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Invasive fungal infections (IFIs) are characterized by
high morbidity and mortality in non-neutropenic critically ill patients. Attributable mortality due to Candida
spp. infections ranges from about 42 to 63 % [1, 2]. Data
from large observational and retrospective studies show
an association between early antifungal treatment and
improved survival [3, 4]. Updated clinical practice guidelines for the management of candidiasis have been recently
published [5].
In 2006, Playford et al. published a Cochrane systematic review investigating the use of antifungal agents for
prevention of IFIs in non-neutropenic critically ill
patients [6]. In that review, the outcome of proven IFI
was defined as a clinical illness consistent with the diagnosis and either histopathological evidence of IFI or a
positive fungal culture from one or more sterile site
specimens (including blood). Notably, funguria (as indicated by a positive urine fungal culture), in the absence
of a complicated urinary tract infection, and fungal
esophagitis were classified not as IFIs but as superficial
fungal infections. The review included 12 studies and
1606 patients, and the use of antifungal agents was associated with a mortality reduction of about 25 % and with
an IFI reduction of about 50 %. Recently, we updated
the original review by Playford et al., including 22 randomized controlled trials (RCTs) and 2761 patients [7].
We modified the definition of the outcome-proven IFI
excluding positive culture of Candida spp. from the
respiratory tract, even in the presence of systemic or
respiratory signs of infection, and classifying it as
colonization instead of IFI. Untargeted antifungal treatment, encompassing prophylactic, pre-emptive, and
empiric regimens [8], was not associated with a significant mortality reduction (moderate-quality evidence).
However, antifungal agents reduced IFIs by about 45 %
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with low-grade-quality evidence. From these data, three
clinical questions may arise.

1. How is it possible to observe a reduced
invasive fungal infection without any significant
survival benefit?
The original review included studies published before
2006 and only one multicenter study [9]. In the following
years, several multicenter studies have been published.
New molecules and approaches for untargeted antifungal
treatment were tested but without any survival benefit
[10–12]. The inclusion of multicenter studies improved
the overall quality of available evidence, increased the total
number of patients, and possibly diluted the original effect size on mortality. Additionally, it may be argued
that the care of critically ill patients improved in terms
of management and prevention of sepsis. This may have
led to a blunted effect of the reduction of IFIs on mortality.
Another possible explanation may rely on the recently described suppressive immunophenotype of septic patients
with candidemia. From this perspective, it may be hypothesized that, although an effective antifungal treatment led to
microbiological eradication and reduced fungal load and
incidence of IFIs, patients still die from the consequences
of their underlying impaired immunological function [13].
2. Is there an untargeted antifungal strategy or
an antifungal drug more effective than others?
Subanalyses did not show any survival benefit from the
use of either prophylactic or empiric treatment. No
effect was detected for azoles, echinocandins, absorbable,
or non-absorbable antifungals. Antifungal prophylaxis was
associated with a significant reduction of IFI, whereas empiric treatment was not [7]. Only one RCT evaluated the
pre-emptive approach and few patients were enrolled [14].
It may be argued that studies investigating empiric treatment, defined as the administration of antifungals in patients with signs/symptoms of infections at risk for IFIs,
enrolled subjects with a more advanced disease process,
leading to lack of efficacy. Azoles were associated with a
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significant reduction of IFIs, whereas studies investigating
echinocandins did not show any significant benefit on
IFI reduction. Notably, the numbers of studies and included patients were higher for the subanalyses of
prophylaxis and azoles. An ongoing multicenter RCT
will provide more data on the use of empiric treatment with echinocandins [15].

3. Should clinicians administer antifungals prior
to definitive diagnosis of invasive fungal
infection?
According to the available evidence from RCTs, untargeted antifungal therapy may lead to a reduction of IFIs
without any survival benefit in non-neutropenic critically
ill patients. Physicians should evaluate, case by case, the
risks and benefits of the antifungal treatment after considering timing, risk factors, local microbiological epidemiology, and costs. Moreover, the extended use of
untargeted antifungal treatment may be associated with
increased resistance to these drugs [16]. Physicians
should be aware that evidence from the last Cochrane
review could not evaluate the relationship between
severity of illness and potential benefit of antifungal
treatment. There is a need for RCTs investigating the
effectiveness of pre-emptive antifungal approaches (i.e.,
surrogate marker-driven treatment).
To solve the paradox, future studies should also better
evaluate the pathophysiology of the IFI process in order
to answer the challenging question of whether critically
ill patients would die of or with IFIs.
Abbreviations
IFI: invasive fungal infection; RCT: randomized controlled trial.
Competing interests
AC, VR, and SMR declare that they have no competing interests. AG received
grants, fees for educational presentation, and advisory board membership,
without any relationship to the submitted work, from Pfizer (New York, NY,
USA), Merck Sharp (Kenilworth, NJ, USA), and Gilead (Foster City, CA, USA).
His institution received a grant from Gilead, Pfizer, and Merck Sharp without
any relationship to the submitted work.
Authors’ contributions
AC and VR conceived the content of this editorial and drafted the
manuscript. SMR and AG helped to conceive the content of this editorial
and to revise the manuscript critically for important intellectual content.
All authors read and approved the final version of the manuscript.

References
1. Puig‐Asensio M, Padilla B, Garnacho‐Montero J, Zaragoza O, Aguado J,
Zaragoza R, et al. Epidemiology and predictive factors for early and late
mortality in Candida bloodstream infections: a population‐based
surveillance in Spain. Clin Microbiol Infect. 2014;20:O245–54.
2. Kett D, Azoulay E, Echeverria P, Vincent J. Candida bloodstream infections in
intensive care units: analysis of the extended prevalence of infection in
intensive care unit study. Crit Care Med. 2011;39:665–70.
3. Kollef M, Micek S, Hampton N, Doherty JA, Kumar A. Septic shock attributed
to Candida infection: importance of empiric therapy and source control.
Clin Infect Dis. 2012;54:1739–46.

Page 2 of 2

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Puig-Asensio M, Pemán J, Zaragoza R, Garnacho-Montero J, Martín-Mazuelos E,
Cuenca-Estrella M, et al. Impact of therapeutic strategies on the prognosis of
candidemia in the ICU. Crit Care Med. 2014;42:1423–32.
Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeichner
L, et al. Clinical practice guideline for the management of candidiasis: 2016
update by the Infectious Disease Society of America. Clin Infect Dis. 2016;62:
e1-e50.
Playford EG, Webster AC, Sorrell TC, Craig JC. Antifungal agents for
preventing fungal infections in non-neutropenic critically ill patients.
Cochrane Database Syst Rev. 2006;1:CD004920.
Cortegiani A, Russotto V, Maggiore A, Attanasio M, Naro AR, Raineri SM, et
al. Antifungal agents for preventing fungal infections in non-neutropenic
critically il patients. Cochrane Database Syst Rev. 2016;1:CD004920.
Cornely O, Bassetti M, Calandra T, Garbino J, Kullberg B, Lortholary O, et al.
ESCMID guideline for the diagnosis and management of Candida diseases
2012: non-neutropenic adult patients. Clin Microbiol Infect. 2012;18:19–37.
The ARDS Network. Ketoconazole for early treatment of acute lung injury
and acute respiratory distress syndrome: a randomized controlled trial.
JAMA. 2000;283:1995–2002.
Schuster MG, Edwards JE, Sobel JD, Darouiche RO, Karchmer AW, Hadley S,
et al. Empirical fluconazole versus placebo for intensive care unit patients: a
randomized trial. Ann Intern Med. 2008;149:83–90.
Ostrosky-Zeichner L, Shoham S, Vazquez J, Reboli A, Betts R, Barron MA, et
al. MSG-01: a randomized, double-blind, placebo-controlled trial of
caspofungin prophylaxis followed by preemptive therapy for invasive
candidiasis in high-risk adults in the critical care setting. Clin Infect Dis.
2014;58:1219–26.
Knitsch W, Vincent J-L, Utzolino S, François B, Dinya T, Dimopoulos G, et al.
A randomized, placebo-controlled trial of preemptive antifungal therapy for
the prevention of invasive candidiasis following gastrointestinal surgery for
intra-abdominal infections. Clin Infect Dis. 2015;61:1671–8.
Spec A, Shindo Y, Burnham CA, Wilson S, Ablordeppey EA, Beiter ER, et al.
T cells from patients with Candida sepsis display a suppressive
immunophenotype. Crit Care. 2016;20:15.
Namikawa T, Kitagawa H, Yamatsuji T, Naomoto Y, Kobayashi M, Hanazaki K.
Pre-emptive treatment of fungal infection based on plasma β-D-glucan
levels after gastric surgery for gastric cancer in elderly patients. J Gastroenterol
Hepatol. 2013;28:1457.
Timsit J-F, Azoulay E, Cornet M, Gangneux J-P, Jullien V, Vésin A, et al.
EMPIRICUS micafungin versus placebo during nosocomial sepsis in Candida
multi-colonized ICU patients with multiple organ failures: study protocol for
a randomized controlled trial. Trials. 2013;14:399.
Pfaller MA. Antifungal drug resistance: mechanisms, epidemiology, and
consequences for treatment. Am J Med. 2012;125:S3–S13.

