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ATIENTS WITH SEVERE HYPOX-

emic acute respiratory insuffi-

ciency often require life-

supporting mechanical
ventilation (MV). The placement of an
endotracheal tube to allow for MV is as-
sociated with a significant risk of local
airway injury and ventilator-associ-
ated pneumonia. Several studies found
that noninvasive ventilation (NIV) re-
duced the need for endotracheal intu-
bation in patients with acute exacerba-
tions of chronic obstructive pulmonary
disease (COPD).'?

In addition, reports published over
many years have suggested that pa-
tients with cardiogenic pulmonary
edema (CPE) or non-CPE may benefit

See also pp 2361 and 2376 and
Patient Page.
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Context Continuous positive airway pressure (CPAP) is widely used in the belief that
it may reduce the need for intubation and mechanical ventilation in patients with acute
hypoxemic respiratory insufficiency.

Objective To compare the physiologic effects and the clinical efficacy of CPAP vs
standard oxygen therapy in patients with acute hypoxemic, nonhypercapnic respira-
tory insufficiency.

Design, Setting, and Patients Randomized, concealed, and unblinded trial of 123
consecutive adult patients who were admitted to 6 intensive care units between Sep-
tember 1997 and January 1999 with a Pao,/FIO, ratio of 300 mm Hg or less due to bi-
lateral pulmonary edema (n=102 with acute lung injury and n=21 with cardiac disease).

Interventions Patients were randomly assigned to receive oxygen therapy alone
(n=61) or oxygen therapy plus CPAP (n=62).

Main Outcome Measures Improvement in Pao,/FIO; ratio, rate of endotracheal
intubation at any time during the study, adverse events, length of hospital stay, mor-
tality, and duration of ventilatory assistance, compared between the CPAP and stan-
dard treatment groups.

Results Among the CPAP vs standard therapy groups, respectively, causes of res-
piratory failure (pneumonia, 54% and 55%), presence of cardiac disease (33% and
35%), severity at admission, and hypoxemia (median [5th-95th percentile] Pao,/Fio,
ratio, 140 [59-288] mm Hg vs 148 [62-283] mm Hg; P=.43) were similarly distrib-
uted. After 1 hour of treatment, subjective responses to treatment (P<<.001) and me-
dian (5th-95th percentile) Pao,/FiO, ratios were greater with CPAP (203 [45-431]
mm Hg vs 151 [73-482] mm Hg; P=.02). No further difference in respiratory indices
was observed between the groups. Treatment with CPAP failed to reduce the endo-
tracheal intubation rate (21 [34 %] vs 24 [39%] in the standard therapy group; P=.53),
hospital mortality (19 [31%] vs 18 [30%]; P=.89), or median (5th-95th percentile)
intensive care unit length of stay (6.5 [1-57] days vs 6.0 [1-36] days; P=.43). A higher
number of adverse events occurred with CPAP treatment (18 vs 6; P=.01).
Conclusion In this study, despite early physiologic improvement, CPAP neither re-
duced the need for intubation nor improved outcomes in patients with acute hypox-
emic, nonhypercapnic respiratory insufficiency primarily due to acute lung injury.
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from continuous positive airway pres-
sure (CPAP) delivered by a face
mask.>!® Most of these studies were
nonrandomized, and in the few ran-
domized studies, the primary end point
was often based on gas exchange cri-
teria after a predetermined duration of
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CPAP treatment.”" These studies dem-
onstrated the ability of CPAP to im-
prove hypoxemia but not its ability to
reduce the need for intubation and MV.
However, one single-center, random-
ized study found strong evidence that
CPAP use reduced the need for endo-
tracheal intubation in patients with se-
vere hypercapnic CPE."

In patients with acute lung injury
(ALID), applying positive pressure to the
airway opening has been shown to
lessen the reduction in functional re-
sidual capacity and to improve respi-
ratory mechanics and gas exchange.'’
These data have led intensive care unit
(ICU) physicians to widely use CPAP
to prevent subsequent clinical deterio-
ration and to reduce the need for en-
dotracheal intubation.”®%%! How-
ever, the efficacy of this practice has not
been evaluated. In particular, uncer-
tainty continues to surround the po-
tential clinical benefits of CPAP deliv-
ered by a face mask to patients with
acute hypoxemic, nonhypercapnic, res-
piratory insufficiency due to bilateral
pulmonary edema, with or without un-
derlying cardiac disease.

We conducted a multicenter, pro-
spective, randomized trial to compare
the efficacy of CPAP delivered through
a full face mask with standard oxygen
therapy in ICU patients admitted with
ALI with or without underlying car-
diac disease.

METHODS
Patients

Between September 28, 1997, and Janu-
ary 19,1999, 123 consecutive adults ad-
mitted with acute respiratory insuffi-
ciency secondary to pulmonary edema
were recruited prospectively at the medi-
cal ICUs of 6 hospitals (Henri Mondor,
Créteil, France; La Cavalle Blanche,
Brest, France; Croix Rousse, Lyon,
France; Sant Pau, Barcelona, Spain; Mo-
nastir Hospital, Monastir, Tunisia; and
La Sapienza University, Rome, Italy),
which previously had participated in
NIV studies and had experience with the
various NIV techniques.'**% The study
protocol was approved by the appropri-
ate institutional review boards. In-
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formed consent was obtained from all
the patients.

Inclusion criteria were as follows:
(1) acute respiratory insufficiency,
defined as the Pa0,/F10, ratio of 300
mm Hg or less after breathing oxygen
at 10 L/min or more for 15 minutes,
with the inspired fraction of oxygen de-
termined by a portable oxygen ana-
lyzer (MiniOX I; Mine Safety Appli-
ances Co, Pittsburgh, Pa); (2) the
presence of bilateral lung infiltrates on
a posteroanterior chest radiograph; and
(3) randomization within 3 hours af-
ter the criteria were first fulfilled.

Exclusion criteria were patients
younger than 18 years; intubation was
refused or contraindicated; history of
COPD; acute respiratory acidosis (de-
fined as a pH <7.30 and a Paco, >50
mm Hg); systolic blood pressure less than
90 mm Hg under optimal therapy (fluid
repletion); ventricular arrhythmias; coma
or seizures; life-threatening hypoxemia
(defined as an Sa0, <80% with an oxy-
gen mask); use of epinephrine or nor-
epinephrine; and the inability to clear co-
pious airway secretions.

The precipitating cause of acute
respiratory insufficiency and the
presence of a chronic or acute cardiac
disease were recorded at admission. Pa-
tients were randomly assigned to stan-
dard treatment (oxygen alone) or stan-
dard treatment plus CPAP delivered by
a face mask. Patients with ALI and no
history of chronic lung disease consti-
tuted the primary group of interest.
Since increased pulmonary permeabil-
ity may coexist with left atrial or
pulmonary capillary hypertension,'® pa-
tients with a history of cardiac disease
also were included. The coronary care
unit (CCU), independent from the
medical ICU, treated patients with is-
chemic myocardial disease and those
with heart failure deemed unlikely to
require MV. Patients with obvious car-
diac disease were primarily treated in
the CCU, however, the only ones who
were considered for the study were
those patients with cardiac disease who
had a possible superimposed noncar-
diac cause of respiratory failure, pa-
tients with extreme severity and no re-

sponse to treatment, or patients in
whom cardiac insufficiency previ-
ously was not known.

Because a cardiogenic mechanism
contributing to the pulmonary edema
might have had a substantial influence
on the study results, the randomiza-
tion was stratified based on whether
there was an underlying cardiac dis-
ease (chronic cardiac disease with class
I, 111, or IV of the New York Heart Asso-
ciation functional classification or acute
de novo cardiac disease). The stratifi-
cation was not based on whether it was
CPE or non-CPE because in severely ill
patients with chronic cardiac disease
admitted for acute respiratory insuffi-
ciency, itis sometimes difficult to deter-
mine on admission whether decom-
pensated heart failure is the only cause
of the episode of respiratory insuffi-
ciency. Including patients with a his-
tory of cardiac disease, it was likely that
using clinical examination and simple
biological criteria a proportion of these
patients would be eventually diag-
nosed as having cardiac disease. The
stratification was to ensure that patients
with an underlying cardiac disease were
equally distributed between the 2 study
groups. Sealed envelopes were used to
randomly assign patients to their treat-
ment group.

Standard Treatment

Patients assigned to the standard treat-
ment group (n=61) received oxygen de-
livered through a face mask. The Fi0, was
measured using the same oxygen ana-
lyzer in each center: the tip of the oxy-
gen analyzer was introduced via a small
hole in the face mask. The goal was to
achieve a pulse oximetry Sa0, greater
than 90%. Oxygen was delivered until
endotracheal intubation, death, or ful-
fillment of oxygen delivery cessation cri-
teria (an Sa0, = 92% without oxygen and
a respiratory rate < 30/min).

All patients with suspected cardiac in-
sufficiency received diuretics as re-
quired. Infectious causes were treated
with antibiotics. Gastrointestinal tract
prophylaxis was administered to pa-
tients who were intubated with MV or
in patients with a history of gastroin-
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testinal tract ulcer.?! Patients did not re-
ceive systematic ulcer prophylaxis un-
der CPAP therapy.

CPAP Treatment

Patients assigned to the CPAP plus oxy-
gen group (n=02) received periods of
CPAP in addition to the standard treat-
ment. All study centers used a Vital Signs,
Inc (Totowa, NJ) device.?> The device in-
cluded (1) a Vital Flow 100 CPAP Flow
Generator that delivered a flow (rate
0-130 L/min) that could be adjusted to
the patient’s inspiratory flow require-
ment, with an adjustable F10, within the
34% to 100% range; (2) a spring-
loaded, positive end-expiratory pres-
sure (PEEP) valve that provided a fixed
end-expiratory pressure (5, 7.5, or 10 cm
H,0) with minimal resistance to air-
flow; (3) a full face mask composed of a
transparent mask and a soft inflatable
cushion; and (4) a dedicated headstrap.
Airway humidification was achieved by
using a heated humidifier (MR640;
Fisher & Paykel, Auckland, NZ).

For at least the first 6 to 12 hours,
CPAP was given continuously and then
discontinuously as indicated based on
patient tolerance and on whether the
pulse oximetry Sa0, was greater than
90% under oxygen alone.

For all patients, CPAP was started at
7.5 cm H,O. The level could be de-
creased to 5 cm H,O or increased to 10
cm H,O as needed based on the clini-
cal response and tolerance. Continu-
ous positive airway pressure was
delivered for at least 6 h/d and was
continued until endotracheal intuba-
tion, death, or fulfillment of the fol-
lowing cessation criteria: Pa0,/F10, ra-
tio greater than 300 mm Hg, or Sao,
between 95% and 100% and F10, of 40%
or less without CPAP, or CPAP dura-
tion less than 6 h/d. The criteria for oxy-
gen delivery cessation were the same as
in the standard therapy group.

Criteria for Intubation

Endotracheal intubation was per-
formed in patients with any of the fol-
lowing: decreased alertness or major agi-
tation requiring sedation, clinical signs
of exhaustion (active contraction of the
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accessory muscles of respiration with
paradoxical abdominal or thoracic mo-
tion), hemodynamic instability, car-
diac arrest, or refractory hypoxemia
(Sa0, <85% with F10, of 100%).

Follow-up

Arterial blood gas values, respiratory rate,
systolic blood pressure, and pulse rate
were collected at baseline, after 1 hour,
and between the 6th and 12th hours; the
worst value of each of these variables was
recorded once a day. The response to
treatment was recorded 1 hour after the
initiation of CPAP or oxygen treatment
by asking patients to grade the effect of
treatment on their dyspnea: + 2, marked
improvement; + 1, slight improvement; 0,
no change;-1, slight deterioration;
and -2, marked deterioration. The Sim-
plified Acute Physiologic Score I1** (SAPS
1) and the Logistic Organ Dysfunction
score** were calculated 24 hours after
ICU admission and 24 hours after study
inclusion. Since CPAP use is assigned a
specific weight in both scoring systems,
the treatment assigned by randomiza-
tion could in itself modify the scores;
consequently, both scores were calcu-
lated without including the points for res-
piratory failure.

The following adverse events were re-
corded during spontaneous ventila-
tion: facial skin necrosis, conjuncti-
vitis, sinusitis, gastric distension,
aspiration, pneumothorax, nosoco-
mial pneumonia (based on clinical cri-
teria), stress gastrointestinal tract ul-
cer and bleeding, and cardiac arrest; and
during MV: cardiac arrest at endotra-
cheal intubation, tracheal injury, pneu-
mothorax, sinusitis, nosocomial pneu-
monia (based on clinical criteria and
quantitative cultures of protected bac-
teriological sampling of the lungs), and
stress gastrointestinal tract ulcer and
bleeding. Among these events, only ad-
verse events not present at admission
were counted as those that occurred
during the ICU stay.

Power and Statistical Analysis

The primary outcome variable was en-
dotracheal intubation and MV at any
time during the study. The patient was

used as the randomization unit. The
randomization protocol, computer-
generated by the Department of Biosta-
tistics of Henri Mondor Hospital, was
stratified based both on the study cen-
ter and the presence or absence of an un-
derlying cardiac disease. Based on a pre-
liminary retrospective evaluation of
medical charts of patients fulfilling the
inclusion criteria, the predicted intuba-
tion rate was approximately 40%. Sixty
patients per group were required to dem-
onstrate a difference in the rate of en-
dotracheal intubation from 40% to 15%
between the 2 groups, with a type I risk
of error of 5% and a power of 80%. The
15% rate of intubation was chosen be-
cause previous studies had shown that
0% to 6% of patients receiving CPAP to
treat CPE were eventually intubated, but
that a lower efficacy could be expected
in non-CPE.!%1 Secondary outcome
variables were the length of ICU and
hospital stays, number of adverse events
during spontaneous ventilation or MV
(not present at admission; see above),
duration of ventilatory assistance, and
hospital mortality rate.

Values are reported as medians with
the 5th to 95th percentiles. All statisti-
cal analyses were performed on an in-
tention-to-treat basis, that is, including
all randomized patients. x* Tests or
Fisher exact tests were used to compare
categorical variables between the 2 treat-
ment groups. Continuous variables were
compared using the Wilcoxon rank sum
test or Wilcoxon matched pairs signed
rank test when appropriate. P values for
all statistical tests were 2-tailed.

The Kaplan-Meier curve for intuba-
tion rates was plotted during the en-
tire follow-up. The log-rank test was
used to compare the 2 randomized
groups. Independent factors associ-
ated with endotracheal intubation were
analyzed using a Cox regression model
and then used to adjust treatment com-
parisons considering both a stratified
model based on the preexistence of car-
diac disease and a nonstratified model.
In the nonstratified model, the inter-
action between the treatment group and
the cardiac disease group was for-
mally tested by entering an indicator in-
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teraction in the Cox regression model
and by using a test for heterogeneity.”
In the multivariate analysis, in addi-
tion to baseline data, the persistence of
respiratory failure (defined as a Pao,/
F10, ratio =200 mm Hg at 1 hour of
treatment) also was evaluated as an in-
dex of respiratory severity. This index
was determined at admission and at 1
hour, since most patients with fluid
overload are already improved at 1
hour, whereas patients with nonhydro-
static lung edema are still hypoxemic.
All computations were done using SAS
software (SAS Institute, Cary, NC).
The individuals responsible for as-
sessing and recording the outcomes
(ELH,JM., FA. G.C.,CG., FS, YL,
and M.A.) only had access to patient
medical charts; biostatisticians (C.A.
and E.L.) were responsible for the com-
puter database; and patient data were
collected by the other investigators
(C.D,F.L.,and L.B.).

RESULTS
Patient Characteristics

The baseline characteristics of the 123
patients included in this study are
shown in TABLE 1. Patients with an un-
derlying cardiac disease were equally
distributed between the 2 treatment
groups (11 for oxygen alone and 11 for
oxygen plus CPAP). The follow-up was
complete for all patients (FIGURE 1).

Physiologic Variables

Atstudy entry, all 123 patients had acute
respiratory insufficiency (defined as a
Pa0,/F10, ratio =300 mm Hg and the
presence of bilateral infiltrates on chest
radiograph). Of these 123 patients, 21
(17%) eventually were classified as hav-
ing pure cardiac decompensation; 102

CONTINUOUS POSITIVE AIRWAY PRESSURE IN ACUTE RESPIRATORY FAILURE

sented 37 (61%) of the 61 patients treated
with oxygen alone and 42 (68%) of the
62 patients treated with oxygen plus
CPAP; direct lung injury due to pneu-
monia was the most frequent cause (55%
and 54%, respectively).

After 1 hour of treatment, patients re-
ceiving oxygen plus CPAP had a sig-
nificantly greater Pa0,/F10, ratio in-
crease (P=.02) and a significantly
greater subjective response to treat-
ment than patients receiving oxygen

]
Table 1. Baseline Characteristics of the Patients at Study Entry*

Oxygen Alone Oxygen Plus
Group CPAP Group
Patient Characteristics (n=61) (n=62) P Value
Age, median 60 (18-88) 56 (19-85) .24
(5th-95th percentiles), y
Male, No. (%) 40 (66) 38 (61) .62
Pao,/Fio,, median 148 (62-283) 140 (59-288) 43
(5th-95th percentiles), mm Hg
SAPS I, median 32 (6-102) 32 (6-87) .62
(5th-95th percentiles)
Logistic Organ Dysfunction score, 3(0-15) 3(0-16) .39
median (5th-95th percentiles)
Preexisting cardiac disease, No. (%)
Ischemic 11(18) 11(18) 97
Hypertensive 7012 7(11) 97
Valvular 5(8) 6 (10) 77
Dilated 0 4 (6) 12
NYHA classification, No. (%) .58t
| 2 (3) 4 (6)
I 13 (21) 12 (19
Il 5(8) 9(14)
IV 0 0

*CPAP indicates continuous positive airway pressure; SAPS Il, Simplified Acute Physiologic Score 11 (the SAPS Il and
the Logistic Organ Dysfunction scores® were calculated without the respiratory points); and NYHA, New York Heart

Association.

TCompares the distribution of NYHA classes between the 2 randomized groups.

Figure 1. Study Design

‘ 123 Registered Patients ‘

42 With Underlying Cardiac Disease (Class I, Ill, IV NYHA)
6 With Acute Cardiac Disease
36 With Chronic Cardiac Disease

81 Without Cardiac Disease or Class | NYHA
51 With Pneumonia
30 Other

42 Randomized

81 Randomized

i 0, _ 16 Received Oxygen as 22 Received CPAP as 40 Received Oxygen as 38 Received CPAP as
patlents (83 é) had ALL .(PaOZ/FIOZ ra Allocated Allocated Allocated Allocated
tio =300 mm Hg due to increased lung | 4 | ater Received cPAP 1 Later Received 2 Received CPAP
permeability) among whom 74 (60(%)' 59 Noninvasive Ventilation for <10 min
, ;
patients without cardiac disease plus 15 |
With associated Cardiac disease) had a 1 Had Contraindication 1 Had Contraindication
i to Endotracheal to Endotracheal
Pa0,/F10, ratio of 200 mm Hg or lower, Intubation Intubation
indicating acute respiratory distress syn- \ \
drome (ARDS). Precipitating causes of ‘ 20 Completed Trial ‘ ‘ 22 Completed Trial ‘ ‘ 41 Completed Trial ‘ ‘ 40 Completed Trial

pulmonary edema were equally distrib-
uted between the 2 treatment groups
(TABLE 2). Infectious causes repre-

©2000 American Medical Association. All rights reserved.

NYHA indicates New York Heart Association functional classification; CPAP, continuous postitive airway pres-
sure. The contraindications to endotracheal intubation occurred after trial registration.
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]
Table 2. Patients With Precipitating Causes of Pulmonary Edema*

Oxygen Plus CPAP, No.

Oxygen Alone, No.

(n=61) (n=62)
ICardiac No CardiacI ICardiac No CardiacI
Disease Disease i Di P
Causes (n =20) (n=41) (n=22) (n =40) Value
Infectious 7 30 11 31 ] "
Noninfectious 13 11 11 9
Cardiac causes
Ischemia 9 NA 5 NA 13
Arrhythmia 2 NA 2 NA >.99
Fluid overload 4 NA 4 NA >.99
Hypertension 1 NA 1 NA >.99
Valvular disease 0 NA 1 NA >.99
Other 1 NA 2 NA >.99
Direct lung injury
Pneumonia 7 26 8 26 .93
Aspiration 0 2 >.99
Near-drowning 0 0 3 49
Other 0 5 1 6 .56
Indirect lung injury
SIRS 1 1 3 4 16
Shock 0 0 1 0 >.99
Other 0 2 3 2 44

*Some patients had more than 1 precipitating cause. CPAP indicates continuous positive airway pressure; NA, not
applicable; and SIRS, systemic inflammatory response syndrome.?* Precipitating causes were similarly distributed
(P>.05 for all causes) between the 2 treatment groups. Among the patients with severe cardiac disease (New York
Heart Association functional class Il or lll), 21 had pure cardiogenic pulmonary edema; 8 of these 21 were random-
ized to oxygen plus CPAP and 13 to oxygen alone (P = .07).

alone (P<.001) (TABLE 3 and
FIGURE 2). Compared with baseline val-
ues at entry, CPAP also was associated
with a significant reduction in respira-
tory rate (P<<.001) and a significant in-
crease in pH levels (P=.01) at the end
of the first treatment hour. During the
remainder of the study, however, these
indices showed no significant differ-
ences between the 2 treatment groups.

Treatment Compliance

Nine of the 62 patients (14%) were un-
able to tolerate CPAP treatment: 2 of
the 9 tolerated CPAP for less than 10
minutes and 7 for longer than 6 hours.
Three of the 9 patients eventually re-
quired intubation.

The median percent Sao, over time
was consistently above 90% in both
treatment groups (FIGURE 3). In the oxy-
gen plus CPAP group, the median daily
duration of CPAP was significantly
longer in patients who eventually re-
quired intubation than in those who did
not (P=.03 at day 2, P=.048 at day 3,
and P=.02 at day 4) (FIGURE 4).

- __________________________________________________________________________________________________]
Table 3. Physiologic Variables and Subjective Responses at Study Entry and After 1 Hour in the ICU*

Oxygen Alone Group

Oxygen Plus CPAP Group

P Value Between

(n=61) (n=62) Treatment
] ] Groupst
P Value P Value
Variables Entry 1 Hour Within Groupt Entry 1 Hour Within Groupt Entry 1 Hour
Physiologic response,
median (5th-95th
percentiles)
Respiratory rate, 32 (12-52) 28.5 (16-48) 1 34 (20-60) 28 (12-51) <.001 10 .61
breaths/min
Arterial pH 7.42 (7.22-7.58) 7.44 (7.12-7.54) .34 7.42 (7.21-7.62) 7.42 (7.30-7.57) .01 .67 .09
Paco,, mm Hg 35 (22-47) 36 (25-79) .07 37 (23-61) 6 (26-66) A7 .06 .52
Pao,/Flo,, mm Hg 148 (62-283) 151 (73-482) 18 140 (59-288) 203 (45-431) <.001 .31 .02
Heart rate, 100 (60-144) 98 (65-140) .03 104 (39-155) 99 (58-155) .003 .38 .98
beats/min
Systolic BP, 128 (80-261) 120 (90-200) .23 130 (90-211) 130 (80-181) .02 .09 A1
mm Hg
Subjective response,
No. (%)§
Worse 21 (44) 8(13)
No ch 4(8 12
o change 8) (2) <001
Slight improvement 15 (31) 1(51)
Marked improvement 8(17) 1(34)

*|CU indicates intensive care unit; CPAP, continuous positive airway pressure; and BP, blood pressure.
tCalculated using the paired Wilcoxon test.
fCalculated using the x? test or Wilcoxon test as appropriate.

§Subjective response was evaluated by the physician asking patients to grade the effect of treatment on their dyspnea: +2, slight improvement to -2, marked deterioration. There
were 13 missing data items in the oxygen alone group and 1 in the oxygen plus CPAP group. Worse means both slight and marked deterioration.

|[Compares the distribution of subjective response classes between the 2 randomization groups.
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Clinical Outcome

No significant differences were found be-
tween the 2 treatment groups for any of
the clinical outcome variables studied,
including rate of endotracheal intuba-
tion, length of hospital stay, and hospi-
tal mortality (TABLE 4 and FIGURE 5).
The indications for endotracheal intu-
bation were similar in the 2 treatment
groups (TABLE 5). Four patients ran-
domized to the oxygen alone group sub-
sequently were given oxygen plus CPAP

]
Figure 2. Oxygenation Over Time in the
2 Randomized Groups
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Oxygen Alone 61 60 48 32 24

Oxygenation is expressed as the median value (bars,
5th-95th percentiles) of the Pao,/Fio, ratio mm Hg
during the first 2 days in the intensive care unitin pa-
tients randomized to oxygen alone or oxygen plus con-
tinuous positive airway pressure (CPAP). P=.02 at 1
hour between groups.
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treatment, and another patient received
NIV pressure support. Two patients (1
in each group) were found a posteriori
to meet an exclusion criterion (contra-
indication to endotracheal intubation);
neither patient was intubated and both
died in the ICU. Excluding these pa-
tients or switching them to the other
group had no significant effects on out-
comes.

A multivariate analysis demonstrated
that the SAPS Il score (hazard ratio [HR]

per 1 SAPS 1I point, 1.05; 95% confi-
dence interval, [1.03-1.07]), absence
of a cardiac disease (HR, 2.27 [1.08-
4.75]), and Pa0,/F10, ratio 200 mm Hg
or less at 1 hour of treatment (HR, 2.35
[1.20-4.60]) were independently asso-
ciated with endotracheal intubation.
Treatment group assignment as well as
a Pa0,/F10, ratio of 200 mm Hg or less
on admission were not associated with
endotracheal intubation. The absence of
treatment effect remained unchanged

]
Figure 3. Median Arterial Oxygen Saturation in the 2 Randomized Groups
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first 7 days in the intensive care unit is presented in patients randomized to oxygen alone or oxygen plus continu-
ous positive airway pressure (CPAP). Pulse oximetry did not provide reliable measurements in some patients.

Figure 4. Duration of Continuous Positive Airway Pressure (CPAP)
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The median duration of CPAP treatment (bars, 5th-95th percentiles) during the first 7 days in the intensive care unit is given for all the patients randomized to the
oxygen plus CPAP group (A) and for the patients in the oxygen plus CPAP with intubation group and the oxygen plus CPAP only group (B). P values for the oxygen
plus CPAP with intubation group vs the oxygen plus CPAP only group were .03 at day 2, .048 at day 3, and .02 at day 4. The median level of positive pressure was 7.5

cm H,O from day 1 to day 7.
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Table 4. Study Outcomes™

Oxygen Alone Group Oxygen Plus CPAP Group

(n=61) (n=62)
I 1 I 1
Cardiac No Cardiac Cardiac No Cardiac
Di Di Disease Disease P Value Between P Value Between
Outcome Variable (n=20) (n=41) (n=22) (n = 40) Treatments Groups
Endotracheal intubation, No. (%) 6 (30) 18 (44) 6 (27) 15 (37.5) .53 .18
ICU length of stay, median 3(1-35) 9 (2-36) 6 (1-31) 9 (2-57) 43 .01
(5th-95th percentiles), dt
Hospital length of stay, median 16 (2-35) 16 (2-70) 16.5 (1-121) 14 (2-97) 77 .83
(6th-95th percentiles), d
ICU mortality, No. (%) 6 (30) 9(22) 4(18) 9 (22.5) .63 .29
Hospital mortality, No. (%) 7 (35) 11 (27) 7 (32) 12 (30) .89 .24

*CPAP indicates continuous positive airway pressure; ICU, intensive care unit. Among the 21 patients with pure cardiogenic pulmonary edema, 2 of 8 patients randomized to

oxygen plus CPAP were intubated compared with 4 of 13 patients randomized to oxygen alone.
1P<.05 for within-group comparisons of patients with vs without cardiac disease.

]
Figure 5. Time to Intubation in the 2 Randomization Groups
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The percentage of patients who were not intubated is expressed over time in each randomization group (oxy-
gen alone vs oxygen plus continuous positive airway pressure [CPAP]). Oxygen plus CPAP treatment did not
significantly influence the need for endotracheal intubation (P=.30).

|
Table 5. Indications for Patients Who Underwent Endotracheal Intubation®

Oxygen Alone Group Oxygen Plus CPAP Group
Criteria (n=24) (n=21) P Value
Agitation 16 (67) 13 (62) 74
Exhaustion 19 (79) 13 (62) .20
Hemodynamic instability 6 (25) 5 (24) .93
Cardiac arrest 0 1(5) .28
Refractory hypoxemia 10 (42) 7 (33 .56
Respiratory acidosis 3(12) 2 (10 97
Other 0 1(5) A7

*Values are No. (%). CPAP indicates continuous positive airway pressure. Some patients had more than 1 reason for
endotracheal intubation, with the most common combination being agitation plus exhaustion (6 patients in the oxy-
gen alone group and 5 in the oxygen plus CPAP group).

when the stratified analysis on preexis-
tence of cardiac disease was performed.
Moreover, there was no interaction
between the treatment and the cardiac
disease groups.

When patients with and without an
underlying cardiac disease were ana-
lyzed separately, no significant ben-
efits of oxygen plus CPAP treatment
were found for the need for endotra-
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cheal intubation, length of hospital stay,
or hospital mortality (Table 4).

Adverse Events

Adverse events that occurred during
spontaneous and MV were signifi-
cantly more common in the CPAP
group (P=.01) (TABLE 6).

COMMENT

This multicenter, randomized, con-
cealed, but unblinded trial of 123 pa-
tients showed that, despite early physi-
ologic benefits, treatment with oxygen
plus CPAP delivered by a face mask did
not reduce the need for intubation in pa-
tients with acute, hypoxemic, and non-
hypercapnic respiratory insufficiency,
among whom a majority had ALI, and
it did not impact the length of hospital
stay or hospital mortality. A higher num-
ber of adverse events occurred with the
use of CPAP.

All centers were experienced in the de-
livery of face-mask ventilation and had
previously participated in NIV stud-
ies.1101920 Analysis of daily CPAP treat-
ment duration data showed that CPAP
was used for at least 6 h/d, as required
by the study protocol. Use of intuba-
tion in patients in the oxygen plus CPAP
group was not explained by a low com-
pliance with CPAP treatment. On the
contrary, patients who eventually re-
quired intubation had significantly longer
daily CPAP treatment durations (Fig-
ure 3). In addition, Sa0, goals were
achieved in both groups (Figure 2). The
fact that a longer duration of CPAP use
per day was associated with intubation
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could raise the hypothesis that addi-
tional respiratory load due to CPAP use
may favor intubation. To minimize this
problem, we used a continuous flow sys-
tem with adequate airway humidifica-
tion and minimal loads imposed by the
circuit. Because the CPAP device was an
adjustable-flow venturi, when high F10,
is used, a slight reduction in total out-
flow may occur.? Thus, it is possible that
the CPAP system was less efficient for the
most severe patients needing the high-
est F10, and the highest flow. Neverthe-
less, the multivariate analysis demon-
strated that a Pa0,/F10, ratio at 1 hour
of 200 mm Hg or lower was an indepen-
dent risk factor for intubation whatever
the treatment type. This index was taken
at 1 hour to more accurately identify pa-
tients with ARDS, since most patients
with fluid overload are already im-
proved at 1 hour. This parameter was a
marker of severity, and this could not be
reversed by CPAP treatment despite in-
creasing its use.

Oxygen plus CPAP therapy was as-
sociated with a significantly greater im-
provement of Pa0y/F10, ratio within the
first hour than oxygen alone therapy.
As a result, oxygenation was im-
proved after 1 hour in the CPAP group
and of patient dyspnea. Similar results
were obtained with CPAP treatment in
patients with cardiac disease or in the
short-term studies in patients with
ALL"PY During the remainder of the
study, no differences in oxygenation
were demonstrated.

The leading cause of acute respira-
tory insufficiency in our study was non-
hydrostatic edema, that is, ALI (101
[82%] of the patients). The large pro-
portion of these patients with criteria for
ARDS is representative of the relative dis-
tribution of these 2 degrees of severity
found in previous studies (ALI [with no
criteria for ARDS]: 1.8% vs ARDS: 6.9%,
among all ICU admissions in a recent
multicenter prevalence survey).*® Our
population included patients with car-
diac dysfunction, a factor that may have
influenced the efficacy of CPAP treat-
ment. Results were similar in patients
with and without cardiac disease (Table
4). Our study was not powered to de-
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]
Table 6. Adverse Events Occurring in Patients During Their Intensive Care Unit Stay*

Oxygen Alone Oxygen Plus CPAP P Value Between

Adverse Event (n=61) (n=62) Treatment Groups

During spontaneous ventilation

Facial skin necrosis 0 2 .50

Gastric distension 0 1 54

Nosocomial pneumonia 1 0 97

Cardiac arrest 0 4t 14
During mechanical ventilation

Nosocomial pneumonia 4 6 .74

Sinusitis 1 0 .99

Pneumothorax 0 1 .54

Stress ulcer 0 4 14
Any adverse event, No. (%) 6 (10) 18 (29) .01
Patients with adverse events, No. (%) 5(8) 14 (23) .03

*CPAP indicates continuous positive airway pressure.

TThree patients experienced cardiac arrest at the time of scheduled intubation, in patients previously CPAP-
dependent to maintain oxygenation. In another patient, cardiac arrest occurred when CPAP delivered by a face mask
was disconnected to allow nursing care, resulting in a rapid worsening of hypoxemia.

termine the efficacy of oxygen plus
CPAP treatment in the subgroup of pa-
tients with pure CPE nor in specific sub-
sets of patients with non-CPE.

Bersten et al'® reported that oxygen
plus CPAP treatment in patients with
severe hypercapnic CPE resulted in early
physiologic improvement and signifi-
cantly reduced the need for intubation;
the Pa0,/F10, ratio improvement with
CPAP use was significant only at 30 min-
utes, as compared with oxygen alone.
The prompt improvement with CPAP
use was probably because the patients
had rapidly resolving conditions: mean
(SD) CPAP duration of use was only 9.3
(4.9) hours and mean (SD) ICU stay
length was 1.2 (0.4) days. These results
suggest that the patients had extremely
acute conditions in which CPAP treat-
ment was beneficial because the rapid
improvement it afforded, although tran-
sient, lasted long enough to give drug
therapy time to act. Similar benefits were
suggested by L'Her etal.' In these stud-
ies, most patients had hypercapnic CPE,
indicating frank ventilatory failure
(patients with hypercapnia were not
included in our study). Hypoxemic non-
hypercapnic pulmonary edema in car-
diac patients seems to respond to CPAP
treatment differently for 2 possible rea-
sons: because the evolution may be spon-
taneously favorable under medical
therapy alone in patients with pure CPE
or because the evolution may become

similar to ALI when the disease is trig-
gered by a noncardiac event in cardiac
patients. The existence of ventilatory fail-
ure, with hypercapnia and respiratory
acidosis, indicates that the immediate
prognosis depends on the ability of the
ventilatory function to cope with the
loads. This can be obtained by reduc-
ing the loads on the system (medica-
tions) or by assisting the respiratory
muscle function (CPAP or NIV therapy).
The absence of frank ventilatory failure
may explain why these patients do not
clearly benefit from CPAP therapy.
Therefore, CPAP may be beneficial in
patients with a poorly tolerated but tran-
sient hypercapnic episode of CPE but
may be less advisable in patients with
longer-lasting hypoxemia.

Confalonieri and colleagues®’ re-
cently reported beneficial effects of NIV
in patients with severe community-
acquired pneumonia, but this result was
essentially explained by the subgroup
of patients with COPD. In a study by
Wysocki et al*® of NIV in patients with-
out COPD admitted for acute respira-
tory failure, the need for endotracheal
intubation and the time from study en-
try to endotracheal intubation af-
fected were not decreased by NIV. In
addition, the results suggested that ben-
efits occurred only in the subgroup of
patients with hypercapnia.

Antonelli et al*® recently reported the
beneficial effects of NIV in selected pa-
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tients with hypoxemia and acute res-
piratory failure deemed to require in-
tubation. They used pressure support
ventilation in addition to PEEP (mean
[SDI, 5.1 [1.4] cm H,O) and found that
this treatment improved gas exchange
and was less likely to cause adverse ef-
fects compared with conventional MV.
Mean (SD) duration of NIV was only
2 (1) days in the patients who did not
require intubation. It remains unclear
whether the higher level of support pro-
vided by the concomitant use of pres-
sure support and PEEP may explain the
better results in the study by Antonelli
et al*® as compared with our study. Dif-
ferences in selection criteria also may
have contributed to the differences in
results between these 2 studies.

If CPAP therapy does not reduce the
need for endotracheal intubation, then
it may carry its own risks. Oxygen plus
CPAP treatment was accepted by 86%
of our patients, initially produced few
adverse effects, and improved subjec-
tive response compared with oxygen
therapy. Nevertheless, of 8 patients
treated with CPAP, 4 experienced car-
diac arrest and 4 who were treated with
CPAP experienced upper gastrointes-
tinal tract bleeding. Continuous posi-
tive airway pressure was not associ-
ated with a significant increase in
adverse events during spontaneous ven-
tilation (7 vs 1, P=.06). However, it may
be difficult to ensure that the adverse
effects occurring during MV may not
be explained by the period of sponta-
neous ventilation, for instance, for gas-
trointestinal tract bleeding (4 patients
in the oxygen plus CPAP group and 0
in the oxygen alone group). In some
cases, CPAP may prolong the stressful
period of spontaneous breathing, which
could have been reduced by MV, al-
lowing to rest the patient. Although this
study was not powered enough to de-
tect small benefits of CPAP therapy, it
found a significantly higher number of
adverse events in centers well trained
in the NIV technique.

In conclusion, CPAP provided rapid
but transient improvements in oxygen-
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ation and dyspnea compared with stan-
dard therapy but did not decrease en-
dotracheal intubation in patients with
acute, nonhypercapnic respiratory in-
sufficiency. However, we found signifi-
cantly more adverse events with CPAP.
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