
O R I G I N A L  R E S E A R C H

Effectiveness and Safety of Empirical Antifungal 
Strategies in Critically Ill, Non-Neutropenic 
Patients: A Multi-Center Observational Study
Shahad A Albakri1, Ahmad K Aljabri2, Emad A Alharbi2, Buthainah B Alammash1, Salman A Alabdali2, 
Maha F Alahmadi1, Nawaf T Almutairi1, Hindi S Alharbi2, Fahad Alzahrani 3, Faris S Alnezary3

1Pharmaceutical Care Department, King Fahad Hospital, Ministry of Health, Madinah, Saudi Arabia; 2Pharmaceutical Care Department, King Salman 
bin Abdulaziz Medical City, Madinah Health Cluster, Madinah, Saudi Arabia; 3Department of Pharmacy Practice, College of Pharmacy, Taibah 
University, Madinah, 41477, Saudi Arabia

Correspondence: Faris S Alnezary, Department of Pharmacy Practice, College of Pharmacy, Taibah University, Madinah, 41477, Saudi Arabia, 
Email fnezary@taibahu.edu.sa

Introduction: Invasive fungal infections (IFIs) are a major cause of morbidity and mortality in critically ill patients. While early 
empirical antifungal therapy (EAFT) is a common strategy to combat diagnostic delays, the choice of agent and its overall benefit 
remain debated. This study evaluates the clinical outcomes and safety profiles associated with different empirical antifungal strategies 
in non-neutropenic ICU patients with suspected IFIs.
Methods: A retrospective observational study was conducted on 324 non-neutropenic patients who received EAFT in eight ICUs 
from 2015 to 2023. Data on demographics, comorbidities, treatments, and outcomes were collected from medical records. The primary 
endpoints were survival, clinical improvement, and incidence of confirmed fungal infection. Mortality predictors were identified using 
multivariate logistic regression.
Results: Among the 324 patients, the overall in-hospital mortality rate was 78.70%. Mortality was significantly lower in the group 
receiving fluconazole (63.16%) compared to those receiving caspofungin (76.80%), liposomal amphotericin B (75%), and anidula
fungin (84.83%) (p = 0.028). Regarding safety, fluconazole demonstrated the lowest incidence of hepatotoxicity (13.16%) and 
nephrotoxicity (7.89%). In contrast, anidulafungin was associated with the highest rate of hepatotoxicity (33.79%, p=0.035), and 
caspofungin was associated with the highest rate of nephrotoxicity (39.52%, p=0.003). Only 17.28% of patients achieved clinical 
improvement. After the initiation of EAFT, a fungal infection was confirmed in only 7.41% of patients.
Conclusion: Fluconazole-based EAFT was associated with lower mortality rates compared to other antifungal agents. However, with 
a confirmed fungal infection rate of only 7.41%, these findings suggest that current patient selection for EAFT is suboptimal. The high 
overall mortality, coupled with the low infection confirmation rate, underscores the need for improved risk stratification tools to ensure 
the judicious use of antifungals in this critically ill population.
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Introduction
Invasive fungal infections (IFIs), predominantly invasive candidiasis (IC), are a major threat in the intensive care unit 
(ICU) and rank among the primary causes of morbidity and mortality in critically ill patients.1,2 General ICU mortality 
rates for IC are reported at 40–60%, increasing to 80–90% in those with septic shock.3–5 Aspergillus infections are 
the second leading cause of IFIs in ICU patients.6

These fungal infections are challenging to treat and are associated with extended hospitalizations, costly therapeutic 
measures, and a greater need for health care resources.7,8 Since conventional microbiological methods of identification 
take 3–5 days and many results late in the course of the disease, many clinicians prefer the option of early empirical 
antifungal therapy (EAFT) rather than postponing treatment while waiting for microbiological confirmation.9–11 
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Independent studies have indicated an association between early appropriate antifungal therapy and reduced mortality in 
such critically ill patients.9,10

Recent guidelines recommend initiating echinocandin therapy in all critically ill patients who have risk factors for IC, 
as well as unexplained fever; this recommendation is particularly emphasized in patients with risk factors and septic 
shock.12,13 Risk factors for IC include colonization with Candida, severity of illness, exposure to broad-spectrum 
antibiotics, recent extensive surgery (especially in the abdomen), necrotizing pancreatitis, dialysis, parenteral nutrition, 
corticosteroid therapy, and central venous catheters.14,15 Although clinical predictive models such as the Candida Score 
have been developed to identify high-risk patients, they are generally characterized by high negative predictive values 
(NPV) but low positive predictive values (PPV).16,17 While high NPV allows clinicians to rule out infection in low-risk 
patients, the modest PPV often leads to the over-initiation of empirical antifungal therapy in patients who do not have 
invasive disease.17,18 This creates a challenging clinical dilemma, balancing the risk of missed treatment against the 
consequences of unnecessary antifungal exposure.

Despite those theoretical advantages, clinical trials assessing the effectiveness of EAFT have shown mixed results, 
with several not demonstrating reduced mortality when azoles or echinocandins were compared to placebo in non- 
neutropenic critically ill patients.19–22

Moreover, the majority of current evidence is derived from randomized trials or observational studies in Western 
populations.10,23,24 There remains a significant knowledge gap regarding the real-world effectiveness and safety of EAFT 
strategies in Middle Eastern ICU settings, where differences in local epidemiology, resistance patterns, and patient 
comorbidities may influence outcomes. This ongoing clinical challenge, coupled with the persistent limitations of current 
diagnostic methods19,21 highlights the scarcity of high-quality evidence to inform comprehensive management of IFI in 
our specific region.

Therefore, the primary objective of this study was to evaluate the real-world clinical outcomes and safety profiles 
associated with different EAFT strategies in terms of mortality and clinical outcomes in critically ill, non-neutropenic 
patients. A secondary objective was to determine the incidence of proven IFI after the initiation of empirical therapy.

Method
Study Design and Setting
This multicenter observational study was conducted in the medical and surgical ICUs of several tertiary care facilities in 
Madinah, Saudi Arabia, from January 2015 through July 2023.

Patient Selection and Data Collection
A total of 1185 patients who received antifungal therapy (caspofungin, anidulafungin, fluconazole, or amphotericin B) 
were screened through hospital information systems. The inclusion criteria were: (1) critically ill adults (≥18 years) who 
were non-neutropenic, (2) an ICU stay of at least 48 hours, and (3) initiation of empirical antifungal therapy (EAFT) 
based on clinical suspicion of an invasive fungal infection (IFI). Given the high contamination rates in urine and sputum 
samples, patients with Candida-positive cultures from these sources were included and monitored until microbiological 
eradication, which served as the endpoint for assessing EAFT efficacy.

Patients with a proven invasive fungal infection, defined as a positive fungal culture from a normally sterile site (eg, 
blood) at the time of EAFT initiation, were excluded. In contrast, patients with Candida colonization from non-sterile 
sites (eg, urine, sputum) were eligible for inclusion, as such colonization is a key risk factor that frequently triggers the 
initiation of empirical therapy in the ICU setting. Additional exclusion criteria included neutropenia (absolute neutrophil 
count <500 cells/μL) and pregnancy. Demographics, laboratory values, microbiological findings, clinical parameters, and 
treatment details were extracted from medical records. While clinical parameters were collected, severity of illness scores 
such as APACHE II or SOFA were not consistently documented in the medical records across all centers during the study 
period. Consequently, these scores could not be calculated retrospectively, and the Charlson Comorbidity Index was 
utilized to assess patient complexity. Bacterial infections, pathogen isolation, and concurrent antibiotic treatment were 
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documented. Outcome variables included clinical improvement, ICU length of stay, and hospital admission and discharge 
dates. The Candida score was calculated at the initiation of antifungal therapy to predict early benefit from treatment.

Definitions
Key study definitions, including those for EAFT, clinical improvement, and antifungal-related toxicities, are summarized 
in Table 1. The risk assessment scoring systems are presented in Table 2.

Study Outcomes
The study primary outcome was in-hospital mortality. Secondary endpoints were clinical improvement and incidence of 
proven IFI. Safety outcomes consisted of antifungal-associated adverse events.

Table 1 Key Study Definitions and Scoring Systems

Term Definition

Empirical Antifungal Therapy9,25 Administration of antifungals based on either: 

• Persistent fever after 4–7 days of antibiotic therapy 

OR 
• Clinical suspicion without definitive diagnosis

Clinical Improvement25 Composite of: 
Hemodynamic stability 

Successful extubation 

Improved Glasgow Coma Score 
Decreased inflammatory markers

Hepatotoxicity26 Any of the following: 1. AST/ALT >5× ULN or ALP >2× ULN on two occasions ≥24h apart 2 
Total bilirubin >2.5 mg/dL with elevated liver enzymes 3. INR >1.5 with elevated liver enzymes

Nephrotoxicity (AKI)26 Any of the following: 
1. SCr increase ≥0.3 mg/dL within 48h 

2. SCr increase ≥1.5× baseline within 7 days 

3. Urine output <0.5 mL/kg/h for 6h

Hypersensitivity Reaction26 Immune system overreaction, including allergic responses

Table 2 Prognostic and Risk Assessment Scoring Systems

Score Components Interpretation

Fungal Infection Risk 
Assessment  

Candida Score18

Severe sepsis (2 points) 

TPN (1 point) 
Surgery (1 point) 

Multifocal colonization (1 point)

< 3 points: 2.3% risk 

3 points: 8.5% risk 
4 points: 16.8% risk 

5 points: 23.6% risk

Prognostic/Comorbidity 
Assessment  

Charlson Comorbidity   
Index27

Point system for comorbidities*: 

1 point: Myocardial infarction (MI), Congestive heart disease (CHF), Peripheral vascular 

disease (PVD), Cerebrovascular disease (CVD), Dementia, Chronic pulmonary disease, 
Rheumatologic disease, Peptic ulcer disease (PUD), Mild liver disease, diabetes. 

2 points: Hemiplegia, Moderate to severe renal disease (CKD), Diabetes with chronic 

complications, Cancer without metastases, Leukemia, Lymphoma. 
3 points: Moderate to severe liver disease 

6 points: Metastases solid tumor, AIDS

Mild: 1–2 

Moderate: 3–4 

Severe: ≥5

Notes: * The total Charlson Comorbidity Index score is calculated by summing the assigned weights for all documented comorbidities present in the patient.
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Statistical Analysis
Stata 16.1 (Stata Corporation, College Station, Texas, USA) was used for data analysis. Comparisons between groups 
employed Chi-square tests for categorical variables and Student’s t-tests or Mann–Whitney U-tests for continuous 
variables, as appropriate. Factors associated with hospital mortality were analyzed by logistic regression. Variables 
with a p-value < 0.10 in the bivariate analysis were entered into the multivariate model using a backward stepwise 
selection method. Missing data were handled using a complete-case analysis approach; patients with significant missing 
data regarding primary outcome variables were excluded from the final analysis. A p < 0.05 was regarded as statistically 
significant.

Ethics Approval and Informed Consent
This study was conducted in compliance with the Declaration of Helsinki. Ethical approval was obtained from the 
Institutional Review Board (IRB), General Directorate of Health Affairs in Madinah (IRB Log No: 23–023; National 
Registration Number with NCBE-KACST: H-03-M-84). Due to the retrospective nature of the study and the high 
mortality rate among participants, the requirement for informed consent was waived by the IRB, and patient data were 
anonymized and maintained with strict confidentiality.

Results
The characteristics of the 324 patients who received EAFT and their relationship to hospital mortality are detailed in 
Table 3. Overall in-hospital mortality was 78.70%. The non-survivor group was significantly older than the survivor 
group (median age 65 vs 48 years, p < 0.001). In the bivariate analysis, numerous factors were associated with 
a significantly higher mortality rate. These included comorbidities such as diabetes mellitus and chronic renal failure 

Table 3 Characteristics of 324 Patients Who Received EAFT and Their Relationship to Hospital Mortality

Characteristic Hospital Discharge Status p-value

Alive (n=69) Dead (n = 255)

Demographic characteristics
Median age (years) 48 65 < 0.001
Age group, n (%)

< 65 years 32 (19.39) 133 (80.61) 0.394

≥ 65 years 37 (23.27) 122 (76.73)

Sex male, n (%) 50 (24.75) 152 (75.25) 0.051

Hospital name
Hospital 1 40 (16.88) 197 (83.12) 0.001
Hospital 2 29 (33.33) 58 (66.67)

Reason for admission, n (%)
Sepsis/septic shock 7 (14.29) 42 (85.71) 0.041
Respiratory distress 12 (12.77) 82 (87.23)

Neurological causes 9 (30) 21 (70)
Metabolic Disorders 2 (28.57) 5 (71.43)

Others 39 (27.08) 105 (72.92)

Underlying conditions and status, n (%)
Diabetes 22 (12.94) 148 (87.06) < 0.001
Immunosuppression 4 (30.77) 9 (69.23) 0.394
Myocardial infarction 2 (13.33) 13 (86.67) 0.453

Ischemic heart disease 7 (10.45) 60 (89.55) 0.015

(Continued)
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Table 3 (Continued). 

Characteristic Hospital Discharge Status p-value

Alive (n=69) Dead (n = 255)

Congestive heart failure 1 (4.55) 21 (95.45) 0.047
Peripheral vascular disease 1 (8.33) 11 (91.67) 0.264
Cerebral vascular accident 9 (18.37) 40 (81.63) 0.579

Hypertension 20 (12.50) 140 (87.50) < 0.001
Neurological disorder 13 (32.50) 27 (67.50) 0.065
Chronic pulmonary disease 8 (21.62) 29 (78.38) 0.959

Cancer 1 (25) 3 (75) 0.858

Chronic renal failure 5 (6.85) 68 (93.15) 0.001
Liver disease 2 (15.38) 11 (84.62) 0.595

Sepsis/septic shock 7 (13.73) 44 (86.27) 0.150

Presence of bacteremia 23 (18.25) 103 (81.75) 0.286

Candida colonization 20 (13.25) 131 (86.75) 0.001
No colonization 50 (28.74) 124 (71.26) 0.002
Sputum colonization 9 (18) 41 (82)

Urine colonization 8 (13.11) 53 (86.89)
Sputum and urine colonization 2 (5.13) 37 (94.87)

Incidence of fungal infection confirmed by culture 2 (8.33) 22 (91.67) 0.107

Candida score, n (%)
≤ 2 47 (24.74) 143 (75.26) 0.072
> 2 22 (16.42) 112 (83.58)

Charlson comorbidity index, n (%)
None (0) 25 (55.56) 20 (44.44) < 0.001
Mild (1–2) 18 (27.69) 47 (72.31)

Moderate (3–4) 18 (19.57) 74 (80.43)
Severe (>4) 8 (6.56) 114 (93.44)

Mechanical ventilation, n (%) 53 (17.38) 252 (82.62) < 0.001

Central catheter, n (%) 58 (18.65) 253 (81.35) < 0.001

No. of prescribed antibiotics during antifungal therapy, n (%)
< 2 19 (33.33) 38 (66.67) 0.030
2–4 38 (17.51) 179 (82.49)
> 4 12 (24) 38 (76)

No. of bacterial infections, n (%)
1-3 60 (22.14) 211 (77.86) 0.401

> 3 9 (16.98) 44 (83.02)

No. of sites of bacterial infection, n (%)
1-3 58 (23.11) 193 (76.89) 0.140
> 3 11 (15.07) 62 (84.93)

Presence of Multidrug-Resistant Organisms 46 (20.09) 183 (79.91) 0.409

Empiric antifungal agents, n (%)
Fluconazole 14 (36.84) 24 (63.16) 0.028
Caspofungin 29 (23.20) 96 (76.80)

Anidulafungin 22 (15.17) 123 (84.83)

(Continued)
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(p < 0.001), as well as Candida colonization (p = 0.001). Additionally, a high Charlson comorbidity index (p < 0.001) 
and the need for mechanical ventilation (p < 0.001) were significant predictors.

Regarding treatment, empirical fluconazole was associated with a significantly lower mortality rate (63.16%). This 
was statistically significant compared to caspofungin (76.80%), anidulafungin (84.83%), and liposomal amphotericin 
B (75%) (p = 0.028).

The independent risk factors for in-hospital mortality were determined using a multivariate logistic regression model 
(Table 4). Notably, while the choice of empirical antifungal agent was associated with mortality in the bivariate analysis, 
it did not retain statistical significance in the multivariate model after adjusting for confounders such as mechanical 
ventilation and comorbidity burden. After adjusting for potential confounders, a higher Charlson comorbidity index was 
associated with increased odds of mortality (Adjusted OR 1.18 per point increase; 95% CI: 0.63–1.73; p < 0.001). The 
need for mechanical ventilation more than doubled the odds of mortality (Adjusted OR 2.14; 95% CI: 0.44–3.84; 
p=0.014). Conversely, Candida colonization was associated with lower odds of mortality in the adjusted model (Adjusted 
OR 0.85; 95% CI: 0.06–1.64; p=0.034).

Clinical improvement, as defined in the Methods (Table 1), was achieved in 17.28% (56 of 324) of patients. As 
detailed in Table 5, the lack of clinical improvement was significantly associated with the use of mechanical ventilation 
(p<0.001) and central venous catheters (p < 0.001). Among antifungal agents, fluconazole was associated with the 
highest rate of clinical improvement (34.21%), a statistically significant difference compared to other agents (p = 0.001).

The incidence of major adverse events is summarized in Table 6. Statistically significant differences were observed 
between the antifungal agents for both hepatotoxicity and nephrotoxicity. Anidulafungin was associated with the highest 
rate of hepatotoxicity (33.79%, p = 0.035). Conversely, caspofungin was associated with the highest rate of nephrotoxi
city (39.52%, p = 0.003). Fluconazole was associated with the lowest incidence of both hepatotoxicity (13.16%) and 
nephrotoxicity (7.89%).

As detailed in Table 7, a fungal infection was microbiologically confirmed in only 24 of the 324 patients (7.41%) after 
the initiation of EAFT. There was no statistically significant difference in the incidence of confirmed infection between 
the different antifungal agents used (p=0.415). Similarly, neither the median duration of antifungal therapy (p=0.140) nor 
the presence of Candida colonization (p=0.231) was significantly associated with a confirmed fungal infection.

Table 4 Multivariate Model of Independent Risk Factors for 
Hospital Mortality

Variable Adjusted OR (95% CI) p-value

Chronic pulmonary disease 0.23 (0.07–0.76) 0.015

Candida colonization 0.85 (0.06–1.64) 0.034
Charlson comorbidity index 1.18 (0.63–1.73) < 0.001

Mechanical ventilation 2.14 (0.44–3.84) 0.014

Table 3 (Continued). 

Characteristic Hospital Discharge Status p-value

Alive (n=69) Dead (n = 255)

Liposomal  

Amphotericin B

4 (25) 12 (75)

Median duration of antifungal therapy 8 8 0.997

Median hospital duration before empiric antifungal initiation 12 13 0.712

Median length of stay in ICU (days) 24 23 0.327

Note: Bold values indicate statistical significance (p < 0.05).
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Table 5 Univariate Analysis of Factors Associated with Clinical Improvement

Variable Clinical Improvement P-value

Yes (n = 56) No (n = 268)

Use of mechanical ventilation, n (%) 42 (13.77) 263 (86.23) < 0.001
Use of central venous catheter, n (%) 47 (15.11) 264 (84.89) < 0.001

Empiric antifungal agents, n (%)
Fluconazole 13 (34.21) 25 (65.79) 0.001
Caspofungin 27 (21.60) 98 (78.40)

Anidulafungin 13 (8.97) 132 (91.03)

Liposomal  
Amphotericin B

3 (18.75) 13 (81.25)

Median duration of antifungal therapy 8 8 0.937

No. of bacterial infections, n (%)
1-3 50 (18.45) 221 (81.55) 0.209

>3 6 (11.32) 47 (88.68)

No. of sites of bacterial infection, n (%)
1-3 49 (19.52) 202 (80.48) 0.048
>3 7 (9.59) 66 (90.41)

Presence of Multidrug-Resistant Organisms 34 (14.85) 195 (85.15) 0.072

Median length of stay in ICU (days) 20 24 0.174

No. of prescribed antibiotics during antifungal therapy, n (%)
<2 17 (29.82) 40 (70.18) 0.021
2–4 31 (14.29) 186 (85.71)

>4 8 (16) 42 (84)
Immunosuppression 3 (23.08) 10 (82.72) 0.573

Note: Bold values indicate statistical significance (p < 0.05).

Table 6 Association Between Antifungal Agents and Major Side Effects

Antifungal Agent Hepatotoxicity Nephrotoxicity Hypokalemia Hypomagnesemia

Fluconazole 5 (13.16) 3 (7.89) 12 (31.58) 3 (7.89)
Caspofungin 28 (22.40) 49 (39.52) 28 (22.40) 22 (17.60)

Anidulafungin 49 (33.79) 44 (30.34) 32 (22.07) 15 (10.34)

Liposomal Amphotericin B 5 (31.25) 4 (25) 7 (43.75) 1 (6.25)
p-value 0.035 0.003 0.171 0.184

Table 7 Variables Associated with Fungal Infection

Variable Incidence of Fungal Infection p-value

Yes (n = 24) No (n = 300)

Empiric antifungal agents, n (%)
Fluconazole 4 (10.53) 34 (89.47) 0.415

Caspofungin 12 (9.60) 113 (90.40)
Anidulafungin 7 (4.83) 138 (95.17)

Liposomal 

Amphotericin B

1 (6.25) 15 (93.75)

Median duration of antifungal therapy 9 8 0.140

Candida colonization 14 (9.27) 137 (90.73) 0.231
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Discussion
Our multicenter study of 324 non-neutropenic patients who required intensive care and received EAFT has provided 
several important insights into treatment outcomes. The overall in-hospital mortality rate of 78.70% is similar to previous 
studies that have shown a dismal prognosis in ICU patients with possible fungal infection.23,28 Interestingly, fluconazole 
resulted in lower mortality rates (63.16%) than echinocandins, albeit compared to current IDSA recommendations.12 The 
low incidence of proven fungal infections (7.41%) among treated patients underscores the persistent issue of adequate 
patient selection for empirical therapy and corroborates previous reports regarding the limitations of current diagnostic 
strategies.29

The in-hospital mortality rates observed in our study (63–85% for different antifungal agents) were significantly 
higher than those reported in the previous literature. This stands in contrast with several international reports, including 
the one by Trifi et al’s (36–40.2%), Jacobs et al’s (22–54%), and Hasan et al’s (10.39–19.44%).28,30,31 These differences 
likely represent our population’s greater comorbidity burden and illness severity. However, our finding that fluconazole 
was associated with decreased mortality (63.16%) is consistent with several important studies. Both Garey et al and 
Zhang et al studies similarly demonstrated improved survival with early fluconazole therapy (HR 0.57, 95% CI 
0.44–0.74, p<0.001).10,24

It is crucial to interpret the mortality difference between antifungal agents with caution. While fluconazole was 
associated with lower raw mortality rates, this finding is likely subject to confounding by indication. In clinical practice, 
echinocandins are often reserved for patients with higher severity of illness, septic shock, or suspected resistance, 
whereas fluconazole is frequently prescribed to more stable patients. Indeed, when our analysis was adjusted for severity 
markers such as mechanical ventilation and comorbidity burden, the choice of antifungal agent was no longer an 
independent predictor of survival. This suggests that the underlying patient condition, rather than the drug itself, was 
the primary driver of mortality outcomes.

A key paradoxical finding from our study was the role of Candida colonization. While associated with higher 
mortality in the bivariate analysis, it emerged as an independent predictor for survival in the multivariate model 
(Adjusted OR 0.85). This suggests a complex interaction. It is possible that colonization serves as a crucial clinical 
trigger, prompting clinicians to initiate antifungal therapy or provide more aggressive supportive care, thereby mitigating 
its initial risk. Alternatively, it may be a marker of a more chronic state of illness in survivors, rather than a driver of 
acute mortality. This counterintuitive result highlights the need for further research to understand the precise role of 
colonization in ICU patient outcomes.

Mechanical ventilation was consistently identified as a strong predictor of worse outcomes across studies, although to 
varying degrees. Our observed mortality in ventilated patients (82.62%, p<0.001) was higher than in most reports, 
including Cui et al’s study (32.2%) and Trifi et al’s findings (76–78.7%).28,32 The association between illness severity 
scores had more uniformity, with our findings for the Charlson comorbidity index (adjusted OR 1.18, p<0.001) being 
similar to those of Garey et al. APACHE II score results (OR 1.13, p<0.05).24 In contrast to some studies, we did not find 
a significant association between the timing of EAFT initiation and in-hospital mortality in our cohort.17,24 The median 
time to therapy was similar between survivors and non-survivors. This may be due to the overall high acuity of our 
patient population, in which the underlying severity of illness and comorbidities were the dominant drivers of outcome, 
potentially masking any benefit from earlier therapy. It is also possible that a threshold for irreversible organ damage had 
already been crossed for many patients by the time EAFT was considered. Nevertheless, the principle of early and 
appropriate antimicrobial therapy remains a cornerstone of sepsis management, even if its effect was not statistically 
evident in our specific population.23

Our findings have important implications for clinical practice. First, they argue for early EAFT in high-risk patients, 
particularly with fluconazole, despite the existence of conflicting evidence from randomized trials.33,34 Second, they 
elucidate the need for better risk stratification tools, as existing methods have variable utility in various patient groups.35 

The contrasting findings regarding the prognostic value of Candida colonization indicate that future studies are warranted 
to clarify its value as a risk marker. Given the low prevalence of confirmed disease (7.41%) and the modest positive 
predictive value of current clinical scores, future research should prioritize diagnostic-driven strategies—such as rapid 
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biomarker integration—that can improve PPV and reduce unnecessary empirical exposure, rather than focusing solely on 
comparative drug efficacy.

Limitations and Strengths
Several methodological caveats warrant consideration when interpreting our findings. Key limitations include the potential for 
selection and information bias inherent to retrospective analyses, the absence of randomization, and the inability to compute 
APACHE scores due to missing data. Incomplete documentation also limited the assessment of antifungal-related gastro
intestinal and hypersensitivity reactions (although such events are unlikely), and the source of blood cultures (central versus 
peripheral) was not consistently specified. In addition, Candida species were not identified at colonization sites, and the 
classification of ICU type was missing at one participating center, which operated a mixed unit.

Despite these limitations, the study has several important strengths. To our knowledge, this is the first comprehensive 
analysis of the mortality benefit of EAFT in both medical and surgical ICU settings, and it provides actionable insights 
for clinical practice. The use of fungal colonization as an inclusion criterion enabled more refined risk stratification 
compared with most previous studies. The inclusion of both surgical and medical ICU patients, particularly those with 
post-gastrointestinal operations and acute pancreatitis, enhances the generalizability of the findings to high-risk popula
tions. Furthermore, the investigation of timing effects, together with the evaluation of the Candida score, offers valuable 
concepts for the timely initiation of EAFT. Despite the aforementioned limitations, these findings make a meaningful 
contribution to the growing body of evidence on EAFT in critically ill patients.

Conclusion
This multicenter retrospective observational study on empirical antifungal therapy (EAFT) in non-neutropenic ICU 
patients observed a significant association between fluconazole use and lower in-hospital mortality compared to other 
antifungal agents. Regarding safety, fluconazole was associated with a lower incidence of hepatotoxicity and nephro
toxicity compared to echinocandins and liposomal amphotericin B. However, the low rate of confirmed fungal infections 
remains a significant challenge in optimizing treatment. Mechanical ventilation, Candida colonization, and high Charlson 
comorbidity scores were identified as strong independent predictors of poor outcomes. Despite its limitations, the study 
underscores the need for more effective diagnostic tools and risk stratification methods to enhance EAFT utilization in 
this complex patient population.
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