 figure 3. In brief, GO describes a normal mucosa
with long, slender villi and no erythema, GI stands for
mild erythema and mucosal friability and slightly edema-
tous villi, G2 represents a mucosa with marked erythema
and mucosal friability, erosions, blunted villi, G3 entails
spontaneous bleeding, ulcerations with effaced or lost
villi, whereas G4 denotes extensive mucosal loss and
visible submucosa. Finally, 3-5b mucosal random biopsies
were collected using standard biopsy forceps.
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Figure 2 The measurement of the resistive index (RI). The
endoscopic ultrasound (EUS) image of the small bowel

in colour Doppler mode (CW) (left) and in pulsed Doppler
mode (PW) (right) in a patient with an uncomplicated clinical
course (A) and in a patient with chronic rejection. The Rl
was calculated by dividing the end diastolic velocity (V2 and
V4) with the peak systolic velocity (V1 and V4).
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Figure 3 Enteroscopy of an intestinal graft with adequate
clinical course (A) and chronic rejection (B).

Histopathology
The mucosal biopsies were assessed by an experienced
transplant pathologist according to established criteria.'®
Intestinal segments were obtained at the time of
ileostomy removal in two patients with uneventful
course (patient 2 and 6 after 420 and 1962 days post-
transplantation, respectively) and in patient 3 at the time
of intestinal graft removal due to CR (4890 days post-
transplantation). All three full-thickness biopsies were
obtained within a month from the EUS examination.
These samples were used to compare the EUS measure-
ments with full thickness intestinal biopsies.

Study outcomes
The coprimary study outcomes were the feasibility and
the accuracy of measurements at EUS in identifying
patients with and without clinical suspicion of CR in the
intestinal graft.

Statistics

The dispersion of the recorded data was described as
median and range. Given the limited number of patients
included in the study, numerical comparisons of data
were performed between the group of patients with AC

and the patients with CR. However, no statistical compar-
isons with p value calculation were performed. For the
same reason, no p value analysis was performed regarding
the RI measurement. Data analysis was performed using
IBM SPSS Statistics V.25.0.

RESULTS

Eight out of 11 patients (patient 1 to 8) underwent two
EUS examinations, whereas the remaining three patients
(patient 9 to 11) underwent only one EUS examination.
The median time between transplant and first EUS was
1537 days (range: 170-5204), whereas the median time
between the two EUS examinations was 343 days (range:
304-648).

In all cases, EUS and enteroscopy were feasible and
both examinations could be performed as scheduled
within the same endoscopy session. In a vast majority of
the patients, both procedures were indeed completed
within 60 min. No patient experienced severe discomfort
or the need for premature termination of the procedures.

Patient 3 underwent graft enterectomy due to clin-
ical and radiological suspicion of CR after her second
EUS. CR was confirmed by the pathology examination
of the explanted graft. The other patient with suspected
CR (patient 5), died during follow-up due to COVID-19
infection. At that time, she suffered from severe malnu-
trition and strongly suspected CR supported by the find-
ings at EUS+RI. No autopsy was performed.

Endoscopic ultrasound

In all cases, EUS was able to provide measurements of
the thickness of both the entire intestinal wall and its
different wall layers, figure 1, table 2. There were no
obvious differences between the measurements taken
during the first and the second EUS examinations.

Table 2 Overview of the endoscopic and microscopic findings
Patient EUS 1 EUS 2 RI GITES Histology Clinical course
-V~ -1t IV-VE -V~ -1t IV-VE

1 2.3 1.3 1.0 2.5 1.1 1.3 0.80 GO Normal Uncomplicated
2 2.4 1.5 0.9 2.6 1.4 1.1 N/A GO Normal Uncomplicated
#3 2.5 1.2 1.3 2.8 14 1.4 0.93 G1 CR CR

4 2.3 1.6 0.7 2.2 1.5 0.7 N/A GO Normal Uncomplicated
5 2.4 1.1 1.3 2.8 1.4 1.4 0.91 G0-G1 Suspected CR  CR

6 2.4 1.3 1.1 2.7 1.3 1.4 0.77 GO Normal Uncomplicated
7 2.6 1.6 1.0 2.7 1.6 1.1 0.80 GO Normal Uncomplicated
8 2.7 1.7 1.0 2.6 1.7 0.9 0.73 GO Normal Uncomplicated
9 2.2 1.5 0.7 - - - 0.73 GO Normal Uncomplicated
10 2.3 1.4 0.9 - - - 0.79 GO Normal Uncomplicated
11 2.3 1.8 0.5 - - - 0.75 GO Normal Uncomplicated

*Diameter of graft wall layer |-V (mucosa-serosa) in mm.

TDiameter of graft wall layer I-lll (mucosa-submucosa) in mm.

iDiameter of graft wall layer IV-V (muscularis propria-serosa) in mm.

CR, chronic rejection; GITES, Gothenburg Intestinal Transplant Endoscopy Score (G0-G4); R, resistive index.
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The thickness measured of the entire wall (wall layer
I-V) was comparable in the nine patients with an AC and
in the two patients with suspected CR, table 2. In the two
patients with suspected CR, the recorded thickness of wall
layer IV-V (1.3 mm and 1.4 mm, respectively) was numer-
ically in the upper end of measurements performed in all
11 patients (range: 0.5-1.4mm), table 2.

The EUS examinations allowed the identification and
evaluation of the mesenteric vasculature, including the
intramural vessels. In nine patients, we measured the
RI in the mesenteric vessels adjacent to the intestinal
wall, figure 2. The RI was recorded>0.9in both patients
with suspected CR, while the RI was recorded <0.8in all
patients with an AC, table 2.

ENTEROSCOPY

The small bowel mucosa appeared normal (GO) at
enteroscopy in all the nine patients with an uncom-
plicated clinical course, figure 3A and table 2. In the
two patients with suspected CR, enteroscopy revealed
blunted, dome-shaped villi, petechiae and a slightly
friable mucosa (G1), figure 3B and table 2. No denuded
areas were noted.

HISTOPATHOLOGY

In the nine patients with normal enteroscopy findings,
microscopical examination of the mucosal biopsies
revealed normal intestinal structure without signs of
acute rejection and without positive staining for cytomeg-
alovirus or C4d. In the two patients with clinical suspi-
cion of CR, the microscopic examination of the mucosal
biopsies uniformly found shorter villi as well as fibrosis
and proliferating myofibroblasts in the lamina propria.
In one case, besides mucosal atrophy and fibrosis, micros-
copy revealed low-grade acute rejection (increased apop-
totic body count). The explanted intestinal graft (patient
3) showed mucosal atrophy as well as arteriosclerosis,
fibrosis and scarring in the mesentery, all typical for CR.
The assessment of the intestinal wall on the histological
preparations from resected specimens was in line with
findings recorded at EUS.

DISCUSSION

The present study is the first to report the use of EUS in
the follow-up of the intestinal graft. The current findings
suggest that EUS may assess the intestinal graft beyond
the reach of endoscopic biopsies and provide a level
of detail unavailable for other imaging methods used
routinely such as MRI and CT.

Intestinal CR is an enteropathy with insidious, progres-
sive course lacking early, specific clinical symptoms
or mucosal findings at endoscopy. CR lacks reliable
biomarkers in blood or faeces and the only indirect
evidence may be only inferred by CT and MRI scans,
showing mesenteric and intestinal wall thickening and
a paucity of mesenteric vessels.” Although most clinical

series report an incidence of CR between 5% and 10%,
the largest single centre experience reported to date has
identified CR as the most important single cause of graft
loss (30%), equaling infections and technical complica-
tions combined."”

The investigations summarised herein were initiated
after a median interval of byears after ITx (first EUS)
and they were repeated after about 1year. Although the
natural history of CR is poorly known, it is believed that
its frequency increases 2years after transplantation and
reaches a peak during the third post-transplant year.'
Eight out of the 11 patients (all patients but patient 4, 8
and 10) in our study were within this time frame (time to
second EUS counted) and, hence, were at risk of devel-
oping CR changes. In addition, the results of Nayyar et al
infer that 1year of observation may be sufficient to docu-
ment ongoing CR making our yearly frequency of the
examination relevant.

Endoscopic mucosal biopsies form the mainstay of
intestinal allograft monitoring and allow the accurate
diagnostic of acute rejection, infectious enteritis and post-
transplant lymphoproliferative diseases. However, and
importantly, the obstructive vasculopathy of the middle-
sized submucosal and mesenteric arteries, which are hall-
mark lesions of CR, cannot be visualised in endoscopic
biopsies since they develop in the deeper wall layers or
just outside the intestine.” Our observations show that
EUS is able to provide information about the intramural
vascularity of the transplanted intestine and its adjacent
mesentery. The method also allowed the measurement of
an RI at the level of mesenteric vessels.

In spite of the limited number of observation, it seems
that the mesenteric Rl is increased in patients with clin-
ical suspicion of CR. This finding is in line with the abun-
dant experience from kidney and liver transplantation,
where an increased RI (>0.80) has been shown to be asso-
ciated with allograft pathology.7 ¥ 19 The current field of
research is relatively unexplored and, therefore, there
is no established cut-off level for RI regarding intestinal
grafts. Based on our data, it seems that the cut-off level
for an increased RI might be higher in intestinal grafts
(RI>0.90?). Why so? A possible explanation could be
that the liver and the kidney are parenchymatous organs
surrounded by a capsule, whereas the SI is a soft cavitary
organ. We speculate that this relatively soft organ and its
surrounding mesentery can reposition more freely within
the abdomen, which hypothetically in turn might affect
the vascular rheology and the RI. Future studies on the
topic are required to validate, or question, the findings
presented by us. The usefulness and significance of this
newly described parameter, its interobserver variability as
well as the circumstances that may influence it need to be
established in larger patient series. Admittedly, measure-
ment of the Rl-index requires both adequate equipment
and proper training of the endosonographer. Neverthe-
less, according to our experience, learning to master
an RI measurement is relatively simple and not time-
consuming. The software of most modern ultrasound
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processors enables pulsed Doppler mode and thereby
RI-measurement. Hence, neither of these two issues
should be a limiting factor.

Graft dysmotility is a typical manifestation of CR and
muscular alterations have been reported in explanted
grafts and animal models. Experimental data indicate that
severe damage to the muscularis and the enteric nervous
system occurs before clinical or mucosal changes become
apparent.”’ Interestingly, intestinal smooth muscle
hypertrophy and hyperplasia, associated with abnormal
contractile and electrical activities, were observed in both
rat and dog intestines with CR.*' * An interesting and
intriguing finding of the study is that total wall thickness
did not appear obviously increased in the two patients
with CR. On the other hand, our measurements were
indicating a somewhat thicker outer part of the wall (the
muscularis propria and the serosa) in the two patients
with CR as compared with the nine patients with an AC.

In research, the clinical benefit of new techniques is
always of interest. In the current study, we argue that
EUS was an important factor in the overall evaluation
of the graft function status facilitating decisions on clin-
ical management. In both patients with CR (patient 3
and 5), EUS and RI were indicating abnormality of the
graft pointing in the same direction as findings of other
modalities.

Humbly, we admit that the number of patients included
in the study was relatively small. Consequently, the results
presented must be interpreted with prudence as find-
ings in minor study populations are less valid by nature.
Nevertheless, even from a limited sample size, one can
obtain valuable indications on truly existing findings in
larger study cohorts.

In order to facilitate the acute rejection surveillance
in the early transplant period, all the examinations were
performed through the ileostomy placed at the time of
transplantation. Thereby, an easy and safe access to the
transplanted small intestine was provided. We did not
attempt to perform intestinal EUS through the trans-
planted or native colon after the ileostomy removal, as
reaching the transplanted small bowel via the colon and
by using the echoendoscope could be both technically
challenging and risky. As an increasing proportion of ITx
patients also receives a colon segment,” further studies
should explore the technical feasibility of this approach
as CR seems to develop several years after transplanta-
tion, a time when the ileostomy may have already been
removed in many patients (if constructed at all).”> The
experience accumulated during the investigation of the
upper gastrointestinal tract suggests that this may be a
feasible alternative.”*

Transabdominal ultrasound (TUS) with RI of the
allograft could be an alternative approach in patients
without an ileostomy. Besides the fact that TUS will gain
access for measurements also in patients without an ileos-
tomy, obviously TUS is less invasive than EUS. However,
the drawback of TUS would be the risk of moderate
quality ultrasound images both due to the larger distance

from the echoprobe to the target organ and due to the
risk of artefacts induced by reflecting intestinal gas.
Nevertheless, we evaluated TUS as a complementary
examination in four of the study patients. We recorded
similar findings via the transabdominal approach, but the
procedure was more time-consuming than EUS (approxi-
mately an additional 10 min as compared with EUS). The
additional time was required for optimal positioning of
the probe and the identification of appropriate bowel
segments. Moreover, TUS would benefit from oral intake
of macrogol solution by the patients some hours before
TUS to minimise the volume of intestinal gas. Another
aspect of the transabdominal approach is that endoscopy
might be needed anyhow in order to visualise and assess
the small bowel mucosa.

Routine, cross-sectional imaging (MRI) at predefined
dates was not a part of the follow-up programme within
the current study. Consequently, potential diagnostic
information from this modality could not be recorded.
Nonetheless, the resolution of MRI would not obviously
be high enough for precise measurement and relevant
comparison of the intestinal wall.

The current study has several limitations due to the low
number of patients and observations as mentioned above.
The external validity of the presented findings needs
to be determined and multicentric, prospective studies
would be welcome. The limited access to full wall biop-
sies will continue to remain a challenge for diagnosing
CR and future related studies as these biopsies are almost
impossible to obtain in this patient group except at ileos-
tomy removal, at retransplantation or graft removal or
at autopsy.” ® We had access to full thickness biopsies in
some of the patients, including in one case with clinical
rejection (patient 3), allowing us to verify the EUS find-
ings on actual samples obtained in a rather close time
frame. In contrast, EUS may be repeated at any interval
due to its minimal invasiveness and possibility to inves-
tigate rather extended segments of intestine as well as
adjacent intestinal loops in the proximity of the segment
bearing the ileostomy which is intubated.

In conclusion, the study provides a proof of concept
on the use of EUS in the follow-up of the intestinal graft
morphology and rheology in a group at risk of devel-
oping CR. The results show its technical feasibility and
some previously unknown, relevant insights that warrant
further expansion. EUS may provide useful information
on the intestinal graft wall and the structures in its close
proximity that may be used in the long-term monitoring
and management of intestinal allograft recipients.
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