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prevalence and outcome of invasive 
pulmonary aspergillosis in critically 
ill patients with liver cirrhosis: an 
observational study
tobias Lahmer1, Andreas Brandl2, Sebastian Rasch  1, Gonzalo Batres Baires1, 
Roland M. Schmid1, Wolfgang Huber1 & Ulrich Mayr1

invasive pulmonary aspergillosis (ipA) is an important cause of morbidity/mortality in critically ill 
patients with endstage liver disease. therefore, aim of this study is to predict the prevalence and 
outcome of ipA in critically ill patients with underlying liver cirrhosis and evaluation of the necessity 
Glactomannan (GM) screening in serum and bronchoalveolar lavage (BAL) in this cohort. In total 12 out 
of 84 patients (14%) had probable IPA. The mean optical density index (ODI) bronchoalveolar lavage 
(BAL) GM index was 3.6 ± 1.5 (Range: 1.7–5.7). An overall sensitivity of 90% (95% CI 86–96%) and 
specificity of 85% (95% CI 81–88%) was found for the BAL GM in IPA. Acute Physiology And Chronic 
Health evaluation (ApAcHe ii), sequential organ failure assessment (SofA) as well the model of 
endstage liver disease (MELD) score were significantly higher in the probable IPA group as compared 
to the No IPA group (26 versus 21, p < 0.001 and 14 versus 10, p < 0.044). Length of intensive care unit 
(ICU) stay was significantly longer in probable IPA patients (16 versus 10 days, p < 0.027) and mortality 
rate was significantly higher in probable IPA patients (100% versus 65%, p < 0.001) as compared to 
No IPA patients. APACHE II and MELD score were independently associated with higher mortality rate 
using multivariate logistic regression (p = 0.025 and p = 0.034). In conclusion, IPA has a relevant impact 
on outcome. Screening for ipA is indicated, easy to perform and a necessity to improve outcome.

Invasive pulmonary aspergillosis (IPA) is commonly known as a severe opportunistic infection in immunocom-
promised patients1. Recently, IPA has also been increasingly recognized in non –neutropenic critically ill patients 
as an emerging disease2.

Till today mostly described in small studies and case series, end stage liver cirrhosis is poorly recognized as a 
relevant underlying disease for IPA3,4.

It ist well known that invasive fungal infections lead to immunodeficiency based not only on various genetic 
influences but it also affects the innate and adaptive immune systems5.

In our study population the reasons for the development of IPA are diverse. Not only underlying host factors, 
but also immunoregulatory abnormalities following critical illness and/or liver cirrhosis can induce a state of 
immunoparalysis2,6.

The high incidence of infections may be explained by the so called cirrhosis associated immune dysfunction 
(CAID) which combines immunodeficiency and disturbance of specific immune system cells, including not only 
neutrophils and monocytes but also T and B cells6,7.

This leads into a multifactorial process of continously overstimulation of immune cells, hypersplenism and 
splenic pooling of immune system called “immune paralysis”6,8.

This “ immune paralysis” results in an inadequate host response to potential infections, especially fungal diseases 
and may be supported by acute conditions e.g. severe sepsis or acute respiratory distress syndrome (ARDS) and 
may explain the devasting high morbidity and mortality among critically ill patients with end stage liver disease9,10.
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Moreover, one major problem in non-neutropenic patients is the timely and correct diagnosis of IPA which 
is in most cases combined with non specific clinical presentations and limited accuracey of diagnostic tests as 
compared to neutropenic patients2.

Patients with liver cirrhosis are at risk for IPA. Therefore, aim of this study is to assess the prevalence and out-
come of IPA in critically ill patients with underlying liver cirrhosis and evaluating the necessity of Glactomannan 
(GM) screening in this cohort.

Results
A total of 84 critically ill patients with underlying liver cirrhosis were included in the study.

The demographic and clinical characteristics of the patients are presented in Table 1.
Twelve cases of probable IPA (14%) were observed. IPA could be excluded in the remaining 72 patients.

Basic characteristics. Divided in patients with IPA and No IPA significant differences could be observed:
APACHE II, SOFA as well the MELD (model of endstage liver disease) score were significantly higher in the 

probable IPA group as compared to the No IPA group (26 versus 21, p < 0.001 and 14 versus 10, p < 0.044). The 
acute on chronic liver failure (ACLF) score was not statistical significant in both groups, however, ACLF grade 
3 was only found in the IPA group, ACLF grade 2 and 3 in the No IPA group. Moreover, probable IPA patients 
needed significantly more renal replacement therapy (90% versus 48%, p < 0.045) and in the No-IPA group broad 
spectrum antibiotic were significantly less often often used as compared to the IPA group (p = 0.032).

No differencies could be observed in other risk factors for IPA: frequency of neutropenia (p = 0.450), diabe-
tes mellitus (p = 0.097), hepatic carcinoma (p = 0.054), chronic lung disease (p = 0.132), mechanical ventilation 
(p = 0.145) and glucocorticoid therapy (p = 0.110). In case of suspected alcoholic steato hepatitis 40 mg of intra-
venous prednisolone were used in all patients with glucocorticoid therapy, mean treatment time was 7 ± 3 days. 
Other immunosuppressive medication was not used in this study population.

Main reasons for intensive care unit (ICU) admission were in both groups without statistical significance 
pneumonia (p = 0.108), sepsis (p = 0.098), hepato-renal-syndrome (p = 0.122) and gastrointestinal bleeding 
(p = 0.088).

Main causes of end stage liver disease were in both groups heavy alcohol intake (p = 0.314), followed by signif-
icantly more hepatitis B and C in the No-IPA group (p < 0.001), autoimmune hepatitis (p = 0.258) and unknown 
reasons (p = 0.344) (see Table 1). This is in the line with the CHILD Pugh classifications which were in both 
groups mainly CHILD C with significantly more CHILD B liver cirrhosis in the No-IPA group (p < 0.001) (see 
Table 1). All patients had decompensated liver cirrhosis (p = 0.452).

Leukocyte count, C-reactive protein and procalcitonin levels were not statistical significant different in 
patients with probable and No IPA (p = 0.087; p = 0.287; p = 0.113).

Mycological characteristics. The mean intensive care unit (ICU) stay till diagnosis of IPA was 6 ± 4 days 
(see Table 2). Positive Galctomannan out of BAL (BAL-GM) fluid could be detected in 12 (14%) out of 84 patients. 
5 ± 3 BAL-GM in the IPA and 2 ± 1 BAL-GM tests were performed in the No-IPA group. The mean ODI BAL GM 
index was 3.6 ± 1.5 (Range: 1.7–5.7). The BAL-GM ODI of the other patients were in repeated measurements <1 
(see Table 2). Four patients without mechanical ventilation were screened by serum GM with no evidence for IPA 
with an overall ODI of <0.5.

An overall sensitivity of 90% (95% CI 86–96%) and specificity of 85% (95% CI 81–88%) was found for the 
BAL GM in IPA.

In detail a sensitivity of 98% (95% CI 95–100%) and specificity of 86% (95% CI 88–96%) for probable IPA and 
a sensitivity of 88% (95% CI 82–90%) and specificity of 82% (95% CI 78–84%) for possible IPA was found (see 
Table 2).

Radiological findings, especially IPA specific findings like Halo or air-crescent sign as well clinical findings 
revealed no-differences between the IPA and No-IPA group, with one exception of more unilateral findings in the 
ct scan in the No-IPA group (p = 0.034).

Aspergillus fumigatus could be identified by culture in ten (83%) out of twelve IPA cases. As all these cases 
presented highly positive BAL GM parameters, cultural growth was therefore interpreted as infection and not as 
colonization. Follow up examinations after initiated antimycotic therapy revealed in 2 patients ongoing growth 
of Aspergillus spp.

Cultures in No-IPA revealed only bacterial and in 21 cases Candida spp. findings. The Candida spp. findings 
were interpreted as colonization.

No difference of Leukocyte count, C-reactive protein and procalcitonin levels could be detected in the IPA 
group between baseline measurements and day of IPA diagnosis (p = 0.144; p = 0.224; p = 0.127).

Eleven patients out of twelve patients of the IPA group received for tretament liposomal amphotericin B and 
one patient voriconazole. Susceptibility testing was not routinely performed.

Follow up BAL GM after initiation of treatment revealed a decreased ODI of 2.8 ± 1.2 (range: 1.6–4.2) (see 
Table 2).

outcome characteristics. Length of ICU stay was significantly longer in probable IPA patients (16 ver-
sus 10 days, p < 0.027) and mortality rate was significantly higher in probable IPA patients (100% versus 65%, 
p < 0.001) as compared to No IPA patients.

Risk factors for death included higher APACHE II, SOFA and MELD score. APACHE II and MELD score 
were independently associated with higher mortality rates using multivariate logistic regression (p = 0.025 and 
P = 0.034) (see Table 2).
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Discussion
In our study a prevalence of 14% for IPA in critically ill patients with underlying endstage liver cirrhosis could 
be detected.

Comparable high prevalence rates for IPA of up to 16%, combined with a high mortality rate of nearly 100%, 
are till today only described for a subgroup of patients with liver disease, namley patients with acute severe alco-
holic hepatitis11,12.

This might be explained by the fact that in those study cohorts systemic gluccocorticoid use is the mainstay of 
the therapy which is well recognized as a risk factor in the EORTC/MSG guidelines13.

However, as reported in our study, end stage liver cirrhosis was also without gluccocorticoid therapy a relevant 
host factor devleoping IPA, especially if they are critically ill.

Patient characteristics
Overall study 
cohort Probable IPA No IPA p-valvue

Number of patients (n) 84 12 (14) 72 (86)

Male (n, %) 53 (65) 9 (75) 44 (61) p = 0.203

Age (years) 59 ± 11 59 ± 8 60 ± 12 p = 0.910

Etiology of cirrhosis (n, %):

Alcoholic liver disease 59 (71) 9 (75) 50 (70) p = 0.314

Chronic viral hepatitis B/C 8 (9) 0 (0) 8 (9) p < 0.001

Autoimmune 3 (4) 1 (8) 2 (3) p = 0.288

Others or unknown 14 (16) 2 (17) 12 (18) p = 0.344

CHILD-Pugh A 0 0

CHILD-Pugh B 13 (16) 0 13 (18) p < 0.001

CHILD-Pugh C 71 (84) 12 (100) 59 (82) p = 0.098

Decompensated cirrhosis 84 (100) 12 (100) 72 (100) p = 0.452

ACLF Score:

2 (n) 34 0 4 p = 0.065

3 (n) 50 12 38 p = 0.089

Clinical findings (n, %):

Fever 47 (56) 8 (66) 39 (54) p = 0.104

Cough 32 (38) 5 (42) 27 (38) p = 0.214

Hemoptysis 5 (6) 1 (8) 4 (6) p = 0.188

Baseline characteristics:

APACHE II score 21 ± 7 26 ± 8 21 ± 7 p < 0.001

SOFA score 11 ± 3 14 ± 4 10 ± 4 p = 0.044

MELD score 26 ± 8 31 ± 8 24 ± 8 p = 0.034

Leukocytes G/l 11, 5 ± 6, 5 12, 5 ± 5, 3 11, 3 ± 6, 8 p = 0.087

C-reactive protein mg/dl 5, 5 ± 4, 5 7, 8 ± 5, 5 5 ± 3, 5 p = 0.287

Procalcitonin ng/ml 2, 5 ± 1, 3 6, 7 ± 1, 7 2, 7 ± 1, 1 p = 0.113

Reason for ICU admission (n, %):

Pneumonia 23 (27) 4 (33) 19 (26) p = 0.108

Sepsis 28 (33) 5 (42) 23 (32) p = 0.098

HRS 19 (23) 2 (17) 17 (24) p = 0.122

Gastrointestinal bleeding 14 (17) 1 (8) 13 (18) p = 0.088

Risk factors for IPA (n, %):

Neutropenia 0 0 0 p = 0.450

Diabetes mellitus 3 (4) 1 (8) 2 (3) p = 0.097

Hepatic carcinoma 3 (4) 0 3 (4) p = 0.054

Chronic lung disease 4 (5) 1 (8) 3 (4) p = 0.132

Mechanical ventilation(n, %) 80 (95) 12 (100) 68 (95) p = 0.145

Hemodialysis 46 (55) 11 (90) 35 (48) p = 0.045

Glucocorticoid therapy 11 (13) 2 (16) 9 (13) p = 0.110

Broad-spectrum antibiotics usage

One antibiotic 13 (15) 0 13 (18) p = 0.032

Two antibiotics 71 (85) 12 (100) 59 (82) p = 0.088

Table 1. presents demographic and clinical characteristics of the patients and risk factors for invasive 
pulmonary aspergillosis. Invasive pulmonary aspergillosis (IPA), Acute Physiology And Chronic Health 
Evaluation (APACHE), Sequential Organ Failure Assessment score (SOFA), model of endstage liver disease 
(MELD). Data are presented as mean ± standard deviation, statistical significant parameters are highlighted. 
ACLF Score (acute on chronic liver failure).

https://doi.org/10.1038/s41598-019-48183-4


4Scientific RepoRtS |         (2019) 9:11919  | https://doi.org/10.1038/s41598-019-48183-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

As mentioned above the combination of CAID caused immunodeficiency with alterations of the adaptive and 
the innate immune system contribute to a high vulnerability for infections6.

Following the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections 
Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group Consensus 
Group EORTC/MSG guidelines host factors may be the major hint to diagnose IPA. However, typical risk factors 
mentioned in other studies e.g. neutropenia or diabetes mellitus for developing IPA were not statistical significant 
different in both groups in this study.

As reported in a recent study an elevated prevalence for IPA was not found in patients with end stage liver 
cirrhosis if they are not critically ill14.

Although, liver cirrhosis, foremost decompensated and CHILD C liver cirrhosis, were included in the adapted 
EORTC/MSG host factors for this study, it should be mentioned that till today not clearly defined and recognized 
the severtity of critical illness beyond end stage liver disaese itself reported in our study expressed in an high 
APACHE II, SOFA and high MELD score and the lenght of the ICU stay may also play a susbtantial role as a 
sgnificant host factor in developing IPA.

Another explanation beyond critical illness and/or liver cirrhosis induced immunoparalysis for the high prev-
alence of IPA in non neutropenic patients might be that invasive fungal infections in ICU patients are often 
missed or diagnosed late due to non-specific signs and symptoms and the difficulty of differentiating between 
colonization and infection2,15,16.

As reported in this but also in other studies achieving a proven diagnosis of IPA in non neutropenic patients 
is challenging. Clinical manifestations such as fever or cough are non specific, and the conventional radiologic 
features of halo sign and air crescent sign are present in only a minority of non neutropenic patients2.

Based on this underlying conditions in the critically ill other diagnostic tools such as the non culture based 
assay detection of Glactomannan (GM) play a crucial role17,18.

Typically angioinavsive growth of Aspergillus spp. is more commonly found in neutropenic patients as 
compared to non-neutropenic patients19. This might be the reason that serum GM detection is more reliable 
in neutropenic patients19. Because of the high false negative results in the lack of neutropenia the ESCMID –
ECMM-ERS guideline of 2017 graded the use of GM in blood samples in ICU patients only with C, however, 

Overall 
study cohort Probable IPA No IPA p -value

Length of ICU stay (d) 11 ± 6 16 ± 7 10 ± 7 p = 0.027

ICU stay till diagnosis (d) 6 ± 4

GM test per patient (n)

Serum 0 4 ± 1

BAL 5 ± 3 2 ± 1

Galactomannan (ODI; range)

Serum <0, 5

BAL 3.6 ± 1.5 (1.7–5.7) <1

Glactomannan (ODI; range) after therapy:

BAL 2.8 ± 1.2 (1.6–4.2)

Microbiological findings:

Aspergillus spp. 10 (83)

Galactomannan (BAL):

- Sensitivity (%) 90% (95% CI 86–96%)

- Specificity (%) 85% (95% CI 81–88%)

Laboratory Parameters on day of IPA diagnosis:

Leukocytes G/l 12.7 ± 4.4 p = 0.144

C-reactive protein mg/dl 5.8 ± 2.8 p = 0.224

Procalcitonin ng/ml 4.9 ± 2.3 p = 0.127

Imaging findings (n, %)

Changes in bilateral lung fields 34 (40) 7 (58) 27 (38) p = 0.112

Bilateral lung fields diffused 34 (40) 5 (42) 29 (40) p = 0.164

Unilateral findings 16 (19) 0 16 (22)0 p = 0.034

Halo or air-crescent sign 0 0 0 p = 0.335

Treatment (n)

Voriconazole 1

liposomal Amphotericin B 11

Mortality rate (%) 100 65 p < 0.001

Table 2. presents mycological parameters and treatment. Invasive pulmonary aspergillosis (IPA), 
bronchoalveolar lavage (BAL), Galactomannan (GM), Data are presented as mean ± standard deviation, 
statistical significant parameters are highlighted.
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using the GM from bronchoalveolar lavage (BAL) it is graded with A and have been proven to be more advanta-
geous in the non neutropenic population17.

Repeated serum GM testing was used in this study in only four patients to rule out IPA. All had CHILD B liver 
cirrhosis, short ICU stay (mean 3 days) and non of them were mechanical ventiltaed, therefore, in combination of 
clinical and radiological signs IPA could be ruled out.

Altough widley tested in hematological patients only small experiences are available in non-neutropenic 
patients in using the BAL GM for screening or monitoring of IPA20,21.

At the index cutoff value of 0.5–1 ODI, the test yielded a sensitivity up to 100% and specifity ranging from 
75% to 92%20.

In our study BAL GM testing was not only used for screening in critically ill patients with liver cirrhosis for the 
first time but also the performance of BAL GM in our study was consistent with previous studies20,22.

These findings present that screening for IPA with BAL GM is useful to diagnose IPA in critically ill patients 
with end stage liver cirrhosis foremost if clinical and radiological signs are not specific and this is in the line with 
the latest guideline recommendations17,18

Standard cultures are still relevant as presented in our study were a growth of Aspergillus spp. in 80% on 
microbiological plates could be observed. These results may not only be interesting for species identification and 
epidemiological purpose but also in resistance testing if necessary17,18.

Other diagnostic tools such as the 1,3-beta-D-Glucan, PCR or bed side tests like the lateral flow device are not 
yet universally standardized and therefore need further investigation in non-neutropenic patients, but may be 
promising in detecting or excluding IPA in critically ill patients in the near future23.

Not only early diagnosis but also starting therapy at the stage of possible infection, as opposed to proven or 
probabale infection, might improve survival rates2.

Despite the many therapeutic options available today, the mortality rate of IPA in non-neutropenic patients 
is still high as 90% or like in our cohort 100%. However, in contrast to neutropenic patients, no consensus exists 
about the exact timepoint for starting empirical therapy at high risk for IPA without evidence for IPA2. This might 
explain the higher rates of IPA in non-neutropenic patients. However, referring to our data, in patients with a 
high APACHE II, SOFA as well MELD score and an expected longer ICU stay an antimycotic prophylaxis should 
be discussed.

In our cohort all patients in the IPA group receievd antimycotic therapy. One patient received voriconazole 
and eleven patients received liposomal amphotericin B. Even though GM testing during mould active therapy is 
not recommended the decreasing of the ODI in follow up examinations after therapy initiation presents sufficient 
therapy activity.

To date, the antifungal agents licensed for the first line treatment of IPA include voriconazole, isavuconazole 
and amphotericin B and its lipid formulations17,18. However, as also stated in the latest ESCMID-ECMM-ERS 
guidelines liposomal amophtericin B is usually the first therapeutic option, especially in patients with liver 
insufficiency17,24,25.

Using liposomal amphotericin B (3 mg per Kg BW) in eleven out of tweleve patients in this study was based 
on the reason that voriconazole is dialyzible during renal replacement therapy17,26. Application of voriconazole 
oraly by a feeding tube to receive a higher bioavailibilty was due to preexisting esophageal varizes not possible.

The role of new antimycotics in liver insufficiency e.g. isavuconazole have to be evaluted in future studies as 
promising datas in patients with neutropenia or allo-HSCT are still available.

To our knowledge this is the largest study in critically ill patients with endstage liver cirrhosis evaluating the 
prevalence and outcome of IPA and the usefulness of repeated GM BAL screening testing in this cohort.

Although, we see the strenght of our results our study has several limitations: First, the study is conducted as 
a single center study, second the study has an observational character without interventions and third we used 
modified EORTC/MSG criteria defining IPA.

Methods
The study was conducted at the medical ICU of the University Hospital Technische Universität München, 
Germany. We analyzed the medical records of all critically ill patients with liver cirrhosis that were treated at the 
ICU between April 2016 and April 2018.

All critically ill patients with underlying liver cirrhosis (18 years of age or older) transfered to the ICU were 
considered eligible for study inclusion. Patients were only included once in the study.

Liver cirrhosis and decompensation were diagnosed either by histological specimen, by ultrasound and/or 
computed tomography and by clinical criterias for instance ascites or esophageal varices.

This observational study without any specific intervention was reviewed and approved by the ethics commit-
tee of our university hospital Klinikum rechts der Isar (5535/12), Technische Universität München, Germany, 
and all data were processed anonymously. All research was performed in accordance with relevant guidelines/
regulations. Written informed consent was obtained by the patient or their legal representatives.

Diagnostic methods. As a standrad procedure at our ICU all patients with respiratory failure (including 
cough, dyspnea, hemoptysis) or after orotracheal intubation receive bronchoalveolar lavage (BAL) and computed 
tomography (CT) of the chest. Both procedures were performed initially after admission to the ICU.

Beside standard microbiological and virological testing, GM from BAL was routinely tested. BAL (including 
microbiological, virological and GM testing) was weekly performed in patients with mechanical ventilation or in 
case of worsening of the respiratory situation.

From all not mechanical ventilated patients a serum sample for GM was collected initially after ICU admission 
and then twice weekly until patients were discharged from the ICU. CT-scans of the chest in these patients were 
adapted to the clinical presentation and/or positive serum GM testing.

https://doi.org/10.1038/s41598-019-48183-4
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GM antigen in serum and BAL fluid was detected using a sandwich immunocapture ELISA (Platelia 
Aspergillus; Bio-Rad, Marnes-la-Coquette, France), according to the manufacturer’s recommendations. Positive 
and negative controls were included in each assay. A result was considered positive in duplicate tests with an opti-
cal density index (ODI) values of >0.5 for serum and >1 for BAL samples.

Fungals were detected by direct examination and culture. When fungi are specifically suspected, additional 
procedures include a direct examination using calcofluor (Becton Dickinson) and culture onto Sabouraud chlo-
ramphenicol horse blood agar (Biotrading) were used.

CT scans were performed in all patients after orotracheal intubation or depending on the clinical respiratory 
situation (cough, dyspnea, pleuritic pain, hemoptysis).

Diagnostic criteria. IPA was classified according to the slightly modified criterias proposed by the European 
Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the 
National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus Group 
(Table 3)13.

The guidelines were initially designed for patients with underlying hematological malignancies, however, 
since EORTC inition in 2008, modified criterias were used in several studies evaluating prevalence of IPA in 
non neutropenic patients. Modifications for this study were necessary because host factors in these guidelines 
were originally defined for patients with underlying hematological malignancies. Liver cirrhosis is not included. 
Therefore, liver cirrhosis was added as a host risk factor.

Statistical analysis. We used IBM SPSS Statistics 23 (SPSS inc., Chicago, IL, USA) for all statistical analyses 
in this study. To present descriptive statistics, we calculated mean ± standard deviation for normally distributed 
continuous data, and absolute and relative frequencies for categorical

Data (Fishers exact test). To compare the other variables, we performed the t-test for paired samples and the 
Wilcoxon signed rank test for paired samples for normally distributed data and not normally distributed data, 
respectively. A p-value below a significance level of 5% (p < 0.05) indicates statistical significance.

Multivariate logistic regression analysis was performed by backward selection procedures to identify predic-
tors of death using variables identified univariate analysis (p < 0.10).

The diagnostic performance of GM test was evaluated as sensitivity and specificity, calculated using the mean 
parameters, with 95% confidence intervals (CI).

ethics approval and consent to participate. This observational study without any specific intervention 
was reviewed and approved by the ethics committee of our university hospital Klinikum rechts der Isar (5535/12), 
Technische Universität München, Germany, and all data were processed anonymously. Written informed consent 
was obtained by the patient or their legal representatives.

conclusion
Invasive pulmonary aspergillosis is not a rare entity in critically ill patients with liver cirrhosis.

As presented in our study screening for IPA in patients with end stage liver cirrhosis using the GM from 
BAL is indicated, easy to perform and a necessity to improve outcome of critically ill patients with endstage liver 
cirrhosis.

IPA has a relevant impact on outcome of patients with end stage liver disease. This is not only expressed in 
higher APACHE II, SOFA and MELD score and longer ICU stay but also in a devasting high mortality rate as 
compared to No-IPA patients.

Implementation of prophylactic antimycotic therapy strategies have to be discussed in this special group of 
patients and further studies have to be performed.

Diagnostic criteria

Proven IPA

Histopathologic, cytopathologic or direct microscopic examination of tissue invasion by septated, acutely 
branching filamentous fungi and/or by positive culture for Aspergillus in normally sterile specimen

Probable IPA

Host risk factor: Liver cirrhosis

AND

Clinical radiological features: abnormal radiological imaging compatible with lung infection

AND

Mycological evidence: direct test from BAL (cytology, direct microscopy or cultures) indicating the 
presence of Aspergillus spp. or galactomannan antigen detected in serum (ODI > 0, 5) or BAL (ODI > 1)

Possible IPA

Presence of a host factor and classical radiological features (dense, well-circumscribed lesion(s) with or 
without halo sign, air crescent sign and cavity), but absence of mycological criteria

Table 3. Modified Diagnostic criteria. Invasive pulmonary aspergillosis (IPA).
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