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ABSTRACT
OBJECTIVE
To determine survival associated with advanced
airway management (AAM) compared with no AAM for
adults with out-of-hospital cardiac arrest.
DESIGN
Cohort study between January 2014 and December
2016.
SETTING
Nationwide, population based registry in Japan (AllJapan Utstein Registry).
PARTICIPANTS
Consecutive adult patients with out-of-hospital
cardiac arrest, separated into two sub-cohorts by
their first documented electrocardiographic rhythm:
shockable (ventricular fibrillation or pulseless
ventricular tachycardia) and non-shockable (pulseless
electrical activity or asystole). Patients who received
AAM during cardiopulmonary resuscitation were
sequentially matched with patients at risk of
AAM within the same minute on the basis of time
dependent propensity scores.
MAIN OUTCOME MEASURES
Survival at one month or at hospital discharge within
one month.
RESULTS
Of the 310 620 patients eligible, 8459 (41.2%) of
20 516 in the shockable cohort and 121 890 (42.0%)
of 290 104 in the non-shockable cohort received AAM
during cardiopulmonary resuscitation. After time
dependent propensity score sequential matching,
16 114 patients in the shockable cohort and 236 042

WHAT IS ALREADY KNOWN ON THIS TOPIC
Many previous observational studies reported unfavourable associations
between pre-hospital advanced airway management and patients’ outcomes
after out-of-hospital cardiac arrest
A recent randomised controlled non-inferiority trial failed to show non-inferiority
of bag-valve-mask ventilation versus endotracheal intubation, with more
complications in the former group

WHAT THIS STUDY ADDS
In this study of 310 620 adults with out-of-hospital cardiac arrest, results differed
according to each patient’s first documented electrocardiographic rhythm
Advanced airway management was not associated with survival in the shockable
cohort but was associated with better survival in the non-shockable cohort,
although the absolute effect was very small
These findings suggest that different airway management strategies should be
emphasised on the basis of the initial electrocardiographic rhythm: shockable or
non-shockable
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in the non-shockable cohort were matched at the
same minute. In the shockable cohort, survival did not
differ between patients with AAM and those with no
AAM: 1546/8057 (19.2%) versus 1500/8057 (18.6%)
(adjusted risk ratio 1.00, 95% confidence interval
0.93 to 1.07). In the non-shockable cohort, patients
with AAM had better survival than those with no AAM:
2696/118 021 (2.3%) versus 2127/118 021 (1.8%)
(adjusted risk ratio 1.27, 1.20 to 1.35).
CONCLUSIONS
In the time dependent propensity score sequential
matching for out-of-hospital cardiac arrest in adults,
AAM was not associated with survival among patients
with shockable rhythm, whereas AAM was associated
with better survival among patients with nonshockable rhythm.

Introduction
Basic life support, which consists of early
cardiopulmonary resuscitation and defibrillation with
automated external defibrillators,1 improves outcomes
in patient with out-of-hospital cardiac arrest.2 3
Provision of oxygen and ventilation of the lungs
via bag-valve-mask ventilation, supraglottic airway
placement, or endotracheal intubation are important
resuscitation skills for emergency medical services
(EMS) personnel.4 Supraglottic airway placement and
endotracheal intubation constitute advanced airway
management (AAM), which secures better protection
for the airway than bag-valve-mask ventilation does.
Although AAM is a common practice, the risk-benefit
ratio of AAM during pre-hospital resuscitation is
unclear.5-7
In observational studies assessing intra-cardiac
arrest interventions, “resuscitation time bias” (that is,
the fact that patients undergoing longer resuscitation
tend to receive more interventions) is a crucial bias.8
Because of this bias effect, two observational studies
that evaluated the impact of adrenaline (epinephrine)
on patients with out-of-hospital cardiac arrest, using
the same national database in Japan but different
statistical approaches, reported conflicting findings.9 10
One study used traditional propensity score matching,9
whereas the other used time dependent propensity
score sequential matching, accounting for resuscitation
time bias and timing of administration of adrenaline.10
A recent, large randomised controlled trial showed
better survival in the adrenaline group than the placebo
group,11 and these findings were closer to the results of
the second observational study from Japan.10 12 This
confirms the importance of overcoming resuscitation
time bias in observational studies.12 Previous studies
1
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Methods
Study design and setting
We used the All-Japan Utstein Registry database to do
a cohort study with time dependent propensity score
sequential matching. The All-Japan Utstein Registry
of the Fire and Disaster Management Agency is a
prospective, population based, nationwide registry of
out-of-hospital cardiac arrest launched in January
2005, which records data according to the international
Utstein-style reporting system.15 Details of the registry
have been described previously.16 The registry started
collecting time stamp data for successful AAM by outof-hospital cardiac arrest personnel in January 2014.
Cardiac arrest was defined as the cessation of cardiac
mechanical activity, as confirmed by the absence of
signs of circulation.15 Each EMS authority submitted
anonymised data.
Emergency medical services system in Japan
The EMS system in Japan was previously described
elsewhere.5 16 Briefly, pre-hospital life support is
provided 24 hours each day by a fire station based
EMS system. Among EMS personnel, specially trained
emergency care providers known as emergency life
saving technicians are authorised to use automated
external defibrillators. With support and direction
from online medical control, emergency life saving
technicians are also authorised to perform advanced
life support such as administering adrenaline and
placing advanced airway for patients with out-ofhospital cardiac arrest. In Japan, EMS providers are
generally not permitted to terminate resuscitation in
the field, and all patients on whom resuscitation is
attempted are transported to hospitals. Resuscitation
is not attempted only under particular conditions (for
example, decapitation, incineration, decomposition,
rigor mortis, or dependent cyanosis). Although all
emergency life saving technicians can use supraglottic
airway devices such as laryngeal tubes or laryngeal
masks, only specially trained, certified emergency
life saving technicians are permitted to perform
endotracheal intubation under direction from online
medical control. These technicians are allowed to
perform endotracheal intubation but only during
cardiac arrest (that is, they are not allowed to intubate
after return of spontaneous circulation). Treatments
for cardiac arrest were based on the Japanese
2

cardiopulmonary resuscitation guidelines,17 which
are based on the guidelines of the consensus of the
International Liaison Committee on Resuscitation.18

Study participants
We screened the data of all consecutive cases of outof-hospital cardiac arrest between January 2014 and
December 2016. We included patients according
to the following inclusion criteria: age 18 years or
over; cardiac arrest before arrival of EMS personnel;
cardiac arrest for which EMS personnel attempted
cardiopulmonary resuscitation; and cardiac arrest
attended by an emergency life saving technician. The
exclusion criteria were outliers with regard to age (that
is, older than 120 years); unknown first documented
electrocardiographic rhythm; missing or contradictory
data (negative values) in time dependent variables
(including time from cardiopulmonary resuscitation
by EMS personnel to AAM at the scene, defibrillation
at the scene, administration of adrenaline at the scene,
and return of spontaneous circulation at the scene;
time from call to cardiopulmonary resuscitation by
EMS personnel; and time from cardiopulmonary
resuscitation by EMS personnel to arrival at hospital);
or time from call to cardiopulmonary resuscitation by
EMS personnel 30 minutes or more.
Data collection and quality control
Data were collected prospectively on resuscitation
related factors including age and sex of the patient,
type of witness status (by family members, friends,
colleagues, passers-by, or others), type of bystander
initiated cardiopulmonary resuscitation (chest
compressions only without rescue breathing or
conventional cardiopulmonary resuscitation with
rescue breathing), instruction on cardiopulmonary
resuscitation by dispatcher, shock delivery by public
access automated external defibrillators, presence
of emergency life saving technicians, pre-hospital
involvement of physician, and first documented
electrocardiographic rhythm (ventricular fibrillation,
pulseless ventricular tachycardia, pulseless electrical
activity, or asystole), as well as return of spontaneous
circulation before arrival at hospital, survival, and
functional status at one month after the event. On
the basis of the consensus guidelines,15 19 return of
spontaneous circulation was defined according to a
clinical assessment that shows signs of life comprising
a palpable pulse or generation of a blood pressure.
Origin of cardiac arrest (medical or non-medical)
was also documented; arrest was presumed to be of
medical origin unless it was caused by trauma, drug
overdose, drowning, electrocution, or asphyxia,
according to the current Utstein-style template.19
Prefecture and year, month, day, and time when EMS
received the emergency call were documented. The
times of the receipt of the emergency call, the initiation
of cardiopulmonary resuscitation by EMS personnel,
the first defibrillation by EMS personnel, the first
administration of adrenaline by EMS personnel, return
of spontaneous circulation before arrival at hospital,
doi: 10.1136/bmj.l430 | BMJ 2019;364:l430 | the bmj
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of in-hospital cardiac arrest have evaluated the effect
of intubation while accounting for resuscitation time
bias and timing of intubation,13 14 but no studies
among patients with out-of-hospital cardiac arrest
have considered the timing of AAM.
In Japan, a nationwide registry includes
approximately 368 000 adult patients with out-ofhospital cardiac arrest with available data on the timing
of pre-hospital AAM between 2014 and 2016. This
study investigated whether AAM by EMS personnel
increased survival for adult patients with out-ofhospital cardiac arrest, adjusting for time dependent
interventions and covariates.
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Outcomes
The primary outcome was survival at one month or
at discharge from hospital within one month. The
secondary outcome was favourable functional survival
at one month or at hospital discharge within one
month. We defined favourable functional survival as a
Cerebral Performance Category scale of 1 or 2.
Time dependent propensity scores and sequential
matching
The main exposure was the successful achievement
of AAM by EMS personnel. We separated the
patients into two sub-cohorts according to their first
documented electrocardiographic rhythm—shockable
(ventricular fibrillation or pulseless ventricular
tachycardia) or non-shockable (pulseless electrical
activity or asystole)—because the current international
guidelines propose two different algorithms according
to the rhythm, with different suggestions regarding the
timing of AAM.20 21 To adjust for all measured potential
confounders, we did time dependent propensity score
sequential matching analysis in each original cohort.22
To estimate the time dependent propensity scores for
receipt of AAM during cardiopulmonary resuscitation,
we applied the Fine-Gray model in the presence of
competing risk with time dependent covariates.23
In the regression model, we dealt with pre-hospital
return of spontaneous circulation before AAM as the
competing risk. We also dealt with arrival at hospital
as censoring in the model. The Cox regression model
with or without time dependent covariates was used
in previous cardiac arrest studies with time dependent
the bmj | BMJ 2019;364:l430 | doi: 10.1136/bmj.l430

propensity score sequential matching.10 13 14 However,
we regarded pre-hospital return of spontaneous
circulation before AAM as informative censoring in the
time dependent propensity score model, because AAM
during cardiopulmonary resuscitation never occurs
after return of spontaneous circulation except in rare
cases involving re-arrest. If we regarded pre-hospital
return of spontaneous circulation as non-informative
censoring, the propensity scores in patients with return
of spontaneous circulation before AAM would be
overestimated.24 The time dependent covariates were
defibrillation by EMS personnel and administration of
adrenaline by EMS personnel. The time independent
covariates in the propensity score predicting model are
shown in table 1 and described in the supplementary
methods. We included prefecture categories according
to the proportions of patients who received supraglottic
airway placement (<15%, 15% to <30%, 30% to <45%,
≥45%) and endotracheal intubation (<5%, 5% to <10%,
10% to <15%, ≥15%) by EMS personnel as prefecture
elements as applied in a previous study.10 Although
we adopted the same variables in the time dependent
propensity score model for both the shockable and
non-shockable original cohorts, we calculated the
time dependent propensity scores separately in each
rhythm cohort.
On the basis of the predicted time dependent
propensity scores, we separately and sequentially
propensity score matched each patient receiving AAM
at any given minute (from minute 0 to minute 59) with
a patient who was at risk of receiving AAM within
the same minute.22 Sequential matching attenuates
resuscitation time bias.8 25 In sequential matching, at
risk patients included those who were still undergoing
cardiopulmonary resuscitation at the scene and had
not yet received AAM before or within the same minute.
In addition, replacement of unexposed patients was
possible—that is, matched controls with no AAM in
a risk set at each timing were allowed to match again
later until they received AAM. At risk patients therefore
also included patients who received AAM later, as the
matching was not dependent on future events.8 22 25
We sequentially matched patients with AAM to
those without AAM who had the nearest propensity
score in a one to one fashion. We set the calliper
width for nearest neighbour matching at 0.2 standard
deviations of the propensity score in the logit scale,
as recommended.26 27 We calculated standardised
differences to evaluate the balance of variables in
each predicted propensity score matched cohort. We
first regarded standardised differences less than 0.1
as having well matched balance,27 but we could not
achieve the value for the variable of “defibrillation
before matching” in the shockable cohort even
with a very narrow calliper width (0.001). When we
attempted to achieve better balancing of standardised
differences (<0.1) by setting the calliper width much
narrower (<0.001), we lost a large number of patients.
In the end, we decided to avoid losing these patients by
using a tight range of target and chose a value of 0.25
rather than 0.1 of standardised differences, as some
3
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the successful achievement of AAM by EMS personnel,
and arrival at hospital were recorded according to the
times on the clock used by each emergency medical
services system.
All survivors were followed for up to one month after
out-of-hospital cardiac arrest by the EMS providers
who had provided their emergency care. Functional
outcomes were determined by the physician
responsible for the care of the patient by a follow-up
interview at one month after successful resuscitation,
with the use of the Cerebral Performance Category scale
as follows: 1, good cerebral performance; 2, moderate
cerebral disability; 3, severe cerebral disability; 4,
coma or vegetative state; and 5, death or brain death.15
When the patient was discharged from the hospital
before one month, the score at discharge was recorded
but the database did not include the information about
when the patients were discharged from the hospital.
EMS personnel filled out the study data form in
cooperation with the physician in charge of the
patient, and the data were stored in the registry system
on the Fire and Disaster Management Agency database
server. The data were checked for consistency by the
computer system and were confirmed by the Fire and
Disaster Management Agency. If the data form was
incomplete, the Fire and Disaster Management Agency
returned it to the respective fire station where it was
then completed.
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Table 1 | Characteristics of adult patients with out-of-hospital cardiac arrest with and without advanced airway management during resuscitation in original cohort. Values are numbers
(percentages) unless stated otherwise
Non-shockable rhythm

4
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Shockable rhythm

Characteristics
No AAM (n=12 057) AAM (n=8459) Standardised difference
No AAM (n=168 214)
AAM (n=121 890) Standardised difference
Year:
0.02
0.04
2014
3964 (32.9)
2923 (34.6)
55 652 (33.1)
41 052 (33.7)
2015
3962 (32.9)
2738 (32.4)
55 831 (33.2)
40 681 (33.4)
2016
4131 (34.3)
2798 (33.1)
56 731 (33.7)
40 157 (32.9)
Season:
0.03
0.04
Spring
2899 (24.0)
2010 (23.8)
41 363 (24.6)
30 246 (24.8)
Summer
2713 (22.5)
1903 (22.5)
32 802 (19.5)
22 555 (18.5)
Autumn
2915 (24.2)
1952 (23.1)
38 850 (23.1)
27 476 (22.5)
Winter
3530 (29.3)
2594 (30.7)
55 199 (32.8)
41 613 (34.1)
Day:
0.02
0.007
Weekday (Monday-Friday)
8563 (71.0)
5928 (70.1)
119 328 (70.9)
86 065 (70.6)
Weekend (Saturday-Sunday)
3494 (29.0)
2531 (29.9)
48 886 (29.1)
35 825 (29.4)
Time:
0.08
0.01
Daytime (9:00-16:59)
5311 (44.0)
3393 (40.1)
59 700 (35.5)
42 703 (35.0)
6746 (56.0)
5066 (59.9)
108 514 (64.5)
79 187 (65.0)
Night time (17:00-8:59)
Prefecture preference categories for
performing supraglottic airway placement:
0.624
0.675
<15%
1476 (12.2)
275 (3.3)
41 448 (24.6)
7885 (6.5)
15% to <30%
5210 (43.2)
2232 (26.4)
57 645 (34.3)
30 660 (25.2)
30% to <45%
1950 (16.2)
1313 (15.5)
31 710 (18.9)
27 752 (22.8)
≥45%
3421 (28.4)
4639 (54.8)
37 411 (22.2)
55 593 (45.6)
Prefecture preference categories for
performing endotracheal intubation:
0.15
0.32
<5%
8684 (72.0)
5777 (68.3)
70 824 (42.1)
34 594 (28.4)
5% to <10%
1015 (8.4)
575 (6.8)
53 488 (31.8)
47 234 (38.8)
10% to <15%
1117 (9.3)
1140 (13.5)
11 180 (6.6)
6338 (5.2)
≥15%
1241 (10.3)
967 (11.4)
32 722 (19.5)
33 724 (27.7)
Median (IQR) age, years
68 (57-78)
69 (59-79)
0.07
80 (69-87)
80 (70-87)
0.04
Sex:
0.02
0.05
Female
2733 (22.7)
1847 (21.8)
77 497 (46.1)
52 957 (43.4)
Male
9324 (77.3)
6612 (78.2)
90 717 (53.9)
68 933 (56.6)
Cause of cardiac arrest:
0.02
0.12
Medical
11 238 (93.2)
7924 (93.7)
121 506 (72.2)
94 491 (77.5)
Non-medical
819 (6.8)
535 (6.3)
46 708 (27.8)
27 399 (22.5)
Witness status:
0.17
0.12
No witness
3336 (27.7)
2693 (31.8)
115 063 (68.4)
78 767 (64.6)
By family
4866 (40.4)
3673 (43.4)
30 545 (18.2)
27 329 (22.4)
By friend
720 (6.0)
425 (5.0)
1561 (0.9)
1413 (1.2)
By colleague
903 (7.5)
486 (5.7)
1219 (0.7)
926 (0.8)
By passer-by
713 (5.9)
375 (4.4)
2857 (1.7)
1393 (1.1)
By others
1519 (12.6)
807 (9.5)
16 969 (10.1)
12 062 (9.9)
Type of bystander CPR:
5051 (41.9)
3730 (44.1)
86 232 (51.3)
56 574 (46.4)
No bystander CPR
Chest compression only CPR with
dispatcher instruction
4527 (37.5)
3343 (39.5)
56 981 (33.9)
48 035 (39.4)
Chest compression only CPR without
0.13
0.13
dispatcher instruction
1513 (12.5)
816 (9.6)
15 003 (8.9)
9666 (7.9)
Conventional CPR with dispatcher
instruction
545 (4.5)
390 (4.6)
6037 (3.6)
5272 (4.3)
Conventional CPR without dispatcher
instruction
421 (3.5)
180 (2.1)
3961 (2.4)
2343 (1.9)
Use of public access defibrillator by
bystander:
0.002
0.10
Yes
732 (6.1)
335 (4.0)
1408 (0.8)
1040 (0.9)
No
11 325 (93.9)
8124 (96.0)
166 806 (99.2)
120 850 (99.1)
Pre-hospital involvement of physician:
0.03
0.05
Yes
709 (5.9)
442 (5.2)
5384 (3.2)
2969 (2.4)
No
11 348 (94.1)
8017 (94.8)
162 830 (96.8)
118 921 (97.6)
Median (IQR) time from call to EMS CPR,
minutes
8 (7-10)
9 (7-11)
0.14
9 (7-11)
9 (7-11)
0.04
Defibrillation by EMS:
Yes
11 435 (94.8)
8184 (96.7)
4767 (2.8)
5178 (4.2)
0.10
0.08
   Median (IQR) time from EMS CPR to
defibrillation, minutes
1 (1-2)
1 (1-2)
9 (5-15)
12 (6-19)
No
622 (5.2)
275 (3.3)
163 447 (97.2)
116 712 (95.8)
Administration of adrenaline by EMS:
Yes
2614 (21.7)
4023 (47.6)
16 103 (9.6)
35 790 (29.4)
0.52
0.57
   Median (IQR) time from EMS CPR to
adrenaline administration, minutes
13 (9-17)
13 (9-18)
14 (10-18)
14 (10-19)
No
9443 (78.3)
4436 (52.4)
152 111 (90.4)
86 100 (70.6)
AAM=advanced airway management; CPR=cardiopulmonary resuscitation; EMS=emergency medical services; EMS CPR=cardiopulmonary resuscitation by emergency medical services personnel;
IQR=interquartile range.
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Statistical analysis
We did all the analyses separately for each of
the two cohorts defined by the first documented
electrocardiographic rhythm. We presented data as
medians with an interquartile range for continuous
variables and as proportions for categorical
variables. We used standardised differences for the
description of the data in both the original cohorts
and the sequentially matched cohorts. We estimated
unadjusted and adjusted risk ratios on the primary
and secondary outcomes by multivariable regression
to evaluate overall outcomes in the original cohorts
(see the supplementary methods). Matched controls
within a risk set stratum in each minute were
independent from each other, whereas some controls
in the matched cohort after jointing of all strata could
be duplicated and were no longer independent. In the
outcome analysis stage after matching, we handled
this problem by adjusting for frequency weights that
indicate the number of duplicated controls.26 Among
all risk set strata in each minute, treated patients
were paired up with their respective controls, creating
within pair correlations. At the outcome analysis
stage, therefore, we used generalised estimating
equations to estimate the unadjusted and adjusted
risk ratios for the primary and secondary outcomes,
considering within pair correlation of sequential
matching at the same timing.27 We adjusted risk
ratios for defibrillation before matching, adrenaline
administration before matching, and all the time
independent covariates in the propensity score
predicting model.
To confirm the consistency of the effects between
the types of AAM, we stratified the patients into two
groups according to each patient’s type of AAM
(supraglottic airway placement or endotracheal
intubation) and calculated adjusted risk ratios with
the same multivariable model used in the primary
analysis. In this stratified analysis, we picked the
pairs of supraglottic airway placement and the pairs
of endotracheal intubation out of the sequentially
matched cohorts. Therefore, patients were still nested
within pairs at the same timing, as we selected the
control from within each pair of patients—that is, the
sequentially matched pairs in each risk set stratum
were not collapsed even after the stratification. As a
sensitivity analysis, we also did traditional, non-time
dependent propensity score matching analysis as
described in the supplementary methods.
We used R (R Foundation for Statistical Computing,
version 3.4.3) for all statistical analyses. We did not
impute missing data because no information was
missing in any key variables after we excluded patients
according to the exclusion criteria described above.
We calculated all risk ratios with their 95% confidence
intervals by log-binomial regression in generalised
the bmj | BMJ 2019;364:l430 | doi: 10.1136/bmj.l430

estimating equations with the robust variance
estimators. All tests were two tailed; we regarded P
values of less than 0.05 as statistically significant.
The entire author group outlined and agreed on the
statistical analysis plan before we did any analyses,
unless stated otherwise. The other details are described
in the supplementary methods.

Patient and public involvement
No patients were involved in setting the research
question or the outcome measures, nor were they
involved in developing plans for recruitment, design,
or implementation of the study. No patients were asked
to advise on interpretation or writing up of results.
There are no plans to disseminate the results of the
research to study participants or the relevant patient
community.
Results
Original cohort and outcomes
We screened all 372 926 cases of out-of-hospital
cardiac arrest from the All-Japan Utstein Registry
during 2014-16. We divided the 310 620 adult
patients who met our eligibility criteria into two subcohorts according to each patient’s first documented
electrocardiographic rhythm; 20 516 had shockable
rhythm and 290 104 had non-shockable rhythm (fig
1). Table 1 shows the characteristics of the patients in
the original cohort. Among the patients with shockable
rhythm, 8459 (41.2%) received AAM; among patients
with non-shockable rhythm, 121 890 (42.0%) received
AAM. Among patients who received AAM, the median
time from cardiopulmonary resuscitation by EMS
personnel to AAM was 8 (interquartile range 5-12)
minutes in the shockable cohort and 8 (5-12) minutes
in the non-shockable cohort. AAM was associated
with worse survival in both rhythm cohorts, with
multivariable regression adjusting for covariates:
1625/8459 (19.2%) versus 4277/12 057 (35.5%),
adjusted risk ratio 0.61 (95% confidence interval 0.58
to 0.65) in the shockable cohort; and 2783/121 890
(2.3%) versus 3939/168 214 (2.3%), adjusted risk
ratio 0.82 (0.78 to 0.86) in the non-shockable cohort
(supplementary table A).
Sequentially matched cohort
After sequential matching, 16 114 patients in the
shockable cohort and 236 042 in the non-shockable
cohort were matched (table 2). All of the variables
incorporated into the propensity score model were
well balanced in both cohorts except for defibrillation
by EMS personnel before matching in the shockable
cohort (standardised difference 0.19). In both the
shockable and non-shockable cohorts, the largest
numbers of patients were matched during five to
less than 10 minutes from the time EMS personnel
started cardiopulmonary resuscitation: 7040 (43.7%)
in the shockable cohort and 98 410 (41.7%) in the
non-shockable cohort. Among patients who had not
yet received AAM (that is, patients in the “no AAM”
group), 2605/8057 (32.3%) in the shockable cohort
5
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statisticians have suggested,26 before doing our final
analyses. After sequential matching, we calculated
the time from cardiopulmonary resuscitation by EMS
personnel to sequential matching.
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372 926
Out-of-hospital cardiac arrest during 2014-16 in Japan

368 092
Adult cases (≥18 years)
29 517
Began cardiac arrest aer emergency
medical services personnel arrival
338 575
Began cardiac arrest before emergency medical services personnel arrival
8201
No CPR attempted by emergency
medical services personnel
330 374
CPR attempted by emergency medical services personnel
7466
Not attended by emergency
life saving technician
322 908
Attended by emergency life saving technician

3
4406
5002
2877

12 288
Excluded
Age outliers
Unknown ﬁrst documented
electrocardiographic rhythm
Insufficient data on time
dependent variables
Time from call to EMS CPR
≥30 minutes

310 620
Eligible for analyses

20 516
Shockable

12 057
Did not receive AAM

290 104
Not shockable

8459
Received AAM

168 214
Did not receive AAM

121 890
Received AAM

Fig 1 | Flow of out-of-hospital cardiac arrest cases from All-Japan Utstein Project
Database between January 2014 and December 2016. AAM=advanced airway
management; CPR=cardiopulmonary resuscitation; EMS=emergency medical services;
EMS CPR=cardiopulmonary resuscitation by emergency medical services personnel

and 35 920/118 021 (30.4%) in the non-shockable
cohort received AAM later.

Outcomes in sequentially matched cohort of
shockable rhythm
In the shockable cohort, survival did not differ between
patients who received AAM and those who did not
receive AAM (1546/8057 (19.2%) versus 1500/8057
(18.6%); adjusted risk ratio 1.00, 0.93 to 1.07) (table
3). Patients who received AAM had lower risks of
favourable functional survival (776/8057 (9.6%)
versus 865/8057 (10.7%); adjusted risk ratio 0.87,
6

Outcomes in sequentially matched cohort of nonshockable rhythm
In the non-shockable cohort, patients with AAM had
greater risks of survival (2696/118 021 (2.3%) versus
2127/118 021 (1.8%); adjusted risk ratio 1.27, 1.20 to
1.35) (table 3). Favourable functional survival did not
differ between patients who received AAM and those
who did not receive AAM (499/118 021 (0.4%) versus
489/118 021 (0.4%); adjusted risk ratio 1.11, 0.97 to
1.26). When we stratified the matched patients by the
type of AAM (supplementary table C), both supraglottic
airway placement and endotracheal intubation were
associated with survival: adjusted risk ratios were 1.11
(1.03 to 1.19) for supraglottic airway placement and
2.00 (1.74 to 2.30) for endotracheal intubation (fig 2).
Sensitivity analysis
In the cohorts matched using traditional, non-time
dependent propensity score matching, AAM was
associated with worse outcomes in both rhythm
cohorts (supplementary table A). The adjusted risk
ratios were similar to the results of multivariable
regression analysis in the original cohorts.
Discussion
In this large cohort study with time dependent
propensity score sequential matching of adults with
out-of-hospital cardiac arrest, the association of
AAM with favourable outcomes depended on the first
documented electrocardiographic rhythm (shockable
or non-shockable). AAM did not show any advantage for
shockable rhythm, whereas for non-shockable rhythm
AAM was associated with higher one month survival.
Relation to previous studies
In previous observational studies, pre-hospital
AAM by EMS personnel was associated with worse
outcomes.28 29 A previous study using traditional
propensity score matching in the Japanese nationwide
registry reported that AAM was associated with worse
outcomes than bag-valve-mask ventilation.5 However,
some of these previous observational studies may
have had biased results favouring no AAM because
patients who received AAM were likely to have needed
AAM because they were more severely ill before
arrest, a status that is potentially associated with
less favourable outcomes. In addition, patients who
received AAM during cardiopulmonary resuscitation
would never have achieved return of spontaneous
circulation before receiving AAM, a phenomenon now
known as “resuscitation time bias” that would favour
better outcomes in the no AAM group.8 Other recent
doi: 10.1136/bmj.l430 | BMJ 2019;364:l430 | the bmj
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4834
Paediatric cases (<18 years)

0.79 to 0.96). When we stratified the matched patients
by the type of AAM (supplementary table B), neither
supraglottic airway placement nor endotracheal
intubation was associated with survival: adjusted
risk ratios 1.00 (0.93 to 1.07) for supraglottic airway
placement and 0.97 (0.79 to 1.18) for endotracheal
intubation (fig 2).
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Table 2 | Characteristics of adult patients with out-of-hospital cardiac arrest with and without advanced airway management during resuscitation in
time dependent propensity score sequentially matched cohort. Values are numbers (percentages) unless stated otherwise
No AAM (n=8057)

Non-shockable rhythm
AAM (n=8057) Standardised difference
0.01
2776 (34.5)
2604 (32.3)
2677 (33.2)
0.05
1914 (23.8)
1812 (22.5)
1850 (23.0)
2481 (30.8)
0.02
5634 (69.9)
2423 (30.1)
0.03
3230 ( 40.1)
4827 (59.9)
0.08

No AAM (n=118 021) AAM (n=118 021) Standardised difference
0.009
39 342 (33.3)
39 688 (33.6)
39 214 (33.2)
39 351 (33.3)
39 465 (33.4)
38 982 (33.0)
0.007
29 051 (24.6)
29 275 (24.8)
21 661 (18.4)
21 808 (18.5)
26 629 (22.6)
26 636 (22.6)
40 680 (34.5)
40 302 (34.1)
0.004
83 106 (70.4)
83 323 (70.6)
34 915 (29.6)
34 698 (29.4)
0.004
41 201 (34.9)
41 409 (35.1)
76 820 (65.1)
76 612 (64.9)
0.01

240 (3.0)
2241 (27.8)
1397 (17.3)
4179 (51.9)

255 (3.2)
2119 (26.3)
1225 (15.2)
4458 (55.3)

7456 (6.3)
28 978 (24.6)
27 360 (23.2)
54 227 (45.9)

7634 (6.5)
29 299 (24.8)
26 802 (22.7)
54 286 (46.0)

5617 (69.7)
610 (7.6)
977 (12.1)
853 (10.6)
70 (60-79)

5476 (68.0)
551 (6.8)
1099 (13.6)
931 (11.6)
69 (59-79)

33 101 (28.0)
46 552 (39.4)
6008 (5.1)
32 360 (27.4)
80 (70-87)

33 557 (28.4)
45 326 (38.4)
6054 (5.1)
33 084 (28.0)
80 (70-87)

1723 (21.4)
6334 (78.6)

1761 (21.9)
6296 (78.1)

51 105 (43.3)
66 916 (56.7)

51 285 (43.5)
66 736 (56.5)

7464 (92.6)
593 (7.4)

7555 (93.8)
502 (6.2)

91 742 (77.7)
26 279 (22.3)

91 519 (77.5)
26 502 (22.5)

2841 (35.3)
3412 (42.3)
361 (4.5)
379 (4.7)
330 (4.1)
734 (9.1)

2580 (32.0)
3494 (43.4)
401 (5.0)
456 (5.7)
365 (4.5)
761 (9.4)

76 284 (64.6)
26 443 (22.4)
1388 (1.2)
899 (0.8)
1422 (1.2)
11 585 (9.8)

76 242 (64.6)
26 495 (22.4)
1369 (1.2)
897 (0.8)
1359 (1.2)
11 659 (9.9)

3842 (47.7)
3004 (37.3)

3569 (44.3)
3176 (39.4)

54 672 (46.3)
46 791 (39.6)

54 846 (46.5)
46 508 (39.4)

748 (9.3)

771 (9.6)

9397 (8.0)

9367 (7.9)

297 (3.7)

373 (4.6)

4939 (4.2)

5058 (4.3)

166 (2.1)

168 (2.1)

2222 (1.9)

2242 (1.9)

2731 (33.9)
2627 (32.6)
2699 (33.5)
1886 (23.4)
1678 (20.8)
1867 (23.2)
2626 (32.6)
5698 (70.7)
2359 (29.3)
3123 (38.8)
4934 (61.2)

0.06

0.06
0.01

0.05

0.08

0.08

0.04
262 (3.3)
7795 (96.7)

318 (3.9)
7739 (96.1)

377 (4.7)
7680 (95.3)
9 (7-11)

432 (5.4)
7625 (94.6)
9 (7-11)

7022 (87.2)
1 (1-2)

7480 (92.8)
1 (1-2)

1035 (12.8)

577 (7.2)

0.03

0.06
0.19

0.02

0.001
0.003

0.005

0.006

0.007

0.001
995 (0.8)
117 026 (99.2)

1001 (0.8)
117 020 (99.2)

2812 (2.4)
115 209 (97.6)
9 (7-11)

2896 (2.5)
115 125 (97.5)
9 (7-11)

2020 (1.7)
5 (2-8)

1715 (1.5)
5 (3-8)

116 001 (98.3)

116 306 (98.5)

0.005

0.008
0.02

(Continued)
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Shockable rhythm
Characteristics
Year:
2014
2015
2016
Season:
Spring
Summer
Autumn
Winter
Day:
Weekday (Monday-Friday)
Weekend (Saturday-Sunday)
Time:
Daytime (9:00-16:59)
Night time (17:00-8:59)
Prefecture preference categories
for performing supraglottic airway
placement:
<15%
15% to <30%
30% to <45%
≥45%
Prefecture preference categories for
performing endotracheal intubation:
<1%
5% to <10%
10% to <15%
≥15%
Median (IQR) age, years
Sex:
Female
Male
Cause of cardiac arrest:
Medical
Non-medical
Witness status:
No witness
By family
By friend
By colleague
By passer-by
By others
Type of bystander CPR:
No bystander CPR
Chest compression only CPR with
dispatcher instruction
Chest compression only CPR without
dispatcher instruction
Conventional CPR with dispatcher
instruction
Conventional CPR without dispatcher
instruction
Use of public access defibrillator by
bystander:
Yes
No
Pre-hospital involvement of physician:
Yes
No
Median (IQR) time from call to EMS
CPR, minutes
Defibrillation by EMS before matching:
Yes
   Median (IQR) time from EMS CPR
to defibrillation, minutes
No

RESEARCH

Table 2 | Continued
Shockable rhythm

Non-shockable rhythm

No AAM (n=8057)

AAM (n=8057) Standardised difference No AAM (n=118 021) AAM (n=118 021) Standardised difference
0.03
0.03

687 (8.5)
9 (7-12)

766 (9.5)
9 (7-13)

7370 (91.5)

7291 (90.5)

1446 (17.9)
3520 (43.7)
1928 (23.9)
753 (9.3)
254 (3.2)
111 (1.4)
45 (0.6)

1446 (17.9)
3520 (43.7)
1928 (23.9)
753 (9.3)
254 (3.2)
111 (1.4)
45 (0.6)

<0.001

4072 (3.5)
9 (7-13)

4742 (4.0)
9 (7-13)

113 949 (96.5)

113 279 (96.0)

23 188 (19.6)
49 205 (41.7)
29 007 (24.6)
11 298 (9.6)
3563 (3.0)
1166 (1.0)
594 (0.5)

23 188 (19.6)
49 205 (41.7)
29 007 (24.6)
11 298 (9.6)
3563 (3.0)
1166 (1.0)
594 (0.5)

<0.001

AAM=advanced airway management; CPR=cardiopulmonary resuscitation; EMS=emergency medical services; EMS CPR=cardiopulmonary resuscitation by emergency medical services personnel;
IQR=interquartile range.

cardiac arrest studies have used sequential matching
with time dependent propensity scores to mitigate
resuscitation time bias.10 13 14

Strengths and weaknesses of study
Our study has several strengths. Firstly, its population
based design using the nationwide registry enabled
us to do the final analysis with complete data and no
missing information. Secondly, the large sample size
allowed us to estimate the associations between AAM
and one month survival even when we divided our
cohort by the first documented electrocardiographic
rhythm. Thirdly, to overcome resuscitation time bias,
we used time dependent propensity score sequential
matching analysis. With this method, the groups
were closely matched with respect to the timing of
AAM. If we had not considered the timing of AAM,
we would have had different results, as we showed
in the multivariable regression analysis and in the
sensitivity analysis using traditional propensity score
matching (see supplementary material). We believe
that this difference between the results is evidence of
the presence of resuscitation time bias. Our approach
is believed to have a lower risk of bias in its results
compared with previous studies.5 6
Our study also has some limitations, however.
Firstly, we did not have data about whether the first
documented electrocardiographic rhythm changed to
another rhythm during cardiopulmonary resuscitation.

Patients with non-shockable rhythm are thought to
be likely to receive AAM more frequently and earlier
than those with shockable rhythm, according to
the algorithms of the international guidelines.20 21
Nevertheless, patients in both of our cohorts had
similar proportions and timing of AAM. This might
indicate that many patients whose first documented
electrocardiographic rhythm is shockable develop
a non-shockable rhythm during cardiopulmonary
resuscitation and subsequently receive AAM according
to the non-shockable algorithm. As post-defibrillation
changes to non-shockable rhythms are common, and
such patients have poorer outcomes than patients
without rhythm changes,30 31 this would bias the
results towards favouring no AAM among patients with
a shockable first documented electrocardiographic
rhythm.
Secondly, the number of AAM attempts per
patient, especially for endotracheal intubation, and
information on unsuccessful intubation were not
available in our registry. Failed intubation is known
to be associated with poor outcomes.32 If AAM was
delayed, therefore, the patient could be matched in
the no AAM group, and this could bias the results
towards favouring the AAM group. The lack of
information about proportion of successful intubation
also decreases the generalisability of our study
outside Japan. Thirdly, our database did not contain
information on whether each patient was treated by a

Table 3 | Outcomes in time dependent propensity score sequentially matched cohort
No (%) patients with outcome/total patients
Outcomes*
Shockable rhythm
Survival
Favourable functional survival
Non-shockable rhythm
Survival
Favourable functional survival

No AAM

AAM

Unadjusted risk ratio
(95% CI)

Adjusted risk ratio†
(95% CI)

1500/8057 (18.6)
865/8057 (10.7)

1546/8057 (19.2)
776/8057 (9.6)

1.09 (1.02 to 1.17)
0.97 (0.88 to 1.07)

1.00 (0.93 to 1.07)
0.87 (0.79 to 0.96)

2127/118 021 (1.8)
489/118 021 (0.4)

2696/118 021 (2.3)
499/118 021 (0.4)

1.26 (1.19 to 1.34)
1.10 (0.96 to 1.26)

1.27 (1.20 to 1.35)
1.11 (0.97 to 1.26)

AAM=advanced airway management.
*At one month or at hospital discharge within one month.
†Each risk ratio was adjusted for prefecture preference categories for performing supraglottic airway placement and endotracheal intubation, year,
season, day, time, age, sex, cause of cardiac arrest, witness category, basic life support by bystander with or without dispatcher instruction, use of public
access defibrillator, pre-hospital involvement of physician, time from call to cardiopulmonary resuscitation by emergency medical services personnel,
defibrillation before matching, and administration of adrenaline before matching.
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Characteristics
Administration of adrenaline by EMS
before matching:
Yes
   Median (IQR) time from EMS CPR
to adrenaline administration, minutes
No
Time from EMS CPR to matching:
≤4 minutes
5 to <10 minutes
10 to <15 minutes
15 to <20 minutes
20 to <25 minutes
25 to <30 minutes
≥30 minutes

RESEARCH

Study

No of patients with outcome/total patients (%)
AAM
No AAM*

Adjusted risk
ratio† (95% CI)

Shockable rhythm
Survival
Supraglottic airway placement

1295/6921 (18.7) 1365/6921 (19.7)

1.00 (0.93 to 1.07)

Endotracheal intubation

205/1136 (18.0)

181/1136 (15.9)

0.97 (0.79 to 1.18)

Supraglottic airway placement

749/6921 (10.8)

699/6921 (10.1)

0.89 (0.81 to 0.99)

Endotracheal intubation

116/1136 (10.2)

77/1136 (6.8)

0.75 (0.56 to 1.00)

Favourable functional survival

Non-shockable rhythm
Survival
Supraglottic airway placement 1753/94 470 (1.9) 1918/94 470 (2.0)

1.11 (1.03 to 1.19)

Endotracheal intubation

374/23 551 (1.6)

778/23 551 (3.3)

2.00 (1.74 to 2.30)

Supraglottic airway placement

403/94 470 (0.4)

379/94 470 (0.4)

1.04 (0.90 to 1.21)

Endotracheal intubation

86/23 551 (0.4)

120/23 551 (0.5)

1.46 (1.09 to 1.96)

Favourable functional survival

0.50

0.75 1.00

Favours
no AAM

1.50 2.00
Favours
AAM

Fig 2 | Analysis stratified by type of advanced airway management (AAM) in matched cohort. *Matched control at same
timing of supraglottic airway placement or endotracheal intubation. †Adjusted for prefecture preference categories
for performing supraglottic airway placement and endotracheal intubation, year, season, day, time, age, sex, cause
of cardiac arrest, witness category, basic life support by bystander with or without dispatcher instruction, use of
public access defibrillator, pre-hospital involvement of physician, time from call to cardiopulmonary resuscitation
by emergency medical services personnel, defibrillation before matching, and administration of adrenaline before
matching

specially trained emergency life saving technician. As
endotracheal intubation is performed only by these
technicians and they are generally more experienced
and trained than ordinary technicians, this could bias
the results towards favouring AAM. Fourthly, we could
not address potential confounding by indication in
this study. For example, our database did not have
any information about patients’ comorbidities that
could affect the decisions of EMS personnel. If patients
with more significant comorbidities were less likely
to receive interventions including AAM, this could
bias the results towards favouring AAM. In contrast, if
patients were more severely ill before arrest and more
likely to have received AAM, this confounding could
favour better outcomes in the no AAM group.

Meaning of study: possible explanations and
implications for clinicians and policy makers
In this study, we separated our original cohort by
the first documented electrocardiographic rhythm
because the international guidelines suggest different
approaches in the algorithms for shockable and nonshockable rhythms.20 21 Although the association in our
sequential matching analysis was much weaker than
the associations in the original cohort analysis and the
traditional propensity score matching analysis, AAM
was not associated with better one month survival and
was still associated with a lower chance of favourable
functional survival among patients with shockable
rhythm. Among patients with non-shockable rhythm,
in contrast, AAM was associated with better survival.
Similarly, in a recent observational study of in-hospital
cardiac arrest, a significant interaction affecting the
the bmj | BMJ 2019;364:l430 | doi: 10.1136/bmj.l430

primary outcome, survival to hospital discharge, was
seen between patients with initial shockable and
non-shockable rhythms.14 On the basis of our results,
different airway management strategies for shockable
and non-shockable rhythms should be more strongly
emphasised; immediate defibrillation and continuous
chest compression rather than ventilatory support
are essential for patients with shockable rhythm, as
recommended in the guidelines,20 21 whereas those
with non-shockable rhythm could benefit from delivery
of oxygen with protected airway ventilation.

Unanswered questions and future research
A recently published randomised controlled trial, in
which all pre-hospital endotracheal intubation was
done by experienced emergency physicians with a
very low intubation failure proportion of 2%, failed
to show non-inferiority of bag-valve-mask ventilation
relative to endotracheal intubation, but bag-valvemask ventilation was associated with complications
such as regurgitation.7 Two recent randomised
controlled trials compared pre-hospital supraglottic
airway placement and endotracheal intubation
during cardiopulmonary resuscitation.33 34 One
showed that supraglottic airway placement was not
significantly superior to endotracheal intubation,33
whereas the other reported that supraglottic airway
placement was more effective in terms of patient
outcomes than endotracheal intubation.34 In the
second trial, however, the proportion of successful
initial endotracheal intubation was low at 51%.34 35
These results imply that the findings of future trials
conducted under circumstances that allow for
9
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Adjusted risk
ratio† (95% CI)
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Conclusions
In this study of 310 620 cases of out-of-hospital cardiac
arrest in adults in a Japanese nationwide, population
based out-of-hospital cardiac arrest registry, results
differed according to the patient’s first documented
electrocardiographic rhythm. After time dependent
propensity score sequential matching, AAM was
not associated with survival in the shockable cohort
but was associated with better survival in the nonshockable cohort. When we did not account for the
timing of AAM and used multivariable regression or
traditional propensity score matching, the associations
suggested an unfavourable effect of AAM and were
similar to the results of previous observational studies.
Our findings suggest that different airway management
strategies should be emphasised on the basis of initial
electrocardiographic rhythm. Our results also imply
that we should account for the timing of interventions
in observational research.
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