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Noninvasive continuous positive airway
pressure delivered by helmet in hematological
malignancy patients with hypoxemic acute

respiratory failure

Abstract Objective: To compare the
efficacy of early administration of
noninvasive continuous positive air-
way pressure (nCPAP) delivered by
the helmet vs. face mask to treat he-
matological malignancy patients
with fever, pulmonary infiltrates,
and hypoxemic acute respiratory
failure. Design and setting: Prospec-
tive clinical study with historical
matched controls in the hematology
department of a university hospital.
Patients and interventions: Seven-
teen hematological malignancy pa-
tients with hypoxemic acute respira-
tory failure defined as: moderate to
severe dyspnea, tachypnea (>30-35
breaths/min), use of accessory mus-
cles and paradoxical abdominal mo-
tion, and PaO,/FIO, ratio less than
200. Each patient was treated with
nCPAP by helmet outside the ICU in
the hematological ward. Arterial
oxygen saturation, heart rate, respi-
ratory rate, and blood pressure were
monitored to identify early nCPAP
failure. Seventeen historical-matched

controls treated in the same depart-
ment with face mask CPAP were se-
lected as control population; match-
ing criteria were age, sex, diagnosis,
and PaO,/FIO, ratio. Primary end-
points were improvement in gas ex-
changes and the need for endotra-
cheal intubation. Results: Oxygen-
ation improved in all patients after
nCPAP. No patient failed helmet
nCPAP because of intolerance while
eigh patients in the mask group did
so. nCPAP could be applied continu-
ously for a longer period of time in
the helmet group (28.44+0.20 vs.
7.5+£0.45 h). Conclusions: Early
nCPAP with helmet improves oxy-
genation in selected immunosup-
pressed patients with hypoxemic
acute respiratory failure. Tolerance
of helmet nCPAP seems better than
that of nCPAP delivered by mask.
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Introduction

Noninvasive continuous positive airway pressure (nCPAP)
via facial mask has been used as an effective, early treat-
ment for cooperative patients in whom respiratory failure
develops, increasing functional residual capacity [1].
nCPAP can also be performed by means of the helmet,
which seems to offer important advantages [2, 3] such as
a good tolerability and a satisfactory interaction between
patient and environment. The efficacy of the helmet used

to ventilate patients with hypoxemic acute respiratory
failure (ARF) by noninvasive pressure support ventilation
has been demonstrated previously [2]. Ventilatory assis-
tance can be administered in other settings than the ICU.
CPAP delivered by a helmet was used as out-of hospital
treatment for patients with pulmonary edema [3]. Several
studies [4, 5, 6, 7] have shown that ventilator-associated
pneumonia is an important cause of mortality in immuno-
suppressed patients with ARF, in whom avoiding intuba-
tion might be beneficial.
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This study assessed the efficacy of nCPAP delivered
in the hematological ward by a helmet in comparison to
face mask nCPAP for treating early hypoxemic ARF in a
group of patients with hematological malignancies.

Materials and methods

This prospective clinical study was carried out at the Department
of Hematology, University Hospital of Ancona, Italy, between
September 2001 and August 2002. Consecutive adult hematologi-
cal malignancy patients with hypoxemic ARF were enrolled. The
protocol was approved by our institutional ethics committee, and
all patients gave their informed consent. Subjects’ baseline charac-
teristics are summarized in Table 1.

Helmet group

This group included nine men and eight women with a mean age
of 40+8 years. Criteria for eligibility were: the presence of dys-
pnea, tachypnea (>30-35 breaths/min), use of accessory muscles
and paradoxical abdominal motion, PaO,/FIO, ratio less than 200
while breathing oxygen through a Venturi mask, and pulmonary
infiltrates on chest radiography. Exclusion criteria were: the pres-
ence of respiratory arrest, deterioration in neurological status, he-
modynamic instability (hypotension with systolic blood pressure
less than 80 mmHg, cardiac ischemia on electrocardiography or
ventricular arrhytmias), chronic obstructive pulmonary disease, ar-
terial carbon dioxide (PaCO,) higher than 55 mmHg with acidosis
(pH<7.30), recent esophageal or gastric surgery, expectation of a
poor oncological prognosis (defined as poor responders to he-
matological treatment and with expectation of death in short time
for the severity of the underlying disease). Hematologists and
intensivists collaborated closely to treat all patients with helmet
(Castar-Starmed, Mirandola, Modena, Italy). After a period of
training physicians were taught to evaluate the initial clinical signs
of respiratory fatigue and radiological evidence of pulmonary in-
filtrates. Intensivists were alerted and arterial blood gas (ABG)
level was determined at baseline. If the PaO,/FIO, ratio was less
than 200 mmHg while the patient was receiving oxygen through
the Venturi mask (FIO, 0.5), heart rate, respiratory rate, arterial
oxygen saturation, and blood pressure were monitored. High-flow
CPAP (Vital Signs, Brighton, UK) was set at 8§ cmH,O with FIO,
0.6 controlled by means of an oxymeter (Miniox II Oxygen Moni-
tor, Catalyst Research Owings Mills, Md., USA). Subsequently
ABG levels were determined 2, 4, 6, and 12 h after the start of
nCPAP. Nurses were asked to maintain periods of nCPAP as long
as possible, depending on the patient’s tolerance which was evalu-
ated during the first 24 h as very good (3), good (2), medium (1),
or bad (0). If the application of nCPAP was not successful, pa-
tients underwent intubation without delay, following predeter-
mined criteria (PaO,<65 mmHg with FIO,>0.6), conditions re-
quiring intubation to protect airways, copious secretions, hyper-
capnia with pH at 7.30 or less, hemodynamic instability, inability
to correct dyspnea, and inability to tolerate device.

Historically matched control group

Seventeen patients were selected as a matched control group from
a total of 343 patients admitted to the Department of Hematology
in the 19 preceding months with diagnosis of ARF (11 men, 6
women; mean age 45+9 years). They received face-mask CPAP
and the same medical treatment in the hematological ward as pa-
tients with helmet. Controls had the same enrollment criteria as
described for the helmet group. The physician who made the se-

lection was unaware of the study results. For each patient treated
with helmet nCPAP, one matching control was selected following
predetermined criteria: age within 10 years of that of the treated
patients; PaO,/FIO, ratio while breathing oxygen through a Ven-
turi mask within 10 points of the value for the treated patients;
sex; and diagnosis of hemopathy. In matching each patient we
gave priority to the type of hematological disease and its stage
and to the patient’s age, sex, and PaO,/FIO, ratio because the out-
come of these patients and the decision to undertake intubation
depended on the initial severity of illness. All patients were treat-
ed with face mask nCPAP (Gibeck, Upplands, Sweden). High-
flow CPAP was set at 8 cmH,O with FIO, 0.6, using the same
CPAP system and oxymeter of the helmet group. Subsequently
ABG levels were determined.

End-points and definitions

Primary end-points were improvement in gas exchanges and need
for intubation. Secondary end-points included duration of ventila-
tory assistance and complications related to technique and mortali-
ty. Improvement in gas exchange was defined as ability to increase
the PaO,/FIO, ratio to more than 200 or as an increase in this ratio
more than 100 above baseline. Sustained improvement was de-
fined as the ability to maintain the improved PaO,/FIO, ratio until
nCPAP was discontinued. Criteria for diagnosis of bacterial pneu-
monia and adult respiratory distress syndrome followed consensus
guidelines [8, 9].

Statistical analysis

Results are expressed as mean +SD. The two-way analysis of vari-
ance test was used to compare the PaO,/FIO, values measured at
baseline and 2, 4, 6, and 12 after the start of treatment. Differences
with p of 0.05 or less were considered significant. Patients charac-
teristics were compared using Student’s unpaired ¢ test for contin-
uous data and Fisher’s exact test for categorical data. Death rate
was assessed by Kaplan-Meier analysis and Mantel-Cox log-rank
test. MedCalc version 7.1.0.0 (MedCalc Software, Belgium) was
used for all analyses.

Results

The two groups had a similar improvement in PaO,/FIO,
ratio (Table 2) within the first 2 h. Sustained improve-
ment in PaO,/FIO, ratio was observed in all 17 patients
in the helmet group and in 13 patients (76%) in the mask
group (p<0.1). In the helmet group the values of the
PaO,/FIO, ratio at 4, 6, and 12 h were significantly high-
er than baseline (p<0.05) while in the mask group the ra-
tio was significantly higher than baseline at 4 and 6 h
(p<0.05) but not at 12 h (p=0.07). No patient required in-
tubation in the helmet group, compared to seven (41%)
in the mask group (p<0.01). In the helmet group the
mean duration of continuous application of nCPAP with-
out disconnection and the total duration of nCPAP were
longer than in the mask group (28.44+0.2 vs. 7.5+0.45 h,
p<0.0001) and 34.13+0.19 vs. 28.15+£0.35 h, p<0.0001)
respectively). nCPAP was better tolerated in the helmet
group than in the mask group, where tolerance was eval-
uated by nurses as bad in 8 cases (47%, p<0.01). No pa-
tient in the helmet group had complications related to
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Table 1 Clinical details of the
two group of patients. The di-
agnosis of pneumonia was
based on the evaluation of
bronchoalveolar lavage fluid at
admission to the Department of
Hematology. Bronchoscopy
and bronchoalveolar lavage
were performed in the Depart-
ment of Pneumology during
nCPAP as described by
Antonelli and coworkers [10].
The causative agents in the
helmet group and in the mask
group were as follows: methi-
cillin-resistant Staphylococcus
aureus (2 and 2, respectively),
Pseudomonas aeruginosa

(2 and 2), Klebsiella (1 and 0),
Aspergillus species (1 and 0),
Candida species (0 and 2),
Enterobacteriaceae (0 and 1),
cytomegalovirus (0 and 1), un-
identified pathogens (4 and 1)

Table 2 Outcome of treatment.
In the text a tolerance score
with a scale from O (bad) to 3
(very good) is; grade O is de-
fined as intolerance, the other
levels (1, 2, 3) as tolerance; in-
tolerance includes patient dis-
comfort

nCPAP, while two patients (12%) in the mask group had
skin necrosis (p=0.48), and two (12%) had eye irritation

(p=0.48).

As evidenced by Kaplan-Meier analysis, mortality
differed significantly between the two groups (p<0.05);
four patients in the helmet group (23%) and eight (47%)
in the mask group died in the Hematology Department.

Helmet Mask p

Heart rate (beats/min) 109+17 112+15 0.59
Respiratory rate (breath/min) 35+4 38+6 0.10

5 0.50 0.50 n.s.
Systolic blood pressure (mmHg) 125+20 13121 0.40
Body temperature (°C) 37.5+0.5 37.8+0.6 0.12
Arterial pH 7.45+0.09 7.44+0.04 0.68
PaO,/FIO, 135+33.10 140+25.18 0.62
PaCO, (mmHg) 35.81+8.07 36.80+11.20 0.77
Diagnosis
Acute myelocytic leukemia 6 (35.3%) 8 (47.1%) 0.72
Acute lymphoblastic leukemia 5(29.4%) 3(17.6%) 0.68
Non-Hodgkin lymphoma 6 (35.3%) 6 (35.3%) n.s.
State of disease
Debut 4 5 1.00
In remission 9 8 1.00
In progression 4 4 n.s.
Polymorphonuclear leukocyte count 230175 240+153 0.86

(cells/mm3 blood)
Types of immunosuppression
High-dose chemotherapy 10 (59%) 9 (53%) 1.00
Bone marrow transplantation 7 (41%) 8 (47%) 1.00
Causes of ARF
Pneumonia 10 (59%) 9 (53%) 1.00
Acute respiratory distress syndrome 7 (41%) 8 (47%) 1.00
Helmet Mask P
Initial improvement in PaO,/FIO, 17 (100%) 17 (100%) n.s.
Sustained improvement in PaO,/FIO,, 17 (100%) 13 (76%) 0.10
without intubation

PaO,/FIO, after 2 h 245.67+139.29 265.43+127.62 0.67
PaO,/FIO, after 4 h 225.50+118.27 265.43+127.62 0.35
PaO,/FI0, after 6 h 242.01+82.48 210.84+110.58 0.36
PaO,/FIO, after 12 h 252.54+63.74 185.55+ 100.79 0.03
PEEP applied (cmH,0) 8+2 8+2 n.s.
FIO 0.60 0.60 n.s.
Hours of continuous CPAP (min) 28.44+0.20 7.50+0.45 <0.0001
Total period CPAP (min) 34.13+0.19 28.15+0.35 <0.0001
Intubation 0 (0%) 7 (41%%) <0.01
Tolerance, level O 0 (0%) 8 (47%) <0.01
Tolerance, level 1 1(6%) 7 (41%) <0.05
Tolerance, level 2 3 (18%) 2 (12%) 1.00
Tolerance, level 3 13 (76%) 0 <0.0001
Complications related to nCPAP 0 4 (24%) 0.10
Skin necrosis 0 2 (12%) 0.48
Gastric distension 0 0 n.s.
Eye irritation 0 2 (12%) 0.48

This represented an apparent reduction of 49% in the
risk of death (Fig. 1). Seven of the eight patients in the

mask group who died were intubated for significant

worsening of gas exchange and transferred to ICU,
where they developed serious complications leading to
death. Only one patient of the mask group died in the
Hematology Department after refusing intubation. In
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Kaplan-Meier survival curve
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Fig. 1 Death rate assessed by Kaplan-Meier analysis. Four pa-
tients in the helmet group (23%) vs. eight (47%) in the face mask
group died in the Hematology Department, representing an appar-
ent risk of death reduction of 49%. Hospital mortality in the hel-
met group was significantly lower than that in the face mask group
(Mantel-Cox log-rank test, p<0.05)

contrast, the four deaths in the helmet group occurred in
the Hematology Department after multiple organ failure
and gas exchange deterioration. All of these four patients
had refused endotracheal intubation. One patient in the
helmet group (6%) and four in the mask group (24%)
died due to septic shock; two deaths occurred as a conse-

quence of the hematological disease (one in the helmet
group and one in the mask group, 6% each), three pa-
tients in the mask group (18%) died due to intractable
hypoxia and cardiac arrest, and two patients in the hel-
met group (12%) died after the development of cardio-
genic shock.

Discussion

We used helmet nCPAP to treat 17 selected hematologi-
cal malignancy patients at an early stage of hypoxemic
ARF in the Hematology Department, reducing intubation
and avoiding ICU admission, often related to an in-
creased risk of infectious complications. In our study
nCPAP was successfully applied in all patients, but hel-
met nCPAP was better tolerated than mask nCPAP,
avoiding skin breakdown and allowing a longer period of
continuous treatment with fewer endotracheal intubat-
ions. These advantages may explain at least in part the
lower mortality observed in the helmet group. However,
we are aware that the choice of matched historical con-
trols represents a major limitation of this pilot study, not
allowing a definitive conclusion on mortality. Interdisci-
plinary collaboration between hematologists and int-
ensivists appears crucial for achieving an early imple-
mentation of noninvasive mechanical ventilation and im-
proving the quality of care. Future randomized studies
are needed to confirm our results.
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