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ABSTRACT: Observational case-control study of non-
invasive ventilation in patientswith ARDS. G. Domenighetti,
A. Moccia, R. Gayer.

Background. The application of non-invasive pressure
support ventilation (NIPSV) in patientswith acute lungin-
jury or ARDS remains controversial despite recent
promising results. Data in rather homogeneous ARDS
groupsis lacking.

Objective. To compar e the outcome of NIPSV-treated
patients satisfying the diagnostic criteriafor primary (pul-
monary) ARDS (ARDS;) and presenting without distant
organ failures at admission, with those of a matched con-
trol group treated in the same | CU with endotracheal me-
chanical ventilation (ETMV).

Methods. We applied NIPSV in 12 immunocompetent
and collabor ative patientswho met the above cited criteria.
NIPSV failurerate, short-term oxygenation, length of stay,
mortality rate and complications were analyzed and com-

I ntroduction

The application of non-invasive pressure sup-
port ventilation (NIPSV) in patients with hypox-
emic acute respiratory failure (HARF) unrelated to
COPD still remains controversial despite of
promising results [1-3]. So far, published clinical
randomized or non-randomised studies on NIPSV
in non-COPD-related HARF have focused on sin-
gle etiologies (cardiogenic pulmonary edema,
community-acquired pneumoniaor both [2, 3, 4, 5,
6]) or on mixed populations with avariety of diag-
noses [1, 7, 8]. In these latter studies, the clinical
outcome according to the underlying nature of
HARF was seldom assessed [7, 8]. Interestingly
enough, some of the latter investigations as well as
others [9] have included noninvasively ventilated
patients with a diagnosis of ARDS [10]. Overall,
185 patients may be considered from these various
studies, with a global NIPSV failure rate of 42%
and a mortality rate of 29% [11]. More recently,
Antonelli and co-workers reported a prospective
survey of NIPSV in 147 ARDS patients in which
46% failed and were intubated. Predictors used to
see whether there is a need for intubation included
greater age, higher Simplified Acute Physiology
Score (SAPS I1) and the inability to improve
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pared with acontrol group of 12 intubated ARDS,-patients
matched for age, SAPSI 1, PaO,/FiO, and pH at admission.

Results. NIPSV failed in 4 patients developing distant
organ failures. Compared to the ETMV control group,
NIPSV success patients had reduced cumulative time on
ventilation (p = 0.001) and length of ICU stay (p = 0.004).
After the first 60° of ventilation, oxygenation improved
more in the NIPSV than in the ETMV group (146 + 52
mmHgvs 109 + 34 mmHg; p=0.05). Theoverall ICU mor-
tality rate did not differ significantly between the groups
but tended to be higher in the NIPSV group.

Conclusions. In ARDS, patientswithout distant organ
failures at admission and during the disease course,
NIPSV might be a suitable alter native to invasive ventila-
tion; however, the real effects on outcome of NIPSV ap-
plied to stable homogeneous subgroups of ARDS patients
merit further investigationsin randomised studies.
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PaO,/FiO, after one hour of non-invasive ventila-
tion [12]. In aprevious study performed in patients
with severe community-acquired pneumonia, we
found that a co-existing bacteremia associated
with multiple organ dysfunction was predictive of
a high NIPSV failure rate [5]. We speculated that
NIPSV might also constitute an effective method
for treating HARF in patients with a diffuse pul-
monary injury satisfying the diagnostic criteria for
a primary ARDS (ARDSp) and admitted without
extra-pulmonary organ failures. To address this
guestion, we analysed the application of this tech-
nique in a cohort of relatively homogeneous pa-
tients presenting primarily with a diffuse pneumo-
nia as a cause of acute respiratory distress syn-
drome and compared their outcomes with those of
a matched control group previously treated in the
same ICU with endotracheal mechanical ventila-
tion (ETMV).

Material and methods
Patient selection
Between February 2002 and October 2004, all

consecutive adult patients with early primary
ARDS were considered potentially eligible for the
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study. They presented with the classical criteriafor
invasive ventilation: (a) severe dyspnea at rest, (b)
respiratory rate = 30 breaths/min and (c) diagnos-
tic criteriafor ARDS, according to the American -
European consensus conference on ARDS defini-
tion [10]. Among 29 patients admitted with this di-
agnosis, 17 required intubation for atered mental
status, inability to manage secretions, haemody-
namic instability, trauma or multiple organ failures
(acute or exacerbated rena failure, cardiovascular
insufficiency, altered coagulation, liver failure and
central nervous system disorders). Twelve pa-
tients, fulfilling the following inclusion criteriafor
NIPSV, were selected: hemodynamic stability
(systolic blood pressure = 90 mmHg or mean sys-
temic pressure = 65 mmHg) without vasopressors,
lack of severe ventricular arrhythmias or myocar-
dia ischemia, good cooperation (Glasgow Coma
Scale = 12) and anamnestic lack of claustrophobia;
ability to clear respiratory secretions; no signifi-
cant metabolic and/or respiratory acidosis (pHg,
= 7.30); immunocompetence; and no extrapul-
monary organ dysfunction. Written informed con-
sent was obtained from all non-invasively ventilat-
ed patients and the study was approved by the can-
tonal ethics committee.

NPSV and criteria for endotracheal intubation

Immediate standard management in the Emer-
gency Room, ward or ICU (before NIPSV) includ-
ed high-flow oxygen administration with high con-
centration masks the achievement of, where possi-
ble, alevel of SpO, = 88% antibiotic administra-
tion following local and ATS guidelines[13], chest
physiotherapy if practicable and fluids. Inhaled
bronchodilators and steroids were used at the dis-
cretion of the attending physician. The criteria for
diagnosing pneumonia were those proposed by the
ATS [13, 14]. We used masks with an adjustable-
air soft-cushion covering for the mouth and nose
(Vital SignsInc. Barnham, UK). The mask was ad-
justed to avoid air leaks and connected to an ICU
ventilator (SERVO-1 Siemens Elema, Uppsala,
Sweden) set in the flow-cycled pressure support
mode. The servo-| ventilator permits aset on cycle
from inspiration to expiration; to avoid unwarrant-
ed prolonging of the mechanical insufflations into
the patient-initiated expiration, the ventilator was
individually set for the patient’s best expiratory
trigger sengitivity. This allowed the reduction of
episodes of asynchronies. Moreover, a back-up
function was available with each assisted mode of
ventilation in case of apnea. The initial ventilatory
settings were PEEP 5 cm H,O and pressure sup-
port 8 to 12 cm H,0. Subsequently, the nurse and
attending physician adjusted pressure support (to
achieve an exhaled tidal volume of 7 to 10 ml/kg
IBW), PEEP-level and FiO, based on tolerance;
the goal was achievement of a respiratory rate
(RR) < 25 breathg/min and an oxygen saturation
between 88% and 92% as measured by pulse-
oximetry. Magjor criteria for endotrachea intuba-
tion and NIPSV failure, were based on those de-
fined by Brochard et al. [15]; these included respi-

ratory arrest, respiratory pauses with loss of con-
sciousness or gasping for air, psychomotor agita-
tion making nursing care impossible and requiring
sedation, a heart rate below 50 beats per minute
with loss of alertness, and hemodynamic instabili-
ty with systolic arterial blood pressure below 70
mmHg. Additional criteria for intubation and
NIPSV failure were: clinical signs of exhaustion,
RR above the admission value after 2 hours of
NIPSV, failure to maintain an SpO, = 88%, signif-
icant metabolic and/or respiratory acidosis (pHj4
< 7.30) and changes in mental status linked to res-
piratory impairment. The presence of one major
criterion was considered to indicate the need for
intubation and mechanical ventilation; the pres-
ence of two additional criteria after two hours of
NIPSV was considered to indicate the need for
early intubation. With improved clinical status and
ventilatory parameters (RR, SpO,, gas exchange
values), NIPSV was virtually continuously main-
tained for the first 24 hours. Once FiO, was 0.5 or
less and PEEP was 5 cm H,0, and the patient clin-
icaly improved, inspiratory pressure support was
reduced stepwise in increments of 2 cm H,O. Non-
invasive ventilation was discontinued and consid-
ered successful when unassisted spontaneous
breathing was sustained for 24 consecutive hours
with apH = 7.35 and SpO, = 90% with breathing
mask oxygen at FiO, < 0.4.

Controls (ETMV)

Controls were al ARDSp patients selected
from a group of 30 ARDS patients admitted in the
previous two years to the same ICU who were
treated with endotracheal intubation (EI) and me-
chanical ventilatory support within the first 6
hours of ICU admission. Exclusion criteriainclud-
ed patients who had received an NIPSV tria prior
to intubation as well as extrapulmonary ARDS
forms; we also excluded those primary ARDS pa-
tients who were immediately intubated before be-
ing transferred to the ICU. This was because this
group of patients presented to a large extent with
extra-pulmonary organ dysfunctions and an higher
severity score (SAPS I1). As aresult, 18 historical
patients with primary ARDS were eligible as con-
trols from the database. Then, 12 immunocompe-
tent and haemodynamically stable controls [9 pa-
tients with diffuse pneumonia and 3 patients with
toxic-mediated ARDS] were finally selected ac-
cording to the following matching criteria: (1) age
+ 8years, (2) SAPS I, assessed within the first 24
hours after ICU-admission, + 6 points; (3) PaO,/
FiO, ratio before institution of El, + 20 points; and
(4) pH before ingtitution of El, £ 0.02. Criteriafor
diagnosing pneumonia were those proposed by
the ATS [13, 14]. The ventilators used were the
same as those described for the NIPSV group. Af-
ter intubation, patients were ventilated with alung
protective strategy according to the ARDS Net-
work criteria [16]. Our criteria regulating the de-
crease of support and the discontinuation of me-
chanical ventilation have been previously pub-
lished [17].
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Physiological measurements

The following data was obtained at study en-
try: complete chemical and haematological tests,
diagnostic microbiological tests (suctioned airway
secretions, BAL when indicated and practicable,
urine and blood). The baseline physiological as-
sessment before starting NIPPV, included SAPSI1,
the Glasgow Coma Scale, complete vital parame-
ters, SpO, and complete blood gas analysis. High-
flow mask systems were used to deliver oxygen at
high concentrations before institution of NIPSV.
Delivered FiO, was approximately estimated us-
ing a calculation table. In order to better corrobo-
rate the oxygenation, FiO, was estimated on a
graph considering O, flow and the spontaneous
minute volume ventilation determined by a Wright
spirometer. These variables were monitored and
again recorded after 60 minutes and regularly as
long as necessary. Blood gas analysis was assessed
immediately (Blood Gas Analysator, AVL Medical
Systems, Schaffhausen, Switzerland). Complica-
tions associated with NIPSV and ETMV were
recorded.

Data analyses

Results are reported as mean + SD. Data on
figures is graphically depicted as a box-Whysker
diagram. Comparisons of normally distributed
variables between cases and controls were done
using unpaired t-tests. Qualitative variables were
analysed using Mc Nemar’s test. Subgroup analy-
sis involving comparisons between unmatched
groups were made using unpaired t-tests, chi-
square or Fisher’s exact tests. P values lower than
0.05 were considered to be statistically significant.

Results

The matching variables, other characteristics
at enrollment and the outcomes of the two groups
are listed in table 1. Underlying cause were main-
ly diffused community-acquired pneumoniain 15
patients or diffuse nosocomia pneumoniain 5 pa-
tients. Although al patients in both groups had
blood and airway secretions taken for cultures pur-
poses, aspecific microbiological diagnosiswas es-
tablished in 6 patients in the NIPSV group and in

Table 1. - Comparison between noninvasive pressure support ventilation (NIPSV) and conventional endotracheal

mechanical ventilation (ETMV) groups

NIPSV ETMV p % of
(n=12) (n=12) value accordance

MATCHING CRITERIA
AGE (years) 66 + 8 64+6 0.45 94
SAPS I 44 + 12 47 £ 10 0.41 92
PaO,/FiO, (mmHg) 104 + 42 96 + 42 0.67 93
pH 7.39 = 0.07 7.38 £ 0.09 0.52 98
CHARACTERISTICS
Male/ female 5/7 9/3 021
Cause of ARDS
e Pneumonia (n) 11 9 0.34

— Community-acquired 8 7

— Hospital-acquired 2 3
e Other* (n) 1 3
Chronic comorbidities? (n) 12+ 05 14+ 0.6 0.15
RR before ventilation (breaths/min) 34+4 36+6 0.15
HR before ventilation (beats/min) 111+ 18 109 + 21 0.18
MAP (mmHg) 87+ 12 82+ 13 0.1
PaO, before ventilation (mmHg) 57+9 56 + 11 0.1
PaCO, before ventilation (mmHg) 37+9 40+ 14 0.8
pH before ventilation 7.39 £ 0.07 7.37 £ 0.09 0.4
Max. PEEP-level used (cm H,0) 6+038 10+ 25 0.0001
OUTCOMES
ICU Mortdlity (n; %) 5 (42) 3(25) 0.69
LOSICUa (hrs) 106 + 60 404 + 253 0.004
LOSICUb (hrs) 184 + 139 404 + 253 0.023

Data are expressed as mean + SD.

NIPSV = noninvasive pressure support ventilation; ETMV = endotracheal mechanical ventilation; SAPS Il = simplified acute
physiology score; A = chronic heart disorders, diabetes mellitus, liver cirrhosis Child A, essential hypertension, moderately
severe chronic renal failure; RR= respiratory rate; HR= heart rate; MAP= mean arterial pressure; ICU = intensive care unit;
LOS = length of stay; * = toxic-mediated ARDS (3 patients), near drowning (1 patient); a= LOS in NIPSV success-patients
vs. ETMV control-patients; b = LOSin all NIPSV patients vs. ETMV control patients.
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6 patients in the ETMV group. The maximum
PEEP applied during the trial was on average 6 +
0.8 cm H,0 for the NIPSV group compared with
10+ 2.5 cm H,O inthe ETMV group (p = 0.001).
There were no differences between the two groups
in sex ratios, incidence of assumed pneumoniaas a
cause of ARDS, chronic underlying comorbidities,
respiratory rate, heart rate and blood pressure,
PaO,, PaCO, or pH before institution of ventila-
tion.

NIPSV failed in 4 patients (33%) who then re-
quired El. In these patients, the average duration
of NIPSV before intubation was 6 hours (range
1-39 hours). The reasons for intubation were
worsening of gas exchange with severe tachypnea
in al 4 patients, complicated by haemodynamic
instability in two. The overall success rate for the
NIPSV trials was 66% (8 of 12). In the non-inva-
sive ventilation group, intubated patients tended
to be older and displayed at admission a higher
SAPS Il score than non-intubated patients (intu-
bated patients: 51 =+ 14 vs 38 + 14; p = 0.15).
Moreover, they progressed to extrapulmonary or-
gan failures and had positive blood cultures
(Streptococcus pneumoniae in 3 patients, Kleb-
siella pneumoniae in 1 patient), contrasting with
the absence of bacteremia in non-intubated pa-
tients (p = 0.07). At the moment of institution of
ventilation, respiratory rate (RR), PaO,, pH, Pa-
CO, and PaO,/FiO, did not differ significantly in
either subgroup. Astable 1 shows, therewasasig-
nificant difference in the ICU length of stay be-
tween NIPSV success patients and ETMV con-
trols (p = 0.004). Overall ICU mortality ratein the
NIPSV group was 42% (25% in the ETMV group;
p = 0.69), with 2 ICU deaths unrelated to the lung
injury, occurring once gas exchange finaly im-
proved and a respiratory steady state was
achieved; causes of death were haemorrhagic
stroke and acute myocardial infarction. The cu-
mulative time spent on ventilation without discon-
tinuation was shorter in the 12 NIPSV patients
than inthe ETMV controls (74 + 68 vs. 330 + 243
h; p = 0.001; figure 2). Arterial hypoxemia as as-
sessed by the PaO,/FiO, ratio, improved from
baseline over time (60 minutes) in the NIPSV
group (104 £ 42 vs 146 + 52 mmHg vs, p = 0.03),
contrasting with a non-significant change in the
ETMV group (96 + 42 vs. 109 + 34 mmHg; p =
0.39). As shown in figure 1, the PaO,/FiO5 ratio
was significantly higher in the NIPSV group after
1 hour of ventilation (p = 0.05). There were no
differences in the time course of PaCO, and pH
within the NIPSV or ETMV groups. Causes of
death for those NIPSV patients who required intu-
bation included severe sepsis and multiple organ
dysfunction in 3 patients. Cause of death in the
control group was multiple organ dysfunctionin 3
patients. The mask intolerance rate per se was ex-
tremely low and did not warrant switching NIPSV
to endotracheal intubation. Observed complica-
tions in both groups are listed in table 2. The rate
of serious complications showed a tendency to be
higher among patients in the ETMV group thanin
the NIPSV group (p = 0.07).
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Fig. 1. - Comparison of the PaO,/FiO, ratio between NIPSV and
ETMV patients after 60’ of ventilation. The horizontal box line rep-
resents the median; the box encompasses the 25th-75th percentiles and
the errors bars show the 10th-90th percentiles. Filled circles represent
outliers (erratic values). NIPSV = noninvasive pressure support ven-
tilation; ETMV = endotracheal mechanical ventilation.
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Fig. 2. - Comparison of the cumulative time spent on ventilation
(without discontinuation) between the 12 non-invasively ventilated
patients and the ETMV controls. The horizontal box line represents
the median; the box encompasses the 25th-75th percentiles and the er-
ror bars show the 10th-90th percentiles. Filled circles represent outliers
(erratic values). NIPSV = noninvasive pressure support ventilation;
ETMV = endotracheal mechanical ventilation.

Table 2. - Observed complications in both groups

VARIABLE NIPSV ETMV p-value

(n=12) (n=12)

Patients with complications

causing death in ICU 5 3 0.38
Myocardial infarction 1 0 0.30
Serious arrhythmias 2 1 3 0.27
VAP 0 3 0.06
CIP 0 3 0.06
Intracranial hemorrhage 1 0 0.30
Severe sepsis 4 5 0.67
Nasal bridge injury 2 0 0.13

VAP = ventilator-associated pneumonia; CIP = critically
ill polyneuromyopathy. a = atria fibrillation with rapid
ventricular response, 2 patients; ventricular tachycardia,
2 patients.
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Discussion

This study shows that in stable non-immuno-
compromised patients meeting the definition of a
primary ARDS and presenting at baseline or dur-
ing the course of the disease without extrapul-
monary organ dysfunction, NIPSV might be afea-
sible option. Compared to a matched group of sim-
ilar patients treated with conventiona invasive
ventilation, NIPSV did not generate a high failure
rate. Not surprisingly, avoidance of intubation was
associated with a more rapid process of weaning
and with atrend of lower frequency complications.
The indication for NIPSV in non-COPD patients
with severe acute hypoxemic respiratory failure
has remained controversial for single pathologies
such as ARDS [18]. As reported in a previous re-
view, 185 ARDS cases from these mixed-patient
populations have been considered, with an overall
success rate (avoidance of intubation) of 58% [11],
avaluefairly similar to ours (66%). Ferrer et al., in
a randomised clinical study, assessed the efficacy
of non-invasive ventilation in 105 patients with se-
vere AHRF, allocated to receive a face mask Bi-
PAP or high-concentration oxygen therapy. In their
study, causes of respiratory failure were mainly
pneumonia and cardiogenic lung edema; however,
15 patients with ARDS were collected, seven in
the BiPAP group and eight in the control group and
the authors did not differentiate ARDS of primary
or secondary origin. The efficacy of non-invasive
ventilation was poor in the former ARDS sub-
group, and all but one patient needed intubation
[8]. The most important study distinguishing pri-
mary and secondary ARDS in addressing the ques-
tion of the NIPSV impact on clinical outcome in
patients with AHRF was published in 2001 by An-
tonelli et al. [7]. In this prospective, multicenter
cohort study, the authors investigated potential
factors involved in the failure. In this heteroge-
neous population, the overall efficacy of noninva-
sive ventilation in avoiding intubation (70%) con-
trasted with the highest rate of failure observed in
86 patients fulfilling the diagnosis of ARDS
(51%); the rate of intubation was similar among
patients with ARDS caused by a pulmonary or ex-
trapulmonary condition, but sepsis on admission
was associated, among other variables, with
NIPSV failure [7]. Recently, the same group re-
ported data from a large prospective investigation
on non-invasive ventilation in ARDS patients[12]:
in this study carried out by expert centres on
NIPSV, this technique improved gas exchange and
allowed avoidance of intubation in 54% of pa
tients, who therefore had better outcomes than
those who failed the non-invasive technique. The
response to NIPSV was similar in patients with
ARDS caused by pulmonary or extrapulmonary
condition. Interestingly enough, the authors gener-
ated predictors of the need for intubation in their
ARDS patients, which included greater age, high-
er SAPS || scores on admission and lower (< 175)
PaO,/F O, ratios after one hour of ventilation.
These results, obtained in heterogeneous groups of
ARDS-patients (the Authors considered primary

and secondary ARDS-patients, the latter category
in which the majority of the group found them-
selves), may not necessarily apply for selected
ARDS-patients groups. By analysing possible pre-
dictors of NIPSV failure in our study, we found
that al patients who needed intubation progressed
to sepsis (positive blood cultures) and further to
multiple organ dysfunction, contrasting with the
absence of bacteremia and extrapulmonary organ
failuresin patients who had successful NIPSV. Al-
though we closely monitored our patients and we
used alow threshold for intubation, we cannot pro-
vide evidence that our stategy avoided dangerous
delays in intubation in these patients. The results
suggest firm avoidance of NIPSV as a first venti-
latory support in ARDS patients demonstrating a
clinical picture of extrapulmonary organ dysfunc-
tion at admission or in those developing a distant
organ failure during the course of the disease.
Baseline PaO,/FiO, was quite low in both groups
in our study. In contrast to the PaO,/FiO, pattern
observed in the ETMV group (figure 1), oxygena-
tion improved more significantly at one hour in the
group of patients treated with NIPSV, even with
lower PEEP levels applied in thisgroup than in the
ETMV group. This evolution may be surprising
and contrasts with the effects of the PEEP re-
sponse reported in ARDS patients with a primary
pulmonary injury [19]. Recent studies, however,
indicate that promoting spontaneous ventilation in
acute lung injury or ARDS may improve gas ex-
change by recruitment of non-aerated areas in the
dependent lung zones through an increase of
transpulmonary pressure [20]. We can therefore
speculate that spontaneous ventilation per se might
improve gas exchange more than a standardised
volume-controlled ventilation in a fully sedated
and relaxed patient, even in the presence of less
conventional PEEP levels. Overal the ICU mor-
tality rate tended to be higher in the NIPSV group.
Although this value was influenced by two deaths
unrelated to the lung injury itself, one cannot ex-
clude arelationship between the non-invasive ven-
tilatory treatment and the unsatisfactory outcome.
The rate of serious complications demonstrated a
trend towards being higher in the control group in
this study. These complications involved mainly
ventilator-associated pneumonia and critically ill
polyneuromyopathy, two severe typical and rela
tively frequent complications observed during long
term endotracheal mechanical ventilation [16, 21].

The present study has important shortcomings.
The first limitation is the size of the population,
even though studies on NIPSV in ARDS have in-
cluded only alimited number of patients, except in
Hilbert's study and Antonelli’s two studies [3, 7,
12]. Moreover, our ARDS group was highly se-
lected; consequently, the fairly good success rate
of NIPSV could have arisen from a technique ap-
plied unexpectedly to a homogeneous group of
haemodynamically stable and collaborative pa-
tients, most without ensuing multiple organ fail-
ures. In this setting, a successfully applied NIPSV
in ARDS patients may represent an indicator of a
low severity of illness. Finaly, a case-control
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study may be biased toward an overestimation of
the positive effects in the treatment group, for ex-
ample through an intentional initial patient selec-
tion [22]. Even though we used a careful matching
process allowing a good concordance of the
matching criteria between the two groups (table 1)
in order to moderate the risk of discrepancies in
severity between cases and controls, the general
nature of historical controls prevents any very
careful matching with a prospective cohort. Our to
some extent encouraging results coupled with the
previous cited limitations, suggest that the effects
of NIPSV in stable homogeneous subgroups of
ARDS patients merit further investigations in ran-
domised studies. Until additional data becomes
available, a rather conservative approach should
be taken, particularly in centres which are not ex-
pert on NIPSV.
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