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How could we reduce antifungal use in the intensive care unit? 
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Abstract
Fungal infection is common in critically ill patients. However, this infection is difficult to diagnose, and a large proportion of patients receive empirical antifungal treatment without further confirmation of invasive fungal disease. Whilst prompt appropriate antifungal treatment is associated with better outcome in patients with confirmed infections, this treatment has several drawbacks. In addition, no clear beneficial effect of empirical antifungal treatment was found in patients without confirmed infection. Reducing antifungal treatment in the intensive care unit (ICU) is feasible, and would allow avoiding drawbacks of this treatment without negative impact on outcome. Antifungal stewardship, preemptive antifungal treatment, based on colonization index and fungal biomarkers; and de-escalation of antifungal treatment based on microbiology results and fungal biomarkers could be suggested to reduce antifungal use in the ICU, and are currently under investigation.
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INTRODUCTION
Fungal infection is common in critically ill patients[1]. Based on the results of the large EPIC II international study, candida spp. represented 17% of all microorganisms isolated in the cohort of 7087 critically ill patients with confirmed infection[2]. The subgroup analysis of patients with bloodstream infection (BSI) related to candida reported that ICU mortality was extremely high (43%), compared with that of BSI related to Gram-negative (29%), or to Gram-positive (25%) microorganisms[3]. Further, a recent epidemiological study, performed in Paris area, showed worrisome trends in the incidence of BSI related to candida, and mortality associated with this infection during the last decade[4]. Antifungal treatment could be classified into prophylactic, empirical, pre-emptive, and targeted. Prophylactic treatment is usually given to at high-risk patients without clinical signs of infection. Empirical treatment is prescribed to patients with clinical signs of infection. Antifungal treatment is considered as preemptive, in presence of clinical signs, risk factors for invasive fungal disease, and fungal colonization or high levels of fungal biomarkers. Targeted treatment is defined as a treatment given to patients with documented infection.

Pros and cons of empirical antifungal treatment
In patients with septic shock related to invasive fungal disease, prompt adequate antifungal treatment is the main prognosis factor. In a cohort of 223 patients with septic shock and Candida BSI, Kollef and colleagues identified delayed antifungal treatment, and inadequate source control as the two major independent risk factors for mortality[5]. Other risk factors included metastatic cancer, severe heart failure, red-blood cell transfusion, APACHE II score, and serum albumin level.
Diagnosis of invasive fungal disease is still challenging in critically ill patients, because of the low sensitivity of clinical signs and blood cultures, and the difficulties in performing biopsies or other invasive procedure in these patients. Therefore, empirical antifungal treatment is frequently prescribed in the ICU. A recent one-day cross-sectional cohort study was performed in 169 ICUs[6]. Antifungal treatment was given to 154 patients of the 2047 included patients, including two thirds of patients who received antifungal without any proven invasive fungal disease. Another retrospective study, performed during a one year-period, reported a higher rate of empirical antifungal treatment (28% of the 560 included patients)[6]. Chemotherapy, and infection at admission were associated with prolonged empirical antifungal treatment. A recent multicenter study reported that 100 (6.7%) of the 1491 included ICU patients received empirical antifungal treatment. No significant difference was found in mortality rate between patients who received empirical antifungal treatment, and those who did not receive antifungals[7].
Drawbacks of empirical antifungal treatment include antifungal resistance, side effects, drug interaction, and cost (Figure). Whilst fungal resistance is less frequent than bacterial resistance, recent reports suggest an increase in resistance rate among Candida spp[8]. Further, antifungal resistance was also reported to be associated with worse outcome in patients with BSI related to Candida glabrata[9].  

Strategies to reduce antifungal use
Several strategies could be suggested to improve antifungal treatment in critically ill patients, and reduce unnecessary treatment. 

At the start of antifungal treatment 
Antifungal stewardship could be suggested in patients at higher risk for invasive fungal disease. A recent study performed in hematology department of our hospital during a 10-year period reported that a decrease of 40% in antifungal consumption was possible using local guidelines, including decision algorithms and preprinted prescriptions allowing only-guideline recommended drugs for a given indication[10]. These local guidelines were based on national and international recommendations on antifungal treatment. The incidence of invasive fungal disease, and mortality rate remained stable during the study period. 
A preemptive antifungal treatment could also be suggested to reduce antifungal treatment. Such a strategy could be based on clinical rules, colonization index, and/or fungal biomarkers. Whilst the negative predictive value of clinical rules, and colonization index is very good (72-100), the positive predictive value is low (6%-67%), suggesting that a large proportion of patients receiving empirical or preemptive treatment will be free of invasive fungal disease[11]. A multicenter randomized controlled double-blind study is currently ongoing in France to determine the impact of mycafungin in multicolonized candida patients with nosocomial sepsis. Its results will be very helpful to determine the impact of such a strategy in critically ill patients[12]. 
Initial empirical antifungal treatment should be based on local epidemiology and sensitivity patterns, in order to avoid using large-spectrum antifungals in settings where the incidence of resistant fungi is low.

De-escalation of antifungal treatment
-D glucan is a most studied biomarker for invasive fungal disease. As for clinical rule and colonization index, its negative predictive value is very good (77%-98%), but its positive predictive value is low (59%-72%), suggesting that a treatment strategy based on this biomarker would also result in unnecessary use of antifungals[11]. A recent study suggested that combined use of -D 1, 3-glucan, mannan, mannan-antibody was helpful in improving the predictive value of candidemia[13]. Another recent prospective study performed in 56 patients with candidemia and 200 controls, reported that a combination of -D glucan, and mannan had a very good sensitivity (89%), and specificity (85%)[14]. Ostrosky-Zeichner et al[15] performed a randomized controlled double-blind placebo-controlled study to determine the impact caspofungin prophylaxis followed by preemptive treatment on the incidence of invasive fungal disease. Whilst prophylaxis treatment had no impact on the incidence of invasive candidiasis, preemptive treatment based on -D –glucan results was associated with significantly decreased incidence of invasive candidiasis. However, the impact of preemptive treatment on invasive candidiasis incidence was a secondary objective. 
Another strategy to reduce antifungal treatment in critically ill patients is to deescalate antifungal treatment, as soon as results of blood cultures and biomarkers are available. In fact, based on the excellent negative predictive value of the combination of -D–glucan, mannan, and antimannan, empirical antifungal treatment could be safely stopped in patients with negative blood cultures and negative fungal biomarker results. Our group is conducting a randomized controlled unblind study to determine the impact of a strategy based on fungal biomarker results on the early stop of antifungal treatment in critically ill patients[16]. We plan to include 110 patients in this feasibility study, and to evaluate the safety of such a strategy, including its impact on mortality and recurrence of fungal infection (Figure 2). However, fungal biomarkers are not available in all ICUs, and the cost/effectiveness of such a strategy should be evaluated.

Reduction of duration of antifungal treatment
To our knowledge, no study has specifically evaluated the best duration of antifungal treatment in critically ill patients with confirmed fungal infections. However, recent guidelines clearly recommend different durations, based on the site of infection[17]. Therefore, one potential strategy to reduce duration of targeted treatment in these patients is to follow the guidelines, and to evaluate adherence to local guidelines repeatedly. 

CONCLUSION
Antifungal treatment is frequently used in critically ill patients. Prompt adequate antifungal treatment is required in patients with septic shock related to candida infection. However, the beneficial effects of empirical antifungal treatment in patients with suspected invasive fungal infection have not been demonstrated. In addition, fungal resistance, drug interaction, side effects, and cost should be taken into account when starting such a treatment in ICU patients. Further studies should determine the impact of targeted strategies, and de-escalation of empirical treatment on outcome of critically ill patients.
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Figure 1 Pros and cons of empirical antifungal treatment.
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Figure 2 Use of biomarkers to deescalate antifungal treatment. AFT: Antifungal treatment; D: Day.
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