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observational study of prehospital airway
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ABSTRACT

Objectives Many registry studies on patients with
out-of-hospital cardiac arrest (OHCA) have reported
that conventional bag-valve-mask (BVM) ventilation is
independently associated with favourable outcomes. This
study aimed to compare the data of patients with OCHA
with confirmed cardiac output on emergency medical
services (EMS) arrival and consider the confounding
factors in prehospital airway management studies.
Methods This was a cohort study using the registry
data for survivors after out-of hospital cardiac arrest in
the Kanto region at 2012 in Japan (SOS-KANTO 2012).
Survivors who received advanced airway management
(AAM) group and a BVM group were compared for
confirmed cardiac output on EMS arrival and neurolgical
outcome at 1 month. Favourable neurological outcome
was defined as a score of one or two on the Cerebral
Performance Categories Scale. Multivariable logistic
regression was used to adjust the neurological outcome
by age, gender, cardiac aetiology, witnessed arrest,
shockable rhythm, cardiopulmonary resuscitation
performed by a bystander, BVM at prehospital ventilation

and presence of confirmed cardiac output on EMS arrival.

Results A total of 16452 patients were enrolled in
the SOS-KANTO 2012 study, and of those data 12867
were analysed; 5893 patients comprised the AAM
group and 6974 comprised the BVM group. Of the
study participants, 386 (2.9%) had confirmed cardiac
output on EMS arrival; 340 (2.6%) of the entire study
group had a favourable neurological outcome. The
proportion of patients with confirmed cardiac output
on EMS arrival was significantly higher in the BVM
group (272:3.9%) than in the AAM group (114: 1.9%)
(95% CI: 1.65 to 2.25). The proportion of patients with
favourable neurological outcomes was 30% (117/386)
in those with cardiac output on EMS arrival compared
with 1.8% (223/12481) in those without. The OR for

a good neurological outcome with BVM decreased
from 3.24 (2.49 to 4.20) to 2.60 (1.97 to 3.44) when
confirmed cardiac output on EMS arrival was added to
the multivariable model analysis.

Conclusion Confirmed cardiac output on EMS arrival
should be considered as confounding by indication in

observational studies of prehospital airway management.

What is already known on this subject

» Several registry studies on patients with out-
of-hospital cardiac arrest (OHCA) reported that
conventional bag-valve-mask (BVM) ventilation
is independently associated with favourable
outcome.

» Confounding factors in prehospital airway
management studies should be considered in
order to identify the best method of managing
prehospital airway.

What this study adds

» Analysing a registry of survivors after OCHA
in the Kanto region at 2012 in Japan, we
found a significant difference in the proportion
of confirmed cardiac output on emergency
medical services (EMS) arrival between those
who received BVM group compared with those
in the advanced airway management group
and neurological outcome of patients with
confirmed cardiac output on EMS arrival was
remarkably good.

» Confounding by indication should be
considered in observational studies of
prehospital airway management.

INTRODUCTION

Airway management is one of the most important
resuscitation skills and involves the use of several
techniques, such as bag-valve-mask (BVM) venti-
lation, or advanced airway management (AAM)
such as supraglottic airway and tracheal intubation.
Many registry studies on patients with out-of-hos-
pital cardiac arrest (OHCA) have shown that
AAM is independently associated with unfavour-
able outcome compared with conventional BVM
ventilation. Two studies of patients with cardiac
aetiology' or with non-traumatic cardiac arrest*
found that BVM was associated with survival to
discharge. Other studies reported that AAM was
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independently associated with decreased odds of favourable
neurological outcome compared with BVM.® * Evans et al
showed that AAM was significantly associated with decreased
odds of surviving to hospital discharge in traumatic patients and
indicated that the relationship between treatment with AAM and
poor outcome is biased by the uncontrolled confounding effect
of injury severity.” Other confounders were proposed to be the
skill of the emergency medical service (EMS) personnel, indica-
tions for AAM,® the timing of insertion of AAM” and resuscita-
tion time bias.® However, data to confirm whether these factors
are confounders have not been reported.

Time interval for whole brain ischaemia has been reported to
be critical in determining the outcome of patients with OHCA.” '
Hence, whether patients have confirmed cardiac output on EMS
arrival or not may be related to outcomes. However, whether
the patient has confirmed cardiac arrival on arrival of EMS is
not in the core data of Utstein variables'' '* and has not been
investigated as a possible confounder in prior investigations of
prehospital cardiac arrest (CA) management.

This study aimed to determine whether patients who have
better outcomes and received BVM are more likely to have had
cardiac output (and therefore a better prognosis) at the time of
EMS arrival.

METHODS

In the Japanese EMS system, the ambulance crew consists of
three EMS members, including at least one emergency lifesaving
technician (ELST)." " ELSTs can perform several resuscita-
tive techniques with online medical supervision, including the
operation of a semi-automated external defibrillator, insertion
of supraglottic airway devices (laryngeal mask airway, laryngeal
tube and oesophageal-tracheal twin lumen airway device) and
intubation and intravenous administration of epinephrine. In
Japan, ‘the national protocol of prehospital management of CA
for ELSTS’ is standard practice. AAM is only indicated in patients
with confirmed cardiac or respiratory arrest.”” In Japanese
prehospital protocol patients with confirmed cardiac output on
arrival to EMS are often treated with BVM ventilation.

We conducted a registry study with follow-up of adult (=18)
victims of OHCA in the Kanto region (SOS-KANTO) in 2012."
This study was planned and conducted to gather prehospital and
inhospital records of patients with CA who were transported
to one of the 67 emergency hospitals in the Kanto region of
Japan between January 2012 and March 2013. In this study,
EMS providers collected the prehospital information in a stan-
dardised Utstein style.!* In addition, physiological variables
present on arrival of the EMS were recorded. These data were
signs of cardiac output, spontaneous respiration, pupil diameter
and light reflex. Signs of cardiac output was defined as detect-
able pulse in the internal carotid artery. The SOS-KANTO 2012
study was approved by the relevant institutional review boards
of 67 hospitals that participated. The review boards waived the
need for written informed consent.

Patients with traumatic CA were included. Those who were
transferred from another hospital and those in a persistent
vegetative state before CA were excluded from the study. An
emergency dispatcher confirmed the CA from a bystander by
telephone, based on the 2010 Japan Resuscitation Council
Guidelines,'® the same as the 2010 International Consensus on
Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care Science with Treatment Recommendations.'”

Institutional researchers gathered the data on neurological
outcomes of surviving patients within 1month. Neurological

outcomes were evaluated using the Cerebral Performance Cate-
gories (CPC) Scale.!! Responses were scored as follows: CPC 1,
good cerebral performance; CPC 2, moderate cerebral disability;
CPC 3, severe cerebral disability; CPC 4, coma/vegetative state
and CPC 3, death. Favourable neurological outcome was defined
as CPC 1 or2.*

DATA ANALYSIS

The cohort was divided into two groups: AAM group (usage
of supraglottic airway or intubation) and BVM group. We
compared the following data: age, gender, aetiology of
CA, witnessed arrest, cardiopulmonary resuscitation (CPR)
performed by a bystander, initial cardiac rhythm moni-
tored by EMS providers,and confirmed cardiac output on
EMS arrival. Confirmed cardiac output on EMS arrival was
defined as a case where the patient had CA at call receipt
and confirmed cardiac output (with detectable pulse in the
internal carotid artery) immediately on arrival of the EMS.
In this study, time interval of CA was not evaluated since
the time of return of spontaneous circulation (ROSC) could
not be accurately determined in patients with confirmed
cardiac output on EMS arrival. Patients who had missing
data elements for the period before EMS performed airway
management were excluded from the analyses.

Baseline patient characteristics between the two airway
management groups were compared using a %” test or Fish-
er’s exact test for discrete variables, and a t-test or Mann-
Whitney U test for continuous variables. Neurological
outcomes of patients with and without confirmed cardiac
output on EMS arrival were compared in the same way.
Univariate logistic regression of favourable neurological
outcome in patients with OHCA with BVM was achieved.
We performed a multivariable logistic regression to calcu-
late the OR and 95% CI for favourable or poor neurological
outcomes at 1 month adjusted by age, gender, cardiac aeti-
ology, witnessed arrest, shockable rhythm, CPR performed
by a bystander, BVM at prehospital ventilation and with or
without confirmed cardiac output on EMS arrival. These
variables were selected a priori, after referring to other
studies.'™ Age was fitted as a continuous variable.

The level of significance was set at p<0.05. Analyses were
performed using SPSS (V.16; SPSS, Chicago, Illinois, USA) statis-
tical software packages.

RESULTS

A total of 16452 (100%) patients with CA were enrolled in
the SOS-KANTO 2012 study, and 3585 (21.8%) patients were
excluded from the analysis; 554 (3.4%) did not meet the inclu-
sion criteria and the remaining 3031 (18.4%) had incomplete
data for analysis. Therefore, data for this analysis were avail-
able in 12867 (78.2%) patients; 5893 (35.8%) patients in the
AAM group, and 6974 (42.4%) in the BVM group (figure 1).
Of the study participants, there were 386 (2.9%) patients with
confirmed cardiac output on EMS arrival; 340 (2.6%) of those
had favourable neurological outcomes.

The AAM group was significantly (p<0.001) older at
72.0+15.8 (mean=SD) than that of BVM (70.2+17.5) (table 1
and figure 2). There were more patients in AAM with cardiac
aetiology, who received CPR by a bystander and who had shock-
able rhythm on arrival by EMS than the BVM group. The BVM
group had a significantly higher incidence of confirmed cardiac
output on EMS arrival at 272 (3.6%) compared with the AAM
group at 114 (1.9%) (p<0.0001). The AAM group showed
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16,452 cardiacarrest patients

554 excluded by criteria

+288 age< 18y orunknown

+256 transferred from another hospital

+10 persistent vegetative state priorto CA

3,031 excluded by missing data

+1542 confirmed cardiac output on EMS arrival
+462 etiology of CA

*8 wittnesed arrest or not

+50 bystanderCPR

+195 initial rhythm

*651 airway management

*123 outcome

12,867 study patients
5,893 6,974
Advanced Airway Bag-Valve-Mask
Management Ventilation patients
patients
Figure 1  Flow diagram of the study population. CA, cardiac arrest;

EMS, emergency medical services; CPR, cardiopulmonary resuscitation.

lower survival rates and poorer neurological outcomes (table 1
and figure 2).

Among patients with confirmed cardiac output on EMS
arrival, 30.3% (117/386) had a favourable neurological
outcome, whereas neurological outcome was favourable in only
1.8% (223/12 481) in those without cardiac output on EMS
arrival. Patients with confirmed cardiac output on EMS arrival
had considerably higher rates of good neurological outcomes
than those without confirmed cardiac output on EMS arrival
(table 2).

Univariate logistic regression of good neurological outcome
in patients with OHCA who received BVM gave an OR of 2.43
(95% CI: 1.91 to 3.19). In the multivariate model that did not

Years p<0.0001 % p<0.0001 p<0.0001

80
680 40

0 m 0 0

40
20
20
Cardiac etiology Bystander CPR

Age (years: mean=so)

% p<0.0001

10 p<0.0001 0 p<0.0001 10
8 8
E 6
2 4
2 2
0 0 0

Initial rhythm Confirmed cardiac output Good neurological
VF/pulseless VT on EMS arrival outcome at 1 month

NoA e ®

Figure 2 Graphs with elements, which showed significant differences
in table 1. AAM, advanced airway management group; BVM, bag-
valve-mask ventilation group; CA, cardiac arrest; CPR, cardiopulmonary
resuscitation; EMS, emergency medical services; VF, ventricular
fibrillation; VT, ventricular tachycardia.

include whether or not cardiac output was present, the OR for
good neurological outcome with BVM was 3.24 (2.49 to 4.20),
but this was reduced to 2.60 (1.97 to 3.44) when confirmed
cardiac output on EMS arrival was added to the multivariable
model analysis (table 2).

DISCUSSION

In this study, patients who received BVM had a better neuro-
logical outcomes than those who had AAM. However, the
proportion of patients with confirmed cardiac output on
EMS arrival was significantly higher in the BVM group than
in the AAM group. Neurological outcomes in patients with
confirmed cardiac output on EMS arrival was remarkably
good and this characteristic had a significant positive associ-
ation with favourable neurological outcomes in a multivari-
able logistic regression.

The outcome of patients with OHCA depends on the dura-
tion of circulatory arrest. Komatsu et al reported that short-
ening the time interval from receiving a call until ROSC was
the only important independent factor to achieve good neuro-
logical outcomes in patients with CA.? Soga et al reported that
the short interval from the time of collapse until ROSC was
an essential factor to achieve good neurological outcomes in
patients with OHCA treated with therapeutic hypothermia.'®
Patients with confirmed cardiac output on EMS arrival will

Table 1 Data comparison between the advanced airway management group and the bag-valve-mask ventilation group

Advanced airway management  Bag-valve-mask (BVM) ventilation

(n=5893) (n=6974) 95%Cl P value
Age (years); median (25-75 percentile) 76 (64-84) 74 (60-83) 0.99 to 1.00 <0.0001
Gender (% male) 3599 (61.0) 4185 (60.0) 0.891t01.03 0.2250
Cardiac aetiology (%) 3116 (52.9) 3263 (46.8) 0.73100.84 <0.0001
Witnessed arrest (%) 2889 (49.0) 3333 (47.8) 0.89 10 1.02 0.1670
Bystander CPR (%) 2245 (38.1) 2269 (32.5) 0.731t00.84 <0.0001
Initial rhythm VF/pulseless VT (%) 468 (7.9) 442 (6.3) 0.69 to 0.90 <0.0001
Confirmed cardiac output on EMS arrival (%) 114 (1.9) 272 (3.9) 1.65 to 2.57 <0.0001
Good neurological outcome at 1 month (%) 89 (1.5) 251 (3.6) 1.91t0 3.19 <0.0001

CPR, cardiopulmonary resuscitation; EMS, emergency medical services; VF, ventricular fibrillation; VT, ventricular tachycardia.
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more likely experience a shorter duration of arrest, and it may be
anticipated that these patients may consequently have improved
neurological outcomes. In this study, the neurological outcomes
of patients with confirmed cardiac output on EMS arrival was
remarkably good and independently associated with a favour-
able neurological outcome, with a significant OR. Furthermore,
when confirmed cardiac output on EMS arrival was accounted
for in the logistic regression, the association between AAM and
poorer neurological outcome decreased. This may explain prior
findings on the association of AAM and poorer outcome.'™ It
would not be surprising that, if patients already have confirmed
cardiac output on arrival of EMS, intubation might be withheld.
This suggests that confirmed cardiac output on EMS arrival
should be a potential confounder.

It is of interest that this finding has not been reported in
prior studies. In all registry studies'™ in which AAM was inde-
pendently associated with unfavourable outcomes, outcomes
were adjusted for age, aetiology, CPR by an initial bystander
rhythm, rhythm on EMS arrival and other confounding
factors. However, no study has considered the presence of
cardiac output. Our findings suggest that confirmed cardiac
output on EMS arrival could be considered as an unmeasured
confounder in these prior studies, going forward, confirmed
cardiac output on EMS arrival should be recorded in regis-
tries and included in studies to help determine the best method
of managing the airway of patients who experience OHCA.
Adding it to the core data reported using the Utstein style may
also be important.

Izawa et al reported that AAM was associated with survival
only among patients with non-shockable rhythms, and suggested
that the reason that their results differed from that of the study
by Hasegawa et al was due to resuscitation time bias.® However,
they excluded patients with missing data in time-dependent
variables, including ROSC. Usually, ROSC time with confirmed
cardiac output on EMS arrival may be undetermined, and many
patients with this characteristic might have been excluded by
this criterion in the study by Izawa et al. This suggests that we
should consider confirmed cardiac output on EMS arrival as a
clear confounder and should perform analyses with this element
in a prehospital study.

This study has several limitations. A considerable number of
patients were excluded due to missing values in the registration
study. It is likely that outcome was influenced by other unre-
corded variables.

In this study, duration of CA was not evaluated since time
of ROSC could not be accurately determined in patients with
confirmed cardiac output on EMS arrival. ROSC may occur at
some time between the emergency call and the arrival of the
ambulance team, but most bystanders are laypersons and are
unable to determine the time of ROSC accurately. The method
used in confirming that all patients with confirmed cardiac
output on EMS arrival actually experienced CA is another
concern. Emergency dispatchers diagnosed CA based on the
guidelines; however, this depended on information from a
layperson and by telephone. Bahr et al reported that laypersons
have poor skills in checking the carotid pulse.’® A dispatcher
cannot accurately distinguish whether the patient experienced
CA or not at call receipt and there is no standard method of
recording this in registry studies. These patients would never-
theless have been placed in a registry. This limitation exists in all
prior OHCA studies. We suggest that confirmed cardiac output
on EMS arrival should be at least recorded and evaluated with
the possibility that a significant proportion of these patients may
never have been in CA at all and would, consequently, have been
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expected to have better neurological outcomes than even those
with the shortest CA interval.

CONCLUSION

Presence or absence confirmed cardiac output on EMS arrival
can introduce bias into OHCA studies, potentially leading to
confounding by indication on the choice of airway management.
This should be considered when evaluating the effectiveness of
prehospital airway management.
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