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1 	 | 	 INTRODUCTION

We	report	 the	case	of	a	patient	who	underwent	ventric-
ulostomy	 placement	 followed	 by	 shunt	 revision	 who	
developed	 colitis	 and	 subsequent	 shunt	 infection	 with	
Enterococcus faecium.	 We	 propose	 that	 infection	 of	 the	
shunt	was	the	result	of	abdominal	bacterial	translocation	
occurring	in	the	context	of	Clostridium difficile	colitis.

Ventriculoperitoneal	 shunt	 (VPS)	 infection	 is	 a	 com-
monly	observed	complication	in	patients	with	a	VPS	and	
is	associated	with	significant	morbidity	and	mortality.	The	
rate	 of	 VPS	 infection	 has	 been	 estimated	 to	 range	 from	
5%	to	10%.1	Symptoms	of	shunt	infection	can	be	variable.	
Patients	may	develop	fever,	headache,	nausea,	vomiting,	or	
confusion.2	They	may	also	present	for	care	after	the	shunt	
has	become	obstructed	and	manifest	symptoms	caused	by	
worsening	hydrocephalus	and/or	elevated	intracranial	hy-
pertension.	VPS	infections	are	usually	caused	by	skin	flora	
introduced	at	the	time	of	shunt	placement	or	from	postop-
erative	wound	infection.	This	typically	causes	early	shunt	
infection	that	occurs	within	the	first	few	weeks	to	months	
after	shunt	placement.1,3,4

The	 most	 common	 organisms	 causing	 proximal	 VPS	
infections	 are	 coagulase	 negative	 Staphylococcus	 (60%	
of	 infections)	 and	 Staphylococcus aureus	 (30%	 of	 infec-
tions).1	These	bacteria	attach	to	the	surface	of	the	cathe-
ter	and	form	a	biofilm.5	Late	shunt	infections	may	occur	
months	 to	 years	 after	 implantation.	 In	 such	 cases,	 the	
most	 common	 organisms	 identified	 have	 been	 strepto-
coccus,	 enterococcus	 or	 gram-	negative	 bacteria	 such	 as	
pseudomonas	 or	 enterobacter.6	These	 cases	 are	 typically	
seen	 in	patients	with	peritonitis,	peritoneal	pseudocysts,	
or	bowel	perforation.6

Bacterial	 translocation	 is	 a	 process	 in	 which	 viable	
bacteria	 from	the	gastrointestinal	 (GI)	 tract	migrate	 into	
the	extra-	intestinal	space	 to	reach	 lymph	nodes,	abdom-
inal	organs	or	the	bloodstream.	There	are	three	proposed	
mechanisms	by	which	bacterial	translocation	may	occur:	
(1)	 disruption	 to	 the	 GI	 bacterial	 equilibrium	 leading	 to	
bacterial	 overgrowth,	 (2)	 increased	 permeability	 of	 the	
intestinal	mucosal	barrier,	or	(3)	deficiencies	in	immune	
defenses.7	In	this	case	report,	we	discuss	a	case	of	a	patient	
without	bowel	perforation	or	abdominal	pseudocyst	who	
developed	an	Enterococcus faecalis	(E. Faecalis)	infection	

Received:	13	June	2021	 |	 Revised:	30	August	2021	 |	 Accepted:	25	September	2021

DOI:	10.1002/ccr3.4921		

C A S E  R E P O R T

Bacterial translocation as a cause of ventriculoperitoneal 
shunt infection: A case report

Brittany Owusu- Adjei1,2 |   Charles Ogagan1  |   Jordan Smith1  |   Gabrielle Luiselli1 |   
Mark D. Johnson1,2

This	is	an	open	access	article	under	the	terms	of	the	Creat	ive	Commo	ns	Attri	butio	n-	NonCo	mmerc	ial-	NoDerivs	License,	which	permits	use	and	distribution	in	any	
medium,	provided	the	original	work	is	properly	cited,	the	use	is	non-	commercial	and	no	modifications	or	adaptations	are	made.
©	2022	The	Authors.	Clinical Case Reports	published	by	John	Wiley	&	Sons	Ltd.

1Department	of	Neurological	Surgery,	
University	of	Massachusetts	Medical	
School,	Worcester,	Massachusetts,	USA
2UMass	Memorial	Health,	Worcester,	
Massachusetts,	USA

Correspondence
Mark	D.	Johnson,	University	of	
Massachusetts	Medical	School,	
Worcester,	Massachusetts,	USA.
Email:	mark.johnson3@
umassmemorial.org

Abstract
Bacterial	 translocation	 as	 a	 mechanism	 of	 distal	 catheter	 infection	 may	 play	 a	
larger	role	in	ventriculoperitoneal	shunt	infections	than	previously	recognized.

K E Y W O R D S

bacterial	translocation,	shunt	infection,	ventriculoperitoneal	shunt

www.wileyonlinelibrary.com/journal/ccr3
https://orcid.org/0000-0001-7596-0071
https://orcid.org/0000-0003-0460-0647
mailto:﻿
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mark.johnson3@umassmemorial.org
mailto:mark.johnson3@umassmemorial.org


2 of 5 |   OWUSU-­ADJEI­et­al.

of	 his	 shunt	 after	 first	 developing	 Clostridium difficile	
(C.  difficile)	 colitis.	To	 our	 knowledge,	 there	 are	 few	 re-
ports	demonstrating	distal	shunt	infection	occurring	as	a	
result	of	bacterial	translocation.

2 	 | 	 CASE HISTORY

A	 47-	year-	old	 male	 with	 a	 past	 medical	 history	 of	 neu-
rocysticercosis	 and	 VPS	 placement	 for	 obstructive	 hy-
drocephalus	 6  years	 earlier	 presented	 to	 the	 emergency	
department	 after	 being	 found	 down	 and	 unresponsive.	
A	computerized	tomogram	(CT)	of	the	head	showed	ob-
structive	hydrocephalus	of	the	lateral	and	third	ventricles	
and	 transependymal	 spread	 of	 cerebrospinal	 fluid	 (CSF;	
Figure 1).	His	neurological	examination	was	notable	 for	
pupils	 that	 were	 3  mm	 and	 reactive	 bilaterally.	 He	 was	
non-	verbal,	his	eyes	were	closed,	and	he	was	not	following	
verbal	commands.	There	was	extensor	posturing	to	pain-
ful	stimulation.	He	was	intubated	for	airway	protection.

The	 shunt	 was	 tapped	 emergently	 to	 obtain	 CSF	
for	 analysis	 and	 to	 reduce	 the	 intracranial	 pressure,	
which	 was	 noted	 to	 be	 very	 low	 despite	 the	 enlarged	
ventricles.	Results	of	the	CSF	analysis	showed	the	fol-
lowing:	 protein	 20  mg/dl,	 glucose	 81  mg/dl,	 3  WBC/
mm3	and	33	RBC/mm3.	No	organisms	were	seen	on	the	
gram	 stain	 and	 CSF	 culture	 revealed	 no	 growth.	 The	
patient	was	subsequently	taken	to	the	operating	room	
for	a	shunt	revision	for	VPS	malfunction	with	the	goal	
of	re-	establishing	CSF	drainage	in	hopes	of	improving	
neurologic	 function.	 Intraoperatively,	 the	 ventricular	
catheter	 was	 disconnected	 from	 the	 valve	 and	 there	
was	 no	 spontaneous	 flow	 of	 CSF.	 However,	 CSF	 was	
easily	 aspirated	 from	 the	 proximal	 catheter,	 suggest-
ing	 very	 low	 intracranial	 pressure.	 Manometry	 was	

used	to	assess	flow	through	the	shunt	valve	and	distal	
catheter,	and	a	shunt	valve	obstruction	was	identified.	
The	 obstructed	 valve	 was	 removed	 and	 a	 new	 valve	
was	connected	to	the	ventricular	and	distal	peritoneal	
catheters.

Postoperatively,	the	patient	remained	intubated	and	
was	transferred	to	the	intensive	care	unit	(ICU)	with	a	
continuously	poor	neurological	examination:	remained	
minimally	responsive	to	noxious	stimulation,	no	spon-
taneous	movement,	and	brainstem	reflexes	intact.	The	
ventricles	 remained	 markedly	 enlarged	 and	 his	 neu-
rological	 examination	 failed	 to	 improve,	 despite	 pro-
gressively	 lowering	 the	 shunt	 valve	 setting	 to	 30  mm	
of	 H2O	 by	 postoperative	 day	 2.	 An	 external	 ventricu-
lar	drain	(EVD)	was	placed	on	postoperative	day	3	and	
set	at	5 mm	Hg	to	increase	CSF	drainage	and	decrease	
ventricular	size.	On	postoperative	day	4,	the	ventricles	
were	noted	to	have	decreased	in	size	significantly,	and	
the	patient	began	to	follow	commands	in	all	4	extremi-
ties.	He	was	extubated	on	postoperative	day	6.	A	repeat	
head	 CT	 showed	 that	 the	 decrease	 in	 ventricular	 size	
now	resulted	in	the	shunt	ventricular	catheter	no	lon-
ger	being	in	the	ventricle.	Consequently,	the	EVD	was	
weaned	and	on	hospital	day	16	and	the	patient	under-
went	 a	 shunt	 revision	 where	 the	 ventricular	 catheter	
was	replaced.	The	valve	and	distal	peritoneal	catheter	
were	not	changed	(Figure 2).	The	shunt	valve	was	set	at	
30 mm	H2O.	Because	the	patient	continued	to	improve	
neurologically	 and	 the	 ventricles	 remained	 small,	 he	
was	transferred	out	of	 the	ICU	on	hospital	day	21.	Of	
note,	 he	 complained	 of	 right	 abdominal	 pain,	 fever,	
and	 had	 a	 markedly	 elevated	 WBC	 for	 several	 days.	
An	 evaluation	 revealed	 an	 infectious	 colitis.	This	 was	
treated	with	a	7-	day	course	of	flagyl,	and	his	symptoms	
improved.

F I G U R E  1  CT	of	the	patient's	head	
(sagittal	section	on	left,	axial	section	
on	right)	on	hospital	day	1 showing	
marked	hydrocephalus	of	the	lateral	
and	third	ventricles	with	evidence	of	
transependymal	flow	of	CSF
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On	hospital	day	29	(one	day	after	cessation	of	 flagyl	
therapy	for	colitis),	the	patient	complained	of	worsening	
abdominal	pain,	nausea,	and	vomiting.	On	hospital	day	
31,	 he	 became	 obtunded,	 febrile	 (39.2°C),	 tachycardic,	
and	diaphoretic	with	new	diarrhea.	He	displayed	mini-
mal	withdrawal	to	pain	and	grimaced	to	abdominal	pal-
pation.	A	 fever	workup	was	completed,	which	revealed	
an	elevated	white	blood	cell	count	 (WBC)	of	24,500/μl,	
c-	reactive	protein	of	105.1 mg/L,	and	an	erythrocyte	sed-
imentation	 rate	 of	 33  mm/h,	 all	 indicative	 of	 an	 infec-
tious	process.	The	shunt	was	tapped,	and	the	CSF	WBC	
was	found	to	be	126	with	75%	monocytes/macrophages,	
glucose	55 mg/dl	and	protein	61 mg/dl.	Empiric	antibiot-
ics	 (cefepime,	metronidazole,	and	vancomycin),	as	well	
as	 antiparasitic	 agents	 (albendazole	 and	 praziquantel)	
and	 prednisone,	 were	 initiated.	 CT	 abdomen	 with	 PO	

contrast	 revealed	 diffuse	 mural	 thickening	 and	 muco-
sal	enhancement	throughout	the	colon	and	rectum	with	
skip	areas,	correlating	with	Crohn's	disease.	In	addition,	
there	were	areas	of	adjacent	fat	stranding	terminating	in	
the	right	lower	quadrant	with	minimal	fluid	adjacent	to	
the	cecum,	consistent	with	an	infectious	colitis	etiology	
(Figure  3).	 A	 stool	 culture	 was	 positive	 for	 C.  difficile.	
After	2 days,	CSF	cultures	grew	E. Faecalis.	A	head	CT	
showed	worsening	hydrocephalus	and	a	ventriculostomy	
drain	 was	 placed.	 The	 entire	 shunt	 was	 then	 removed.	
The	patient	was	treated	with	oral	vancomycin	for	C. dif-
ficile	and	ampicillin	for	CNS	E. faecalis	ventriculitis.	The	
patient's	mental	status	 improved,	and	a	new	shunt	was	
placed	on	hospital	day	58	(Figure 4).	After	discharge,	the	
patient	was	seen	in	the	outpatient	clinic	and	was	noted	to	
have	made	a	full	neurological	recovery	.

F I G U R E  2  CT	of	the	patient's	head	
(sagittal	section	on	left,	axial	section	
on	right)	on	hospital	day	16	after	shunt	
revision

F I G U R E  3  CT	of	the	patient's	
abdomen	with	oral	contrast	(coronal	
section	on	the	left,	axial	section	on	the	
right)	on	hospital	day	32 showing	diffuse	
inflammation	of	the	large	colon	with	fat	
stranding	in	the	right	lower	quadrant.	
The	green	arrow	indicates	the	distal	shunt	
catheter	in	the	subcutaneous	space
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3 	 | 	 DISCUSSION

Infections	 occur	 after	 2%–	22%	 of	 VPS	 surgeries	
globally.1,8-	10	 VPS	 infections	 can	 present	 with	 obtunda-
tion	 or	 altered	 mental	 status,	 especially	 if	 the	 infection	
causes	 shunt	 obstruction,	 ventriculomegaly,	 or	 severely	
elevated	intracranial	pressure.	Most	cases	of	VPS	infection	
are	due	to	proximal	shunt	infections	caused	by	skin	flora	
such	 as	 coagulase	 negative	 staphylococcus	 (40%–	80%)	
or	S. aureus	 (20%–	30%),	while	gram	negative	bacilli	 like	
Propionibacterium acnes	account	for	about	2%–	15%.1,2,11,12	
Distal	shunt	catheter	infections	account	for	<10%	of	VPS	
infections.,	 and	 are	 often	 accompanied	 by	 bowel	 perfo-
ration,	 peritonitis	 or	 abdominal	 pseudocyst.1,2,4,11-	13	 The	
most	common	bacteria	involved	in	distal	shunt	infections	
are	 enterococcus	 or	 enterobacteriaceae.2,12	 Thus,	 the	 bac-
terial	flora	causing	distal	shunt	infections	are	more	often	
bowel	 organisms	 and	 differ	 significantly	 from	 the	 skin	
flora	 that	 most	 commonly	 cause	 proximal	 shunt	 infec-
tions.	 Although	 distal	 shunt	 catheter	 infections	 are	 less	
common	than	proximal	shunt	infections,	they	have	nev-
ertheless	 been	 widely	 reported	 in	 the	 literature.	 Bowel	
perforation	associated	with	VPS	placement	is	a	very	rare	
complication.14	 Bowel	 perforation	 in	 the	 setting	 of	 VPS	
placement	is	a	surgical	emergency	because	it	can	lead	to	
sepsis	 or	 fatal	 meningeal	 infection	 with	 a	 mortality	 rate	
approaching	15%.15

Peritoneal	CSF	pseudocyst	is	another	abdominal	com-
plication	 associated	 with	 VPS	 infection.	 An	 abdominal	
pseudocyst	occurs	when	a	 fibrous	 tissue	or	 inflamed	se-
rosal	membrane	 forms	a	CSF	 filled	cyst,	usually	around	
the	 distal	 catheter	 tip.	 One	 study	 reported	 pseudocyst	
formation	in	8.6%	of	VPS	patients.15	Although	abdominal	
pseudocysts	can	be	sterile,	they	are	often	felt	to	be	a	conse-
quence	of	shunt	infection.

The	unique	nature	of	the	case	reported	here	is	that	the	
patient	developed	signs	of	C. difficile	 colitis	 several	days	
before	 he	 developed	 signs	 of	 early	 CNS	 infection	 with	
E. faecalis,	which	is	typically	found	in	the	bowel.	Whereas	
there	was	clear	evidence	of	colitis	on	abdominal	images,	
there	was	no	evidence	of	bowel	perforation	or	pseudocyst	
formation.

Bacterial	translocation	is	a	process	by	which	viable	gut	
flora	 migrate	 from	 the	 GI	 tract	 into	 the	 extra-	intestinal	
space.	There	are	several	proposed	mechanisms	that	may	
contribute	to	this	phenomenon,	including	bacterial	over-
growth,	increased	permeability	of	the	GI	epithelial	barrier	
or	 immune	deficiency.7	Although	bacterial	 translocation	
has	 been	 studied	 extensively,	 its	 role	 in	 VP	 shunt	 distal	
catheter	 infection	 has	 not	 been	 examined	 carefully.	 Our	
search	of	the	literature	identified	a	single	report	that	de-
scribes	a	patient	who	was	felt	to	have	developed	VPS	in-
fection	 via	 bacterial	 translocation.	 Like	 our	 patient,	 the	
patient	 in	 that	 report	 also	 developed	 an	 E.  faecalis	 (and	
E. coli)	infection	in	the	setting	of	C. difficile	colitis.	In	that	
case,	 the	patient	developed	headache,	nausea,	vomiting,	
and	diarrhea	three	months	after	shunt	placement.16	Our	
patient	developed	signs	of	C. difficile	 colitis	 several	days	
before	any	evidence	of	CNS	infection,	suggesting	that	the	
infection	 began	 in	 the	 abdomen.	 It	 is	 important	 to	 note	
that	the	abdomen	was	not	entered	and	the	distal	catheter	
was	 not	 manipulated	 prior	 to	 the	 development	 of	 shunt	
infection,	and	yet	all	signs	pointed	to	an	abdominal	origin	
for	the	infection.	After	our	patient	developed	mental	sta-
tus	changes,	CSF	analysis	showed	signs	of	an	early	infec-
tious	process	with	elevated	monocytes	and	no	organisms	
seen	on	gram	stain.	Two	days	later,	the	CSF	cultures	began	
to	grow	 E.  faecalis.	We	propose	 that	 increased	 intestinal	
permeability	caused	by	the	C. difficile	colitis	led	to	E. fae-
calis	translocation	and	subsequent	infection	of	the	shunt.

F I G U R E  4  CT	of	the	patient's	head	
(sagittal	section	on	left,	axial	section	
on	right)	on	hospital	day	58 showing	
markedly	decreased	size	of	the	ventricles
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The	finding	that	a	larger	proportion	of	bacteria	infect-
ing	distal	shunt	catheters	are	 from	the	bowel	raises	 the	
question	of	why	that	is	the	case,	since	most	such	infec-
tions	occur	in	the	absence	of	bowel	perforation.	The	case	
reported	 here	 suggests	 that	 bacterial	 translocation	 may	
be	a	contributor	to	this	process.	In	fact,	bacterial	 trans-
location	 may	 play	 a	 larger	 role	 in	 VPS	 infections	 than	
reported	in	the	literature.	At	a	minimum,	this	is	a	topic	
that	needs	further	investigation.	Practitioners	should	be	
aware	of	the	risk	of	distal	VP	shunt	infection	in	patients	
with	colitis.
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