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ABSTRACT

Invasive pulmonary aspergillosis (IPA) is increasingly recognised in intensive care units (ICU) affecting not only patients with clas-

sical immunosuppressive conditions but also other severely ill patients, including those with respiratory viral infections (influenza,

COVID-19), advanced chronic obstructive pulmonary disease or acute and chronic liver diseases. Several expert panels have pro-

posed definitions of IPA in different ICU settings. However, practical recommendations for its diagnostic and therapeutic approaches
are scarce. Moreover, these approaches can be influenced by different parameters that may vary across countries including the case
mix of ICU patients, the incidence of IPA, the prevalence of azole resistance and the availability of diagnostic tests and antifungal
drugs. For these reasons, the Fungal Infection Network of Switzerland (FUNGINOS) has appointed a panel of different specialists to

develop a practical guideline for the management of IPA in ICU. This article provides the executive summary of the panel conclusions

and recommendations regarding the epidemiology, diagnosis, definitions and therapy of IPA in ICU.

1 | Introduction

Invasive pulmonary aspergillosis (IPA), mainly caused by
Aspergillus fumigatus, has emerged as a serious threat in intensive
care units (ICU), affecting not only immunocompromised patients
but also patients with severe underlying conditions, such as influ-
enza, coronavirus disease 2019 (COVID-19), chronic obstructive
pulmonary disease (COPD) or liver cirrhosis [1, 2]. Some expert
panels have proposed definitions for IPA in ICU in general, as
well as for influenza-associated and COVID-19-associated pulmo-
nary aspergillosis (IAPA and CAPA, respectively) [3-6]. However,
guidelines addressing practical questions for the management
of these patients are scarce. The guidelines of the Infectious
Diseases Society of America (IDSA) and the joint guidelines of
the European Society for Clinical Microbiology and Infectious
Diseases (ESCMID), European Confederation of Medical
Mycology (ECMM) and European Respiratory Society (ERS) have
proposed recommendations for the diagnostic and therapeutic ap-
proaches of IPA in general [7, 8]. However, some characteristics
that are specific to ICU patients need to be considered.

The Fungal Infection Network of Switzerland (FUNGINOS) is a
consortium of physicians and mycologists from different university
and university-affiliated hospitals in Switzerland with the objec-
tive of promoting medical research, education and collaborations
in the field of medical mycology (www.funginos.ch). Considering
the lack of consensus regarding the screening strategies and man-
agement of these infections, FUNGINOS has identified the need to
create a multidisciplinary working group with the objective of as-
sessing standardised diagnostic and therapeutic recommendations
for the management of IPA in ICU. The recommendations in this
guideline have been adapted to the epidemiological context and
the healthcare system (e.g., available diagnostic tools and antifun-
gal drugs) of Switzerland. However, unless otherwise specified,
these recommendations may also be adapted for centers in other
countries with comparable epidemiology and technical panel.

2 | Methods

A panel of physicians and mycologists from different medical
specialties (infectious diseases, intensive care, pulmonology,
microbiology, radiology, pathology) and different Swiss tertiary
care hospitals was constituted. The members of this panel were
selected by the FUNGINOS committee according to their ex-
pertise in the topic. The work was distributed in four working

groups (WG): epidemiology (WG1), definitions (WG2), diagnosis
(WG3), and therapy (WG4).

Practical questions to answer were defined for each WG. During
a first step, each WG worked independently on literature re-
view, data analyses and elaboration of proposed recommenda-
tions using the grading system from the ESCMID for strength
of recommendation (SoR, from A to D) and level of quality of
evidence (QoE, from I to IIT) (Table S1) [8]. Results of analy-
ses and recommendations were presented as a slide set during
a plenary session attended by most participants (24/31). These
recommendations were discussed and voted on during the ses-
sion. Contributors who were unable to attend had the opportu-
nity to review the slides and express their opinions. In case of
substantial disagreement, the issues were referred to each WG
for reassessment and elaboration of a revised proposition, which
was again submitted to the appreciation of the whole panel. The
final recommendations were consensus-based and needed the
approval of at least 75% of the panel. The detailed workflow of
the guideline development and the listing of participants of the
different WGs are provided in Tables S2 and S3, respectively.

3 | Epidemiology
3.1 | WhatIs the Incidence of IPA in ICU Patients?

Incidence of IPA in the general ICU population is overall low
(<1%) except in some subgroups of patients, which can be strat-
ified as “low risk” (1%-5%), “intermediate risk” (5%-10%) and
“high risk” (> 10%), as detailed in Table 1.

Discussion. Epidemiological data about IPA in ICU patients
in general, IAPA and CAPA were reviewed. IPA incidence in
critically ill patients without influenza or COVID-19 is gener-
ally below 1% (i.e., one per 1000 admissions) [9, 10], although
some studies reported higher incidence [11]. Data for specific
ICU subpopulations in this group are scarce. IPA rates were
6%-7% in ICU patients with hematologic cancer (all types) in
one study [12], which is somewhat higher than that observed
in non-ICU patients (4%-5%) [13]. Data specific for high-risk
patients, such as those with acute leukaemia or allogeneic
haematopoietic cell transplantation (HCT) are lacking but
IPA incidence may be expected to be higher in this subgroup.
However, the use of mould-active prophylaxis (e.g., posacon-
azole) was shown to reduce the incidence to about 1% in these
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TABLE1 |

Risk stratification for invasive pulmonary aspergillosis in intensive care unit patients.

Low risk (1%-5%)

Solid-organ transplantation other than lung or heart

Hematologic cancer with no or short-duration (< 10 days) neutropenia (e.g., multiple myeloma, lymphoma) or with prolonged

(>10days) neutropenia receiving mould-active prophylaxis

Autologous HCT

Allogeneic HCT without GVHD or receiving mould-active prophylaxis

Respiratory viral infections other than influenza or COVID-19
Extensive burns?® and/or inhalation injury
Intermediate risk (5%-10%)

Lung or heart transplantation

Severe acute liver dysfunction or chronic end-stage liver disease®

Severe chronic obstructive pulmonary disease®

Chronic use of systemic corticosteroids or other immunosuppressive therapy

Severe COVID-19%-¢

Cumulative baseline conditions of low-risk category OR one baseline condition of low-risk category and additional risk factors

High risk (> 10%)

Hematologic cancer and prolonged (> 10days) neutropenia (induction/consolidation for MDS/AL) not receiving mould-active

prophylaxis or uncontrolled hematologic cancer

Allogeneic HCT (pre-engraftment phase or GVHD) not receiving mould-active prophylaxis

Severe influenzad

Cumulative baseline conditions of intermediate-risk category OR one baseline condition of intermediate-risk category and

additional risk factorsf

Abbreviations: AL, acute leukaemia; COVID-19, Coronavirus disease 2019; GVHD, graft versus host disease; HCT, haematopoietic cell transplantation; MDS:

myelodysplastic syndrome.
2Burns with >35% of total body surface area.

bCirrhosis with Child-Pugh score C, acute liver failure, alcoholic hepatitis with Model for End-stage Liver Disease (MELD) score > 24.
¢Grade 3 or 4 according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification.

dThe term “severe” refers to patients requiring mechanical ventilation.

The classification of COVID-19 in the intermediate category is based on the IPA incidence observed in Switzerland (5%-10%). It may differ for other countries. Of
note, the presence of additional factors, such as short-term corticosteroid use and/or interleukin-6 inhibitor (which is frequent in severe COVID-19) would move these

patients into the high-risk category.

fAdditional risk factors include: high illness severity scores, intensive supportive care (prolonged mechanical ventilation, vasopressors, extracorporeal membrane
oxygenation, renal replacement therapy), antibiotic use or immunomodulatory therapies during ICU stay (corticosteroids, interleukin-6 inhibitor).

patients [14, 15]. For solid-organ transplant (SOT) recipients,
specific ICU data are lacking. Overall incidence is usually
below 5% but may be higher in lung and heart transplant re-
cipients (5%-10%) [16, 17]. For other ICU populations, reported
rates of IPA were 1%-15% in patients with liver failure [18-22],
7%-8% in those with COPD [23], 5% in those with respiratory
infections other than influenza or COVID-19 [24] and about
2% in those with extensive burns [25-27].

According to one meta-analysis, IAPA incidence in hospitalised
patients ranged from 1% to 31%, with a pooled incidence of 11%
(95% confidence interval 6%-18%) [28]. Two meta-analyses fo-
cusing on critically ill patients reported higher rates (20%-30%)
[29, 30]. Variable incidence has been reported between centers
and countries, but also from the same centers across seasons
[31]. IAPA incidence among patients with immunosuppressive
conditions was reported to be as high as 32%-62% [24, 32].

For CAPA, very variable incidences have been reported (from
0% to 47%) with a pooled incidence of 10% [33-35]. These
variable rates may be influenced by different CAPA defini-
tions [34, 36]. However, studies based on autopsy results also
reported variable incidence (range 2%-26%) [37-39]. A mul-
ticenter European study found a lower rate of CAPA (2.5%)
compared to IAPA (6%) [40]. Subgroup analyses suggest a par-
ticularly high CAPA rate among SOT recipients (21%-64%)
[32, 41-43]. CAPA incidence may have increased after the
introduction of the COVID-19 vaccine with a possible shift of
the disease towards more immunocompromised patients not
responding to the vaccination [32].

Overall, data about the incidence of IPA in Swiss ICUs is
scarce. One study (two centers) showed an IAPA incidence of
11% [44, 45]. A single-center study conducted during the first
COVID-19 wave showed a low CAPA incidence (4%) [46].
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3.2 | Which Conditions Have Been Recognised as
Risk Factors for IPA in ICU Patients?

In addition to the underlying conditions of the patients listed in
Table 1, several factors may additionally increase the risk of IPA,
such as a high illness severity score, the need for highly intensive
supportive care, and the use of antibiotics or immunomodula-
tory therapies (corticosteroids or interleukin-6 [IL-6] inhibitors,
in particular for COVID-19 patients). The accumulation of base-
line underlying conditions and additional risk factors should be
considered when assessing the IPA risk of the patient.

Discussion. Studies reporting characteristics of IPA patients
were reviewed in the general ICU population, influenza and
COVID-19 patients. Among general ICU patients, the most
frequent underlying conditions were hematologic cancers
[11, 47, 48], COPD [11, 23, 47, 49-52], liver cirrhosis or liver
failure [18-22, 53], solid-organ transplantation [11, 47, 54] and
extensive burns [25-27]. IPA has also been reported in patients
with HIV infection and low CD4 cell count in the absence of
classical host factors [55, 56]. However, HIV patients repre-
sented a small proportion of IPA in the ICU (0%-7%) [11, 47].

Overall, the requirement for ICU admission and indicators of
illness severity, such as high Acute Physiologic Assessment
and Chronic Health Evaluation scoring system II (APACHE
I1), mechanical ventilation, renal replacement therapy (RRT)
or use of vasopressors have been associated with increased
risk of IPA among diverse non-neutropenic populations
(SOT recipients, patients with COPD or severe liver diseases)
[18, 19, 50, 57]. Factors associated with Aspergillus colonisa-
tion and/or IPA in ICU were the use of steroids or other immu-
nosuppressive conditions [23, 58-61], COPD [9, 59], antibiotic
use [23, 50], diabetes mellitus [62], and cytomegalovirus
(CMV) viremia [63]. Among COPD patients, advanced disease
stage, ICU admission, use of steroids, previous antibiotic ther-
apy and chronic heart failure have been associated with IPA
[50, 64, 65]. Among patients with liver failure, age, male sex,
high model for end-stage liver disease (MELD) score, COPD,
encephalopathy, hepato-renal syndrome, antibiotic use and
steroid use were identified as independent risk factors of
IPA [18, 19, 21, 22, 53]. Among ICU patients colonised with
Aspergillus spp., those with immunosuppressive conditions,
metastatic cancer, steroid therapy during hospitalisation or
broad-spectrum antibiotics were more prone to develop IPA
[9, 47, 66].

Severe influenza was found to be an independent predictor of
IPA in critically ill patients [24, 61, 63]. IAPA mainly occurs in
patients on mechanical ventilation and early after ICU admis-
sion (within 2-3days) [24, 29, 67, 68]. About 75% of patients de-
veloping IAPA have no immunosuppressive conditions [28, 68].
IAPA has been associated with influenza A HINI1 subtype,
male sex, immunosuppressive conditions (hematologic cancer
or solid-organ transplantation), liver cirrhosis, chronic lung dis-
ease (COPD, asthma, smoking history) and steroid use before or
after ICU admission [24, 28-30, 45, 69-73].

IPA has been mainly reported in critically ill COVID-19 pa-
tients under mechanical ventilation occurring at variable
times after ICU admission [33, 34, 43, 74]. Most CAPA patients

were not immunocompromised (93%) but were treated with
immunomodulatory therapies, such as steroids and/or IL-6
inhibitors (70%) [34]. Risk factors associated with CAPA were
older age, chronic respiratory disease (mainly COPD), previ-
ous long-term corticosteroid use, immunosuppression (mainly
hematologic cancer and solid-organ transplantation), chronic
liver disease, diabetes and cerebrovascular disease [32, 33,
41-43, 62, 74-79]. Treatment of COVID-19 with steroids
and IL-6 inhibitors significantly increased the risk of CAPA
(33, 42, 43, 78-80].

3.3 | WhatIs the Impact of IPA on Morbidity
and Mortality of ICU Patients?

IPA in ICU is associated with a significant impact on morbid-
ity (need for advanced supportive care, prolonged mechanical
ventilation and prolonged ICU stay) with overall high mortal-
ity rates.

Discussion. IPA is associated with high in-hospital mortality
across all ICU subgroups, with most comparative studies show-
ing significant differences in all categories of patients including
general ICU [10, 19, 21, 23, 50, 59, 66, influenza [24, 28-30, 45, 69,
70] and COVID-19 patients [32, 33, 42, 43, 74, 76, 77, 79, 81, 82].
Indexes of critical illness, including high severity scores, RRT,
vasopressors, extracorporeal membrane oxygenation (ECMO),
duration of mechanical ventilation and duration of hospital
or ICU stay were also significantly higher among IPA patients
compared to the control groups in most studies [9, 10, 19, 24,
28, 29, 32, 33, 40, 42-45, 66, 69-71, 74, 76, 78, 82]. However, it
is difficult to determine whether these severity indexes were
the consequences of IPA or rather represented risk factors for
its development. The impact of antifungal therapy (AFT) or the
timing of its initiation on outcomes has not been clearly demon-
strated [24, 74].

Overall mortality rates for IPA in general ICU patients ranged
from about 55% to >90% [9-11, 47, 59, 66]. Analyses for specific
ICU subgroups suggest mortality rates of about 70% for SOT
recipients [54], 60% for COPD patients [23] and 55%-100% for
patients with severe liver diseases [18-22, 53]. In meta-analyses,
mortality rates of IAPA and CAPA were 30%-50% and 40%-
60%, respectively [28-30, 33, 34, 76].

4 | Diagnosis

4.1 | Which Tests Are Available to Diagnose IPA in
the ICU?

Samples for IPA detection include serum (or plasma), non-
bronchoscopic respiratory (NBR) samples (bronchial aspi-
rates, non-bronchoscopic lavage) and bronchoalveolar lavage
fluid (BALF) obtained by bronchoscopy. Diagnostic tools for
IPA include direct microscopy, fungal culture, Aspergillus-
specific PCR, galactomannan (GM) and 1,3-3-d-glucan (BDG)
detection.

Discussion. More details about these tests (available kits, cut-off
values) and their use in different clinical samples are provided in
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Table S4. For GM testing, the panel supports the use of both the
enzyme immunoassay (EIA, Platelia Aspergillus, Bio-Rad) and
the lateral flow assay (Sofia Aspergillus GM LFA, IMMY). Both
tests have been compared in the ICU setting with acceptable
agreement and similar performances in BALF [83-85]. Their
performance in serum was similar in hematologic patients, but
comparative data specific to the ICU setting are lacking [86].
The choice of the test may be influenced by the laboratory work-
flow and the turnaround time, which may be shorter with the
LFA compared to the EIA. Detection of Aspergillus by PCR can
be performed by in-house assays or commercial kits (listed in
Table S4). Data are lacking to favor one approach over the other.

The following paragraphs address diagnostic approaches of IPA,
which are summarised in the algorithm of Figure 1.

4.2 | Which ICU Patients Should Be Screened
for IPA and Which Tests Should Be Used
for Screening?

ICU patients with hematologic conditions classified within the
high-risk category (Table 1) should undergo serial GM screening
in serum (A I). For other high-risk categories, the panel proposes
a marginal recommendation for the IPA screening strategy in
ICU based on the absence of studies assessing the benefit of
such a pre-emptive approach and the overall limited sensitivity
and specificity of the tests (C II). If such a strategy is applied,
GM in serum can be used in patients with severe influenza
(but not COVID-19 due to low sensitivity). Screening can also
be performed in NBR samples using (in order of preference and
according to availability) GM, fungal culture or PCR. These rec-
ommendations are summarised in Table 2. A negative test does

Hematologic cancer’

not rule out IPA and a positive test should always trigger further
diagnostic work-up (i.e., bronchoscopy) for better diagnostic ac-
curacy. There is no clear evidence regarding the frequency of
screening, but the panel recommends testing every 3 to 4days
(e.g., twice weekly).

Discussion. Screening for IPA can be performed on serum
samples with the GM test (Aspergillus specific), the BDG test
(not specific) or PCR (A. fumigatus or Aspergillus spp. spe-
cific). Data about the performance of these tests in screening
strategies are mostly derived from the onco-hematologic set-
ting [87-89]. The sensitivity of serum GM for IAPA is about
50%-60% [24, 68] but does not exceed 10%-20% for CAPA
[74, 77, 90, 91]. In one study using autopsy-proven IPA as the
reference standard, the specificity of serum GM for TAPA
and CAPA was 94%. The role of serial serum GM screening
for TAPA has been investigated in few studies and raised
some concerns about specificity [92, 93]. A variable sensi-
tivity (30%-80%) and specificity (50%-85%) have been re-
ported in other ICU patients with mixed risk factors of IPA
[11, 21, 94-98]. Data about the use of PCR screening in serum
for IPA in ICU are very scarce [99]. The BDG test has variable
sensitivity (40%-90%) and overall poor specificity (40%-80%)
for the diagnosis of IPA in ICU [77, 94, 98, 100, 101].

Screening can also be performed in NBR samples by GM,
PCR or fungal cultures. Some studies have reported variable
sensitivity (about 60%-85%) and specificity (80%-95%) using
different cut-offs for GM detection in NBR samples (endo-
tracheal aspirates, non-directed BALF) in CAPA patients
[79, 102-105]. Fungal cultures from NBR samples have low
sensitivity (30%-40%) [68, 79]. Data for PCR in these samples
is limited [79].

‘ Other?

Screening No screening
GM in serum May be considered:
GM in serum (Influenza only)
GM (or culture or PCR) in NBR
Positive Worsening or no improving respiratory conditions Positive
result result
» Lung CT-scan <
New lung CT pattern
OR any positive screening test (serum, NBR)
Serum? Bronchoscopy (BALF)
GM PCR Microscopy Culture GM PCR

FIGURE1 | Algorithm for diagnostic approach of invasive pulmonary aspergillosis in intensive care unit patients. BALF, bronchoalveolar lavage
fluid; CT, computed tomography, GM, galactomannan; NBR, non-bronchoscopic respiratory samples; PCR, polymerase chain reaction. !Patients
with hematologic cancer classified in the high risk category (see Table 1). 2Other patients classified in the high, intermediate or low risk categories

(see Table 1). 3If not already tested positive in screening.
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TABLE 2 | Role of diagnostic procedures for invasive pulmonary aspergillosis in intensive care unit patients.
Diagnostic procedure Targeted population SoR, QoE
GM? in serum (screening) Hematologic cancer within high-risk category® Al
Severe influenza C,1I
GM?in NBR (screening)® Conditions classified in high-risk category C,II
other than hematologic cancer!
Chest CT Any baseline condition (low/intermediate/high risk)d AND A, 1T
Worsening respiratory conditions without clear explanation
Bronchoscopy with: direct microscopy, fungal Any baseline condition (low/intermediate/high risk)d AND A 1T

culture, GM and PCR in BALF¢®

New radiological pulmonary infiltrate without

alternative infectious or non-infectious diagnosis OR
Any positive Aspergillus test (culture, GM, PCR)

in a non-invasive sample (serum, NBR)

Abbreviations: BALF, bronchoalveolar lavage fluid.CT, computed tomography; GM, galactomannan; NBR, non-bronchoscopic respiratory sample (sputum, tracheal
aspirate; non-bronchoscopic bronchoalveolar lavage); PCR, Aspergillus-specific polymerase chain reaction; QoE, quality of evidence; SoR, strength of recommendation.
2Both GM-enzyme immunoassay (EIA) and GM-lateral flow assay (LFA) can be used. See details and proposed cut-offs in Table S4.

bAccording to Table 1: hematologic cancer and prolonged (> 10 days) neutropenia (induction/consolidation for myelodysplastic syndrome/acute myeloid leukaemia,
acute lymphocytic leukaemia) not receiving mould-active prophylaxis or uncontrolled hematologic cancer or allogeneic haematopoietic cell transplantation (pre-
engraftment phase or graft versus host disease) not receiving mould-active prophylaxis.

¢Alternatively, fungal culture or Aspergillus PCR can be performed.
dAccording to Table 1.

¢If not yet documented, the diagnostic work-up should be completed by GM and/or PCR in serum or plasma (see Figure 1).

4.3 | What Is the Utility of CT-Scan
for the Diagnosis of IPA?

Lung CT-scan should be performed in any patient with worsen-
ing respiratory conditions (A III, Table 2). Although there are no
specific imaging patterns of IPA in ICU patients, CT may detect
some suggestive patterns like cavitary lesions and is useful for
baseline assessment and follow-up.

Discussion. Chest CT-scan is the most useful imaging pro-
cedure, which can usually be obtained in a reasonable time
frame (within 24h) and can detect IPA lesions that are often
missed by standard chest radiograph [106]. Radiological pat-
terns of IPA in ICU have been mainly described in CAPA
[4, 11, 97,107-111]. Classical findings of IPA, such as the nod-
ules and halo sign, were present in <25% and <12% of cases,
respectively [4, 11, 97, 108-111]. Cavitary lesions were ob-
served in about 10%-30% in most studies and up to 73% in one
study [4, 11, 108-111]. Signs suggestive of IPA, such as nodules
and cavitary lesions, were more frequently observed in IAPA
than in CAPA, which may reflect the higher level of base-
line immunosuppression and higher risk of angio-invasive
in TAPA [111]. Overall, the most frequent pattern (present in
> 70% of cases) was non-specific consolidation or ground-glass
opacities [4, 108-111]. Bronchiectasis (de novo or increased)
has been reported in about 40%-80% of CAPA [107-109]. This
pattern should be distinguished from common reversible di-
lated airways of COVID-19 organising pneumonia or traction
bronchiectasis of COVID-19 associated fibrosis. Bronchial
wall thickening, albeit not specific, has been reported in up to
60% of CAPA in one study [109]. In two studies comparing ra-
diological patterns between CAPA and non-CAPA COVID-19
patients, cavitary lesions, bronchiectasis and bronchial wall
thickening have been significantly associated with CAPA
[108, 109].

4.4 | Which Patients Should Undergo
Bronchoscopy for IPA Diagnostic Work-Up?

Al ICU patients (at low, intermediate or high risk for IPA) with
anew radiological abnormality in the absence of alternative ex-
planation should undergo bronchoscopy (A II). Bronchoscopy
is also indicated in case of a positive test for Aspergillus detec-
tion in serum (GM) or NBR samples (culture, GM, PCR) (A II).
These recommendations are summarized in Table 2.

Discussion. Clinical signs of IPA are insidious and non-specific.
Worsening respiratory conditions despite ongoing antibiotic
therapy should raise the suspicion of IPA in patients at risk
[3-6]. As discussed above, IPA, may be associated with multiple
non-specific radiological patterns [109-111]. Any positive micro-
biological test for Aspergillus in a screening sample (e.g., serum
or NBR) is suggestive of IPA. Because of the lack of specificity
of serum GM (with possible false positive results) [92-95], and
GM, PCR and cultures in NBR samples (poor ability to distin-
guish IPA from colonisation) [79, 102-105], a bronchoscopy is
indicated whenever possible for more accurate diagnosis and
guiding therapeutic decisions [112].

4.5 | Which Tests Should Be Performed in BALF?

BALF samples should be tested using direct microscopy (A II),
fungal culture (A II), GM testing (A II) and Aspergillus PCR (A
II). While these tests exhibit variable sensitivity and specificity,
their conjunction may improve diagnostic accuracy. These rec-
ommendations are summarized in Table 2.

Discussion. BALF samples can be tested for Aspergillus detec-
tion by direct microscopy, fungal culture, PCR or GM. Direct
microscopy is associated with low sensitivity in CAPA [90, 113].

6 of 25

Mycoses, 2025



For IAPA, sensitivity is much higher in patients with Aspergillus
tracheobronchitis compared to those with IPA (75% vs. 20%) [114].
The actual sensitivity of culture and GM in BALF is difficult to
assess as most studies used these tests' results for IPA defini-
tions [5, 6]. However, a study confronting ante-mortem diagnosis
of probable IAPA or CAPA to autopsy results showed sensitivity/
specificity of 92%/64% and 58%/93% for GM and culture in BALF,
respectively [39]. It is important to note that the actual positive
and negative predictive values of these tests depend on the IAPA/
CAPA prevalence, which may vary between centers and across
seasons [28, 31, 36]. Regarding PCR in BALF, data using the refer-
ence standard of autopsy-proven IPA are lacking. The few studies
assessing its performance for IPA diagnosis according to consen-
sual definitions suggest variable sensitivity according to the under-
lying condition (40%-50% in CAPA, 60%-70% in other ICU IPA)
and good specificity (>95%) [77, 115, 116].

5 | Definitions

5.1 | How Should Possible, Probable and Proven
IPA in ICU Be Defined?

For immunocompromised hosts, we recommend using EORTC-
MSGERC criteria, similarly to non-ICU populations. For pa-
tients who do not fulfill EORTC-MSGERC host criteria, adapted
definitions of IPA in ICU are proposed in Table 3.

Discussion. IPA definitions have been established by the
European Organisation for Research and Treatment of Cancer
(EORTC) and Mycoses Study Group Education and Research
Consortium (MSGERC) and rely on the presence of host fac-
tors of immunosuppression [117]. These definitions are not
generally applicable in ICU where patients without these host
criteria may also be at risk of IPA. Several definitions adapted
to the ICU setting have been proposed [3-6, 24]. Because of the
lack of specificity of clinical and radiological signs of IPA, these
definitions rely essentially on the documentation of a positive
microbiological test for Aspergillus. However, the distinction
between Aspergillus airway colonisation and IPA remains chal-
lenging. Considering that the physiopathology of IPA may differ
between ICU patients with EORTC-MSGERC host criteria and
those exhibiting other risk factors (as mentioned in Table 1), we
propose to treat these categories separately. We considered that
ICU patients fulfilling EORTC-MSGERC host criteria enter into
the EORTC-MSGERC classification of IPA [117]. We established
a distinct classification for ICU patients with conditions at low,
intermediate or high risk of IPA (other than EORTC-MSGERC
host factors, Table 1). Among these patients (host criteria), IPA
should be suspected in those presenting deteriorating respira-
tory conditions and any new or progressive pulmonary infiltrate
without alternative explanation or direct observation of signs
suggestive of Aspergillus tracheobronchitis (tracheobronchial ul-
cerations, pseudomembranes, nodules, plaques, eschars) at bron-
choscopy (i.e., clinical/radiological criteria). Documentation of

TABLE 3 | Definitions of invasive pulmonary aspergillosis in non-immunocompromised intensive care unit patients (i.e., not fulfilling EORTC-

MSGERC host criteria)?.

IPA classification Host criteria

Clinical/radiological criteria

Histopathological/
microbiological criteria

Proven

Severe influenzab
Severe COVID-19°
Exacerbated severe COPD
(GOLD grade 3 or 4)
Severe acute liver
dysfunction or chronic
end-stage liver disease
Respiratory viral
infection other than
influenza or COVID-19
Burns with TBSA > 35%
and/or inhalation injury

Probable

Possible

Deterioration of respiratory

New radiological pulmonary infiltrate
without alternative infectious
or non-infectious diagnosis
Tracheobronchial ulcerations,
pseudomembranes, nodules, plaques or
eschars at bronchoscopic examination

Direct observation of
hyphae consistent with
Aspergillus spp. and signs
of tissue invasion
Positive culture or
Aspergillus PCR from
normally sterile tissue

GMF€ >0.5 in serum OR
GMF€ >1in BALF OR
Aspergillus spp. recovered
by culture in BALF OR
Positive Aspergillus PCR
in serum (twice) OR
Positive Aspergillus PCR
in serum and BALF

conditions AND

Aspergillus spp. recovered
by culture in NBR OR
GM*€ >4.5in NBR OR

GM°¢ >1.2 in NBR (twice) OR
GM* >1.2 and positive
Aspergillus PCR in NBR

Abbreviations: BALF, bronchoalveolar lavage fluid; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus 2019; EORTC-MSGERC, European
Organisation for Research and Treatment of Cancer—Mycoses Study Group Education and Research Consortium; GM, galactomannan; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; IPA, invasive pulmonary aspergillosis; NBR, non-bronchoscopic respiratory samples; PCR, polymerase chain reaction; TBSA, total

body surface area.

aFor immunocompromised patients according to EORTC-MSGERC host criteria, definitions of the EORTC-MSGERC apply [117].

bThe term “severe” refers to patients requiring mechanical ventilation.

“Both GM-enzyme immunoassay (EIA) and GM-lateral flow assay (LFA) can be used. See details in Table S4.
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a positive test for Aspergillus (i.e., histopathological/microbio-
logical criteria) is then required for classification in the proven,
probable and possible IPA categories. We considered sample
origin to make this distinction. Samples from normally sterile
sites (i.e., lung biopsy) with recovery of Aspergillus spp. (di-
rect microscopy, culture or PCR) are required for proven IPA.
Positive results from serum or plasma (GM, PCR) and BALF
(culture, GM, PCR) were considered as indicative of probable
IPA. Indeed, based on one study assessing the performance of
these tests/samples according to autopsy results for CAPA and
IAPA, serum GM, BALF GM and BALF culture had a speci-
ficity of 94% (cut-off > 0.5 ODI), 64% (cut-off >1 ODI) and 93%,
respectively [39]. Moreover, GM in BALF exhibited the highest
sensitivity (92%). For PCR, because of the lack of reliable speci-
ficity data, we propose that two positive tests (twice in serum or
one in serum and one in BALF) are required for a diagnosis of
probable IPA, which is in line with previous guidelines [5, 117].
Finally, positive results from NBR samples (culture, GM, PCR)
were classified in the category of possible IPA. Indeed, the spec-
ificity of these samples to distinguish IPA from colonisation is
uncertain. Cut-offs have been proposed for GM interpretation
in NBR samples in CAPA [5], but their actual performance to
predict IPA is unclear with limited experience [79, 102-105].

We have provided a schematic representation comparing the ratio-
nale and approach for definitions of IPA in ICU for patients with
EORTC-MSGERC criteria and other patients at risk in Figure S1.

6 | Treatment

6.1 | Which ICU Patients Should Be Treated
for IPA?

Patients fulfilling the criteria of probable or proven IPA or
Aspergillus tracheobronchitis (according to Table 3) should be
treated with AFT as soon as possible (A II). Patients with criteria
of possible IPA or clinical suspicion of IPA should undergo further
diagnostic work-up (e.g., bronchoscopy) as soon as possible, as
recommended above. AFT should be considered in these patients
according to clinical conditions if bronchoscopy is not feasible
or delayed or in case of persisting (i.e., >2 consecutive) positive
results in NBR samples. In these latter scenarios, AFT should be
reassessed later according to the results of microbiological tests in
BALF when bronchoscopy has been performed (A II1).

Discussion. There was no study demonstrating the association
between AFT and improved outcomes [24, 28, 29, 33,74, 76, 78].
Indeed, the benefit of AFT is difficult to demonstrate as most
patients with putative IPA receive AFT. Considering the high
mortality rates of IPA in ICU (see above), we strongly rec-
ommend promptly starting AFT in patients with proven or
probable IPA according to the definitions in Table 3. In case
of positive GM or PCR in serum, we recommend obtaining a
second positive test on a consecutive sample. Pending this re-
sult, AFT can be started or refrained according to the clinical
situations (risk level, clinical illness severity). For patients ful-
filling the criteria of possible IPA according to the definitions
in Table 3, diagnostic work-up should be completed by bron-
choscopy with BALF. If bronchoscopy cannot be performed
within a reasonable time frame (< 24h) or in case of clinical

deterioration or high-risk condition, AFT can be started and
reassessed later. If bronchoscopy is not feasible, we recom-
mend repeating Aspergillus testing (culture, GM or PCR) in
NBR samples and to consider AFT in case of persistent pos-
itive results and clinical deterioration. If bronchoscopy is
obtained and BALF results do not allow an upgrade from pos-
sible to probable IPA in a patient with stable or improving clin-
ical conditions, AFT can be refrained. A screening in serum
or NBR samples can be performed in this scenario (see rec-
ommendations above for screening strategy) and AFT should
be considered in case of lack of improvement and repeated
positive Aspergillus testing in NBR samples or in case of clin-
ical deterioration without alternative explanation. These rec-
ommendations are summarised in the algorithm presented in
Figure 2.

6.2 | Which Antifungal Drug Is Recommended as
First-Line Therapy of IPA?

We recommend isavuconazole or voriconazole as first-line
therapy for IPA in ICU patients (A I and A 1II for patients with
and without immunocompromised conditions, respectively).
Isavuconazole might be preferred in selected critically ill pa-
tients because of its better pharmacokinetic and safety profiles.
Liposomal amphotericin B (L-amphotericin B) and posacon-
azole are acceptable alternatives (B II, B I/II, respectively).
Echinocandins can be considered in combination therapy for
selected cases (C I/III) but should be avoided as monotherapy
unless there is no alternative option. These recommendations
are summarised in Table 4.

Discussion. Few studies have compared the mortality rates
between different antifungals for the treatment of IPA in
ICU and their results (based on small datasets) could not
demonstrate any significant differences [118, 119, 166, 167].
Voriconazole and isavuconazole have been approved as
first-line AFT for IPA based on randomized trials in hema-
tologic cancer populations [7, 8, 120, 122, 168]. Such studies
are lacking for ICU patients. In observational cohort stud-
ies of IPA in ICU, voriconazole was the most frequent AFT
[24, 35, 50, 74, 91, 118, 119, 121]. The use of isavuconazole
was mainly reported for the treatment of CAPA, representing
about 15%-40% of AFTs in published literature [35, 91, 123].
Compared to voriconazole, isavuconazole displays several ad-
vantages in terms of pharmacokinetic and safety profiles, such
as less variable interindividual drug exposure, fewer drug-
drug interactions (DDI), the lack of the cyclodextrin adjuvant
component in the intravenous formulation (that may accumu-
late in cases of renal failure), less neurological and hepatic tox-
icity and less concern about the risk of cardiac arrhythmia (no
prolongation of QT interval) [122, 123]. Because these condi-
tions are frequent in critically ill patients, the panel suggested
a strong recommendation (A, similar to voriconazole) for the
use of isavuconazole, suggesting that it could be favored for
patients with liver dysfunction, severe renal insufficiency or
potential DDI. Posaconazole has demonstrated that it is non-
inferior to voriconazole for the treatment of IPA in immuno-
compromised patients in a randomized controlled trial [125].
However, experience with posaconazole for IPA treatment
in ICU is limited [35, 91], and this drug does not offer real
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ICU patient at risk of IPA
(low/intermediate/high)

New or worsening chest CT OR Positive GM in OR 21 positive test in NBR
infiltrate serum (culture, GM, PCR)
Bronchoscopy Bronchoscopy not
feasible in 24h feasible in <24h
1 1 I I

Any positive test in BALF
(culture, GM, PCR)

All tests negative in
BALF

21 positive test in NBR No positive test

Repeattesting [ ERRRNRRRRRRRRRN RENRRNNNERRNRNNRRNY]

or positive GM in serum (NBR or serum)
Intermediate/ High-risk A
low-risk .
| .
-

21 positive test in NBR
or positive GM in serum

v v

v
Consider AFT < NoAFT >

Reassess when bronchoscopy feasible

FIGURE 2 | Algorithm for the management of intensive care unit patients at risk of invasive pulmonary aspergillosis. AFT, antifungal therapy;

BALF, bronchoalveolar lavage fluid; CT, computed tomography; GM, galactomannan; HC, patients with hematologic cancer; ICU, intensive care

unit; IPA, invasive pulmonary aspergillosis; NBR, non-bronchoscopic respiratory samples; PCR, polymerase chain reaction.

advantages over voriconazole in terms of pharmacokinetic or
safety profiles.

Lipid formulations of amphotericin B have also been used for
the treatment of IPA in ICU [35, 91, 118]. They represent the
best alternative option in patients with end-stage chronic or se-
vere acute liver disease [19, 20]. Their use is limited in patients
with renal failure because of nephrotoxicity with a global inci-
dence of about 10%-15% [169-171]. Mainly L-amphotericin B is
available in Switzerland and it has been associated with a lower
risk of nephrotoxicity compared to other amphotericin B lipid
formulations [171-173]. However, studies suggested a relatively
high incidence of worsening renal function (about 25%) in ICU
patients who are at high risk of acute renal injury due to criti-
cal illness severity and co-medications (diuretics, vasopressors)
[174, 175]. Echinocandins (mainly caspofungin) have been used
with variable success rates (30%-50%) for the treatment of IPA
but comparative trials, as well as specific ICU data, are lacking
[126, 127, 154, 176]. A randomised trial showed a trend (but not
significant) towards improved outcomes with a combination
of anidulafungin and voriconazole compared to voriconazole
alone for the treatment of IPA in patients with hematologic can-
cer [128]. A significant benefit was observed in the subgroup of
patients with GM-positive IPA. While these results cannot be
extrapolated to ICU, the panel suggests that this combination
may be considered for severe IPA (see details in the footnote of
Table 4).

While the rate of azole resistance among A. fumigatus is cur-
rently low in Switzerland (about 1% among clinical isolates),
environmental studies suggest that it is emerging [177, 178].
Therefore, we recommend performing antifungal susceptibility

testing for every Aspergillus spp. isolated from ICU respira-
tory samples. If azole resistance is confirmed or suspected (i.e.,
transfer from an ICU unit located in an endemic area or mould-
active azole breakthrough infection), we favor treatment with
L-amphotericin B [129, 179]. In case of toxicity concern (i.e., kid-
ney dysfunction), novel antifungal agents, such as fosmanogepix
or olorofim, can be considered if available [130, 131]. Other op-
tions include a combination of a triazole with an echinocandin
or high-dose posaconazole (for targeted plasma trough concen-
trations of 3-6mg/L with strict monitoring of adverse events),
although evidence supporting the clinical efficacy of these regi-
mens is scarce [132, 133, 179].

An algorithm for guidance of therapeutic choice is provided in
Figure 3.

6.3 | How Should Refractory IPA Be Treated?

The different options to consider in case of failure of initial AFT
are presented in Table 4. Switch of antifungal drug classes (from
triazoles to L-amphotericin B, or inversely) or combination
therapies including an echinocandin represents the preferred
options. Novel antifungal drugs (e.g., fosmanogepix, olorofim)
may also be considered if available.

Discussion. There is no clear consensual definition for refrac-
tory IPA in ICU. In case of worsening clinical or radiological
signs despite AFT for >7days, physicians should first con-
sider repeating bronchoscopy and searching for an alternative
explanation (e.g., insufficient drug exposure, alternative diag-
nosis). Several options are available for IPA not responding to
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Basal conditions

Liver dysfunction No Mild/moderate Severe
Kidney dysfunction’ No Yes
DDI/ Qrct No Yes
Suspected dozmentes No
All green Any blue Any red

2

Voriconazole

2

Isavuconazole

2

L-amphotericin B2

No response ?3

2

Switch AF class*®

Combination therapy*

Consider adjunctive
therapy*

FIGURE 3 | Algorithm for guidance of therapeutic choices for invasive pulmonary aspergillosis in intensive care unit patients. DDI, drug-drug
interactions; QTc, corrected QT interval at electrocardiogram. 'Refers to moderate or severe kidney dysfunction (e.g., estimated glomerular filtration

rate [GFR] <30mL/min or increase of serum creatinine > 50% from baseline). 2Alternatively, novel antifungal agents, such as fosmanogepix or olo-

rofim, can be used if available (for instance: In case of severe renal dysfunction precluding use of L-amphotericin B). Of note, experience is currently

limited with these new drugs. 3Assess cause of lack of response, which may guide therapeutic decisions (see Table 4). *See details and recommenda-

tions for different options in Table 4. *Novel antifungal agents, such as fosmanogepix or olorofim, can also be considered if available and in case of

limited alternative options. Of note, experience is currently limited with these new drugs.

first-line AFT, of which none has demonstrated to be superior
to the other. Most clinical trials or cohort studies addressing
the efficacy of salvage therapies have been performed in pa-
tients with hematologic cancer or other immunosuppressive
conditions [137, 144-146, 155]. Data specific to ICU are lack-
ing. The switch of antifungal drug classes between triazoles
and L-amphotericin B seems the most appropriate option be-
cause of the good efficacy of these drug classes as first-line
AFT [120, 180]. Combination AFTs with the addition of an
echinocandin to a triazole or L-amphotericin B are common
practice, although their superiority to monotherapies remains
controversial [134, 145, 146, 149]. If available, novel antifun-
gal drugs (e.g., fosmanogepix, olorofim) can be considered
in selected cases [130, 131]. The switch of drug within the
same class (mainly triazoles) should be restricted to situa-
tions where failure is attributed to insufficient drug exposure
or toxicity [137, 138]. Echinocandin monotherapy should be
avoided unless there is no other option, because of concern
about efficacy and lack of appropriate exposure in ICU pa-
tients [127, 176, 181]. Finally, adjunctive therapeutic interven-
tions (e.g., inhaled AFT, surgery, immunomodulation) can be
considered.

6.4 | Which Adjunctive Therapeutic Interventions
Can Be Considered for IPA Treatment?

Little evidence supports the use of adjunctive therapeutic inter-
ventions, which may be considered in selected cases of severe or
refractory IPA. These interventions are summarised in Table 4.

Discussion. Use of nebulized L-amphotericin B has been men-
tioned in some case reports of CAPA or IAPA (mainly Aspergillus
tracheobronchitis) with good tolerance [158, 159, 182]. Therefore,
the panel suggests that it might be considered as adjunctive ther-
apy in severe Aspergillus tracheobronchitis, which is associated
with high mortality rates [114, 183, 184]. Opelconazole is a novel
triazole designed for inhalation use, which is currently being
tested as adjunctive therapy for refractory IPA in a randomised
placebo-controlled trial (OPERA-T study, NCT05238116).

Surgery may be considered in rare situations, such as pulmo-
nary lesions at risk of bleeding or large cavitary lesions [162].
Embolization of affected vessels has also been reported for
pseudoaneurysms and severe hemoptysis [163]. The use of im-
munomodulatory drugs (e.g., interferon gamma) or granulocyte
colony-stimulating factors (G-CSF) has been marginally re-
ported [164, 165]. Short use of steroids during ICU stay has been
associated with increased risk of TAPA and CAPA [24, 78]. The
continuation of such short-term corticosteroid therapy should be
reassessed in patients with IPA on an individual basis. While the
benefit of steroids has been demonstrated for CAPA [185], it is
not recommended in IAPA [186].

6.5 | How Should AFT Be Adapted in the ICU
Setting?

Recommendations for TDM and dosing adjustment of antifun-
gal drugs according to specific ICU situations are provided in
Table 5.
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recommendation,

SoR,
QOE; target; timing

Liver
dysfunction

terval

1n

Nasogastric tube i

Weight

ECMO

Renal dysfunction

Dosing

Antifungal drug

C, III
For selected situations
(e.g., obese patients)

Not applicable

SD SD (increased

SD

SD

200mg q24h (day 1)

Anidulafungin (ANT)

dose may be
considered
in patients

100mg q24h
(from day 2)

>140kg)

Abbreviations: AD, adjusted dosing according to weight; ECMO, extracorporeal membrane oxygenation; QoE, quality of evidence; RRT, renal replacement therapy; SD, standard dosing; SoR, strength of recommendation; TDM,

therapeutic drug monitoring.

AAD+TDM: initial dosing adjusted to weight, then adjusted according to TDM. Note: adjusted body weight should be used (instead of actual weight).

bAccumulation of the sulfobutylether-beta-cyclodextrin (SBECD) component present in the intravenous formulation.
°An additional earlier measurement (day 2 or 3) can be considered if toxicity is suspected.

dSD + TDM: initial standard dosing, then adjust according to TDM.

°Based on population pharmacokinetic data (no established correlation with outcomes or toxicity).

Discussion. Administering effective AFT and achieving ther-
apeutic drug levels is challenging in critically ill patients, who
often have renal or liver impairment, hypoalbuminemia, and
capillary leakage syndrome [187]. These conditions, combined
with polypharmacy and procedures like RRT or ECMO, can sig-
nificantly alter drug levels. Overall, antifungal agents achieve
low rates of exposure and target attainment in ICU patients
[188]. Therefore, dose adaptations are essential for therapeutic
success.

Antifungal drugs used for IPA treatment usually do not require
dosing adaptation in case of renal dysfunction or RRT consider-
ing their hepatobiliary clearance. The cyclodextrin component
associated with voriconazole and posaconazole in the intrave-
nous formulation may accumulate in case of renal insufficiency
[189]. However, several studies have assessed the safety of these
intravenous formulations in patients with renal dysfunction or
RRT without the need for dosing adjustment [190-194].

In patients with severe liver impairment, voriconazole clearance
is affected, which may result in increased exposure and toxicity
[195]. Alternative AFT should be considered in this setting. Use
of isavuconazole in patients with mild or moderate liver impair-
ment was shown to be safe [196-198]. Although some increase
in isavuconazole exposure can be expected, no dosing adjust-
ment is required [199, 200]. Isavuconazole should be used cau-
tiously in patients with severe liver impairment for whom data
are lacking. Among echinocandins, some decrease in caspo-
fungin clearance has been observed in patients with moderate/
severe liver impairment, but the need for dosing adjustment is
debated [201, 202]. An alternative echinocandin (e.g., anidula-
fungin) should be considered in this setting.

For patients under ECMO, some circuit loss can be expected for
the triazoles (voriconazole, posaconazole and isavuconazole), al-
though exposure is usually not significantly affected and initial
dosing adjustment is not warranted [203-207]. Similar observa-
tions have been reported for echinocandins [203, 205, 208, 209].
For L-amphotericin B, data are scarce but suggest significant
circuit loss [203, 205]. For patients with a nasogastric tube, oral
administration of triazoles is possible using crushed tablets
(voriconazole, posaconazole), opened capsules (isavuconazole)
or intravenous solution (isavuconazole) [210-215].

For overweight patients, dosing of L-amphotericin B and
voriconazole in dose/kg should be based on the adjusted body
weight (rather than the actual body weight) until a maximum
of 100kg [216, 217]. For posaconazole, the results of one study
support an increased initial dosing in patients weighing > 140kg
[218]. Dose increases can also be considered for the use of echi-
nocandins in patients weighing >80kg [216, 219-221].

TDM (i.e., measurement of plasma trough concentrations) is
recommended for all patients receiving voriconazole and po-
saconazole considering important interindividual variabil-
ity and should be performed once steady state is reached (i.e.,
from day 5) [7, 8]. For voriconazole, trough concentrations have
been correlated with therapeutic success and neurotoxicity for
cut-offs of >1-2mg/L and 5-5.5mg/L, respectively [222-225].
For posaconazole, trough concentration cut-offs of 0.7mg/L
and 1mg/L have been proposed for prophylaxis and therapy,
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respectively [8]. However, these cut-offs are based on phar-
macokinetic models and there is little evidence of correlation
with outcomes [137, 226-228]. The upper cut-off has been set
at 3.75mg/L, although there is no clear correlation between
high posaconazole concentrations and toxicity [8, 133, 229].
Pharmacokinetic profiles of patients receiving isavuconazole
were more stable showing no correlation with outcomes or tox-
icity [230-232]. A pharmacokinetic study in critically ill patients
did not find any significant impact of various parameters on
isavuconazole concentrations [233]. Therefore, isavuconazole
TDM is not routinely recommended but may be considered in
selected cases (e.g., failure of therapy, suspicion of toxicity, DDI,
ECMO, severe liver dysfunction or obesity). TDM for echinocan-
dins is not routinely recommended and is not available in most
centers [234]. Echinocandin plasma concentrations were found
to be highly variable and unpredictable with overall lower con-
centrations in ICU patients compared to others [181, 235, 236].
Although no cut-off has been associated with outcomes, TDM
for echinocandins (if available) could be considered in selected
critically ill patients to ensure adequate exposure [237]. TDM for
amphotericin B is complex because of the different lipid formu-
lations and is not routinely recommended [237].

6.6 | What Is the Optimal Follow-Up
and Treatment Duration for IPA in ICU?

Follow-up chest CT is recommended at 4-6 weeks from the start
of AFT or earlier in case of lack of clinical improvement (A III).
Monitoring of serum GM is recommended once weekly if the
initial value was positive (i.e., > 0.5 ODI) until it turns negative
(A II). Duration of AFT should be assessed on an individual
basis considering the presence/absence of underlying immuno-
suppressive conditions, the recovery of immune status and the
response to therapy. In patients with proven or probable IPA,
we recommend a minimum of 4-6weeks and 6-12weeks in
patients without and with host factors of immunosuppression,
respectively (B III). In patients with possible IPA, earlier discon-
tinuation of AFT (i.e., <4weeks) can be considered in selected
situations. These recommendations, as well as those for safety
monitoring during AFT, are shown in Table 6.

Discussion. Assessing clinical response is complex due to the
lack of reliable markers. Consensus criteria for response to
AFT, based on clinical, radiological, and mycological factors,
have been mainly defined for hematologic patients [8, 238].
Radiological response in ICU patients with IPA is difficult to as-
sess because of the lack of specificity of lung CT lesions, which
frequently overlap with patterns of viral infection (influenza,
COVID-19) and secondary bacterial infections. We recommend
performing follow-up chest CT at 4-6weeks from the start of
AFT to look for complications (e.g., cavity formation), which
may impact the duration of therapy, or earlier in case of lack
of clinical improvement. Monitoring of serum GM (in case of
positive initial value) was shown to have a good prognostic value
in IPA follow-up of immunocompromised patients [239, 240].
However, this marker is rarely positive in ICU patients with IPA
except in IAPA.

Regarding safety monitoring, the frequency of TDM (when indi-
cated) should be determined according to the timing of the steady

state of the AF drug and the intra-individual variability of plasma
druglevels. Overall, we recommend performing TDM once weekly
during the ICU stay and then according to the clinical situation
and the intra-individual variability of previous measurements.

Other safety monitoring interventions should include hepatic
tests and electrocardiogram (measurement of QT interval) for
triazoles, and serum creatinine and potassium (with magne-
sium in case of hypokalemia) for L-amphotericin B.

Recommendations for the duration of AFT in IPA are based
on very little evidence and are highly dependent on the indi-
vidual response to therapy and recovery of immunity [241].
Guidelines recommend a minimum duration of 6-12weeks
in immunocompromised patients (i.e., patients with EORTC-
MSGERC host criteria) [7]. The context is quite different in
ICU where most patients developing IPA have no EORTC-
MSGERC host criteria and are exposed to a relatively short
vulnerability period (i.e., duration of ICU stay, mechanical
ventilation). We consider that, for proven/probable IPA in the
absence of EORTC-MSGERC host criteria, AFT can be discon-
tinued after a minimum of 4-6 weeks provided that clinical/
radiological/microbiological response to therapy is favourable
(complete or near complete response), mechanical ventilation
has been discontinued, and the patient has been discharged
from ICU. Among patients classified as possible IPA, earlier
discontinuation of AFT (i.e., <4weeks) can be considered if
the patients fulfill these criteria.

6.7 | Which Are the Recommendations
for Antifungal Prophylaxis and Other Preventive
Measures for IPA in ICU?

Antifungal prophylaxis with posaconazole is recommended in
high-risk hematologic cancer patients (i.e., prolonged neutro-
penia or allogeneic HCT with severe graft versus host disease)
(A I). It is generally not recommended in other ICU patients.
Prophylaxis with posaconazole or nebulized L-amphotericin B
may be considered in severe COVID-19 patients in a setting of
high CAPA incidence (i.e., >10%, C II). We do not recommend
prophylaxis in severe influenza because of the early onset of
IAPA in these patients (D, I). Nebulized L-amphotericin B can
be administered for the prevention of IPA in lung transplant
recipients during the immediate post-transplantation period (B
IT). Close adherence to local infection prevention and control
protocols should be followed in ICU to avoid spore contamina-
tion (A III).

Discussion. Posaconazole prophylaxis was shown to signifi-
cantly reduce the incidence of IPA in patients with hemato-
logic cancer and prolonged neutropenia or allogeneic HCT and
severe graft-versus-host disease [14, 15]. Its benefit in other
subgroups of patients has not been clearly demonstrated.
Despite some favourable trends, a randomised trial failed to
demonstrate the benefit of posaconazole prophylaxis in severe
influenza because of the high incidence of early IAPA [67]. In
two observational studies, CAPA incidence was lower among
patients who received posaconazole prophylaxis compared to
those who did not [242, 243]. Similarly, observational stud-
ies suggest that nebulized amphotericin B may lower CAPA
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TABLE 6 | Follow-up and duration of antifungal therapy for invasive pulmonary aspergillosis in intensive care unit patients.

Intervention Frequency Recommendation SoR, QoE
TDM (when indicated)? After 5days from start of AFT, then every A, 111
5-7days until ICU discharge, then on an
individual basis (at least once every 2weeks)

Safety monitoring

Hepatic tests® (VOR, POS, ISA) At initiation of AFT, then twice during A, 111

the first week, then once weekly if
within normal range of values

Serum creatinine (L-AMB) At initiation of AFT, then 3 times weekly A, III

Serum potassium (L-AMB) At initiation of AFT, then 3 times weekly A, TIT

ECG QT interval (VOR, POS)*© At initiation of AFT, then after 2-3 days, A, 1111

then at every change of medications
with potential effect on QT intervald

Assessment of therapeutic response

Serum GM If initial testing positive (ODI >0.5): A, Il

once weekly until negative
Chest CT At 4-6weeks from start of AFT if A, III
favourable clinical course®

Bronchoscopy with BALF In case of clinical deterioration B, III
Duration of therapy

Presence of EORTC-MSGERC criteria Minimum 6-12 weeksf B, II1

Absence of EORTC-MSGERC criteria Minimum 4-6 weeks® B, III

Abbreviations: AFT, antifungal therapy; BALF, bronchoalveolar lavage fluid; CT, computed tomography; EORTC-MSGERC, European Organisation for Research
and Treatment of Cancer—Mycoses Study Group Education and Research Consortium; GM, galactomannan; ICU, intensive care units; ISA, isavuconazole; L-AMB,
liposomal amphotericin B; ODI, optical density index; POS, posaconazole; QoE, quality of evidence; SoR, strength of recommendation; TDM, therapeutic drug

monitoring; VOR, voriconazole.
aFor TDM indications, see Table 5.

YAlanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, gamma-glutamyl transferase, total bilirubin.

‘Isavuconazole has been associated with a shortened (instead of prolonged) QT interval. For isavuconazole, congenital short QT interval should be excluded by ECG
before starting therapy. We do not recommend further monitoring during the course of therapy unless otherwise indicated.

dCloser monitoring may be required for patients with corrected QT interval at the upper limit (> 440 ms). Change of therapy (e.g., isavuconazole) should be considered

if corrected QT >480ms in females or >470ms in males.

®Earlier chest CT (i.e., at 2weeks from start of AFT) should be considered in patients with immunosuppressive conditions (EORTC-MSGERC criteria) or in case of a

lack of clinical improvement.

fDepending on clinical/radiological/microbiological response to therapy and recovery of immunity.
eDepending on clinical/radiological/microbiological response and recovery of critically ill conditions (i.e., interruption of mechanical ventilation and ICU discharge).

incidence [242, 243]. Nebulized L-amphotericin B was shown
to be safe and is widely prescribed for the prevention of IPA
in lung transplant recipients [244-247]. However, randomised
controlled studies are lacking and the duration of prophylaxis
is debated.

Since the incidence of IPA in ICU, in particular IAPA and
CAPA, displays very important variations between centers, the
role of environmental factors (e.g., contamination of rooms or
ventilation systems) has been suspected. Genotype studies of
Aspergillus clinical isolates and environmental samples to as-
sess the source of acquisition (i.e., nosocomial or community-
acquired) provided controversial results [248-250]. Nonetheless,
hospital control measures to lower the risk of spore airborne
contamination should be implemented.
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