European Journal of Clinical Microbiology & Infectious Diseases
https://doi.org/10.1007/510096-022-04507-3

ORIGINAL ARTICLE q

Check for
updates

Effect of empirical antifungal treatment on mortality
in non-neutropenic critically ill patients: a propensity-matched
retrospective cohort study

Yue Tang' - Wenjing Hu? - Shuangyan Jiang' - Maoyu Xie3 - Wenying Zhu' - Lin Zhang' - Jing Sha' - Tengfei Wang' -
Min Ding' - Juan Zeng'® - Jinjiao Jiang'

Received: 12 July 2022 / Accepted: 6 October 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

To evaluate the effect of empirical antifungal treatment (EAFT) on mortality in critically ill patients without invasive fungal
infections (IFIs). This was a single-center propensity score—matched retrospective cohort study involving non-transplanted,
non-neutropenic critically ill patients with risk factors for invasive candidiasis (IC) in the absence of IFIs. We compared
all-cause hospital mortality and infection-attributable hospital mortality in patients who was given EAFT for suspected IC
as the cohort group and those without any systemic antifungal agents as the control group. Among 640 eligible patients,
177 patients given EAFT and 177 control patients were included in the analyses. As compared with controls, EAFT was not
associated with the lower risks of all-cause hospital mortality [odds ratio (OR), 0.911; 95% CI, 0.541-1.531; P=0.724] or
infection-attributable hospital mortality (OR, 1.149; 95% CI, 0.632-2.092; P =0.648). EAFT showed no benefit of improve-
ment of infection at discharge, duration of mechanical ventilation, and antibiotic-free days. However, the later initiation of
EAFT was associated with higher risks of all-cause hospital mortality (OR, 1.039; 95% CI, 1.003 to 1.076; P=0.034) and
infection-attributable hospital mortality (OR, 1.046; 95% CI, 1.009 to 1.085; P=0.015) in patients with suspected IC. This
effect was also found in infection-attributable hospital mortality (OR, 1.042; 95% CI, 1.005 to 1.081; P=0.027) in septic
patients with suspected IC. EAFT failed to decrease hospital mortality in non-neutropenic critically ill patients without
IFIs. The timing may be critical for EAFT to improve mortality in these patients with suspected IC. ChiCTR2000038811,
registered on Oct 3, 2020.
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Introduction

04 Juan Zeng Invasive candidiasis (IC) is the most common invasive
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fungal infection (IFI) in hospitals, where the incidence of
IC is rising in critically ill patients in recent years with a
reported incidence of 7.07 episodes per 1000 ICU admis-
sions in Europe in 2015 and 2016 [1, 2]. Candidemia is the
major infective pattern of IC and is associated with high
mortality, long hospital stay, and high resource use [3].
Successful IC management depends on timely administra-
tion of appropriate antifungal agents and adequate control
of the infection source [4]. Delayed antifungal treatment is
associated with a significantly higher mortality in patients
with candidemia particularly those with concomitant sep-
tic shock [4, 5]. However, the diagnosis of IC is very diffi-
cult for critically ill patients due to the nonspecific clinical
signs, insufficient accuracy of culture method, and invasive
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biopsy [6, 7]. Therefore, antifungal agents have been usu-
ally used as an empirical therapy for patients with fever
with unknown reasons or unsolved sepsis or septic shock
with risk factors for IC as recommended by the current
guideline [8].

However, some risk factors of IC have been identified
such as major abdominal surgery, necrotizing pancreati-
tis, immunosuppression, use of broad-spectrum antibiot-
ics, central vascular catheters, and Candida colonization
[9], which are nonspecific and very common in critically
ill patients. It may result in the high consumption and
expenditure for costly antifungal agents and the risk of
concomitant increase in the prevalence of fungal resist-
ance [10, 11]. Therefore, clarifying the outcome benefits
of empirical antifungal treatment (EAFT) would be critical
for optimal use of antifungal agents in intensive care unit
(ICU) patients with risk factors of IC. The initiation of
antifungal treatment would benefit the patients with bone
marrow transplantation or neutropenia with suspected IFIs
before proven IFIs were identified [12, 13]. For those ICU
patients who were diagnosed with IC, the earlier use of
empirical antifungal agents before the diagnosis would
result in better outcome. However, most ICU patients
with clinical infection were non-transplanted and non-
neutropenic, and most ICU patients who received systemic
antifungal therapy had no proven IFIs as demonstrated by
a multicenter cross-sectional study [14]. The previously
reported randomized controlled trials have found that the
empirical antifungal treatment had no beneficial effect on
mortality and other outcomes in non-transplanted, non-
neutropenic ICU patients at high risk for IC [15, 16].

However, treatment in the randomized controlled trial
would be less tailored to the individual patients than the
observational study, and the randomized controlled trial
reflects daily clinical practice less closely than the obser-
vational study [17], while the EAFT should be individu-
alized for each critically ill patient at risk for IC in the
clinical practice. Propensity score matching is a well-
established method for estimating causal treatment effects
in the observational study [18, 19]. Then, the observa-
tional study using propensity score matching could pro-
vide important additional evidence of EAFT’s effect on
outcomes in ICU patients in the daily clinical practice to
the previously reported randomized controlled trials. To
our knowledge, few observational studies used a propen-
sity score—matched design to assess the effect of EAFT
on mortality in ICU patients. Therefore, we conducted
a single-center propensity score—matched retrospective
cohort study aimed to identify the effect of EAFT on hos-
pital mortality in non-transplanted, non-neutropenic criti-
cally ill patients with risk factors for IC in the absence of
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proven IFTs. This study also aimed to assess the feasibility
of larger studies as a pilot study.

Materials and methods
Patient selection

All adult patients admitted to the participating ICU in a
teaching hospital with complete medical records between
Jan 2017 and Jan 2022 were eligible to be screened for entry
into this cohort study. The ICU served a mixed population of
medical, surgical, trauma, and neurologic patients. Inclusion
criteria were (1) critically ill patients with clinical signs of
infection according to the definitions of the International
Sepsis Forum [20] such as fever, leukocytosis, and purulent
fluid; (2) at least one risk factor of IC; (3) the absence of
proven IFIs (the proven IFI was diagnosed according to the
criteria from the European Organization for Research and
Treatment of Cancer and the Mycoses Study Group [21]);
(4) days in ICU for more than 3 days; and (5) age > 18 years.

The risk factors of IC were as follows: (1) malignant tumor
of solid organ; (2) administration of immunosuppressive agents,
such as prolonged use of corticosteroids at a daily dose of more
than 0.3 mg/kg prednisone or equivalent for at least 3 weeks,
cancer chemotherapy, cancer radiotherapy, tumor necrosis fac-
tor therapy, tacrolimus, and cyclosporine; (3) acute necrotizing
pancreatitis; (4) abdominal surgery; (5) gastrointestinal perfora-
tion or leak; (6) the use of broad-spectrum antibiotics for more
than 4 days within 7 days prior to enrollment; (7) the presence
of central vascular catheters; (8) total parenteral nutrition; (9)
mechanical ventilation; (10) hemodialysis or hemofiltration; (11)
diabetes mellitus; and (12) multiple Candida colonization [9].

Exclusion criteria were (1) administration of systemic
antifungal treatment for more than 72 h during the week prior
to enrollment; (2) prescription of antifungal agents for pro-
phylactics or suspected mold infection (one or more Aspergil-
lus species—positive cultures from non-sterile sites or typical
radiographic manifestation of mold infection) or suspected
pneumocystis infection (typical radiographic manifestation of
pneumocystis infection) during inpatient hospitalization; (3)
severe multiple organ failure, with an Acute Physiology and
Chronic Health Evaluation (APACHE) II score > 35 at enroll-
ment; (4) neutrophil count of less than 500/mm? longer than
1 week; (5) previous solid organ or bone marrow transplanta-
tion or hematological malignancy; and (6) acquired immune
deficiency syndrome and human immunodeficiency virus
carriers. The requirement of informed consent was waived
for this study by the Ethics Committee of Shandong Pro-
vincial Hospital (protocol SWYX:NO 2020-126) due to the
retrospective nature of this study.
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Study design

This clinical trial was designed as a single-center retro-
spective observational cohort study. Eligible patients were
divided into two cohorts based on their treatment history of
EAFT. Patients were included in the EAFT cohort if they
were prescribed any intravenous or oral dose of antifungal
agents for suspected IC for at least 3 days in the hospital. On
the day when the patients in the EAFT cohort were adminis-
trated the first intravenous or oral dose of antifungal drugs,
the patients would be enrolled in this study. Patients were
included in the control cohort if they did not receive any
intravenous or oral dose of antifungal agents in the hospital.
On the day when the patients in the control cohort were
administrated the first dose of antibiotics or antiviral drugs
after the onset of signs of clinical infection, the patients
would be enrolled in this study. The observational period
of this retrospective cohort study continued until discharge
from the hospital or death.

Outcomes

The primary outcome variable of this cohort study was all-
cause hospital mortality. The secondary outcome variables
were infection-attributable hospital mortality, the proportion
of patients with improvement of infection at discharge, the
proportion of patients with duration of mechanical venti-
lation more than 7 days during the study period, the pro-
portion of patients with days of antibiotic-free more than
3 days during the study period, the proportion of patients
with ICU length of stay more than 10 days, and the propor-
tion of patients with hospital length of stay after ICU more
than 7 days.

Potential covariates

The information on the following variables as potential
covariates were obtained retrospectively from the patients’
medical records: age, gender, admission category (medi-
cal, elective surgical, or emergency surgical), diagnosis at
ICU admission, Charlson Comorbidity scores, APACHE
II scores (range 0-71, with higher scores indicating more
severe illness), and Sequential Organ Failure Assessment
(SOFA) scores (range 0-24, with higher scores indicating
worse outcome) within 24 h after enrollment. The presence
or absence of every single risk factor of IC as presented
above and Candida score at enrollment were also recorded.
Colonization of Candida was considered as multiple site
when Candida spp. was simultaneously isolated from at

least two different non-sterile sites. Candida score (range,
0-5) items are surgery (1 point), sepsis (2 points), multiple
sites positive with Candida species (1 point), and paren-
teral nutrition (1 point). The clinical situation assessment
(presence or absence of sepsis or septic shock at enroll-
ment, presence or absence of source control, (1,3)-p-D-
glucan test positive or negative), and empirical antifungal
agents (the timing of initiation and the total duration) were
collected too.

Definitions

(1) EAFT was defined as administration of any intrave-
nous or oral dose of antifungal agents in patients with
clinical infection suspected with IC in the absence of
proven IFIs. The EAFT in this study included antifun-
gal treatment triggered by microbiological evidence of
Candida spp. without definitive microbiological proof,
e.g., positive (1,3)-pf-D-glucan test or triggered by signs
and symptoms of clinical infection in patients at risk for
IC. EAFT was prescribed at the discretion of the ICU
physicians, and it was not possible to clarify the phy-
sicians’ discretion because the data were collected and
analyzed retrospectively. (2) The timing of initiation of
EAFT was determined from the interval between the first
prescription of antibiotics or antiviral drugs for the onset
of clinical signs of infection and the first administration
of the intravenous or oral dose of antifungal agents. (3)
Source control was defined as removal of central vein
catheters or documented surgical, radiologic, or endo-
scopic drainage of abscesses or other fluid collections
suspected or proven to be the source of infection. (4)
Sepsis and septic shock were defined using current cri-
teria of the Third International Consensus Definitions
for Sepsis and Septic Shock [22]. Patients with known or
suspected infection with SOFA scores increasing more
than 2 points can be diagnosed with sepsis. Patients with
septic shock can be identified with a clinical construct
of sepsis with persisting hypotension requiring vasopres-
sors to maintain a mean arterial pressure of 65 mmHg
or higher and serum lactate level more than 2 mmol/L
(> 18 mg/dL) in the absence of hypovolemia. (5) The
improvement of infection was defined as elimination or
relief of the clinical signs of infection, accompanying
radiographic resolution, or improvement and discontinu-
ation of antibiotics, antiviral drugs, and antifungal agents
or de-escalation of antibiotics at the same period. (6) The
infection-attributable mortality in hospital was defined as
death within 3 days after the onset of clinical infection,
persistent infection, or infectious complications until
mortality in hospital [23].
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Statistical analysis

Given the differences in the baseline characteristics of the
eligible patients in the two groups (Table 1), propensity
score matching was used to identify a cohort of partici-
pants with similar baseline characteristics. Matching was

conducted using a 1:1 nearest neighbor matching without
replacement, with a caliper width equal to 0.2 of the stand-

Table 1 Baseline patient characteristics before and after propensity score matching

ard deviation of the logit of the propensity score [24]. The
baseline variables were listed in Table 1. Standardized dif-
ference was calculated for every baseline variable before
and after matching to evaluate pre-match imbalance and

Characteristics

Before matching

After matching

EAFT group Control group P value

SD %

EAFT group Control group P value SD %

(n=236) (n=404) (n=177) (n=177)
Age (years) (median, IQR) 65 (50-76) 63 (50-74) 0401 1.6 65 (49-75) 63 (50-73) 0497 1.6
Sex (M/F) 138/98 149/155 0430 64 106/71 106/71 NS 0
APACHE 1I scores at enrollment (median, 20 (16-26) 18 (14-24) <0.001 35.6 20 (16-25) 21 (15-27) 0.591 3.7
IQR)
SOFA scores at enrollment (median, IQR) 6 (4-9) 6 (4-8) 0.039 18 6 (4-9) 7(5-9) 0418 7.8
Charlson Comorbidity Scores at enrollment 5(3-8) 5@3-7) 0296 7.2 5@3-7) 5@3-7) 0.892 32
(median, IQR)
Admission group (no. (%)) <0.001 32.6 0.399 32
Medical 158 (66.9) 199 (49.3) 108 (66.7) 109 (61.6)
Elective surgical 47 (19.9) 129(31.9) 34 (19.2) 48 (27.1)
Emergency surgical 31 (13.1) 76 (18.8) 25 (14.1) 21 (11.3)
Main reason for ICU admission (no. (%)) 0.002 13.0 0.223 9.3
Respiratory disease 80 (33.9) 88 (21.8) 56 (31.6) 49 (27.7)
Cardiovascular disease 20 (8.5) 55 (13.6) 18 (10.2) 16 (9.0)
Gastrointestinal disease 67 (28.4) 123 (30.4) 49 (27.7) 46 (26.0)
Neurologic disease 42 (17.8) 84 (20.8) 33 (18.6) 45 (25.4)
Urogenital disease 5@2.1) 16 (4.0) 5(2.8) 7 (4.0)
Trauma 3(1.3) 18 (4.5) 3(1.7) 4(2.3)
Others * 19 (8.1) 20 (5.0) 13 (7.3) 10 (5.6)
Candida score® >3 at enrollment (no. (%)) 111 (47.0) 147 (36.4) 0.008 21.3 71 (40.1) 70 (39.5) NS 1.1
Multiple Candida colonization (no. (%)) 32 (13.6) 19 (4.7) <0.001 25.8 15(8.5) 14 (7.9) NS 1.6
Prior broad-spectrum antibiotic treatment (no. 182 (77.1) 153 (37.9) <0.001 932 124 (70.1) 119 (67.2) 0.630 6.7
(%))
Previous abdominal surgery (no. (%)) 54 (22.9) 110 (27.2) 0.224 10.3 40 (22.6) 41 (23.2) NS 1.3
Gastrointestinal perforation or leak (no. (%)) 24 (10.2) 19 4.7) 0.008 18.0 14 (7.9) 16 (9.0) 0.839 3.7
Acute necrotizing pancreatitis (no. (%)) 12 (5.1) 15 (3.7) 0405 6.2 10 (5.6) 7 (4.0) 0.607 7.7
Immunosuppressive therapy (no. (%)) 41 (17.4) 30 (7.4) <0.001 26.2 22 (12.4) 23 (13.0) NS 1.5
Malignant tumor of solid organ (no. (%)) 52 (22.0) 89 (22.0) 0.999 0 33 (18.6) 33 (18.6) NS 0
Diabetes mellitus (no. (%)) 82 (34.7) 83 (20.5) <0.001 29.8 53(29.9) 52 (29.4) NS 1.2
Total parenteral nutrition (no. (%)) 84 (35.6) 137 (33.9) 0.666 3.5 59 (33.3) 60 (33.9) NS 1.2
Central venous catheter (no. (%)) 230 (97.5) 360 (89.1) <0.001 52.9 171 (96.6) 172 (97.2) NS 3.6
Hemofiltration/hemodialysis (no. (%)) 74 (31.4) 80 (19.8) 0.001 24.9 50 (28.2) 49 (27.7) NS 1.2
Mechanical ventilation (no. (%)) 167 (70.8) 192 (47.5) <0.001 51.0 113(63.8) 115 (65.0) 0917 25
Sepsis at enrollment (no. (%)) 198 (83.9) 259 (64.1) <0.001 53.7 140 (79.1) 138 (78.0) 0.897 3.1
Source control (no. (%)) 213 (90.3) 349 (86.9) 0.149 13.0 158 (89.3) 157 (88.7) NS 1.9

Abbreviations: EAFT, empirical antifungal treatment; /QR, interquartile range; APACHE 11, Acute Physiology and Chronic Health Evaluation II;
SOFA, Sequential Organ Failure Assessment; SD, standardized difference; /CU, intensive care unit; NS, no significant

Including hyperkalemia, hypokalemia, connective tissue disease such as severe systemic lupus erythematosus, endocrine disease such as thyro-
toxic crisis, diabetic ketoacidosis, and acute drug or paraquat poisoning

"The Candida score is based on the presence of sepsis (2 points), multiple Candida colonization (1point), parenteral nutrition (1 point), and sur-

gery (1 point)
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post-match balance. Standardized differences of less than
10.0% indicate a relatively small imbalance for a given
variable between the two groups [24].

The baseline clinical characteristics were summarized as
means with standard deviation for approximately normally
distributed continuous variables or medians with interquar-
tile range (IQR) for non-normally distributed continuous
variables and as frequencies and percentages for categorical
variables. Normality of all data sets was determined using
the Kolmogorov—Smirnov test. In the unmatched cohort, cat-
egorical variables were analyzed by the chi-square or Fisher
exact test, while continuous variables were analyzed by the
two-tailed nonpaired Student’s ¢-test or Mann—Whitney U
test. In the matched cohort, paired comparisons were ana-
lyzed with the use of McNemar’s test for binary categorical
variables or Friedman’s test for multi-categorical variables
and a paired Student’s t-test or paired Wilcoxon signed-
ranked test for continuous variables.

In the unmatched cohort, the comparative risks of pri-
mary and secondary outcomes were further analyzed by
unadjusted logistic regression analysis using the control
cohort as a reference level and presented as odds ratio
(OR) along with 95% confidence interval (95% CI). In the
matched cohort, primary outcome and secondary outcomes
were assessed by unadjusted conditional logistic regression
analysis using the control cohort as a reference level and
presented as OR along with 95% CI. Kaplan—Meier analyses
with log rank tests were performed to measure the prob-
ability of survival during the study period in the matched
cohort.

Given the bias in subgroups after successful propensity
score matching could also be considered as balanced [25],
subgroups analyses were performed in the matched cohorts.
Clinical subgroups were based on Candida score >3 (yes or
no), multiple Candida colonization (yes or no), (1,3)-$-D-
glucan positive (yes or no), SOFA score > 8 (yes or no),
age > 65 years (yes or no), and septic shock (yes or no).

The effect of the timing of initiation and duration of
EAFT on the risks of death (all-cause hospital mortality
and infection-attributable hospital mortality) was analyzed
only in the EAFT group before propensity score matching
by unadjusted logistic regression analysis.

A sensitivity analysis was conducted to estimate the effect
of EAFT on the risk of death limited to the subgroup of
patients with sepsis by repeating the propensity score match-
ing with the same baseline variables as the former propensity
score matching except the variable of septic shock instead
of sepsis. All the analyses were performed with the use of
the SPSS for Windows statistical program (version 22.0;
IBM Corp., Armonk, NY). Statistical significance was set
at P <0.05, and highly significant values had a significance
of P<0.01.

Results
Study population

Between Jan 1, 2017, and Jan 31, 2022, a total of 3052
patients were admitted to the ICU (Fig. 1). Following exclu-
sion of 2412 ineligible ICU admissions, 640 critically ill
patients with clinical infection were eligible, of whom 236
(36.9%) patients prescribed with empirical antifungal agents
(the EAFT group) and 404 (63.1%) patients without any
systemic antifungal treatment (the control group) (Fig. 1).
Among the 640 eligible participants, there was a total of 55
(8.6%) patients with only one risk factor of IC, and most of
them (n=52) were in the control group. There was a total of
489 (76.4%) patients with more than three risk factors of IC
that indicate the most participants enrolled in this study were
at high risk of IC. Before propensity score matching, there
were differences between the two groups in some of baseline
variables (Table 1). With the use of propensity score match-
ing, 177 patients who prescribed with EAFT were matched
with 177 control patients.

Cohort before propensity score matching
Baseline patient characteristics

Before propensity score matching, patients in the EAFT
group had higher APACHE II scores and higher SOFA
scores than controls (Table 1S), indicating the patients in
the EAFT group had a higher severity of disease at enroll-
ment than those in the control group. There were more ICU
admissions due to medical reasons, respiratory disease, and
more septic patients at enrollment in the EAFT group than
in the control group (Table 1S). The EAFT group and the
control group were comparable in Charlson Comorbidity
scores at enrollment, age, sex distribution, and the propor-
tion of patients who underwent source control (Table 1S).

Among those receiving EAFT, there were more patients
with Candida score over 3 points at enrollment and more
patients with the presence of multiple Candida colonization
than the controls (Table 1S). Moreover, patients with EAFT
presented more frequently with prior broad-spectrum anti-
biotics, gastrointestinal perforation or leak, immunosuppres-
sive agents, diabetes mellitus, the presence of central venous
catheter, hemofiltration or hemodialysis, and mechanical
ventilation than the controls (Table 1S). However, the pro-
portions of patients with previous abdominal surgery, acute
necrotizing pancreatitis, malignant tumor of solid organ, and
total parenteral nutrition were similar in the EAFT group
and control group (Table 15).
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ICU admissions (n= 3,052)
Jan 1,2017 to Jan 31, 2022

Excluded (n=2,412)

Not meeting inclusion criteria (n=2,289)

Previous transplantation (n=10)

Neutropenia or haematological malignancies (n=13)
>] Antifungal agents for prophylactics or suspected

mold or suspected pneumocystis infection (n=53)
Pregnant (n=10)
Previous prescription of antifungal agents>3d (n=11)
APACHE II scores >35 (n=26)

v

Eligible patients for 1:1 propensity (n=640)
Patients with empirical antifungal treatment (EAFT) (n=236)
Patients without systemic antifungal treatment (n=404)

Excluded (not matched for
1:1 propensity score) (n=286)

Fig. 1 Flow chart of patient
selection
\4
Cohort group
Patients with EAFT
n=177)
Outcomes

Before propensity score matching, the EAFT was associated
with significantly higher risks of death as compared to the con-
trol group including all-cause hospital mortality (OR, 1.636;
95% CI, 1.076 to 2.489; P=0.021) and infection-attributa-
ble hospital mortality (OR, 2.277; 95% CI, 1.415 to 3.665;
P=0.001) (Fig. 1S). The EAFT was associated with signifi-
cantly lower risk of improvement of infection at discharge as
compared to the control group (OR, 0.378; 95% CI, 0.248 to
0.576; P<0.001) (Fig. 1S).

In addition, as compared with controls, the EAFT was sig-
nificantly related with higher risk of duration of mechanical
ventilation over 7 days, higher risk of ICU stay more than
10 days, and with lower risk of hospital stay more than 7 days
after ICU (Fig. 1S). However, there was no significant differ-
ence between the two groups in the risk of days of antibiotic-
free more than 3 days (Fig. 1S).
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Control group
Patients without systemic
antifungal agents (n=177)

Cohort after propensity score matching
Baseline patient characteristics

After propensity score matching, the standardized differ-
ences were less than 10.0% for all baseline variables, indi-
cating only small differences between the two study groups
(Table 1). The two groups were well balanced with respect
to age, gender, APACHE II scores at enrollment, SOFA
scores at enrollment, Charlson Comorbidity scores at enroll-
ment, admission group, main reason for ICU admission,
the proportion of patients with sepsis at enrollment, and
the proportions of patients who underwent source control
after matching. There was no significant difference between
the two groups in the proportion of patients with Candida
score more than 3 points at enrollment and the proportions
of patients with the presence of every single risk factor of
IC after matching (Table 1).
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Outcomes

The median number of days studied was longer in the EAFT
group than in the control group [14 (IQR, 9-26) vs 13 (IQR,
8-20), respectively; P=0.021]. In contrast to the results
before propensity score matching, as compared with control
patients, the EAFT showed no significant association with
the risks of all-cause hospital mortality (OR, 0.911; 95% CI,
0.541 to 1.531; P=0.724) and infection-attributable hospital
mortality (OR, 1.149; 95% CI, 0.632 to 2.092; P=0.648)
after matching (Fig. 2). The probability of survival during
the study period was also comparable for the EAFT group
and the control group (Fig. 3).

The EAFT was related with a significantly higher risk of
ICU stay longer than 10 days as compared with the controls
that was similar to the result before matching (Fig. 2). How-
ever, in contrast to the results before matching, the EAFT
showed no significant effect on the improvement of infec-
tion at discharge, mechanical ventilation over 7 days dur-
ing the study period, and the hospital stay after ICU more
than 7 days (Fig. 2). Also, the EAFT showed no benefit in
the risk of days of antibiotic-free over 3 days during the
study period, which was similar to the result before match-
ing (Fig. 2).

Comparison of death in predefined
subgroups in the propensity score-matched
cohort

In the subgroups of patients with Candida score over 3
points, the presence of multiple Candida colonization, and
(1,3)-p-D-glucan positive, neither the all-cause hospital
mortality nor the infection-attributable hospital mortality
was significantly different between the EAFT group and the

..“EAFT group
—1Control group

0.8

0.4 .

Probability of Survival

0.2 P=0.337

0.0

T T T T T T
0 20 40 60 80 100

Study period (days)

Fig.3 The probability of survival during the study period in the two
groups after propensity score matching. Abbreviations: EAFT, empir-
ical antifungal treatment

control group (Table 2). Similarly, the EAFT did not result
in significant improvement of all-cause hospital mortality
and infection-attributable hospital mortality not only in the
subgroup of patients with age over 65 years but also in the
subgroup of patients with SOFA scores more than 8§ points
as compared with the control group (Table 2). Moreover, the
EAFT showed no improvement of all-cause hospital mortal-
ity and infection-attributable hospital mortality in the sub-
group of patients with septic shock (Table 2).

Effect of the timing and duration of EAFT on the risk
of death in patients with suspected IC

Among the 236 patients with suspected IC, EAFT was pre-
scribed for a median duration of 12 days (IQR, 7-18) and a
median timing of initiation of 7 days (IQR, 3—13). The most

Fig.2 Primary and second-

EAFT group Control group

ary outcomes in the propen- (=177 (@=177) OR (95% CI) P value
sity score—matched cohort. ‘All cause hospital mortality (no
Abbreviations: EAFT, empirical ) 32(18.1)  35(19.8) 0911 (0.541-1.531)  +e—i 0.724
ant.lfungal treatment; .OR, odds Infetction-attributable hospital
ratio; CI, confidence interval; mortality (no. (%)) 27(15.3) 24 (13.6) 1.149 (0.632-2.092) +—o—i 0.648
ICU, intensive care unit. Data .
. Improvement of infection at
were analyzed by unadjusted dscharge (no. (%)) 141 (79.7) 149 (84.2) 0.742 (0.433-1272) e+ 0278
conditional logistic regression ] o
analysis. The control group was Mechanical ventilation>7days 4 06 6 39200y 1297(0.785-2.141)  +e—i 0311
during the study period (no. (%))
used as reference e :
Antibiotics-free days >3 during
the study period (no. (%)) 54(30.5)  48(27.1) 1.157 (0.731-1.835)  He—i 0.533
Days in [CU>10days (no. (%))  122(68.9) 74 (41.8) 3205 (1.988-5.181) ——e————  <0.001
Hospital stay after ICU>7days (no.
) 47(26.6)  49(27.7) 0.923 (0.571-1.493)  +e4—i 0.744
I 1 1 1 1 1

0 1 2 3 4 5 6
OR (95% CI)
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Table 2 Comparison of death in predefined subgroups in the propensity score—-matched cohort

Subgroups All-cause hospital mortality Infection-attributable hospital mortality
EAFT group(n=177) Control group(n=177) P value EAFT group(n=177) Control group(n=177) P value

Candida score >3 (no. (%))

Yes 10/71 (14.1) 13/70 (18.6) 0.471 7/71 (9.9) 11/70 (15.7) 0.298

No 22/106 (20.8) 22/107 (20.6) 0.972 20/106 (18.9) 13/107 (12.1) 0.175
Multiple Candida colonization (no. (%))

Yes 7/15 (46.7) 4/14 (28.6) 0.316 4/15 (26.7) 3/14 (21.4) 1.000

No 25/162 (15.4) 31/163 (19.0) 0.392 23/162 (14.2) 21/163 (12.9) 0.729
(1,3)-p-D-glucan positive (no. (%))

Yes 13/49 (26.5) 6/18 (33.3) 0.584 13/49 (26.5) 4/18 (22.2) 0.719

No 19/128 (14.8) 29/159 (18.2) 0.444 14/128 (10.9) 20/159 (12.6) 0.669
Age>65 (no. (%))

Yes 24/92 (26.1) 21/78 (26.9) 0.902 19/92 (20.7) 14/78 (17.9) 0.657

No 8/85 (9.4) 14/99 (14.1) 0.324 8/85 (9.4) 10/99 (10.1) 0.875
SOFA > 8 (no. (%))

Yes 16/59 (27.1) 22/70 (31.4) 0.593 13/59 (22.0) 15/70 (21.4) 0.934

No 16/118 (13.6) 13/107 (12.1) 0.753 14/118 (11.9) 9/107 (8.4) 0.393
Septic shock (no. (%))

Yes 14/49 (28.6) 10/33 (30.3) 0.866 14/49 (28.6) 9/33(27.3) 0.898

No 18/128 (14.1) 25/144 (17.4) 0.457 13/128 (10.2) 15/144 (10.4) 0.944

Abbreviations: EAFT, empirical antifungal treatment; SOFA, Sequential Organ Failure Assessment. Data were analyzed by McNemar’s test

frequent EAFT was monotherapy (89.0%, 210/236 patients)
consisting of azoles (45.3%, 107/236 patients) and echino-
candins (43.6%, 103/236 patients).

The later initiation of EAFT was significantly associ-
ated with higher risks of death including all-cause hospital
mortality (OR, 1.039; 95% CI, 1.003 to 1.076; P=0.034)
and infection-attributable hospital mortality (OR, 1.046;
95% CI, 1.009 to 1.085; P=0.015) in ICU patients with
suspected IC (Table 3). Moreover, this effect was only found
in infection-attributable hospital mortality (OR, 1.042; 95%
CI, 1.005 to 1.081; P=0.027), but not all-cause hospital
mortality (OR, 1.035; 95% CI, 0.999 to 1.072; P=0.059) in
analysis of the subgroup of septic patients with suspected IC
(Table 3). However, there was no significant association of

duration of EAFT with the risks of all-cause hospital mor-
tality and infection-attributable hospital mortality not only
in all patients with suspected IC but also in the subgroup
of septic patients with suspected IC (Table 3). Neither the
timing nor the duration of EAFT was associated with risks
of all-cause hospital mortality and infection-attributable hos-
pital mortality in the subgroup of patients with septic shock
with suspected IC (Table 3).

Sensitivity analysis
The sensitivity analysis in patients with sepsis is presented

in Table 2S and Fig. 2S. The standardized differences were
less than 10.0% for all the baseline variables after propensity

Table 3 Effect of timing and
duration of EAFT on death in
patients with suspected IC

All-cause hospital mortality Infection-attributable hospital

mortality
OR (95% CI) Pvalue  OR (95% CI) P value

The timing of initiation of EAFT

All patients (n=236) 1.039 (1.003-1.076) 0.034 1.046 (1.009-1.085) 0.015

Sepsis (n=198) 1.035 (0.999-1.072) 0.059 1.042 (1.005-1.081) 0.027

Septic shock (n=64) 1.045 (0.990-1.103) 0.107 1.045 (0.990-1.103) 0.107
Duration of EAFT

All patients (n=236) 1.014 (0.987-1.041) 0.318 1.014 (0.987-1.042) 0.305

Sepsis (n=198) 1.013 (0.986-1.041) 0.343 1.014 (0.986-1.043) 0.321

Septic shock (n=64) 1.018 (0.969-1.070) 0.476 1.018 (0.969-1.070) 0.476

Abbreviations: EAFT, empirical antifungal treatment; OR, odds ratio; CI, confidence interval. Data were
analyzed by unadjusted logistic regression analysis
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score matching as listed in Table 2S. There was no signifi-
cant mortality improvement between the EAFT group and
control group including all-cause hospital mortality (OR,
0.716; 95% CI, 0.389 to 1.316; P=0.728) and infection-
attributable hospital mortality (OR, 0.631; 95% CI, 0.322 to
1.236; P=0.179) in the septic patients (Fig. 2S).

The EAFT was significantly associated with a higher
risk of ICU stay more than 10 days compared to the control
group (Fig. 2S). However, there were nonsignificant differ-
ences between the EAFT group and control group in the
improvement of infection at discharge, duration of mechani-
cal ventilation over 7 days, days of antibiotic-free more than
3 days during the study period, and days in hospital more
than 7 days after ICU (Fig. 25).

Discussion

Most antifungal agents were used in critically ill patients in
the absence of proven IFIs [14]. Here, we report the results
of a pilot single-center retrospective cohort study of the
effect of EAFT on hospital mortality in critically ill patients
without proven IFIs using propensity score matching. The
association of EAFT with mortality and other outcomes
in these patients was totally different before and after pro-
pensity matching in our study, which suggests a matching
method is absolutely necessary for observational studies
aimed to evaluate the outcomes of EAFT in ICU patients.
To our knowledge, this study is the first retrospective cohort
study that adopted the propensity score matching to bal-
ance the baseline bias between the cohort group and control
group.

Before matching, the EAFT was given in patients with
more severe illness and was related with significantly higher
risks of all-cause hospital mortality and infection-attributa-
ble hospital mortality in our study. In contrast to our results,
no significant association of EAFT with short-term mortal-
ity has been shown in a multicenter cross-sectional study
before matching, although in the same study, EAFT was
given in patients with more severe diseases and another ret-
rospective cohort study without using any matching method
[14, 26]. The different study population among these studies
may explain this discrepancy. The enrolled participants in
our study were critically ill patients in the absence of docu-
mented I[FIs during hospitalization. The study population in
the retrospective cohort study included those ICU patients
diagnosed with proven IFIs after enrollment, and the early
initiation of EAFT before diagnosis of IFIs could exert a
beneficial effect on the mortality in these patients [26]. The
study population included the patients with hematological
malignancy, and the proportions of patients with neutrope-
nia, previous solid organ or bone marrow transplantation,
and acquired immune deficiency syndrome and human

immunodeficiency virus carriers were not mentioned in the
cross-sectional study [14]. However, all of these patients
were excluded in our study.

After matching, in consistent with the previously reported
studies including the two studies mentioned above [14-16,
26-28], we found that EAFT did not improve hospital mor-
tality and other outcomes in non-transplanted, non-neutro-
penic patients without proven IFIs. It is a paradox to note
that until now, lack of survival benefit of EAFT was dem-
onstrated in non-transplanted, non-neutropenic critically ill
patients although the administration of antifungal agents
as empirical or prophylactic treatment has been shown to
decrease the incidence of IC in some well-designed rand-
omized controlled trials and meta-analysis [15, 28-30] or
the presence of IFIs in critically ill patients would increase
the mortality as demonstrated in numerous studies [31-33].
However, many other evolving factors other than the initia-
tion of EAFT, such as the timing, duration and antifungal
sensitivity to the suspected fungal may contribute to the
death of critically ill patients with suspected IFIs [31]. In
our study, we found later initiation of EAFT, but not the
duration of EAFT was associated with significantly higher
risk of death in patients with suspected IC. Furthermore,
this effect was also found in infection-attributable hospital
mortality (OR, 1.042; 95% CI, 1.005-1.081; P=0.027) in
the subgroup of septic patients with suspected IC. Knitsch
W et al. reported that preemptive antifungal therapy failed
to prevent IC in high-risk surgical ICU patients with intra-
abdominal infections partially due to the late initiation of
preemptive antifungal therapy [34]. Although fungi account
for only about ten percent of the primary etiology for sepsis
as reported previously [35, 36], the frequency of secondary
infection caused by fungi may increase due to the sepsis-
induced immunosuppression that occurred even at very early
stage of sepsis. Zorio V et al. found that all patients with
septic shock had immunosuppression on days 1-2 after the
onset of septic shock [37], which was associated with high
risk of secondary infection [38]. Therefore, we believe that
the timing of initiation is a determining factor for survival
benefit of EAFT in sepsis with suspected IC in the absence
of proven IFIs. However, the optimal time point for initiating
the EAFT especially in the absence of proven IFIs remains
unclear until now [39]. Furthermore, prior use of antifun-
gal agents could decrease the sensitivity of blood culture of
fungal organisms [40], which may partially explain why the
incidence of IC decreased, but the mortality did not decrease
after EAFT was given in high-risk patients [40].

In addition, no significant decrease of hospital mortal-
ity was observed in analysis of subgroups of patients with
sepsis, septic shock, multiple-site Candida colonization,
(1,3)-p-D-glucan test positive, age above 65 years, and
SOFA scores more than 8 points in our study. The criti-
cally ill patients were a highly heterogeneous population
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with a great variability in the risk of IC. Currently, no pre-
cise guidelines are available about indications for antifun-
gal treatment, timing, duration, and selection of antifungal
agents for ICU patients without proven IC [14]. Identify-
ing the subsets of ICU patients in the absence of IC who
could benefit from EAFT is critical for the balance between
the achievement of survival benefit of antifungal treatment
and avoidance of overuse of antifungal agents and subse-
quent fungal resistance. Identifying these subsets of patients
depends on the precise prediction rules with good sensitivity
and specificity for IC. However, current available predic-
tion scores or biomarkers such as (1,3)-f-D-glucan test have
reasonably good negative predictive values but poor positive
predictive value for IC in critically ill patients, which may
be indicated for antifungal stewardship use [41]. Therefore,
finding the potential subsets of ICU patients with benefit
from EAFT remains a big challenge for physicians [42].
Several limitations to our study must be addressed.
First, the results of this study were derived from a single
institution retrospectively, which therefore limited its gen-
eralizability to other populations. Moreover, there was a
small proportion of the study population having only one
risk factor of IC that may indicate these participants were
at low risk for IC in this study. Among the 55 participants
with only one risk factor of IC, there were 27 participants
diagnosed with sepsis, which was reported as a risk factor
of IC too. So, it indicates that the proportion of patients
with low risk of IC was relatively low in our study. How-
ever, the further study still should include an ICU popu-
lation at higher risk for IC than that in the present study.
Secondly, other potential confounders, such as the length
of ICU before enrollment, the possible source of infec-
tion, and possible microbiology etiology beside Candida
spp., were not collected in this study, which might lead to
different outcomes. However, we tried to balance numer-
ous well-known variables associated with the outcomes
of clinical infection using the propensity score match-
ing, such as age, SOFA score, Charlson index, sepsis,
and source control at baseline between the two groups,
to minimize the bias in this study. Thirdly, the initiation
of EAFT including selection, single use or combined use,
and sensitivity to the fungal microorganisms of antifungal
agents was not evaluated in this study which may influence
the beneficial effect of EAFT on outcome. Fourthly, this
study was designed as a pilot trial, and the sample size
was relatively small. Confirming survival benefit in ICU
patient groups, often with multiple comorbidities and high
mortality, requires much larger trials to achieve adequate
power. Actually, the enrolled participants at low risk for
IC and the small sample size made it difficult to detect
the mortality difference between the two groups, which

@ Springer

may partially account for no mortality benefit of EAFT in
this study. However, our results provide evidence to sup-
port further well-designed studies with larger sample size
evaluating the effect of EAFT on mortality in patients at
higher risk of IC in the absence of the proven IFIs.

Conclusions

The EAFT failed to decrease hospital mortality in non-
transplanted, non-neutropenic critically ill patients at risk
for IC in the absence of proven IFIs. However, later initia-
tion of EAFT was associated with higher risks of death
in these patients with suspected IC, which indicates the
timing of initiation may be critical for EAFT to decrease
mortality. The data from this study justifies further larger
studies to demonstrate outcome benefits of EAFT, includ-
ing the optimal timing, duration, and antifungal drug
selection in patients at higher risk of IC without proven
IFIs.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10096-022-04507-3.

Acknowledgements Not applicable.

Author contribution Yue Tang, Wenjing Hu, Shuangyan Jiang, and
Maoyu Xie contributed to collecting the clinical data and drafting the
manuscript. Wenying Zhu, Lin Zhang, Jing Sha, and Tengfei Wang
contributed to the study design and the statistical analysis. Min Ding,
Juan Zeng, Jinjiao Jiang, and Yue Tang participated in the interpreta-
tion of data and drafting and reviewing the manuscript. All authors read
and approved the final manuscript. All authors had full access to all the
data and accept responsibility for the decision to submit for publication.

Funding This cohort study was funded by grants from the National
Natural Science Foundation of China (No: 81800466) and the Specific
Fund of Clinical Medical Research of the Shandong Society of Critical
Care Medicine (No: 2021BS001).

Data availability The data analyzed during the current study may be
made available upon written request to the corresponding author.

Declarations

Ethics approval Ethical approval was waived by the Ethics Committee
of Shandong Provincial Hospital in view of the retrospective nature
of the study, and all the procedures being performed were part of the
routine care.

Consent to participate The requirement of informed consent was
waived for this study by the Ethics Committee of Shandong Provincial

Hospital due to the retrospective nature of this study.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.


https://doi.org/10.1007/s10096-022-04507-3

European Journal of Clinical Microbiology & Infectious Diseases

References

10.

11.

13.

14.

15.

Baldesi O, Bailly S, Ruckly S, Lepape A, L’Heriteau F, Aupee M
et al (2017) ICU-acquired candidaemia in France: epidemiology
and temporal trends, 2004-2013 - a study from the REA-RAISIN
network. J Infect 75:59-67. https://doi.org/10.1016/j.jinf.2017.03.
011

Bassetti M, Giacobbe DR, Vena A, Trucchi C, Ansaldi F,
Antonelli M et al (2019) Incidence and outcome of invasive can-
didiasis in intensive care units (ICUs) in Europe: results of the
EUCANDICU project. Crit Care 23:219. https://doi.org/10.1186/
$13054-019-2497-3

Kett DH, Azoulay E, Echeverria PM, Vincent JL (2011) Extended
Prevalence of Infection in ICU Study (EPIC 1I) Group of Inves-
tigators. Candida bloodstream infections in intensive care units:
analysis of the extended prevalence of infection in intensive care
unit study. Crit Care Med 39:665-670. https://doi.org/10.1097/
CCM.0b013e318206¢c1ca

Kollef M, Micek S, Hampton N, Doherty JA, Kumar A (2012)
Septic shock attributed to Candida infection: importance of
empiric therapy and source control. Clin Infect Dis 54:1739-1746.
https://doi.org/10.1093/cid/cis305

Patel GP, Simon D, Scheetz M, Crank CW, Lodise T, Patel N
(2009) The effect of time to antifungal therapy on mortality in
Candidemia associated septic shock. Am J Ther 16:508-511.
https://doi.org/10.1097/MJT.0b013e3181alafb7

Clancy CJ, Nguyen MH (2013) Finding the “missing 50%” of
invasive candidiasis: how nonculture diagnostics will improve
understanding of disease spectrum and transform patient care.
Clin Infect Dis 56:1284-1292. https://doi.org/10.1093/cid/cit006
Clancy CJ, Nguyen MH (2018) Diagnosing invasive candidiasis. J
Clin Microbiol 56:¢01909—e019017. https://doi.org/10.1128/JCM.
01909-17

Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA,
Ostrosky-Zeichner L et al (2016) Clinical practice guideline for
the management of candidiasis: 2016 update by the infectious
diseases society of America. Clin Infect Dis 62:e1-e50. https://
doi.org/10.1093/cid/civ933

Kullberg BJ, Arendrup MC (2015) Invasive candidiasis. N Engl
J Med 373:1445-1456. https://doi.org/10.1056/NEJMral1315399
Siddharthan T, Karakousis PC, Checkley W (2016) Empirical
antifungal therapy in critically ill patients with sepsis: another
case of less is more in the ICU. JAMA 316:1549-1550. https://
doi.org/10.1001/jama.2016.13801

Bretonniere C, Lakhal K, Lepoivre T, Boutoille D, Morio F (2016)
What is the role of empirical treatment for suspected invasive
candidiasis in non-neutropenic non transplanted patients in
the intensive care unit?-empiricus strikes back!. J Thorac Dis
8:E1719-E1722. https://doi.org/10.21037/jtd.2016.12.99.

. Vossen MG, Milacek C, Thalhammer F (2018) Empirical anti-

microbial treatment in haemato-/oncological patients with neu-
tropenic sepsis. ESMO Open 3:e000348. https://doi.org/10.1136/
esmoopen-2018-000348

Maertens J, Lodewyck T, Peter Donnelly J, Chantepie S, Robin
C, Blijlevens N, et al (2022) Empiric versus pre-emptive anti-
fungal strategy in high-risk neutropenic patients on fluconazole
prophylaxis: a randomized trial of the European organization for
Research and Treatment of cancer (EORTC 65091). Clin Infect
Dis 30:ciac623. https://doi.org/10.1093/cid/ciac623.

Azoulay E, Dupont H, Tabah A, Lortholary O, Stahl JP, Francais
A et al (2012) Systemic antifungal therapy in critically ill patients
without invasive fungal infection. Crit Care Med 40:813-822.
https://doi.org/10.1097/CCM.0b013e318236297

Timsit JF, Azoulay E, Schwebel C, Charles PE, Cornet M, Sou-
weine B et al (2016) Empirical micafungin treatment and survival

16.

17.

18.

19.

20

21.

22.

23.

24.

25.

26.

27.

28.

29.

without invasive fungal infection in adults with ICU-acquired sep-
sis, Candida colonization, and multiple organ failure: the EMPIRI-
CUS Randomized Clinical Trial. JAMA 316:1555-1564. https://
doi.org/10.1001/jama.2016.14655

Schuster MG, Edwards JE Jr, Sobel JD, Darouiche RO, Karchmer
AW, Hadley S et al (2008) Empirical fluconazole versus placebo
for intensive care unit patients: a randomized trial. Ann Intern
Med 149:83-90. https://doi.org/10.7326/0003-4819-149-2-20080
7150-00004

Concato J, Shah N, Horwitz RI (2000) Randomized, controlled
trials, observational studies, and the hierarchy of research designs.
N Engl J Med 342:1887-1892. https://doi.org/10.1056/NEIM?2
00006223422507

Rosenbaum PR, Rubin DB (1983) The central role of the propen-
sity score in observational studies for causal effects. Biometrika
70:41-55. https://doi.org/10.1093/biomet/70.1.41

Rubin DB (1997) Estimating causal effects from large data sets
using propensity scores. Ann Intern Med 127:757-763. https://
doi.org/10.7326/0003-4819-127-8_part_2-199710151-00064
Calandra T, Cohen J, International Sepsis Forum Definition of
Infection in the ICU Consensus Conference (2005) The interna-
tional sepsis forum consensus conference on definitions of infec-
tion in the intensive care unit. Crit Care Med 33:1538-1548.
https://doi.org/10.1097/01.CCM.0000168253.91200.83
Donnelly JP, Chen SC, Kauffman CA, Steinbach WJ, Baddley
JW, Verweij PE et al (2020) Revision and update of the consensus
definitions of invasive fungal disease from the European Organi-
zation for Research and Treatment of Cancer and the Mycoses
Study Group Education and Research Consortium. Clin Infect Dis
71:1367-1376. https://doi.org/10.1093/cid/ciz1008

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M et al (2016) The Third International Con-
sensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA
315:801-810. https://doi.org/10.1001/jama.2016.0287

Hsu JF, Chu SM, Wang HC, Liao CC, Lai MY, Huang HR et al
(2021) Multidrug-resistant healthcare-associated infections in
neonates with severe respiratory failure and the impacts of inap-
propriate initial antibiotic therap. Antibiotics (Basel) 10:459.
https://doi.org/10.3390/antibiotics 10040459

Bangalore S, Guo Y, Samadashvili Z, Blecker S, Xu J, Hannan EL
(2015) Everolimus-eluting stents or bypass surgery for multivessel
coronary disease. N Engl J Med 372:1213-1222. https://doi.org/
10.1056/NEJMoal412168

Wang SV, Jin Y, Fireman B, Gruber S, He M, Wyss R et al (2018)
Relative performance of propensity score matching strategies for
subgroup analyses. Am J Epidemiol 187:1799-1807. https://doi.
org/10.1093/aje/kwy049

Trifi A, Abdellatif S, Daly F, Nasri R, Touil Y, Ben Lakhal S
(2019) Empiric antifungal and outcome in ICU patients. Tunis
Med 97:579-587

Bailly S, Bouadma L, Azoulay E, Orgeas MG, Adrie C, Souweine
B et al (2015) Failure of empirical systemic antifungal therapy
in mechanically ventilated critically ill patients. Am J Respir
Crit Care Med 191:1139-1146. https://doi.org/10.1164/rccm.
201409-17010C

Cortegiani A, Russotto V, Maggiore A, Attanasio M, Naro AR,
Raineri SM, et al (2016) Antifungal agents for preventing fun-
gal infections in non-neutropenic critically ill patients. Cochrane
Database Syst Rev 2016:CD004920. https://doi.org/10.1002/
14651858.CD004920.pub2.

Ostrosky-Zeichner L, Shoham S, Vazquez J, Reboli A, Betts R,
Barron MA et al (2014) 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 58:1219-1226. https://doi.
org/10.1093/cid/ciu074

@ Springer


https://doi.org/10.1016/j.jinf.2017.03.011
https://doi.org/10.1016/j.jinf.2017.03.011
https://doi.org/10.1186/s13054-019-2497-3
https://doi.org/10.1186/s13054-019-2497-3
https://doi.org/10.1097/CCM.0b013e318206c1ca
https://doi.org/10.1097/CCM.0b013e318206c1ca
https://doi.org/10.1093/cid/cis305
https://doi.org/10.1097/MJT.0b013e3181a1afb7
https://doi.org/10.1093/cid/cit006
https://doi.org/10.1128/JCM.01909-17
https://doi.org/10.1128/JCM.01909-17
https://doi.org/10.1093/cid/civ933
https://doi.org/10.1093/cid/civ933
https://doi.org/10.1056/NEJMra1315399
https://doi.org/10.1001/jama.2016.13801
https://doi.org/10.1001/jama.2016.13801
https://doi.org/10.21037/jtd.2016.12.99
https://doi.org/10.1136/esmoopen-2018-000348
https://doi.org/10.1136/esmoopen-2018-000348
https://doi.org/10.1093/cid/ciac623
https://doi.org/10.1097/CCM.0b013e318236f297
https://doi.org/10.1001/jama.2016.14655
https://doi.org/10.1001/jama.2016.14655
https://doi.org/10.7326/0003-4819-149-2-200807150-00004
https://doi.org/10.7326/0003-4819-149-2-200807150-00004
https://doi.org/10.1056/NEJM200006223422507
https://doi.org/10.1056/NEJM200006223422507
https://doi.org/10.1093/biomet/70.1.41
https://doi.org/10.7326/0003-4819-127-8_part_2-199710151-00064
https://doi.org/10.7326/0003-4819-127-8_part_2-199710151-00064
https://doi.org/10.1097/01.CCM.0000168253.91200.83
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.3390/antibiotics10040459
https://doi.org/10.1056/NEJMoa1412168
https://doi.org/10.1056/NEJMoa1412168
https://doi.org/10.1093/aje/kwy049
https://doi.org/10.1093/aje/kwy049
https://doi.org/10.1164/rccm.201409-1701OC
https://doi.org/10.1164/rccm.201409-1701OC
https://doi.org/10.1002/14651858.CD004920.pub2
https://doi.org/10.1002/14651858.CD004920.pub2
https://doi.org/10.1093/cid/ciu074
https://doi.org/10.1093/cid/ciu074

European Journal of Clinical Microbiology & Infectious Diseases

30.

31.

32.

33.

34.

35.

36

37.

Pelz RK, Hendrix CW, Swoboda SM, Diener-West M, Merz WG,
Hammond J et al (2001) Double-blind placebo-controlled trial of
fluconazole to prevent candidal infections in critically ill surgical
patients. Ann Surg 233:542-548. https://doi.org/10.1097/00000
658-200104000-00010

Cortegiani A, Russotto V, Raineri SM, Giarratano A (2016) The
paradox of the evidence about invasive fungal infection preven-
tion. Crit Care 20:114. https://doi.org/10.1186/s13054-016-1284-7
Cortegiani A, Russotto V, Raineri SM, Giarratano A (2016) Anti-
fungal prophylaxis: update on an old strategy. Eur J Clin Microbiol
Infect Dis 35:1719-1720. https://doi.org/10.1016/j.ejim.2016.08.029
Cortegiani A, Russotto V, Raineri SM, Gregoretti C, Giarratano
A (2017) Uncertainty about the evidence on untargeted antifungal
treatment. Eur J Intern Med 37:e18-e19. https://doi.org/10.1016/j.
€jim.2016.08.029

Knitsch W, Vincent JL, Utzolino S, Frangois B, Dinya T, Dimo-
poulos G et al (2015) A randomized, placebo-controlled trial of
preemptive antifungal therapy for the prevention of invasive can-
didiasis following gastrointestinal surgery for intra-abdominal
infections. Clin Infect Dis 61:1671-1678. https://doi.org/10.1093/
cid/civ707

Chou EH, Mann S, Hsu TC, Hsu WT, Liu CC, Bhakta T et al
(2020) Incidence, trends, and outcomes of infection sites
among hospitalizations of sepsis: a nationwide study. Plos one
15:€0227752. https://doi.org/10.1371/journal.pone.0227752

Xie J, Wang H, Kang Y, Zhou L, Liu Z, Qin B et al (2020) The
epidemiology of sepsis in Chinese ICUs: a national cross-sec-
tional survey. Crit Care Med 48:¢209-e218. https://doi.org/10.
1097/CCM.0000000000004155

Zorio V, Venet F, Delwarde B, Floccard B, Marcotte G, Textoris J
et al (2017) Assessment of sepsis-induced immunosuppression at
ICU discharge and 6 months after ICU discharge. Ann Intensive
Care 7:80. https://doi.org/10.1186/s13613-017-0304-3

@ Springer

38.

39.

40.

41

42.

Ripa M, Galli L, Poli A, Oltolini C, Spagnuolo V, Mastrangelo
A et al (2021) Secondary infections in patients hospitalized
with COVID-19: incidence and predictive factors. Clin Micro-
biol Infect 27:451-457. https://doi.org/10.1016/j.cmi.2020.10.
021

Wang Y, McGuire TM, Hollingworth SA, Dong Y, Van Driel ML
(2019) Antifungal agents for invasive candidiasis in non-neutro-
penic critically ill adults: what do the guidelines recommend? Int
J Infect Dis 89:137-1345. https://doi.org/10.1016/j.ijid.2019.10.
016

Beyda ND, Amadio J, Rodriguez JR, Malinowski K, Garey KW,
Wanger A et al (2018) In vitro evaluation of BacT/alert FA blood
culture bottles and T2Candida assay for detection of Candida in
the presence of antifungals. J Clin Microbiol 56:¢00471-e518.
https://doi.org/10.1128/JCM.00471-18

Osthoff M, Khanna N, Siegemund M (2017) The EMPIRICUS
trial-the final nail in the coffin of empirical antifungal therapy in
the intensive care unit? J Thorac Dis 9:269-273. https://doi.org/
10.21037/jtd.2017.02.78

Logan C, Martin-Loeches I, Bicanic T (2020) Invasive can-
didiasis in critical care: challenges and future directions.
Intensive Care Med 46:2001-2014. https://doi.org/10.1007/
s00134-020-06240-x

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.


https://doi.org/10.1097/00000658-200104000-00010
https://doi.org/10.1097/00000658-200104000-00010
https://doi.org/10.1186/s13054-016-1284-7
https://doi.org/10.1016/j.ejim.2016.08.029
https://doi.org/10.1016/j.ejim.2016.08.029
https://doi.org/10.1016/j.ejim.2016.08.029
https://doi.org/10.1093/cid/civ707
https://doi.org/10.1093/cid/civ707
https://doi.org/10.1371/journal.pone.0227752
https://doi.org/10.1097/CCM.0000000000004155
https://doi.org/10.1097/CCM.0000000000004155
https://doi.org/10.1186/s13613-017-0304-3
https://doi.org/10.1016/j.cmi.2020.10.021
https://doi.org/10.1016/j.cmi.2020.10.021
https://doi.org/10.1016/j.ijid.2019.10.016
https://doi.org/10.1016/j.ijid.2019.10.016
https://doi.org/10.1128/JCM.00471-18
https://doi.org/10.21037/jtd.2017.02.78
https://doi.org/10.21037/jtd.2017.02.78
https://doi.org/10.1007/s00134-020-06240-x
https://doi.org/10.1007/s00134-020-06240-x

	Effect of empirical antifungal treatment on mortality in non-neutropenic critically ill patients: a propensity-matched retrospective cohort study
	Abstract
	Introduction
	Materials and methods
	Patient selection

	Study design
	Outcomes
	Potential covariates
	Definitions
	Statistical analysis
	Results
	Study population

	Cohort before propensity score matching
	Baseline patient characteristics
	Outcomes

	Cohort after propensity score matching
	Baseline patient characteristics
	Outcomes

	Comparison of death in predefined subgroups in the propensity score–matched cohort
	Effect of the timing and duration of EAFT on the risk of death in patients with suspected IC
	Sensitivity analysis

	Discussion
	Conclusions
	Acknowledgements 
	References


