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Antifungal prophylaxis with azoles in high-risk, surgical intensive
care unit patients: A meta-analysis of randomized,
placebo-controlled trials*
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Elpidoforos S. Soteriades, MD, MSc; Matthew E. Falagas, MD, MSc

Candida species are part of the
normal human skin and mu-
cous membrane microflora.
However, these yeasts may

also represent important pathogens caus-
ing opportunistic infections of increasing
frequency in specific populations. Accord-
ing to the Hospital Infection Program re-
leased from the Centers for Disease Control

and Prevention, the incidence of fungal in-
fections increased between 1980 and 1990
from 2.0 to 3.8 infections per 1,000 dis-
charges, including a significant increase of
candidemia (1). Candida species are more
commonly isolated from patients of burn
or trauma intensive care units (ICUs) and
patients with abdominal surgery, hema-
tologic malignancies, and solid organ and
bone marrow transplantation (1). More
specifically, Candida spp are the fourth
more common pathogen isolated from
blood in surgical intensive care unit
(SICU) patients (2). Furthermore, the de-
velopment of such infections is associated
with increased overall and attributable
mortality (ranging in different studies
from 20% to 85% and from 30% to 60%)
and with morbidity, which lengthens the
duration of ICU stay and increases the
cost of hospitalization (2).

Many risk factors contributing to the
development of fungal infections in SICU
and other high-risk patients have been
identified (3); however, their predictive

value remains unclear. Among them,
prior colonization with Candida spp ap-
pears to be of special importance, since
the colonizing and the offending fungus
are identical in 84–94% of cases (4, 5),
and the probability of Candida spp infec-
tion in the absence of previous coloniza-
tion is very low (negative predictive value
94–100%). In addition, the symptoms
and signs of fungal infections are nonspe-
cific, and the available microbiological
(including blood cultures) and imaging
tests for early diagnosis usually do not
provide a definite diagnosis (6, 7).

Prophylaxis with antifungal regimens
has been proposed as an effective (and
probably cost-effective) approach to pre-
vent such infections in high-risk patients
(8). Azoles and polyenes were used in a
number of randomized controlled trials
to assess their effectiveness as prophylac-
tic regimens. Azoles are associated with
fewer adverse effects compared with poly-
enes and can be administered orally. On
the other hand, azoles are suspected of
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Objective: The use of antifungal prophylaxis remains contro-
versial in most populations including surgical intensive care unit
patients. A meta-analysis of randomized controlled trials was
performed to evaluate the safety and effectiveness of azoles as
antifungal prophylaxis in high-risk patients receiving treatment in
the surgical intensive care unit.

Data Source: Data were obtained from PubMed, Current Con-
tents, Cochrane central register of controlled trials, and refer-
ences from relevant articles.

Study Selection: Randomized controlled trials using azoles as
antifungal prophylaxis vs. placebo were included in the study.

Data Extraction: Two independent reviewers extracted data
concerning the development of fungal infections (superficial or
invasive), adverse effects, and mortality.

Synthesis: Six randomized controlled trials were included in
the main analysis. Publication bias and statistically significant
heterogeneity were not observed among the analyzed studies.
Patients receiving antifungal prophylaxis developed fewer epi-

sodes of candidemia (odds ratio [OR] � 0.28, 95% confidence
interval [CI] 0.09–0.86), nonbloodstream invasive fungal infec-
tions (OR � 0.26, 95% CI 0.12–0.53), and noninvasive (superficial)
fungal infections (OR � 0.22, 95% CI 0.11–0.43), respectively. No
reduction in mortality was observed among patients who received
azole prophylaxis (OR � 0.74, 95% CI 0.52–1.05). There was no
significant difference in reported adverse effects (OR � 1.28, 95%
CI 0.82–1.98).

Conclusions: Despite its limitations, our meta-analysis sug-
gests that the prophylactic use of azoles in high-risk surgical
intensive care unit patients is associated with a reduction of
fungal infections but not in all-cause mortality. However, although
not noted in the analyzed randomized controlled trials, there is
concern about the use of azoles due to possible shift toward
non-albicans species and development of resistance to azoles.
(Crit Care Med 2006; 34:1216–1224)
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contributing to selection of resistant
Candida isolates and a shift toward wild
non-albicans species (1, 9). In most stud-
ies, the use of a prophylactic regimen led
to a decrease of opportunistic fungal in-
fections, whereas the effect on mortality
was not resolved. We performed a meta-
analysis of randomized controlled trials
(RCTs) in a defined patient population,
namely SICU patients, to reassess their
safety and effectiveness on a bigger scale
and clarify the issue of mortality.

METHODS

Data Sources

Relevant RCTs were identified through a
search of PubMed (until February 2005), Cur-
rent Contents, Cochrane central register of
RCTs, and references from relevant articles,
including review papers. Search terms in-
cluded prophylaxis, prevention, antifungal,
azoles, fluconazole, ketoconazole, itracon-
azole, miconazole, clotrimazole, polyenes,
amphotericin B, nystatin, surgical, transplan-
tation, and intensive care unit.

Selection of Randomized
Controlled Trials

Two independent reviewers performed a
literature search and examined the identified
RCTs for further evaluation of data on safety,
effectiveness, and mortality. A study was con-
sidered eligible if a) it was a randomized, pla-
cebo-controlled clinical trial; b) it focused on
the role of azole antifungal regimens as pro-
phylaxis against fungal infections (mainly
against Candida), in high-risk, surgical ICU
patients; and c) it assessed the effectiveness
and/or toxicity of triazoles as well as mortality.
No restriction in language was set. Both blind
and nonblind RCTs were included in the anal-
ysis. RCTs focusing on pharmacokinetic
and/or pharmacodynamic variables were ex-
cluded. RCTs studying the effect of azole de-
rivatives on adrenal hormone production and
RCTs in which the azoles were used for pre-
emptive or early empirical therapy were also
excluded. RCTs using antifungal prophylaxis
with amphotericin B and/or nystatin (liposo-
mal or not, alone or in combination with
other antifungal agents, systemic or topical, or
as part of a regimen for selective bowel decon-
tamination) or comparing a polyene with an
azole antifungal agent were considered ineli-
gible for the present meta-analysis.

Definitions

Fungal Infections. The definitions of the
various types of fungal infections (candidemia,
nonbloodstream invasive fungal infections,

and superficial fungal infections [skin or mu-
cosal]) were based on the definitions provided
in the reported RCTs. In brief, candidemia was
defined as the isolation of a Candida species in
at least one blood culture. An invasive fungal
infection diagnosis required positive histo-
logic findings from deep tissues, with or with-
out clinical symptoms, signs, or radiologic le-
sions suggestive of this type of infection. The
isolation of Candida species from a biopsy
specimen from the peritoneal cavity or the
peritoneal fluid and clinical evidence of infec-
tion were necessary for the diagnosis of intra-
abdominal candidiasis. Noninvasive (superfi-
cial) fungal infections were defined as
infections with clinical symptoms and/or signs
of oral, esophageal (without histologic proof
for invasive candidiasis), superficial wound,
lower urinary tract, and vaginal candidiasis,
with positive cultures of specimens from the
site of infection.

High- and Low-Risk Patients. Medical or
surgical patients having three or more risk
factors associated with fungal infections were
considered high risk for the development of
such an infection, whereas those with two or
fewer risk factors were considered low-risk
patients. Patients undergoing transplantation
were considered high risk for the development
of fungal infections if they were expected to
stay in the ICU for �5 days following the
operation.

Adverse Effects. No specific definitions
were reported for various types of drug toxic-
ity, including nephrotoxicity and hepatoxicity,
in most of the analyzed RCTs, although nu-
merical data about drug toxicity were provided
in some of them. Hepatotoxicity was defined as
elevation of liver function tests more than five
times than the upper normal limit in one of
the RCTs.

Data Extraction

The following data were extracted from each
study: year of publication, clinical setting, pa-
tient population, numbers of patients, antifungal
agents and doses used, clinical and microbiolog-
ical outcomes, toxicity, statements of the au-
thors concerning the development of resistant
Candida species or a shift toward colonization or
infection from non-albicans species, and mortal-
ity. Data were extracted by two independent re-
viewers. Any disagreement between the two re-
viewers was resolved by consensus meetings of
the authors.

Outcomes

The development of fungal infections, all-
cause mortality, and adverse effects due to study
regimens were considered as primary outcome
measures for the present meta-analysis. Devel-
opment of fungal infections was further analyzed
using four different outcome measures as de-
fined previously: candidemia, nonbloodstream
invasive fungal infections, and noninvasive (su-

perficial) fungal infections. Mortality was also
analyzed in the subset of studies that included
exactly the same study azole and the same pa-
tient population. All-cause mortality was ana-
lyzed based on the reported data for mortality
during the study period.

Data Analysis

Statistical analyses were performed using the
Meta-analyst software (Joseph Lau, Tufts Univer-
sity School of Medicine, Boston, MA). The het-
erogeneity between RCTs was assessed by using
a chi-square test; p � .10 was defined to note
statistical significance in the analysis of hetero-
geneity. Publication bias was assessed by the
funnel plot method using Egger’s test. Pooled
odds ratios (OR) and 95% confidence intervals
(CI) for all primary and secondary outcomes
were calculated, using both the Mantel-Haenszel
fixed effects and the DerSimonian-Laird random
effects models. Results from the fixed effects
model are presented only when no heterogeneity
between RCTs was observed; otherwise results
from the random effects model are presented.

RESULTS

Randomized Controlled Trials

We identified 45 published RCTs, per-
formed on medical and surgical ICU pa-
tients at risk of fungal infections. Of
those RCTs, 18 were excluded because
amphotericin B or nystatin was used as
part of a selective bowel decontamination
regimen (10–27), six because amphoter-
icin B or nystatin alone or in combina-
tion with other antifungal agents was
compared with various antifungal agents
including azoles or the lipid forms of
amphotericin B (28–33), three because
amphotericin B or nystatin was compared
with placebo or no drug (34–36), three
because they compared the effectiveness
of azole derivatives against placebo in
nonsurgical, non-ICU patients (37–39),
and three because they compared azoles
with placebo in preterm, low-weight in-
fants (40–42). In addition, one RCT was
excluded because one perioperative dose
of fluconazole was used as prophylaxis
(43), one because the primary outcome
was the Candida colonization and/or in-
fection of prosthetic devices in postlaryn-
gectomy patients under prophylaxis with
fluconazole (44), one because it com-
pared the effectiveness of prophylactic
itraconazole vs. fluconazole (45), one be-
cause it was conducted in a mixed low-
and high-risk patient population and it
was not placebo controlled (46), and one
because it was performed in low-risk sur-
gical patients (47).
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In Figure 1, we present a flow diagram
describing the selection process applied
to identify the pool of RCTs used in the
final analysis. An RCT that studied the
value of antifungal prophylaxis in surgi-
cal ICU patients with septic shock due to
bacterial pathogens (48) was used only
in the secondary analysis, together with
the other six RCTs of the main analysis
(49 –54), since septic shock represents a
special condition. This is mainly be-
cause the patients enrolled in this RCT

already had an established serious bac-
terial infection leading to septic shock,
whereas the patients enrolled in the
other RCTs that were included in our
meta-analysis had several risk factors
for fungal infections but septic shock
was not an inclusion criterion. Two of
the included RCTs reported results of
both medical and surgical patients:
Garbino et al. (50) with 62% surgical
patients and Pelz et al. (51) with 92%
surgical patients.

The main characteristics of all RCTs
used in the meta-analysis are shown in Ta-
ble 1. Risk factors for fungal infections that
were commonly present in patients en-
rolled in the RCTs that were included in
our meta-analysis were fungal colonization
before enrollment, diabetes, solid tumors,
abdominal surgery, presence of central and
peripheral venous catheters for �3 days,
exposure to antibiotics, and intubation or
mechanical ventilation. The duration of
hospitalization and ICU stay varied in the
different RCTs; however, there was no im-
balance between the compared treatment
groups in the individual RCTs. There was
also no difference in the severity of the
underlying disease between patients in the
prophylaxis or the placebo group, based on
the reported data, including Acute Physiol-
ogy and Chronic Health Evaluation II and
III scores. No publication bias was found by
the funnel plot method using Egger’s test.

Administration of Study Drugs

Azoles as antifungal prophylaxis were
administered either intravenously or
orally. Fluconazole was administered in-
travenously in two RCTs and orally in one
RCT, whereas in one RCT it was admin-
istered intravenously before the opera-
tion and switched to oral administration
at a later stage. The dosages of the ad-
ministered drugs are shown in Table 1.
The duration of administration of anti-
fungal prophylaxis or placebo varied in
different RCTs, but there was no statisti-
cal difference in duration of therapy be-
tween the compared treatment groups in
the individual RCTs. When itraconazole
(49) or ketoconazole (54) was adminis-
tered, plasma levels were measured to
verify the absorption of the prophylactic
medications; effective plasma levels were
achieved (�0.25 mg/L for itraconazole
and �5 mg/L for ketoconazole) in most
of the patients.

Development of Fungal Infections

Outcome data from the selected RCTs
are presented in Table 2. Data on the
development of fungal infections were re-
ported in all RCTs. Antifungal prophy-
laxis with azoles, compared with placebo,
was significantly associated with fewer
fungal infections (816 patients, fixed ef-
fects model, OR � 0.20, 95% CI 0.13–
0.32). Odds ratios for the development of
invasive fungal infections and candidemia
in individual RCTs as well as the pooled
odds ratio are presented in Figure 2. TheFigure 1. Flow diagram of reviewed randomized controlled trials (RCTs). ICU, intensive care unit.
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use of azoles as antifungal prophylaxis
was significantly associated with fewer
episodes of candidemia (604 patients,
fixed effects model, OR � 0.28, 95% CI
0.09–0.86), fewer nonbloodstream inva-
sive fungal infections (604 patients, fixed
effects model, OR � 0.26, 95% CI 0.12–
0.53), and noninvasive (superficial) fun-
gal infections (816 patients, fixed effects
model, OR � 0.22, 95% CI 0.11–0.43).

Mortality

All-cause mortality during the whole
study period (based on the reported data)
was available in four RCTs. In two addi-
tional RCTs, only the deaths occurring
during the ICU stay were reported. In
Figure 3 we present data from individual

RCTs as well as pooled data on mortality.
Mortality in high-risk patients receiving
azoles as anti-fungal prophylaxis was not
lower compared with placebo recipients
(847 patients, fixed effects model, OR �
0.74, 95% CI 0.52–1.05). The same result
was also observed in subgroup analyses,
in which fluconazole was used as antifun-
gal prophylaxis (50 –53) (719 patients,
fixed effects model, OR � 0.81, 95% CI
0.56–1.18), and for RCTs not conducted
in transplant recipients (50, 51, 53, 54)
(564 patients, fixed effects model, OR �
0.80, 95% CI 0.54–1.19). A subset analy-
sis conducted on RCTs using only surgi-
cal patients (49, 51–54) also showed that
azole prophylaxis was not associated with
a reduction in mortality (643 patients,

fixed effects model, OR � 0.64, 95% CI
0.41–1.01). Finally, a meta-analysis after
incorporating one RCT with prophylactic
use of fluconazole in ICU patients with
septic shock due to bacteria (48) showed
that azole prophylaxis was associated
with a statistically significant reduction
in overall mortality (918 patients, fixed
effects model, OR � 0.68, 95% CI 0.49–
0.95).

Adverse Effects—Development
of Resistance

Numerical data regarding adverse ef-
fects were reported in three RCTs (49, 52,
53). The use of antifungal prophylaxis
with azoles was associated with more ad-
verse effects; however, this finding was

Table 1. Characteristics of the randomized controlled trials included in the meta-analysis

Study
Year of

Publication Study Type Population
Antifungal
Prophylaxis

Duration of
Antifungal
Prophylaxis Other Medication

ITT
(total)

APACHE
Scorea

Fungal
Colonization

on
Enrollment,

%

Jacobs et al. (48) 2003 DB placebo-
controlled RCT

Adults, bacterial
septic shock

Fluonazole IV 200 mg
every 24 hrs
itraconazole PO, 5
mg/kg
preoperatively,
then 2.5 mg/kg
every 12 hrs

NA Antibiotics,
noradrenaline,
insulin

71 19 vs. 18 ND

Sharpe et al. (49) 2003 DB placebo-
controlled RCT

Adults, liver
transplantation

6 wks Corticosteroids,
cyclosporine,
azathioprine

71 ND 52.1 vs. 36.8

Garbino et al. (50) 2002 DB placebo-
controlled RCT

Adults, ICU and
surgical ICU

Fluconazole IV 100
mg every 24 hrs

8 days Gut decontamination
every 4 hrs
(vancomycin 1 g,
polymyxin B 150
mg, neomycin 1 g)

204 21 vs. 21 46.6 vs. 49.5

Pelz et al. (51) 2001 Placebo-controlled
RCT

Adults, surgical
ICU

Fluconazole PO,
loading dose 800
mg, then 400 mg
every 24 hrs and
adjusted to renal
function

NA Immunosuppresive
drugs, antibiotics

260 63 vs. 65 73.1 vs. 80.8

Winston et al. (52) 1999 DB placebo-
controlled RCT

�16 yrs, liver
transplantation

Fluconazole 400 mg
every 24 hrs
adjusted to renal
function, IV
preoperatively, PO
postoperatively

10 wks Corticosteroids,
cyclosporine,
azathioprine, OKT3

212 ND 68.5 vs. 59.5

Eggimann et al. (53) 1999 DB placebo-
controlled RCT

�12 yrs, surgical
patients with
GI diseases

Fluconazole IV, 400
mg every 24 hrs

15–17 days Antibiotics,
corticosteroids

49 13 vs. 13 43.5 vs 35

Slotman and Burchard (54) 1987 DB placebo-
controlled RCT

Adults, surgical
ICU

Ketoconazole PO 200
mg every 24 hrs

21 days or till
discharge
from ICU

Antibiotics,
corticosteroids

74 ND 17 patients,
all excluded
from the
analysis

ITT, intention to treat; APACHE, Acute Physiology and Chronic Health Evaluation; DB, double blind; RCT, randomized controlled trial; IV,
intravenously; NA: not applicable; ND, not described; PO, orally; ICU, intensive care unit; GI, gastrointestinal.

aAPACHE II for all except APACHE III for the study by Pelz et al.
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not statistically significant (499 patients,
fixed effects model, OR � 1.36, 95% CI
0.86 –2.15). The adverse effects more
commonly observed were nausea, vomit-
ing, and diarrhea. Hepatotoxicity was the
reason for discontinuation of the studied
drugs in only five patients. Data regard-
ing development of resistance were also
reported in four RCTs (50–53). There was
no development of resistance among the

fungal isolates. In addition, no shift from
Candida albicans toward non-albicans
species was noted.

Sensitivity Analyses

An additional analysis was conducted
excluding the RCTs conducted on trans-
plant recipients and patients with recur-
rent gastrointestinal perforations or

anastomotic leakages. Three RCTs were
included in this subset analysis; a reduc-
tion in fungal infections was observed
after the administration of azoles as pro-
phylaxis (499 patients, random effects
model, OR � 0.30, 95% CI 0.16–0.58).
No statistically significant differences
were found regarding invasive fungal in-
fections (499 patients, fixed effects model,
OR � 0.38, 95% CI 0.10–1.41) and mor-
tality (521 patients, fixed effects model,
OR � 0.86, 95% CI 0.56–1.30).

A second sensitivity analysis was con-
ducted after the exclusion of the RCT by
Garbino et al. (50), in which selective
bowel decontamination was also admin-
istered. The administration of antifungal
prophylaxis was associated with a statis-
tically significant reduction in the devel-
opment of fungal infections (612 pa-
tients, random effects model, OR � 0.18,
95% CI 0.10–0.33) and severe fungal in-
fections (612 patients, random effects
model, OR � 0.18, 95% CI 0.11–0.31).

DISCUSSION

The results of our meta-analysis sug-
gest that the use of azoles as antifungal
prophylaxis in high-risk patients in the
SICU is associated with fewer fungal in-
fections but appears not to be associated
with lower overall mortality rate. Our
study provides clinically useful informa-
tion, since the results include point esti-
mates of the effect of antifungal prophy-
laxis on several outcomes, including
mortality, with narrower confidence in-
tervals compared with the results of the
individual studies. All outcomes related
to the occurrence of fungal infections

Table 2. Outcome data from the selected randomized controlled trials used in the meta-analysis

Study

Fungal
Colonization

After
Treatment, %

Mortality
Rate, %

Fungal Infections, %

Adverse
Effects, %

Changes in
Susceptibility

of Candida
Species

Shift Toward Non-
Candida Albicans

SpeciesCandidemia
Non-bloodstream

Invasive Noninvasive Totala

Jacobs et al. (48) ND 34.4 vs. 59 0 vs. 0 0 vs. 0 3 vs. 5.1 3 vs. 5.1 NA ND ND
Sharpe et al. (49) ND 3 vs. 15.8 0 vs. 0 4 vs. 16.2 0 vs. 8.1 4 vs. 24.3 30.3 vs. 28.9 ND ND
Garbino et al. (50) 74.8 vs. 89.1 38.8 vs. 40.6 1 vs. 8.9 2.9 vs. 1 1.9 vs. 5.9 3.9 vs. 15.9 NA No resistance no
Pelz et al. (51) ND 10.8 vs. 12.3 0 vs. 2.5 3.4 vs. 13.2 2.6 vs. 3.3 6 vs. 16.5 NA No changes

in MICs
No association

with prophylaxis
Winston et al. (52) 34.1 vs. 78.3 11.1 vs. 14.4 ND ND 3.7 vs. 27.9 9.3 vs. 43.3 39.8 vs. 26.9 ND No association

with prophylaxis
Eggiman et al. (53) 52.2 vs. 75 30.4 vs. 50 4.3 vs. 0 4.3 vs. 35 0 vs. 0 8.7 vs. 35 30.4 vs. 50 Likely to

be low
ND

Slotman and
Burchard (54)

29.6 vs. 60 25.9 vs. 36.7 0 vs. 0 0 vs. 16.7 0 vs. 0 0 vs. 16.7 NA ND ND

ND, not described; NA, not applicable.
aSome patients may develop both superficial and invasive fungal infections; thus the total fungal infections do not represent the sum of them. Outcomes

for the azole vs. the placebo group are reported.

Figure 2. Odds ratios for the development of candidemia and nonbloodstream invasive fungal
infections in individual randomized controlled trials and the pooled analysis. The vertical line
represents the “no difference” point in invasive fungal infections between the two regimens. Squares
denote the odds ratios of individual trials; the size of each square represents the proportion of
information contributed by each trial. The diamond indicates the pooled odds ratio. The horizontal
lines represent the 95% confidence intervals.
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were fewer among patients receiving
azole prophylaxis. Specifically, candi-
demia, nonbloodstream invasive fungal
infections, superficial fungal infections,
and total fungal infections (invasive and
superficial) were all lower among patients
receiving antifungal prophylaxis. A simi-
lar result was also observed in the sensi-

tivity analyses (after the exclusion of
transplant recipients and patients with
gastrointestinal perforations or after the
exclusion of nonsurgical patients). Of im-
portance, mortality rate was not reduced
in our primary analysis as well as in sec-
ondary analyses when using RCTs per-
formed on patients receiving fluconazole

prophylaxis, RCTs excluding transplant
patients, and/or RCTs using selective
bowel decontamination. However, the ad-
dition of one RCT with bacterial septic
shock patients showed that azole prophy-
laxis appeared to be associated with better
survival rate (p � .02). Also, a reduction
of fungal colonization was observed with
the use of antifungal prophylaxis.

We acknowledge that our meta-analy-
sis is not without limitations. First, the
RCTs used in our meta-analysis were con-
ducted during a prolonged period of time
(1987–2003). Subsequently, the manage-
ment of the underlying diseases and the
susceptibility of the isolated Candida
strains as well as the mixture of different
fungal species may have undergone sev-
eral changes during this period. Second,
the patient populations included are not
homogeneous, since both transplant and
nontransplant patients were incorporated
in the analysis. In addition, a small pro-
portion of the enrolled patients in two of
the six RCTs used had not undergone any
operation. However, separate analyses af-
ter the exclusion of RCTs that enrolled
transplant recipients or nonsurgical pa-
tients did not substantially alter the re-
sults. Third, the azole used was not the
same in all RCTs. Fluconazole, itracon-
azole, and ketoconazole were used as the
prophylactic regimen in different RCTs.
In addition, the daily dosage and the
route of administration of fluconazole
were not identical. The dose of fluconazole
varied from 100 to 400 mg daily, and it was
given orally or intravenously. Unfortu-
nately, the available data do not provide
enough conclusive evidence regarding the
minimum dosage of various antifungal
agents, including azoles, that is sufficient
for prophylaxis. Fourth, there was a varia-
tion in the duration of antifungal prophy-
laxis used in different RCTs.

Also, we acknowledge that the RCTs
included in our meta-analysis were not
designed to specifically identify risk fac-
tors for the development of fungal infec-
tions among SICU patients. However, we
selected only those RCTs that included
patients with several risk factors (as iden-
tified by other investigators) for the de-
velopment of fungal infections. In addi-
tion, the definitions of fungal infections
in the RCTs included in our meta-
analysis were not in accordance with the
definitions of the European Organization
for Research and Treatment of Cancer
(55), because all of them were designed
before the introduction of these defini-
tions to the literature in 2002. More spe-

Figure 3. Odds ratios in individual randomized controlled trials (RCTs) and the pooled analysis on
mortality. Top, mortality in the main analysis. Bottom, mortality after the inclusion of an RCT with
bacterial septic shock patients. The vertical line represents the “no difference” point in all-cause
mortality between the two regimens. Squares denote the odds ratios of each trial; the size of each
square represents the proportion of information contributed by each trial. The diamond indicates the
pooled odds ratio. Horizontal lines represent 95% confidence intervals.
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cifically, none of the RCTs provided data
specifically for proven, probable, and pos-
sible fungal infections; data regarding in-
vasive and superficial fungal infections
were provided in all included studies,
whereas data on proven and suspected
fungal infections were provided in the
studies by Sharpe et al. (49) and Pelz et
al. (51). Therefore, we could not differen-
tiate between proven, probable and pos-
sible fungal infections. Of note, data
about drug toxicity were reported only in
three of seven RCTs, and in these studies
no specific definitions of various types of
adverse events were reported; the report-
ing of only limited data regarding drug
toxicity is unfortunately common in pub-
lished papers reporting results of RCTs.
Another limitation is that the develop-
ment of antifungal resistance was not the
focus of the analyzed RCTs and, thus, it
was not examined systematically in the
studies included in our meta-analysis. Fi-
nally, although quality assessment of the
studies was not performed, all included
studies were double-blind, placebo-
controlled RCTs (except for one RCT that
was not a double-blind study).

The effectiveness of antifungal pro-
phylaxis is debated in most patient pop-
ulations. A meta-analysis on antifungal
prophylaxis for transplant recipients re-
ported that fluconazole was effective in
reducing invasive and superficial fungal
infections but not mortality (56). Data
from RCTs using other azoles as antifun-
gal prophylaxis were not conclusive re-
garding either invasive fungal infections
or mortality (56). When all antifungal
regimens (azoles and polyenes) used in
RCTs of solid organ transplant recipients
were analyzed together, a reduction in
invasive and superficial fungal infections
was noted, but mortality was not reduced
(56). In another meta-analysis, conducted
on RCTs with neutropenic patients, it was
reported that although prophylaxis con-
tributed to a reduction of fungal infec-
tions, mortality remained unaffected,
whereas only specific subgroups of pa-
tients (patients with prolonged neutrope-
nia or undergoing allogeneic hemopoi-
etic stem cell transplantation or patients
receiving high daily doses of antifungal
agents for prophylaxis) would benefit
(57). Also, in another meta-analysis of
RCTs of neutropenic patients it was re-
ported that oral fluconazole prophylaxis
was beneficial in reducing invasive fungal
infections in patients undergoing bone
marrow transplantation but not in pa-

tients who were not undergoing bone
marrow transplantation (58).

Our meta-analysis was purposely re-
stricted to RCTs that included high-risk
surgical patients. This strategy was se-
lected because not all patients undergo-
ing operations or in need for ICU care
have the same probability for the devel-
opment of fungal infections. Many risk
factors for the development of such infec-
tions among patients treated in the ICU
have been identified; however, each factor
alone does not contribute significantly to
increased mortality (3, 59). On the con-
trary, the combination of several risk fac-
tors predisposes to worse outcomes (3).
In addition, the inclusion of RCTs with
low-risk patients in the present meta-
analysis would increase the heterogeneity
of the analyzed patients and therefore the
possibility for statistical errors.

Superficial fungal infections, although
easy to treat, are a problem that affect
quality of life. Invasive fungal infection is
a serious and potentially fatal condition,
with increasing frequency in high-risk
medical and surgical patients. Further-
more, there are important considerations
related to the effect of fungal infections
on the length of hospitalization and the
cost of health care. Although the inci-
dence of invasive fungal infections can be
reduced in high-risk medical and surgical
patients by prophylactic or preemptive
administration of antifungal agents (by
both polyenes and azoles), as indicated in
a number of RCTs (35, 36, 44, 48, 51–53,
60), the economic aspects of the use of
such prophylactic or preemptive antifun-
gal strategies have not been systemati-
cally evaluated. Two recent developments
are related to the control of fungal infec-
tions, namely the decrease in the price of
fluconazole since the availability of ge-
neric forms of the drug and the introduc-
tion of echinocandins that may have a
significant impact on financial analyses
regarding the prevention and treatment
of fungal infections. Subsequently, these
interventions deserve further study, in-
cluding cost-effectiveness analyses in var-
ious populations.

Azoles represent a more attractive ap-
proach because they are administered
orally. However, the possibility of admin-
istering azoles by mouth as prophylactic
agents against invasive fungal infections
is not so important in the population
studied in this meta-analysis; it is true
that in SICU patients the absorption after
oral administration of various medica-
tions may be compromised due to bowel

edema. In addition, the bioavailability of
oral administration of azoles, mainly itra-
conazole and ketoconazole, is frequently
impaired by several comorbidity factors
and concomitantly administered medica-
tions that may lead to differences in the
effect on clinically important outcomes.
Subsequently, intravenous administra-
tion of antifungal prophylaxis may be a
better option in this population.

A recent advance in the field of mycol-
ogy that may affect clinical practice is the
development of several newer molecular
diagnostic tests for fungal infections
(such as the detection of fungal DNA and
antigens like galactomannan and glu-
can). The widespread use of these tests
may change several aspects of the man-
agement of fungal infections in various
populations including high-risk SICU pa-
tients. However, it is unclear how these
developments may change the practice of
antifungal prophylaxis (61).

Another important and intensely de-
bated issue regarding the use of prophy-
lactic antifungal agents is the develop-
ment of resistant Candida strains or the
selection of resistant Candida species un-
der antifungal drug pressure. Especially,
fluconazole was accused of the selection
of such species (mainly Candida krusei
and Candida glabrata) in retrospective
studies (62, 63). Only four of the RCTs
included in this meta-analysis reported
whether an increase in the incidence of
resistant species was observed (50–53).
Although no specific microbiological data
were reported, in these four RCTs there
was little evidence that the azole prophy-
laxis was associated with emergence of
resistant fungal strains or a shift toward
non-albicans species. However, the num-
ber of infections as well as the number of
isolated fungi in patients in the analyzed
RCTs are too small to provide sufficient
information on these important issues.

These observations regarding the
emergence of resistant Candida species
are in keeping with the results of three
other meta-analyses (in transplant recip-
ients and neutropenic patients), which
did not associate the emergence of resis-
tant species to antifungal prophylaxis
alone (59, 60, 61). In addition, the fact
that C. krusei and C. glabrata exhibit
innate resistance to fluconazole, the
azole most widely used for antifungal
prophylaxis, supports the previous find-
ings (61, 64, 65). Furthermore, there are
other factors that can explain, in part, the
shift toward non-albicans species that was
observed during the last decade, such as the
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more intense and aggressive management
of the underlying disease (63, 65–67), the
neutrophil count of treated patients (63),
and the simultaneous prophylactic use of
antibiotics (mainly quinolones, as well as
other broad-spectrum antibiotics) (63, 68).

CONCLUSIONS

Despite its limitations, we believe that
our meta-analysis offers clinically useful
information regarding the controversial
issue of antifungal prophylaxis in SICU
patients. A clinical trial with a very large
number of patients is still needed to ob-
tain a definitive answer on the value of
antifungal prophylaxis with azoles in
high-risk SICU patients, although such a
trial is unlikely to be done soon. Subse-
quently, the results of our meta-analysis
may be useful because they help clarify
further the effect of azole prophylaxis in
this population. Specifically, our data in-
dicate the reduction of fungal infections
and subsequently provide support for the
use of azoles as antifungal prophylaxis in
this defined population, namely high-risk
SICU patients. However, the possible ben-
efit of prophylaxis should be weighed
against the considerable possible draw-
backs such as the emergence of resis-
tance, the selection of non-albicans
strains, and drug-related toxicity.
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