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IMPORTANCE Bag-mask ventilation (BMV) is a less complex technique than endotracheal
intubation (ETI) for airway management during the advanced cardiac life support phase of
cardiopulmonary resuscitation of patients with out-of-hospital cardiorespiratory arrest.
It has been reported as superior in terms of survival.
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OBJECTIVES To assess noninferiority of BMV vs ETI for advanced airway management
with regard to survival with favorable neurological function at day 28.

DESIGN, SETTINGS, AND PARTICIPANTS Multicenter randomized clinical trial comparing BMV with
ETIin2043 patients with out-of-hospital cardiorespiratory arrest in France and Belgium. Enrollment
occurred from March 9, 2015, to January 2, 2017, and follow-up ended January 26, 2017.

INTERVENTION Participants were randomized to initial airway management with BMV
(n =1020) or ETI (n = 1023).

MAIN OUTCOMES AND MEASURES The primary outcome was favorable neurological outcome
at 28 days defined as cerebral performance category 1or 2. A noninferiority margin of 1% was
chosen. Secondary end points included rate of survival to hospital admission, rate of survival
at day 28, rate of return of spontaneous circulation, and ETl and BMV difficulty or failure.

RESULTS Among 2043 patients who were randomized (mean age, 64.7 years; 665 women
[32%]). 2040 (99.8%) completed the trial. In the intention-to-treat population, favorable
functional survival at day 28 was 44 of 1018 patients (4.3%) in the BMV group and 43 of 1022
patients (4.2%) in the ETI group (difference, 0.11% [1-sided 97.5% Cl, -1.64% to infinity];

P for noninferiority = .11). Survival to hospital admission (294/1018 [28.9%] in the BMV group
vs 333/1022 [32.6%] in the ETI group; difference, -3.7% [95% Cl, =7.7% to 0.3%]) and global
survival at day 28 (55/1018 [5.4%] in the BMV group vs 54/1022 [5.3%] in the ETI group;
difference, 0.1% [95% Cl, -1.8% to 2.1%]) were not significantly different. Complications
included difficult airway management (186/1027 [18.1%] in the BMV group vs 134/996
[13.4%)] in the ETI group; difference, 4.7% [95% Cl, 1.5% to 7.9%]; P = .004), failure (69/1028
[6.7%] in the BMV group vs 21/996 [2.1%] in the ETI group; difference, 4.6% [95% Cl, 2.8%
t0 6.4%]; P < .001), and regurgitation of gastric content (156/1027 [15.2%] in the BMV group
Vs 75/999 [7.5%] in the ETI group; difference, 7.7% [95% Cl, 4.9% to 10.4%]; P < .001).
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CONCLUSIONS AND RELEVANCE Among patients with out-of-hospital cardiorespiratory arrest, affiliations are listed at the end of this
the use of BMV compared with ETI failed to demonstrate noninferiority or inferiority for article.
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of equivalence or superiority between these techniques requires further research.
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he preference for certain techniques recommended by

the advanced cardiac life support (ACLS) course for the

patient in cardiac arrest is subject to debate.? In par-
ticular, airway management by endotracheal intubation (ETI)
during cardiopulmonary resuscitation (CPR) of patients with
out-of-hospital cardiorespiratory arrest (OHCA) is currently
contested.>* Several recent studies, encompassing a great num-
ber of patients, have identified a significant association be-
tween ETI during CPR and increased mortality.>® This asso-
ciation also occurs in patients experiencing cardiac arrest in
the hospital and among children.”® Even with large numbers
of patients, all of these studies have been retrospective and de-
pendent on large registries.® Other retrospective studies,
with smaller patient populations, have found a beneficial
association with ETL®'° Recent international norms have not
provided a clear recommendation on the choice of bag-mask
ventilation (BMV) vs ETL.'!2 Ventilation by mask is pur-
ported to possess certain advantages, namely, being easier to
initiate, interfering less with cardiac massage, and appearing
to be associated with few significant complications.

As a consequence of these conflicting data, there hasbeen
interest in a randomized study investigating the presence of
alink between choice of ventilation technique and survival af-
ter CPR.1*® The purpose of this study was to compare BMV
and ETIin the treatment of patients with OHCA. The hypoth-
esis was that BMV was not inferior to ETI with respect to
28-day favorable neurological outcome.

Methods

Study Design
Detailed trial protocol and statistical analysis plan are avail-
able in Supplement 1. This study was a randomized, parallel-
group, noninferiority, 2-country (Belgium and France), mul-
ticenter, parallel-group trial comparing the efficacy of BMV vs
ETI for advanced airway management in patients with OHCA.
This study, carried out between March 9, 2015, and January
2, 2017, involved 20 prehospital emergency medical services
(EMS) centers: 15 in France and 5 in Belgium. The follow-up
was completed on January 26, 2017. These centers are ambu-
lance base stations equipped with 1 or more mobile intensive
care units, consisting of an ambulance driver, a nurse, and an
emergency physician as the minimum team. All EMS person-
nel included in this study have experience conducting ran-
domized trials with OHCA. French and Belgian out-of-
hospital medical systems are 2-tiered EMS response systems
with ACLS responders, including trained emergency physi-
cians attending the scene by ambulance. A detailed descrip-
tion of the emergency medical system in France has been pre-
viously published.'® This study was approved by both French
and Belgian institutional review boards. In accordance with
French and Belgian laws, the boards waived the requirement
for obtaining informed consent from patients because of the
emergency setting of the research; however, deferred con-
sent of the patient or relatives was required.

Randomization was stratified by center. A computerized
random number generator created the randomization list (1:1)
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Key Points

Question Is bag-mask ventilation noninferior to endotracheal
intubation for initial airway management during advanced
resuscitation of patients with out-of-hospital cardiac arrest?

Findings In this randomized clinical trial that included 2043
patients, favorable neurological function at 28 days was present in
4.3% in the bag-mask group vs 4.2% in the endotracheal
intubation group, a difference that did not meet the noninferiority
margin of 1%.

Meaning The study findings are inconclusive for noninferiority;
further research would be necessary to assess equivalence or
superiority.

in blocks of random size (4 to 8) to ensure balanced distribu-
tion of the treatment groups at any time. Group assignments
were sent in sealed envelopes to the study centers.

Patient Population

Patients were enrolled over 22 months, from March 9, 2015,
to January 2, 2017. The trial included adults aged 18 years or
older with out-of-hospital cardiac arrest who received resus-
citation performed by clinicians from participating centers.
Patients who met any of the following criteria were excluded
from the study: suspected massive aspiration before resusci-
tation, presence of a do-not-resuscitate order, known preg-
nancy, and imprisonment.

Study Intervention

Out-of-Hospital Period

This period started at the time of randomization and was com-
pleted on hospital admission or when death was pronounced
at the scene. On arrival of the medical team at the scene, and
after verification of participants’ eligibility, patients were en-
rolled in the study and randomly assigned to either initial BMV
or ETI. Patients assigned to the intervention group were to re-
ceive BMV as advanced airway management by the medical
team during CPR (ACLS). Emergency physicians supervise air-
way management; they perform ETI and can intervene at any
time during the airway procedure.

In case of return of spontaneous circulation, the patient
was intubated in the out-of-hospital setting. If standard BMV
was impossible, or in case of massive regurgitation of gastric
contents during ventilation, ETI of the included patient was
the rescue procedure. Patients assigned to the control group
were to receive ETI during CPR by the medical team. If stan-
dard laryngoscopy-assisted intubation was difficult or impos-
sible, a standardized procedure was recommended, including
bougie placement, laryngeal mask airway, and video-assisted
laryngoscopy, in agreement with French consensus guide-
lines on difficult airway management.'” In instances where
the primary rescuers (ie, firefighters) arrived at the scene
before the medical team, ventilation with the bag mask was
performed as part of basic life support.

During the out-of-hospital phase, patients were resusci-
tated according to international recommendations including
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a chest compression to breath ratio of 30:2 before ETI at-
tempt and attention to ensure continuous compressions.!?
The emergency physicians working in the prehospital medi-
cal teams were all fully trained attending physicians with ex-
perience in ACLS and airway management during their
regular practice. When ETI was performed during ACLS, un-
synchronized mechanical ventilation was initiated, with avoid-
ance of hyperventilation. Patients were transported to the hos-
pital only if they were successfully resuscitated (ie, stable return
of spontaneous circulation [ROSC]) at the scene. A 28-day
follow-up was performed within the window of 28 to 35 days
after resuscitation. Depending on the patient’s clinical sta-
tus, follow-up was performed during a clinic appointment,
through contact by telephone or mail with the patient, a fam-
ily member, legal representative, or family physician or di-
rectly in the hospital where possible.

In-hospital Period

This period started at the time of hospital admission and ter-
minated at the time of hospital discharge. No procedures or
treatments relevant to the research protocol occurred during
hospitalization. If the patient’s condition improved during hos-
pitalization, the investigator was required to inform the pa-
tient about his or her enrollment in the study. Data collected
during this period were death from any cause and vital status
at day 28.

Outcomes

The primary end point was survival at day 28 with favorable
neurological function, defined as Glasgow-Pittsburgh Cere-
bral Performance Categories (CPCs) of 2 or less.'® Collection
of this outcome was by blinded assessors. Secondary study
end points included rate of survival to hospital admission,
rate of survival at 28 days (irrespective of CPC), rate of ROSC,
intubation difficulty assessed by the Intubation Difficulty
Scale score, difficult intubation (defined by Intubation Diffi-
culty Scale score >5), BMV difficulty assessed by a visual ana-
log scale ranging from O mm to 100 mm and by the Han mask
ventilation classification, and rate of BMV or ETI failure.!®-2°
Complications related to ETI or BMV were also collected,
in particular, the rate of regurgitation of gastric contents.
Regurgitation was recorded as an event when direct visual-
ization by the operator of newly regurgitated gastric con-
tents below the glottis (ETI group) or through the mask
(BMV group) occurred. Chest compression fraction (defined
as the proportion of each minute during which compressions
were given) and number of pauses lasting more than 2 sec-
onds were monitored and recorded in one investigative
center (Center No. 5: Saint Pierre) for 15 minutes or less of
CPR or until ROSC. These parameters were automatically reg-
istered by the Corpuls3 monitor/defibrillator used by this
center (Corpuls Inc).

Statistical Analysis

Hypotheses for sample size calculations integrated the re-
sults of 2 large observational studies of this subject. A study
by Hasegawa et al® based on a registry of 650 000 patients
reported a survival rate with favorable neurological function
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in the BMV group of 3%, associated with an odds ratio in
favor of BMV equal to 0.38 (95% CI, 0.36-0.39) vs 1.1% sur-
vival with ETI. Similarly, the study by Gueugniaud et al?! re-
ported a rate of only 2% for this outcome with ETI. Sample
size calculation was therefore based on presumed true rates
for the primary end points of 3% and 2%, respectively.
We defined a priori a noninferiority margin of 1% (absolute
value) because it was an increase of risk (both in absolute and
relative terms) lower than most of the noninferiority margins
used in studies with primary end points such as death and/or
severe morbidity. In addition, using a putative placebo ap-
proach similar to that described by Mulla et al,?? considering
a percentage of patients surviving without severe sequelae to
be 2% with ETI and null in absence of resuscitation, it can be
considered that at least 50% of that reference treatment ef-
fect would be preserved with this choice. Using these hypoth-
eses, 956 patients per group would allow an 80% power to
demonstrate noninferiority using a method based on a 95%
2-sided CI (based on 5000 simulations using the Newcomb-
Wilson score method).?® Thus, it was necessary to recruit a total
of 2000 patients.

The primary aim of the trial was to assess noninferiority
of the bag mask vs ETI, with a rate of survival with favorable
neurological function (m) as the primary end point. Analysis
of the primary end point was carried out by calculating the 95%
2-sided CI of the difference: T g = T (rachear- The conclusion
of noninferiority would be accepted if the lower limit of this
CIwas higher than -1%. In the event of demonstration of non-
inferiority, a test of difference would be carried out. Because
it was a noninferiority trial, the main analysis was based on both
the intent-to-treat population (ITT) of all patients random-
ized (irrespective of which study treatment was given or
whether study treatment was adequately received) and the per-
protocol analysis of all patients randomized and treated with-
out major protocol violations or deviations. A safety popula-
tion was defined as all treated patients according to the
treatment actually received. In these analyses, adverse events
related to patients for whom intubation was attempted but was
not successful were related to ETI.

The secondary end points were tested for superiority.
For all secondary criteria expressed as rates, the x? test on pro-
portions was used and the corresponding 95% CI on their odds
ratio and differences were also calculated. For quantitative sec-
ondary end points, the t test or Mann-Whitney test were used
according to their gaussian or nongaussian statistical distri-
bution. The significance threshold was 2-sided P = .05 with-
out adjustment for multiplicity. Because of this, secondary
analyses should be considered exploratory.

Several post-hoc analyses were also performed: (1) an es-
timate of the risk difference and its 97.5% CI using a hierar-
chical modeling that included centers as a random effect,
(2) comparison of the chest compression fraction (CCF) and the
number of pauses greater than 2 seconds during CPR be-
tween the 2 groups in center No. 5, (3) an ITT analysis by ex-
cluding patients for whom CPR and other procedures were pro-
longed and modified beyond standard resuscitation by
extracorporeal membrane oxygenation-CPR and organ dona-
tion after circulatory determination of death, and (4) an ITT
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Figure. Flow Chart of Patient Inclusion

(" 2043 patients randomized )

1020 Randomized to BMV group
1014 Received BMV
6 Did not receive BMV
2 Not in cardiac arrest
1 Intubated directly
because massive
regurgitation did not
allow BMV
3 Immediate medical
decision to not
resuscitate

1023 Randomized to ETI group
979 Received ETI
44 Did not receive ETI
21 ETI attempted but
impossible and received
BMV
14 Randomized to ETI group
but received BMV
9 No attempt to resuscitate
3 Directive to not
resuscitate
1 Early ROSC
5 Immediate medical
decision to not
resuscitate

|

0 Lost to follow-up
146 Underwent rescue intubation?
55 Had ventilation failure
100 Had gastric regurgitation
during ventilation

0 Lost to follow-up
0 Discontinued ETI

!

1018 Included in the ITT analysis
2 Excluded (not in cardiac arrest)

995 Included in the PP analysis
23 Excluded?
2 Not in cardiac arrest
6 Did not receive BMV
1 Noinsurance
19 Suspected massive aspiration
before resuscitation

1028 Included in the safety analysis
1014 Randomized to BMV
group and received BMV
14 Randomized to ETI group
but received BMV

1022 Included in the ITT analysis
1 Excluded (aged <18 y)

943 Included in the PP analysis
80 Excluded?

1 Aged <18y

44 Did not receive ETI
3 Noinsurance
1 Prisoner

36 Suspected massive aspiration

before resuscitation

999 Included in the safety analysis
24 Excluded
14 Randomized to ETI group
but received BMV
9 No attempt to resuscitate
1 Aged <18y

The number of patients assessed for eligibility was not available. BMV indicates
bag-mask ventilation; ETI, endotracheal intubation; ITT, intention to treat;
PP, per protocol; and ROSC, return of spontaneous circulation.

2 Several reasons may be present for the same patient.

analysis by considering in the ETI group patients intubated af-

ter BMV and before ROSC.

All analyses were carried out using SAS Software version

9.4 (SAS Institute).

Results

Baseline Characteristics

A total of 2043 patients were enrolled during the study. Of
those, 1020 patients were enrolled in the BMV group and
1023 in the ETI group. The ITT population was composed of
2040 patients (Figure). The number of inclusions for each
investigator center is detailed in eTable 1 in Supplement 2.
The population and per-protocol analysis was composed of
995 patients in the BMV group and 943 patients in the ETI
group (see reasons for exclusions in the Figure). The safety
population was composed of 2027 patients (1028 in the
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BMYV group and 999 in the ETI group; Figure). Patient char-
acteristics and the process of resuscitation were well bal-
anced between the 2 groups except for age and history of
psychiatric disorder (Table 1). None of the observed differ-
ences appeared to be clinically significant.

Primary Outcome

In the ITT population, favorable functional survival (ie, CPC
1-2) in the 2 groups at day 28 were 44 of 1018 patients (4.3%)
in the BMV group and 43 of 1022 patients (4.2%) in the
ETI group (difference, 0.11% [1-sided 97.5% CI, -1.64% to
infinityl; P for noninferiority = .11). The lower limit of the
confidence interval was greater than the threshold of nonin-
feriority, thus noninferiority was not demonstrated. Very
similar estimates were obtained using a hierarchical model-
ing including center as a random effect (difference, 0.05%
[1-sided 97.5% CI, —-1.70% to infinity]). This result was consis-
tent in the per-protocol population: 4.3% vs 4.2% in the BMV
and ETI groups, respectively (difference, 0.08% [1-sided
97.5% CI, -1.74% to infinity]; P for noninferiority = .12).

Secondary Outcomes

In ITT analysis, the rate of ROSC was significantly greater in
the ETI group (397/1022 [38.9%]) vs in the BMV group (348/
1018 [34.2%]) (difference, -4.7% [95% CI, -8.8% to —0.5%];
P =.03). The survival to hospital admission and survival at day
28 were not, however, significantly different between the 2
groups (BMV vs ETI: 294/1018 [28.9%] vs 333/1022 [32.6%];
difference, -3.7% [95% CI, -7.7% to 0.3%] and 55/1018 [5.4%]
vs 54/1022 [5.3%]; difference, 0.1% [95% CI, -1.8% to 2.1%])
(Table 2). These results were not modified in the per-protocol
analysis (Table 2)

Adverse Events Analysis

Complications that were significantly more frequent in the
BMYV group compared with the ETI group included airway
management difficulty (186/1027 [18.1%] in the BMV group
vs 134/996 [13.4%] in the ETI group; difference, 4.7% [95%
CI, 1.5% to 7.9%]; P = .004), failure (69/1028 [6.7%] in the
BMV group vs 21/996 [2.1%] in the ETI group; difference,
4.6% [95% CI, 2.8% to 6.4%]; P < .001), and regurgitation of
gastric content (156/1027 [15.2%] in the BMV group vs 75/999
[7.5%] in the ETI group; difference, 7.7% [95% CI, 4.9% to
10.4%]; P < .001) (Table 3).

Post-Hoc Analyses
Analysis was performed of 115 patients (BMV group = 56
patients; ETI group = 59 patients) from center No. 5 to
determine CCF and the number of pauses greater than 2 sec-
onds during CPR in the 2 groups, finding no significant dif-
ference between the 2 groups concerning CCF (87% in ETI
group vs 86% in the BMV group; difference, -1% [95% CI
-4% to 2%]; P = .70), but a significantly greater number of
pauses longer than 2 seconds in the BMV group (27 in the
BMYV group vs 16 in the ETI group; difference, 11 seconds
[95% CI, 7 to 15]; P < .001).

The results were comparable for the 2 other post hocanaly-
ses: (1) after exclusion of patients for whom CPR and other
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Table 1. Characteristics of Patients Included in the ITT Analysis and Cardiac Arrest Management

BMV Group ETI Group
Characteristic (n=1018) (n=1022)
Age, mean (SD), y 65.7 (15.5) 63.8 (15.6)
Female, No. (%) 332 (32.6) 332 (32.5)

Estimated BMI, median
(25th-75th percentile)

Coexisting conditions, No. (%)

Hypertension

Coronary artery disease

Diabetes

Tobacco use

Chronic obstructive pulmonary disease

Chronic heart failure

Chronic alcohol abuse

Neurologic disorder

Cancer

Psychiatric disorder

Dementia

Liver disease

Chronic renal failure with dialysis

HIV
Activity limitation, No. (%)

Good health

Moderate limitation of activity

Chronic disease

Severe restriction of activity
Arrest occurred at home, No. (%)
Etiology of cardiac arrest, No. (%)

Cardiac

Noncardiac medical

Traumatic
Bystander-witnessed cardiac arrest, No. (%)
Bystander-initiated CPR, No. (%)
Bystander-initiated ventilation
EMS-witnessed cardiac arrest, No. (%)
No-flow duration, median (IQR), min®

Time from collapse to initiation
of advanced life support, median (IQR), min

Shockable first rhythm, No. (%)

Use of mechanical chest compression device,
No. (%)

Initial cardiac rhythm, No. (%)
Asystole
Pulseless electrical activity
Ventricular fibrillation
Ventricular tachycardia
Drugs administered before arrival at hospital
Epinephrine, No. (%)

Dose, median (IQR), mg
Amiodarone, No. (%)
Lidocaine, No. (%)
Fibrinolytic, No. (%)

ECMO-CPR resuscitation, No. (%)

Uncontrolled donation after circulatory
determination of death, No. (%)

26.0 (22.9-29.4)

337 (33.1)
194 (19.1)
185 (18.2)
176 (17.3)
126 (12.4)
107 (10.5)
90 (8.8)
78 (7.7)
72 (7.1)
53 (5.2)
33(3.2)
25 (2.5)
25 (2.5)
7(0.7)
n =934
492 (52.7)
255 (27.3)
115 (12.3)
72 (7.7)
776 (76.2)
n=1014
692 (68.2)
271 (26.7)
51 (5.0)
719 (70.6)
487 (47.8)
62 (6.1)
164 (16.1)
5(1-11)
20 (14-28)

169 (16.6)
213 (20.9)

n=1016
729 (71.8)
118 (11.6)
164 (16.1)
5(0.5)

962 (94.5)
5 (3-9)

200 (19.7)
11 (1.1)
15 (1.5)
35 (3.4)
12 (1.2)

26.1 (23.4-29.4)

358 (35.0)
189 (18.5)
199 (19.5)
195 (19.1)
113 (11.1)
111 (10.9)
82 (8.0)
79 (7.7)
80 (7.8)
81 (7.9)
22(2.2)
17 (1.7)
23 (2.3)
5 (0.5)
n =936
528 (56.4)
254 (27.1)
91 (9.7)
63 (6.7)
811 (79.4)
n=1015
668 (65.8)

277 (27.3) Abbreviations: BMI, body mass index
70 (6.9) (calculated as weight in kilograms
divided by height in meters squared);
708 (69.3) BMV, bag-mask ventilation;
512 (50.1) CPR, cardiopulmonary resuscitation;
66 (6.5) ECMO, extracorporeal membrane
oxygenation; EMS, emergency
170 (16.6) medical services; ETI, endotracheal
5(1-12) intubation; IQR, interquartile range;

20 (13-29) ITT, intention-to-treat.
2 Activity limitations: good
157 (15.4) health = previous good health,
227 (22.2) no functional limitations;

moderate limitation of
n=1020 éct_ivit)_/ = miId-t_o-_moderate
limitation of activity because of

743 (72.8) a chronic medical problem; chronic
120 (11.8) disease = chronic disease causing
151 (14.8) s‘eriou§ but not i‘n_capacitating
limitation of activity; and severe
6 (0.6) restriction of activity = severe
restriction of activity due to disease,
974 (95.3) inclydir.lg beling bedridden o'r
institutionalized because of illness.
6 (4-9) b R
No-flow duration: time delay
188 (18.4) between collapse and
13 (1.3) commencement of basic
21(2.1) life support.
c '
23 (2.3) Uncontrolled donation means

kidney grafts retrieval from
21 (2.1) non-heart-beating donor after
out-of-hospital cardiac arrest.
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Table 2. Secondary Outcomes in Patients Included in the Study

No. of Patients (%)

Proportion
Difference,

BMV(%) - ETI(%)

Abbreviations: BMV, bag-mask
ventilation; CPCs, Cerebral
Performance Categories;

76 ETI, endotracheal intubation.

2 Pvalues were calculated by using x>
test or Fisher exact test.

®CPCs 1and 2 were counted
as success when coding the

Outcome BMV Group ETI Group (95% Cl) P Value®
Intention-to-Treat Population n=1018 n=1022
Survival at 28 d 55 (5.4) 54 (5.3) 0.1(-1.8t02.1) .90
CPCs®

1, Good cerebral performance 35(3.4) 37 (3.6)

2, Moderate cerebral disability 9(0.9) 6 (0.6)

3, Severe cerebral disability 4(0.4) 7 (0.7) .68

4, Coma or vegetative state 7 (0.7) 4(0.4)

5, Death 963 (94.6) 968 (94.7)
Survival to hospital admission 294 (28.9) 333 (32.6) -3.7 (-7.7 t0 0.3) .07
Return of spontaneous circulation 348 (34.2) 397 (38.9) -4.7 (-8.8t0 -0.5) .03
Per-Protocol Analysis n =995 n =943
Survival at 28 d 54 (5.4) 51 (5.4) 0.1 (-10t09.7) .99
CPCs®

1, Good cerebral performance 35(3.5) 34 (3.5)

2, Moderate cerebral disability 8(0.8) 6 (0.6)

3, Severe cerebral disability 4(0.4) 7 (0.7)

4, Coma or vegetative state 7 (0.7) 4(0.4)

5, Death 941 (94.6) 892 (94.6)
Survival to hospital admission 289 (29.1) 312 (33.1) -4.0 (-7.6 to 0.6) .055
Return of spontaneous circulation 342 (34.4) 377 (30.0) -5.6(-9.9t0o-1.3) .01

primary outcome.

Table 3. Airway Management Adverse Events Analysis

Absolute Difference,
BMV(%) - ETI(%)

Safety Population BMV Group ETI Group (95% Cl) P Value®
BMV or ETI Difficulty

BMV VAS, median (IQR), mm® 20 (5-55) NA NA NA
Intubation Difficulty Scale score, NA 1(0-4) NA NA
median (IQR)

Rate of airway management difficulty, 186/1027 (18.1) 134/996 (13.4) 4.7 (1.5-7.9) .004
No./total No. (%)<

BMV or ETI failure, No./total No. (%) 69/1028 (6.7) 21/996 (2.1) 4.6 (2.8-6.4) <.001
BMV or ETI Complications, No. (%) n=1027 n =999

Regurgitation of gastric content 156 (15.2) 75 (7.5) 7.7 (4.9-10.4) <.001
Mainstem intubation? NA 20 (2.0) NA NA
Recognized esophageal intubation® NA 102 (10.2) NA NA
Dental injury NA 7 (0.7) NA NA
Extubation NA 5(0.5) NA NA

Abbreviations: BMV, bag-mask ventilation; ETI, endotracheal intubation;
IQR, interquartile range; NA, not applicable; VAS, visual analog scale.

a P values were calculated by using x> test or Fisher exact test.

> BMV difficulty was recorded by the operator after termination of
resuscitation. The BMV VAS ranges from O (ventilation without difficulty)
to 100 (maximum ventilation difficulty).

¢ ETl difficulty is defined by Intubation Difficulty Scale score greater than 5.

Intubation Difficulty Scale score ranged from O (intubation without difficulty) to
infinity. A value greater than 5 defines difficult intubation. BMV difficulty was
defined by Han scale score greater than 2 (grade 1: easy mask, grade 2: difficult
mask requiring an oral airway or other adjuvant, grade 3: very difficult mask
ventilation requiring 2 practitioners, and grade 4: unable to mask ventilate).

9 Mainstem intubation was detected in the field by auscultation.
€ There were no unrecognized esophageal intubations.

procedures were prolonged and modified beyond standard
resuscitation by extracorporeal membrane oxygenation-CPR
and organ donation after circulatory determination of death
(n = 91) and (2) after exclusion of patients intubated after BMV
and before ROSC considered in the ETI group (n = 155) (data
detailed in eTable 2 in Supplement 2).
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.|
Discussion

In this randomized clinical trial of patients with out-of-
hospital cardiorespiratory arrest, the use of BMV compared
with ETI failed to demonstrate noninferiority or inferiority for
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survival with favorable 28-day neurological function, an in-
conclusive result.

International recommendations recognize inherent weak-
nesses in registry studies. Although studies have suggested
better survival for BMV, these studies may have been prone
to biases. Despite approaches to control confounding or to
study matched cohorts, intubated patients may be more se-
verely ill, resulting in a more aggressive approach to resusci-
tation. As a result, US, European, and International Liaison
Committee on Resuscitation synthesis documents recom-
mend both intubation and ventilation by mask as airway in-
terventions in the course of cardiac arrest (class IIb).!12-24

A large Japanese observational study of 649 359 patients
demonstrated a significant decrease in favorable functional sur-
vival associated with tracheal intubation vs ventilation by bag
mask (1.1% vs 2.9%).° These results have been confirmed in
other registry studies concerning out-of-hospital cardiac ar-
rest, in-hospital cardiac arrest, and cardiac arrests among
children.?>78:2> The results were not modified after adjust-
ment of confounding factors, analyses using multivariable
logistic regression models, tests of sensitivity, or propensity
scores.?® However, other observational studies with fewer pa-
tients have found opposite results.>

The present study aimed to clarify this question, though
providing data on both efficacy and rate of adverse events based
on the first direct comparison between these 2 techniques via
arandomized clinical trial.

Demonstration of noninferiority of BMV might be suffi-
cient to adopt this technique as the primary airway strategy
in patients with OHCA because this approach has several
advantages, including more straightforward implementation
and potentially fewer complications. A test of superiority
would have been performed had noninferiority been demon-
strated. This study was inconclusive regarding the main crite-
rion as noninferiority could not be demonstrated and it may
have been underpowered. The sample calculation was based
on an assumption of greater likelihood of favorable neuro-
logical outcome in the BMV group compared with the ETI
group. Instead, the point estimates in this trial were close
(4.3% Vs 4.2%), which may have contributed to underpower-
ing. An assumption of equal outcomes between the 2 groups
might have required a much larger sample size to demon-
strate noninferiority.

Although there was a significantly higher rate of ROSC in
the ETI group vs the BMV group, overall 28-day survival was
not different. This may be related to differences in ventilation-
associated complications (hyperoxia, overventilation, and hy-
potension) between the 2 randomized groups and these fac-
tors would need to be considered in future trials.

The difficulties with ETI in the present study are similar
to those previously reported. The negative interaction be-
tween the quality of cardiac massage and the performance of
ETTis known to affect favorable functional survival.?® ETI has
been linked to significant interruptions in cardiac massage.?”
However, a large, randomized study found no effect on sur-
vival caused by short interruptions of cardiac massage when
2 manual ventilations occurred between cycles of cardiac
massage.?® In this trial, the post-hoc analysis of a small sub-
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group of 115 patients found no significant difference in CCF be-
tween the 2 randomized groups. The greater number of pauses
longer than 2 seconds observed in the BMV group was likely
the consequence of cardiac massage interrupted by manual
ventilation during CPR, with a rhythm of 30:2.

A concern about ETI as standard airway management in
OCHA is the experience and skill required by the operator for
successful intubation. International recommendations sug-
gest that intubation should only be carried out by advanced
operators.''2 In this study, it is possible that the physician in
the out-of-hospital team had a higher level of competence
compared with paramedic teams from other European and
non-European countries. However, the incidence of difficult
intubation between paramedics and medicalized European
prehospital teams does not appear to be significantly differ-
ent. In France, the difficult intubation rate in the out-of-
hospital setting has been reported to be between 9% and 11%
and is comparable in this study.??-*° In a multicenter trial car-
ried out in the United States, including 1941 patients, among
whom 1272 were in cardiac arrest, the authors found a suc-
cess rate for intubation of 91.8% after fewer than 3 attempts,
the incidence of difficult intubation thus being 9.2%.3! Thus,
the staffing of out-of-hospital teams was not likely to be a
determining factor in explaining these results.

Another advantage of this direct randomized comparison
of the 2 techniques is that it allows clear discrimination of
their adverse events. BMV was associated with a notable rate
of complications and failure. Although BMV is seldom a topic
of research, criteria for difficult mask ventilation have been
described, and several studies have identified complications,
such as pulmonary aspiration and gastric distention.>?3* The
higher incidence of regurgitation of gastric contents in the
BMV group supports these few studies linking BMV with risk
for the patient.3334

In the present trial, a higher incidence of failure of the BMV
technique, compared with ETI, is also noteworthy. The rate of
difficult BMV or BMV failure was higher than in observa-
tional studies in general anesthesia and may be explained by
the emergency conditions and the absence of preexisting air-
way evaluation.?°-*2 On the other hand, in the BMV group, the
ease to use the rescue technique (ie, tracheal intubation) may
have contributed to an inflated rate of BMV failure. Thus, the
BMYV technique can still be appropriately used to manage the
airway during CPR.

Limitations
This study has several limitations. First, the presence of a phy-
sician in the ambulance team may make the results of this study
less relevant for designing strategies for US-based EMS sys-
tems, where the number and training of available clinicians at
the out-of-hospital resuscitation scene clearly differ. How-
ever, airway management during CPR in patients with OHCA,
and the choice of the best-suited approach, is common to all
systems, particularly in countries where paramedics also per-
form tracheal intubation regularly.

Second, the use of ETIin the BMV group either after ROSC
or when difficulty with airway management was encoun-
tered may question the BMV-only strategy in the interven-
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tion group. However, post-hoc analysis with removal of pa-
tients with protocol violations did not change results in terms
of survival. After successful resuscitation of patients in-

Effect on Neurologic Outcomes of Bag-Mask vs Mechanical Ventilation During OHCA

cluded in the BMV group, it is expected that all these patients

were intubated (in the out-of-hospital setting or in the hospi-
tal). The principal aim of this trial was to identify the better

Fourth, secondary analyses in this study should be inter-
preted as exploratory because type 1 error due to multiple com-
parisons was not addressed.

Conclusions

airway management strategy in ACLS of patients with OHCA

rather than post-ROSC care.

Third, this trial did not include comparison of inpatient man-
agement after cardiac arrest, which could vary considerably.
However, because this study was randomized, the 2 groups
should be comparable in terms of in-hospital management.
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