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Abstract Background: Invasive
pulmonary aspergillosis (IPA) is a
life-threatening infection documented
in up to 15% of hematology patients
who require intensive care for acute
respiratory failure. We report out-
comes in hematology patients given
mechanical ventilation (MV) with
IPA. Methods: Retrospective study
of all hematology patients given MV
with IPA between January 1998 and
March 2011 at a single center. Pre-
dictors of 6-month survival or
mortality were identified using mul-
tivariable analysis. Results: We
studied 67 patients including 49
(73%) with neutropenia, 23 (34%)
with long-term steroid therapy, and
14 (21%) with allogeneic bone mar-
row transplantation. Incidence of IPA
in the ICU decreased between 1998
and 2011, and mortality in patients
receiving mechanical ventilation did
not change. IPA was confirmed in 6

Introduction

Invasive pulmonary aspergillosis (IPA) is a life-threat-
ening complication of hematological malignancies [1-3].
In recent studies, 1-year mortality in patients with IPA
was about 60% [4]. Risk factors for IPA among patients

patients by autopsy and was probable
in 61 patients based on host factors,
clinical and radiographic features,
and either Aspergillus isolation (50
patients) or Aspergillus antigen
detection alone (11 patients). Con-
comitant bacterial infections were
documented in 24 (36%) patients.
ICU and 6-month mortality rates were
67 and 82%, respectively. Mortality
was stable throughout the study per-
iod. Concomitant bacterial infection
was independently associated with
higher mortality [HR, 2.1 (1.2-3.8)].
Mortality was lower in patients given
voriconazole [OR, 0.5 (0.3-0.9)].
Conclusion: Hospital mortality
remains high in hematology patients
requiring MV with IPA, particularly
when concommittant infection
occurred. The use of voriconazole
improved survival.

Keywords Aspergillosis - ICU -
Mechanical ventilation - Outcome

with hematological malignancies include prolonged neu-
tropenia and bone marrow transplantation (BMT) [3, 5].

Another risk factor is long-term steroid therapy, which is
associated with quantitative and qualitative functional
impairments of macrophages, monocytes, neutrophils,
and lymphocytes [5].
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Until recently, the incidence of IPA was difficult to
assess because no unequivocal diagnostic criteria were
available. In 2008, the EORTC issued criteria for proven,
probable, and possible IPA [6]. The diagnosis is based on
clinical and radiographic findings, antigenemia, cultures,
and/or histology. In recent clinical trials in hematology
patients, the incidence of IPA ranged from 0.5 to 2.3% per
year [4, 7, 32], with striking differences according to the
underlying malignancy, presence of graft-versus-host
disease in allogeneic BMT recipients, and use of pro-
phylactic versus preemptive antifungal therapy [8—13].

In hematology patients, acute respiratory failure is the
leading reason for admission to the intensive care unit
(ICU) [1, 14]. Two recent cohort studies [14—18] found
that possible or probable IPA was present in 12 and 13%
of patients with documented causes of acute respiratory
failure, respectively, and that IPA was associated with
higher mortality, most notably when mechanical ventila-
tion (MV) was needed [2, 7].

Over the last decade, advances in noninvasive diag-
nostic strategies for patients with acute respiratory failure
have been translated into higher diagnostic yields and
improved patient outcomes [1, 16-18]. Moreover, the
standardization of IPA criteria has improved the recog-
nition of IPA cases and allowed the development of
practical management guidelines [19-21]. These changes
may have affected the management and prognosis in
hematology patients with IPA.

The objective of this study was to assess the outcomes
of hematology patients requiring invasive MV or nonin-
vasive MV (NIV) with IPA between 1998 and 2011.

Patients and methods

This retrospective study included all patients with IPA
admitted to the medical ICU of the Saint-Louis Hospital,
Paris, between 1998 and March 2011. The hospital is a
650-bed university hospital with 330 hematology beds.
The 12-bed closed ICU admits 600-800 patients per year,
among whom about one-third are hematology patients.
During the study period, the number of cancer patients
admitted to the ICU remained stable, and mortality in
patients receiving mechanical ventilation did not change.
Diagnostic methods were the same until 2009, when
bronchoscopy and BAL were done only in cases with
inconclusive noninvasive diagnostic strategies [16].

Inclusion criteria were age over 18 years, hemato-
logical malignancy, and diagnosis of IPA made in the
ICU or days before ICU admission. IPA was defined
according to the 2008 EORTC criteria [22]. We included
only proven and probable IPA.

Data in Tables 1 and 2 were extracted from the
medical charts. Neutropenia was defined as a leukocyte
count <1,000/mm? or a neutrophil count <500/mm°>. The

circulating galactomannan antigen test was considered
positive when antigenemia was >0.5 ng/ml [23]. High-
resolution thoracic computed tomography (CT) was per-
formed in the radiology department when the patient’s
clinical status allowed transportation, as determined by
the intensivist in charge. CT signs of IPA were nodular
and excavated nodular lesions with or without pleural
involvement and the halo sign [24-26]. We recorded
whether IPA was confined to the lungs or diffuse, that is,
associated with intracranial and/or sinus involvement
[27]. Clinical characteristics, organ dysfunction, mecha-
nical ventilation (MV or NIV), co-infections, and mor-
tality at the ICU or hospital discharge were available
for all patients. Criteria for invasive or noninvasive
mechanical ventilation were based on clinical findings,
and were started according to physicians who cared for
the patient.

Circulating Aspergillus galactomannan (GM) was
detected using a sandwich immunocapture ELISA (Plat-
elia Aspergillus; Bio-Rad, Marnes-la-Coquette, France)
[23, 28]. The assay was performed as recommended by
the manufacturer. Results were expressed as an index of
positivity. A positive GM test was defined as indices >0.5
on two consecutive samples including retesting of the first
positive sample. Sequential sera were tested in parallel on
the same ELISA plate.

Statistical analysis

All data are presented as frequencies (percentage) for
qualitative variables and medians (25th—75th percentiles)
for quantitative variables. The outcome variable of
interest was length of survival. A Cox proportional haz-
ards regression model was used to identify independent
prognostic variables among the baseline characteristics of
patients at ICU admission. All variables associated with
survival at a 20% threshold by Cox model in univariate
analysis were included, and a P-value-based backward
selection was performed. The Kaplan-Meier method was
used to construct survival curves comparing patients with
and without voriconazole. All tests were two-sided, and
statistical analyses were performed using R 2.12.2 (R
foundation, Vienna, Austria).

Results

Between 1998 and March 2011, 67 patients with hema-
tological malignancies were admitted to the ICU for acute
respiratory failure related to IPA. Figure 1 (panel a) shows
that the annual incidence of IPA decreased significantly
from six cases per year in 1998 to three cases per year in
2010 (Fig. 1a) (P < 0.02). As shown in Table 1, 14 (21%)
patients were allogeneic BMT recipients [time since
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transplantation was 100 (62-201) days], 49 (73%) had IPA
complicating prolonged neutropenia, and 23 (34%) had
received long-term steroid therapy for their hematological
malignancy. Time between first symptoms and diagnosis
of IPA, which did not vary for patients diagnosed with IPA
before (n = 28) or after (n = 39) ICU admission, was
7 (4-15.5) days and 7 (4-16) days, respectively. Also,
time between IPA diagnosis and ICU admission was
—7 (—3.25; —11.75) days and 4 (2-9.25) days, in pati-
ents diagnosed with IPA before or during ICU stay,
respectively.

The most common malignancies were acute leukemia
and non-Hodgkin’s lymphoma. Respiratory symptoms at
IPA diagnosis had been present for 6 (3—-15) days and
consisted of tachypnea (91%), fever (90%), cough
(40%), chest pain (18%), and hemoptysis (12%). Chest

radiographs visualized diffuse alveolar infiltrates in 32
(48%) patients, nodules or focale infiltrate in 10 (28%),
and pleural effusions in 13 (20%). Chest CT was per-
formed in 41 (61%) patients. Alveolar consolidations
were the only CT scan abnormalities in nine (22%)
patients. The Aspergillus infection involved the sinuses in
8/21 patients and the brain in 7/27 patients when CT scans
were done.

In five (7.4%) patients, the diagnosis was proven IPA,
based on biopsy findings. The remaining 62 (92.5%)
patients had probable IPA, based on positive tests on
bronchoalveolar lavage fluid (n = 23) or on sputum or
tracheal aspirates (n = 31). Aspergillus fumigatus was the
most common species (n = 27, 45.8%). The circulating
GM test was positive at some point in 44 (75.6%)
patients. In addition to IPA, 24 (36%) patients had a
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Table 1 Patient characteristics and risk factors associated with
mortality

Patient characteristics (n = 67) N (%) or median

(IQR)
Male n (%) 44 (66)
Age 47 [39.5-57]
Underlying disease
Acute myeloid leukemia 19 (28)
Acute lymphoid leukemia 7 (10)
Non-Hodgkin’s lymphoma 18 (28)
Hodgkin’s disease 1(1.5)
Chronic lymphocytic leukemia 5(7.5)
Multiple myeloma 6 (9)
Chronic myeloid leukemia 2 (3)
Other diseases™ 9 (13)
Underlying risk factor
Neutropenia 49 (73)
Allogeneic BMT 14 21)
Long-term steroids 23 (34)
Respiratory symptoms at presentation
Fever 60 (90)
Dyspnea 53 (59)
Chest pain 12 (18)
Tachypnea 61 (91)
Cough 27 (40)
Hemoptysis 8 (12)
Extrapulmonary signs
Shock 42 (63)
Acute kidney injury 21 (31
Coma 17 (25)
Thrombopenia 7 (10)
Liver failure 6(9)
Concomitant infection 24 (36)
Chest X-ray (n = 65)
Normal 4(6.2)
Focal infiltrate 31 (48)
Diffuse infiltrate 30 (46)
Pleural effusion 13 (20)
CT scan (n = 41)
Alveolar condensation 9 (21.9)
Centrolobular nodules 13 (31.7)
Halo sign 15 (36.5)
Excavated lesion 9 (21.9)
Pleural effusion 6 (14.6)
Sinusitis 8/21 (38)
Cerebral aspergillosis 7127 (26)
Treatment by voriconazole 36 (54)
Length of ICU stay (days) 10 [4-18]
Median survival time 15 [IC 95%: 11-27]
ICU mortality (J30 mortality) 45 (67)
6 months mortality 55 (82)

IQR interquartile range, BMT bone marrow transplantation, CT
computed tomography of the chest, /CU intensive care unit

* Myelodysplasia, paroxysmal noctural hemoglobinuria, medullar
aplasia

bacterial or opportunistic infection (19 patients had gram-
negative infection, 2 patients with gram-positive infec-
tion, 1 patient with fungus and 2 patients had concomitant
Prneumocystis jiroveci infection).

As reported in Fig. 1, panel b, 34 (50.7%) patients
received first-line endotracheal MV and 33 (49.2%) first-
line NIV; of these 33 patients, 11 subsequently required

endotracheal MV. In addition, 42 (61%) patients pre-
sented with shock, 21 (31%) with acute kidney injury, and
17 (25%) with coma.

Six (8.9%) patients were receiving prophylactic anti-
fungal therapy. In all patients but one, the day of
diagnosis was the day of initiation of antifungal treatment.
One patient died before any antifungal agent could be
administered. Twelve (17.9%) patients received more
than one antifungal agent; among them ten patients had
combination including voriconazole. In 20 (29.8%)
patients, the first-line antifungal agent failed and was
therefore replaced by another drug.

MYV duration was 9 (5-13.5) days, and ICU stay length
was 10 (4-18) days. Overall ICU mortality was 67%
(45 deaths) and did not vary across the study period. As
reported in Fig. 1b, mortality was higher in patients who
received endotracheal MV than in patients who had never
been intubated. Table 2 reports the results of the univar-
iate analysis of risk factors associated with mortality. In
multivariate analysis, two independent prognostic factors
were identified: treatment by voriconazole [HR = 0.5
(0.3-0.9), P = 0.03] and concomitant infection [HR =
2.1 (1.2-3.8), P = 0.01] (Fig. 2).

Discussion

Few data are available on survival of patients who require
MYV to treat IPA, complicating a hematological malig-
nancy. We report outcomes in 67 such patients managed
between 1998 and 2011. ICU mortality rate was 67%
overall, 88% among patients who received first-line
endotracheal MV, 72% in those who required endotracheal
MYV after failed NIV, and 37% in those who responded to
NIV. A factor independently associated with survival was
use of voriconazole, whereas the major factor associated
with mortality was concomitant infection.

Several studies conducted outside the ICU setting have
assessed the risk factors for IPA and the outcomes of IPA
complicating hematological malignancies [2, 3, 7, 29].
Among hematology patients admitted to the ICU with
acute respiratory failure, up to 15% had IPA [1, 16]. None
of the available studies assessed specific outcomes in
patients requiring ventilatory support.

In our study, risk factors for IPA were long-term ste-
roid therapy, prolonged neutropenia, and allogeneic BMT
[3, 5]. In hematology wards, the incidence of invasive
aspergillosis has remained stable over time, despite
greater use of prophylactic and preemptive antifungal
therapy. The cumulative incidence has ranged from 0.5 to
2.3% per year depending on BMT type [4, 7, 32, 33]. The
incidence of IPA may be decreasing in patients receiving
MYV, probably as a result of changes in triage policies
[30, 35]. The smaller number of allogeneic BMT recipi-
ents in our population compared to those in non-ICU
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Table 2 Univariate analysis of

risk factors associated with Patient characteristics (n = 67)

Hazard ratio P
[95% confidence interval]

mortality
Male n (%) 1.01 [0.57-1.77] 0.98
Age 1 [0.98-1.02] 0.68
Underlying disease
Acute leukemia (myeloid or lymphoid) 1 0.30
Lymphoma (Hodgkin’s or non-Hodgkin’s) 0.61 [0.33-1.13]
Other disease 0.66 [0.30-1.42]
Underlying risk factor
Neutropenia 1.04 [0.60-1.91] 0.90
Allogeneic BMT 1 [0.52-1.94] 0.99
Long-term steroids 1.21 [0.69-2.11] 0.50
Respiratory symptoms at presentation
Fever 0.48 [0.22-1.09] 0.11
Dyspnea 1.42 [0.72-2.82] 0.30
Chest pain 0.78 [0.37-1.66] 0.51
Tachypnea 1.35 [0.54-3.40] 0.51
Cough 0.79 [0.46-1.36] 0.40
Hemoptysis 0.74 [0.32-1.74] 0.47
Extrapulmonary signs
Shock 1.39 [0.78-2.45] 0.25
Acute kidney injury 1.50 [0.86-2.60] 0.16
Coma 1.09 [0.60-1.97] 0.77
Thrombopenia 1.0 [0.43-2.33] 0.99
Liver failure 1.41 [0.60-3.28] 0.45
Concomitant infection 1.76 [1.02-3.04] 0.05
Chest X-ray (n = 65)
Normal 1.31 [0.46-3.77] 0.15
Focal infiltrate 0.61[0.35-1.08]
Diffuse infiltrate 1
Pleural effusion 0.86 [0.43-1.71] 0.65
Treatment by voriconazole 0.66[0.39-1.12] 0.12

studies can be ascribed to the low ICU admission rates for

MYV of patients with active graft-versus-host disease, a

condition associated with dismal survival rates [30-32,

. . . — — Voriconazole (n=36)

34]. However, in our patients admitted to the ICU for 9 No Vori o (et

acute respiratory failure, MV may have been started o o Voriconazole (n=31)

before the diagnosis of proven or probable IPA was E

established. 3

All our patients met 2008 EORTC criteria for proven -
or probable TPA [22, 36]. One-third of the patients were 104 e
unable to undergo CT of the chest because they had w w w w
90 120 150 180

severe acute lung injury or acute respiratory distress
syndrome precluding transportation to the radiology
department. Alveolar consolidations without any of the
patterns considered specific of IPA (nodules, halo sign,
and air crescent) were noted in 21.9% of the patients who
had chest CT performed, in keeping with earlier data [24—
26]. The circulating GM assay is particularly helpful in
patients without specific CT patterns [16, 17, 23, 37].
Voriconazole therapy was independently associated
with lower mortality in our study. Voriconazole is rec-
ognized as a valuable resource for the treatment of IPA
[19]. We confirmed that voriconazole improves survival
even in the sickest patients with IPA requiring MV.
Concomitant bacterial infection was associated with
increased mortality in our patient population. Immuno-
compromised patients who require ICU admission and

Days since ICU admission

Fig. 2 Effect of voriconazole use on survival in patients with
invasive pulmonary aspergillosis. The solid line indicates survival
in patients treated with voriconazole and the dashed line the
patients given other antifungal agents without voriconazole,
P=0.12

MV are known to be at very high risk for bacterial
infections [1].

Our study has several limitations. We used a retro-
spective design, and we identified only 67 patients over a
13-year period. Obviously, during this period, significant
changes may have occurred in triage policies, diagnosis
methods, prevention strategies, treatments, as well as
outcomes. However, even though the incidence decreased
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over time, no changes in outcomes could be observed.
Moreover, to our knowledge there are few studies of
patients receiving MV for proven or probable IPA. Sec-
ond, we were not able to obtain an autopsy for all the
patients who died. Routine autopsy would be expected to
increase the proportion of proven cases, as autopsy studies
have shown that IPA is the most often missed infectious
diagnosis in patients with malignancies [38]. Third,
mortality was considerably higher in our population than
in recent randomized trials [19, 20]. This difference can
be ascribed in part to the use of MV in half of our
patients, since MV is the strongest determinant of mor-
tality in hematology patients with acute respiratory failure
[1]. NIV was associated with lower mortality rates in
recent studies, whereas failure of NIV requiring endo-
tracheal MV was associated with higher mortality than
patients receiving first-line MV [39]. Another contributor
to the high mortality rate in our study was the large
proportion of patients with multiple organ failures at ICU
admission. Fourth, our patients were included over a
13-year period, during which time outcomes improved
and triage policies evolved in critically ill cancer patients
[17, 36]. Moreover, voriconazole was not available in
France during the earlier part of our study (before 2002)
[19]. However, mortality remained stable over time, and

the beneficial effect of voriconazole therapy was ascrib-
able to the drug itself and not to a time effect, but we
could not find an effect of voriconazole during the
2002-2011 period (data not shown).

Fourth, because of the retrospective design of the
study, we could not be sure that the radiological figure
was related to IPA and no other bacterial infections
according to the amount of concomitant infection. Nev-
ertheless, bacterial infection and diffuse lesions on chest
X-ray were associated with mortality in univariate
analysis.

In summary, mortality is high in patients treated for
hematological malignancies who require MV with IPA-
related acute respiratory failure. Concomitant bacterial
infection is associated with higher mortality rates,
whereas the use of voriconazole is associated with lower
mortality rates. This study suggests that a trial of ICU
management should be offered to critically ill hematology
patients with IPA, but outcome should be frequently
assessed in this setting to avoid futility according to the
increased mortality associated with concomittant bacterial
infection.
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