Medicine

OBSERVATIONAL STUDY

Epidemiology, Risk Factors, and Outcomes of Out-of-
Hospital Cardiac Arrest Caused by Stroke

A Population-Based Study

Tatsuma Fukuda, MD, Naoko Ohashi-Fukuda, MD, Yutaka Kondo, MD, PhD,
Toshiki Sera, MD, PhD, Kent Doi, MD, PhD, and Naoki Yahagi, MD, PhD

Abstract: Limited information is available regarding stroke-related
out-of-hospital cardiac arrest (OHCA). We aimed to assess the clinical
characteristics of stroke-related OHCA and to identify the factors
associated with patient outcomes.

We conducted a nationwide population-based study of adult OHCA
patients in Japan from January 1, 2006 to December 31, 2009. We
examined the epidemiology, risk factors, and outcomes of stroke-related
OHCA compared with cardiogenic OHCA. The primary outcome was
neurologically favorable survival.

Of'the 243,140 eligible patients, 18,682 (7.7%) were diagnosed with
stroke-related OHCA. Compared to OHCA with a presumed cardiac
etiology, stroke-related OHCA patients had a greater chance of pre-
hospital return of spontaneous circulation (ROSC) (9.9% vs 5.9%,
P <0.0001) but a reduced chance of 1-month survival (3.6% vs
4.9%, P<0.0001) or favorable neurological outcomes (1.2% vs
2.6%, P <0.0001). After adjusting for a variety of confounding factors,
the prehospital ROSC rates were higher (adjusted OR 2.47, 95%
confidence interval [CI] 2.34-2.62), but the neurologically favorable
survival rates were lower (adjusted OR 0.66, 95%CI 0.57—0.76), among
the stroke-related OHCA patients. In stroke-related OHCA cases,
having a younger age, witness, and shockable 1st documented rhythm
were associated with improved outcomes. Men had more favorable
neurological outcomes. Seasonal or circadian factors had no critical
impact on favorable neurological outcomes. Prehospital advanced life
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support techniques (i.e., epinephrine administration or advanced airway
management) were not associated with favorable neurological out-
comes.

Although stroke-related OHCA had lower 1-month survival rates
and poorer neurological outcomes than cardiogenic OHCA, the rates
were not considered to be medically futile. Characteristically, sex
differences might impact neurologically favorable survival.

(Medicine 95(14):¢3107)

Abbreviations: CI = confidence interval, CPC = Glasgow—
Pittsburgh cerebral performance category, CPR =
cardiopulmonary resuscitation, EMS = emergency medical
services, FDMA = Fire and Disaster Management Agency,
OHCA = out-of-hospital cardiac arrest, OR = odds ratio, ROSC
= return of spontaneous circulation.

INTRODUCTION

troke has remained one of the leading causes of death

worldwide over the past decade, along with ischemic heart
disease." Stroke and ischemic heart disease can lead to sudden
death, as well as death in the long-term.>~* The causes of out-of-
hospital cardiac arrest (OHCA) are mainly cardiac (particularly,
ischemic heart disease); therefore, most OHCA studies have
focused on ischemic heart disease, and they have clarified
several important facts so far.>~® However, little is known
regarding the characteristics of OHCA caused by stroke.*'”
The optimal therapeutic strategy for OHCA may vary greatly by
etiology.'®"'* Therefore, detailed knowledge is required of
OHCA caused by stroke. The previous largest study (86
patients) was conducted to identify the unique features of
OHCA of neurological causes to determine the optimal care
provisions.'® The study concluded that resuscitative efforts
might be futile because of the approximately 100% mortality
rate and that supportive treatments might be reoriented toward
organ donation. However, we believe that larger samples are
required before reaching such an important conclusion.

This nationwide population-based study aimed to examine
the epidemiology, risk factors, and outcomes of OHCA caused
by stroke based on large patient samples in Japan. In addition, to
better understand the nature of OHCA caused by stroke, this
study also aimed to compare the characteristics of stroke-related
OHCA with those of cardiogenic OHCA, which have been well-
researched.

METHODS
Study Design and Participants

The All-Japan Utstein Registry is an ongoing, nationwide,
population-based registry of all OHCA patients; it is maintained
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by the Fire and Disaster Management Agency (FDMA) through
standardized Utstein-style data collection.'>'® The registry
design has previously been described in detail.'*'”'® Briefly,
all patients with confirmed OHCA (defined as the absence of a
palpable central pulse, apnea, and unresponsiveness) of all
causes and for whom resuscitation was attempted are identified
and followed. In Japan, most OHCA patients are treated and
transported to an emergency hospital because emergency
medical services (EMS) personnel are not allowed to terminate
resuscitation using their own judgment out-of-hospital, except
in specific situations (e.g., decapitation, rigor mortis, livor
mortis, or decomposition). Furthermore, advance directives,
living wills, or do-not-resuscitate orders are not generally
accepted in Japan. Data are collected from 3 sources that
together define the continuum of emergency cardiac care:
119 dispatch centers, EMS agencies, and receiving hospitals.
Data completeness and accuracy are ensured through rigorous
certification of hospital staff and use of standardized software,
with internal data checks.

The study population consists of 444,480 patients who
were enrolled in the All-Japan Utstein Registry from January 1,
2006 to December 31, 2009. Data from adult patients aged 18
years or older with OHCA with stroke or cardiac causes were
analyzed. Only those patients without an extremely long pre-
hospital time were eligible (i.e., the time from call to scene
arrival and contact with patient was <120 minutes, the time
from scene arrival and contact with patient to hospital arrival
was <120 minutes, and the time from call to hospital arrival was
<240 minutes) because patients who require an extremely long
prehospital time may have distinct prehospital circumstances
and outcomes. Patients with missing or unknown data such as
age, etiology of cardiac arrest, date and time, or prehospital
information (e.g., bystander status or prehospital care) were also
excluded from the analysis. Missing or unknown data accounted
for less than 10% of the total number of patients.

This study was conducted in accordance with the amended
Declaration of Helsinki. The FDMA and the Institutional
Review Board of The University of Tokyo approved the study,
with an informed consent waiver because of the anonymous
nature of the data (No. 10096).

Procedures

Data were prospectively collected using an Utstein-style
template that included information on age, sex, etiology of
cardiac arrest, bystander witness status, bystander cardiopul-
monary resuscitation (CPR) status, use of a public-access
automated external defibrillator, 1st documented rhythm, pre-
sence of an emergency lifesaving technician or physician in the
ambulance, administration of epinephrine, implementation of
advanced airway management, and return of spontaneous cir-
culation (ROSC) before the hospital arrival (prehospital ROSC).
The date and time of onset, a series of EMS times (such as the
call receipt, vehicle arrival at the scene, contact with patients,
initiation of CPR, and hospital arrival), and the ROSC time were
also recorded.

The etiology of OHCA was categorized as cardiac or
noncardiac. Noncardiac causes were subdivided into respiratory
disease, stroke, malignant tumor, external causes (e.g., trauma,
drowning, burn, asphyxia, or intoxication), or other noncardiac
causes. The etiology of OHCA was presumed to be cardiac
unless evidence suggested a noncardiac cause.'® Therefore, the
cardiac etiology included the confirmed and presumed cases.
The OHCA etiology for survivors was probed during the
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hospital stays. However, the OHCA etiology for decedents
was determined by the attending physicians in the emergency
department, in collaboration with the EMS personnel or cor-
oners, based on certain information, such as witness infor-
mation, clinical course, past history, physical findings,
examination findings, imaging, or autopsy. As autopsy rates
are not high in Japan, the majority of OHCA cases were
regarded as having presumed cardiac etiology.

The patients were followed up at 1 month by the EMS
personnel in charge of each OHCA patient to collect data on 1-
month survival and neurological status 1 month after the event,
as well as OHCA etiology. The EMS personnel queried the
medical control director at the hospital and received a written
response. If the patient was not at the hospital, the EMS
personnel conducted a follow-up investigation. The neurologi-
cal status of each patient was determined by the attending
physician who cared for the patient using Glasgow—Pittsburgh
cerebral performance category (CPC) scores. A CPC score of 1
or 2 (good performance or moderate disability, respectively)
was defined as a favorable neurological outcome, and a CPC of
3, 4, or 5 (severe disability, vegetative state, or death, respect-
ively) was regarded as an unfavorable neurological out-
come.'®" Data forms were completed by the EMS
personnel, and the data were integrated into the Utstein registry
system on the FDMA database server. FDMA logically checked
the data using the computer system and returned the data forms
to the respective fire stations for reconfirmation, unless the data
were complete.

Statistical Analysis

We compared OHCA caused by stroke with OHCA caused
by cardiac etiology to develop an understanding in contra-
distinction to well-researched OHCA. As many past OHCA
studies have investigated presumed cardiac etiology cases, we
compared stroke cases to overall presumed cardiac etiology
cases. However, overall presumed cardiac etiology cases
included a small proportion of confirmed cardiac etiology cases
in Japan. Therefore, we also separately compared the stroke
cases to the confirmed cardiac etiology cases.

The baseline characteristics of the study cohort were
described with the use of proportions for categorical variables
and the means with standard deviations for continuous vari-
ables. In the comparison, continuous variables were assessed
through the analysis of variance, and categorical variables were
assessed using the x> test.

To assess the factors associated with favorable outcomes,
multivariable logistic regression analysis was used, and odds
ratios (ORs) and their 95% confidence intervals (Cls) were
calculated after adjusting for potential confounding factors that
were biologically essential and assumed to be associated with
the outcomes. These variables included age (18—64, 65-84, or
>85 years), sex (male or female), witness (present or absent),
bystander CPR (present or absent), public access automated
external defibrillator use (present or absent), 1st documented
rhythm (shockable or nonshockable), etiology of OHCA (stroke
or cardiac), epinephrine administration (present or absent),
advanced airway management (present or absent), physician
in ambulance (present or absent), time from call to contact with
the patient, time from contact with the patient to hospital arrival,
season of onset (winter, spring, summer, or autumn), and time of
onset (0:00-5:59, 6:00-11:59, 12:00-17:59, or 18:00-23:59).
Multivariable logistic regression analysis was performed in 3
cohorts. One cohort consisted of only stroke cases, another
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consisted of stroke cases and overall presumed cardiac etiology
cases, and the other consisted of stroke cases and only con-
firmed cardiac etiology cases.

All statistical analyses were conducted using JMP Pro
11.0.0 software (SAS institute Inc., Cary, NC). All tests were
2-sided, with a significance level of 0.05.

RESULTS

Data for a total 0f 444,480 OHCA patients were submitted
to the All-Japan Utstein Registry during the study period. Of
these patients, 7864 were excluded based on age criteria (>18
years), and 173,916 were excluded based on the ctiology
criteria (stroke or presumed cardiac etiology). Of the remaining
262,700 adult patients with OHCA caused by stroke or cardiac
causes, 490 were also excluded because of extremely long
prehospital time, which might imply simple input errors or
distinct prehospital circumstances. In addition, the following
patients were excluded because of missing or unknown data:
331 without date and time data (0.1%), 18,594 without data on
prehospital information (7.1%), and 145 without outcomes
data (0.1%). Finally, 243,140 patients were eligible for our
analyses (Figure 1). Among these cases, 18,682 were caused by
stroke, and 224,458 were caused by presumed cardiac etiology;
66,571 confirmed cardiac etiology cases accounted for
approximately 30% of the overall presumed cardiac etiology
cases (Figure 1).

Table 1 lists the baseline characteristics of each cohort.
The mean age of the stroke patients was 71.6 years (standard
deviation, 16.2 years), and the proportion of male patients was
50.9%. Compared to the cardiac etiology patients (both overall
presumed and confirmed cases), the stroke patients were
younger, and the proportions of male patients and those with
shockable 1st documented rhythm were lower (P < 0.0001).

Table 2 shows the outcomes of each cohort. Although the
proportion of prehospital ROSC among the stroke cases tended
to be higher than that in cardiac etiology cases, the proportions
of 1-month survival and favorable neurological outcomes were
significantly lower. Compared with the cardiac etiology cases,
in which more than half of 1-month survivors had favorable
neurological outcomes, fewer than one-third of 1-month survi-
vors had favorable neurological outcomes in the stroke cases.

Figures 2 and 3 (and Appendices 1 and 2, http://links.lww.-
com/MD/A882) show the occurrence, 1-month survival rate,
and neurologically favorable survival rate of OHCA (from
January 2006 to December 2009), according to each etiology
by month or time of onset. Calls for ambulances occurred more
frequently in the winter (January and December) and in the
early morning (6:00—-9:59) and late afternoon (16:00—19:59) in
both the stroke and cardiac etiology cases. In the cardiac
etiology cases (particularly confirmed cardiac etiology cases),
the outcomes were more favorable when the ambulance call
occurred in the summer or autumn (June—October) or during the
day (10:00—15:59), seemingly in inverse proportion to the
number of cases. For stroke cases, fixed tendencies were not
observed between the outcomes and the month or time of the
ambulance call. The time of the ambulance call does not
necessarily represent the time at which the OHCA occurred,
therefore, to directly examine the association between the onset
time and outcome, an analysis that was limited to only the
witnessed OHCA cases was also performed. The results are
shown in Figures 4 and 5 (and Appendices 3 and 4, http:/
links.Iww.com/MD/A882). Even when limited to OHCA cases
witnessed by bystanders, the numbers of cases and outcomes

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

followed similar tendencies that were observed in the
overall cohort.

Table 3 shows factors contributing to favorable outcomes
in stroke-related OHCA. In stroke-related OHCA, having a
younger age, a witness, shockable 1st documented rhythm, and
a shorter time from call to contact with patient were associated
with improving outcomes. Although men had more favorable
neurological outcomes than women (adjusted OR 1.56, 95%CI
1.16-2.13), the prehospital ROSC rate was worse among men
(adjusted OR 0.78, 95%CI 0.70-0.86). Although prehospital
epinephrine administration and physician presence in the ambu-
lance were associated with improved prehospital ROSC, they
were not associated with 1-month survival or favorable neuro-
logical outcome. In addition, prehospital advanced airway
management was associated with poor outcomes. Seasonal or
circadian factors had no critical impact on 1-month survival or
favorable neurological outcome in stroke-related OHCA. The
factors that contributed to favorable outcomes in OHCA,
including the stroke cases and overall presumed cardiac etiol-
ogy cases, are shown in Table 4, and Table 5 includes the stroke
cases and only the confirmed cardiac etiology cases. The
prehospital ROSC rate was significantly higher in the stroke
cases than in the cardiac etiology cases, although the 1-month
survival rate and neurological outcomes were poorer among the
stroke cases.

DISCUSSION

In this nationwide, population-based study of OHCA
patients with stroke etiology, we found that OHCA caused
by stroke had a greater chance of prehospital ROSC but a
lesser chance of 1-month survival or favorable neurological
outcomes than OHCA caused by cardiac etiology. Being male
and having a shockable initial rhythm were significantly associ-
ated with favorable neurological outcomes. In addition, pre-
hospital advanced life support techniques (e.g., epinephrine
administration or advanced airway management) were not
associated with favorable neurological outcomes.

To the best of our knowledge, this study is the first to report
the details of OHCA caused by stroke using a large sample size.
Although several studies have reported on OHCA with stroke
etiology, the largest cohort was only 86 patients.'® Therefore,
only limited data have been available thus far.

The previous largest study concluded that resuscitative
efforts for OHCA with neurological causes might be futile and
that supportive treatments might be reoriented toward organ
donation because the intensive care unit mortality rate was
100%. However, assuming that medical futility has a <1%
chance of success in accordance with a quantitative
approach,>’~?? resuscitative efforts for OHCA with etiology
of stroke may not be futile because the 1-month survival rate in
our study was 3.6%, even after including unwitnessed, no
bystander CPR, and nonshockable rhythm cases, as well as
cases of elderly adults. In addition, the neurologically favorable
survival rate was >1%. However, it cannot be ignored that
neurological outcomes were much poorer in the stroke cases
than in the cardiac etiology cases (particularly the confirmed
cases). Thus, the cases in which favorable outcomes can be
expected must be identified appropriately.

We investigated the factors that could contribute to favor-
able outcomes, and we made several useful observations.
Younger age was associated with favorable outcomes in
stroke-related OHCA, although age at onset was significantly
lower in the stroke cases than in the cardiac etiology cases
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444,480 Out-of-hospital cardiac arrests in Japan

from January 1, 2006 to December 31, 2009

]

7,799 Excluded due to an age limit (< 18 years) |

|

65 Excluded due to missing or unknown data on age |

436,616 Adult out-of-hospital cardiac arrests

173,473 Excluded due to non-target etiologies:
25,512 Respiratory diseases
14,889 Malignant tumors
79,095 External causes
53,977 Other non-cardiac causes

.

443 Excluded due to missing data on etiology

262,700 Adult out-of-hospital cardiac arrests
caused by stroke or presumed cardiac etiology

490 Excluded due to a time limit:
223 Call to hospital arrival > 240 minutes
24 Call to scene arrival or contact with patient > 120 minutes
243 Scene arrival or contact with patient to hospital arrival > 120 minutes

—

331 Excluded due to missing or unknown data on time regarding
onset, call receipt, scene arrival, contact with patient, or hospital arrival

261,879 Adult out-of-hospital cardiac arrests
caused by stroke or presumed cardiac etiology
without extremely long pre-hospital time

18,594 Excluded due to missing data on pre-hospital information:
1 Bystander CPR
6,623 Public access AED
11,454 First documented rhythm
70 Epinephrine administration
401 Advanced airway management

13 Lifesaving technician presence in ambulance

26 Physician presence in ambulance
6 Advanced life support by physician in ambulance

145 Excluded due to missing data on outcome:
5 One-month survival

138 CPC
20PC

| 243,140 Eligible for analysis |

{

!

18,682 Caused by stroke |

224,458 Caused by presumed cardiac ctiology
(including 66,571 Confirmed cardiac etiology)

FIGURE 1. Study population. AED =automated external defibrillator, CPC = Glasgow-Pittsburgh cerebral performance category,
CPR = cardiopulmonary resuscitation, OPC = Glasgow-Pittsburgh overall performance category.

(Tables 1 and 3). In terms of sex differences, several studies
have examined the impact of sex on stroke incidence and
outcomes, and different studies have obtained differing
results.>>~2® However, in no other study except ours were the
subjects limited to severe cases who had experienced sudden
OHCA. In our study, the male—female ratio of cases of OHCA
caused by stroke was 1:1, and we found no significant differ-
ences between sex and survival (adjusted OR 1.02, 95%CI
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0.86—1.20). In terms of prehospital ROSC, the outcomes were
poorer among men (adjusted OR 0.78, 95%CI 0.70-0.86), but
their neurological outcomes were more favorable (adjusted OR
1.56, 95%CI 1.16-2.13). These differences in outcomes might
reflect difference in physiological functions (such as endocrine
and metabolic functions) between men and women. In addition,
the sex differences between the incidence rates for each type of
stroke (hemorrhagic or ischemic) might influence the outcomes.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Baseline Characteristics

Etiology of Cardiac Arrest

Presumed Cardiac Etiology

Stroke
n = 18,682 Overall n =224,458 Only Confirmed n= 66,571

Age, year, mean (SD) 71.6 (14.6) 75.2 (14.2) 74.3 (14.1)
(1) 18<, <65 5500 (29.4) 45,630 (20.3) 14,964 (22.5)
(2) 65<, <85 9603 (51.4) 116,450 (51.9) 34,921 (52.5)
(3) 85< 3579 (19.2) 62,378 (27.8) 16,686 (25.1)
Sex (male) 9504 (50.9) 130,335 (58.1) 40,480 (60.8)
Witness™ 7264 (38.9) 86,301 (38.5) 31,786 (47.8)
Bystander CPR” 7764 (41.6) 94,562 (42.1) 28,301 (42.5)
Public access AED 67 (0.4) 1496 (0.7) 639 (1.0)
Shockable 1st documented rhythm 957 (5.1) 27,078 (12.1) 13,185 (19.8)
Nonshockable 1st documented rhythm

(1) PEA 5250 (28.1) 47,191 (21.0) 15,384 (23.1)
(2) Asystole 12,475 (66.8) 150,189 (66.9) 38,002 (57.1)
Epinephrine administration™" 1256 (6.7) 15,169 (6.8) 4670 (7.0)
Advanced airway managementt 8561 (45.8) 105,302 (46.9) 30,349 (45.6)
Physician presence in ambulance 407 (2.2) 5482 (2.4) 1934 (2.9)
Time from call to hospital arrival, 32.1 (12.7) 31.8 (12.0) 31.2 (12.2)

minute, mean (SD)
Time from call to contact with patient, 8.7 (4.2) 8.5 (4.1 8.4 (4.2)
minute, mean (SD)
Time from contact with patient to 23.5 (11.0) 23.3 (10.4) 22.8 (10.6)

hospital arrival, minute, mean (SD)'

The data are expressed as the number (%) of patients or as the mean (SD), unless otherwise indicated. AED = automated external defibrillator,
CPR = cardiopulmonary resuscitation, PEA = pulseless electrical activity, SD = standard deviation.

"Ina comparison between stroke cases and overall presumed cardiac etiology cases, witness (P = 0.2417), bystander CPR (P =0.1292), epinephrine
administration (P =0.8547), and time from contact with patient to hospital arrival (P =0.0725) had no statistically significant difference.

"In a comparison between stroke cases and only confirmed cardiac etiology cases, epinephrine administration (P =0.1655) and advanced airway
management (P =0.5672) had no statistically significant difference.
Otherwise ("), all other characteristics were statistically significant at P < 0.05 in contradistinction to stroke cases.

TABLE 2. Outcomes

Etiology of Cardiac Arrest

Presumed Cardiac Etiology

Stroke
n=18,682 Overall n=224,458 P Value Only Confirmed n=66,571 P Value
Prehospital ROSC 1852 (9.9) 13,293 (5.9) <0.0001 6381 (9.6) 0.1798
1-month survival 677 (3.6) 11,002 (4.9) <0.0001 5940 (8.9) <0.0001
Favorable neurological outcome 219 (1.2) 5900 (2.6) <0.0001 3785 (5.7) <0.0001
(CPC 1 or 2)
Favorable neurological outcome 219/677 (32.3) 5900/11,002 (53.6) <0.0001 3785/5940 (63.7) <0.0001

among l-month survivors
(1) CPC1
(2) CPC2
(3) CPC3
(4) CPC4
(5) CPC5

153 (0.8)

66 (0.4)

126 (0.7)
367 (2.0)
17,970 (96.2)

4863 (2.2)
1037 (0.5)
1424 (0.6)
3443 (1.5)
213,691 (95.2)

3186 (4.8)
599 (0.9)
693 (1.0)

1420 (2.1)

60,673 (91.1)

The data are expressed as the number (%), unless otherwise indicated. P values are calculated in contradistinction to stroke-related OHCA.
CPC = Glasgow—Pittsburgh cerebral performance category, OHCA = out-of-hospital cardiac arrest, ROSC = return of spontaneous circulation.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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~9-Stroke  —@—Cardiac etiology

Occurrence (No.)
(from 2006 10 2009)

30000

25000

20000

15000

10000
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JAN. FEB. MAR. APR. MAY. JUN.

(Including presumed cases)

—#—Cardiac etiology
(Only confirmed cases)

One-month
survival rate (%)

14

12

10

JuL. AUG. SEP. OCT. NOV. DEC.

FIGURE 2. Occurrence, 1-month survival rate, and neurologically favorable survival rates of out-of-hospital cardiac arrest (OHCA) patients
for each etiology by month of onset (from January 2006 to December 2009). The line graphs show the number of OHCA cases by month
for 4 years. The bar graphs show the T-month survival rate. The dark areas of the bar graph show favorable neurological outcomes, while

the light areas show poor neurological outcomes.

However, detailed data on these points were not available in this
study. Further research is required to assess the association
between sex difference and outcomes after stroke-related
OHCA in more detail.

In terms of seasonal and circadian factors, our examination
of OHCA cases (i.e., severe cases of stroke and cardiac disease)
showed that onset was more frequent during the winter (Jan-
uary and December), early morning (6:00—9:59), and late

—o—Stroke  —@—Cardiac etiology

Occurrence (No.)
(from 2006 to 2009)

30000

(Including presumed cases)

afternoon (16:00—19:59), which is generally consistent with
data previously reported in non-OHCA cases.”’ >* In cardiac
etiology cases (particularly confirmed cardiac etiology cases),
patients had more favorable outcomes when the ambulance call
occurred in the summer or autumn (June—October) or during the
day (10:00—15:59), apparently in inverse proportion to the
number of cases. For stroke cases, fixed tendencies were
not observed between outcomes and seasonal or circadian factors.

—k— Cardiac etiology
{Only confirmed cases)

One-month
survival rate (%)

14

12

10

FIGURE 3. Occurrence, 1-month survival rate, and neurologically favorable survival rates of out-of-hospital cardiac arrest (OHCA) patients
for each etiology by time of onset (from January 2006 to December 2009). The line graphs show the number of OHCA cases by time of
onset for 4 years. The bar graphs show the 1T-month survival rate. The dark areas of the bar graph show favorable neurological outcomes,

while the light areas show poor neurological outcomes.
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—o—Stroke —@—Cardiac etiology

Occurrence (No.)
(from 2006 1o 2009)

12000

10000

8000

6000

4000

2000

0

JAN. FEB. MAR. APR. MAY. JUN.

(Including presumed cases)

—a—Cardiac etiology
{Only confirmed cases)

One-month

survival rate (%)

20

18

16

14

12

0
JuL. AUG.

FIGURE 4. Occurrence, 1-month survival rate, and neurologically favorable survival rates of witnessed out-of-hospital cardiac arrest
(OHCA) patients for each etiology by month of onset (from January 2006 to December 2009). The line graphs show the number of OHCA
cases by month for 4 years. The bar graphs show the 1-month survival rate. The dark areas of the bar graph show favorable neurological

outcomes, while the light areas show poor neurological outcomes.

In cases of OHCA caused by stroke, there was also an
extremely strong relationship between shockable initial thythm
and favorable outcomes (favorable neurological outcome:
adjusted OR 9.44, 95%CI 7.02—12.68; 1-month survival:
adjusted OR 5.20, 95%CI 4.26—6.33; prehospital ROSC:
adjusted OR 2.53, 95%CT 2.14-2.99). It is well known that
stroke can cause fatal arrhythmia.>* ¢ Our results suggest that
there are major differences between cases of OHCA caused by
stroke depending on whether cardiac arrest is due to arrhythmia

—o—Stroke

Occurrence (No.) —@— Cardiac etiology

(from 2006 to 2009)
12000
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(Including presumed cases)

(including the trigeminocardiac reflex [TCR]*’~®) or other
causes (e.g., respiratory failure, heart failure, cerebral edema,
etc.) and that there is a better chance of saving lives when
arrhythmia is the cause.

Our finding that prehospital advanced life support did not
contribute to favorable neurological outcomes is consistent with
the results of past studies of OHCA of other etiologies.** ™!
Prehospital advanced airway management was not beneficial
for any outcome, but prehospital epinephrine administration and

—a—Cardiac etiology One-month
{Only confirmed cases) survival rate (%)
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FIGURE 5. Occurrence, 1-month survival rate, and neurologically favorable survival rates of witnessed out-of-hospital cardiac arrest
(OHCA,) patients for each etiology by time of onset (from January 2006 to December 2009). The line graphs show the number of OHCA
cases by time of onset for 4 years. The bar graphs show the 1-month survival rate. The dark areas of the bar graph show favorable
neurological outcomes, while the light areas show poor neurological outcomes.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Factors Contributing to Favorable Outcomes in Stroke-Related OHCA Patients

Prehospital ROSC

1-month Survival

Favorable Neurological Outcome

Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
P Value P Value P Value

Age group
1) 18<, <65 Reference Reference Reference
2) 65<, <85 0.75 (0.67-0.84) <0.0001 0.85 (0.72-1.01) 0.0692 0.71 (0.53-0.94) 0.0189
3) 85< 0.47 (0.39-0.55) <0.0001 0.64 (0.49-0.83) 0.0005 0.35 (0.19-0.60) <0.0001
Sex (male) 0.78 (0.70-0.86) <0.0001 1.02 (0.86—-1.20) 0.8512 1.56 (1.16-2.13) 0.0032
Witness 3.37 (3.03-3.76) <0.0001 3.15 (2.65-3.75) <0.0001 3.46 (2.49-4.86) <0.0001
Bystander CPR 0.83 (0.75-0.93) 0.0010 0.89 (0.75-3.75) 0.1518 0.91 (0.68-1.22) 0.5426
Public access AED 0.60 (0.20—-1.41) 0.2572 0.70 (0.17-1.34) 0.5517 1.17 (0.18—-4.28) 0.8433
Shockable 1st documented rhythm 2.53 (2.14-2.99) <0.0001 5.20 (4.26-6.33) <0.0001 9.44 (7.02—-12.68) <0.0001
Epinephrine administration 5.56 (4.82-6.42) <0.0001 1.01 (0.73-1.37) 0.9349 0.60 (0.28-1.15) 0.1297
Advanced airway management 0.73 (0.65-0.81) <0.0001 0.70 (0.59-0.83) <0.0001 0.43 (0.31-0.58) <0.0001
Physician presence in ambulance 3.45 (2.71-4.37) <0.0001 1.41 (0.88-2.17) 0.1468 1.35 (0.55-2.81) 0.4797
Time from call to contact with 0.96 (0.95-0.97) <0.0001 0.93 (0.90-0.95) <0.0001 0.88 (0.84-0.93) <0.0001

patient (for 1 increment of

minute)
Time from contact with patient to 1.02 (1.02-1.02) <0.0001 1.00 (0.99-1.01) 0.8022 1.01 (0.99-1.02) 0.2943

hospital arrival (for 1 increment

of minute)
Seasonal factor
(1) Winter (January, February, Reference Reference Reference

December)
(2) Spring (March, April, May) 1.06 (0.92-1.22) 0.4187 0.86 (0.69-1.07) 0.1695 0.90 (0.61-1.32) 0.5975
(3) Summer (June, July, August) 1.20 (1.04-1.39) 0.0139 1.08 (0.86—1.34) 0.5231 1.04 (0.69-1.54) 0.8574
(4) Autumn (September, October, 1.10 (0.96-1.27) 0.1814 1.06 (0.86—-1.31) 0.5745 1.08 (0.74-1.56) 0.6954

November)
Circadian factor
(1) 00:00-05:59 Reference Reference Reference
(2) 06:00-11:59 1.22 (1.03-1.45) 0.0204 1.00 (0.77-1.29) 0.9794 1.46 (0.93-2.37) 0.1056
(3) 12:00-17:59 1.11 (0.93-1.33) 0.2428 1.00 (0.77-1.32) 0.9702 1.07 (0.66—1.80) 0.7801
(4) 18:00-23:59 1.01 (0.85-1.21) 0.9137 0.94 (0.72-1.23) 0.6361 1.13 (0.70-1.88) 0.6275

Age was included in the model as a categorical variable, with 18 to 64 as the reference. The month of onset was categorized into 4 seasonal
categories: winter (January, February, December), spring (March, April, May), summer (June, July, August), and autumn (September, October,
November). Seasonal factors were included in the model as a categorical variable, with winter as the reference. The time of onset was categorized into
4 circadian categories: 0:00—5:59, 6:00—11:59, 12:00—17:59, and 18:00—23:59. Circadian factors were included in the model as a categorical
variable, with 0:00—5:59 as the reference. AED = automated external defibrillator, CI = confidence interval, CPR = cardiopulmonary resuscitation,
OHCA = out-of-hospital cardiac arrest, OR = odds ratio, ROSC =return of spontaneous circulation.

physician presence in the ambulance were associated with
higher prehospital ROSC rates. However, these factors may
merely constituted undue salvaging of patients who would have
died otherwise.

The data that we examined did not include information on
in-hospital or postresuscitation care, it only included prehospital
care. Therefore, just as treatments such as percutaneous cor-
onary intervention and targeted temperature management can
definitively influence outcomes in cases of OHCA caused by
cardiac etiology, to investigate whether superior treatments
exist that can contribute to improving outcomes in cases
of OHCA caused by stroke, data including information on
in-hospital or postresuscitation care must be examined in detail.

Our study has some limitations. First, we analyzed all
strokes together. The fundamental treatments differ for subar-
achnoid hemorrhage, intracerebral hemorrhage, and cerebral
infarction; therefore, it would be best to examine them separ-
ately. However, we were unable to obtain data on the patient

8 | www.md-journal.com

ratios for these diseases. In addition, head trauma should have
been categorized under external causes, but some cases might
have been categorized as strokes.

Second, the true cause of death was unclear. For OHCA
caused by stroke, we can only know whether acute stroke was
present when cardiac arrest occurred. The real cause that led to
ultimate death might not be brain damage itself but rather
respiratory failure or arrhythmia (including the TCR) due
to stroke.

Third, Japan has a low autopsy rate, therefore, the true
cause of death is sometimes unidentified. In addition, the
recorded diagnoses may not be definitive. If there were no
evidence supporting a particular diagnosis, cases were categor-
ized as presumed cardiac etiology. Therefore, some undiag-
nosed stroke cases might be categorized under presumed
cardiac etiology. In addition, some cases that should have been
categorized as presumed cardiac etiology might be categorized
under noncardiac etiology.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Factors Contributing to Favorable Outcomes in OHCA Patients Including Stroke Cases and Overall Presumed Cardiac

Etiology
Prehospital ROSC 1-month Survival Favorable Neurological Outcome
Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95%CI)
P Value P Value P Value

Age group
(1) 18<, <65 Reference Reference Reference
(2) 65 <, <85 0.84 (0.80-0.87) <0.0001 0.67 (0.64-0.70) <0.0001 0.55 (0.51-0.58) <0.0001
3)85 < 0.58 (0.55-0.62) <0.0001 0.34 (0.31-0.36) <0.0001 0.22 (0.19-0.25) <0.0001
Sex (male) 0.92 (0.89-0.96) <0.0001 0.95 (0.91-1.00)  0.0486 0.99 (0.92—-1.06)  0.7348
Witness 3.24 (3.11-3.37) <0.0001 3.10 (2.95-3.24) <0.0001 4.09 (3.80—4.41) <0.0001
Bystander CPR 1.01 (0.97-1.05)  0.5883 0.96 (0.92—-1.00)  0.0630 1.05 (0.99-1.11)  0.1174
Public access AED 2.02 (1.76-2.32) <0.0001 2.28 (1.97-2.64) <0.0001 2.56 (2.16-3.04) <0.0001
Shockable 1st documented rhythm 5.67 (5.44-5.90) <0.0001 7.80 (7.46-8.15) <0.0001 11.75 (11.00-12.54) <0.0001
Caused by stroke 2.47 (2.34-2.62) <0.0001 0.99 (0.91-1.08)  0.8574 0.66 (0.57-0.76) <0.0001
Epinephrine administration 2.69 (2.55-2.83) <0.0001 0.82 (0.76-0.88) <0.0001 0.46 (0.40-0.52) <0.0001
Advanced airway management 0.59 (0.57-0.61) <0.0001 0.65 (0.62—0.68) <0.0001 0.38 (0.35-0.40) <0.0001
Physician presence in ambulance 3.14 (2.92-3.38) <0.0001 1.77 (1.62—-1.95) <0.0001 1.53 (1.35-1.73) <0.0001
Time from call to contact with patient ~ 0.94 (0.93—0.94) <0.0001 0.92 (0.91-0.93) <0.0001 0.91 (0.90-0.92) <0.0001

(for 1 increment of minute)
Time from contact with patient to 1.02 (1.02-1.03) <0.0001 0.99 (0.99-0.99)  0.0457 1.01 (1.00-1.01) <0.0001

hospital arrival (for 1 increment of

minute)
Seasonal factor
(1) Winter (January, February, Reference Reference Reference

December)
(2) Spring (March, April, May) 1.14 (1.08-1.19) <0.0001 1.05 (0.99-1.11)  0.0713 1.10 (1.02-1.19)  0.0158
(3) Summer (June, July, August) 134 (127-141)  <0.0001 124 (1.17-131)  <0.0001 121 (1.12-1.31)  <0.0001
(4) Autumn (September, October, 1.24 (1.18-1.30) <0.0001 1.15 (1.09-1.22) <0.0001 1.16 (1.08-1.26)  0.0002

November)
Circadian factor
(1) 00:00-05:59 Reference Reference Reference
(2) 06:00—11:59 1.24 (1.17-1.32) <0.0001 1.22 (1.14-1.31) <0.0001 1.26 (1.15-1.39) <0.0001
(3) 12:00-17:59 1.30 (1.23-1.39) <0.0001 1.19 (1.11-1.28) <0.0001 1.17 (1.07-1.29) ~ 0.0010
(4) 18:00-3:59 1.08 (1.01-1.15)  0.0189 0.99 (0.92—-1.07)  0.8410 1.02 (0.93-1.13)  0.6715

Age was included in the model as a categorical variable, with 18 to 64 as the reference. The month of onset was categorized into 4 seasonal
categories: winter (January, February, December), spring (March, April, May), summer (June, July, August), and autumn (September, October,
November). Seasonal factors were included in the model as a categorical variable, with winter as the reference. The time of onset was categorized into
4 circadian categories: 0:00—5:59, 6:00—11:59, 12:00—-17:59, and 18:00—23:59. Circadian factors were included in the model as a categorical
variable, with 0:00—5:59 as the reference. AED = automated external defibrillator, CI = confidence interval, CPR = cardiopulmonary resuscitation,
OHCA = out-of-hospital cardiac arrest, OR = odds ratio, ROSC =return of spontaneous circulation.

Fourth, the All-Japan Utstein Registry of the FDMA does
not collect information on every aspect of resuscitation care. It
includes information only on prehospital care, not in-hospital or
postresuscitation care. It also does not include the patients past
histories, including underlying diseases and medications. The
information regarding prehospital care is only quantitative data,
not qualitative data. In addition, although in-hospital or post-
resuscitation care may seriously influence outcomes (e.g., brain
surgery, cardiac catheterization, thrombolytics, anticoagulants,
antiplatelets, extracorporeal life support, targeted temperature
management, or do-not-resuscitate orders), these data are not
available. The possibility of residual confounding remains.

Fifth, the findings of this study might only indicate associ-
ation and not causality. Although this study was conducted under
the assumption that the same resuscitation efforts were attempted
in all registered patients, the same resuscitation efforts might not

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

be made for all OHCA patients. The awareness of OHCA etiology
might affect the quality of in-hospital or postresuscitation care.

Finally, as with all epidemiological studies, the data
integrity, validity, and ascertainment bias are potential limita-
tions. The use of a uniform data record based on the Utstein-
style guidelines for reporting cardiac arrest, the large sample
size, and the population-based design were intended to mini-
mize these potential sources of bias.

CONCLUSIONS
In conclusion, in a nationwide, population-based study, we
found that OHCA with an etiology of stroke had lower 1-month
survival rates and poorer neurological outcomes than OHCA
with a cardiac etiology. However, the results were not so dire to
be considered medically futile. Men and patients with a shock-
able initial rhythm may have a greater chance of survival with a

www.md-journal.com |9
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TABLE 5. Factors Contributing to Favorable Outcomes in OHCA Patients Including Stroke Cases and Only Confirmed Cardiac

Etiology
Favorable Neurological
Prehospital ROSC 1-month Survival Outcome
Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
P Value P Value P Value

Age group
(1) 18<, <65 Reference Reference Reference
(2) 65<, <85 0.79 (0.74-0.83)  <0.0001  0.66 (0.62-0.70)  <0.0001 0.56 (0.52-0.61) <0.0001
(3) 85< 0.49 (0.45-0.53)  <0.0001  0.31 (0.28-0.35)  <0.0001 0.20 (0.17-0.24) <0.0001
Sex (male) 0.90 (0.85-0.96)  0.0005 0.98 (0.91-1.04)  0.4924 1.00 (0.91-1.09) 0.9683
Witness 3.07 (2.89-3.26)  <0.0001  2.85 (2.66-3.05)  <0.0001 3.47 (3.14-3.83) <0.0001
Bystander CPR 0.98 (0.93-1.03)  0.3764 0.97 (0.92-1.03)  0.3928 1.06 (0.98-1.14) 0.1266
Public access AED 1.91 (1.57-2.32)  <0.0001  2.18 (1.78-2.67)  <0.0001 2.37 (1.90-2.97) <0.0001
Shockable 1st documented rthythm  6.27 (5.92-6.64)  <0.0001  8.51 (7.99-9.07)  <0.0001  10.86 (9.96-11.85)  <0.0001
Caused by stroke 2.02 (1.89-2.15)  <0.0001  0.75 (0.69-0.82)  <0.0001 0.43 (0.37-0.50) <0.0001
Epinephrine administration 2.40 (2.22-2.60)  <0.0001  0.82 (0.73-0.91)  0.0003 0.50 (0.43-0.59) <0.0001
Advanced airway management 0.53 (0.51-0.56)  <0.0001  0.56 (0.53—-0.60)  <0.0001 0.37 (0.34-0.40) <0.0001
Physician presence in ambulance 2.34 (2.10-2.61)  <0.0001  1.81 (1.59-2.06)  <0.0001 1.60 (1.37-1.86) <0.0001
Time from call to contact with 0.94 (0.93-0.95)  <0.0001  0.92 (0.91-0.93)  <0.0001 0.92 (0.91-0.93) <0.0001

patient (for 1 increment of

minute)
Time from contact with patient to 1.02 (1.02-1.03)  <0.0001  1.00 (1.00-1.01)  0.0292 1.01 (1.00-1.01) <0.0001

hospital arrival (for 1 increment

of minute)
Seasonal factor
(1) Winter (January, February, Reference Reference Reference

December)
(2) Spring (March, April, May) 1.10 (1.03-1.19)  0.0058 1.05 (0.97-1.14)  0.2007 1.10 (0.99-1.21) 0.0739
(3) Summer (June, July, August) 1.34 (1.25-1.44)  <0.0001  1.23 (1.13-1.33)  <0.0001 1.19 (1.07-1.32) 0.0009
(4) Autumn (September, October, 1.23 (1.14-1.32)  <0.0001  1.14 (1.05-1.24)  0.0010 1.13 (1.02-1.25) 0.0205

November)
Circadian factor
(1) 00:00—-05:59 Reference Reference Reference
(2) 06:00-11:59 1.18 (1.08-1.28)  0.0001 1.12 (1.01-1.23)  0.0243 1.13 (1.00-1.28) 0.0461
(3) 12:00-17:59 1.25 (1.15-1.37)  <0.0001  1.09 (0.99-1.20)  0.0875 1.08 (0.96—1.23) 0.2057
(4) 18:00-23:59 1.06 (0.97-1.16)  0.1741 0.94 (0.85-1.04)  0.2631 0.95 (0.83-1.08) 0.4055

Age was included in the model as a categorical variable, with 18 to 64 as the reference. The month of onset was categorized into 4 seasonal
categories: winter (January, February, December), spring (March, April, May), summer (June, July, August), and autumn (September, October,
November). Seasonal factors were included in the model as a categorical variable, with winter as the reference. The time of onset was categorized into
4 circadian categories: 0:00—5:59, 6:00—11:59, 12:00—17:59, and 18:00—23:59. Circadian factors were included in the model as a categorical
variable, with 0:00—5:59 as the reference. AED = automated external defibrillator, CI = confidence interval, CPR = cardiopulmonary resuscitation,
OHCA = out-of-hospital cardiac arrest, OR = odds ratio, ROSC =return of spontaneous circulation.

favorable neurological outcome. However, it appears that pre-
hospital advanced life support does not improve the neurologi-
cal outcomes. More research, including in-hospital data
gathering, must be performed to find superior treatments for

OHCA caused by stroke.
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