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【About my DissertaBon 】
The Btle of my dissertaBon work:

“Risk factors and outcomes in out-of-hospital cardiac arrest:
solu<ons for alloca<ng medical resources”
・comprised both “epidemiologic” and “clinical” studies
・focused on “medical fuBlity” and “prognosBcaBon”
for out-of-hospital cardiac arrest (OHCA).

【Background of my DissertaBon work】
・In Japan, almost all OHCA paBents are treated by EMS personnel
and are transported to emergency hospitals according to the law,
regardless of “age”, “physical status”, or “advanced direcBves”.
・AXer hospital arrival, they someBmes receive
intensive, even excessive, and expensive advanced medical care.
・Nevertheless, the outcomes cannot be improved compared with
those in other countries.

【Background of my DissertaBon work】
・These ulBmately fuBle procedures have become a major issue,
because of the country’s aging populaBon
and
the resulBng strain on medical resources.

In my dissertaBon work,
I esBmated unnecessary medical costs related to “in-hospital”
resuscitaBon care, using naBonal administraBve inpaBent claim data.
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【Unnecessary medical costs 】
Fukuda T, et al. Resuscita7on 2013;84:964-9.

・75.4% of OHCA paBents died on the day of hospital arrival
with in-hospital medical costs of $ 1624 / pa<ent.
・92.4% of OHCA paBents died prior to hospital discharge
with in-hospital medical costs of $ 2220 / pa<ent.
Throughout Japan,
the post hospital arrival medical costs alone were esBmated at
$ 153 million / year for paBents who died on the day of arrival, and
$ 256 million / year for paBents who die prior to discharge.

【About DissertaBon work】
To avoid such waste,
I tried to idenBfy risk factors which indicate resuscitaBon eﬀorts
would result in fuBle care, using another naBonal OHCA registry data.
1. Predictors of good and poor prognosis
in unwitnessed non-shockable OHCA.
International Journal of Cardiology 176 (2014) 910–915
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Predictors of favorable and poor prognosis in unwitnessed
out-of-hospital cardiac arrest with a non-shockable initial rhythm

Fukuda T, et al. Int J Cardiol 2014;176:910-5.
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Predictors: “<65 years”, “conversion to VF/VT”, “prehospital ROSC”.
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Background: Unwitnessed OHCA patients with non-shockable initial rhythms account for nearly half of all OHCA
patients, and their prognosis is extremely poor. To date, no studies have focused on these patients. This study
aimed to investigating the predictors of favorable and poor prognosis in these patients.
Methods: We conducted a nationwide, population-based, observational study of data from the All Japan Utstein
Registry, which included 121,081 adult OHCA patients subjected to resuscitation attempts from January 1,
2010 to December 31, 2010. The primary endpoint was favorable neurological outcome one month after OHCA.
Results: Of the eligible 120,721 patients, 68,024 (56.3%) were unwitnessed OHCA patients with nonshockable initial rhythms. A younger age (18–64 years: as a reference; 65–84 years: OR 0.68, 95% CI
0.54–0.87, p = 0.0019; ≥ 85 years: OR 0.46, 95% CI 0.33–0.63, p b 0.0001), conversion to shockable rhythm
(OR 2.14, 95% CI 1.43–3.13, p = 0.0003), and pre-hospital ROSC (OR 94.85, 95% CI 75.71–119.35,
p b 0.0001) were independently associated with a favorable neurological outcome. Favorable neurological
outcome rate was 28.8% in unwitnessed OHCA patients with non-shockable initial rhythms with all three
favorable predictors, and 0.18% in patients without any of the three predictors (OR 230.34, 95% CI
127.37–402.96, P b 0.0001).
Conclusions: It may be worthwhile to provide maximum lifesaving medical resources for patients with all of
the favorable predictors (b65 years, conversion to shockable rhythm, and pre-hospital ROSC); however,
continued resuscitation efforts for patients without these predictors should likely be restrained.
© 2014 Elsevier Ireland Ltd. All rights reserved.

If unwitnessed non-shockable OHCA paBent
・・ has all these factors, resuscitaBon eﬀorts may be fuBle,
・・ doesn’t have any of these factors, maximum eﬀorts should be provided.
1. Introduction

Out-of-hospital cardiac arrest (OHCA), a condition with one of the
poorest prognoses, is experienced by 125,000, 275,000, and 375,000

these patients are considered suitable candidates for TOR. On the
other hand, it is extremely important to identify the factors that contribute to a favorable prognosis in such cases because there are a limited
number of patients who will be discharged with a favorable outcome

【About DissertaBon work】
2. Importance of iniBal rhythm in determinaBon of medical fuBlity
in non-shockable OHCA.
66
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Background: Out-of-hospital cardiac arrest (OHCA) has a predominantly non-shockable rhythm. Non-shockable
rhythm, and the absence of a bystander witness or bystander cardiopulmonary resuscitation (CPR) are associated
with poor outcomes. However, the association between the type of non-shockable rhythm and outcomes is not
well known.
Objective: To examine the association between the initial rhythm and neurologically favorable outcomes after
non-shockable OHCA without a bystander witness or bystander CPR.
Methods: In a nationwide, population-based, cohort study, we analyzed 213,984 adult OHCA patients with a nonshockable rhythm who had neither a bystander witness nor bystander CPR. They were identiﬁed through the
Japanese national OHCA registry data from January 1, 2005 to December 31, 2010. The primary outcome was neurologically favorable survival.
Results: Among 213,984 patients, the initial rhythm was Pulseless Electrical Activity (PEA) in 31,179 patients
(14.6%) and Asystole in 182,805 patients (85.4%). The neurological outcome was more favorable in PEA than
in Asystole (1.4% vs. 0.2%, p b 0.0001). After adjusting for age, sex, etiology of arrest, epinephrine administration, advanced airway management, time from call to contact with patient, and calendar year, PEA was
associated with an increased neurologically favorable survival rate (odds ratio 7.86; 95% conﬁdence interval
6.81–9.07). In subgroup analysis stratiﬁed by age group (18–64, 65–84, or ≥ 85 years), the neurologically
favorable survival rate was ≥ 1% in PEA, even for patients aged ≥ 85 years, but b1% in Asystole among all
age groups.
Conclusion: PEA and Asystole should not be considered to be identical to non-shockable rhythm, but rather
should be clearly distinguished from each other from the perspective of quantitative medical futility.
© 2016 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.
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Fig. 2. Neurologically favorable survival rate by age group. Abbreviations: PEA, Pulseless
Fukuda
T, et al. Eur Intern Med 2016;30:61-7.
Electrical Activity.

Asystole [31]. However, we could only interpret the rough categories of
the etiology of cardiac arrest from this registry data. Fourth, a temporal
change in cardiac rhythm could not be followed up in this registry.
Therefore, although the previous studies suggested that the conversion
of non-shockable rhythm to shockable rhythm might be associated with
improved outcomes [9,25–28], we could not assess this point directly in
this study. Finally, as with all epidemiological studies, the integrity,
validity, and ascertainment bias of the data are potential limitations.
The use of a uniform data record based on the Utstein-style guidelines

From the perspecBve of quanBtaBve medical fuBlity,
PEA and Asystole should not be considered to be idenBcal to non-shockable rhythm,
but rather should be clearly disBnguished from each other.
Asystole

1. Introduction

☆ Contributors: T. Fukuda, the principal investigator, participated in the study conception, design and completion, the data collection, management, and analysis, the

Out-of-hospital cardiac arrest (OHCA) is generally divided into
shockable rhythm and non-shockable rhythm, as the prognoses
between the two greatly differ [1–8]. However, just as some OHCA patients with shockable rhythm have poor outcomes, some OHCA patients

【About DissertaBon work】
I also conducted some clinical studies, by collecBng data in my facility.
1. ValidaBon of prehospital TOR (terminaBon of resuscitaBon) rule in Tokyo.
American Journal of Emergency Medicine 32 (2014) 144–149
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Table 3
The test characteristics of the prehospital TOR rule in the overall enrolled OHCA patients
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Prehospital TOR rule positive
Prehospital TOR rule negative
The rate of the good outcomes
(ROSC, survival, favorable neurologic outcome)
despite the prehospital TOR rule positive
Sensitivity, % (95%CI)
Speciﬁcity, % (95%CI)
PPV, % (95%CI)
NPV, %(95%CI)

Background: It is unclear whether the prehospital termination of resuscitation (TOR) rule is applicable in
Glasgow-Pittsburgh
speciﬁc situations such as in areas extremely dense with hospitals.
Objectives: The objective of the study is to assess whether the prehospital TOR rule is applicable in the
emergency medical services system in Japan, speciﬁcally, in an area dense with hospitals in Tokyo.
Methods: This study was a retrospective, observational analysis of a cohort of adult out-of-hospital
cardiopulmonary arrest (OHCA) patients who were transported to the University of Tokyo Hospital from April
1, 2009, to March 31, 2011.
Results: During the study period, 189 adult OHCA patients were enrolled. Of the 189 patients, 108 patients met
the prehospital TOR rule. The outcomes were signiﬁcantly worse in the prehospital TOR rule–positive group
than in the prehospital TOR–negative group, with 0.9% vs 11.1% of patients, respectively, surviving until
discharge (relative risk [RR], 1.11; 95% conﬁdence interval [CI], 1.03-1.21; P = .0020) and 0.0% vs 7.4% of
patients, respectively, discharged with a favorable neurologic outcome (RR, 1.08; 95% CI, 1.02-1.15; P =
.0040). The prehospital TOR rule had a positive predictive value (PPV) of 99.1% (95% CI, 96.3-99.8) and a
speciﬁcity of 90.0% (95% CI, 60.5-98.2) for death and a PPV of 100.0% (95% CI, 97.9-100.0) and a speciﬁcity of
100.0% (95% CI, 61.7-100.0) for an unfavorable neurologic outcome.
Conclusions: This study suggested that the prehospital TOR rule predicted unfavorable outcomes even in an
area dense with hospitals in Tokyo and might be helpful for identifying the OHCA patients for whom
resuscitation efforts would be fruitless.
© 2013 Elsevier Inc. All rights reserved.

No ROSC
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1
72
9
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86.1
37.0

(60.6-68.0)
(54.0-77.6)
(80.8-90.7)
(30.0-43.1)

Cerebral Performance Category 1, good performance; 2, moderate disability; 3, severe cerebral

This study suggested that the prehospital TOR rule could predict death
3. Results
with high accuracy, even in an area dense
with hospitals in Tokyo.

During the study period, 195 eligible adult OHCA patients were
recorded. Among the 195 OHCA patients, there were 3 patients in
respectively [1-3]. Of these patients, approximately 60% in Europe
and the elements of the prehospital TOR rule could not be assessed
whom
55% in the United States are transferred to hospitals, whereas almost
on the information provided. These and 3 other patients who
all OHCA patients (96%) in Asia are transferred to hospitalsbased
[4-8].
In Japan, a nonphysician is legally unable to make the decision to
were
terminate resuscitation [4,9-11]. In an ambulance, in which
there is transferred to another hospital within 24 hours were excluded

The prehospital TOR rule may be helpful for idenBfying the OHCA paBents
for whom resuscitaBon eﬀorts would be fruitless.

Out-of-hospital cardiopulmonary arrest (OHCA) has one of the
worst prognoses, and approximately 120 000, 280 000, and 380 000
people per year develop OHCA in Japan, Europe, and the United States,

(58.1-60.2)
(60.5-98.2)
(96.3-99.8)
(7.5-12.1)

Fukuda T, et al. Am J Emerg Med 2014;32:144-9.

The threshold for signiﬁcance was P b .05. All the statistical analyses
were conducted using JMP Pro 9.0.3 (SAS institute, Inc, Cary, NC).
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【About DissertaBon work】
2. Cerebral oxygenaBon can predict fuBlity of resuscitaBon care?
American Journal of Emergency Medicine 32 (2014) 747–751
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AUC (95%
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OR (95% CI)
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Speciﬁcity (95% CI)

Speciﬁcity
PPV (95% CI)
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Background: Cerebral regional oxygen saturation (rSO2) can be measured immediately and noninvasively just
after arrival at the hospital and may be useful for evaluating the futility of resuscitation for a patient with outof-hospital cardiopulmonary arrest (OHCA). We examined the best practices involving cerebral rSO2 as an
indicator of the futility of resuscitation.
Methods: This study was a single-center, prospective, observational analysis of a cohort of consecutive adult
OHCA patients 2
who were transported to the University of Tokyo Hospital from October 1, 2012, to September
30, 2013, and whose cerebral rSO2 values were measured.
Results: During the
2 study period, 69 adult OHCA patients were enrolled. Of the 54 patients with initial lower
cerebral rSO2 values of 26% or less, 47 patients failed to achieve return of spontaneous circulation (ROSC) in
the receiver operating
2 characteristic curve analysis (optimal cutoff, 26%; sensitivity, 88.7%; speciﬁcity, 56.3%;
positive predictive value, 87.0%; negative predictive value, 60.0%; area under the curve [AUC], 0.714; P =
.0033). The AUC for the initial lower cerebral rSO2 value was greater than that for blood pH (AUC, 0.620; P =
.1687) or lactate values (AUC, 0.627; P = .1081) measured upon arrival at the hospital as well as that for initial
higher (AUC, 0.650; P = .1788) or average (AUC, 0.677; P = .0235) cerebral rSO2 values. The adjusted odds
ratio of the initial lower cerebral rSO2 values of 26% or less for ROSC was 0.11 (95% conﬁdence interval, 0.010.63; P = .0129).
Conclusions: Initial lower cerebral rSO2 just after arrival at the hospital, as a static indicator, is associated with
2 performance sufﬁcient
non-ROSC. However, an initially lower cerebral rSO2 alone does not yield a diagnosis
for evaluating the futility of resuscitation.
2
2 © 2014 Elsevier Inc. All rights reserved.
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IniBal lower cerebral rSO2 (just aXer arrival at the hospital) is signiﬁcantly
associated with non-ROSC.

1. Introduction

annually in Japan, Europe, and the United States, respectively [1-3]. Of
these victims, approximately 60% in Europe and 55% in the United
States are transferred to hospitals, whereas almost all OHCA patients
in Japan are transferred to hospitals [4-8]. In Japan, nonphysicians are
legally prohibited from terminating resuscitation except in speciﬁc
situations [4,9-12].
Although the rate of survival after OHCA has been increasing with
advances in care throughout the “chain of survival,” it is still low
[13,14]. In our previous study, which was conducted using a
nationwide administrative database in Japan, we found the following
outcomes for OHCA patients transferred to hospitals: approximately
75% died within 24 hours after arrival at the hospital, approximately
17% survived more than 24 hours but died during hospitalization, and
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Out-of-hospital cardiopulmonary arrest (OHCA) has a very poor
prognosis, with approximately 120 000, 280 000, and 380 000 victims

But, an iniBally lower cerebral rSO2 alone does not result in a diagnosis performance
that is suﬃcient for judging the fuBlity of resuscitaBon.
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【Future Prospects】
These studies idenBﬁed certain factors correlated with poor prognosis,
but we have yet to achieve a diagnosBc accuracy that is suﬃcient for
evaluaBng medical fuBlity for all OHCA paBents.
In the future study,
I plan to establish an accurate predicBon rule for fuBle resuscitaBon,
by combining physiologic factors (e.g., cerebral rSO2, blood gas) and
non-physiologic factors (e.g., witness, iniBal rhythm, age, downBme).

【Other epidemiologic studies】
Apart from my DissertaBon work,
I have undertaken some epidemiologic studies,
to invesBgate the detailed characterisBcs of OHCA.
[1] AssociaBon of season (or ambient temperature)
with outcomes of OHCA.

Fukuda T, et al. J Crit Care 2014;29:840-7.

[2] AssociaBon of the number of emergency physicians
with outcomes of OHCA.

Fukuda T, et al. J Emerg Med 2015;48:e81-92.

[3] Epidemiology of stroke-related OHCA.

Fukuda T, et al. Medicine (Bal7more) 2016;95:e3107.

.

[4] Temporal trends in outcomes of OHCA

Fukuda T, et al. Medicine (Bal7more) 2015;94:e2049.

【PracBces improving paBent outcomes】
In addiBon, I have also undertaken research that focused on
prehospital resuscitaBon care to determine opBmal CPR pracBces.
(1) Eﬀect of rescue breathing in respiratory OHCA.

Fukuda T, et al. Intern Emerg Med 2016 In Press.

(2) Eﬀect of advanced airway management in respiratory OHCA.

Fukuda T, et al. Heart Lung Circ 2015;24:241-9.

(3) Eﬀect of prehospital epinephrine in adult OHCA.

Fukuda T, et al. Eur J Clin Pharmacol 2016;72:1255-64.

(4) Eﬀect of compression-only CPR in pediatric OHCA.

Fukuda T, et al. Circula7on 2016 In Press.
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In children,
great emphasis has been placed on rescue breathing,
due to the background of predominantly respiratory OHCA
(both physiologically and epidemiologically).
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There are no RCTs comparing convenBonal vs. compression-only CPR
in pediatric OHCA.

Yutaka Kondo, Beth Israel Deaconess Medical Center, Harvard Medical School
Naoki Yahagi, The University of Tokyo

Only one large-scale observaBonal study from Japan examined that.

(Lancet 2010;375:1347-54.)

【About my greatest achievement】
The ﬁndings of that study supported the idea that convenBonal CPR is
beler than compression-only CPR for pediatric non-cardiac OHCA.
In addiBon, that study also indicated that the neurological outcomes
are comparable in both no CPR and compression-only CPR groups.
no CPR: 1.5%, compression-only CPR: 1.6%, convenBonal CPR: 7.2%
(Lancet 2010;375:1347-54.)

However, I had some concerns about these ﬁndings,
because that study involved paBents with OHCA prior to 2010.

【Compression-only CPR in pediatric OHCA】
April 2008:
AHA published a statement on the compression-only CPR technique.
October 2010:
In the 2010 internaBonal CPR guidelines update,
compression-only CPR was given as a treatment opBon.
→
Compression-only CPR was not yet suﬃciently widespread during
that study period; compression-only CPR may have been performed by
individuals who lacked adequate training for CPR.

【Compression-only CPR in pediatric OHCA】
We conducted a study on the eﬀect of compression-only CPR,
using naBonal OHCA registry data between 2011 and 2012.
→
There were no signiﬁcant diﬀerences in neurologically intact survival
between convenBonal CPR group and compression-only CPR group,
aXer adjusBng for potenBal confounders:
MulBvariable logisBc regression modeling: OR 1.52 (95% CI 0.93-2.49)
Propensity score matching:
OR 1.20 (95% CI 0.81-1.77)
Both convenBonal and compression-only CPR were associated with
higher rates of neurologically intact survival, compared with no CPR.
ConvenBonal vs no CPR:
OR 5.01 (95% CI 2.98-8.57)
Compression-only vs no CPR: OR 3.29 (95% CI 1.93-5.71)

【Clinical implicaBons】
・ These data suggest that compression-only bystander CPR may be
life-saving in children, as well as adults.
・ These ﬁndings would encourage the disseminaBon of compressiononly CPR in pediatric OHCA.
・ This may lead to further improvement of the implementaBon rates
of bystander CPR, which may result in further improvement of
treatment outcomes for pediatric OHCA.

【Future Prospects】
It was uncertain why compression-only CPR is as eﬀecBve as
convenBonal CPR in pediatric OHCA.
There may be some reasons:
- The adverse eﬀects of interrupBng the chest compressions
may be criBcal.
- Passive oxygenaBon during compression-only CPR may be suﬃcient.
In the future study,
I plan to measure cerebral rSO2 during convenBonal and compressiononly CPR, to verify the diﬀerence in cerebral perfusion (or oxygenaBon)
between convenBonal and compression-only CPR.
Such study may scienBﬁcally enforce our ﬁndings that compressiononly CPR is as eﬀecBve as convenBonal CPR even in children.

