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Abstract

Septic shock caused by fungal organisms is characterized by high mortality and
diagnostic complexity. We used the Premier Healthcare Database to characterize
antifungal use and fungal diagnoses among adults with septic shock requiring
vasopressors admitted between October 2022 through July 2024. Among 12.8 million
admission at 886 hospitals, 554,948 met septic shock criteria and were included for
analysis. A fungal diagnosis was established in 11,405 (2.1%) of encounters; of these,
3,565 (31.3%) received intravenous antifungal therapy within one day of vasopressor
initiation. In the overall cohort, antifungal therapy was initiated in 29,824 (5.5%) within
one day of vasopressor initiation; of these, 3,656 (12.2%) were ultimately diagnosed
with a fungal infection. In the 116 hospitals reporting microbiological data, a subgroup of
489 encounters with septic shock and culture-confirmed candidemia was identified. In
this subgroup, intravenous antifungal therapy was initiated in 43.8% within one day,
63.8% within three days, and 78.9% within seven days. These findings highlight a
profound decoupling between fungal diagnosis and treatment—few patients receiving
antifungals were diagnosed with an infection that would be treated by these agents,
while less than half of patients with septic shock and candidemia received timely
treatment. Strategies for greater precision in empiric antifungal use in septic shock are

needed to improve safety, stewardship, and outcomes.
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Background

Compared to bacterial organisms, septic shock from fungi is characterized by higher
mortality, greater diagnostic complexity and less consensus around when empiric
antimicrobials are warranted.’™ Delayed antifungal administration is associated with
considerable mortality among patients with fungal septic shock.? We measure hospital
variation in antifungal use as well as the incidence of International Classification of
Diseases, tenth revision (ICD-10)-coded fungal diagnoses and culture-confirmed

candidemia across the United States in patients with septic shock.

Methods

Description of cohort

We used the Premier Healthcare Database (PHD)which encompasses ~25% of United
States inpatient admissions.” We included adults admitted between 1 October 2022 and
31 July 2024, and limited to encounters for sepsis by applying Angus sepsis algorithms
(explicit sepsis diagnosis or combination of code for infection and a code for organ
dysfunction) to ICD-10 diagnosis codes that were labelled as present on admission.®”’
We further limited to encounters with septic shock, defined as those with sepsis who
were initiated on a vasopressor using hospital billing codes. Time of onset of septic
shock was defined as the day of first vasopressor initiation. We characterized the cohort
based on presence of at least one high-risk fungal ICD-10 discharge diagnosis code
(Table 1). Codes describing fungal infections of an isolated non-sterile site (e.qg.,
candida esophagitis) were excluded. We used hospital billing codes to identify use of

intravenous antifungal medications within 1 (primary outcome), 3, and 7 calendar days
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on either side of vasopressor initiation. We used a composite of hospital death or

discharge to hospice as a surrogate for 30-day all-cause mortality.®

Other study measures

Additional variables collected for use as covariables included admission age and sex,
measures of acute organ dysfunction, and Gagne combined comorbidity score (all
measured at the time of admission); hospital-level factors included teaching status,
census region, bed count, and urban versus rural status.®*° A dummy variable for the

hospital of admission was included.

Analyses

Summary measures were stratified by presence of a high-risk fungal code using
medians (interquartile range) and counts (percentages) where appropriate, with

comparisons dose using Wilcoxon rank-sum tests for continuous and Chi-squared tests

for categorical measures. We constructed hierarchical logistic regression models for the

outcomes of antifungal use within 1, 3, and 7 days of vasopressor initiation. Included in
each model were the covariables listed in the ‘other study measures’ section above. All
variables were included as fixed effects except for the hospital of admission dummy
variable which was included as a random effect term. From the models, we reported
adjusted odds ratios for the association between each fixed effect and use of
antifungals and the median odds ratio — a measure of variation in antifungal use
between hospitals defined as the increased risk (in median) comparing a randomly

selected hospital with lower use of antifungals to a randomly selected hospital with
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higher use of antifungals.'* We calculated Wald 95% confidence intervals for fixed effect
odds ratios and used bootstrapping with 1000 iterations to calculate 95% confidence

intervals for median odds ratios.

Additional analyses

Approximately 15% of PHD hospitals contribute laboratory information. Within this
subgroup we further restricted the cohort to candidemic septic shock, defined as those
with a blood culture collected within 3 days either side of the day of vasopressor
initiation that isolated any species of Candida. In a second analysis, we analyzed
antifungal practices after excluding patients with oncologic (COx-D4x) or transplant-

related (Z94x) ICD-10 diagnosis codes

Results

Of 12,814,144 adult admissions at 886 hospitals, 544,948 met septic shock criteria and
11,405 (2.1%) septic shock admissions had a diagnosed fungal infection (Table 2).
Admissions with septic shock and a fungal diagnosis more frequently resulted in death
or discharge to hospice than septic shock without fungal diagnosis (37.6% vs 32.1%,
p<0.001). Candida (70.0%, 7,989/11,405) and Aspergillus (12.1%, 1,383/11,405) were

the most coded fungal pathogens.

Among septic shock admissions, an intravenous antifungal was used in 29,824

admissions (5.5%) within 1 day of vasopressor initiation, 38,283 (7.0%) within 3 days,
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89 and 47,620 (8.7%) within 7 days. Fluconazole and micafungin were most common
90 (Table 3).
91
92 Among septic shock admissions with a fungal diagnosis, 31.3% (3,565/11,405) received
93 anintravenous antifungal within 1 day of vasopressor initiation. The majority of
94  intravenous antifungal use within 1 day was in admissions where a fungal infection was
95 not documented in diagnostic codes (88.0%, 26,259/29,824). This pattern persisted
96 (87.5%, 18,473/21,106) even after excluding admissions with transplant or oncologic
97 diagnoses, where prophylactic antifungal use may be more common *2.
98
99 A subgroup of 116 hospitals (14%) reported blood culture results to the database. A total
100 of 489 admissions to these hospitals had blood cultures drawn at the time of
101 vasopressor initiation that subsequently confirmed candidemia. Intravenous antifungal
102 therapy was initiated in 43.8% (214) of these cases within 1 day, 63.8% (312) within 3
103 days, and 78.9% (386) within 7 days of vasopressor initiation. Of these 489 candidemia
104 cases, blood cultures were finalized on the day of death or later in 32.1% (157) of
105 cases.
106
107 In multivariable analysis for receipt of intravenous antifungals within 1 day of
108 vasopressor initiation, patient-level factors such as additional vasopressor use (odds
109 ratio [OR] = 1.45 for each additional vasopressor, 95% confidence interval [CI] 1.43-

110 1.47), acute renal dysfunction (OR=1.38, 95%CI 1.34-1.42), and acute respiratory
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111  dysfunction (OR=1.26, 95%CI 1.23-1.29) were of similar magnitude as the variation in
112  practice between hospitals (median odds ratio 1.55, 95%CI: 1.53 — 1.58; Figure 1).
113

114 Discussion

115 In this national sample of contemporary patients with septic shock, many patients with
116 diagnosed fungal infections—including culture-confirmed candidemia—did not receive
117 timely intravenous antifungal therapy. Although antifungal use was more frequent in
118 those with a fungal diagnosis, most antifungal use occurred in those without a fungal
119 diagnosis. There was substantial hospital variation in the proportion of early intravenous
120 antifungal use.

121

122  These results raise the possibility that more tailored use of antifungals could

123 simultaneously improve safety, stewardship, and outcomes. Important limitations of this
124  work include reliance on blood culture confirmation of candidemia or on administrative
125 codes, neither of which are perfect for measuring septic shock attributable to a fungal

126  pathogen.
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Figure 1. Median predicted probabilities of antifungal use within 1 day of
vasopressor initiation per hospital among septic shock encounters. Shown are
medians (black dots) and interquartile ranges (grey lines) predicted probabilities from
the hierarchical logistic regression models for antifungal use within 1 day of vasopressor

initiation per hospital.
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Table 1. ICD-10 codes used to define presence of high-risk fungal infection

Fungal infection ICD-10 codes

Aspergillosis B44.0, B44.1, B44.7, B44.9
Blastomycosis B40.1-B40.7, B40.81, B40.89, B40.9
Candidiasis B37.6, B37.7, B37.9
Coccidioidomycosis B38.0-B38.4, B38.7, B38.89, B38.9
Cryptococcosis B45.0-B45.9

Histoplasmosis B39.0-B39.9

Other specified mycoses B48.8
Paracoccidioidomycosis B41.0-B41.9
Penicillosis B48.4
Zygomycosis B46.0-B46.9

ICD-10: International Classification of Diseases, tenth revision
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Table 2: Characteristics, use of intravenous antifungals, and outcomes of hospital admission
with septic shock stratified by presence of diagnosed fungal infection

No diagnosed

Diagnosed fungal fungal infection P-
Variable infection (n=11,405) (n=533,543) Total (n=544,948) valuet
Admission age —
years, median (IOR) 65 (56, 74) 69 (59, 77) 69 (59, 77) 0.079
Female sex, No. (%) 5,236 (45.9) 249,396 (46.7) 254,632 (46.7) <0.001
Received
intravenous
antifungal within 1 3,565 (31.3) 26,259 (4.9) 29,824 (5.5) <0.001
day of vasopressor
initiation, No. (%)
Fluconazole 1,248 (35.0) 11,808 (45.0) 13,056 (43.8) <0.001
Micafungin 1,352 (37.9) 11,427 (43.5) 12,779 (32.8) <0.001
Other* 1,405 (39.4) 4,258 (16.2) 5,700 (19.1) <0.001
Died or discharged to 4,289 (37.6) 171,123 (32.1) 175,412 (32.2) <0.001

hospice, No. (%)

*Includes amphotericin, anidulafungin, caspofungin, isavuconazole, posaconazole, and
voriconazole. Total exceeds 100% due to multiple antifungals administered during the same
encounter

tP-values generated using Wilcoxon rank-sum tests for continuous and Chi-squared tests for
categorical measures. P-values compare diagnosed fungal infection rows to no diagnosed
fungal infection rows

IQR: interquartile range
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Table 3. Intravenous antifungal use in patients with septic shock

Diagnosed fungal

Timing of intravenous infection No diqgnosed fungal Total Pvaluet
antifungal use (n=11,405) infection (n=533,543) (n=544,948)

?’r\l’i'ttig't?oﬁ’dﬁé’_"(f,/;’)afomessor 3,656 (31.3) 26,259 (4.9) 20,824 (5.5) <0.001
Amphotericin 615 (16.8) 542 (2.1) 1,157 (3.9) <0.001
Anidulafungin 308 (8.4) 1,926 (7.3) 2,234 (7.5) <0.001
Caspofungin 137 (3.7) 739 (2.8) 876 (2.9) <0.001
Fluconazole 1,248 (34.1) 11,808 (45.0) 13,056 (43.8) <0.001
Isavuconazole 99 (2.7) 286 (1.1) 385 (1.3) <0.001
Micafungin 1,352 (37.0) 11,427 (43.5) 12,779 (42.8) <0.001
Posaconazole 37 (1.0 129 (0.5) 166 (0.6) <0.001
Voriconazole 246 (6.7) 636 (2.4) 882 (3.0) <0.001
?’r\l’i'ttig't?oﬁ’dﬁé’_s(gj);aSOPressor 4,773 (41.9) 33,510 (6.3) 38,283 (7.0) <0.001
Amphotericin 777 (16.3) 702 (2.1) 1,479 (3.9) <0.001
Anidulafungin 437 (9.2) 2,556 (7.6) 2,993 (7.8) <0.001
Caspofungin 200 (4.2) 1,002 (3.0) 1,202 (3.1) <0.001
Fluconazole 1,713 (35.9) 15,209 (45.4) 16,922 (44.2) <0.001
Isavuconazole 144 (3.0) 382 (1.1) 526 (1.4) <0.001
Micafungin 2,026 (42.4) 15,010 (44.8) 17,036 (44.5) <0.001
Posaconazole 46 (1.0) 158 (0.5) 204 (0.5) <0.001
Voriconazole 371 (7.8) 841 (2.5) 1,212 (3.2) <0.001
?’r\l’i'ttig't?oz’dﬁé’_s(gj);aSOPressor 5,915 (51.9) 41,705 (7.8) 47,620 (8.7) <0.001
Amphotericin 936 (15.8) 883 (2.1) 1,819 (3.8) <0.001
Anidulafungin 567 (9.6) 3,337 (8.0) 3,904 (8.2) <0.001
Caspofungin 268 (4.5) 1,303 (3.1) 1,571 (3.3) <0.001
Fluconazole 2,243 (37.9) 19,015 (45.6) 21,258 (44.6) <0.001
Isavuconazole 186 (3.1) 480 (1.2) 666 (1.4) <0.001
Micafungin 2,667 (45.1) 19,344 (46.4) 22,011 (46.2) <0.001
Posaconazole 58 (1.0) 184 (0.4) 242 (0.5) <0.001
Voriconazole 556 (9.4) 1,115 (2.7) 1,671 (3.5) <0.001

*Total exceeds 100% due to multiple antifungals administered during the same encounter.

tP-values generated using Chi-squared comparing high risk fungal infection code present to high risk fungal

infection code absent columns.
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