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Abstract

Background.

Invasive fungal infections (IFI) are considered as one of the significant complications of prolonged
extracorporeal membrane oxygenation (ECMO). Published estimates of the incidence of IFl in ECMO
patients vary widely, ranging from 1-2% to 30—40%. A key clinical problem is the distinction between
cases of true mycotic infection, confirmed microbiologically or histologically, and cases of clinical
suspicion, in which antifungal therapy begins empirically and is not confirmed. The consensus
definitions of EORTC/MSGERC 2019/2020 distinguish the categories of "proven’, "probable" and
"possible" IFI, FUNDICU 2024 does not recommend using the definition of "possible" IFI for research
purposes. Only the "proven" and "probable" IFI categories are considered a valid basis for clinical and
epidemiological studies.

To determine the frequency, etiological spectrum, and independent predictors of confirmed IFI — defined
as "proven" or "probable" — in adults on ECMO for > 48 hours, and to describe patients who received
empirical antifungal therapy without microbiological confirmation.

Methods.

This retrospective single-centre cohort study included 235 consecutive adult patients who received
ECMO for > 48 hours between 2019 and 2026. Confirmed IFl was defined as a diagnosis from the
"proven" or "probable" categories according to the EORTC/MSGERC 2019/2020 criteria (for patients with
classical risk factors for IFl in the host) or FUNDICU 2024 (for the rest). Cases of the "possible" category
were not included in the main analysis and were analyzed separately. Univariate and multivariable
logistic regression analyses were applied.

Results.

Confirmed IFI was diagnosed in 29 of 235 patients (12.3%): invasive candidiasis in 21 (8.9%), invasive
aspergillosis in 7 (3.0%), and cryptococcosis in 1 (0.4%). The diagnosis was proven in 23 patients and
probable in 6. A further 58 patients (24.7%) were diagnosed with possible IFl, 55 of whom received
empirical antifungal therapy without microbiological confirmation. In multivariable logistic regression,
the independent predictors of confirmed IFI were lymphocytopenia duration (adjusted odds ratio [aOR]
1.02 per day; 95% CI 1.00-1.05; p = 0.037) and the need for renal replacement therapy (RRT; aOR 12.23;
95% Cl 1.55-96.40; p = 0.017); veno-venous ECMO showed a borderline association (aOR 3.80; 95% ClI
0.98-14.75; p = 0.053). In the multivariable model, viral pneumonia was paradoxically associated with
reduced odds of a confirmed diagnosis (aOR 0.14; 95% Cl 0.04-0.50; p = 0.002), reflecting the
predominance of the "possible" IFI category with empirical treatment without verification in this
particular group of patients.

Conclusions.
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In patients on prolonged ECMO, confirmed IFI develops in approximately 12.3%, with invasive candidiasis
predominating. Prolonged lymphocytopenia and the need for RRT are the independent risk factors. The
ratio between the number of confirmed cases (29) and the number of patients with clinical suspicion
and/or empirical antifungal therapy (87) is 1:3 and highlights the significant proportion of unnecessary
prescribing of antifungal drugs. Managing ECMO patients requires both clinical vigilance for fungal
infection and rigorous microbiological confirmation to avoid unnecessary antifungal use and its
associated toxicity.

Introduction

Extracorporeal membrane oxygenation (ECMO) is a method of temporary replacement of lung and/or
heart function in patients with refractory organ failure. Over the past decade, ECMO has become a
routine treatment option for severe acute respiratory distress syndrome (ARDS), including viral
aetiologies, and for cardiogenic shock. With an increase in the duration of the procedure and the
expansion of indications, attention to infectious complications has increased, among which invasive
fungal infections (IFl) occupy a special place.

Published estimates of the incidence of invasive fungal infections (IFl) in ECMO patients vary widely
across studies. In the largest registry study to date, Cavayas et al. (2018) reported a prevalence of
aspergillosis of 1.4% (including both infection and colonisation with Aspergillus spp) and of invasive
candidiasis with candidemia of 1.2% among > 19,000 adult patients in the ELSO registry; both conditions
were independently associated with reduced survival [1]. An accompanying editorial by Mongardon et al.
emphasised that the predictors of aspergillosis and candidiasis differ fundamentally: aspergillosis more
often arises in the context of pre-existing immunosuppression or severe lung injury, whereas the risk
factors for candidemia are non-specific markers of severity—older age, sepsis, and renal replacement
therapy (RRT) [2]. Poth et al. (2024) confirmed an association between IFl and markedly reduced survival
in veno-arterial ECMO (hospital mortality rising from 67% to 94%), although they suggested that IFI
served more as a severity marker than as a direct cause of death [3]. Single-centre studies with frequent
empirical antifungal use often report much higher incidence rates, up to 30—-40%, largely driven by cases
of clinical suspicion without mycological confirmation. An important research area is distinguishing
respiratory tract colonisation from clinically significant infection [9].

Russian clinical guidelines on antimicrobial therapy regard IFl as a major problem in modern intensive
care. The authors show that in the context of critical illness, invasive procedures, broad-spectrum
antibiotics, organ dysfunction, and critical illness-associated immunosuppression, the frequency of IFl is
high and adversely affects prognosis [11, 12]. Invasive candidiasis, particularly candidemia, remains the
leading fungal infection in ICUs [13]. The COVID-19 pandemic highlighted the clinical importance of other
fungi — particularly moulds — with invasive aspergillosis, mucormycosis, fusariosis, and other rare
fungal infections gaining major clinical attention [6, 11, 14]. Russian researchers have proposed
diagnostic and therapeutic algorithms for COVID-19-associated candidiasis and aspergillosis (COVID-IA)
that are broadly consistent with the international ECMM/ISHAM 2020 consensus [10, 15].
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Differences in reported IFI frequency largely reflect variation in diagnostic approaches and the inclusion
of different mycosis categories in the primary outcome — not true epidemiological differences. A
"proven" diagnosis requires culture from a normally sterile site or histologic confirmation. A "probable”
diagnosis requires a combination of clinical, radiological, and mycological criteria, along with host risk
factors. In contrast, a "possible" diagnosis is based solely on clinical and radiological findings, without
mycological confirmation. In practice, the "possible" category mainly comprises patients with severe
lung injury in whom empirical antifungals are started without evidence of IFI. Including this category in
the primary outcome inflates the reported IFI frequency and shifts the focus from infection epidemiology
to the practice of empirical antifungal therapy [4, 5]. The FUNDICU 2024 consensus provided definitions
for adult non-neutropenic ICU patients without classical risk factors, aiming to unify the definition of IFI
(mainly candidiasis and aspergillosis) for research purposes. There is no separate universal category of
"possible IFI" in FUNDICU in the same form as in EORTC/MSGERC [5].

ECMO patients are in a unique clinical situation: prolonged mechanical ventilation, prolonged standing of
multiple invasive lines (both ECMO cannulas and central venous catheters), prolonged use of massive
antibacterial therapy, immunomodulatory therapy, repeated blood transfusion, and the need for RRT. This
combination of factors does not fit easily within the classical host factor framework of EORTC/MSGERC
2019/2020 [4]. In 2024, the international expert consensus FUNDICU published consensus definitions for
immunocompetent adult ICU patients, with separate criteria for "proven" and "probable" invasive
candidiasis and aspergillosis [5]. In domestic practice, the recommendations of the Ministry of Health of
the Russian Federation (interim guidelines on COVID-19, version 19, 2025) [15] and recommendations
edited by N. N. Klimko [12] identify a separate algorithm for mycological diagnosis in critically ill patients
using galactomannan in bronchoalveolar lavage (BAL) fluid, serological tests, and culture testing.

This study aimed to assess the frequency of confirmed IFI (probable or proven categories) in a
single-centre Russian cohort of patients on prolonged ECMO, to identify predictors of confirmed IFI using
ECMO-specific parameters, and to describe patients who received empirical antifungal therapy without
mycological confirmation.

Materials and methods

Design and population

A single-center retrospective cohort study was conducted. We included all consecutive adults (=18
years) who received ECMO for > 48 hours between January 2019 and February 2026 at the ECMO Centre
of Moscow Clinical Research Center Hospital 52 DZM (formerly City Clinical Hospital No. 52), regardless
of indication or circuit configuration. Patients on ECMO for < 48 hours or with incomplete IFI data were
excluded.

Data collection
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Demographic data (age, sex), underlying and concomitant conditions (diabetes, obesity, chronic lung
disease, cancer, haematological disorders), pre-ECMO hospitalisation length, presence of viral
pneumonia (including influenza and COVID-19), ECMO type and duration, and weaning status were
extracted from electronic medical records and ICU charts, along with laboratory parameters for the entire
ECMO run: minimum and maximum values of leukocytes, lymphocytes, neutrophils, platelets, maximum
values of procalcitonin and C-reactive protein, duration of lymphocytopenia (lymphocytes < 1.0x10°/L).
Use of systemic corticosteroids, other immunosuppressants (IL-6 inhibitors, JAK inhibitors, cytostatics,
etc.), RRT, antifungal therapy, and hospital outcome were also recorded.

Diagnosis of IFI and outcome definition

The IFI was classified under the modified EORTC/MSGERC 2019/2020 criteria [4] for patients with
classical host risk factors and the FUNDICU 2024 definitions [5] for patients without them. Three
categories of IFI were defined: "proven’, "probable", and "possible". The primary endpoint was confirmed
IFl, defined as "proven" or "probable” cases. Cases of clinical suspicion of IFI without mycological
verification were classified as "possible", they were excluded from the primary analysis and were
described separately. Proven invasive candidiasis was defined as isolation of Candida spp. from blood or
a normally sterile site; proven invasive aspergillosis — with histological confirmation (including autopsy
data) in the presence of appropriate clinical and radiological signs. In fatal cases, the diagnosis was

reassessed based on autopsy findings.

Statistical analysis

Continuous variables are described as the median [interquartile range (IQR)], categorical variables as
frequencies (percentages). The groups were compared using the Mann—Whitney test and the Fisher
exact test or chi-squared test, depending on the applicability. Independent predictors of confirmed IFI
were assessed using binary logistic regression. Variables with p < 0.1 in univariate analysis, as well as
clinically relevant variables, were entered into the multivariable model. The results are presented as an
odds ratio (OR) with a 95% confidence interval (95% CI). A two-sided p-value < 0.05 was considered
statistically significant. The calculations were performed in Python 3.12 (libraries scipy, numpy, pandas,
statsmodels).

Results

Baseline characteristics of the cohort

The analysis included 235 patients. The median age was 48 [39-59] years, and 161 patients (68.5%)
were male. The primary indication for ECMO was pneumonia (188 cases, 80.0%), with viral aetiology
confirmed in 145 patients (62.0%). The veno-venous configuration was used in 179 patients (76.2%), the
veno-arterial configuration in 36 (15.3%), and other configurations in 20 (8.5%). The median ECMO

duration was 10 [6—22] days, and the median pre-ECMO hospital stay was 24 [13-37] days. Successful
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weaning from ECMO was achieved in 90 patients (38.5%), and hospital mortality was 73.6% (173
patients). Systemic corticosteroids were administered to 156 patients (66.4%), other
immunosuppressants (mainly IL-6 receptor and JAK inhibitors) to 119 (50.6%), and RRT to 186 (79.1%).
Case distribution over time mirrored the COVID-19 pandemic trajectory, peaking in 2020-2021 (133
cases, 56.6%).

Frequency and etiological structure of confirmed IFI

Confirmed IFl was diagnosed in 29 of 235 patients (12.3%). The etiological structure was dominated by
invasive candidiasis: 21 patients (72.4% of confirmed cases, 8.9% of the entire cohort), followed by
invasive aspergillosis: 7 patients (24.1% and 3.0%, respectively). One patient was diagnosed with
cryptococcosis (0.4%). By diagnostic category, 23 cases were proven (20 candidemia confirmed by
blood culture; 3 invasive aspergillosis with histological confirmation at autopsy) and 6 were probable (1
candidiasis with positive mannan test; 4 aspergillosis based on combined clinical, radiological, and
mycological criteria; 1 cryptococcosis). (Fig. 1)

Among Candida isolates, C. albicans predominated (11 isolates), followed by C. auris (4), C. glabrata (3),
and C. parapsilosis (2); in one case the species was not specified. Of the 29 confirmed cases, 21 met
EORTC/MSGERC 2019/2020 criteria; application of FUNDICU 2024 criteria identified an additional 6
patients (28.6% increase). Two patients with histologically proven aspergillosis, according to autopsy
data, did not meet the formal criteria of IFI of any of the systems ante-mortem.

A diagnosis of "possible IFI" was made in 58 patients (24.7%) based on clinical and radiological findings
without microbiological or histological confirmation. In one patient, the suspicion of IFI was ruled out
after further investigation. This group is described in detail in a separate section below.

Comparison of groups with and without confirmed IFI

Patients with (n =29) and without (n = 206) confirmed IFI did not differ significantly in sex distribution.
Patients with confirmed IFI tended to be older (56 vs 48 years; p = 0.052). Significant differences were
found in a number of clinical and laboratory parameters (Table 1).
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Table 1

Baseline characteristics of patients with and without confirmed IFI.

ECMO, days

Characteristic

Age, years, median [IQR]
Male gender, n (%)

Duration of hospitalisation before

ECMO duration (days)
Lymphocytopenia duration (days)
Viral pneumonia, n (%)

VV-ECMO, n (%)

Weaning from ECMO, n (%)
In-hospital mortality, n (%)
Systemic GCS, n (%)

Other immunosuppressants, n (%)
Renal replacement therapy, n (%)
Minimum white blood cells, x10°/L
Minimum lymphocyte count, x10°/L
Minimum neutrophil count, x10°/L
Minimum platelet count, x10°/L
Peak procalcitonin, ng/ml

Maximum CRP, mg/I

No confirmed IFI (n

=206)

48 [38-58]
141 (68.4)
22 [13-35]

10 [6-21]
14 [6-24]
134 (65.0)
154 (74.8)
73 (35.4)
156 (75.7)
141 (68.4)
108 (52.4)
158 (76.7)
4.3[2.5-6.8]
0.3[0.2-0.4]
3.0[1.5-5.1]
35[21-61]
2.0[0.7-4.5]

271 [170-364]

Confirmed IFl (n =

29)

56 [46-60]
20 (69.0)
38 [23-55]

12 [8-28]
26 [19-40]
11 (37.9)

25 (86.2)

17 (58.6)

17 (58.6)

15 (51.7)

11 (37.9)

28 (96.6)
3.5[2.5-4.9]
0.2[0.2-0.3]
2.4[1.5-3.7]
32 [26-44]

22.3[13.5-31.0]
295 [236-386]

0.052
1.000
0.001

0.126
<0.001
0.007
0.245
0.024
0.070
0.093
0.167
0.013
0.301
0.398
0.237
0.527
0.004
0.374

Note: continuous variables are the median [IQR]; Mann-Whitney U test for continuous and Fisher's exact
test for categorical variables. GCS—glucocorticosteroids; ECMO—extracorporeal membrane
oxygenation; VV—veno-venous, CRP—C-reactive protein.

Univariate and multivariable analyses

In univariate analysis, confirmed IFl was significantly associated with lymphocytopenia duration (OR 1.02

per day; 95% CI 1.01-1.04; p = 0.007) and need for RRT (OR 8.51; 95% CI 1.13-64.17; p = 0.038). Viral
pneumonia was associated with lower odds of IFI (OR 0.33; 95% CI1 0.15-0.73; p = 0.007). Age, ECMO
duration, VV-ECMO, systemic corticosteroid use, and other immunosuppressants were not significant in
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univariate analysis. Patients with confirmed IFI tended to be older (56 vs 48 years; p = 0.052),
approaching statistical significance by the Mann—Whitney U test.

In multivariable analysis adjusted for ECMO duration, lymphocytopenia duration, ECMO type, RRT,
immunosuppressant use, and viral pneumonia, only lymphocytopenia duration and RRT remained
independent predictors of confirmed IFI. VV-ECMO showed a borderline association (p = 0.053), while
viral pneumonia was consistently associated with lower odds of a confirmed diagnosis (Table 2).

Multivariable logistic regression anallzibsleofzpredictors of confirmed IFI (n = 233).

Predictor Corrected OR 95% CI P

Duration of lymphocytopenia (per day) 1.02 1.00-1.05 0.037
Renal replacement therapy 12.23 1.55-96.40 0.017
Veno-venous ECMO 3.80 0.98-14.75 0.053
ECMO duration (per day) 1.00 0.96-1.04 0.916
Other immunosuppressants 1.08 0.32-3.62 0.901
Viral pneumonia 0.14 0.04-0.50 0.002

Note: OR—odds ratio; Cl—confidence interval; ECMO—extracorporeal membrane oxygenation. The
negative association between viral pneumonia and confirmed IF| is further addressed in the Discussion
and likely reflects the classification of patients with viral ARDS as "possible mycosis" treated empirically
without mycological confirmation.

Empirical antifungal therapy group without microbiological
confirmation

A diagnosis of "possible IFI" was made in 58 patients (24.7%) based on clinical and radiological findings
without mycological confirmation. Of these, 55 patients (94.8%) received antifungal therapy, mainly
amphotericin B (38 cases) or combinations containing it (5 cases), and less frequently echinocandins (5)
or azoles (3). Table 3 compares this group with patients without suspected IFl and those with confirmed
IFI.
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Table 3

Comparison of patients without suspected IFI, those receiving empirical antifungal therapy without
confirmation, and those with confirmed IFI.

Characteristic Without suspicion Empirical therapy without Confirmed IFI
of IFI (n = 148) IFI confirmation (n = 58) (n=29)

Age (years) 48 [38-59] 47 [39-57] 56 [46-60]

ECMO duration (days) 8 [5-15] 22 [12-32] 12 [8-28]

Lymphocytopenia duration 12 [5-18] 24 [14-35] 26 [19-40]

(days)

Pre-ECMO hospitalisation 17 [11-29] 34 [22-47] 38 [23-55]

(days)

Minimum platelet count, 42 [25-70] 27 [13-35] 32 [26-44]

x10°/L

Peak procalcitonin, ng/ml 2.0[0.6-4.4] 2.0[2.0-9.1] 22.3][1 3.5-

31.0

Viral pneumonia, n (%) 85 (57.4) 49 (84.5) 11 (37.9)

VV-ECMO, n (%) 103 (69.6) 52 (89.7) 25 (86.2)

Systemic GCS, n (%) 95 (64.2) 46 (79.3) 15(51.7)

Other 68 (45.9) 40 (69.0) 11 (37.9)

immunosuppressants, n

(%)

Reéne;I replacement therapy, 104 (70.3) 54 (93.1) 28 (96.6)

n (%

Received antifungal 4(2.7) 55 (94.8) 24 (82.8)

therapy, n (%)

In-hospital mortality, n (%) 104 (70.3) 52 (89.7) 17 (58.6)

Note: continuous variables are presented as median (IQR). GCS—glucocorticosteroids.

Patients receiving empirical antifungal therapy without IFI confirmation were the most severely ill across
most parameters. They had the longest median ECMO duration (22 vs 8 days in patients without
suspected IFl and 12 days in those with confirmed IFl), the lowest platelet count (27 x 10°/L), and the
highest rates of viral pneumonia (84.5%), VV-ECMO (89.7%), glucocorticoid use (79.3%), and other
immunosuppressants (69.0%). In-hospital mortality in this group was 89.7%, significantly higher than in
patients with confirmed IFI (58.6%; p = 0.002, Fisher's exact test) and in those without suspected IFI
(70.3%; p = 0.004).

In five patients with confirmed IFI, the diagnosis was made posthumously, and antifungal therapy was
therefore not administered.
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Discussion

In our single-centre cohort of 235 adults on prolonged ECMO, the incidence of confirmed IFI (proven or
probable) was 12.3%. This characteristic is significantly higher than that from the ELSO registry: 1.4% for
aspergillosis and 1.2% for candidemia [1], but significantly lower than the values from single-center
studies that included the "possible" cases as a primary outcome. If all three categories (including
"possible" cases) were included, the IFl incidence in the study cohort would be 37.0% — three times
higher than the confirmed rate. This difference is crucial for interpretation of the data.

The obtained frequency of 12.3% (with a predominance of confirmed candidiasis over aspergillosis) is in
good agreement with prospective multicentre studies using consensus criteria and active mycological
diagnosis. Thus, the prospective multicentre APICOVID study in France (Desmedt et al., 2024), which
included 566 patients, reported a COVID-IA prevalence of 5.1%, rising to 9.1% among those on
mechanical ventilation [16]. The prospective MSG-017 study in seven US centers (Zilberberg et al., 2024)
on 212 patients on mechanical ventilation reported a CAPA rate of 7%, with only 7% of these cases being
"proven" by EORTC/MSGERC, and in 14% of cases formally classified as COVID-IA, the authors
considered invasive aspergillosis unlikely; the mortality rate among COVID-IA was 71% and did not differ
from patients without COVID-IA [17]. A two-centre study in China (Alpha and Omicron periods) reported a
COVID-IA rate of 5.1-7.5%, a prospective cohort in the UK showed 0.9% of probable COVID-IA in the
absence of proven cases [18, 19]. The prevalence of IFl in a large systematic review by Feys et al. (48
studies, 2,953 ICU patients with COVID-19) was 15.1% with significant heterogeneity, largely due to the
depth of mycological diagnosis [20]. A systematic review and meta-analysis by Gioia et al. (2024)
confirmed that immunosuppression, prolonged mechanical ventilation, and RRT are key independent risk
factors for COVID-IA, and mortality in confirmed COVID-IA in most cohorts is 50-60% [21].

Russian ECMO-specific data on IFl incidence are scarce, although a substantial body of evidence on IFI
epidemiology in the ICU is available. Studies by Klimko et al. and Khostelidi et al. described the
etiological structure and risk factors of invasive aspergillosis in Russia, describing the prevalence of
Aspergillus fumigatus and confirming the importance of prolonged neutropenia and lymphocytopenia as
risk factors [14, 11]. The Russian national guidelines for the diagnosis and management of ICU-related
mycoses, edited by Klimko et al. [12], along with subsequent work on invasive aspergillosis in severe viral
respiratory infections, standardise domestic practice and closely align with the international
ECMM/ISHAM 2020 [10] and FUNDICU 2024 [5] recommendations.

The pathogen spectrum in our cohort, when limited to confirmed cases, differs from that obtained when
"possible" mycoses are included in the analysis. With a strict approach, invasive candidiasis
predominates (21 cases, mainly candidemia), whereas proven or probable invasive aspergillosis was
diagnosed in only 7 patients. This is diagnostically consistent as the cultural confirmation of candidemia
is achievable with standard blood cultures, whereas invasive aspergillosis in ECMO patients is extremely
rarely confirmed in life: routine determination of galactomannan in bronchoalveolar lavage (BAL) and
(1—3)-B-D-glucan in our cohort was not performed, and histological confirmation was obtained only
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postmortem (3 of 7 cases). This limitation is well known in the literature: according to global autopsy
data, 53-60% of cases of invasive aspergillosis in the ICU are not diagnosed during life [14]. The
prevalence of candidiasis in the confirmed part of the cohort is consistent with the ELSO data [1], and
the low number of confirmed aspergillosis cases likely reflects the challenges of ante-mortem diagnosis,
rather than the actual absence of invasive mold infection in patients.

The spectrum of Candida species warrants special attention. In addition to Candida albicans, Candida
auris (4 cases) and Candida glabrata (3 cases), species with reduced susceptibility to azoles and
echinocandins, were documented in our cohort. The Russian ARTEMIS DISK study, conducted in eight
Russian centers in the early 2000s, showed a significant proportion of non-albicans Candida in the
spectrum of candidiasis, primarily C. glabrata (5.2%), C. parapsilosis (3%) and C. krusei (2.8%), while
maintaining high sensitivity of C. albicans to fluconazole (98.9%) and the borderline sensitivity of non-
albicans species [22]. Since then, global and domestic epidemiology has shifted toward an increasing
proportion of non-albicans species. The spread of C. auris, a multidrug-resistant micromycete, is of
particular concern [23, 24]. Our data on four cases of C. auris candidemia in ECMO patients highlight the
relevance of this pathogen.

The key result of this study is the identification of two independent predictors of confirmed IFI: the
duration of lymphocytopenia and the need for RRT. Prolonged lymphocytopenia reflects acquired
immune deficiency in sepsis and severe ARDS. In our cohort, its median duration was nearly twice as
long in patients with confirmed IFI (26 days) than in those without (14 days). This finding is consistent
with multicentre domestic data, where prolonged neutropenia and lymphocytopenia were identified as
key risk factors for both invasive aspergillosis and mucormycosis in haematological patients [13]. In our
study, lymphocytopenia was a risk factor for poor outcomes in the general population of patients with
candidemia [25]. In relation to ICU patients who do not meet the EORTC/MSGERC criteria, prolonged
lymphocytopenia becomes an indicator of critical illness-associated immunosuppression, which
becomes an independent risk factor for opportunistic infections and their outcome.

On the one hand, the need for RRT is a marker of combined multiple organ failure, on the other hand, it is
an independent risk factor for fungal invasion: constant intravascular access, frequent use of antibiotic
therapy, and the need for repeated transfusions of blood components. The association of IFl with RRT is
consistent with the findings of Cavayas et al. (OR 1.55; ELSO data) and the meta-analysis by Thomas-
Riddel et al. [1, 7]. In our cohort, RRT was the strongest predictor of confirmed IFI (aOR 12.2), although
the wide confidence intervals reflect the small number of events and the limited number of patients
without RRT (only one patient in the confirmed IFI group did not receive RRT). The borderline association
of VV-ECMO with confirmed IFI (p = 0.053) probably reflects the predominance of respiratory indications,
the long duration of procedures, and severe pulmonary injury associated with the VV configuration [8].

The paradoxical negative association between viral pneumonia and confirmed IFI (aOR 0.14; p =0.002) in
our cohort requires very careful interpretation. This finding does not imply that viral lung injury is
protective against fungal infection; rather, these patients were classified as having "possible mycosis"
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based on clinical and radiological findings, without subsequent mycological confirmation. The lack of
mycological confirmation was due to difficulties in obtaining samples and limited laboratory capacity
during the "peak" of the COVID-19 pandemic. Among patients with viral pneumonia, the proportion of
"possible" mycoses was higher than that of confirmed cases, whereas in patients with other types of
lung pathology and a similar clinical presentation, microbiological or histological confirmation was more
frequently obtained. A similar observation was noted in COVID-IA studies: during the COVID-19
pandemic, many patients with typical clinical and radiological signs did not undergo targeted
mycological testing, particularly during the first wave. This resulted in an excess of "possible" cases,
leading to overestimation of COVID-IA frequency in some studies and underestimation in others [17, 19,
20]. Thus, the negative adjusted OR for viral pneumonia should be interpreted as an artifact of the
diagnostic classification, and it emphasizes the need for targeted mycological diagnosis specifically in
patients with severe viral lung damage [11, 12, 14, 15].

Confirmed IFI and empirical antifungal therapy: analysis of
potential contributing factors

A notable finding of this study is the diagnostic gap between the number of patients with clinical
suspicion of IFI and/or empirical antifungal therapy and the number with microbiologically or
histologically confirmed IFI. In 87 of 235 patients (37.0%), the ECMO team considered a diagnosis of
invasive mycosis, yet only 29 cases (12.3%) were confirmed — a threefold difference. Of the 58 patients
with clinical suspicion of IFl without mycological confirmation ("possible" mycosis), 55 (94.8%) received
antifungal therapy — mainly polyenes — without subsequent confirmation. In one patient, the diagnosis
was formally ruled out after further work-up.

This empirically treated group was the most severely ill across most parameters, including ECMO
duration, RRT requirement, immunosuppressive therapy, systemic inflammatory markers, and
thrombocytopenia (Table 3). The in-hospital mortality rate in this group was 89.7%, significantly higher
than in the confirmed IFI group (58.6%; p = 0.002). Thus, empirical antifungals were given to the sickest
patients with the highest mortality. Whether this therapy improved outcomes cannot be determined from
this study design. Some of these patients died before a mycological diagnosis could be established; in
others, clinical and radiological findings suggestive of possible aspergillosis or candidiasis likely
reflected viral ARDS and/or bacterial superinfection. A similar pattern of COVID-IA "overdiagnosis" was
documented in the prospective multicentre MSG-017 study, where twice as many patients met the
ECMM/ISHAM criteria as met the MSGERC criteria; however, the estimated probability of true invasive
aspergillosis in these overclassified cases was only 1-8% [17].

The clinical, pharmacoeconomic, and environmental consequences of widespread empirical antifungal
prescribing during ECMO are unfavorable. Amphotericin B (both conventional and lipid formulations),
which accounted for more than two-thirds of empirical prescriptions in our cohort, has substantial
toxicity (nephrotoxicity, hypokalemia, hypomagnesemia, and infusion-related reactions) [26-28].
Alternative azoles (voriconazole, isavuconazole, fluconazole) have a significant potential for drug
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interactions, including with sedatives, antiarrhythmics, anticoagulants, and immunosuppressants
commonly used in ECMO patients. Voriconazole can cause QT prolongation, hepatotoxicity, and
neurotoxicity, necessitating therapeutic drug monitoring (target trough concentration 1-5.5 pg/mL),
which is not widely available in Russian centres [26, 28, 30]. It should be noted that pharmacokinetic
alterations during critical illness and drug sequestration in the ECMO circuit often prevent attainment of
target pharmacokinetic parameters with standard antifungal dosing [28-32]. The use of antifungal
agents without adequate mycological diagnostics precludes identification of the pathogen and its
susceptibility profile, which is particularly important given the spread of C. auris [24], non-albicans
Candida species [22, 23], and moulds. Empirical therapy should not replace microbiological diagnostics,
as emphasized in recent Russian [11, 14, 15] and international ECMM/ISHAM and FUNDICU guidelines
[5, 10], which recommend testing for galactomannan in BAL, mannan/anti-mannan antibodies, and
(1—3)-B-D-glucan before or concurrently with the initiation of antifungal therapy.

Comparing our data with registry studies, much of the variation in reported IFl incidence during ECMO is
explained not by true epidemiological differences, but by differences in the patient categories included in
the primary outcome. The ELSO registry, which relies on coded diagnoses, mainly captures proven and,
to some extent, probable cases, thus yielding the lowest estimates [1]. Single-centre studies defining the
outcome as any clinical diagnosis or antifungal prescription report the highest estimates. Routine
application of consensus criteria (EORTC/MSGERC and FUNDICU), with separate reporting of possible,
probable, and proven cases and transparent documentation of microbiological verification, would greatly
improve comparability across studies. This approach has been partially adopted in recent prospective
studies — APICOVID [16], MSG-017 [17], and the two-centre Wuhan/Nanjing study [18] — which report
confirmed and suspected cases separately.

It is noteworthy that the EORTC/MSGERC 2019/2020 and FUNDICU 2024 criteria were largely
complementary in our cohort: 21 patients met the formal EORTC criteria, and FUNDICU identified an
additional 6 patients without classical host risk factors (a 28.6% increase). This demonstrates that in
ECMO-treated ICU cohorts—where patients without haematological disease but with critical
illness-associated immunosuppression predominate—the FUNDICU criteria complement rather than
replace EORTC/MSGERC [5]. Two patients with histologically proven invasive aspergillosis at autopsy did
not meet the formal criteria of either classification system during life, underscoring the limitations of
current definitions in the ECMO setting and the need for further validation in this population. A similar
problem is described in MSG-017. The authors proposed an additional conceptual filter for "putative”
COVID-IA to distinguish between formally classified cases and true invasive aspergillosis [17].

A prospective multicentre study with a standardised diagnostic protocol is needed in Russian ECMO
centres to better define diagnostic and therapeutic strategies for IFI.

Limitations

The retrospective design may introduce inherent biases. Serum galactomannan, mannan/anti-mannan
antibodies, and (1—3)-B-D-glucan were not routinely measured in the study patients, which may have
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reduced the sensitivity for detecting IFI and likely contributed to the low number of confirmed
aspergillosis cases. The study cohort was rather heterogeneous—for example, it included only one case
each of cryptococcosis and haematological disease, which precludes any subgroup analysis or
conclusions for these conditions. The small number of events in the multivariable model for confirmed
IFI resulted in wide confidence intervals.

Conclusions

In adult patients on ECMO for > 48 hours, confirmed IFI (proven or probable by EORTC/MSGERC or
FUNDICU criteria) occurred in 12.3%, with invasive candidiasis and candidemia predominating.
Independent predictors of confirmed IFl were prolonged lymphocytopenia and the need for renal
replacement therapy; VV-ECMO showed a borderline association. The FUNDICU 2024 criteria
complement, but do not replace, the EORTC/MSGERC 2019/2020 criteria.

A notable finding of this study is the diagnostic gap between clinical suspicion of IFl and/or empirical
antifungal therapy (87 patients, 37.0%) and confirmed cases (29 patients, 12.3%). Patients who received
empirical antifungal therapy without mycological confirmation were the most severely ill, had the longest
ECMO duration, and the highest in-hospital mortality (89.7%). Thus, managing patients on long-term
ECMO requires both clinical vigilance for IFI — particularly in those with prolonged lymphocytopenia or
requiring RRT — and rigorous microbiological investigation, including repeated blood cultures, BAL
galactomannan testing, mannan/anti-mannan antibody assays, and (1—3)-B-D-glucan detection. These
findings support the need for prospective studies in Russian ECMO centres and the adoption of
standardised diagnostic and therapeutic algorithms for antifungal therapy.
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Distribution of ECMO cases and confirmed IF| by year (2019-2025). (a) Absolute numbers of ECMO
patients per year, stratified by no IFl, confirmed invasive aspergillosis, and confirmed invasive
candidiasis/cryptococcosis. (b) Frequency of confirmed IFI (solid red line) and proportion of patients with
viral pneumonia (blue dotted line), % of ECMO cases per year. Orange shading indicates the peak of the
COVID-19 pandemic (2020-2021). The single patient treated in 2026 was excluded from the temporal

analysis.
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