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Abstract

Aim: To investigate the relationship between prehospital advanced airway manage-
ment (AAM) and neurological outcomes in patients with asphyxia-related out-of-
hospital cardiac arrest (OHCA).

Methods: We retrospectively analyzed data from the Japanese Association for Acute
Medicine OHCA registry between June 2014 and December 2017. Patients with
asphyxia-related cardiac arrest aged 218 years were included. The primary outcome
was a l-month favorable neurological outcome (cerebral performance category
[CPC] 1-2).

Results: Of the 34,754 patients in the 20142017 JAAM-OHCA Registry, 1956 were
included in our analysis. Cerebral performance category 1-2 was observed in 31 pa-
tients (1.6%), while CPC 3-5 was observed in 1925 patients (98.4%). Although pre-
hospital AAM was associated with unfavorable neurological outcomes (odds ratio
[OR], 0.269; 95% confidence interval [CI], 0.114-0.633; p=0.003) in the univariate
analysis, the association was not significant in the multivariate analysis. Compared
with the AAM group, the non-AAM group showed increased rates of cardiac arrest
after emergency medical service contact (4.3 vs. 7.2%, p=0.009) and Glasgow Coma
Scale 24 at hospital admission (1.9% vs. 4.7%, p=0.004). Among the 903 patients for
whom the time to return of spontaneous circulation (ROSC) could be calculated, the
time from witnessed cardiac arrest to ROSC was significantly shorter (median, 8.5
vs. 37.0 min; p <0.001) for those with favorable neurological outcomes than for those
without.

Conclusion: Prehospital AAM is not associated with improved neurological out-
comes among those with asphyxia-related OHCA. However, the time from car-
diac arrest to the first ROSC was significantly shorter among those with favorable
outcomes.

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is a major public
health issue in developed countries, with approximately
126,000 annual cases in Japan." Asphyxia is a prevalent
extra-cardiac cause of arrest, accounting for approximately
16.5% of cases.” A recent population survey by the Ministry

of Health, Labor, and Welfare reported approximately 8000
deaths per year due to accidental asphyxia.> Although the
rate of primary return of spontaneous circulation (ROSC)
is relatively higher for asphyxia-related OHCA than for car-
diac arrest due to other causes, the survival rate is lower."
Furthermore, patients with asphyxia-related cardiac arrest
are unlikely to achieve a favorable neurological outcome,
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even if they survive.” Several factors—such as younger age,
presence of witnesses during cardiac arrest, early emergency
medical service (EMS) response time, presence of pupil light
reflex, corneal reflex, and early ROSC—have been iden-
tified as predictors of a favorable neurological outcome in
asphyxia-related cardiac arrest.> Although early EMS re-
sponse (call to contact with patients) has been associated
with favorable neurological outcomes,” it remains unclear
which EMS-related procedures lead to improved outcomes
among those with asphyxia-related OHCA.

Cardiac arrest caused by asphyxia should be treated im-
mediately by removing any foreign bodies from the airway
while providing basic life support.® In a report on foreign
body removal in asphyxia cases, the most favorable neuro-
logical outcome was observed when a bystander performed
the removal procedure at the scene, followed by the proce-
dure performed after the arrival of EMS at the scene; con-
versely, the worst outcome was reported when the removal
procedure was performed after arrival at the hospital.”
Whether bag valve mask or advanced airway management
(AAM) techniques—such as endotracheal intubation or la-
ryngeal mask/tube insertion—are more effective for OHCA
remains controversial.®

Therefore, this study aimed to examine the relationship
between AAM provided by EMS and neurological outcomes
in patients with asphyxia-related OHCA.

MATERIALS AND METHODS
Study design and setting

This observational study used data from the OHCA regis-
try of the Japanese Association for Acute Medicine (JAAM).
This registry is a multicenter, prospective registry of patients
with OHCA transported to critical care medical centers or
hospitals with an emergency care department across Japan
(JAAM-OHCA registry). The study period was from June 1,
2014, to December 31, 2017.

JAAM-OHCA registry

The JAAM-OHCA registry is a nationwide prospective reg-
istry that was established to improve OHCA-related out-
comes.’ The registry includes 295 critical care medical centers
certified by the Ministry of Health, Labor, and Welfare as
institutions capable of performing highly specialized care.
The registry was initiated on June 1, 2014, and continues to
collect data without a date of termination.” Methods for data
collection, quality control, and combining prehospital and
in-hospital information have been described previously.”
In this registry, the cause of cardiac arrest is classified into
cardiac (acute coronary syndrome, other heart diseases, and
presumed cardiac cause) and noncardiac (cerebrovascular
diseases; respiratory diseases; malignant tumors; and exter-
nal causes, including traffic injury, falls, hanging, drowning,

asphyxia, drug overdose, or any other external cause). Out-
of-hospital cardiac arrest was presumed to be of medical
origin unless it was caused by trauma, including falls, hang-
ing, drowning, drug overdose, or asphyxia. The registry was
approved by the Ethics Committee of Kyoto University, and
each participating hospital approved the JAAM-OHCA reg-
istry protocol as necessary.

Emergency medical service system in Japan

Details regarding the EMS system and registry in Japan have
been described previously." Prehospital resuscitation data
were obtained from the All-Japan Utstein Registry of the
Fire and Disaster Management Agency (FDMA). The FDMA
prospectively collects data following the recommended
Utstein-style international guidelines for reporting OHCA.'
Data related to witness status, bystander-initiated cardio-
pulmonary resuscitation (CPR), use of public-access auto-
mated external defibrillators, dispatcher instructions, first
documented rhythm, AAM, intravenous fluid, adrenaline
administration, and resuscitation time course are collected.
The data are relayed to the registry system of the FDMA da-
tabase server, following which they are subjected to a verifica-
tion process and confirmed by the implementation working
group. Incomplete forms are returned to the specific fire sta-
tion for completion. Although all emergency life-saving tech-
nicians (ELSTs) can perform the Heimlich maneuver and use
Magill forceps to relieve choking, the details of the removal
procedures are not described in the JAAM-OHCA registry.

The following is a brief description of EMS activities for
OHCA. All EMS field basic life support (BLS) and ELST ad-
vanced life support (ALS) protocols followed the 2015 Japan
Resuscitation Council guidelines."" Once an EMS provider
completes the initial assessment and obtains electrocardio-
gram rhythm, EMS defibrillation is promptly performed.
Only certified ELSTs among EMS providers are authorized
to perform AAM in cases of cardiac or respiratory arrest and
administer adrenaline. Advanced airway management is
considered in scenarios where effective ventilation with a bag
valve mask is difficult, or based on maintaining CPR quality
or logistical aspects of transportation to the hospital. Japan
uses a Medical Control (MC) system, involving fire agencies,
local medical associations, the local government, and emer-
gency hospitals. Nationwide BLS and ALS protocols—per
the Ministry of Health and Labor Welfare's guidelines—are
adopted by regional MC councils according to each region's
conditions."” The ELSTs require online direct verbal permis-
sion from an MC physician for AAM and adrenaline admin-
istration. The ELSTs are not allowed to administer AAM or
adrenaline without a physician's direct order.

Patients

We included patients with asphyxia-related cardiac arrest
and excluded those with other causes of cardiac arrest, as
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defined in the JAAM-OHCA registry. We also excluded pa-
tients younger than 18years of age, those for whom resusci-
tation was not attempted at the hospital, and those lacking
prehospital data.

Outcome measurements

The primary outcome was a favorable neurological survival
at 1 month, which was defined as a cerebral performance
category (CPC) of 1 or 2. As such, CPC 1 denoted good
cerebral performance; CPC 2, moderate cerebral disability;
CPC 3, severe cerebral disability; CPC 4, comatose or veg-
etative state; and CPC 5, death.'® The neurological status of
survivors was evaluated by the medical staff at each institu-
tion 1 month after the event. The secondary outcomes were
the relationship between the time from asphyxia-related
cardiac arrest onset to the first ROSC and neurological
outcomes.

Statistical analysis

Continuous variables are presented as medians with inter-
quartile ranges; such variables were compared using the
Mann-Whitney U-test. Categorical variables were compared
using Fisher's exact test. The Kruskal-Wallis test was used
to compare the neurological outcomes between each initial
cardiac rhythm, and the Steel-Dwass test was used for mul-
tiple comparisons. A multivariate logistic regression analysis
was carried out using a stepwise forward variable selection
method to evaluate the association between AAM and neu-
rological outcomes. The candidate variables for multivariate
logistic regression analysis—using stepwise forward vari-
able selection—were age, sex, witnessed cardiac arrest, by-
stander CPR attempt, initial recorded cardiac arrest rhythm,
dispatcher instruction, AAM provided by EMS, adrenaline
administration by EMS, presence of physician dispatched to
the scene, prehospital ROSC, cardiac arrest occurred after
EMS contact, cardiac rhythm at admission, Glasgow Coma
Scale (GCS) >4 at admission, adrenaline administration
after admission, endotracheal intubation after ED arrival,
therapeutic temperature management, call to EMS contact
with patient, and call to arrival at the hospital. Two-sided
tests were carried out, and p-values of <0.05 were considered
statistically significant. All statistical analyses were under-
taken using SPSS version 25 (IBM Corp.) and EZR (Saitama
Medical Centre, Jichi Medical University), which is a graphi-
cal user interface for R (The R Foundation for Statistical
Computing).

Patient and public involvement
This was a secondary analysis of an existing registry dataset.

Patients or the public were not involved in the design, con-
duct, reporting, or dissemination plans of our research.
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RESULTS

During the study period, documentation was collected for
a total of 34,754 patients with OHCA. We excluded 737
children, 31,825 patients with cardiac arrest caused by fac-
tors other than asphyxia, and 236 patients with missing
EMS data. Finally, 1956 patients were included in the study
(Figure 1A). The neurological outcomes of patients with
asphyxia-related cardiac arrest were as follows: 16 patients
were in CPC 1, 15 in CPC 2, 65 in CPC 3, 168 in CPC 4, and
1692 in CPC 5.

Table 1 shows the characteristics of the included patients
based on their neurological outcomes. Overall, 31 and 1925
patients had favorable and unfavorable neurological out-
comes, respectively. Regarding baseline (prehospital) factors,
patients with favorable neurological outcomes were younger
and more frequently had witnesses at the time of cardiac ar-
rest, bystanders attempting CPR, and physicians dispatched
to the scene and had more frequently experienced prehospi-
tal ROSC and cardiac arrest witnessed by EMS. In contrast,
initial cardiac rhythm with asystole, prehospital AAM, and
prehospital administration of adrenaline were more com-
mon in those with unfavorable outcomes than in those with
favorable outcomes. Patients with favorable neurological
outcomes also had a higher rate of ROSC upon arrival at the
hospital (rather than after hospital admission), higher GCS
scores, higher rates of therapeutic temperature management
on arrival, and lower rates of adrenaline administration after
hospital admission.

Table 2 shows the results of the logistic regression anal-
ysis according to neurological outcomes. Regarding EMS-
provided prehospital care, prehospital AAM provided by
EMS was not significantly associated with favorable neuro-
logical outcomes in the univariate logistic regression analysis
and was also not selected for multivariate analysis. However,
the following factors were associated with neurological out-
comes in the multivariate analysis: prehospital adrenaline
administration, prehospital ROSC, cardiac arrest occurring
after EMS contact, GCS >4 at hospital admission, adrenaline
administration after hospital arrival, and therapeutic tem-
perature management.

Table 3 shows the association between AAM performed
by the EMS team and each factor. In the analysis of pre-
hospital factors, compared with the non-AAM group, the
AAM group showed higher rates of prehospital adrenaline
administration, prehospital ROSC, a longer time from EMS
contact to hospital arrival, and lower rates of cardiac arrest
after EMS contact. In terms of postarrival factors, com-
pared with the non-AAM group, the AAM group showed a
higher rate of ROSC upon arrival, lower rates of ROSC after
hospital arrival, adrenaline administration after arrival,
and intubation after arrival, and lower GCS scores.

To determine whether the time from cardiac arrest to
ROSC and prehospital AAM were associated with neu-
rological outcomes, patients with insufficient data were
excluded; therefore, we excluded 546 patients with unwit-
nessed cardiac arrest, 366 without ROSC, and 141 without a
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(A) OHCASs from 1 June 2014 through December 31, 2017 (B) _____.l n=1956
(n=34,754)
Without cardiac arrest witness
Patients aged < 18 years (n = 546)
(n=1737)
Patients aged = 18 years ~ 1410
(1=34017) z
Patients with a cause of cardiac arrest AbscncE of ROSC
other than asphyxia cardiac arrest (n=366)
(n=31,825)
Cardiac arrest etiology of asphyxia _
(n=2192) n=1044
No description of prehospital
Missing data on pre-hospital care AAM insertion (n = 141)
(n=236)
4
Asphyxial cardiac arrest =903
(n=1956)

V v CPC1 CPC2 CPC3 CPC4 CPC5
cpCl cpC2 cpC3 cpC4 CPCs n-12 n=10 n=33 n=123 =705
n=16 n=15 n=65 n=168 n=1692

FIGURE 1 (A) Flowchart of study participant enrolment. (B) Flowchart showing patient selection for analyses of the relationship between asphyxia-

related out-of-hospital cardiac arrest (OHCA) and time to return of spontaneous circulation (ROSC). AAM, advanced airway management; CPC,

cerebral performance category.

description of prehospital AAM (Figure 1B). A total of 903
patients were included in the analysis examining the associ-
ation between the time course of each factor and neurolog-
ical outcomes (Table 4). The median time from witnessed
cardiac arrest to initial ROSC was 37.0min in all patients
and was significantly shorter in patients with favorable neu-
rological outcomes than in patients with unfavorable out-
comes (8.5 vs. 37.0min, p<0.001). The median time from
the call to contact between the patient and EMS was 8.0 min,
without differences between patients with favorable and un-
favorable neurological outcomes (7.0 vs. 8.0 min, p=0.127).
The median time from patient contact to prehospital AAM
was 7.0min, without differences between patients with fa-
vorable and unfavorable neurological outcomes (7.0 vs.
7.0 min, p=0.856).

The distribution of time between witnessed cardiac ar-
rest to ROSC and neurological outcomes is shown in Table 5.
Among patients with reported times of <10min from car-
diac arrest to first ROSC, 33.3% experienced a favorable neu-
rological outcome. As the time from cardiac arrest to initial
ROSC increased, the rate of favorable neurological outcomes
decreased. Except for one patient, the time from cardiac ar-
rest to initial ROSC was 20 min in all patients who achieved
a favorable neurological outcome. Table 6 shows the distri-
bution of time from witnessed cardiac arrest to prehospital
AAM. The rate of prehospital AAM was low within 10 min
of cardiac arrest. As the time since cardiac arrest increased,
the rate of prehospital AAM remained constant. Only 73

patients (12.4%) underwent prehospital AAM within 20 min
of cardiac arrest, which represents a critical point before
which patients with asphyxia-related cardiac arrest are most
likely to experience a favorable neurological outcome.

DISCUSSION

In this study, we examined the relationship between pre-
hospital AAM and neurological outcomes in patients with
asphyxia-related OHCA. Our analysis revealed no signifi-
cant effect of AAM provided by EMS on neurological out-
comes in these patients. However, the time from cardiac
arrest to the first ROSC was significantly shorter among
those with favorable outcomes.

Although prehospital AAM was associated with worse
neurological outcomes in the univariate analysis, this as-
sociation was not significant in the multivariate analysis.
Notably, GCS scores at hospital admission differed signifi-
cantly between the AAM and non-AAM groups. A GCS
score>4 has been associated with favorable neurological
outcomes in patients with postcardiac arrest syndrome."
Although the JAAM-OHCA registry does not include in-
formation regarding consciousness level at the time of pre-
hospital AAM, patients with GCS >4 at hospital admission
likely experienced improvements in their GCS score during
transport; these patients are more likely to experience ROSC.
As the EMS crew can only perform AAM in patients with
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TABLE 1

Favorable neurological outcome
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Comparison of baseline characteristics of patients with out-of-hospital cardiac arrest due to asphyxia, based on neurological outcomes.

Unfavorable neurological outcome

n=31

Age, median (IQR)

Male sex 16 (51.6)

Witness of cardiac arrest 29 (93.5)

Bystander CPR attempt 27 (87.1)

Initial cardiac rhythm
VE/VT 2(6.5)
PEA 20 (64.5)
Asystole 1(3.2)
Unknown 8 (25.8)

Dispatcher instruction (unknown, n=21) 19 (61.3)

AAM provided by EMS
No 16 (51.6)
Yes 8 (25.8)

Laryngeal tube airway 7(22.6)
Laryngeal mask airway 0(0.0)
Endotracheal intubation 1(3.2)
Unknown 7 (22.6)

Adrenaline administration by EMS 1(3.2)

Presence of physician dispatched to the scene 9(29.0)

Prehospital ROSC 30 (96.8)

Cardiac arrest occurred after EMS contact 9 (29.0)

Cardiac rhythm at admission
ROSC 28 (90.3)
VE/VT 0 (0.0)
PEA 2(6.5)
Asystole 1(3.2)

ROSC after admission 1(3.2)

Adrenaline administration after admission (unknown 1(3.2)

n=2368)

GCS >4 at admission 18 (58.1)
GCSE>2 11 (35.5)
GCSV2=2 12 (38.7)
GCSM=2 14 (45.2)

Endotracheal intubation after ED arrival 19 (61.3)

Therapeutic temperature management 11 (35.5)

ROSC during transportation or after admission 31 (100.0)

74.0 (65.5, 84.0)

n=1925 p-value
81.0 (72.0, 87.0) 0.024
997 (51.8) 0.984
1381 (71.7) 0.004
1173 (60.9) 0.003
<0.001
20 (1.0) 0.282%
729 (37.9) (ref.)
1110 (57.7) <0.001*
66 (3.4) <0.001*
1128 (59.2) 0.856
578 (30.0) 0.002
1074 (55.8)
594 (30.9)
66 (3.4)
414 (21.5)
273 (14.2)
639 (33.2) <0.001
276 (14.3) 0.028
478 (24.8) <0.001
108 (5.6) <0.001
<0.001
347 (18.0)
15 (0.8)
505 (26.2)
1058 (55.0)
924 (48.0) <0.001
1102 (57.2) <0.001
45 (2.3) <0.001
13(0.7) <0.001
13(0.7) <0.001
38 (2.0) <0.001
1345 (69.9) 0.326
108 (5.6) <0.001
1287 (66.9) <0.001

Note: Data are shown as 1 (%), unless otherwise indicated.

Abbreviations: AAM, advanced airway management; CPR, cardiopulmonary resuscitation; ED, emergency department; EMS, emergency medical services; GCS, Glasgow
Coma Scale; IQR, interquartile range; ref., reference; VF, ventricular fibrillation; VT, ventricular tachycardia.

*The Kruskal-Wallis test was used to compare the neurological outcome between each initial cardiac rhythm, and the Steel-Dwass test was used for multiple comparisons.
These p values were calculated by comparing pulseless electrical activity (PEA) and the other cardiac rhythms.

cardiac arrest or respiratory arrest, it is possible that AAM
could not be performed in patients who resumed sponta-
neous breathing during treatment provided by EMS. Given
that patients with GCS scores >4 may have resumed sponta-
neous breathing, prehospital AAM is not indicated in this
group that was predicted to have a favorable neurological

outcome. There were fewer cases of prehospital AAM among
patients who experienced cardiac arrest following contact
with EMS, and these patients experienced more favorable
neurological outcomes based on our analysis. The higher
percentage of patients with a favorable neurological outcome
in the non-AAM group could reflect the fact that patients
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TABLE 2 Logistic regression analysis of favorable neurological outcomes in patients with out-of-hospital cardiac arrest due to asphyxia.

Unadjusted odds Adjusted odds
Ratio (95% CI) Ratio (95% CI)

Characteristic n=1956 p-value n=1658 p-value
Age (years), n=1956 0.978 (0.958-0.999) 0.037 - -
Male sex, n=1956 1.007 (0.495-2.049) 0.984 - -
Cardiac arrest witnessed, n=1956 5.712 (1.358-24.019) 0.017 - -
Bystander CPR attempt, n=1956 4.327 (1.508-12.416) 0.006 - -
Initial recorded cardiac arrest rhythm, n=1956

VF or pulseless VT 111.000 (9.667-1274.58) <0.001 - -

PEA 30.453 (4.078-227.400) 0.001 - -

Asystole 1.000 (ref.) <0.001 - -

Unknown 134.545 (16.581-1091.749) <0.001 - -
Dispatcher instruction, n=1935 1.089 (0.526-2.257) 0.818 - -
AAM provided by EMS, n=1676 0.269 (0.114-0.633) 0.003 - -
Adrenaline administration by EMS, n=1956 0.067 (0.009-0.493) 0.008 0.057 (0.007-0.450) 0.007
Presence of physician dispatched to the scene, n=1956 2.444 (1.114-5.364) 0.026 - -
Prehospital ROSC, n=1956 90.816 (12.352-667.726) <0.001 10.368 (1.130-95.175) 0.039
Cardiac arrest occurred after EMS contact, n=1956 6.883 (3.094-15.309) <0.001 4.075 (1.158-14.347) 0.029
Cardiac rhythm at admission, n=1956

ROSC 85.372 (11.573-629.769) <0.001 - -

VF or pulseless VT - - - -

BEVA 4.190 (0.379-46.317) 0.243 - -

Asystole 1.000 (ref.) <0.001 - -
GCS >4 at admission, n=1956 57.846 (26.724-125.212) <0.001 7.199 (2.487-20.836) <0.001
Adrenaline administration after admission, n=1951 0.010 (0.001-0.076) <0.001 0.070 (0.008-0.626) 0.017
Endotracheal intubation after ED arrival, n=1956 0.683 (0.329-1.416) 0.305 - -
Therapeutic temperature management, n=1956 9.523 (4.324-19.804) <0.001 6.682 (2.235-19.978) 0.002
Call to EMS's contact with patient (min), n=1956 0.896 (0.772-1.040) 0.156 - -
Call to arrival at the hospital (min), n=1951 0.994 (0.966-1.023) 0.674 - -

Abbreviations: AAM, advanced airway management; CI, confidence interval; CPR, cardiopulmonary resuscitation; ED, emergency department; EMS, emergency medical
services; GCS, Glasgow Coma Scale; PEA, pulseless electrical activity; ref., reference; ROSC, return of spontaneous circulation; VF, ventricular fibrillation; VT, ventricular

tachycardia.

showed signs of ROSC during transport. While these results
suggest that prehospital AAM does not lead to an unfavor-
able neurological outcome, AAM might be more common
among patients who do not show signs suggestive of a favor-
able neurological outcome and among those more likely to
have unfavorable neurological outcomes.

To explore the association between time from asphyxia-
related cardiac arrest to initial ROSC and neurological out-
comes, we limited our analysis to cases of witnessed cardiac
arrest, ROSC, and patients with or without prehospital
AAM (Table 5). Rates of favorable neurological outcomes
decreased as the time from the onset of asphyxia-related
cardiac arrest increased. In all but one patient, unfavor-
able neurological outcomes were observed when initial
ROSC was not achieved within 20 min of cardiac arrest.
Unfavorable neurological outcomes after cardiac arrest re-
suscitation are reportedly associated with longer no-flow

and low-flow intervals."* In the same study, the median
low-flow interval among patients who achieved a favorable
neurological outcome was 13 min. Given that the initial car-
diac rhythm in the study was shockable, many etiologies of
cardiac arrest were likely included. The median time from
cardiac arrest to ROSC with favorable neurological out-
come in our study was 8.5min (Table 4). Asphyxia-related
cardiac arrest can cause more severe brain injury and fewer
cardiac injuries than ventricular fibrillation cardiac arrest
of the same duration."” Taken together, these results sug-
gest that the time from cardiac arrest to ROSC—which was
associated with neurological outcomes in our study—is
shorter for cases of asphyxia-related cardiac arrest than for
cardiac arrest due to other causes.

Regarding the time from witnessed cardiac arrest to pre-
hospital AAM, we observed that AAM was not performed
immediately after cardiac arrest in almost all patients
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TABLE 3
provided by emergency medical services (EMS).
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Characteristics of patients with out-of-hospital cardiac arrest due to asphyxia with or without advanced airway management (AAM)

AAM group Non-AAM group
n=1082 n=594 p-value

Age, median (IQR) 82.0(73.0, 88.0) 81.0 (70.0, 87.0) 0.056
Male sex 549 (50.7) 306 (51.5) 0.798
Witness of cardiac arrest 790 (73.0) 424 (71.4) 0.493
Bystander CPR attempt 652 (60.3) 372 (62.6) 0.346
Initial cardiac rhythm <0.001

VE/VT 13 (1.2) 6 (1.0) -

PEA 423 (39.1) 212 (35.7) -

Asystole 621 (57.4) 337 (56.7) -

Unknown 25(2.3) 39 (6.6) -
Dispatcher instruction (unknown n=11) 641 (59.9) 333 (56.1) 0.146
Adrenaline administration by EMS 487 (45.0) 110 (18.5) <0.001
Prehospital ROSC 310 (28.7) 136 (22.9) 0.011
Cardiac arrest occurred after EMS contact 47 (4.3) 43 (7.2) 0.009
Call to EMS's contact with patients (min), median (IQR) 8.0 (7.0, 10.0) 8.0 (7.0, 10.0) 0.418
Patients' contact by EMS to hospital admission (min), median 24.0 (19.0, 30.0) 20.0 (14.0, 26.0) <0.001

(IQR)

Cardiac rhythm at admission <0.001

ROSC 261 (24.1) 77 (13.0)

VEF/VT 4(0.4) 6 (1.0)

PEA 298 (27.5) 141 (23.7)

Asystole 519 (48.0) 370 (62.3)
ROSC after admission 478 (44.2) 305 (51.3) 0.006
Adrenaline administration after admission (unknown=4) 764 (70.8) 479 (80.8) <0.001
GCS >4 at admission 21(1.9) 28 (4.7) 0.004

GCSE>2 5(0.5) 14 (2.4) 0.001

GCSV>2 3(0.3) 14 (2.4) <0.001

GCSM>2 16 (1.5) 25 (4.2) 0.001
Endotracheal intubation after ED arrival 642 (59.3) 483 (81.3) <0.001
Therapeutic temperature management 59 (5.5) 42 (7.1) 0.198
ROSC during transportation or after admission 746 (68.9) 384 (64.6) 0.081
Outcome

CPC1-2 8(0.7) 16 (2.7) 0.002

Survival 151 (14.0) 74 (12.5) 0.411

Note: Data are shown as 1 (%), unless otherwise indicated.

Abbreviations: CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; ED, emergency department; GCS, Glasgow Coma Scale; IQR, interquartile range;
PEA, pulseless electrical activity; ROSC, return of spontaneous circulation; VF, ventricular fibrillation; VT, ventricular tachycardia.

(Table 5). Analysis of EMS activity indicated that the time
from witness arrest to EMS contact was 8 min, while that
from EMS contact to AAM was 7 min (Table 4). The median
time from cardiac arrest to ROSC—which was associated
with a favorable neurological outcome—was 8.5 min among
our patients with asphyxia-related cardiac arrest. Thus, one
explanation for the lack of an association between prehospi-
tal AAM and improved neurological outcomes is the short
window within ROSC (8.5min), as the time might have

elapsed before EMS contact. Prehospital AAM is likely asso-
ciated with poor outcomes because AAMs are performed for
patients with a high likelihood of poor neurologic prognosis
and a greater time to ROSC. Considering the time required
for EMS activity, it would be difficult to insert an AAM at
approximately 10 min after the onset of asphyxia-related car-
diac arrest — a critical window for ensuring optimal neuro-
logical outcomes, especially for cases in which cardiac arrest
has already occurred before the EMS call. To clarify whether
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TABLE 4  Association between the time course of each factor and neurological outcomes in patients with out-of-hospital cardiac arrest due to
asphyxia.

All CPC1-2 CPC3-5
Time course (min), median (IQR) n=903 n=22 n=881 p-value
From witness
To call 2.0 (0.0, 5.0) 0.0 (=9.3, 1.3) 2.0 (0.0, 5.0) 0.001
Number 898 22 876
To bystander CPR attempt 1.0 (0.0, 5.0) 1.0 (0.0, 3.0) 1.0 (0.0, 5.0) 0.418
Number 520 13 507
To contact by EMS 10.0 (7.0, 14.0) 6.0 (-2.0,9.3) 10.0 (7.0, 14.0) <0.001
Number 898 22 876
To AAM provided by EMS 18.0 (14.0, 23.0) 11.0 (5.3, 15.8) 18.0 (14.0, 23.0) 0.006
Number 593 8 585
To adrenaline administration by EMS 24.0 (18.0, 32.0) 13.0 24.0 (18.0, 32.0) 0.132
Number 363 1 362
To hospital admission 36.5 (29.0, 44.0) 31.5 (24.0, 37.8) 37.0 (30.0, 44.0) 0.017
Number 898 22 876
To ROSC 37.0 (26.0, 47.0) 8.5 (5.5, 14.0) 37.0 (27.0, 47.0) <0.001
Number 903 22 881
From call
To bystander CPR attempt 0.0 (1.0, 2.0) 1.0 (0.0, 2.0) 0.0 (1.0, 2.0) 0.252
Number 522 13 509
To contact by EMS 8.0 (7.0, 10.0) 7.0 (6.0, 9.3) 8.0 (7.0, 10.0) 0.127
Number 903 22 881
To AAM provided by EMS 16.0 (13.0, 19.0) 15.0 (11.3, 20.8) 16.0 (13.0, 19.0) 0.558
Number 593 8 585
To adrenaline administration by EMS 22.5(18.0, 29.0) 13.0 23.0 (18.0, 29.0) 0.087
Number 368 1 367
To hospital admission 34.0 (29.0, 41.0) 33.0(26.8, 40.0) 34.0 (29.0, 41.0) 0.587
Number 901 22 879
To ROSC 35.0 (25.0, 44.0) 10.0 (9.0, 16.3) 35.0 (25.5, 54.0) <0.001
Number 903 22 881
From contact by EMS
To AAM provided by EMS 7.0 (5.0, 11.0) 7.0 (6.0, 10.5) 7.0 (5.0, 11.0) 0.856
Number 593 8 585
To adrenaline administration by EMS 14.0 (10.0, 20.0) 7.0 14.0 (10.0, 20.0) 0.152
Number 368 1 367
To hospital admission 23.0 (17.0, 29.0) 19.5 (14.5, 28.0) 23.0 (17.0, 29.0) 0.184
Number 903 22 881
To ROSC 27.0 (16.0, 35.0) 3.5(3.0,9.3) 27.0 (17.0, 36.0) <0.001
Number 903 22 881
From AAM provided by EMS
To hospital admission 16.0 (10.0, 21.0) 11.5 (10.3, 13.0) 16.0 (10.0, 21.0) 0.072
Number 593 8 585
To ROSC 18.0 (9.0, 27.0) 1.0 (1.5, 4.3) 18.5 (10.0, 28.0) <0.001
Number 590 8 582
From adrenaline administration by EMS
To hospital admission 10.0 (3.0, 17.0) 13.0 10.0 (3.0, 17.0) 0.788

Number

368

367
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TABLE 4 (Continued)

All
Time course (min), median (IQR) n=903
To ROSC 7.0 (4.0, 15.0)
Number 368
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CPC1-2 CPC3-5

n=22 n=3881 p-value
3.0% 7.0 (4.0, 15.0) 0.242
1 367

Abbreviations: AAM, advanced airway management; CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; EMS, emergency medical services; IQR,

interquartile range; ROSC, return of spontaneous circulation.
"Of the 22 patients who obtained CPC 1-2, only one case received adrenaline from EMS.

TABLE 5 Distribution of time from witnessed out-of-hospital cardiac arrest due to asphyxia to return of spontaneous circulation (ROSC), according

to neurological outcome.

Time from witnessed cardiac arrest to ROSC (min)

0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
>61

All CPC 1-2, n (%)
n=903 n=22
15 5(33.3)
24 8(33.3)
36 6 (16.7)
64 2(3.1)
72 0(0.0)
110 0(0.0)
104 0(0.0)
108 0(0.0)
110 0(0.0)
75 1(1.3)
61 0(0.0)
47 0(0.0)
77 0(0.0)

CPC3-5
n=_3881
10

16

30

62

72

110
104
108
110

74

61

47

77

Abbreviation: CPC, cerebral performance category.

TABLE 6 Distribution of time from witnessed out-of-hospital cardiac arrest due to asphyxia to prehospital advanced airway management (AAM).

Time from witnessed cardiac arrest to prehospital AAM (min)

0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
=61

AAM, n=589
n (%)
2(0.3)
4(0.7)
20 (3.4)
47 (8.0)
56 (9.5)
69 (11.7)
68 (11.5)
67 (11.4)
75 (12.7)
55 (9.3)
40 (6.8)
31 (5.3)
55 (9.3)
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prehospital AAM improves outcomes among those with
asphyxia-related cardiac arrest, additional studies should
aim to compare AAM insertion and non-insertion groups
under the same temporal conditions.

Our study had some limitations. Research indicates that
the removal of foreign body objects by bystanders and EMS
is extremely important in determining the outcome of as-
phyxia. However, the registry used in the current study
does not include this information.” Similarly, the time at
which the choking incident was witnessed is not provided
in the registry. Although cases of witnessed cardiac arrest
are specified, the registry does not contain data related to
the time required for asphyxia to progress to cardiac arrest.
Third, it is unclear what caused asphyxiation in each case
(e.g., food, vomit, etc.) and the region of anatomical sites of
asphyxiation.'® Fourth, some MCs set atime window of ap-
proximately 2 min to evaluate patient responsiveness to BLS
before AAM insertion, but it varies from region to region.
Even this short evaluation time could be disadvantageous
for asphyxia-related OHCA patients who are likely to have
anarrow therapeutic window. When considering the impact
of the time between contact and AAM insertion, it is nec-
essary to account for regional differences in this evaluation
time; however, the impact of these time differences on the
overall dataset is unknown.

CONCLUSION

The current results indicate that prehospital AAM is not as-
sociated with improved neurological outcomes in patients
with asphyxia-related OHCA. However, the time from car-
diac arrest to the first ROSC was significantly shorter among
those with favorable outcomes. Considering the time re-
quired for EMS activity (encompassing the EMS call, time to
first contact with EMS, and time to AAM), the critical win-
dow for improving neurological outcomes may have closed
by the time of prehospital AAM. This could explain the lack
of improvement in prognosis.
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