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Capsule Endoscopy in the investigation of renal transplant 
recipients with chronic diarrhea 
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SUMMARY

Aim of the study: Diarrhea is a common but mostly unex-
plained symptom in renal transplant recipients (RTRs). We 
used capsule endoscopy to investigate the small bowel of 
RTRs with chronic diarrhea and normal upper and lower 
tract endoscopy. Patients and methods: We prospectively 
enrolled RTRs with chronic diarrhea and non-immunocom-
promised patients with normal renal function and diarrhea 
(control group) that underwent capsule endoscopy. Results: 
Eighteen RTRs and 26 controls were included in the study. 
Findings were noted in 65.9% of the RTRs and in 19.2% of 
the controls. Findings considered as causative were detected 
in 33.3% of the RTRs and in 7.7% of the controls (Fisher’s 
Exact Test x2=4.701, p<0.05). Among RTRs, abnormalities 
included lymphangiectasia in 4 (3 of them exhibited labora-
tory findings compatible with protein-losing enteropathy), 
mucosal alterations compatible with mycophenolate mofetil 
toxicity in 2 and CMV enterocolitis in 1, while among con-
trols, Crohn’s enteritis in 1 and celiac disease in 1. Symp-
tomatic improvement as a result of undertaken therapeutic 
measures was observed in all cases. Conclusions: Capsule 
endoscopy proved to be a helpful diagnostic tool in RTRs 
with chronic diarrhea. Aphthoid ulcers probably constitute 
the endoscopic image of mycophenolate mofetil toxicity on 
the small bowel.
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INTRODUCTION

Renal	transplantation	is	the	treatment	of	choice	for	the	
majority	of	patients	with	end-stage	renal	disease.1	Postop-
eratively,	immunosuppressive	therapy	plays	a	crucial	role	
in	maintaining	a	functional	graft.	During	the	last	20	years,	
clinical	outcomes	of	renal	transplantation	treatment	have	
remarkably	improved,	as	a	result	of	a	more	effective	and	
safer	immunosuppressive	treatment	that	ensured	excellent	
survival	rates	for	both	patients	and	grafts.2

However,	treatment	with	immunosuppressive	agents	
is	frequently	associated	with	gastrointestinal	complica-
tions	and	diarrhea	is	a	common	and	mostly	unexplained	
symptom.3	Although	quite	often	diarrhea	is	caused	by	bac-
teria,	there	is	a	significant	number	of	cases	where	no	ev-
idence	of	infection	exists.	In	these	cases,	non-infectious	
diarrhea	is	considered	to	be	a	side	effect	of	immunosup-
pressive	therapy	but	the	pathogenetic	mechanisms	remain	
unclear.4-6	Non-infectious	diarrhea	in	renal	transplant	re-
cipients	(RTRs)	remains	a	real	diagnostic	and	therapeu-
tic	challenge.7

Capsule	endoscopy	(CE)	is	a	novel	method	of	direct	
visualization	of	the	small	bowel	(SB)	that	provides	non-
invasive	examination	of	areas	of	the	gut	that	are	not	ac-
cessible	by	conventional	endoscopy.8	It	can	be	used	as	an	
outpatient	procedure	and	it	can	detect	even	small	lesions	
or	alterations	of	the	intestinal	mucosa.	As	a	consequence,	
the	diagnostic	yield	of	CE	has	been	proved	significantly	
higher	of	any	other	endoscopic	or	imaging	modality	of	
the	SB,	including	gastroscopy,	colonoscopy,	push	enter-
oscopy,	small	bowel	follow	through,	computed	tomogra-
phy	and	angiography.�	
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Data	on	SB	pathology	in	RTRs	with	chronic	diarrhea	
are	limited.	In	view	of	the	scarcity	of	information	we	used	
CE	to	explore	the	entire	SB	in	RTRs	with	stable	renal	func-
tion	and	diarrhea.	To	our	knowledge,	this	is	the	first	pub-
lished	endoscopic	study	in	this	topic.

PATIENTS AND METHODS

This	prospective	study	was	conducted	from	May	2004	
until	December	2006,	and	included	consecutive	RTRs	
with	stable	renal	function	and	chronic	afebrile	diarrhea	
who	were	referred	to	our	institution	for	SB	investigation.	
Chronic	diarrhea	was	defined	as	watery	and	unformed	
stools	lasting	for	at	least	3	weeks,	2	to	5	times	daily,	with	
no	fever.	All	patients	had	been	initially	investigated	with	
esophagogastroduodenoscopy	(EGD)	and	colonoscopy	in	
other	institutions	and,	if	negative	or	non-diagnostic,	were	
subsequently	referred	for	CE.	Consecutive	non-immuno-
compromised	patients	with	normal	renal	function	inves-
tigated	for	chronic	diarrhea	with	CE	during	the	same	pe-
riod	were	used	as	control	group.

Contraindications	for	the	CE	procedure	were	the	gen-
erally	accepted.8	Written	informed	consent	was	obtained	
in	all	cases.	Patients’	clinical	characteristics,	including	sex,	
age,	time	since	transplantation	and	etiology	of	renal	failure	
were	recorded.	Biochemical	tests	of	renal	function	(cre-
atinine	clearance),	albumin,	cholesterol,	and	white	blood	
cell	count	were	also	obtained.

CE Procedure
For	patients’	preparation	a	2-liter	solution	of	polyeth-

ylene	glycol	was	given	the	day	before	the	procedure.	All	
patients	ingested	the	capsule	endoscope	(M2A;	Given	Im-
aging,	ltd.,	Yoqneam,	Israel)	after	an	overnight	fast.	The	
data	recorder	was	disconnected	after	�	hours	and	images	
were	downloaded.

Interpretation of CE Results
A	single	gastroenterologist	initially	screened	all	videos	

and	selected	images	of	potential	abnormalities.	Then,	two	
experienced	in	interpreting	CE	gastroenterologists	indepen-
dently	reviewed	the	selected	images.	All	videos	were	exten-
sively	discussed	and	findings	identified	by	both	reviewers	
were	considered	as	definitive	and	included	in	the	report.	The	
procedure	was	defined	as	incomplete	if	the	capsule	failed	to	
pass	into	the	cecum	during	the	�-hour	duration	of	the	exam-
ination.	CE	findings	such	as	erosions	or	aphthoid	ulcers	of	
the	SB	mucosa,	in	the	absence	of	NSAID’s	or	aspirin	con-
sumption,	were	considered	as	compatible	with	MMF	toxic-
ity,	based	on	the	study	of	Maes	et	al.10	The	diagnostic	yield	
of	CE	was	calculated	for	both	groups	of	patients.

Statistics
The	Statistical	Package	for	Social	Sciences	(SPSS)	

program,	version	13.0	(Chicago,	Illinois)	was	used	for	
statistical	analysis.	Continuous	data	with	normal	distri-
bution	are	summarized	as	mean	±	standard	error	of	mean,	
while	those	without	as	median	(range).	Differences	be-
tween	groups	were	evaluated	by	the	x2	test	or	Fisher’s	ex-
act	test	for	qualitative	variables.	The	Student	t-test	was	
used	to	compare	quantitive	variables.	A	p-value	of	less	
than	0.05	was	considered	statistically	significant.

RESULTS

A	total	of	17	RTRs	and	26	controls	fulfilled	the	inclu-
sion	criteria	during	the	study	period.	Demographic	and	
clinical	characteristics	of	each	group	are	shown	in	Table	
1.	Immunosuppressive	treatment	among	RTRs	consist-
ed	of	mycophenolate	mofetil	(MMF)	and	prednisone	in	
combination	with	cyclosporine	(11	patients),	or	tacroli-
mus	(7	patients).

All	patients	completed	the	procedure	uneventfully.	No	
case	of	capsule	retention	was	observed.	Complete	visual-

Table 1.	Patients’	demographic	and	clinical	characteristics
RTRs Controls Statistics

No	of	patients 18 26
Male/female 11/7 12/14 x2	=	0.�5,	p	=	NS
Mean	age	(±	SEM),	years 44.4	±	3.1 48.5	±	3.2 t	=	-0.�1,	dF	=	42,	p	=	NS
Mean	creatinine	clearance	(±	SEM),	ml/min 41.3	±	3.8 8�.2	±	2.2 t	=	-11.76,	dF	=	42,	p	=	0.000
Mean	post-transplantation	period	(±	SEM),	months 74.1	±	12.2 N/A
Aetiology	of	renal	failure,	n N/A
	Glomerulonephritis 6
	Nephrosclerosis 2
	Diabetic	nephropathy 1
	Chronic	pyelonephritis 1
	other	aetiologies 2
	Unknown 6
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ization	of	the	SB	was	achieved	in	16/18	(88.�%)	RTRs	and	
in	24/26	(�2.3%)	controls.	In	4	(�.1%)	patients,	the	cap-
sule	did	not	reach	the	colon,	and,	therefore,	the	entire	SB	
was	not	imaged.	Causes	of	failure	of	the	capsule	to	reach	
the	colon	within	the	recording	time	were:	presence	of	food	
impairing	capsule	progression	in	1,	and	no	clear	reason	in	
3	patients.	Gastric	emptying	time	ranged	from	4	to	222	
minutes	(median:	41.0)	in	RTRs	and	from	1	to	167	(medi-
an:	26.5)	in	controls.	SB	transit	time	was	28�.2	±	24.3	and	
236.0	±	17.1	minutes	in	RTRs	and	controls	respectively.

CE	findings	of	SB	are	listed	in	Table	2.	All	but	6	RTRs	
(66.7%)	presented	with	some	gastrointestinal	abnormali-
ties.	Among	controls	abnormal	findings	were	present	in	
5	(1�.2%).

Non-specific	and	non-diagnostic	findings	compatible	
with	extensive	SB	inflammation,	such	as	erythema	plus	
edema,	were	recognized	in	3/18	(16.7%)	RTRs	and	in	3/26	
(11.5%)	controls	(x2	=	0.24,	p	=	0.68).	Multiple	aphthoid	
ulcers	(Fig.	1)	were	identified	only	in	RTRs	(2	patients),	
of	whom	none	reported	history	of	NSAID’s	or	aspirin	con-
sumption.	Those	findings	were	characterized	as	compat-
ible	with	MMF	toxicity.	

Erythema,	edema	and	submucosal	bleeding	in	the	dis-
tal	ileum	(Fig.	2A)	as	well	as	erosions	and	aphthoid	ul-
cers	in	the	right	colon	(Fig.	2B)	were	present	in	one	RTR.	
Tissue	diagnosis	of	cytomegalovirus	(CMV)	enterocoli-
tis	was	subsequently	made	by	means	of	a	new	ileocolo-
noscopy	and	biopsies;	preceded	colonoscopy	had	been	re-
ported	as	normal.	

lymphangiectasia,	in	a	pattern	of	continuous	involve-
ment	was	identified	in	4/18	(22.2%)	RTRs	and	in	none	of	
the	controls.	Endoscopically,	lymphangiectasia	was	charac-
terized	by	a	large	group	of	villi	with	whitened	tips	(Fig.	3).	
In	3	of	them	lesions	involved	only	the	jejunum	while	in	

the	other	1	both	the	jejunum	and	ileum.	Three	out	of	these	
4	patients	exhibited	laboratory	findings	compatible	with	
protein-losing	enteropathy	(PlE).	laboratory	values	were:	
normal	24-hour	urinary	protein	with	low	serum	albumin	
(mean:	2.5	g/dl),	low	lymphocyte	count	(mean:	8�0/mm3)	
and	low	serum	cholesterol	(mean:	138	mg/dl).

White	spots,	covering	large	areas	of	intestinal	mucosa	
and	probably	reflecting	focally	dilated	lymphatic	vessels,	
were	identified	in	1/18	(5.6%)	RTRs	(Fig.	4)	and	they	were	
extending	in	the	duodenum	and	the	proximal	jejunum.	A	
new	EGD	with	biopsy	was	performed	and	histologic	ex-
amination	showed	dilated	lymphatic	vessels.

Edematous	appearance	of	intestinal	mucosa	(Fig.	5)	in	
the	whole	length	of	SB	was	found	in	1/18	(5.6%)	RTRs.	Ul-
ceration	with	cobblestoning	and	stricturing	(Fig.	6)	sugges-
tive	of	Crohn’s	disease	was	identified	in	1	of	the	controls	
and	scalloping,	as	an	endoscopic	marker	of	villous	atrophy	
(Fig.	7)	suggestive	of	celiac	disease,	in	another	one.

The	diagnostic	yield	of	CE	in	RTRs	was	33.3%	(6/18)	
and	7.7%	(2/26)	in	the	controls	(1	case	of	Crohn’s	dis-
ease	and	1	case	of	celiac	disease)	–	Fisher’s	Exact	Test	x2	
=	4.701,	p	<	0.05.

Table 2.	SB	findings	by	CE
Findings RTRs 

(n = 18)
Controls 
(n = 26)

Jejunal	and	ileal	inflammatory	
lesions	(edema	+	erythema)

3 3

Erythema,	edema,	erosions	and	
submucosal	bleeding

1 -

Multiple	aphthoid	ulcers 2 -
lymphangiectasia 4 -
White	spots 1 -
Edema 1 -
Ulceration	with	cobblestoning	
and	stricturing

- 1

Scalloping	and	villous	atrophy - 1
No	findings 6 21

Fig. 1. Aphthoid ulcer in the jejunum compatible with MMF 
toxicity

Fig. 2A. Erythema, edema, erosions and submucosal bleeding in 
the distal ileum (CMV enterocolitis) B. Erosions and aphthoid 
ulcers in the right colon (CMV enterocolitis)
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Following	CE,	therapeutic	measures	were	undertak-
en	in	6/18	RTRs	and	in	2/26	controls.	Pharmacothera-
py	was	provided	in	the	patient	with	CMV	enterocolitis	
and	in	the	one	with	Crohn’s	disease.	The	dose	of	MMF	
was	decreased	in	RTRs	with	the	MMF	enteritis,	result-
ing	in	cessation	of	diarrhea.	A	low-fat	diet,	enriched	with	
medium-chain	triglycerides	was	suggested	to	RTRs	with	
lymphangiectasia	and	PlE.	Clinical	and	laboratory	im-
provement	followed.	In	the	patient	with	celiac	disease,	a	
gluten-free	diet	was	suggested	resulting	in	symptomatic	
improvement.

DISCUSSION

Diarrhea	is	a	common	symptom	in	RTRs	receiving	im-
munosuppressive	treatment	but	the	etiology	and	the	exact	
pathogenesis	of	this	symptom	remain	unclear.	The	most	
commonly	used	drugs	in	RTRs	are	MMF,	tacrolimus,	cy-
closporine	sirolimus,	and	cortisone.	Diarrhea	is	widely	ac-
cepted	as	a	side	effect	of	MMF4	and	tacrolimus6	and	more	
rarely	of	sirolimus.5

In	one	study,	among	41	cases	of	diarrhea	in	RTRs,	
41.4%	of	them	proved	to	be	of	infectious	origin	while	
34%	were	attributed	to	drug	toxicity.11	In	another	study,	
among	26	RTRs	with	persistent	afebrile	diarrhea,	60%	of	
cases	were	of	infectious	origin	while	40%	were	attribut-
ed	to	MMF	toxicity.10	Among	RTRs	with	diarrhea	second-
ary	to	MMF	toxicity,	endoscopy	revealed	findings	of	ero-
sive	enterocolitis	and	histology	showed	abnormalities	of	
a	Crohn’s	disease-like	pattern.10	

our	findings	confirmed	those	of	Maes	et	al,10	and	small	
bowel	aphthoid	ulcers	were	the	endoscopic	findings	in	RTRs	
on	MMF	treatment	presenting	with	diarrhea.	Although	in	
our	cases	macroscopic	signs	of	colitis	were	absent,	enteri-
tis	was	prominent.	Aphthoid	ulcers	probably	constitute	the	
endoscopic	image	of	MMF	toxicity	on	the	small	bowel	but	
further	studies	in	a	larger	group	of	patients	are	necessary.

Fig. 3. Lymphangiectasia in the jejunum in a patient with labora-
tory findings compatible with protein-losing enteropathy

Fig. 4. White spots in the distal duodenum

Fig. 6. Ulceration with cobblestoning and stricturing suggestive 
of Crohn’s disease

Fig. 5. Edematous appearance of intestinal mucosa in the whole 
length of SB of a RTR

Fig. 7. Scalloping, as an endoscopic marker of villous atrophy, 
suggestive of celiac disease
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Disorders	of	the	intestinal	lymphatic	transport	system	
are	rare	and	typically	associated	with	PlE.12	Surprisingly,	
CE	detected	lymphangiectasia	in	4/18	(22.2%)	patients.	
This	non-specific	finding	may	represent	a	manifestation	of	
various	pathological	entities	or	may	be	an	incidental	find-
ing	without	clinical	significance.	The	3	RTRs	with	lym-
phangiectasia	had	laboratory	findings	compatible	with	
PlE	although	nuclear	medicine	studies	were	not	avail-
able.	PlE	diagnosis	was	further	confirmed	by	the	clinical	
and	laboratory	improvement,	which	followed	the	low-fat	
diet,	enriched	with	medium-chain	triglycerides.	The	role	
of	CE	in	the	diagnostic	investigation	of	PlE	has	not	been	
studied	and	only	a	few	case	reports,	in	abstract	form,	are	
available	till	today.13-15	

CMV	infection	occurs	in	a	large	proportion	of	trans-
plant	recipients	and	is	the	most	common	viral	cause	of	
clinical	disorders	in	these	patients.3	In	immunocompe-
tent	individuals,	CMV	infection	usually	remains	unrec-
ognized	(subclinical)	but	recovery	is	followed	by	persis-
tence	of	the	virus	in	a	latent	state.	Re-activation	occurs	
with	immunosuppression	following	HIV	infection,	allo-
geneic	bone	marrow	transplantation,	solid	organ	trans-
plantation	or	less	commonly	antineoplastic	chemother-
apy.16	 In	 5%	 of	 RTRs	 CMV	 infection	 can	 affect	 the	
gastrointestinal	 tract	at	any	level	from	the	oropharynx	
to	the	anus.17	In	our	case,	CMV	enterocolitis	was	diag-
nosed	by	CE	and	was	confirmed	by	typical	histological	
and	immunohistochemical	findings	in	intestinal	biopsies	
and	PCR-based	technologies.

our	endoscopic	findings	possibly	compatible	with	ex-
tensive	SB	inflammation,	such	as	erythema	plus	edema,	
with	or	without	erosions	proved	to	be	non-diagnostic	and	
were	recognized	in	the	same	frequency	in	both	RTRs	and	
general	population.	White	spots	and	edema	found	in	the	
SB	of	RTRs	were	also	considered	as	non-specific.

Among	not	immunocompromised	patients	with	nor-
mal	renal	function	with	diarrhea,	SB	findings	that	could	
be	considered	as	causative	were	detected	in	7.7%	of	cases,	
a	percentage	similar	to	what	is	reported	by	others.18-21	on	
the	other	hand	the	diagnostic	yield	of	CE	in	RTRs	with	di-
arrhea	was	significantly	higher.	It	should	be	noted	that	in	
all	cases	the	therapeutic	yield	was	equal	to	the	diagnostic	
yield	and	symptoms	improved	in	all	cases.

In	summary,	despite	the	limited	number	of	our	pa-
tients,	CE	proved	to	be	a	helpful	tool	in	the	investigation	
of	RTRs	with	diarrhea,	with	a	significantly	higher	diag-
nostic	yield	than	in	general	population	with	diarrhea.	Final	
diagnosis	in	these	cases	included	PlE,	MMF	toxicity	and	
infections	of	gastrointestinal	tract.	Aphthoid	ulcers	prob-

ably	constitute	the	endoscopic	findings	of	MMF	toxicity	
on	the	small	bowel.
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