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Stem Cell Transplantation

New insights into the pathophysiology of
gastrointestinal graft-versus-host disease using
capsule endoscopy

We investigated gastrointestinal graft-versus-
host-disease using capsule endoscopy in patients
with abdominal pain and/or diarrhea. We found
severe pathology involving most of the gut includ-
ing loss of villi, ulcerations, narrowing, bleeding
and fistula formation. In 2 patients, capsule
endoscopy alone established the diagnosis of graft-
versus-host-disease. Some ulcerations were associ-
ated with cytomegalovirus infection. 
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Fourteen patients with gastrointestinal graft-versus-
host disease (GVHD)) acute  (n=11), or signs of chronic
GVHD with diarrhea, abdominal pain or malabsorption
(n=3) were studied by using capsule endoscopy. GVHD
was graded according to the International Bone Marrow
Transplant Registry (IBMTR) indices.1 Routine stool
examinations were done. The median grade of acute gas-
trointestinal-GVHD was C (range B-D). Two of the
patients had reactivation of cytomegalovirus (CMV) diag-
nosed by pp65 antigenemia, while one had borderline
results. Capsule endoscopy is the only minimally inva-
sive method for direct visualization of the entire small
intestine. The system uses a disposable miniature video
camera contained in a capsule, which is ingested by the
patient. The capsule passes through the digestive tract,
transmitting high quality color images during 6-7 hours.
Capsule endoscopy has been proven to be effective in the
diagnosis of diseases of the small bowel such as tumors
and inflammatory bowel disease and in identifying the
source of gastrointestinal bleeding.2,3 In this study we
used a GIVEN M2A capsule (Yoqneam, Israel) which was
ingested after a 12-hour fast and 30 minutes after admin-
istration of metoclopramide. Patients were followed for
abdominal symptoms with attention to the stool to iden-
tify the capsule. No symptoms of obstruction were
recorded and all the capsules were retrieved. One patient
died 7 days after capsule endoscopy due to sepsis. There

Figure 1. A. Normal small bowel with a fur-
like coat covering the symmetrical small
bowel folds. B: total loss of normal small
bowel structures in a patient with acute
grade CGVHD: no folds or villi are seen.  C:
same patient after treatment. Villus forma-
tion is recovering (black arrow), ulceration
is still present (blue arrow). The patient
was totally asymptomatic at the time of
the examination. D: capsule endscopic
study showing wide semi-circumferential
superficial ulceration due to GVHD. E:
bowel wall of a patient with grade 2 GVHD
showing only partial damage to the
mucosa (areas with and areas without vil-
lus formation).

Figure 2 [right column, low panel]. A: small bowel with deep ulcer-
ation between the blue arrows, most probably due to CMV infec-
tion; this patient had positive pp65 CMV antigenemia. B: small
bowel wall lacking villi with spontaneous bleeding (blue arrows).
C: intestinal mucosal covered with multiple diffuse aphthous
lesions (blue arrows) in a patient with grade 4 GVHD; no villi can
be seen. D: same patient as in picture 2C with aphthous lesions
(short black arrow). The orifice of an entero-enteric fistula can be
seen (long blue arrow); note the air bubbles (circled), which exit
via the fistula. E: circumferential luminal narrowing in a patient
with grade 4 GVHD; note the absence of villi and peripheral apht-
hous lesions. F: irregular thickened folds, with mucoid discharge
adherent to surface of the mucosa in a patient with grade 4 GVHD.
Typically, villi are absent.
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was no endoscopy-related morbidity. 
Patients with acute GVHD had severe damage to the

small bowel mucosa and the extent of the damage corre-
lated with the grade of GVHD. Patients with grade D
GVHD had disease involving the entire small bowel.
Mucosal findings included loss of villi and small bowel
folds, superficial mucosal breaks, spontaneous bleeding,
ulceration, stricture formation and lack of peristalsis
(Figures 1 and 2). Five patients had lack of stomach peri-
stalsis without overt lesions. Patients with CMV antigen-
emia had typical deep ulcerations with sharply demarcat-
ed borders; the same findings were present in the patient
with borderline antigenemia, in whom bowel biopsy
subsequently proved the CMV bowel infection. In one
patient with grade D GVHD an entero-enteric fistula was
diagnosed (Figure 2C). In 2 patients, acute GVHD was
clinically suspected without biopsy support, however,
the capsule endoscopy made the diagnosis possible by
showing the typical features of acute GVHD demonstrat-
ed in this study. One patient with severe acute GVHD
responding to treatment underwent a repeat capsule
endoscopy demonstrating regenerated villi, although the
entire bowel was severely diseased with scattered ulcer-
ations (Figures 1B and 1C). Lesions were less severe and
extensive in the cases with grade B-C GVHD. No signifi-
cant mucosal abnormalities were identified in chronic
GVHD.

Gastric transit time (TT) was increased in patients with
acute GVHD, being an average of 119 minutes (range
2–310). In 3 patients with stage D acute GVHD, gastric
TT was extremely prolonged. The average gastric TT in
healthy volunteers was 32 minutes (range 1-164)
(p=0.016). Average small bowel TT was 268.4 minutes
(range 122–375) and was normal in patients with chron-
ic GVHD (average 240, range 201-304 minutes). In spite
of the now considerable understanding of the cellular and
cytokine pathogenesis of GVHD, knowledge regarding
the physiology and macroscopic histopathology of active
in vivo gastrointestinal GVHD is lacking.4 In this study, we
have found that acute GVHD (especially grade D) of the
stomach led to gastroparesis which, surprisingly, was not
always clinically evident. Small bowel peristalsis was also
severely affected and bowel TT was prolonged even in
the presence of profuse diarrhea. This may indicate that
the inflammation in the gut wall interferes with enteric
nerve signaling resulting in a stunned intestine. Capsule
endoscopy showed characteristic mucosal damage
including diffuse superficial mucosal disease, loss or
shaven villi, mucosal breaks, vascular malformation,
mucosal hemorrhages, ulcerations, inflammatory exu-
dates, bleeding, scalloped folds and aphthous lesions
(Figures 1 and 2) although a tissue biopsy could not be
obtained the from the precise spot where the diagnostic
endoscopic picture was seen. Capsule endoscopy
revealed new findings previously not described in
patients with acute GVHD including strictures and an
entero-enteric fistula indicating that the inflammatory
process infiltrates the entire small bowel wall. No signif-
icant mucosal abnormalities were identified in chronic
GVHD. The only visible phenomena were mild focal loss
of villi and thickened villi. Viewing the endoscopic pic-
tures, it seems that grade C-D GVHD is a separate entity
in which the mucosal villi are entirely destroyed (Figure
1B). Villous regeneration occurs in response to medical
therapy of GVHD, and this is accompanied by a resolu-
tion of diarrhea, although the integrity of the small bowel
mucosa remains compromised thus providing a port of
entry for pathogens. Interestingly, we identified deep
ulcerations indicative of CMV infection only in those
patients in with CMV antigenemia. This may imply that
the capsule endoscopy is an important tool in the identi-

fication of intestinal CMV infection and may help to dif-
ferentiate GVHD from CMV, a significant clinical issue
considering the fact that the treatment is different
(increasing vs. decreasing immunosuppression).

We conclude that capsule endoscopy in GVHD is feasi-
ble and safe; it may be a simple non-invasive method to
diagnose acute GVHD and define the extent of bowel
involvement neither of which can be achieved by
colonoscopy. Although colonoscopy is cheaper then cap-
sule endoscopy and facilitates biopsy, it may provide less
information and carries a higher risk of bleeding if biop-
sy is done. The routine use of capsule endoscopy may
provide early diagnosis and better care for allogeneic
stem cell transplant recipients with gastrointestinal
symptoms, and thus improve transplantation results.
Considering the poor gastric motility in these patients,
we recommend the use of prokinetics before the capsule
endoscopy and also suggest placing the patient in the
right lateral position for at least 30 min after swallowing
the capsule in order to facilitate its gastric passage. 
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