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Abstract Objective: Infections
caused by Candida spp. are a major
cause of morbidity and mortality in
critically ill patients and usually 
develop from endogenous coloniza-
tion. We assessed the effectiveness
of adding fluconazole to a selective
digestive decontamination regimen
to prevent candidal infections. 
Design and setting: We performed 
a prospective, randomized, double-
blind, placebo-controlled trial
among medical and surgical inten-
sive care unit patients at a large uni-
versity hospital. Patients: All adult
patients mechanically ventilated for
at least 48 h with an expectation to
remain so for at least an additional
72 h, and receiving selective decon-
tamination of the digestive tract. 
Interventions: Patients were 
randomly assigned fluconazole
100 mg daily (n=103) or placebo
(n=101). Measurements and 
results: Candida infections occurred
less frequently in the fluconazole
group (5.8%) than in the placebo
group (16%; rate ratio 0.35; 
Cl95 0.11–0.94). Some 90% of 

candidemia episodes occurred in the
placebo group (rate ratio for flucon-
azole use 0.10; Cl95 0.02–0.74). 
The rate of treatment failure, devel-
opment of candidal infection, or 
increased colonization, was 32% in
the fluconazole group and 67% in
the placebo group (P<0.001). Crude
in-hospital mortality was similar in
the two groups (39% fluconazole 
vs. 41% placebo). Conclusions: Pro-
phylactic use of fluconazole in a 
selected group of mechanically 
ventilated patients at high risk for
infection reduces the incidence of
Candida infections, in particular
candidemia.
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Introduction

The challenge posed by nosocomial fungal infections in
critically ill patients has become increasingly apparent
over the past 20 years [1]. Candida spp. are now among
the leading pathogens in intensive care units (ICUs) both
in Europe and the United States, with reported rates
ranging from 2.1 to 20.0 per 1000 admissions [1, 2, 3, 4,

5, 6, 7, 8, 9, 10]. The incidence of nosocomial candide-
mia is increasing dramatically [2, 11] and is associated
with high overall (35–80%) and attributable (30–40%)
mortality [5, 6, 7, 9, 12, 13].

Candida spp. live as commensals in the gut lumen
and on mucocutaneous surfaces, but it has not yet been
clearly determined as to how they enter into the blood-
stream. Translocation across the gut mucosal barrier oc-

S. Hugonnet · D. Pittet (✉)
Infection Control Program, 
Department of Internal Medicine, 
University of Geneva Hospitals, 
1211 Geneva 14, Switzerland
e-mail: didier.pittet@hcuge.ch
Tel.: +41-22-3729828
Fax: +41-22-3723987

J. Garbino · D.P. Lew · R. Auckenthaler 
D. Pittet
Division of Infectious Diseases, 
Department of Internal Medicine, 
University of Geneva Hospitals, 
1211 Geneva 14, Switzerland

Jacques-A. Romand
Division of Surgical Intensive Care, 
Department of Surgery, 
University of Geneva Hospitals, 
1211 Geneva 14, Switzerland

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.ALLGEMEIN ----------------------------------------Dateioptionen:     Kompatibilität: PDF 1.2     Für schnelle Web-Anzeige optimieren: Ja     Piktogramme einbetten: Ja     Seiten automatisch drehen: Nein     Seiten von: 1     Seiten bis: Alle Seiten     Bund: Links     Auflösung: [ 600 600 ] dpi     Papierformat: [ 595 785 ] PunktKOMPRIMIERUNG ----------------------------------------Farbbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 150 dpi     Downsampling für Bilder über: 225 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Mittel     Bitanzahl pro Pixel: Wie Original BitGraustufenbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 150 dpi     Downsampling für Bilder über: 225 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Mittel     Bitanzahl pro Pixel: Wie Original BitSchwarzweiß-Bilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 600 dpi     Downsampling für Bilder über: 900 dpi     Komprimieren: Ja     Komprimierungsart: CCITT     CCITT-Gruppe: 4     Graustufen glätten: Nein     Text und Vektorgrafiken komprimieren: JaSCHRIFTEN ----------------------------------------     Alle Schriften einbetten: Ja     Untergruppen aller eingebetteten Schriften: Nein     Wenn Einbetten fehlschlägt: Warnen und weiterEinbetten:     Immer einbetten: [ ]     Nie einbetten: [ ]FARBE(N) ----------------------------------------Farbmanagement:     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren     Methode: StandardArbeitsbereiche:     Graustufen ICC-Profil:      RGB ICC-Profil: sRGB IEC61966-2.1     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2Geräteabhängige Daten:     Einstellungen für Überdrucken beibehalten: Ja     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja     Transferfunktionen: Anwenden     Rastereinstellungen beibehalten: JaERWEITERT ----------------------------------------Optionen:     Prolog/Epilog verwenden: Nein     PostScript-Datei darf Einstellungen überschreiben: Ja     Level 2 copypage-Semantik beibehalten: Ja     Portable Job Ticket in PDF-Datei speichern: Nein     Illustrator-Überdruckmodus: Ja     Farbverläufe zu weichen Nuancen konvertieren: Nein     ASCII-Format: NeinDocument Structuring Conventions (DSC):     DSC-Kommentare verarbeiten: NeinANDERE ----------------------------------------     Distiller-Kern Version: 5000     ZIP-Komprimierung verwenden: Ja     Optimierungen deaktivieren: Nein     Bildspeicher: 524288 Byte     Farbbilder glätten: Nein     Graustufenbilder glätten: Nein     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja     sRGB ICC-Profil: sRGB IEC61966-2.1ENDE DES REPORTS ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<     /ColorSettingsFile ()     /AntiAliasMonoImages false     /CannotEmbedFontPolicy /Warning     /ParseDSCComments false     /DoThumbnails true     /CompressPages true     /CalRGBProfile (sRGB IEC61966-2.1)     /MaxSubsetPct 100     /EncodeColorImages true     /GrayImageFilter /DCTEncode     /Optimize true     /ParseDSCCommentsForDocInfo false     /EmitDSCWarnings false     /CalGrayProfile ()     /NeverEmbed [ ]     /GrayImageDownsampleThreshold 1.5     /UsePrologue false     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /AutoFilterColorImages true     /sRGBProfile (sRGB IEC61966-2.1)     /ColorImageDepth -1     /PreserveOverprintSettings true     /AutoRotatePages /None     /UCRandBGInfo /Preserve     /EmbedAllFonts true     /CompatibilityLevel 1.2     /StartPage 1     /AntiAliasColorImages false     /CreateJobTicket false     /ConvertImagesToIndexed true     /ColorImageDownsampleType /Bicubic     /ColorImageDownsampleThreshold 1.5     /MonoImageDownsampleType /Bicubic     /DetectBlends false     /GrayImageDownsampleType /Bicubic     /PreserveEPSInfo false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>     /PreserveCopyPage true     /EncodeMonoImages true     /ColorConversionStrategy /sRGB     /PreserveOPIComments false     /AntiAliasGrayImages false     /GrayImageDepth -1     /ColorImageResolution 150     /EndPage -1     /AutoPositionEPSFiles false     /MonoImageDepth -1     /TransferFunctionInfo /Apply     /EncodeGrayImages true     /DownsampleGrayImages true     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDownsampleThreshold 1.5     /MonoImageDict << /K -1 >>     /Binding /Left     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /MonoImageResolution 600     /AutoFilterGrayImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /SubsetFonts false     /DefaultRenderingIntent /Default     /OPM 1     /MonoImageFilter /CCITTFaxEncode     /GrayImageResolution 150     /ColorImageFilter /DCTEncode     /PreserveHalftoneInfo true     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ASCII85EncodePages false     /LockDistillerParams false>> setdistillerparams<<     /PageSize [ 595.276 841.890 ]     /HWResolution [ 600 600 ]>> setpagedevice



1709

curs in animal experiments, but some form of mucosal
disruption is required. In critically ill patients coloniza-
tion with Candida spp. precedes and leads to infection
[14, 15, 16, 17]. If multiple body sites are colonized,
there is an increased risk of severe infection in high-risk
patients, and the chance of invasion can be predicted by
the extent of preexisting colonization [14, 15, 18].

Selective digestive decontamination (SDD) decreases
the incidence of bacterial ICU-acquired infections, partic-
ularly ventilator-associated pneumonia [19, 20, 21, 22].
The rationale for this approach is the well documented
observation that colonization of the oropharyngeal and
gastrointestinal tract by Gram-negative bacilli frequently
occurs before the onset of infection [1, 23, 24, 25]. This
study assessed the efficacy of primary antifungal prophy-
laxis with fluconazole in SDD-treated, mechanically ven-
tilated ICU patients at high risk for candidal infections.

Patients and methods

A total of 5241 patients were recruited over a 30-month period in
the 22-bed medical and 25-bed surgical ICUs of the University of
Geneva Hospitals. All patients aged over 18 years admitted to these
ICUs, mechanically ventilated for at least 48 h, and expected to re-
main so for at least an additional 72 h were eligible and received
SDD at time of randomization. The inclusion criteria were fulfilled
by 220. Exclusion criteria were life expectancy less than 7 days 
after randomization, history of systemic fungal infection, allergy to
azoles, treatment with an antifungal agent 7 days before randomiza-
tion, blood culture positive for Candida spp. at study entry, acquired
immunodeficiency syndrome, persistence of a prothrombin time
less than 50% after 24 h of administration of vitamin K (20 mg),
neutropenia, pregnancy, anticipated duration of mechanical ventila-
tion less than 72 h at study entry, and refusal to give informed con-
sent. Of those originally included in the study, 16 were subsequently
excluded for the following reasons: protocol violation (n=6), early
death (n=3), early discharge to another hospital (n=1), mechanical
ventilation for less than 72 h after study entry (n=4), diagnosis of
candidemia (n=2, one in each study group; blood cultures positive
for Candida spp. at time of randomization but results only available
later). Finally, 204 patients were subject to the present analysis
(Fig. 1). The study was approved by the institutional review boards.

Study design and variables

Variables included patient’s demographics and comorbidities [26],
admission diagnosis, medical history, surgical procedures, medical
treatment, devices, microbiological, biochemical, and hematological
data, Acute Physiology and Chronic Health Evaluation II (APACHE
II) score [27] at admission to the ICU and at study entry, acute organ
system failure [28, 29] at ICU admission, at study entry, and during
the study period, and outcome. Bacteriological samples were taken
at time of study entry from endotracheal aspirates, gastric fluid,
urine, stool/rectal swab, wound, and skin insertion site(s) of medical
devices, as well as two sets of blood cultures from distinct puncture
sites, and all were repeated once to three times weekly [15]. Follow-
up continued until death or discharge from the hospital.

Randomization and treatment regimens

The SDD regimen used was a nonabsorbable syrup consisting of a
mixture of polymyxin B (150 mg), neomycin (1000 mg), and van-

comycin (1000 mg), in a 60 ml solution (PNV syrup) administered
in 15 ml doses 6 times daily [30]. Patients were randomly as-
signed to receive PNV plus intravenous fluconazole (100 mg in
50 ml NaCl 0.9%; n=103) or PNV plus placebo (50 ml NaCl
0.9%; n=101) according to a list blinded to the study investigators
and physicians in charge. The two groups did not differ according
to the following characteristics (age, gender, underlying disease,
comorbidities, reason for admission, severity of illness on ICU ad-
mission, APACHE II score, exposure to stress ulcer prophylaxis,
steroids, length of ICU stay, duration of ventilatory support at
study entry, or exposure to additional risk factors for Candida in-
fection, or duration of exposure to invasive medical devices, expo-
sure to antibiotics, parenteral nutrition prior to study entry; 
Table 1). Almost all patients (202/204) had at least one central 
venous catheter inserted, and 201 of 204 patients had an arterial
line. Prophylaxis was continued until a fungal infection devel-
oped, withdrawal from mechanical ventilation, or suspicion of a
serious adverse event.

Definitions and bacteriological assessment

Colonization was defined as the isolation of the same species of
Candida from at least two consecutive surveillance samples at any
concentration. Intensity was assessed using previously described
Candida spp. colonization indexes determined daily for each 
patient enrolled in the study [15]. Candidemia was defined as: 
(a) one blood culture that grew Candida spp. and either histologi-
cally documented, invasive candidiasis or an ophthalmic examina-
tion consistent with candidal endophthalmitis; or (b) at least two
blood cultures obtained at different times from a peripheral vein

Fig. 1 Flowchart of participants through each stage of the study
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that grew Candida spp.; or (c) one blood culture obtained periph-
erally and one blood culture obtained through an indwelling cen-
tral line, both of which grew identical Candida spp. Severe non-
bloodstream candidal infection was defined as Candida spp. iso-
lated from a normally sterile body site with at least one of the fol-
lowing: fever (≥38.5°C) or hypothermia (<36°C); unexplained,
prolonged hypotension (systolic blood pressure <80 mmHg for
more than 2 h, unresponsive to volume challenge); or absence of
response to adequate antibiotic treatment for a suspected bacterial
infection. Candida spp. pneumonia required the recovery of more
than 104 cfu/ml Candida spp. in the absence of another pathogen
in bronchoalveolar lavage, in addition to the appearance of a new
infiltrate on the chest radiograph [31, 32, 33]. Mucocutaneous
candidal infection was diagnosed on the basis of a compatible
clinical syndrome and microscopic evidence of candidal infection
(positive potassium hydroxide preparation). Superficial wound in-

fection, lower urinary tract infection, and mucocutaneous infection
were not considered as severe candidal infection.

Clinical diagnosis of bacterial pneumonia was defined by the
presence of all of the following criteria [32, 33, 34]: new or pro-
gressive pulmonary radiological infiltrate, purulent tracheal secre-
tions, fever (>38.5°C), and leukocytosis or leukopenia (white
blood-cell count ≥12×109/l or ≤4×109/l). Diagnosis of pneumonia
was regarded as microbiologically confirmed by the isolation of a
potentially pathogenic micro-organism in bronchoalveolar lavage
in concentrations of 105 cfu/ml or more. Early-onset pneumonia
was diagnosed when the infection developed within the first 4 days
of mechanical ventilation in a patient requiring intubation within
the first 48 h following hospital admission [35]. Late onset pneu-
monia was defined as an infection which developed after the fourth
day of mechanical ventilation. Other nosocomial infections were
defined and reported according to standard definitions [34, 36].

Table 1 Baseline characteris-
tics of 204 participants by treat-
ment arm

Fluconazole Placebo p
(n=103) (n=101)

Age (years) 52.9±19 55.9±18 0.25
Sex: M/F 70/33 70/31 0.84

Underlying disease/comorbidities
Diabetes 12 13
Chronic pulmonary obstructive disease 7 7
Respiratory disorder 17 15
Chronic liver dysfunction 2 5
Cancer 19 12
Cardiac disease 37 42
Neurological disorder 12 12
Renal disorder 10 6

Reason for admission to the ICU
Trauma/multiple trauma 34 26 0.86
Heart failure 18 26 0.72
Neurological failure 9 7 0.99
Respiratory failure 23 25 0.99
Peritonitis 10 8 0.99
Mediastinitis 4 1 0.75
Pancreatitis 3 5 0.96
Other 2 3 0.95

Type of surgery 0.66
Abdominal surgery 17 23
Cardiac/vascular surgery 21 22
Neurosurgery 9 6
Orthopedic surgery 7 6
Other 5 6

APACHE II score
At ICU admission 19.5±7.5 19.3±8.5 0.89
At study entry 20.9±6.7 21.3±6.5 0.64
Exposure to antibiotics before study entrya 35 45 0.66
Steroids 1 1 1.00
Prophylaxis for stress ulcerb 96 99 0.96
Sucralfate 55 49
Ranitidine 76 69
Omeprazole 9 20
Parenteral nutrition 28 30 0.99
Length of ICU stay before study entry (days) 4.34±3.7 4.13±3.4 0.82

Duration of medical device use at study entry (days)
Orotracheal intubation 3.38±2.6 3.70±3.1 0.44
Central venous line 12.83±8.7 13.63±12.2 0.59
Peripheral venous line 10.81±8.0 10.15±8.3 0.56
Arterial line 11.41±7.7 12.20±7.2 0.44

a Exposure to antibiotics for at
least 5 days within the 2 weeks
before study entry (surgical
prophylaxis was excluded)
b Some patients received more
than one compound
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Outcome measures

The primary endpoint was the development of a severe Candida
spp. infection (candidemia, peritonitis, pneumonia, deep tissue ab-
scess, wound infection, upper urinary tract infection). Secondary
endpoints included adverse events, the time from study entry to
the development of severe candidal infection, and Candida spp.
colonization [15]. Clinical efficacy was defined as either the ab-
sence of Candida infection or the absence of increased Candida
colonization.

Statistical analyses

A total of 176 patients were required to detect a 50% reduction in
the rate of severe candidal infection, assuming an infection rate of
10% in the placebo group, with an α error of 0.05 and a power of
85%. The analysis was made on an intention-to-treat basis. Fre-
quency of infection was summarized by the incidence density, de-
fined as the number of episodes of infection divided by the total
number of patient-days in the study [36, 37]. Categorical variables
were compared by χ2 or Fisher’s exact tests, and continuous vari-
ables by Student’s t test or nonparametric tests. Rates and rate 
ratios are displayed with exact confidence limits. Survival analysis
was performed using a Kaplan-Meier plot and difference in sur-
vival tested by use of the log-rank test. All tests of significance
were two-tailed. A p of 0.05 or less was considered to indicate 
statistical significance.

Results

Bacterial infections and outcome

Length of ICU stay after study entry averaged 8.5 days in
the fluconazole group and 8.4 days in the placebo group,
for a total of 906 and 842 days at risk, respectively. Anti-
microbial therapy was administered after study entry in
75% of patients (153/204) because of persistent bacterial
infection or ICU-acquired infection (fluconazole 76, pla-
cebo 77). There were a total of 108 episodes of ICU-
acquired bacteremia among 47% (95/204) of patients, for
an overall incidence of 61.8 episodes per 1000 patient-
days. Both the incidence and incidence density of bacter-
emia were similar in the two study groups: 57 episodes
among 45 patients in the fluconazole group (62.9 epi-

sodes per 1000 patient-days) vs. 51 episodes among 
40 patients in the placebo group (60.6 episodes per 1000
patient-days). The most common pathogens were coagu-
lase-negative staphylococci (n=52), Enterobacteriaceae
(n=23), Staphylococcus aureus (n=11), and Enterococcus
faecalis (n=7); 16 infections were polymicrobial.

Twenty patients (9.8%) acquired ventilator-associated
pneumonia after study entry (fluconazole 9, placebo 11)
for an overall rate of 11.4 episodes per 1000 ventilator-
days. The incidence density of pneumonia was compara-
ble in the two study groups (9.9 vs. 13.1 episodes per
1000 ventilator-days in the fluconazole and the placebo
group, respectively). There were 12 episodes of early on-
set pneumonia (6 in each study group), mostly in pa-
tients with multiple trauma (10/12). Pathogens identified
were: S. aureus (n=7), Streptococcus pneumoniae (n=4),
Haemophilus influenzae (n=3), Escherichia coli (n=2),
Klebsiella pneumoniae, and Enterobacter cloacae; 7 of
12 infections were polymicrobial. There were only eight
episodes of late onset pneumonia (4.6 episodes per 1000
ventilator-days), and the majority (six) were polymicro-
bial infections. Pathogens identified were: Pseudomonas
aeruginosa (n=4), Stenotrophomonas maltophilia (n=4),
E. coli (n=2), E. cloacae (n=2), and Proteus mirabilis, 
H. influenzae, S. aureus, and Serratia marcescens.

Overall mortality during the stay in the ICU was 40%
(81/204), with 40 deaths in the fluconazole group and 41
in the placebo group. Apart from one, all occurred within
30 days after study entry.

Candida colonization and infection

Ninety-eight patients enrolled in the study (48%) were
colonized with Candida spp. at study entry (fluconazole
48, placebo 50, P=0.78). The intensity of Candida colo-
nization was similar in the two groups (Table 2). Candida
colonization developed in 53% (29/55) of patients free of
colonization at study entry in the fluconazole group vs.
78% (40/51) of patients in the placebo group (p=0.01).
Candida spp. colonization increased with time in patients

Table 2 Candida spp. coloni-
zation and infection Fluconazole Placebo p

No. of patients colonized at study entry 48 (47%) 50 (49%) 0.78
Mean Candida spp. colonization index at study entrya 0.56±0.25 0.53±0.21 0.47
Mean Candida spp. corrected colonization index at study entrya 0.14±0.20 0.13±0.18 0.81
Patients newly colonized with Candida spp. after study entry 29/55 (53%) 40/51 (78%) 0.01

Severe infections
Candidemia 1 9 –
Peritonitis 1 1 –
Pneumonia 2 0 –

Nonsevere infections
Urinary tract infection 2 2 –
Skin/mucocutaneous infection 0 4 –

a Mean values of colonization
indexes at study entry are indi-
cated for colonized patients on-
ly; values for the entire study
population averaged 0.26±30
vs. 0.26±33 (Candida spp. col-
onization index) and 0.15±0.21
vs. 0.13±0.18 (for corrected
Candida spp. colonization in-
dex) in patients in the flucon-
azole and in the placebo group,
respectively
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in the placebo group but decreased in patients who re-
ceived fluconazole (Fig. 2). 

Severe Candida infections developed in four patients
assigned to fluconazole and in ten assigned to placebo
(Table 2). Of the candidemia episodes, 90% (9/10) de-
veloped in patients in the placebo group (rate ratio for
fluconazole use 0.10, 95% CI 0.02–0.74, p=0.008). Time
of survival free of candidemia is shown in Fig. 3. All
candidemic patients were heavily colonized with Candi-
da spp. before infection developed; the average coloniza-
tion index was 0.89±0.17 (range 0.55–1.0). Crude mor-
tality was 60% (6/10) in patients with candidemia. In the
placebo group five of nine patients with candidemia
died; four deaths were attributable to candidemia. In the
fluconazole group, one patient had candidemia and death
resulted from the infection. Overall, five of six deaths
among candidemic patients were attributable to the 
infection. Minor candidal infections included lower 
urinary tract, wound, and mucocutaneous infections 

(Table 2). The overall incidence of Candida infection
was significantly lower in patients treated with flucon-
azole (6.6 episodes per 1000 patient-days) than in those
who received placebo (19 per 1000 patient-days; rate ra-
tio for fluconazole use 0.35, 95% CI 0.11–0.94,
p=0.022).

Treatment failure, defined as the development of can-
didal infection or increased Candida colonization during
the study period, was observed in 33 patients (32%) in
the fluconazole group and in 68 patients (67%) in the
placebo group (p<0.001). Treatment was stopped in 18
patients (fluconazole 5, placebo 13) because of suspected
or confirmed fungal infection; in these cases, intrave-
nous amphotericin B was chosen as antifungal therapy.
Candida strains recovered from colonized patients at
study entry as well as newly acquired Candida strains
and those causing infections among patients in the two
groups are shown in Table 3.

Adverse events

The two treatment groups were similar with respect to
the rate of occurrence of abnormalities in laboratory

Table 3 Distribution of Candida spp in the two treatment arms (n total number of patients/number of patients in whom Candida species
isolates were recovered)

Colonization at study entry Newly acquired Candida spp. Candida infection

Fluconazole Placebo Fluconazole Placebo Fluconazole Placebo 
(n=51/49) (n=56/53) (n=24/24) (n=31/30) (n=6/6) (n=16/16)

C. albicans 41 80% 44 79% 15 62% 27 87% 5 83% 13 81%
C. tropicalis – – 2 3.6% – – – – – – 1 6.2%
C. krusei 2 3.9% 1 1.8% 1 4.2% – – – – – –
C. glabrata 2 3.9% 4 7.1% 2 8.3% 2 6.5% 1 17% – –
C. lusitaniae – – 1 1.8% 1 4.2% – – – – 1 6.2%
C. parapsilosis 1 2% – – 1 4.2% – – – – 1 6.2%
Saccharomyces cervisiae 1 2% 1 1.8% 1 4.2% 1 3.2%
Unidentified Candida spp. 4 7.8% 3 5.4% 3 12% 1 3.2% – – – –

Fig. 2 Dynamics of Candida colonization in patients assigned 
fluconazole prophylaxis or placebo. Candida spp. colonization in-
dex was measured daily in the fluconazole- and placebo-treated
patients. Illustrated are the daily median values (empty circles),
the 25th and 75th percentiles, i.e., the interquartile range (borders
of the box), and the range of values (vertical lines)

Fig. 3 Kaplan-Meier estimates of the percentages of fluconazole-
and placebo-treated patients who remained free of candidemia.
The difference in survival free of candidemia was statistically sig-
nificant (p=0.0093, log-rank test)
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measurements (Table 4). Treatment was stopped in eight
patients (four in each study group) because of probable
or possible drug-related side effects. In particular, con-
cern about hepatotoxicity resulted in the discontinuation
of treatment in five patients (fluconazole 2, placebo 3).
The overall incidence of severe abnormalities in the re-
sults of liver-function tests was similar in the two
groups. No major event related to the drug was noted in
the study population.

Discussion

Candida infection generally arises from endogenous col-
onization [15, 16, 17, 18]. Our previous study in a com-
parable patient population found that Candida coloniza-
tion always preceded infection with a genotypically
identical strain [38], with Candida colonization indexes
reaching threshold values [15] before infection devel-
oped. The present study confirms those findings. Al-
though the intensity of Candida colonization was similar
in the two groups at study entry, a significantly higher
proportion of patients in the placebo group (p=0.01) be-
came colonized with Candida spp., and the intensity of
colonization increased with its duration (Fig. 2). Severe
infection developed only in patients heavily colonized
with Candida spp., and fluconazole prophylaxis was as-
sociated with a 90% reduction in the risk for candidemia.

Patients in this cohort were at extremely high risk for
nosocomial, ICU-acquired infection [1]. As expected,
the incidence of nosocomial bacteremia was high (61.8
episodes per 1000 patient-days), a figure among the
highest ever reported [4] but similar to the figure which
we previously observed in a comparable study popula-
tion [15]. In contrast, the overall incidence of ventilator-
associated pneumonia was remarkably low [36, 39] and
did not differ between the two study groups. Although
the SDD regimen used in the present study reduced the
incidence of late-onset ventilator-associated pneumonia
in a previous randomized trial at our institution [30],
whether it was responsible for the particularly low ob-
served rates (4.6 episodes per 1000 ventilator-days) in
the current study remains speculative. Prevention of ven-

tilator-associated pneumonia by modulating oropharyn-
geal colonization and preserving the endogenous gut 
flora using topical SDD only can be attractive for 
selected groups of high-risk critically ill patients [40, 41].

The objective of this trial was to assess the efficacy of
adding fluconazole to the SDD regimen in use in our
ICUs to prevent candidal infections. Most SDD regimens
have included topical antifungal agents [19, 20, 21, 22,
41]. Invasive Candida infections in high-risk bone mar-
row and liver transplant recipients can be prevented by
the use of fluconazole or an amphotericin B preparation
[42, 43, 44]. Eggimann and colleagues [45] recently re-
ported the benefit of fluconazole prophylaxis in prevent-
ing intra-abdominal candidiasis in high-risk surgical pa-
tients with anastomotic leakages or recurrent gastrointes-
tinal perforations. Recently, Pelz and colleagues [46]
showed the benefit of antifungal prophylaxis in critically
ill surgical patients who remained for at least 72 h in the
ICU. In these studies [45, 46], as in the current trial, the
proportion of patients colonized with Candida spp. at
study entry was high, ranging from 48% to 87%. We ob-
served a reduced incidence of Candida colonization and
candidemia in patients treated with fluconazole. The in-
cidence of candidemia was particularly low in flucon-
azole-treated patients (1.24 episodes per 1000 patient-
days at risk), while within the range of previously pub-
lished series [2, 4, 5] for the placebo group (11.93 epi-
sodes per 1000 patient-days at risk). Our results also
confirm the observation of a relationship between in-
creasing endogenous colonization and increased risk for
subsequent severe infection [14, 15, 18].

Prophylaxis consisted of 100 mg fluconazole admin-
istered once daily intravenously. At the time of study de-
sign it was unclear as to what would be the most appro-
priate dose considering the risk of adverse events among
critically ill patients suffering from organ failure and re-
ceiving multiple other drugs. This was also the dosage
used in several prophylactic studies ongoing or already
published among neutropenic cancer patients [47, 48,
49]. Similarly, considering the uncertainty of optimal ab-
sorption of oral fluconazole in critically ill patients with
impaired digestive function, we decided to use intrave-
nous fluconazole in all patients included. As reported in

Table 4 Rate of severe abnor-
malities in laboratory measure-
ments during antifungal pro-
phylaxis (ULN upper limit of
normal)

Fluconazole (n=103) Placebo (n=101)

Hematological
Hemoglobin <8 g/dl 53 47
Granulocytes <750/mm3 0 0
Platelet count <50,000/mm3 12 21

Hepatic
Serum aspartate aminotransferase >5× ULN 21 20
Serum alanine aminotransferase >5× ULN 13 12
Alkaline phosphatase >5times ULN 1 2
Bilirubin >5× ULN 11 12



other studies in critically ill patients [45, 46, 50], flucon-
azole was well tolerated in our trial.

The overall proportion of ICU patients included in the
current study was low, similar to two [45, 46] of the three
other prophylactic studies recently published in nonneu-
tropenic critically ill patients. Pelz et al. [46] randomized
21% of the patients admitted in a surgical ICU over
12 months. Eggimann et al. [45] included only 43 patients
over a 3-year period in two surgical ICUs of tertiary uni-
versity hospitals. These low proportions result from the
very strict inclusion criteria applied to restrict the target
population to those in whom the expected risk of develop-
ing severe Candida infection would be greater than 10%
[51]. Consistent with the use of strict entry criteria, the
proportion of patients with significant Candida coloniza-
tion at randomization was high (48–87%) in studies in
which prophylaxis reduced infection rates, illustrating the
importance of careful selection of study groups at high
risk of infection. In contrast, the proportion of patients
colonized at study entry in the report by Sandven et al.
[50] was only 30%, with a very low rate of documented
fungal infections, which may explain the negative results
of the tested prophylactic regimen in the latter study.

Crude mortality rate in the two groups of patients
treated with fluconazole or placebo was similar, but was
60% in patients with candidemia. Five of six deaths were
attributable to the infection, occurring an average of
9 days (range 4–12) after the first blood culture grew
Candida. Assuming an attributable mortality of 38%
[13] (22 deaths directly attributed to candidemia for 
every 100 cases), we calculated that a total of at least
348 patients (174 in each group) should have been in-
cluded in the study to demonstrate a possible impact of
fluconazole prophylaxis on overall mortality. Thus no
conclusion can be derived from our results as to the pos-
sible impact of such a strategy on overall ICU mortality.

The use of antimicrobial prophylaxis in the clinical
setting raises concerns about antibacterial and antifungal
resistance [1, 52, 53, 54, 55]. We failed to identify any
patient colonized with vancomycin-resistant enterococci
among those hospitalized in our ICUs during the study
period. Importantly, however, these organisms are not
endemic in our institution and were identified in a total
of only 21 patients between 1994 and 2001 despite regu-
lar screening [56], in particular during the course of the
current study. Nevertheless, oral vancomycin is currently
no longer used as prophylaxis at our institution, and the
oral SDD regimen presently administered contains only
polymyxin B and neomycin.

Fluconazole resistance has been widely reported and
has generally resulted from the prolonged use of new
azole compounds in chronically infected, immunosup-
pressed patients [53, 57, 58]. Whether short-term use in
critically ill patients, for whom it is the first exposure,
could result in resistance acquisition remains to be 
studied on a larger scale; no resistance developed under

the conditions of fluconazole use in this series (data not
shown). Although the proportion of Candida species 
other than C. albicans has increased in some centers over
the past decade [52, 59, 60], this trend has not been 
observed at others [42, 45, 61, 62, 63]. We did not ob-
serve a shift in the distribution of Candida strains from
C. albicans toward other species following fluconazole
use over the study period (Table 3), and the latter repre-
sented only 5% (68/1302) of Candida strains identified
in our series. As previously observed [45, 46], restricting
the use of prophylactic fluconazole to carefully selected
groups of patients at high risk for severe Candida infec-
tion may have contributed to the absence of emergence
of resistant strains among Candida spp., as well as the
absence of a shift from C. albicans to other Candida
strains with natural or acquired resistance to fluconazole.

The generalizability of our findings must be dis-
cussed. In particular, although a significant proportion
(25–49%) of patients mechanically ventilated for at least
72 h developed Candida colonization [1, 3, 35], subse-
quent severe infection remained relatively uncommon.
Because of the concern of emerging resistance and possi-
ble change in the distribution of Candida spp. toward
less sensitive organisms, the use of new azole antifungal
agents should be restricted to patients at a higher risk for
infection [45, 46, 51]. Fluconazole has proven efficacy
in invasive candidiasis [64], and selection of resistant
isolates and species may well occur when used broadly
and injudiciously. Our results suggest that fluconazole
prophylaxis could at least be restricted to patients colo-
nized with Candida. However, further studies are needed
to better define in this population those who would bene-
fit from this therapy; furthermore, it remains to be tested
in patient populations not treated with SDD. Indeed, a
large majority of critically ill patients receive antibiotics
for prophylactic or therapeutic purposes [1, 3, 41] and,
whether secondary to SDD or broad-spectrum antimicro-
bial pressure, yeast colonization develops and increases
the risk for subsequent infection. If prophylaxis may be
proposed for patients with significant risk factors for de-
veloping severe fungal infection, the determination of
the colonization index may help to identify subgroups of
patients susceptible to benefit from early preemptive 
antifungal treatment. One very recent study showed the
benefit of determining the colonization index once a
week [65]. The current policy at our institution is to
measure this index twice a week in high-risk patients and
to start preemptive therapy with azoles once it is greater
than 0.5. Such strategies need, however, further evalua-
tion in controlled studies. Finally, as previously recog-
nized, only a small proportion of our ICU population
was included in the current trial, limiting its generaliz-
ability among the critically ill.

In conclusion, our results demonstrate that flucon-
azole prophylaxis in selected, high-risk critically ill pa-
tients decreases the incidence of Candida infection, in
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particular, candidemia. Despite this efficacy further pro-
spective studies are needed to assess the value of pre-
emptive antifungal therapy [66] in high-risk critically ill
patients presenting with risk factors for infection that
cannot be controlled. Finally, in all circumstances we
recommend close surveillance for the emergence of anti-
fungal resistance.
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