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ABSTRACT

Introduction: Acute-on-chronic liver failure
(ACLF) patients are susceptible to invasive fun-
gal infections. We evaluated the prognosis and
antifungal options in ACLF patients with inva-
sive pulmonary aspergillosis (IPA).
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Methods: ACLF patients with IPA from 15
hospitals were retrospectively screened from
2011 to 2018, and 383 ACLF patients without
lung infections were included from a prospec-
tive cohort (NCT02457637). Demographic, lab-
oratory, clinical data, and 28-day outcomes
were documented in the two cohorts.

Results: ACLF patients with probable IPA
(n=145) had greater 28-day mortality (33.6%
vs. 15.7%, p<0.001) than those without
(n=383). The respiratory failure-associated
28-day mortality was greater in ACLF patients
with IPA than in those without before (17.1%
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vs. 0.3%, p <0.001) and after (16.0% vs. 0.0%,
p<0.001) propensity score matching in 116
pairs. IPA patients with lung injury had greater
28-day all-cause mortality (66.5% vs. 24.2%,
p <0.001) and IPA-associated mortality (45.8%
vs. 8.1%, p <0.001) than patients without lung
injury (PaO2/FiO2 > 400 mmHg). Antifungal
therapy was prescribed to 139 of 145 patients,
and 102 patients were treated with voriconazole
alone (n=159) or sequential/combined therapy
(n=43) with varying loading doses
(100-800 mg) and daily maintenance doses
(0-800 mg). A proposed optimal voriconazole
regimen (loading dose, 200 mg twice daily;
daily maintenance dose, 100 mg) achieved
comparable short-term survival and optimal
trough drug concentrations (1-5pg/mL) on
therapeutic drug monitoring in 26 patients.
Conclusion: Presence of IPA increases the
short-term mortality of ACLF patients mainly
due to respiratory failure. An optimal
voriconazole regimen is needed for such critical
patients.

Keywords: Acute-on-chronic  liver failure;
Invasive pulmonary aspergillosis; Lung injury;
Organ failure; Prognosis; Propensity score
matching; Respiratory failure; Voriconazole;
Therapeutic drug monitoring
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Why carry out this study?

Acute-on-chronic liver failure (ACLF)
patients are susceptible to invasive fungal
infections.

We evaluated the prognosis and
antifungal options in ACLF patients with
invasive pulmonary aspergillosis (IPA).

What was learned from the study?

Presence of IPA increases the short-term
mortality of ACLF patients mainly due to
respiratory failure.

An optimal voriconazole regimen is
needed for such critical patients.

INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a critical
syndrome caused by acute deterioration of
underlying chronic liver diseases characterized
by organ failure(s) and high short-term mortal-
ity [1, 2]. An immune paresis accompanied with
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intensive systemic inflammation is observed in
ACLF patients, which imposes an increased risk
of developing infections [3]. For example, the
incidence of bacterial infections in ACLF
increases to as high as two times that of
decompensated cirrhosis [4, 5]. Moreover, ACLF
also increases the risk of opportunistic infec-
tions, including fungal and cytomegalovirus
infections [4, 6]. In addition to multi-drug
resistance, Aspergillus flavus is another leading
cause of antibiotic treatment failure [7].
Invasive pulmonary aspergillosis (IPA) is one
of the opportunistic infections seen in severely
immunocompromised patients, including those
undergoing hematopoietic stem cell transplan-
tation, and in non-neutropenic patients,
including those with liver cirrhosis or recipients
of orthotopic liver transplantations, both of
whom have high morbidity and mortality
[8-10]. An increasing incidence of IPA is also
observed in patients with critical liver disorders,
suggesting that severely impaired liver function
is a risk factor for IPA [11-15]. We previously
reported that the incidence of IPA in patients
with critical liver diseases ranges from 4 to 14%,
and the short-term mortality rate has increased
by more than 70% over the past decade [14].
However, data about IPA in liver failure
patients has always been scarce. Given the rarity
of cases of IPA in patients with ACLF, this
multicenter study included 15 tertiary hospitals.
However, as making a definite IPA diagnosis by
a lung biopsy or bronchoscopy with bron-
choalveolar lavage is practically challenging in
such patients because of severe coagulopathy
and significant thrombocytopenia [16], we
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focused on patients who met the diagnostic
criteria for probable IPA. The purposes of our
research were to characterize clinical features of
ACLF patients complicated with IPA, to inves-
tigate the effect of IPA on the prognosis of
ACLF, to explore the risk factors associated with
the short-term prognosis, and to explore the
benefit and safety of different antifungal
treatments.

METHOD

Patients

ACLF patients with probable IPA were retro-
spectively screened from hospitalized ACLF
patients admitted to 15 tertiary hospitals
between January 1, 2011, and September 22,
2018, across China. ACLF was diagnosed
according to the Asian Pacific Association for
the Study of the Liver consensus [1]. Patients
were excluded from the study if they had lung
infections without a possible diagnosis of IPA,
or did not meet probable IPA diagnostic criteria
(Fig. 1a). The number of ACLF patients with IPA
enrolled from each hospital is listed in Figure S;.
Clinical and laboratory data were collected as a
diagnosis of probable IPA was established in
these ACLF patients, and organ injuries/failures
and 28-day outcomes were also documented.
ACLF patients without lung infection were
drawn from a prospective cohort
(NCT02457637) enrolled from 11 tertiary hos-
pitals from 2015 to 2016, and the protocol has
been described previously [17]. Patients with
ACLF diagnosis and lung infections evidenced
by chest computed tomography or radiographs
were excluded (Fig. 1b). Clinical data for these
ACLF patients at admission were collected and
28-day outcomes were also documented.

Diagnosis of IPA

The diagnosis of IPA was classified as proven,
probable, possible IPA, or Aspergillus coloniza-
tion according to the definitions of the Euro-
pean Organization for Research and Treatment
of Cancer/Mycoses Study Group [10]. Due to the
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A Patients were included in the
database (N=354)
2011.1-2018.9

Excluded
Patients did not meet the APASL 2009
diagnostic criteria for ACLF (N=153)

Patients who underwent
pulmonary CT or X ray and
pulmonary infection (N=201)

Patients diagnosed without IPA (N=28)

Patients with possible IPA
(N=173)

Patients without positive sputum
cultures or positive GM test (N=28)

Patients with probable IPA
(N=145)

28-day transplant-free mortality
45/141(33.6%)

B The prospective cohort (NCT02457637)
(N=2600)
2015.1-2016.12

Excluded
Patients did not meet the APASL 2009
diagnostic criteria for ACLF (N=2015)

Patients with ACLF
(N=585)

Patients with lung infectious (N=202)

Patients without IPA

(N=383)

28-day transplant-free mortality
60/383(15.7%)

Fig. 1 Flow chart of patient selection: a ACLF patients with probable IPA diagnosis were enrolled retrospectively from 15

hospitals; b ACLF patients without lung infections were enrolled from a multicenter and prospective cohort

severe coagulopathy and the concern of bleed-
ing complication, none of the ACLF patients
underwent bronchoscopy for needle aspiration,
biopsy, or bronchoalveolar lavage. Considering
ACLF as a host risk factor for IPA [18], patients
with possible IPA were defined as having prob-
able IPA if they met both of the following cri-
teria: (1) the presence of abnormal radiologic
findings compatible with pulmonary infection,
including classical signs of IPA (dense, well-cir-
cumscribed lesions with or without a halo sign,
air crescent sign, or cavity) or non-classical
findings such as masses and (2) the presence of
Aspergillus species indicated by direct test (direct
microscopy or culture) or galactomannan anti-
gen detected in plasma with a cut-off point
value of 0.5 [10].

Treatment of ACLF and IPA

The management of ACLF patients ranged from
treatment against acute precipitating
events/complications to nutrition and organ
supporting, as previously reported [19]. A total
of ten patients underwent liver transplantation
in control and IPA groups, with four in IPA
group. All the four patients had resolved IPA
before LT.

Most patients with ACLF complicated by IPA
were treated with either voriconazole alone,
echinocandin alone, or a combination of
voriconazole and echinocandin. Amphotericin
B (AmB) was used in four patients, of which two
received aerosol inhalation and the other two
received systemic use of AmB. With respect to
potentially drug-induced liver injury [20], the
loading and maintenance doses of voriconazole
varied among centers and patients; these were
determined independently by the attending
physicians [14]. Therapeutic drug monitoring
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was performed in some patients treated with
voriconazole at two institutions (Nanfang
Hospital and the S5th Medical Center, PLA
General Hospital) as described previously [14].

Data Collection, Outcome and Follow-Up

The following data were collected in a pre-de-
signed unified electronic data capture system by
an assessor from each center: (1) demographic
information including age, sex, height, and
body weight; (2) host factors including smoking
history, diabetes, hematological or oncological
malignancy, congenital or acquired immunod-
eficiency, and recent use of cytotoxic agents or
glucocorticoids; (3) signs and symptoms
resembling IPA, radiological findings, microbi-
ological data, and plasma voriconazole con-
centrations; and (4) laboratory panels,
complications and organ failures. Organ failures
in ACLF patients were defined according to the
chronic liver failure-sequential organ failure
assessment (CLIF-SOFA) score as: respiratory
failure: PaO,/FiO, <200 or SpO,/FiO, < 214;
liver failure: bilirubin > 12 mg/dl; Kidney fail-
ure: creatinine > 2.0 mg/dl; cerebral failure: HE
grade III and IV; coagulation failure: INR > 2.5
or platelet count <20 x 109/]; and circulation
failure: use of vasoactive drugs. The ACLF grades
were classified according to the number of
organ failures as ACLF grade 1, ACLF grade 2,
and ACLF grade 3.

The primary outcome of the study was
28-day transplant-free mortality and 28-day
transplant-free mortality associated with respi-
ratory failure. Data on the 28-day clinical out-
come information were obtained by checking
medical records or telephone contact. The eth-
ics committee of the Nanfang Hospital reviewed
and approved this study. Written consent from
patients or their authorized representatives was
waived because of the retrospective nature of
the study.

Statistical Analysis

Continuous variables between groups were
compared using the Student’s t test or
Mann-Whitney U test. Nominal variables were

compared using the chi-squared test. Cumula-
tive survival curves were presented using
Kaplan-Meier plots and compared by the log-
rank test. All survival curves were detected using
the two-stage test. Patients receiving liver
transplantation were excluded from the survival
analysis. The performance of the SOFA lung
score in discriminating the prognosis of ACLF
patients with IPA was assessed by the area under
the receiver operating characteristic curve
(AuROC).

To avoid the potential bias of covariates not
evenly distributed between IPA patients and
non-IPA patients at baseline, a propensity score
matching (PSM) analysis was performed. The
propensity score was determined using a logistic
regression model. The model included all the
covariables for which a significant difference
(p <0.20) was found between the two groups:
albumin, serum sodium, creatinine, and total
bilirubin. In this analysis, we estimated the PSM
models using 1-to-1 nearest-neighbor matching
techniques without replacement and a caliper
level of 0.05. It allowed the matching of 116
pairs of patients with similar characteristics. All
statistical analyses were performed using SPSS
v.20.0 (SPSS, Chicago, IL, USA). All tests were
two-sided and p <0.05 was considered statisti-
cally significant.

RESULTS

Clinical Characteristics of ACLF Patients
with IPA

A total of 145 ACLF patients with probable IPA
were included in the study (Fig. 1a). The median
time from admission due to ACLF to IPA diag-
nosis was 11 (0-61) days. The clinical charac-
teristics of the enrolled IPA patients are shown
in Table 1. The most frequent signs or symp-
toms observed in IPA patients were dyspnea
(46.9%), refractory fever (46.2%), and worsen-
ing respiratory insufficiency (38.6%) (Table 2).
Regarding the classical radiological features
of IPA, dense, well-circumscribed lesions with or
without a halo sign were observed in 27.6%,
cavity in 15.9%, and air crescent sign in 1.4% of
the cases. Regarding mycological findings,
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Table 1 Clinical characteristics of ACLF patients with

Table 2 Clinical sign and mycological findings of ACLF

IPA patients with IPA
Whole cohort Whole cohort
(n = 145) (n = 145)
Sex, M/F, 123/22 Signs and symptoms

Age in years, mean(SD)
Weight in kg, mean(SD)

BW > 40 kg, 7 (%)

HBV, n (%)

Alcoholic hepatitis
Autoimmune liver disease
Platelet count > 100 x 10°/L,

50 < Platelet count < 100 x 10°/
L

Platelet count < 50 x 10°/L,

International normalized

ratio > 2.5

1.5 < International normalized

ratio < 2.5,

International normalized

ratio < 1.5

Organ failure
Cerebral failure
Circulation failure
Coagulation failure
Kidney failure
Liver failure
SOFA lung score = 0
SOFA lung score = 1
SOFA lung score = 2
SOFA lung score = 3
SOFA lung score = 4

4677 (12.72)
69.29 (14.62)
120 (82.8%)
120 (82.8%)
20 (13.8%)

9 (6.2%)

22 (15.2%)
56 (38.6%)

67 (46.2%)
59 (40.7%)

79 (54.5%)

7 (4.8%)

12 (8.3%)

6 (4.1%)

63 (43.4%)
14 (9.7%)
129 (89.0%)
63 (43.4%)
20 (13.8%)
47 (32.4%)
14 (9.7%)
1 (0.7%)

BW body weight, HBV hepatitis B virus, EASL-CLIF
European Association for the Study of the Liver-Chronic
Liver Failure consortium, SOFA sequential organ failure

assessment score

67 (46.2%)
36 (24.8%)

Refractory fever

Recrudescent fever

Pleuritic chest pain 4 (2.8%)
Pleuritic rub 15 (10.3%)
Dyspnea 68 (46.9%)
Hemoptysis 32 (22.1%)
)

Worsening respiratory insufficiency 56 (38.6%

3 (2.1%)
Leukocyte count in 10%/1, mean(SD)  12.38 (7.40)
80.00 (10.86)
10.30 (6.78)

Disseminated infection

Neutrophils, mean (SD)

Neutrophils count in 10°/1,
mean(SD)

C-reactive protein in mg/l, mean(SD) 35.75 (26.26)

1.08 [0.12,129.00]

Procalcitonin in ng/ml, median

(interquartile range)
Mycological findings, 7 (%)

Direct test (cytology, direct 100 (69.0%)

microscopy, or culture)
69 (69.0%)
22 (22.0%)

Aspergillus fumigatus
Aspergillus flavus

Galactomannan antigen detected in 71 (49.0%)

plasma

BW body weight, HBV hepatitis B virus, EASL-CLIF
European Association for the Study of the Liver- Chronic
Liver Failure consortium, SOFA sequential organ failure
assessment score, Refractory fever fever refractory to at least
3 d of appropriate antibiotic therapy, Recrudescent fever
recrudescent fever after a period of defervescence of at least
48 h while still on antibiotics and without other apparent
cause, Wm’seniﬂg respiratory imuﬁa’emy worsening respi-
ratory insufficiency in spite of appropriate antibiotic
therapy and ventilatory support
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Fig. 2 Impact of IPA on mortality: a cumulative 28-day
mortality of patients with or without IPA. Log-rank test
performed (33.6% vs. 15.7%, p <0.001); b cumulative
respiratory failure-associated mortality of patients with or
without IPA before PSM (17.1% vs. 0.4%, p < 0.001);
¢ cumulative respiratory failure-associated mortality of
patients with or without IPA after PSM (16.0% vs. 0.0%,
p <0.001); d distribution of SOFA lung score in survivors

69.0% (100/145) of ACLF patients with IPA had
direct positive Aspergillus sputum examination
or cultures. A. fumigatus and A. flavus were
identified as the pathogens in 69 and 22 cases,
respectively. Half (49.0%, 71/145) of the ACLF

and IPA-associated deaths; e ROC curves of SOFA lung
score in differentiating death and survival; f cumulative
28-day mortality of patients with lung score > 1 and lung
score <1 (66.5% vs. 24.2%, p<0.001); g cumulative
respiratory failure-associated mortality of patients with
lung score>1 and lung score < 1(45.8% vs. 8.1%,
»<0.001)

patients with IPA had direct positive galac-
tomannan antigen in plasma (Table 2). Only 26
patients had both microbiological and serolog-
ical evidence of IPA.

I\ Adis



2532

Infect Dis Ther (2021) 10:2525-2538

Liver transplantation was performed in four
ACLF patients with IPA who were resolved by
antifungal therapies, and these patients were
excluded from the survival analysis. PSM was
performed between IPA patients and non-IPA
patients, and clinical data before and after PSM
are shown in Supplementary Table 1. The
28-day mortality was significantly greater in the
IPA group than in the control group (33.6% vs.
15.7%, p <0.001; Fig. 2a). The 28-day mortality
attributed to respiratory failure was low in the
control group (0.3%, 1/383) but as high as
17.1% (22/141) in the IPA group (p <0.001;
Fig. 2b). After PSM, 116 pairs of ACLF patients
were included in survival analysis. The 28-day
mortality attributed to respiratory failure was
also greater in ACLF patients with IPA
(p <0.001; Fig. 2¢) than in ACLF patients with-
out IPA.

SOFA Lung Score can Predict the Prognosis
of ACLF Patients with IPA

Respiratory injury and associated mortality were
predominant in our ACLF patients with IPA.
The SOFA lung score [21] is used to evaluate the
severity of respiratory dysfunction or failure,
and we hypothesized that it was applicable in
ACLF patients with IPA. SOFA lung score >1
strongly predicted the short-term outcomes of
IPA patients (AuROC 0.770; Fig. 2e). Clinical
manifestations in ACLF patients with SOFA
lung score>1 and those with SOFA lung
score <1 are presented and compared in
Table 3. Patients with IPA-associated death had
a significantly worsened lung condition at the
time of IPA diagnosis, as shown by higher SOFA
lung scores (Fig. 2d). Our analysis showed that
the 28-day mortality of patients with a SOFA
lung score > 1 was significantly higher than that
of patients with a score <1 (66.5% vs. 24.6%,
p<0.001; Fig.2f). Similarly, the mortality
caused by respiratory failure was significantly
higher in the lung score > 1 group than in the
lung score < 1 group (45.8% vs. 8.1%, p <0.001;

Fig. 2g).

Table 3 Clinical signs of IPA patients with CLIF lung
score < 1 or CLIF lung score > 1

SOFA lung  SOFA lung  p value
score < 1 score > 1
(n = 83) (n = 62)
Number 83 62
Age in years, 4431 50.05 0.010
mean (SD) (11.69%) (13.38%)

Signs and symptoms

Refractory 31 (37.3%) 36 (58.1%)  0.022
fever

Recrudescent 17 (20.5%) 19 (30.6%) 0.182
fever

Pleuritic chest 3 (3.6%) 1 (1.6%) 0.791
pain

Pleuritic rub 5 (6.0%) 10 (16.1%) 0.057
Dyspnea 30 (36.1%) 38 (61.3%)  0.005*
Hemoptysis 12 (14.5%) 20 (32.3%) 0.015*
Worsening 22 (26.5%) 34 (54.8%) 0.001*
respiratory

insufficiency

p value from Pearson’s v2 test or Fisher’s exact test in
univariate analysis

BW body weight, HBV hepatitis B virus, EASL-CLIF
European Association for the Study of the Liver- Chronic
Liver Failure consortium, SOFA sequential organ failure
assessment score, Refractory fever fever refractory to at least
3 d of appropriate antibiotic therapy, Recrudescent fever
recrudescent fever after a period of defervescence of at least
48 h while still on antibiotics and without other apparent
cause, Worsening respivatory imuﬁ‘ifiemy worsening respi-
ratory insufficiency in spite of appropriate antibiotic
therapy and ventilatory support

*p values are statistically significant

Antifungal Therapy

All but six probable IPA patients (139/145,
95.9%) received antifungal therapy. The vast
majority of these ACLF patients (121/139,
87.1%) started antifungal therapy within 1 day
of suspicion of IPA; i.e., there were no delays in
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Fig. 3 Antifungal therapy for IPA: a distribution of
antifungal drugs prescribed in ACLF patients with
probable IPA; b loading doses and ¢ maintenance doses
of voriconazole in ACLF patients; d cumulative 28-day
mortality of patients treated with voriconazole therapy and

antifungal treatment initiation in these
patients.
Therapeutic  regimens  consisting  of

voriconazole therapy were the most common
(70.3%, n = 102; Fig. 3a). Among the voricona-
zole-based regimens, the loading dose of
voriconazole ranged from 100 to 800 mg
(Fig. 3b), and the maintenance dose ranged
from O to 800 mg/day (Fig. 3c).

800mg (n=2)
400mg (n=35)
250mg (n=1)
200mg (n=44)
B 120mg (n=1)
W 100mg (n=14)
Omg (n=5)

° optimal-dose regimen (n=8)

E .

other-dose regimen (n=18)

Voriconazole concentration(npmol/mL)

N
0 3 6 9 12 15 18 21 24 27 30

Days

non-voriconazole therapy (66.6% vs. 38.3%, p = 0.001).
Log-rank test was performed; e trough voriconazole
concentrations comparing patients treated with an optimal
voriconazole regimen and those with other voriconazole
regimens within 30 days

PSM was performed between IPA patients
treated with voriconazole and those treated
with other antifungal regimens. The clinical
and laboratory data are shown in Supplemen-
tary Table 2. Patients treated with a voricona-
zole-based regimen had a lower 28-day
mortality compared with those treated with a
non-voriconazole antifungal regimen (66.6%
vs. 38.3%, p = 0.001; Fig. 3d).
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Based on the plasma voriconazole trough
concentration measurement, we had estab-
lished an optimal low-dose voriconazole regi-
men (loading dose, 0.2g twice daily;
maintenance dose, 0.1 g once daily) in pilot
ACLF patients [14]. Plasma voriconazole con-
centration measurements were performed as
therapeutic drug monitoring in 25.5% (26/102)
of the patients from two centers. In eight
patients, this low-dose regimen achieved a
plasma voriconazole concentration of 1-5 ng/
ml within 30 days. In the remaining 18 patients
treated with other dosage regimens, the plasma
voriconazole concentration exceeded 5 pug/ml as
the treatment continued (Fig. 3e).

DISCUSSION

This was a large and multicenter study to
investigate short-term outcomes and antifungal
options in ACLF patients with IPA. First, we
described the detailed clinical features of IPA in
ACLF patients and found that IPA increased the
mortality risk attributed to respiratory failure in
ACLF patients. Second, we demonstrated that a
SOFA lung score>1 was strongly associated
with the short-term survival of ACLF patients
with IPA. Finally, we suggested that an optimal
voriconazole regimen achieved satisfactory
antifungal responses and optimal drug concen-
trations ranging from 1 to 5 pg/ml.

Our previous investigation showed that
probable IPA developed in approximately 5% of
ACLF patients [14]. IPA was a fatal complication
that dramatically increased mortality in ACLF
patients and should not be missed. We
demonstrated that the presence and severity of
IPA-related respiratory dysfunction/failure at
the time of IPA diagnosis is a major determinant
of death in these patients. Respiratory failure
was the dominant cause of death of ACLF
patients with IPA.

Subsequently, we proved that SOFA lung
score > 1 strongly predicted a worsened short-
term outcome in ACLF patients with IPA, even
if there was almost no delay of antifungal
treatment after diagnosis. Patients with SOFA
lung score < 1 had good responses to antifungal
treatments and low short-term mortality, which

implied that patients may benefit from an early
diagnosis and timely intervention prior to the
development of impaired respiratory function.
These findings suggest that prompt surveillance
and early diagnosis of IPA in ACLF patients
would be crucial to attenuate IPA-associated
mortality. However, further studies are needed
to determine the optimal surveillance strategy
for invasive fungal diseases, including IPA in
ACLF patients. Some promising strategies are
sequential measurements of serum galac-
tomannan antigen [22] or baseline chest com-
puted tomography screening [23].

Treatment of IPA in patients with ACLF
remains a challenge. Voriconazole is the first-
line treatment for IPA, although it is associated
with hepatotoxicity [10]. Caspofungin is used as
rescue therapy, and it is well-tolerated in
patients with hepatic dysfunction [10]. Other
regimens for IPA including isavuconazole and -
AmB may be effective and tolerated in patients
with ACLF, but were not well evaluated in the
study. A recent study demonstrated the superi-
ority of voriconazole as the first line of treat-
ment for [A over caspofungin in patients with
hematological malignancies [10]. In agreement
with this finding, our preliminary analysis
showed that a voriconazole-based regimen was
better at improving survival in ACLF patients
with IPA than a non-voriconazole-based
regimen.

Voriconazole mainly carries out oxidative
metabolism through the liver cytochrome P450
isoenzymes (including CYO2C19, CYP2C9, and
CYP3A4). The pharmacokinetics of voricona-
zole vary greatly among individuals, and the
influencing factors include age, liver function,
drug interactions, and CYO2C19 gene poly-
morphism [24-26]. Notably, regarding the
concern of hepatotoxicity, only a few patients
were given the standard dose of voriconazole
(loading dose 400 mg twice daily; maintenance
dose 100 mg twice daily) [27], while the dosage
in other patients was much lower than that
recommended in patients without or with
compensated liver diseases. However, we
observed a similar treatment efficacy between
patients who received the standard dosage and
those who received a different dosage, possibly
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because of the delayed clearance of voricona-
zole in the context of ACLF.

The optimal blood concentration of
voriconazole is between 1.0 and 5.0 ug/ml [27].
In our previous study [14], we suggested an
optimal voriconazole regimen in ACLF patients
using trough concentration monitoring meth-
ods. Our optimal voriconazole regimen could
maintain stable and evidence-based therapeutic
through concentrations between 1 and 5 pg/ml
in our series of eight patients. The optimal
voriconazole regimen is lower than the recom-
mended dose for patients without liver disease
or for Child-Pugh A/B/C cirrhosis [28-30], and
the therapeutic effect was consistent with that
in our previous study [14]. However, a large-
sample, prospective study is warranted to vali-
date the optimal voriconazole regimen for IPA
in ACLF patients as the current investigation
included a small number of patients for thera-
peutic drug monitoring.

The strength of this study lies in its relatively
large cohort of ACLF patients with probable IPA
derived from multiple centers and a matched
cohort design. However, the retrospective study
of IPA cases presents several limitations. First,
there was the lack of systematic screening of IPA
by chest computed tomography and galac-
tomannan antigen detection in plasma, and the
direct test for Aspergillus spp. in each patient
may have underestimated the incidence of IPA
in ACLF patients. The frequent use of broad-
spectrum f-lactam antibiotics may be related to
the false-positive detection of galactomannans.
Second, given the presence of severe coagu-
lopathy in ACLF patients, neither lung biopsy
nor bronchoscopy with bronchoalveolar lavage
were performed, which mitigates the evidence-
based and hierarchical IPA diagnosis. Assess-
ment of thromboelasticity may be a novel and
feasible method to assess bleeding risk in ACLF
patients. Finally, many hospitals had not car-
ried out voriconazole concentration monitor-
ing, so data on serum concentrations of
voriconazole were not available for the majority
of these patients.

CONCLUSION

ACLF patients with IPA have high mortality.
The severity of respiratory dysfunction is a
major determinant of the outcome, and the
SOFA lung score can be used as a useful
parameter to predict the prognosis of ACLF
patients with IPA. Voriconazole can be used as
the first choice of treatment for IPA, and the
optimal voriconazole regimen was safe and
effective in ACLF patients with IPA. Further
prospective studies are warranted to optimize
the surveillance strategy, improve the diagnosis
of IPA under severe coagulopathy conditions,
and validate the optimal voriconazole regimen
in ACLF patients.
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