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ARTICLE INFO ABSTRACT
Affif{e history: In vitro and clinical data were analysed to evaluate the susceptibility profile of itraconazole in light of
Received 7 January 2019 the new cut-off points. The in vitro activity of itraconazole was compared with that of eight comparators

Accepted 21 June 2019 against 119 Candida bloodstream isolates from 2015 to 2018. Minimum inhibitory concentrations (MICs)

were measured by the colorimetric MICRONAUT-S assay. The content of wells without any color change
Editor: Jean-Marc Rolain was sub-cultured to measure killing efficacy. No major differences were found against Candida albicans.
Itraconazole, posaconazole and amphotericin B were the most active agents against Candida parapsilosis.
ltraconazole Of the 32 isolates of C. parapsilosis that were resistant to fluconazole, 96.9%, 78.1% and 93.8% were sus-
Candida albicans ceptible to itraconazole, voriconazole and posaconazole, respectively. The ratio of the minimum fungicidal
Candida parapsilosis concentration (MFC) to the MIC of itraconazole was lower than for the other azoles against C. parap-
Susceptibility silosis and C. glabrata. Itraconazole achieved greater inhibition over-time of the growth of C. parapsilosis
than fluconazole. Seventy-three critically ill patients who were unresponsive to antibiotics received in-
travenous empirical treatment with itraconazole (n=28) or comparators (n=45). Case-control matching
was conducted for severity, comorbidities, risk factors for candidemia, administered antibiotics and days
of antifungal treatment. Breakthrough candidemia was found in 3.6% of patients treated with itraconazole
and in 32.1% of patients treated with comparators (P: 0.020); breakthrough candidemia by C. parapsilosis
was found in 3.6% and 28.6% of patients, respectively. Results indicate that itraconazole retains a valu-
able susceptibility profile against Candida isolates, particularly C. parapsilosis. This superior profile may
explain the clinical efficacy in the occurrence of breakthrough candidemia and warrants further clinical
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1. Introduction of fluconazole has led to the emergence of infections by non-
. ) albicans species and also by species resistant to fluconazole [1].
Candida species are the fourth most common cause of blood- A syrvey of susceptibilities of Candida bloodstream isolates from

stream infections in critically ill patients. The widespread use Waurzburg over the 7-year period from 2005 to 2012 showed that
although studied isolates remained susceptible to azoles, a shift
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recently proposed that the breakpoints of the MICs of itraconazole
should be lower compared with fluconazole [3].

In the light of data indicating the high selective pressure ex-
erted by the overconsumption of fluconazole, we investigated
whether itraconazole was active against Candida species and could
be a possible alternative treatment. The susceptibilities of blood-
stream isolates infecting critically ill patients in Greece to nine an-
tifungals were investigated. As antifungal treatment is often given
empirically in critically ill patients who are unresponsive to antibi-
otics, this study followed a case-matching approach to compare the
efficacy of intravenous itraconazole with other antifungals admin-
istered for this purpose.

2. Material and methods
2.1. Collection of isolates

Isolates used for the study were all species of Candida isolated
from the blood of patients with sepsis at the prospective registry
of the Hellenic Sepsis Study Group (HSSG) from January 2015 to
July 2018. This prospective registry took place in 65 study sites
(departments of Internal Medicine, departments of Surgery and In-
tensive Care Units [ICUs]) across Greece. The study protocol was
approved by the Ethics Committee of the participating hospitals.
Patients were enrolled after written informed consent was pro-
vided by themselves or by first-degree relatives in case of patients
unable to consent. Consenting allowed the analysis of biosamples
and patient clinical information. Study participants were suffering
from lung infections, urinary tract infections, intra-abdominal in-
fections or primary bloodstream infections aggravated by at least
two signs of systemic inflammatory response syndrome (SIRS). Pa-
tients were excluded from the study if they had neutropenia, were
infected with human immunodeficiency virus or had intake of cor-
ticosteroids at doses exceeding 0.5 mg/kg of equivalent prednisone
daily for at least 15 consecutive days.

Blood was sampled within the first 24 h following the pre-
sentation of signs of SIRS after venipuncture of one periph-
eral vein under aseptic conditions. All study sites of the HSSG
used similar blood culture and microbial identification tech-
niques; 20 mL of blood was inoculated into ready-prepared culture
vials (bioMérieux, Marcy I'Etoile, France) and incubated into the
BacT/ALERT 3D automated system using BacT/ALERT iAST culture
bottles. Grown fungal species were sub-cultured onto Sabouraud
dextrose agar (Oxoid Ltd, London, UK) for 24 h at 37 °C under 5%
CO,. Grown Candida species were further identified by the classi-
cal germ tube test and API 20C AUC (bioMérieux). Colonies were
stored in skimmed milk at -80 °C and transported to the central
laboratory at the 4th Department of Internal Medicine of ATTIKON
University Hospital.

MICs of itraconazole, fluconazole, voriconazole, posacona-
zole, caspofungin, anidulafungin, micafungin, amphotericin B and
5-flucytosine were measured using a microdilution technique
in microtiter plates with known concentrations of antifungals
(Micronaut-S, Merlin Diagnostika, GmbH, Berlin, Germany) at a fi-
nal volume of 0.2 mL using 5x 10° cfu/mL of each isolate and
RPMI1640 growth medium. The MIC was considered the lowest
concentration leading to colorimetric changes after 48 to 72 h of
incubation at 35 °C under ambient atmosphere. Results were inter-
preted using the EUCAST2018 susceptibility breakpoints for each
fungal species.

To measure minimum fungicidal concentrations (MFCs), the
content of wells without any color change were plated onto
Sabouraud dextrose agar. MFC was considered as the lowest anti-
fungal concentration killing 99.9% of the plated inoculum. The MFC
to MIC ratio was calculated for each azole and expressed by mean
+ standard error (SE).

To investigate the time-kill effect of itraconazole on C. albicans
and C. parapsilosis, one 1 x 10° cfu/mL log-phase inoculum of eight
isolates of C. albicans and nine isolates of C. parapsilosis were ex-
posed over time into tubes of 10 mL RPMI1640 with or without 2%
hydroxypropyl-B-cyclodextrin or 0.5 ug/mL itraconazole diluted in
2% hydroxypropyl-B-cyclodextrin or 10 pg/mL fluconazole (Hospi-
tal Line, Athens, Greece). The selected concentrations of flucona-
zole and itraconazole correspond to mean serum concentrations
after administration of conventional doses [4,5]. Tubes were incu-
bated at 37 °C in a shaking water bath and fungal outgrowth was
determined at baseline and after 4, 24, 48 and 72 h of incubation.
More precisely, 0.1 mL of the tube content was removed and di-
luted five serial times 1:10 in 0.9% NaCl, and 0.1 mL of each di-
lution was plated onto Sabouraud dextrose agar. The number of
colonies was multiplied by the dilution factor and expressed as
log10.

2.2. Clinical data

The data registry of the HSSG was searched for patients hos-
pitalized from January 2017 to July 2018 in Intensive Care Units
(ICUs) who were originally diagnosed with clinically documented
sepsis and remained non-responsive after at least 7 days of em-
pirical antibiotic treatment and then received empirical antifungal
treatment. The decision to administer empirical antifungals was
based on the presence of at least two risk factors for candidia-
sis. Patients who had received any prior antifungals were excluded
from the study. Considered risk factors for candidiasis were: ab-
dominal surgery, acute pancreatitis, at least one site (oral cavity,
rectum, urine, tracheal secretions) colonized by Candida spp, in-
take of total parenteral nutrition, history of type 2 diabetes melli-
tus, hemodialysis, and solid tumor malignancy or lymphoma. Par-
ticipation in the study was limited to ICUs that could contribute
at least five patients who had been empirically treated with itra-
conazole. Selected comparators were patients hospitalized in the
same ICUs in the same time period who were empirically admin-
istered echinocandins or other azoles. The diluent for the admin-
istered itraconazole preparation was hydroxypropyl-S-cyclodextrin
(Micronazol, Hospital Line, Athens, Greece). The following informa-
tion was analysed for each patient: demographics, sequential organ
failure assessment (SOFA) score and acute physiology and chronic
health evaluation (APACHE) II score on the day of start of antifun-
gals, comorbidities and Charlson’s comorbidity index (CCI), admin-
istered antibiotics, administered antifungals and follow-up micro-
biology.

The primary endpoint was the development of breakthrough
candidemia over the first 28 days of follow-up from the start of
empirical antifungals. The secondary endpoints were the develop-
ment of candidemia by C. parapsilosis and the time until the devel-
opment of breakthrough candidemia.

2.3. Statistical analysis

Statistical correlations between the MICs were conducted ac-
cording to Spearman rank of order. MFC:MIC ratios were compared
using the Student’s paired t-test with post-hoc corrections by Bon-
ferroni. The change of log10 fungal growth over-time was calcu-
lated and compared by analysis of variance (ANOVA) with post-hoc
Bonferroni corrections.

Clinical data were recorded for 73 patients, 28 treated with
itraconazole and 45 treated with comparators; 28 comparators
were chosen to match the itraconazole group for age, APACHE II
score, SOFA score, CCI, number of risk factors, administered antibi-
otics and days of antifungal treatment. Case-control matching was
conducted with the relevant procedure in SPSS v.25 and did not
pose any difficulties because nearly all the parameters required for
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Table 1
Minimum inhibitory concentrations (MICs) and minimum fungicidal concentrations (MFCs) of the 119 studied Candida species against nine antifungal agents.
Range of MICs MICsq MICyg % inhibited MFCso MFCyg % killed
(pg/mL) (pg/mL) (ng/mL) (pg/mL) (pg/mL)

Candida albicans (n=44)
Itraconazole (0.064)" 0.032 - 0.25 0.032 0.032 95.5 2 >8 4.5
Fluconazole (2)* 0.25 - 8 0.5 1 95.5 8 32 22.7
Voriconazole (0.064)" <0.008 — 1 <0.008 <0.008 100 1 1 432
Posaconazole (0.064)* <0.008 — 1 <0.008 <0.008 97.8 1 1 18.2
Caspofungin <0.032 — >4 0.064 0.125 1 1
Micafungin (0.016)* 0.016 — 0.5 0.032 0.032 47.7 0.064 1 4.5
Anidulafungin (0.032)" 0.016 — 0.5 0.032 0.032 93.2 0.125 1 13.6
5-Fluocytosine <0.064 — 0.25 <0.064 <0.064 0.125 0.5
Amphotericin B (1)* 0.25 - 0.5 0.25 0.5 100 0.5 1 93.0
Candida parapsilosis (n=51)
Itraconazole (0.125)" <0.032 — >8 <0.032 0.06 92.2 2 >8 21.6
Fluconazole (2)* 0.25-128 4 32 373 32 >128 3.9
Voriconazole (0.125)* <0.008 — >8 0.032 0.25 86.3 1 8 19.6
Posaconazole (0.064)" <0.008 — >8 <0.008 0.02 96.1 1 1 353
Caspofungin <0.002 - 1 0.25 0.5 1 8
Micafungin (0.002)* 0.016 — 0.5 0.5 0.5 2 1 4 0
Anidulafungin (0.002)* 0.032- >8 0.5 1 0 2 16 0
5-Fluocytosine <0.032 - 0.125 0.064 0.064 0.5 >2
Amphotericin B (1)* <0.032 - 0.5 0.5 0.5 100 1 4 80.4
Candida glabrata (n=17)
Itraconazole 1->8 4 >8 8 >8
Fluconazole (2)* 8 — >128 16 64 0 >128 >128 17.6
Voriconazole (0.125)* 0.064 — >8 0.25 4 41.2 4 >16 5.9
Posaconazole (0.064)* 0.25 -1 0.5 1 0 16 >32 0
Caspofungin 0.064 — 0.25 0.064 0.125 0.5 >1
Micafungin (0.032)* 0.016 — 0.032 0.016 0.016 100 0.064 >1 11.8
Anidulafungin (0.064)" 0.016 — 0.25 0.032 0.125 88.2 0.25 >1 17.6
5-Fluocytosine <0.064 — 0.125 <0.064 <0.064 0.125 0.25
Amphotericin B (1)* 05— 0.5 0.5 0.5 100 1 >8 70.6
Candida tropicalis (n=7)
Itraconazole (0.125)" <0.032 - 0.125 <0.032 <0.032 100 2 8 14.3
Fluconazole (2)* 1-8 4 8 42.9 32 >128 143
Voriconazole (0.125)* 0.032 — 0.25 0.064 0.25 85.7 2 4 14.3
Posaconazole (0.064)* 0.016 — 2 0.032 2 85.7 1 2 143
Caspofungin 0.064 — 4 0.125 4 0.5 >8
Micafungin 0.032 - 2 0.064 2 0.5 2
Anidulafungin (0.064)" 0.016 — 0.25 0.064 0.25 57.1 1 8 0
5-Fluocytosine <0.064 — 0.125 0.064 0.125 0.25 4
Amphotericin B (1)* 025 -1 0.5 1 100 1 4 71.4

* EUCAST susceptibility breakpoint.

matching were very similar in the two groups. Matching was ac-
complished by keeping the tolerances (fuzz factors) very close to
zero, i.e. the matches were almost exact.

Quantitative variables were compared using the Student’s
t-test and qualitative variables were compared using the Fisher
exact test. The odds ratios (OR) and 95% confidence intervals (CI)
were calculated according to Mantel and Haenszel. Variables that
differed between patients who developed and who did not de-
velop breakthrough candidemia entered forward logistic regression
analysis; ORs and CIs were provided. The time to breakthrough
bacteremia was compared using the log-rank test. Any value of P
below 0.05 was considered significant.

3. Results
3.1. In vitro susceptibility data

A total of 119 isolates were studied; 44 of Candida albicans; 51
of Candida parapsilosis; 17 of Candida glabrata; and seven of Can-
dida tropicalis. The comparative susceptibilities to the nine stud-
ied antifungals are shown in Table 1. Notably, there were no ma-
jor differences in susceptibilities against C. albicans; itraconazole,
posaconazole and amphotericin B were the most active agents
against C. parapsilosis; and itraconazole was more active than the
other azoles against C. tropicalis. Thirty-two isolates of C. para-
psilosis were resistant to fluconazole. Among these isolates, 31

(96.9%), 25 (78.1%) and 30 (93.8%) were susceptible to itraconazole,
voriconazole and posaconazole, respectively.

Correlations of the distribution of the MICs of the four azole
compounds for the 44 studied isolates of C. albicans and for the
51 studied isolates of C. parapsilosis are shown in supplementary
Figs. 1 and 2, respectively. There was a clustering of inhibitory ac-
tivity of itraconazole at lower MICs compared with fluconazole and
other agents.

The ratio of the minimum bactericidal concentration to the MIC
is considered an expression of the microbicidal or microbiostatic
effect of antibiotics. To our knowledge, a similar approach has not
been published for antifungal agents. In the current study, the
MFC:MIC ratio was compared between the four studied azoles. As
shown in Fig. 1, this ratio was lower for itraconazole than com-
parators for C. parapsilosis and C. glabrata.

As shown in Fig. 2, itraconazole and fluconazole did not sub-
stantially change the over-time growth of C. albicans, whereas itra-
conazole inhibited significantly the over-time growth of C. parap-
silosis.

3.2. Clinical data

A total of 73 cases who received intravenous empirical anti-
fungal treatment in three ICUs were analysed; 28 received itra-
conazole 200 mg every 12 h on the first two days and then 200
mg once daily; two received voriconazole 200 mg twice daily;
21 received anidulafungin 200 mg on the first day and then
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Fig. 1. Comparative ratios of minimum fungicidal concentration (MFC) to minimum inhibitory concentration (MIC) of itraconazole, fluconazole, voriconazole and posacona-
zole against the four studied Candida species. P-values of the indicated comparisons are provided.

100 mg daily; and 22 received 100 mg micafungin once daily.
Demographic characteristics of patients under empirical treatment
with itraconazole and with other antifungals after case-control
matching are shown in Table 2. There were no differences be-
tween patients under treatment with itraconazole and patients un-
der treatment with other antifungals whether matching was fol-
lowed or not.

Breakthrough candidemia occurred in one of 28 patients
treated with itraconazole (3.6%) compared to 12 of 45 unmatched
comparators (26.7%). The OR for breakthrough candidemia in
itraconazole-treated patients was 0.10 (95% Cls: 0.01-0.83; P:
0.033). After comparing baseline characteristics of the unmatched
cohort between patients who developed and those who did not
develop breakthrough candidemia, the only variables that differed
were APACHE II score and itraconazole treatment (supplementary
Table 1).

Breakthrough candidemia occurred in one itraconazole-treated
patient (3.6%) compared with nine matched comparators (32.1%);
in one (3.6%) and eight (28.6%) patients, respectively, breakthrough
isolates were species of C. parapsilosis; and in zero (0%) and one
(3.6%) patient, respectively, breakthrough isolates were species
of C. albicans. The OR for breakthrough candidemia with itra-
conazole treatment was 0.08 (95% ClIs: 0.01-0.67; P: 0.020). After
comparing baseline characteristics of patients who developed
and those who did not develop breakthrough candidemia, the
only variables that differed were APACHE II score, intake of line-
zolid and itraconazole treatment (supplementary Table 1). These
variables entered forward logistic regression analysis and this
showed itraconazole treatment to be the only variable significantly
protective from breakthrough candidemia (Table 3). One of nine
isolates causing breakthrough candidemia by C. parapsilosis in the
comparator group was resistant to fluconazole. All other isolates
were susceptible to all antifungals.

The time to breakthrough candidemia was significantly pro-
longed under itraconazole compared with treatment with other
antifungals (Fig. 3). Mortality after 28 days from the start of an-
tifungal treatment was 42.9% (n=12 patients) in the itracona-
zole group and 32.1% (n=9 patients) in the comparator group (P:
0.582).

4. Discussion

This study showed that despite the decrease in the itraconazole
susceptibility cut-off point, itraconazole retained similar inhibitory
activity to the other azoles against C. albicans and had a supe-
rior susceptibility profile over comparators against C. parapsilosis.
When itraconazole was given as empirical treatment in critically
ill patients who were unresponsive to antibiotics, the rate of break-
through candidemia was lower than that in patients who received
prophylaxis with other antifungals. Data on antifungal prophylaxis
or previous use of antifungals in the patients from which these
strains were isolated were not provided. This information might be
important to explain the reported fluconazole resistance.

All 119 bloodstream Candida species in the HSSG registry dur-
ing 2015 to 2018 were analysed. Distribution of the isolated species
was similar to that of other series from China, Spain and Mex-
ico, with more than half the cases caused by non-albicans species
[6-8]. These and other studies [9,10] generally agree with the cur-
rent results on the susceptibility profile of itraconazole. In all but
one of the above studies, species of C. parapsilosis were susceptible
to fluconazole. In one study of 83 critically ill Chinese patients in-
fected by C. parapsilosis [8], reported activities of fluconazole and
itraconazole were 48.2% and 92.8%, respectively, which is also in
agreement with the current results on the in vitro superiority of
itraconazole over fluconazole against C. parapsilosis.
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Fig. 2. Effect of itraconazole and fluconazole on fungal growth. (A) Cumulative over-time change of fungal outgrowth on eight Candida albicans isolates; (B) cumulative
over-time change of fungal outgrowth on nine Candida parapsilosis isolates; and (C) time growth of C. parapsilosis isolate 32 under fluconazole, itraconazole and itraconazole
diluent.

#P<0.0001 versus change of fungal growth of the respective control or itraconazole diluent.

*P<0.0001 vs. the respective growth under fluconazole.

**P: 0.033 vs. the respective growth under fluconazole.

##P: 0.045 vs. the respective growth under fluconazole.

Table 2
Baseline characteristics of patients treated empirically with intravenous itraconazole and matched comparators.
Itraconazole (n=28) Comparators* (n=28) P
Age (years, mean + SD) 622 £ 174 60.8 + 16.8 0.767
APACHE II score (mean + SD) 20.6 + 4.7 193 +£ 6.2 0.389
SOFA score (mean =+ SD) 9.32 +£3.34 9.14 + 348 0.846
CCI (mean + SD) 3.04 + 2.46 3.07 £ 2.26 0.955
Number of risk factors 2.71 £ 0.98 2.71 £ 0.89 1.00
Abdominal surgery (n, %) 5(17.9) 6 (21.4) 1.00
Acute pancreatitis (n, %) 0 (0) 0 (0) 1.00
Colonization by Candida spp (n, %) 4 (14.3) 0 (0) 0.111
Total parenteral nutrition (n, %) 2(7.1) 4 (14.3) 0.669
Type 2 diabetes mellitus (n, %) 7 (25.0) 5(17.9) 0.746
Solid tumor malignancy (n, %) 2 (7.1) 2 (7.1) 1.00
Intake of antibiotics (n, %) 28 (100) 28 (100) 1.00
3" generation cephalosporins 8 (28.6) 6 (21.4) 0.758
Piperacillin/tazobactam 7 (25.9) 12 (42.9) 0.259
Carbapenems 4 (14.3) 7 (25.0) 0.503
Fluoroquinolones 10 (35.7) 3(10.7) 0.055
Tigecycline 7 (25.0) 9 (32.1) 0.768
Colistin 16 (57.1) 8 (28.6) 0.058
Glycopeptides 6 (21.4) 5(17.9) 1.00
Linezolid 2(7.1) 6 (21.4) 0.252
Voriconazole (n, %) 0 (0) 2 (7.1) 0.491
Anidulafungin (n, %) 0 (0) 12 (42.9) <0.0001
Micafungin (n, %) 0 (0) 14 (50.0) <0.0001
Days of antifungal treatment (mean + SD) 9.14 £ 7.31 11.32 £ 6.22 0.235

APACHE: acute physiology and chronic health evaluation; CCI: Charlson’s comorbidity index; SD: standard deviation; SOFA: sequential organ
failure assessment

* Matching was done for age, APACHE II score, SOFA score, CCl, the number of risk factors, the administered antibiotics and the days of
antifungal treatment.
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Table 3

Forward conditional logistic regression analysis of variables associated with the
development of breakthrough candidemia Only significant variables described
in supplementary Table 1 were entered in the equation.

Odds ratio  95% confidence intervals P
APACHE 11 0.86 0.75-1.00 0.054
Itraconazole treatment 0.09 0.01-0.78 0.029

APACHE: acute physiology and chronic health evaluation.

In a retrospective survey from Mexico, 149 episodes of blood-
stream Candida infections were analysed. Multivariate analysis
failed to trace inappropriate antifungal therapy as an independent
factor associated with unfavorable outcome [11]. Effective antifun-
gal treatment mandates killing of the pathogens. Killing efficacy is
approached here using the MFC:MIC ratio, which translates to the
antifungal concentration that needs to be delivered in the tissue to
achieve clinical efficacy. In this aspect, itraconazole is more active
than the other azoles against C. parapsilosis and C. glabrata. In one
of our studies in neutropenic rats, itraconazole constrained experi-
mental infection by C. parapsilosis more effectively than fluconazole
[12]. Intravenous itraconazole treatment led to significant decrease
of fungal outgrowth in the lungs, spleens and kidneys compared
with fluconazole. When rats were co-administered ceftriaxone to
suppress bacterial translocation of enterobacteria from the gut, sig-
nificant survival benefit from itraconazole treatment was shown
[12].

Administration of antifungals as empirical therapy in patients
who are unresponsive to antibiotics has also been proposed by
others. In a recent multicenter study in 19 ICUs in France, pa-
tients with sepsis who were not responsive to antibiotics, with
at least one new organ dysfunction and at least one site of Can-
dida colonization, were randomized to placebo treatment or treat-
ment with micafungin. The two groups did not differ in their pri-
mary endpoint, i.e. 30-day mortality [13]. The authors suggested
that this failure to meet the primary endpoint might be associ-
ated with the failure of micafungin to achieve the pharmacoki-
netic/pharmacodynamic criteria of efficacy with the conventional
100 mg daily dose. This failure was particularly prominent against
isolates of C. parapsilosis [14]. The superiority of itraconazole over
other antifungals reported here should be interpreted in the light
of its superior in vitro activity against the species of C. parap-
silosis, which was the most common cause of breakthrough can-

didemia. Only one randomized clinical study has been published
on the clinical efficacy of itraconazole in adult populations [15].
The study was conducted in patients with febrile neutropenia who
were blindly allocated to intravenous itraconazole or classical am-
photericin B. Respective clinical efficacy at the end of treatment
was 47% vs. 38%, whereas the frequency of drug-associated adverse
events was 5% and 54% [15]. A similar study using the less toxic
liposomal amphotericin B derivative or echinocandins as compara-
tors has not been conducted.

The clinical part of the current study has several limitations: a)
the study uses an intravenous formulation of itraconazole that is
not available in many European countries; b) the retrospective de-
sign does not allow conclusions on side effects and drug interac-
tions; and c) power analysis was not conducted but only available
cases were analysed. This could also influence analysis of 28-day
mortality.

The results of the current study indicate that itraconazole re-
tains a valuable susceptibility profile against recent bloodstream
Candida isolates. This profile is similar to that for the other azoles
against C. albicans but superior to fluconazole over C. parapsilosis.
The MFC:MIC ratio of itraconazole was superior against C. parap-
silosis and C. glabrata. Case-control analysis of retrospective data
also indicate valuable efficacy in reducing cases of breakthrough
candidemia when administered as empirical treatment to critically
ill patients who were unresponsive to empirical antimicrobials. Al-
though results may indicate that intravenous itraconazole may be
an option for empirical therapy in ICUs with a high prevalence of
C. parapsilosis infections, they also indicate the need for prospec-
tive and randomized clinical studies to validate the clinical efficacy
of intravenous itraconazole.
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Supplementary material associated with this article can be
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