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High mortality rates among
intensive care unit (ICU) pa-
tients with underlying he-
matologic malignancies (1)

have been linked to various factors (2–4),
including the aggressive, frequently inva-
sive treatments that characterize today’s
ICUs. This approach facilitates the devel-
opment of severe infections and multiple-

organ failure, events that are already
common in patients with immunodefi-
ciency (e.g., neutropenia, deficits in
cell-mediated or humoral immunity)
and exposure to chemotherapy (5–10).
Consequently, older recommendations
discouraged the use of invasive ap-
proaches in patients with hematologic
malignancies (11, 12). Recent progress

in the fields of oncology and intensive
care has substantially reduced ICU-
related mortality among these patients
(13). Acute respiratory failure (ARF) is
the most common form of organ failure
in this population and a major predic-
tor of mortality (14). Early manage-
ment with noninvasive mechanical ven-
tilation (NIMV) seems to improve
outcomes (15–18) and may even elimi-
nate the need for ICU admission. Less is
known about the impact of decisions to
use NIMV after ICU admission. We set
out to characterize the use of NIMV in
Italian ICUs for ARF patients with he-
matologic malignancies and to deter-
mine the impact on outcomes of this
approach vs. conventional invasive me-
chanical ventilation (IMV).

Background: Mortality is high among patients with hemato-
logic malignancies admitted to intensive care units for acute
respiratory failure. Early noninvasive mechanical ventilation
seems to improve outcomes.

Objective: To characterize noninvasive mechanical ventilation
use in Italian intensive care units for acute respiratory failure
patients with hematologic malignancies and its impact on out-
comes vs. invasive mechanical ventilation.

Design, Setting, Participants: Retrospective analysis of obser-
vational data prospectively collected in 2002–2006 on 1,302 pa-
tients with hematologic malignancies admitted with acute respi-
ratory failure to 158 Italian intensive care units.

Measurements: Mortality (intensive care unit and hospital)
was assessed in patients treated initially with noninvasive me-
chanical ventilation vs. invasive mechanical ventilation and in
those treated with invasive mechanical ventilation ab initio vs.
after noninvasive mechanical ventilation failure. Findings were
adjusted for propensity scores reflecting the probability of initial
treatment with noninvasive mechanical ventilation.

Results: Few patients (21%) initially received noninvasive me-
chanical ventilation; 46% of these later required invasive mechan-
ical ventilation. Better outcomes were associated with successful
noninvasive mechanical ventilation (vs. invasive mechanical ven-

tilation ab initio and vs. invasive mechanical ventilation after
noninvasive mechanical ventilation failure), particularly in pa-
tients with acute lung injury/adult respiratory distress syndrome
(mortality: 42% vs. 69% and 77%, respectively). Delayed vs.
immediate invasive mechanical ventilation was associated with
slightly but not significantly higher hospital mortality (65% vs.
58%, p ! .12). After propensity-score adjustment, noninvasive
mechanical ventilation was associated with significantly lower
mortality than invasive mechanical ventilation.

Limitations: The population could not be stratified according to
specific hematologic diagnoses. Furthermore, the study was ob-
servational, and treatment groups may have included unac-
counted for differences in covariates although the risk of this bias
was minimized with propensity score regression adjustment.

Conclusions: In patients with hematologic malignancies, acute
respiratory failure should probably be managed initially with
noninvasive mechanical ventilation. Further study is needed to
determine whether immediate invasive mechanical ventilation
might offer some benefits for those with acute lung injury/adult
respiratory distress syndrome. (Crit Care Med 2011; 39:000–000)

KEY WORDS: acute respiratory failure; invasive mechanical ven-
tilation; mortality; noninvasive mechanical ventilation

From the Intensive Care Unit (GRG, AC, SR), San
Camillo-Forlanini Hospital, Rome, Italy; Institute of In-
tensive Care and Anesthesiology (MA, GC), Catholic
University of the Sacred Heart, Rome, Italy; and the
GiViTI Coordinating Center (CR, GB), Mario Negri Insti-
tute for Pharmacologic Research: Aldo and Cele Daccò
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MATERIALS AND METHODS

Data Collection and Patients

This study was approved by the review
board of the Mario Negri Institute for Phar-
macologic Research. It involved retrospective
analysis of exclusively observational data from
the Italian Group for the Evaluation of Inter-
ventions in Intensive Care Medicine (GIVITI)
Project Margherita database (19, 20) that had
been prospectively collected from 2002
through 2006 in 158 ICUs throughout Italy. A
complete list of study participants appears in
the appendix. These units routinely document
each ICU admission on a standardized elec-
tronic form that includes conditions present
at ICU admission; Simplified Acute Physiology
Score II (SAPS-II) variables (21); conditions
that develop and major procedures performed
during the ICU stay; length and outcomes
(vital status) of the ICU and total hospital
stays; and, since 2005, infections present at or
after ICU admission. Recorded information re-
flects the care actually delivered in the units,
all of which adhere in principle to internation-
ally accepted consensus guidelines regarding
the diagnosis and classification of infections
(22, 23), acute lung injury (ALI), acute respi-
ratory distress syndrome (ARDS) (24), multi-
ple-organ failures (25), and the use of NIMV
vs. IMV (26). All units were equipped with ICU
ventilators and equipment for delivering
NIMV.

The cases we analyzed met the following
criteria: 1) ICU admission date 2002–2006; 2)
ARF at ICU admission; 3) hematologic malig-
nancy (acute or chronic myelogenous leuke-
mia, acute or chronic lymphocytic leukemia,
polycythemia vera, Hodgkin’s disease, lym-
phosarcoma, Waldenstrom’s macroglobuline-
mia, myeloma, other lymphomas) as the hos-
pital admission diagnosis or a comorbidity; 4)
no previous bone marrow transplantation; 5)
length of ICU stay !24 hrs; and 6) no surgery
on the day of ICU admission. In each ICU,
cases were selected by a trained physician with
telephone access to project coordinators. The
form provided detailed descriptions of each
item, and each entry was automatically ana-
lyzed for inherent and relative inconsistency
(e.g., incorrect dates, mechanical ventilation
without respiratory failure). Inconsistent en-
tries were reviewed by project coordinators
and corrected when possible. To reduce selec-
tion bias, we excluded patients admitted dur-
ing months in which over 10% of the admis-
sions in the same unit had incomplete data
series.

Upon arrival in the ICU, each patient was
placed on IMV (oro- or nasotracheal intuba-
tion, continuous pressure- or volume-con-
trolled ventilation) or NIMV (administered via
face mask or helmet using the pressure-
support model [27, 28]). The choice was based

exclusively on the clinical judgment of the
physician on duty when the patient arrived,
although the principles underlying these de-
cisions were identical in all units (26, 28).
NIMV was delivered continuously for the first
24 hrs and as needed thereafter (16, 17). Pa-
tients were closely monitored and promptly
switched to IMV if they presented any of the
following: PaO2/FIO2 ratio "150 (after !1 hr
of treatment); PaO2 consistently "65 mm Hg
with an FIO2 !0.6; persistent dyspnea, tachy-
pnea, accessory muscle use; conditions requir-
ing intubation for airway protection (e.g.,
coma, seizures) or secretion management; he-
modynamic or electrocardiographic instability
(e.g., systemic hypotension lasting !1 hr de-
spite fluid resuscitation); or intolerance of the
NIMV interface (16, 21, 26).

Statistical Analysis

Data were analyzed with SAS software
(version 9.02, SAS, Cary, NC). Results were
expressed as proportions for categorical and
ordinal variables, medians and interquartile
ranges for ordinal and continuous variables,
and mean with standard deviation (SD) for
continuous variables; 95% test-based confi-
dence intervals (CIs) were computed for
each estimate.

Our analysis included three between-group
comparisons: 1) cases managed ab initio with
IMV vs. those initially managed with NIMV (to
identify the potential impact of this decision
on outcome); 2) patients successfully and un-
successfully treated with NIMV (to identify
possible risk factors for NIMV failure); and 3)
patients who received IMV ab initio and after
NIMV failure (to identify the potential impact
on outcome of unsuccessful NIMV trials). In-
tergroup differences were assessed with the
Cochran-Mantel-Haenszel chi-square test (for
qualitative variables) and with the t test or
Wilcoxon’s test (as appropriate for quantitative
variables).

To minimize bias related to the nonran-
dom treatment group allocation of patients,
we adopted a regression adjustment scheme
involving individual propensity scores (29) re-
flecting the probability of initial prescription
of NIMV (as opposed to IMV) based on baseline
patient characteristics. The score was based on
a logistic regression model that included all
available demographic and clinical variables as
covariates (see online supplement). Centers
that never used NIMV were excluded from this
model to avoid biases in identifying the crite-
ria actually used by ICU physicians in choos-
ing NIMV over IMV. Propensity scores were
included in a second logistic regression model
used to assess the impact of NIMV on mortal-
ity in the study population. We tested the
assumption that the logit was linear in quan-
titative variables by analyzing the estimated
coefficients of designed variables representing

the quartiles of the original variable distribu-
tion (30). When indicated, a second-order
model or log-transformation of the variable
was tested. If data could not be fitted with
these approaches, the variable was divided into
classes, and dummy variables were used.

Independent variables associated with
mortality with a p " .3 were analyzed with a
step-by-step, backward-forward approach in
which different models were selected with a
p " .05 criterion at the likelihood ratio test. In
accordance with our hypothesis, the ventila-
tory approach and propensity score were both
forced in the model. All tests were two-tailed,
with a significance level of .05.

RESULTS

Of the 161,115 patients admitted to
the 158 participating ICUs between 2002
and 2006, 1,302 (0.8%) met the inclusion
criteria for this study (Fig. 1, Table 1).
Over half (n # 725 of 1302; 56%) came
from medical wards; the others were
transferred from emergency departments
(n # 328, 25%), surgical wards (n # 145,
11%), or other ICUs (n # 104, 8%). Upon
admission to the ICU, 149 (11%) patients
had neutropenia (defined as a white blood
cell count below 500 cells/mm3), 288 pa-
tients (22%) had ALI or ARDS, and 788
(61%) had failure of two or three organs.
Analysis of cases with infection data (768
admitted in 2005–2006) revealed at least
one infection at admission in 316 (41%).

As shown in Figure 1, only 274 (21%)
of the patients were treated at admission
with NIMV. In 68 (43%) of the units,
none of the patients received NIMV, and
these centers were therefore excluded
from propensity score calculations. In the
other ICUs, NIMV was prescribed with
similar frequencies (mean 23.7% [SD:
14.2]; median 20.6% [first and third
quartiles 10.5%–30.0%]).

Compared with patients receiving IMV
from the outset, those initially treated
with NIMV were generally younger, with
lower SAPS II scores and higher Glasgow
coma scale scores (Table 1). ALI was sig-
nificantly more frequent in the NIMV
group, but the prevalence of ARDS in
the two groups was similar. The IMV
and NIMV groups also had similar rates
of organ failure after ICU admission
(434 of 1028 [42%] vs. 120 of 274
[44%]; p # .64).

Analysis of patients with ALI or ARDS
revealed no significant relation between
mortality and type of ventilation (odds
ratio [OR] 0.77, 95% CI 0.45–1.30; p #
.32), although the IMV subgroup had sig-
nificantly higher SAPS II scores (means:
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58 [19] vs. 49 [17] in the NIMV group,
p " .0001). On the whole, however, the
NIMV group exhibited significantly lower
ICU and hospital mortality, shorter ven-
tilation periods, and shorter ICU lengths
of stay than the IMV group (Table 1). In
multivariate analysis, after adjustments
for group-assignment propensity scores,
an initial NIMV trial was associated with
lower hospital mortality than immediate
recourse to IMV (OR 0.73, 95% CI 0.53–
1.00; p # .05). Independent risk factors
for mortality included ARDS, septic
shock, stroke (on or after ICU admission),
and higher SAPS II scores (Table 2) but
not neutropenia (OR # 1.411; 95% CI
0.945–1.2106; p # .0926).

Over half (54%) of the NIMV patients
never required endotracheal intubation
(successful NIMV subgroup) (Fig. 1). In
the other 127 (46%), NIMV was replaced
with IMV after 3 $ 3 days (unsuccessful
NIMV subgroup). These two subgroups
were similar in terms of age, underlying
diseases, organ failure rates at ICU admis-
sion, and reasons for ICU admission, but
ALI/ARDS was almost twice as common
in the unsuccessful NIMV subgroup (42%
vs. 24%; p # .002) (Table 3). Multivariate
analysis identified two major risk factors

for NIMV failure: baseline illness severity
reflected by SAPS II scores (OR # 2.012,
95% CI: 1.006–4.026; p # .048); and
ALI/ARDS at admission (OR # 2.266,
95% CI: 1.346–3.816; p # .002). This
model presented a p value of .0012 in the
likelihood ratio test and a Hosmer-
Lemeshow goodness of fit p of .76, and
the two variables showed no colinearity.

In the NIMV subgroup with ALI/ARDS
(n # 89), ICU and hospital mortality rates
were higher in the 53 whose NIMV failed
(OR 4.8, 95% CI 1.9–12.0; p # .0007 vs.
the 36 with successful NIMV), although
the two subgroups had similar mean
SAPS II scores (50 $ 16 vs. 47 $ 17,
respectively; p # .51).

Post-ICU-admission organ failure was
significantly more common in the unsuc-
cessful NIMV subgroup (80 of 127; 63%
vs. 40 of 147; 27% in the successful NIMV
subgroup, p " .0001). Most cases in-
volved cardiovascular failure, which de-
veloped in 52 (41%) of the patients whose
NIMV failed, and only 11 (7%) of those
treated successfully with NIMV. As shown
in Figure 2, postadmission septic shock
was also more frequent in the unsuc-
cessful NIMV subgroup (OR 3.06, 95%
CI, 1.30 –7.19, p # .01 vs. successful

NIMV), but septic shock-related mortal-
ity rates were unrelated to NIMV out-
come (p # .47).

Compared with patients intubated at
ICU admission, those intubated after un-
successful NIMV were significantly
younger and had lower SAPS II scores.
They were also more likely to come from
medical wards (92 patients, 72% vs. 535,
52%; p " .0001), to be infected at ICU
admission, and to develop organ failure
during their ICU stay. Rates of septic
shock and septic shock-related death
were not significantly different in the IMV
and total NIMV groups (p # .10 and p #
.27, respectively) (Fig. 2), but septic
shock was less common in the successful
NIMV group than in patients treated with
IMV (alone or after unsuccessful NIMV)
(p # .008). Mortality in the successful
NIMV group was also lower (66% vs. 80%
and 77% for the IMV and unsuccessful
NIMV groups, respectively) but not sig-
nificantly so (p # .12). The subgroups
with immediate and delayed IMV were
also similar in terms of ICU length of stay
and total duration of mechanical ventila-
tion (Table 4).

Eight-nine of the 288 ALI/ARDS pa-
tients were treated with NIMV, but it was
successful in only 36 (40%). Compared
with the 199 ALI/ARDS patients who were
intubated immediately, the 53 intubated
after unsuccessful NIMV had significantly
lower SAPS II scores (50 [16] vs. 58 [19],
p # .001) and appreciably higher mortal-
ity, although this difference was not sta-
tistically significant (77% vs. 69%; p #
.23, OR 1.55, 95% CI 0.76–3.14).

DISCUSSION

To our knowledge, this is the largest
existing survey on real-life ICU ventila-
tory management of ARF in patients with
hematologic malignancies. Our analysis
of the 1302 cases described above indi-
cates that: 1) ARF patients with hemato-
logic malignancies represent "1% of to-
tal ICU admissions in Italy; 2) NIMV is
attempted in only around 20% of these
cases; 3) when successful, NIMV is gen-
erally associated with shorter mechanical
ventilation periods and ICU stays, less
severe postadmission infections, and
lower ICU and hospital mortality; 4) after
adjustment for the propensity to receive
NIMV ab initio, the noninvasive approach
is significantly associated with lower
mortality than immediate IMV; and 5)
roughly half the NIMV trials failed, and
the patients had to be intubated. Al-

Figure 1. Study flow chart.
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though hospital mortality was similar in
these patients and those intubated at ad-
mission, unsuccessful NIMV in patients
with ALI/ARDS was associated with 70%
mortality.

ARDS, septic shock, and higher SAPS
II scores were all independent risk factors
for mortality. ARF is a leading cause of
ICU admission among patients with he-
matologic malignancies or solid tumors
(31), and the prognosis has always been
regarded as poor. Over the past decade,
however, higher survival rates have
emerged from several observational stud-
ies (31–33), and the improvement has
been at least partly attributed to the early
use of NIMV (33–35). In a randomized
trial, noninvasive face-mask-mediated
pressure-support ventilation of immuno-
suppressed patients with ARF was associ-
ated with significantly better gas ex-
change, lower intubation rates, and fewer
complications, as compared with supple-
mental oxygen alone (36). The benefits

Table 1. Characteristics of the study population and the invasive mechanical ventilation and noninvasive mechanical ventilation subgroups

Population Characteristics
Total Population

n # 1302
Invasive Mechanical

Ventilation Group n # 1028
Noninvasive Mechanical

Ventilation Group n # 274 p

Males–no. (%) 764 (59) 602 (59) 162 (59) .95
Mean Age (SD), yrs 64 (15) 65 (15) 60 (16) ".0001
Mean Simplified Acute Physiology Score II (SD) 56 (18) 58 (18) 49 (16) ".0001
Median Glasgow Coma Score (interquartile range) 12 (8–15) 10 (7–15) 15 (14–15) ".0001
Admission From Same Hospital–no. (%) 1053 (81) 807 (79) 246 (90) ".0001
Clinical Conditions at Admission–no. (%)

Neutropenia 149 (11.4) 103 (10.0) 46 (16.8) .002
PaO2/FIO2

!200 459 (35.3) 384 (37.4) 75 (27.4) ".0001
100–199 548 (42.1) 427 (41.5) 121 (44.2)
"100 241 (18.5) 189 (18.4) 52 (20.0)

Main Causes of Acute Respiratory Failure–no. (%)
Atelectasis 49 (4) 41 (4) 8 (3) .52
Infectious pneumonia 377 (29) 268 (26) 109 (40) .0001
Inhalation pneumonia 25 (2) 24 (2) 1 (0.3) .06
Pulmonary contusion 13 (1) 10 (1) 3 (1) .07
Acute lung injury 167 (13) 110 (11) 57 (21) ".0001
Adult respiratory distress syndrome 121 (9) 89 (9) 32 (12) .13

Infectionsa–no. (%)
Present on ICU admission 316 (41) 228 (39) 88 (50) ".01
Onset during ICU stay 142 (18) 122 (21) 20 (11) .01

Mean Duration of Care (SD), days
Total hospital stay 30 (34) 30 (36) 30 (27) .72
ICU stay 12 (15) 12 (16) 9 (10) ".01
Duration of mechanical ventilation — 11 (13) 4 (4) ".0001

Mortality–no. (%)
ICU

All patients 617 (47) 511 (50) 106 (39) ".01
Patients with acute lung injury or adult

respiratory distress syndrome
171 of 288 (59) 119 of 199 (60) 52 of 89 (58) .83

Hospital
All patients 730 (56) 597 (58) 133 (49) ".01
Patients with acute lung injury or adult respiratory

distress syndrome
193 of 288 (67) 137 of 199 (69) 56 of 89 (63) .32

ICU, intensive care unit.
aInformation on infections is available only for 768 patients admitted during 2005–2006 (591 invasive mechanical ventilation group, 177 noninvasive

mechanical ventilation group). None of the patients who had shock or stroke on admission received noninvasive mechanical ventilation group.

Table 2. Risk factors for mortality

Factor
Odds Ratioa Point Estimate

(95% Confidence Limits)

Initial ventilatory support: Noninvasive Mechanical Ventilation
vs. Invasive Mechanical Ventilation

0.73 (0.53–1.00)

Hematologic Malignancy: Admission Diagnosis vs. Comorbidity 1.34 (1.03–1.73)
Admission from Another Intensive Care Unit vs. Medical Ward 0.98 (0.60–1.60)
Admission from Emergency Department vs. Medical Ward 0.66 (0.49–0.88)
Admission from Surgical Ward vs. Medical Ward 0.62 (0.42–0.92)
Acute Lung Injury 1.69 (1.16–2.47)
Adult Respiratory Distress Syndrome 2.09 (1.32–3.31)
Stroke 2.29 (1.11–4.75)
Septic Shock 2.43 (1.61–3.65)
Other Type of Shock 2.16 (1.24–3.76)
Coagulopathy 1.59 (1.13–2.23)
Coma 1.68 (1.05–2.69)
Age 1.01 (1.01–1.02)
Simplified Acute Physiology Score II (each 4-point increase) 4.66 (2.98–7.28)
Propensity score 5.07 (1.40–18.32)

aNumber of observations: 1302; Likelihood Ratio: chi-square: 195.39; Degrees of freedom: 15; p "
.0001; association of predicted probabilities and observed responses: Percent concordant: 73.1; Percent
discordant: 26.7; Somers’ D: 0.46; c statistic: 0.73.

Stroke, any form of shock, and coma refers to condition occurring after the study inclusion.
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were particularly remarkable in patients
with hematologic malignancies, prompt-
ing the authors to propose NIMV as the
method of choice for ventilatory support
in these patients (36). Later, however, a
“real-world” survey conducted in a teach-
ing hospital in France found that NIMV
failure requiring intubation and con-
ventional mechanical ventilation oc-
curs frequently in this population

(54%), particularly when NIMV is
started late, and is associated with hos-
pital mortality of 79% (34).

We analyzed over 1,300 patients with
hematologic malignancies admitted to
Italian ICUs for ARF between 2002 and
2006, and their overall survival rate
(53%) is consistent with recent figures
reported for myeloma patients admitted
to ICUs (13). Our main objectives, how-

ever, were to discover how this outcome
is affected by the initial approach to ven-
tilatory support, to identify risk factors
for NIMV failure, and to determine how
NIMV failure influences case outcomes.

General guidelines for prescribing
NIMV were identical in all participating
centers (26), but there was a certain de-
gree of inter-unit variability because ac-
tual decisions depended on the attending
ICU physician’s clinical judgment. Con-
sequently, differences in mortality might
reflect the effects of the chosen approach,
the effects of clinical features that deter-
mined the choice, or both. The risk of an
allocation bias was minimized by adjust-
ment for individual patient scores repre-
senting their propensity to be ventilated
noninvasively at ICU admission. Inclu-
sion of this score in a multivariate model
allowed us to estimate the impact of
NIMV on mortality under conditions in
which each patient is equally likely to
receive this type of ventilatory support,
that is, conditions resembling those of a
randomized trial. It cannot eliminate
differences in the distribution of un-
measured confounders, but it provides
the best estimate of treatment efficacy
that can be obtained with observational
data.

This analysis revealed that, on the
whole, an initial NIMV trial significantly
reduced mortality by 27%. As noted by
others (35–38), NIMV failure is common
in this patient population (around 50% in
our study). Major independent risk fac-
tors for this outcome were illness severity
reflected by the SAPS II score and the
presence at admission of ALI/ARDS, and
these findings are also consistent with
the conclusions of surveys conducted in
nonselected ARF patients (36). It is also
true that ICU mortality in our unsuccess-
ful NIMV subgroup clearly exceeded that
of the group intubated at admission (61%
vs. 50%, p " .01), but this effect was
compensated for by lower mortality when
NIMV was successful (19%, Table 2), so
that the net effect of attempting NIMV
was positive.

NIMV is unsuitable for some patients
with hematologic malignancies. Severe
respiratory failure (e.g., that associated
with ALI or ARDS) may be an indication
for early intubation. These conditions are
invariably associated with high mortality,
regardless of the type of ventilatory sup-
port provided. In another recent real-life
study, IMV of immunocompetent patients
with ALI or ARDS and a mean SAPS II
score of 36 was associated with a mortal-

Figure 2. Severe sepsis and septic shock occurring after intensive care unit admission. Data are
available only for patients admitted in 2005 or 2006. Bars represent sepsis or septic shock rates
expressed as percentages of infected patients in each group. IMV, invasive mechanical ventilation;
NIMV, noninvasive mechanical ventilation; D, number (percentage) of infections ending in death.

Table 3. Comparison of the successful and unsuccessful noninvasive mechanical ventilation groups

Group Characteristics
Successful NIMV
(n # 147 %54%&)

Unsuccessful NIMV
(n # 127 %46%&) p

Males–no. (%) 83 (56) 79 (63) .30
Mean Age (SD), yrs 60 (17) 60 (14) .73
Mean Simplified Acute Physiology

Score II (SD)
47 (17) 51 (15) .07

Median Glasgow Coma Scale
(interquartile range)

15 (14–15) 15 (14–15) .95

ALI-ARDS at Admission–no. (%)
ALI 21 (14) 36 (28) ".01
ARDS 15 (10) 17 (13) .41

Infectionsa–no. (%)
Present at ICU admission 46 (31) 42 (33) .60
Onset during ICU stay 1 (1) 19 (15) ".0001

Organ Failure–no. (%)
Present at ICU admission 141 (96) 121 (95) .80
Onset during ICU stay 40 (27) 80 (63) .00005

Mean Duration of Care (SD)–days
Total hospital stay 29 $ 24 32 $ 30 .39
ICU stay 6 $ 5 14 $ 12 ".0001
Duration of NIMV 5 $ 4 3 $ 3 ".0001

Mortality–no. (%)
ICU mortality

All patients 28 (19) 78 (61) ".0001
Patients with ALI or ARDS 13 of 36 (36) 39 of 53 (74) .0005

Hospital mortality
All patients 50 (34) 83 (65) ".0001
Patients with ALI or ARDS 15 of 36 (42) 41 of 53 (77) .001

ALI, acute lung injury; ARDS, adult respiratory distress syndrome; ICU, intensive care unit; NIMV,
noninvasive mechanical ventilation.

aInformation on infections was available only for 768 patients admitted during 2005–2006 (591
invasive mechanical ventilation group, 177 NIMV group).
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ity rate of 56% (28). Failure of first-line
NIMV was associated with similar rates
(53%) in a study of 147 patients with
ARDS (mean SAPS II of 38) (38). The
ALI/ARDS patients we studied were
much sicker than these, with compro-
mised immunity and a mean SAPS II
score of 50, and in this subgroup NIMV
failure was associated with 77% mortal-
ity. The rate was appreciably but not
significantly lower in those intubated at
admission (69%). Therefore, it is diffi-
cult to say whether this outcome is
more strongly related to the pretreat-
ment severity of their illness or the
delay in their intubation.

A minor shortcoming of our study is
the absence of population stratification
according to the type of hematologic ma-
lignancy. The admission diagnoses en-
tered on the electronic form were not
detailed enough for this level of distinc-
tion. Previous reports, however, indicate
that—unlike bone marrow transplanta-
tion (an exclusion criterion in our
study)—the underlying hematologic ma-
lignancy is not prognostically significant
in this setting (34, 39). A more important
shortcoming is the study design, which
did not allow definitive conclusions re-
garding the best first-line approach to

ARF in this population. In observational
studies, investigators have no control
over the probability that a patient will be
assigned to one treatment or another. By
equalizing the patients’ probability of re-
ceiving IMV or NIMV, propensity score
regression adjustment optimized our
chances of obtaining an accurate esti-
mate of treatment efficacy from observa-
tional data.

CONCLUSIONS

With the limitations discussed above,
our findings support the first-line use of
NIMV for management of ARF in patients
with hematologic malignancies. They
also emphasize the importance of pre-
venting NIMV failure in these patients,
which is associated with high mortality.
This goal obviously requires adequate
equipment and optimal staff training, but
careful patient selection and effective
protocols for early detection of NIMV fail-
ure also play important roles, reducing
the risk and complications of emergency
intubation. Further study may be needed
to explore the possible benefits and/or
risks of NIMV in patients with ALI or
ARDS.
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CO), Vespignani Maria Giovanna (Imola -
BO), Viozzi Alberto (Fermo - AP), Vivaldi
Nicoletta (Alessandria), Zamponi Edoardo
(Novara), Zanello Marco (Bologna), Zappa
Sergio (Brescia), Zocaro Rosamaria (Pes-
cara), Zuccaro Francesco (Matera).

8 Crit Care Med 2011 Vol. 39, No. 10


