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Summary
Duration	 >120	minutes	 of	 extracorporeal	 circulation	 (ECC)	 during	 cardiopulmonary	
bypass	procedure	was	associated	to	an	increased	risk	of	candidemia	in	the	intensive	
care	unit	(ICU).	To	evaluate	oral	nystatin	prophylaxis	in	cardiac	surgery	considering	its	
exclusive	effect	on	Candida,	in	the	absence	of	systemic	effects	and	selection	of	resist-
ant	strains	to	polyene.	We	conducted	an	observational	study	in	the	postcardiac	sur-
gery	ICU	of	Policlinico	“Umberto	I”	of	Rome.	From	January	2014,	all	patients	with	a	
prolonged	 ECC	 >120	minutes	 were	 systematically	 treated	 with	 oral	 nystatin	
(Prophylaxis	 group).	 This	 group	was	 compared	with	 all	 patients	 hospitalised	 in	 the	
same	ICU,	who	have	not	received	oral	nystatin	after	ECC	>120	minutes	(No	prophy-
laxis	group).	Overall,	672	consecutive	patients	were	analyzed:	318	 (47.3%)	patients	
belonged	to	 the	no	prophylaxis	group,	and	354	 (52.7%)	patients	 to	 the	prophylaxis	
group.	Diagnosis	of	candidemia	was	confirmed	in	7	(2.2%)	patients,	all	belonged	to	the	
no	prophylaxis	group.	At	multivariate	analysis,	oral	nystatin	prophylaxis	showed	a	pro-
tective	 effect	 for	 development	 of	 candidemia	 after	 cardiac	 surgery.	 Oral	 nystatin	
prophylaxis,	 in	 patients	 who	 underwent	 a	 ECC	 >120	minutes,	 seems	 to	 reduce	
	development	of	candidemia;	however,	the	real	efficacy	of	such	prophylaxis	approach	
requires	further	investigation.
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1  | INTRODUCTION

The	incidence	of	nosocomial	candidemia	in	the	intensive	care	unit	
(ICU)	has	dramatically	 increased	in	the	last	10	years	and	now	it	 is	
considered	one	of	the	most	frequent	infections	in	this	setting.1,2 In 
European	 cardiothoracic	 ICUs,	Candida	 spp.	was	 the	 fourth	most	
common	isolate	with	attributable	mortality	of	40%-	50%,	prolonged	
ICU	 stay,	 and	 increased	 costs	 for	medical	 care.3	 Several	 risk	 fac-
tors	have	been	evaluated	but	patients	undergoing	cardiac	surgery	
were	recognised	as	a	specific	population	at	risk	of	postsurgery	in-
fective	complications4;	moreover,	>120	minutes	of	extracorporeal	
circulation	 (ECC)	 during	 cardiopulmonary	 bypass	 procedure	 was	

associated	 to	 an	 increased	 risk	 of	 candidemia	 and	 candidemia-	
related	death.3,5

Colonisation	by	Candida	spp.	is	the	main	risk	factor	for	development	
of	 candidemia	 when	 risk	 factors,	 especially	 surgical	 procedures,	 can	
promote	 intestinal	 translocation	 and	 haematogenous	 dissemination.6 
Studies	have	focused	on	the	degree	of	intestinal	colonisation	and	oral	
nystatin	in	prophylaxis	was	previously	proposed	in	the	ICU	setting7,8;	the	
advantage	of	oral	nystatin	use	is	the	exclusive	effect	on	Candida,	in	the	
absence	of	systemic	effects	and	selection	of	resistant	strains	to	polyene.

This	 study	 represents	 a	preliminary	evaluation	about	 the	 impact	
of	 oral	 nystatin	 prophylaxis	 on	 development	 of	 candidemia	 in	 ICU	
	patients	undergoing	cardiac	surgery	with	an	ECC	>120	minutes.
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2  | MATERIALS AND METHODS

2.1 | Study design

We	 conducted	 an	 observational	 study	 in	 the	 postcardiac	 surgery	
ICU	 of	 Policlinico	 “Umberto	 I”	 in	 Rome,	 a	 1200-	bed	 teaching	 hos-
pital	 in	 Italy,	 during	 the	 period	 from	 January	 2012	 to	 December	
2015.	 In	 the	 period	 from	 January	 2012	 to	 December	 2013	 epi-
sodes	 of	 candidemia	 were	 observed	 exclusively	 in	 patients	 with	
a	 ECC	>120	minutes.	On	 this	 basis,	 from	 January	 2014	 all	 patients	
with	 a	 prolonged	 ECC	 >120	minutes	 were	 systematically	 treated	
with	oral	nystatin	500	000	U.I.	×	4	times/day	for	5	days	(Prophylaxis	
group),	 according	 to	 an	 internal	 protocol.	 This	 group	 was	 com-
pared	 with	 all	 patients	 hospitalised	 in	 the	 same	 ICU	 form	 January	
2012	 to	December	 2013	who	 had	 not	 received	 oral	 nystatin	 after	
ECC	>120	minutes	 (No	 prophylaxis	 group).	 According	 to	 local	 ethi-
cal	 committee	 rules,	 an	 informed	 consent	 was	 not	 obtained	 from	 
enrolled	patients.

Data	 were	 extracted	 from	 medical	 charts	 and	 included:	 demo-
graphics	(age	and	gender),	comorbidities,	the	European	system	for	car-
diac	operative	risk	evaluation	(EuroSCORE)	II,	the	additive	EuroSCORE	
and	the	logistic	EuroSCORE,	laboratory	and	cardiac	findings,	duration	
of	ECC	 (>120	or	>180	minutes),	 incidence	of	 early	 candidemia,	 sim-
plified	acute	physiology	score	 (SAPS	 II),	 length	of	 ICU	stay	 (in	days),	
outcome.

All	patients	were	followed	up	to	death	or	to	1	month	after	heart	
surgery.

2.2 | Definitions

Candidemia	was	 defined	 as	 the	 isolation	 of	Candida	 spp.	 in	 one	 or	
more	separate	blood	cultures	with	clinical	evidence	of	 infection.	An	
early	candidemia	was	defined	as	a	postoperative	isolation	of	Candida 
spp.	from	blood	within	1	month	after	surgical	procedure.	Time	to	can-
didemia	was	considered	the	time	between	cardiac	surgery	and	diag-
nosis	of	candidemia.

2.3 | Study endpoint and statistical analysis

The	primary	endpoint	was	analysis	of	 factors	 independently	associ-
ated	with	development	of	candidemia.

The	binary	outcome	has	been	analyzed	by	means	of	univariate	
and	multivariate	logistic	regression	models.	Given	the	low	number	
of	events,	Firth	bias-	correction	was	used	to	reduce	bias	of	parame-
ter	estimates.	The	final	multivariate	model	was	chosen	using	a	for-
ward	stepwise	algorithm	based	on	Takeuchi	 Information	Criterion.	
The	 results	 obtained	were	 analysed,	 using	 commercially	 available	
statistical	software	packages	(spss,	version	20.0;	SPSS	Inc.,	Chicago,	
IL,	 USA	 and	 r	 version	 3.1.2;	 R	 Development	 Core	 Team,	Vienna,	
Austria).

TABLE  1 Baseline	characteristics	of	overall	population	and	study	groups

Variables
No prophylaxis group, 
N = 318 (%)

Prophylaxis group,  
N = 354 (%)

Overall population, 
N = 672 (%)

Age,	mean	(±SD) 65.7	±	12.3 66.2	±	11.7 66	±	12

Male	sex 180	(56.6) 218	(61.5) 398	(59.2)

COPD 37	(11.6) 32	(9) 69	(10.2)

Diabetes 83	(26.1) 77	(21.7) 160	(23.8)

Chronic	renal	disease 31	(9.7) 17	(4.8) 48	(7.1)

ECC	>120	min 218	(68.6) 235	(66.4) 453	(67.5)

ECC	>180	min 100	(31.4) 119	(33.6) 219	(32.5)

Additive	EuroSCORE,	mean	(±SD) 6.1	±	2.9 6.4	±	3.4 6.3	±	3.2

Logistic	EuroSCORE,	mean	(±SD) 8.4	±	8 27.2	±	2.2 18.3	±	16.5

EuroSCORE	II,	mean	(±SD) 4.1	±	0.5 6.4	±	2.2 5.3	±	1.7

PaO2/FiO2	ratio	at	admission	in	ICU,	mean	(±SD) 306.4	±	142.4 287.1	±	143.7 295.3	±	144

LVEF	<30% 71	(22.3) 96	(27.1) 167	(24.8)

Preoperative	serum	creatinine	(mg/dL),	mean	(±SD) 1.7	±	0.5 2.9	±	1.5 2.5	±	1.9

Preoperative	HT	level,	mean	(±SD) 37.6	±	9.2 37.1	±	3.3 37.2	±	2.4

SAPS	II	score,	mean	(±SD) 35.9	±	8.9 34.7	±	13.9 35.3	±	11.9

Length	of	ICU	stay,	mean	(±SD) 5.3	±	3.8 4.4	±	3.3 4.9	±	3.6

Candidemia 7	(2.2) 0 7	(1)

Time	to	candidemia,	d 9.1	±	7 — 9.1	±	7

In-	ICU	mortality 11	(3.4) 12	(3.4) 23	(3.4)

SD,	standard	deviation;	COPD,	chronic	obstructive	pulmonary	disease;	ECC,	extracorporeal	circulation;	EuroSCORE,	European	system	for	cardiac	operative	
risk	evaluation;	ICU,	intensive	care	unit;	LVEF,	left	ventricular	ejection	fraction;	HT,	hematocrit	level;	SAPS,	simplified	acute	physiology	score.
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3  | RESULTS

Overall,	672	clinical	charts	of	consecutive	patients	(hospitalised	in	post-
cardiac	surgery	ICU)	were	analyzed	in	the	study	period:	out	of	these,	318	
(47.3%)	patients	belonged	to	the	no	prophylaxis	group,	and	354	(52.7%)	
patients	 to	 the	 prophylaxis	 group.	 Baseline	 characteristics	 of	 overall	
population	and	study	groups	are	reported	in	Table	1:	the	mean	age	was	
66	±	12	years	with	a	predominance	of	male	sex	(59.2%);	out	of	cardiovas-
cular	diseases,	diabetes	(23.8%),	chronic	obstructive	pulmonary	disease	
(10.2%),	and	chronic	 renal	disease	 (7.1%)	were	 the	comorbidities	most	
frequently	 observed.	 The	mean	 SAPS	 II	 score	was	 35.3	±	11.9	 points,	
while	 the	mean	 logistic	 EuroSCORE	was	 18.3	±	16.5%;	moreover,	 the	
mean	length	of	ICU	stay	was	4.9	±	3.6.	Finally,	the	overall	in-	ICU	mortal-
ity	was	3.4%	with	the	same	rates	of	death	observed	in	the	2	study	groups.

Diagnosis	 of	 candidemia	 was	 confirmed	 in	 7	 (2.2%)	 patients,	
all	 	belonged	 to	 the	 no	 prophylaxis	 group.	 Time	 to	 candidemia	 was	
9.1	±	7	days,	 and	 characteristics	 of	 these	 patients	 are	 reported	 in	
Table	2.	Finally,	in-	ICU	mortality	was	observed	in	2	(28.6%)	out	of	7	can-
didemic	patients.

Univariate	and	multivariate	analysis	about	predictors	of	postsur-
gery	candidemia	(see	Table	3)	showed	that	an	increased	SAPS	II	score	
was	 associated	with	 increased	 risk	 of	 early	 postsurgery	 candidemia	
(OR	 1.11,	 95%	CI	 1.03-	1.2,	P =	.03),	while	 oral	 nystatin	 prophylaxis	
showed	a	protective	effect	for	development	of	candidemia	after	car-
diac	surgery	(OR	0.06,	95%	CI	0.01-	0.58,	P =	.01).

4  | DISCUSSION

There	are	few	reports	in	the	literature	regarding	the	effective	use	of	
oral	 non-	absorbable	 antifungal	 prophylaxis	 to	 prevent	 fungal	 infec-
tions.	Many	concerns	remain	about	the	use	of	azoles	for	prophylaxis,	
including	the	emergence	of	resistance	among	previously	susceptible	
strains	 or	 isolation	 of	 non-	albicans	 species	 (C. glabrata or C. krusei)	
with	 high	 incidence	 of	 resistance	 to	 azoles.9	Moreover,	 no	 adverse	
effects	of	nystatin	are	reported	and	its	low-	cost	makes	the	use	highly	
cost-	effective.7	A	meta-	analysis	of	Ho	et	al10	on	critically	ill	patients	
demonstrated	a	significant	reduction	in	urinary	tract	fungal	infections,	

TABLE  2 Characteristics	of	patients	with	extracorporeal	circulation	(ECC)	>120	minutes	and	postsurgery	candidemia

Aetiology Type of surgery ECC >180 min Nystatin prophylaxis Outcome

Candida albicans Aortic	valve	replacement No No Survived

Candida albicans Coronary	artery	bypass	grafting No No Survived

Candida albicans Coronary	artery	bypass	grafting No No Survived

Candida albicans Coronary	artery	bypass	grafting	+	mitral	valve	
replacement

Yes No Dead

Candida parapsilosis Aortic	root	replacement Yes No Survived

Candida albicans Prosthesis	for	abdominal	aortic	dissection No No Survived

Candida sake Candida glabrata Mitral	valve	replacement Yes No Dead

TABLE  3 Univariate	and	multivariate	analysis	about	predictors	of	postsurgery	candidemia

Variables

Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

Age	(per	y) 0.98 0.93-	1.04 .49

COPD 0.5 0.004- 4.11 .6

Diabetes 3.25 0.83-	12.7 .09

Chronic	renal	disease 5.12 0.92-	20.68 .06

Additive	EuroSCORE 1.19 0.96-	1.42 .1

Logistic	EuroSCORE 1.03 0.99-	1.07 .13

EuroSCORE	II 1.05 0.99-	1.10 .07

PaO2/FiO2	ratio	at	admission	in	ICU 0.99 0.99-	1.004 .65

LVEF	<30% 0.94 0.87-	1.003 .06

Preoperative	serum	creatinine	(mg/dL) 1.15 0.004-	1.34 .26

Preoperative	HT	level 0.96 0.88- 1.08 .47

SAPS	II	score 1.1 1.04- 1.17 .004 1.11 1.03-	1.2 .03

Nystatin	prophylaxis 0.24 0.02- 0.81 .02 0.06 0.01-	0.58 .01

COPD,	chronic	obstructive	pulmonary	disease;	EuroSCORE,	European	system	for	cardiac	operative	risk	evaluation;	 ICU,	 intensive	care	unit;	LVEF,	 left	
ventricular	ejection	fraction;	HT,	hematocrit	level,	SAPS,	simplified	acute	physiology	score.
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and	2	other	works	considered	the	risk	of	Candida	infection,	with	and	
without	nystatin	prophylaxis,	in	very	low	birth	weight	infants	and	pa-
tients	with	 burn	 injury.11,12	Giglio	 and	 coworkers	 showed	 that	 nys-
tatin	prophylaxis	significantly	reduces	fungal	colonisation	in	surgical/
trauma	ICU	patients,	even	if	already	colonised,	since	colonisation	can	
be	observed	on	admission	in	up	to	50%	of	ICU	patients.7

Postsurgery	candidemia	is	a	relatively	frequent	complication	during	
heart	surgery,	especially	in	patients	who	require	more	than	48	hours	
of	mechanical	ventilation.5	Michalopoulos	 et	al3	 reported	 that	 dura-
tion	>120	minutes	of	cardiopulmonary	bypass	procedure	was	associ-
ated	to	an	increased	risk	of	candidemia	and	candidemia-	related	death.	
Pasero	et	al5	confirmed	a	higher	mortality	(47%)	in	patients	with	post-
operative	 candidemia	 2	months	 after	 cardiac	 surgery,	 compared	 to	
patients	who	did	not	develop	candidemia.	In	our	analysis	of	a	shorter	
follow-	up	period,	we	observed	a	mortality	rate	of	28.6%	(2	out	of	7	
cases)	in	patients	who	developed	an	early	postsurgery	candidemia.

Candida	spp.	can	coexist	with	the	bacterial	microbiome	and	grow	
during	antibiotic	perturbations	of	the	microbiome,	colonising	the	 in-
flamed	mucosa	 and	 disseminate	 into	 bloodstream.	Most	 individuals	
are	asymptomatically	colonised	with	Candida	spp.	and,	when	environ-
mental	conditions	permit	the	overgrowth	of	Candida	spp.,	colonisation	
can	lead	to	infection	and	invasion	of	host	tissues.13	Many	studies	have	
shown	that	prolonged	damage	of	the	intestinal	mucosa	might	be	di-
rectly	correlated	with	Candida	 translocation.3,14	Of	 interest,	patients	
undergoing	cardiac	surgery	were	at	higher	risk	for	candidemia	because	
prolonged	duration	of	the	surgical	procedure	is	frequently	associated	
with	postoperative	splanchnic	hypoperfusion,	leading	to	intestinal	in-
tramucosal	 acidosis	 and	 increased	 intestinal	mucosal	permeability.14 
Moreover,	the	ability	of	Candida	spp.	to	adhere	on	surfaces	with	pro-
duction	of	biofilm	is	another	crucial	virulence	factor	that	might	have	
severe	clinical	implications	in	our	specific	setting	of	patients	with	im-
planted	medical	 devices,	 like	 central	 venous	 catheters,	 pacemakers,	
and	mechanical	or	biological	heart	valves.15

This	 study	has	 some	 important	 limitations:	 first,	 this	 is	 a	 single-	
centre	 experience	 and	 data	may	 not	 be	 generalisable;	 second,	 data	
about	Candida	colonisation	at	 time	of	 ICU	admission	were	not	eval-
uated;	 third,	 a	prolonged	 follow-	up	of	 these	patients	would	provide	
more	 accurate	 information;	 finally,	 the	 observational	 design	 of	 the	
study	cannot	allow	definitive	conclusions	and	randomised	trials	should	
be	necessary	to	validate	these	observations.

In	conclusion,	this	study	shows	that	oral	nystatin	prophylaxis	in	cardio-	
surgery	patients	who	underwent	an	ECC	>120	minutes	significantly	re-
duced	development	of	early	postsurgery	candidemia,	possibly	due	to	a	
direct	action	on	intestinal	Candida	colonisation.	However,	the	assessment	
of	the	real	efficacy	of	this	prophylaxis	approach	requires	further	study.
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