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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.	
	
	
	
																																																																Fukuda	T,	et	al.	Resuscita7on	2013;84:964-9.		
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a b s t r a c t

Objectives: Although cost analyses for emergency care are essential, data on costs of care for out-of-
hospital cardiopulmonary arrest (OHCA) are scarce. The present study aimed to analyze health care costs
related to OHCA using a nationwide administrative database in Japan.
Methods: Using the Diagnosis Procedure Combination database in Japan, we identified OHCA patients
who were transported to 779 emergency medical centres between July and December in 2008 and 2009.
We assessed patient survival and discharge status, receipt of specific treatments, and costs of in-hospital
care.
Results: A total of 21,750 OHCA patients were identified. Overall, 59.6% were males, and the average age
was 70.3 years. Of them, 1394 (6.4%) resulted in death without attempted resuscitation after hospital
arrival (Group A), 14,973 (69.0%) died on admission day despite resuscitation attempts (Group B), 3680
(17.0%) died at ≥2 days after admission despite resuscitation attempts (Group C), 785 (3.6%) survived and
were discharged to home (Group D) and 873 (4.0%) survived and discharged to other than home (Group
E). The median total costs were $434, $1735, $4869, $28,097 and $31,161 in Groups A to E, respectively.
Positive survival status, longer hospital stay and receipt of specific treatments were significant predictors
of higher total costs. After adjustment for these factors, higher age was associated with lower costs.
Conclusions: The findings in the present study add further evidence to existing knowledge about health-
care costs related to OHCA.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

As advanced life supports in both pre-hospital and hospi-
tal emergency medical services have become more available,
the economic burden of treating out-of-hospital cardiac arrest
(OHCA) has become a more important issue and has been under
investigation.1–14 Theoretically, restricting the demand for futile
medical services could be proposed to save health care costs, espe-
cially for some OHCA patients who are likely to die anyway. In this
context, economic analyses are important to clarify costs related
to OHCA in various clinical settings. Although previous studies
have described OHCA-related costs, many of them were published
before 2000.1–9 The findings of more recent studies, published after
2000, have been limited due to a small sample size or coverage of

! A Spanish translated version of the summary of this article appears as Appendix
in the final online version at http://dx.doi.org/10.1016/j.resuscitation.2013.02.019.
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E-mail addresses: yasunagah-tky@umin.ac.jp, yasunagah-jyo@h.u-tokyo.ac.jp

(H. Yasunaga).

only a limited area.10–14 Also, little is known about the factors that
increase costs related to OHCA. For instance, age is a possible fac-
tor associated with costs of treating OHCA; however, few previous
studies, to our knowledge, have assessed such an association.

The aims of the present studies were (i) to investigate OHCA-
related costs using a nationwide administrative claim database in
Japan and (ii) to examine factors affecting the costs by dividing the
large population into subgroups of varying clinical status, including
those who were resuscitated at admission or not, who died imme-
diately after admission or not, who were discharged alive or dead,
and who were elderly (≥80 years old) or not.

2. Methods

2.1. Data source

The study was a retrospective cohort investigation of patients
aged ≥18 years old who suffered OHCA and were transported to
the hospital, using the Japanese Diagnosis Procedure Combination
(DPC) database from July 1 to December 31 in 2008 and 2009.

0300-9572/$ – see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.resuscitation.2013.02.019



【Unnecessary	medical	costs	】	

	・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.		

Fukuda	T,	et	al.	Resuscita7on	2013;84:964-9.		



【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.	
	
	
	
																																																																																											Fukuda	T,	et	al.	Int	J	Cardiol	2014;176:910-5.		
	
	Predictors:	“<65	years”,	“conversion	to	VF/VT”,	“prehospital	ROSC”.	
	
		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.		

Predictors of favorable and poor prognosis in unwitnessed
out-of-hospital cardiac arrest with a non-shockable initial rhythm
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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 non-
shockable 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.

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
individuals annually in Japan, Europe, and the USA, respectively [1–4].
Although the rate of survival after OHCA has increased along with ad-
vances in care throughout the “chain of survival,” it remains low [5,6].

The prognosis is especially poor in cases of unwitnessed OHCA with
non-shockable initial rhythms [2,7,8]. In fact, a lack of witnesses and a
non-shockable rhythmare themain criteria in thepre-hospital termina-
tion of resuscitation (TOR) rule [9–14]. Unwitnessed OHCA patients
with non-shockable initial rhythms account for nearly half of all OHCA
patients, and their prognosis is extremely poor [1,2,7,8]; therefore,

these patients are considered suitable candidates for TOR. On the
other hand, it is extremely important to identify the factors that contrib-
ute to a favorable prognosis in such cases because there are a limited
number of patients who will be discharged with a favorable outcome
in these many cases. To date, no studies have focused on a large sample
of unwitnessed OHCA patients with non-shockable initial rhythms.

This study aimed to investigating the predictors of both favorable
and poor prognosis in unwitnessed OHCA patients with non-
shockable initial rhythms.

2. Methods

2.1. Study design and participants

We conducted a population-based cohort study of data from the All-Japan Utstein
Registry of the Fire and DisasterManagement Agency (FDMA), a prospective, nationwide,
population-based registry system of all OHCA patients maintained via Utstein-style data
collection [15].

All adults aged ≥18 years who suffered from OHCA and for whom resuscitation was
attempted by emergency medical service (EMS) personnel with subsequent transport
to emergency hospitals from January 1 to December 31, 2010 were enrolled in this
study. Patients whose data and information regarding the onset time, call receipt time,
hospital arrival time, airway management status, or the public access automated external
defibrillator (AED) usage status were missing or unknown were excluded from the
analysis.

International Journal of Cardiology 176 (2014) 910–915

Abbreviations:OHCA, out-of-hospital cardiac arrest; TOR, termination of resuscitation;
FDMA, Fire and Disaster Management Agency; EMS, emergency medical service; AED, au-
tomated external defibrillator; CPR, cardiopulmonary resuscitation; AHA, American Heart
Association; ILCOR, International Liaison Committee on Resuscitation; ROSC, return of
spontaneous circulation; CPC, Glasgow–Pittsburgh cerebral performance category;
ANOVA, analysis of variance; OR, odds ratio; CI, confidence interval; SD, standard devia-
tion; ADL, activity of daily living.
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【About	DissertaBon	work】	

	
	2.	Importance	of	iniBal	rhythm	in	determinaBon	of	medical	fuBlity	
					in	non-shockable	OHCA.	
	
	
	
	
	
	
	
																																																																																								Fukuda	T,	et	al.	Eur	Intern	Med	2016;30:61-7.		
	
	

		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.	

Original Article

Association of initial rhythm with neurologically favorable survival in
non-shockable out-of-hospital cardiac arrest without a bystander
witness or bystander cardiopulmonary resuscitation☆,☆☆

Tatsuma Fukuda ⁎, Naoko Ohashi-Fukuda, Takehiro Matsubara, Kent Doi, Yoichi Kitsuta,
Susumu Nakajima, Naoki Yahagi
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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 bystanderwitness 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 non-
shockable rhythm who had neither a bystander witness nor bystander CPR. They were identified through the
Japanese national OHCA registry data from January 1, 2005 toDecember 31, 2010. The primary outcomewas neu-
rologically favorable survival.
Results:Among 213,984 patients, the initial rhythmwas Pulseless Electrical Activity (PEA) in 31,179 patients
(14.6%) and Asystole in 182,805 patients (85.4%). The neurological outcomewasmore favorable in PEA than
in Asystole (1.4% vs. 0.2%, p b 0.0001). After adjusting for age, sex, etiology of arrest, epinephrine adminis-
tration, advanced airway management, time from call to contact with patient, and calendar year, PEA was
associatedwith 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.

Keywords:
Out-of-hospital cardiac arrest
Cardiopulmonary resuscitation
Asystole
Pulseless Electrical Activity
Non-shockable rhythm

1. Introduction

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 pa-
tients with shockable rhythmhave poor outcomes, someOHCA patients
with non-shockable rhythm have favorable outcomes [9]. Well-known
prognostic factors for OHCA include not only shockable rhythm but
also a bystander witness and bystander cardiopulmonary resuscitation
(CPR) [7,8,10–15]. OHCA with non-shockable rhythm and neither
bystander witness nor bystander CPR is considered to have the
worst prognosis, and can thus be eligible for the termination of resusci-
tation (TOR) [12,16–20]. However, considering that OHCA patients pre-
dominantly have non-shockable rhythm andmore than half of them do
not have a bystander witness and bystander CPR, it is important to fur-
ther stratify OHCA patients with non-shockable rhythm who have nei-
ther a bystander witness nor bystander CPR [6,9,10].

European Journal of Internal Medicine 30 (2016) 61–67
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E-mail address: tatsumafukuda-jpn@umin.ac.jp (T. Fukuda).

http://dx.doi.org/10.1016/j.ejim.2016.01.022
0953-6205/© 2016 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

European Journal of Internal Medicine

j ourna l homepage: www.e lsev ie r .com/ locate /e j im

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 rhythmmight be associatedwith
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
for reporting cardiac arrest, the large sample size, and the population-
based designwere intended tominimize these potential sources of bias.

In conclusion, among adult OHCA patients with non-shockable first
documented rhythmwho had neither a bystanderwitness nor bystand-
er CPR, the neurologically favorable survival rates in PEA were higher
than those in Asystole. Although the neurologically favorable survival
rates were b1% among all age groups with Asystole, neurologically fa-
vorable survival rates were ≥1%, even for patients aged ≥85 years with
PEA. PEA and Asystole should not be considered to be identical to
non-shockable rhythm when the patients had neither a bystander wit-
ness nor bystander CPR, but rather should be clearly distinguished from
each other from the perspective of quantitative medical futility.
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Fig. 2. Neurologically favorable survival rate by age group. Abbreviations: PEA, Pulseless
Electrical Activity.
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 	I	also	conducted	some	clinical	studies,	by	collecBng	data	in	my	facility.	
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Background: It is unclear whether the prehospital termination of resuscitation (TOR) rule is applicable in
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 whowere 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.

1. Introduction

Out-of-hospital cardiopulmonary arrest (OHCA) has one of the
worst prognoses, and approximately 120000, 280000, and 380000
people per year develop OHCA in Japan, Europe, and the United States,

respectively [1-3]. Of these patients, approximately 60% in Europe and
55% in the United States are transferred to hospitals, whereas almost
all OHCA patients (96%) in Asia are transferred to hospitals [4-8].

In Japan, a nonphysician is legally unable to make the decision to
terminate resuscitation [4,9-11]. In an ambulance, in which there is
usually no physician, resuscitation efforts are conducted on almost all
OHCA patients regardless of whether they have an advance directive,
living will, and/or do-not-attempt-resuscitation order [4,9-11].

In our previous study, which was conducted using the nationwide
administrative database in Japan, we found the following outcomes of
the OHCA patients transferred to emergency hospitals: approximately
75% died within 24 hours after arrival at the hospital, approximately
17% survived more than 24 hours but died during hospitalization, and
approximately 8% survived to discharge. The medical costs of
hospitalization per OHCA patient who diedwithin 24 hours amounted
to approximately $1500, the exchange rate assumed to be 80 Japanese
yen per US $1 [4].
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The threshold for significancewas P b .05. All the statistical analyses
were conducted using JMP Pro 9.0.3 (SAS institute, Inc, Cary, NC).

3. Results

During the study period, 195 eligible adult OHCA patients were
recorded. Among the 195 OHCA patients, there were 3 patients in
whom the elements of the prehospital TOR rule could not be assessed
based on the information provided. These and 3 other patients who
were transferred to another hospital within 24 hours were excluded
from the study. A total of 189 adult OHCA patients were enrolled, of
which 148 patients received BLS and 41 received ALS (Fig. 2).

Table 1 shows the demographic characteristics and outcomes of
the adult OHCA patients. The average patient age was 69.2 years, and
127 patients were male (67.2%). The proportion of the prehospital
TOR rule positivity was higher in the BLS than in the ALS group, and
except for that, none of the other baseline characteristic comparisons
between the 2 groups were statistically significant.

The baseline demographic characteristics and outcomes between
the group thatmet the prehospital TOR rule and the group that did not
meet the rule are shown in Table 2. There were no significant
differences between the 2 groups in age and sex, but except for those
characteristics, all the other baseline characteristic comparisons
between the 2 groups were statistically significant at P b .05.

The outcomes were significantly worse in the prehospital TOR
rule–positive group than in the prehospital TOR rule–negative group,
with 13.9% and 37.0%, respectively, achieving ROSC (RR, 1.37; 95% CI,
1.14-1.64; P = .0002); 3.7% and 18.5%, respectively, surviving more
than 24 hours (RR, 1.18; 95% CI, 1.06-1.32; P= .0008); 0.9% and 11.1%,
respectively, surviving to discharge (RR, 1.11; 95% CI, 1.03-1.21; P =
.0020); and 0.0% and 7.4%, respectively, discharged with a favorable
neurologic outcome (RR, 1.08; 95% CI, 1.02-1.15; P = .0040).

The LOS was significantly shorter in the prehospital TOR rule–
positive group than in the prehospital TOR rule–negative group in all
the patients (1.5 ± 3.0 vs 5.9 ± 13.7, respectively; P = .005) and in

the patients hospitalized after the ROSC (4.4 ± 7.5 vs 14.3 ± 20.1,
respectively; P = .0211).

The characteristics of the diagnostic tests for the prehospital TOR
rule are shown in Table 3.

The prehospital TOR rule for no ROSC had a sensitivity of 64.6%
(95% CI, 60.6%-68.0%), a specificity of 66.7% (95% CI, 54.0%-77.6%), a
positive predictive value (PPV) of 86.1% (95% CI, 80.8%-90.7%), and a
negative predictive value (NPV) of 37.0% (95% CI, 30.0%-43.1%). Of the
108 patients who met the prehospital TOR rule, 15 achieved ROSC
(13.9%; 95% CI, 9.3%-19.2%).

The prehospital TOR rule for death had a sensitivity of 59.8% (95%
CI, 58.1%-60.2%), a specificity of 90.0% (95% CI, 60.5%-98.2%), a PPV of
99.1% (95% CI, 96.3%-99.8%), and an NPV of 11.1% (95%CI, 7.5%-12.1%).
Of the 108 patients who met the prehospital TOR rule, one survived
(0.9%; 95% CI, 0.2%-3.7%). The patient survived to discharge with
Glasgow-Pittsburgh Cerebral Performance Category (CPC) 3.

The prehospital TOR rule for unfavorable neurologic outcome had
a sensitivity of 59.0% (95% CI, 57.8%-59.0%), a specificity of 100.0%
(95% CI, 61.7%-100.0%), a PPV of 100.0% (95% CI, 97.9%-100.0%), and an
NPV of 7.4% (95% CI, 4.6%-7.4%). Of the 108 patients who met the
prehospital TOR rule, no patient was discharged with a favorable
neurologic outcome (0.0%; 95% CI, 0.0%-2.1%).

4. Discussion

Weevaluated the OHCApatient data retrospectively collected from
a single institution and found that the prehospital TOR rule predicted
unfavorable outcomes in Japan in an area dense with hospitals. In
Japan, resuscitation efforts during prehospital care are conducted on
almost all OHCA patients equally [9-11]. The prognosis was signifi-
cantly poorer in the patients who had met the prehospital TOR rule.

The prehospital TOR rule for unfavorable neurologic outcome had
a PPV of 100.0% and a specificity of 100.0%. The prehospital TOR rule
for death had a PPV of 99.1% and a specificity of 90.0%, and that for no
ROSC had a PPV of 86.1% and a specificity of 66.7%. It was hypothesized
that the prehospital TOR rule had higher precision as a prognostic

Table 3
The test characteristics of the prehospital TOR rule in the overall enrolled OHCA patients

No ROSC ROSC Death Survival Unfavorable neurologic
outcome (CPC 3-5)

Favorable neurologic
outcome (CPC 1,2)

Prehospital TOR rule positive 93 15 107 1 108 0
Prehospital TOR rule negative 51 30 72 9 75 6
The rate of the good outcomes
(ROSC, survival, favorable neurologic outcome)
despite the prehospital TOR rule positive

13.9 (9.3-19.2) 0.9 (0.2-3.7) 0.0 (0.0-2.1)

Sensitivity, % (95%CI) 64.6 (60.6-68.0) 59.8 (58.1-60.2) 59.0 (57.8-59.0)
Specificity, % (95%CI) 66.7 (54.0-77.6) 90.0 (60.5-98.2) 100.0 (61.7-100.0)
PPV, % (95%CI) 86.1 (80.8-90.7) 99.1 (96.3-99.8) 100.0 (97.9-100.0)
NPV, %(95%CI) 37.0 (30.0-43.1) 11.1 (7.5-12.1) 7.4 (4.6-7.4)

Glasgow-Pittsburgh Cerebral Performance Category 1, good performance; 2, moderate disability; 3, severe cerebral disability; 4, vegetative state; 5, death.

Table 4
The test characteristics of the prehospital TOR rule in the BLS performed OHCA patients

No ROSC ROSC Death Survival Unfavorable neurologic
outcome (CPC 3-5)

Favorable neurologic
outcome (CPC 1,2)

Prehospital TOR rule positive 87 14 100 1 101 0
Prehospital TOR rule negative 29 18 42 5 44 3
The rate of the good outcomes
(ROSC, survival, favorable neurologic outcome)
despite the prehospital TOR rule positive

13.9 (9.5-18.6) 1.0 (0.2-3.3) 0.0 (0.0-1.7)

Sensitivity, % (95%CI) 75.0 (70.9-78.8) 70.4 (68.8-71.0) 69.7 (68.5-69.7)
Specificity, % (95%CI) 56.3 (41.4-69.9) 83.3 (44.5-97.0) 100.0 (44.4-100.0)
PPV, % (95%CI) 86.1 (81.4-90.5) 99.0 (96.7-99.8) 100.0 (98.3-100.0)
NPV, % (95%CI) 38.3 (28.2-47.6) 10.6 (5.7-12.4) 6.4 (2.8-6.4)

Glasgow-Pittsburgh Cerebral Performance Category 1, good performance; 2, moderate disability; 3, severe cerebral disability; 4, vegetative state; 5, death.
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		This	study	suggested	that	the	prehospital	TOR	rule	could	predict	death	
		with	high	accuracy,	even	in	an	area	dense	with	hospitals	in	Tokyo.	
	

			The	prehospital	TOR	rule	may	be	helpful	for	idenBfying	the	OHCA	paBents		
			for	whom	resuscitaBon	efforts	would	be	fruitless.		
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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 out-
of-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 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 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 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, 0.01-
0.63; P = .0129).
Conclusions: Initial lower cerebral rSO2 just after arrival at the hospital, as a static indicator, is associated with
non-ROSC. However, an initially lower cerebral rSO2 alone does not yield a diagnosis performance sufficient
for evaluating the futility of resuscitation.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Out-of-hospital cardiopulmonary arrest (OHCA) has a very poor
prognosis, with approximately 120000, 280000, and 380000 victims

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
approximately 8% survived until discharge [4].

Although futile medical care should be avoided, it is very difficult
to judge the futility of resuscitation in patients with OHCA. Even if a
patient does not leave the hospital alive or develops neurological
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sex, bystander CPR status, initial cardiac rhythm, prehospital
advanced airway management, prehospital epinephrine administra-
tion, time from call to scene arrival, blood pH, lactate value, and initial
higher cerebral rSO2 values between the 2 groups.

Table 2 shows the ROC analyses used to predict non-ROSC. The
area under the curve (AUC) was greater for the prediction of non-
ROSC when initial lower cerebral rSO2 values (0.714; P = .0033)
were used than when initial higher cerebral rSO2 values (0.650; P =
.1788) or initial average cerebral rSO2 values (0.677; P = .0235)
were used. In addition, the AUC was greater than when blood pH
(0.620; P = .1687) or lactate values (0.627; P = .1081) were used.
The optimal cutoff of initial lower cerebral rSO2 values was 26.0%.
The use of an initial lower cerebral rSO2 of 26.0% or less to predict
non-ROSC had a sensitivity of 88.7%, a specificity of 56.3%, a positive
predictive value (PPV) of 87.0%, and a negative predictive value
(NPV) of 60.0%. The OR of an initial lower cerebral rSO2 of 26.0% or
less for not achieving ROSC was 10.07 (95% CI, 2.74-37.06).

Table 3 shows the results of the multivariate logistic regression
analysis for ROSC. The presence of a witness was an independent
factor associated with a better chance of achieving ROSC after OHCA
(adjusted OR, 19.37; 95% CI, 2.86-213.04; P = .0017). Conversely,
having an initial lower cerebral rSO2 of 26% or less reduced the
possibility of ROSC after OHCA after adjustment for potential
confounders (adjusted OR, 0.11; 95% CI, 0.01-0.63; P = .0129).

4. Discussion

In this single-center prospective cohort study of OHCA patients
whose cerebral rSO2 values were measured, we found that initial
lower cerebral rSO2 as a static indicator may help predict the medical
futility of resuscitation. The ROC analysis revealed that the initial
lower cerebral rSO2 more accurately identified patients with OHCA
who could not achieve sustained ROSC than initial higher or average
cerebral rSO2. However, the AUC for initial lower cerebral rSO2

regarding the prediction of non-ROSC was not always high enough to
be used alone.

The rSO2 values may vary depending on the measurement site
because of the principles underlying its measurement, even if a
patient is measured at the same time. Thus, it was unclear whether
rSO2 was available as a static indicator. In our study, 2 initial cerebral
rSO2 values of OHCA patients, which were measured at the same time
just after arrival at the hospital, were classified as a higher value and a
lower value. As a result, the initial higher cerebral rSO2 value
presented poor precision as a predictive indicator of non-ROSC and
was inconvenient to use (AUC, 0.650; P = .1788), whereas the initial
lower cerebral rSO2 value could be used as a predictive indicator
(AUC, 0.714; P = .0033). When there was a great difference between
the initial higher and lower cerebral rSO2 values, the higher value
might have been directly affected by the composition of arteries just
under the measurement site, and the lower value might reflect the
saturation of the brain tissues more accurately.

Our study findings revealed that rSO2 could be used as a static
indicator for the prediction of ROSC by using the lower initial cerebral
rSO2 value.

However, the AUCwas not sufficiently high, and the termination of
resuscitation should not be determined based on initial lower cerebral
rSO2 values alone.

Actually, when the initial lower cerebral rSO2 values are used
as a criterion to judge the termination of resuscitation, it is more
important that the specificity and PPV are high, rather than the
use of sensitivity to predict non-ROSC. Although this examination
was also performed after the cutoff value was changed (Table 4),
the specificity and PPV achieved at most levels of 62.5% and
87.8%, respectively.

To use initial cerebral rSO2 as a criterion to judge the futility of
resuscitation, it is necessary for both the specificity and PPV to be
almost 100%. Thus, the initial lower cerebral rSO2 values should not be
used alone. It may be necessary to use such values in combination
with other indicators to predict non-ROSC.

Table 2
Receiver operating characteristic curve analysis of non-ROSC prediction

Cutoff AUC (95% CI) P OR (95% CI) Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI)

Cerebral oxygen saturation
Initial lower cerebral rSO2 26.0% 0.714 (0.535-0.844) .0033 10.07 (2.74-37.06) 88.7% (82.8-93.4) 56.3% (36.9-71.9) 87.0% (81.3-91.7)
Initial higher cerebral rSO2 28.0% 0.650 (0.488-0.784) .1788 4.64 (1.42-15.14) 73.6% (67.3-78.8) 62.5% (41.6-79.8) 86.7% (79.2-92.8)
Initial average cerebral rSO2 23.0% 0.677 (0.506-0.811) .0235 4.22 (1.30-13.68) 71.7% (65.4-79.9) 62.5% (41.5-79.9) 86.4% (78.7-92.7)
Blood pH 6.886 0.620 (0.459-0.759) .1687 4.28 (1.29-14.21) 66.0% (59.6-70.9) 68.8% (47.4-84.9) 87.5% (79.0-93.9)
Lactate 8.2 mmol/L 0.627 (0.436-0.786) .1081 7.35 (1.75-30.91) 92.5% (87.5-96.5) 37.5% (21.0-51.1) 83.1% (78.6-86.7)

The AUC was greater for the prediction of non-ROSC when initial lower cerebral rSO2 values (0.714; P= .0033) were used than when other indicators were used. The optimal cutoff
of initial lower cerebral rSO2 was 26.0%. The OR of initial lower cerebral rSO2 of 26% or less for not achieving ROSC was 10.07 (95% CI, 2.74-37.06).

Table 3
Return of spontaneous circulation–contributing factors after OHCA

Adjusted OR (95% CI) P

Age (for 1 increment of year) 1.01 (0.95-1.07) .8345
Sex (male) 8.73 (0.88-159.57) .0654
Witnessed 19.37 (2.86-213.04) .0017
With bystander CPR 0.60 (0.08-4.01) .5999
Shockable initial rhythm 1.30 (0.12-14.06) .8231
Prehospital advanced airway management
(including supraglottic airway)

0.07 (0.01-1.01) .0511

Prehospital epinephrine administration 0.20 (0.01-2.19) .1962
Call to scene arrival (for 1 increment of minute) 1.02 (0.77-1.26) .8659
Call to hospital arrival (for 1 increment of minute) 0.99 (0.87-1.12) .8978
Initial lower cerebral rSO2 (≤26%) 0.11 (0.01-0.63) .0129

The presence of a witness was an independent factor associated with a better chance of
achieving ROSC after OHCA (adjusted OR, 19.37; 95% CI, 2.86-213.04; P = .0017). On
the other hand, having an initial lower cerebral rSO2 of 26% or less reduced the
possibility of ROSC after OHCA after adjustment for potential confounders (adjusted OR,
0.11; 95% CI, 0.01-0.63; P = .0129).

Table 4
Diagnostic accuracy of initial lower cerebral rSO2 for non-ROSC by each cutoff

Cutoff Sensitivity
(95% CI)

Specificity
(95% CI)

PPV (95% CI) NPV (95% CI)

15.0% 66.0%
(59.7-71.4)

62.5%
(41.4-80.1)

85.4%
(77.1-92.2)

35.7%
(23.6-45.8)

19.0% 81.1%
(74.9-86.2)

62.5%
(42.0-79.2)

87.8%
(81.1-93.2)

50.0%
(33.6-63.4)

26.0% 88.7%
(82.8-93.4)

56.3%
(36.9-71.9)

87.0%
(81.3-91.7)

60.0%
(39.4-76.7)

36.0% 98.1%
(93.9-99.7)

31.3%
(17.3-36.4)

82.5%
(79.0-83.8)

83.3%
(46.0-97.0)

50.0% 100.0%
(97.6-100.0)

12.5%
(4.4-12.5)

79.1%
(77.2-79.1)

100.0%
(35.1-100.0)

With respect to the diagnostic accuracy of initial lower cerebral rSO2 for non-ROSC by
each cutoff, the specificity of 62.5% was highest with a cutoff of 19.0% or less, and the
PPV of 87.8% was highest with a cutoff of 19.0%.

750 T. Fukuda et al. / American Journal of Emergency Medicine 32 (2014) 747–751

sex, bystander CPR status, initial cardiac rhythm, prehospital
advanced airway management, prehospital epinephrine administra-
tion, time from call to scene arrival, blood pH, lactate value, and initial
higher cerebral rSO2 values between the 2 groups.

Table 2 shows the ROC analyses used to predict non-ROSC. The
area under the curve (AUC) was greater for the prediction of non-
ROSC when initial lower cerebral rSO2 values (0.714; P = .0033)
were used than when initial higher cerebral rSO2 values (0.650; P =
.1788) or initial average cerebral rSO2 values (0.677; P = .0235)
were used. In addition, the AUC was greater than when blood pH
(0.620; P = .1687) or lactate values (0.627; P = .1081) were used.
The optimal cutoff of initial lower cerebral rSO2 values was 26.0%.
The use of an initial lower cerebral rSO2 of 26.0% or less to predict
non-ROSC had a sensitivity of 88.7%, a specificity of 56.3%, a positive
predictive value (PPV) of 87.0%, and a negative predictive value
(NPV) of 60.0%. The OR of an initial lower cerebral rSO2 of 26.0% or
less for not achieving ROSC was 10.07 (95% CI, 2.74-37.06).

Table 3 shows the results of the multivariate logistic regression
analysis for ROSC. The presence of a witness was an independent
factor associated with a better chance of achieving ROSC after OHCA
(adjusted OR, 19.37; 95% CI, 2.86-213.04; P = .0017). Conversely,
having an initial lower cerebral rSO2 of 26% or less reduced the
possibility of ROSC after OHCA after adjustment for potential
confounders (adjusted OR, 0.11; 95% CI, 0.01-0.63; P = .0129).

4. Discussion

In this single-center prospective cohort study of OHCA patients
whose cerebral rSO2 values were measured, we found that initial
lower cerebral rSO2 as a static indicator may help predict the medical
futility of resuscitation. The ROC analysis revealed that the initial
lower cerebral rSO2 more accurately identified patients with OHCA
who could not achieve sustained ROSC than initial higher or average
cerebral rSO2. However, the AUC for initial lower cerebral rSO2

regarding the prediction of non-ROSC was not always high enough to
be used alone.

The rSO2 values may vary depending on the measurement site
because of the principles underlying its measurement, even if a
patient is measured at the same time. Thus, it was unclear whether
rSO2 was available as a static indicator. In our study, 2 initial cerebral
rSO2 values of OHCA patients, which were measured at the same time
just after arrival at the hospital, were classified as a higher value and a
lower value. As a result, the initial higher cerebral rSO2 value
presented poor precision as a predictive indicator of non-ROSC and
was inconvenient to use (AUC, 0.650; P = .1788), whereas the initial
lower cerebral rSO2 value could be used as a predictive indicator
(AUC, 0.714; P = .0033). When there was a great difference between
the initial higher and lower cerebral rSO2 values, the higher value
might have been directly affected by the composition of arteries just
under the measurement site, and the lower value might reflect the
saturation of the brain tissues more accurately.

Our study findings revealed that rSO2 could be used as a static
indicator for the prediction of ROSC by using the lower initial cerebral
rSO2 value.

However, the AUCwas not sufficiently high, and the termination of
resuscitation should not be determined based on initial lower cerebral
rSO2 values alone.

Actually, when the initial lower cerebral rSO2 values are used
as a criterion to judge the termination of resuscitation, it is more
important that the specificity and PPV are high, rather than the
use of sensitivity to predict non-ROSC. Although this examination
was also performed after the cutoff value was changed (Table 4),
the specificity and PPV achieved at most levels of 62.5% and
87.8%, respectively.

To use initial cerebral rSO2 as a criterion to judge the futility of
resuscitation, it is necessary for both the specificity and PPV to be
almost 100%. Thus, the initial lower cerebral rSO2 values should not be
used alone. It may be necessary to use such values in combination
with other indicators to predict non-ROSC.

Table 2
Receiver operating characteristic curve analysis of non-ROSC prediction

Cutoff AUC (95% CI) P OR (95% CI) Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI)

Cerebral oxygen saturation
Initial lower cerebral rSO2 26.0% 0.714 (0.535-0.844) .0033 10.07 (2.74-37.06) 88.7% (82.8-93.4) 56.3% (36.9-71.9) 87.0% (81.3-91.7)
Initial higher cerebral rSO2 28.0% 0.650 (0.488-0.784) .1788 4.64 (1.42-15.14) 73.6% (67.3-78.8) 62.5% (41.6-79.8) 86.7% (79.2-92.8)
Initial average cerebral rSO2 23.0% 0.677 (0.506-0.811) .0235 4.22 (1.30-13.68) 71.7% (65.4-79.9) 62.5% (41.5-79.9) 86.4% (78.7-92.7)
Blood pH 6.886 0.620 (0.459-0.759) .1687 4.28 (1.29-14.21) 66.0% (59.6-70.9) 68.8% (47.4-84.9) 87.5% (79.0-93.9)
Lactate 8.2 mmol/L 0.627 (0.436-0.786) .1081 7.35 (1.75-30.91) 92.5% (87.5-96.5) 37.5% (21.0-51.1) 83.1% (78.6-86.7)

The AUC was greater for the prediction of non-ROSC when initial lower cerebral rSO2 values (0.714; P= .0033) were used than when other indicators were used. The optimal cutoff
of initial lower cerebral rSO2 was 26.0%. The OR of initial lower cerebral rSO2 of 26% or less for not achieving ROSC was 10.07 (95% CI, 2.74-37.06).

Table 3
Return of spontaneous circulation–contributing factors after OHCA

Adjusted OR (95% CI) P

Age (for 1 increment of year) 1.01 (0.95-1.07) .8345
Sex (male) 8.73 (0.88-159.57) .0654
Witnessed 19.37 (2.86-213.04) .0017
With bystander CPR 0.60 (0.08-4.01) .5999
Shockable initial rhythm 1.30 (0.12-14.06) .8231
Prehospital advanced airway management
(including supraglottic airway)

0.07 (0.01-1.01) .0511

Prehospital epinephrine administration 0.20 (0.01-2.19) .1962
Call to scene arrival (for 1 increment of minute) 1.02 (0.77-1.26) .8659
Call to hospital arrival (for 1 increment of minute) 0.99 (0.87-1.12) .8978
Initial lower cerebral rSO2 (≤26%) 0.11 (0.01-0.63) .0129

The presence of a witness was an independent factor associated with a better chance of
achieving ROSC after OHCA (adjusted OR, 19.37; 95% CI, 2.86-213.04; P = .0017). On
the other hand, having an initial lower cerebral rSO2 of 26% or less reduced the
possibility of ROSC after OHCA after adjustment for potential confounders (adjusted OR,
0.11; 95% CI, 0.01-0.63; P = .0129).

Table 4
Diagnostic accuracy of initial lower cerebral rSO2 for non-ROSC by each cutoff

Cutoff Sensitivity
(95% CI)

Specificity
(95% CI)

PPV (95% CI) NPV (95% CI)

15.0% 66.0%
(59.7-71.4)

62.5%
(41.4-80.1)

85.4%
(77.1-92.2)

35.7%
(23.6-45.8)

19.0% 81.1%
(74.9-86.2)

62.5%
(42.0-79.2)

87.8%
(81.1-93.2)

50.0%
(33.6-63.4)

26.0% 88.7%
(82.8-93.4)

56.3%
(36.9-71.9)

87.0%
(81.3-91.7)

60.0%
(39.4-76.7)

36.0% 98.1%
(93.9-99.7)

31.3%
(17.3-36.4)

82.5%
(79.0-83.8)

83.3%
(46.0-97.0)

50.0% 100.0%
(97.6-100.0)

12.5%
(4.4-12.5)

79.1%
(77.2-79.1)

100.0%
(35.1-100.0)

With respect to the diagnostic accuracy of initial lower cerebral rSO2 for non-ROSC by
each cutoff, the specificity of 62.5% was highest with a cutoff of 19.0% or less, and the
PPV of 87.8% was highest with a cutoff of 19.0%.
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		IniBal	lower	cerebral	rSO2	(just	aXer	arrival	at	the	hospital)	is	significantly		
		associated	with	non-ROSC.	
	

		But,	an	iniBally	lower	cerebral	rSO2	alone	does	not	result	in	a	diagnosis	performance	
		that	is	sufficient	for	judging	the	fuBlity	of	resuscitaBon.		



【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.		



【About	my	greatest	achievement】	

	【Backgrounds】	
	
		In	children,	
		great	emphasis	has	been	placed	on	rescue	breathing,	
		due	to	the	background	of	predominantly	respiratory	OHCA		
		(both	physiologically	and	epidemiologically).		
	
		There	are	no	RCTs	comparing	convenBonal	vs.	compression-only	CPR	
		in	pediatric	OHCA.	
	
		Only	one	large-scale	observaBonal	study	from	Japan	examined	that.	
																																																																																																																										(Lancet	2010;375:1347-54.)	

Fukuda	T,	et	al.	Circula7on	2016	In	Press	
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【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	compression-	
				only	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	compression-	
		only	CPR,	to	verify	the	difference	in	cerebral	perfusion	(or	oxygenaBon)	
		between	convenBonal	and	compression-only	CPR.	
		Such	study	may	scienBfically	enforce	our	findings	that	compression-	
		only	CPR	is	as	effecBve	as	convenBonal	CPR	even	in	children.	


