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lipid metabolism were relatively minimal because the
number of patients with severe renal dysfunction
(eGFR <30 mL/min) was small (41/513), especially
among the patients with normoalbuminuria (7/305).

Our study is associated with several limitations.
First, we used a cross-sectional analysis; therefore, a
prospective study is needed to clarify whether RI with-
out albuminuria increases the risk of CAD and PAD.
Second, the number of participants was rélatively
small in epidemiological terms, suggesting that there
may not have been a sufficient number of patients
representing the whole range of the renal function.
Third, the UAER was measured using only one urine
sample in this study. Therefore, the evaluation of
UAER performed in this study may be inaccurate
compared to that observed in studies with two or
three measurements, which is common practice.
Fourth, it is possible that not all cases of asymptom-
atic CAD and CVD were detected since CT examina-
tions and exercise electrocardiograms were not per-
formed in all patients. Fifth, renal injury can be
induced by contrast media in patients with CAD who
have undergone coronary angiography. Therefore, we
cannot rule out the possibility that the patients with
RI had contrast nephropathy. Sixth, since we studied
patients who were hospitalized for glycemic control, it
is possible that the HbAIc levels were overestimated.

In conclusion, we demonstrated that RI without
albuminuria is closely associated with peripheral artery
atherosclerosis, thereby highlighting the importance of
clinical screening of CAD and PAD in NA (RI+)
patients. Furthermore, we demonstrated that the
ApoB/LDL-C ratios and ApoC3 levels are signifi-
cantly higher in patients with RI, thus suggesting that
atherogenic dyslipidemia may underlie the association
between RI and cardiovascular disease in patients with
diabetes. "

Conflicts of Interest

None to declare.

References

1) Mogensen CE: Microalbuminuria predicts clinical pro-
teinuria and early mortality in maturity-onset diabetes. N
Engl ] Med, 1984; 310: 356-360

2) Viberti GC, Hill RD, Jarrett R], Argyropoulos A,
Mahmud U, Keen H: Microalbuminuria as a predictor of
clinical nephropathy in insulin-dependent diabetes melli-
tus. Lancet, 1982; 1: 1430-1432

3) Yokoyama H, Sone H, Oishi M, Kawai K, Fukumoto Y,
Kobayashi M, Japan Diabetes Clinical Data Management
Study Group: Prevalence of albuminuria and renal insuf-

—119—

ficiency and associated clinical factors in type 2 diabetes:
the Japan Diabetes Clinical Data Management study
(JDDM15). Nephrol Dial Transplant, 2009; 24: 1212-
1219
4) Ito H, Takeuchi Y, Ishida H, Antoku S, Abe M, Mifune
M, Togane M: High frequencies of diabetic micro- and
macroangiopathies in patients with type 2 diabetes melli-
tus with decreased estimated glomerular filtration rate and
normoalbuminuria. Nephrol Dial Transplant, 2010; 25;
1161-1167
5) Kramer HJ, Nguyen QD, Curhan G, Hsu CY: Renal
insufficiency in the absence of albuminuria and retinopa-
thy among adults with type 2 diabetes mellitus. JAMA,
2003; 289: 3273-3277
6) Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culle-
ton B, Hamm LL, McCullough PA, Kasiske BL, Kele-
pouris E, Klag M], Parfrey P, Pfeffer M, Raij L, Spinosa
DJ, Wilson PW: Kidney disease as a risk factor for devel-
opment of cardiovascular disease: A statement from the
American Heart Association Councils on kidney in car-
diovascular disease, high blood pressure research, clinical
cardiology, and epidemiology and prevention. Hyperten-
sion, 2003; 42: 1050-1065
7) Kokubo Y, Nakamura S, Okamura T, Yoshimasa Y,
Makino H, Watanabe M Higashiyama A, Kamide K,
Kawanishi K, Okayama A, Kawano Y: Relationship
between blood pressure category and incidence of stroke
and myocardial infarction in urban Japanese population
with and without chronic kidney disease: the Suita Study.
Stroke, 2009; 40: 2674-2679
8) Maclsaac R], Panagiotopoulos S, McNeil KJ, Smith T7,
Tsalamandris C, Hao H, Matthews PG, Thomas MC,
Power DA, Jerums G: Is non-albuminuric renal insuffi-
clency in type 2 diabetes related to an increase in intrare-
nal vascular disease? Diabetes Care, 2006; 291: 560-566
9) Mallacri F, Zoccali C, Tripei G, Fermo I, Benedetto FA,
Cataliotti A, Bellanuova I, Malatino LS, Soldarini A;
CREED Investigators: Hypercholesterolemia predicts car-
diovascular outcomes in hemodialysis patients. Kidney
Int, 2002; 61: 609-614
10) Jungers P, Massy ZA, Nguyen Khoa T, Fumeron C,
Labrunie M, Lacour B Descamps-Latscha B, Man NK:
Incidence and risk factors of atherosclerotic cardiovascular
accidents in predialysis chronic renal failure patients: a
prospective study. Nephrol Dial Transplant, 1997; 12:
2597-2602
11) Munter P, Coresh J, Smith JC, et al: Plasma lipids and
risk of developing renal dysfunction: The Atherosclerosis
Risk In Communities. Kidney Int, 2000; 58: 293-301 .
12) Fox CS, Larson MG, Leip EP, Culleton B: Predictors of
new onset kidney disease in a community-based popula-
don. JAMA, 2004; 291: 844-850
13) Kashiwagi A, Kasuga M, Araki E, Oka Y, Hanafusa T, Ito
H, et al: Committee on the Standardization of Diabetes
Mellitus-Related Laboratory Testing of Japan Diabetes
Society, “International clinical harmonization of glycated
hemoglobin in Japan: From Japan Diabetes Society to
National Glycohemoglobin Standardization Program val-
ues”. Diabetol Int, 2012; 3: 8-10
14) Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K,



Renal Insufficiency is Associated with Atherosclerosis 797

Yamagata K, Tomino Y, Yokoyama H, Hishida A; Collab-
orators developing the Japanese equation for estimated
GFR: Revised equations for estimated GFR from serum
creatinine in Japan. Am J Kidney Dis, 2009; 53: 932-935

15) Bohle A, Wehrmann M, Bogenschiitz O, Batz C, Miiller
CA, Miiller GA: The pathogenesis of chronic renal failure
in diabetic nephropathy. Investigation of 488 cases of dia-
betic glomerulosclerosis. Pathol Res Pract, 1991; 187:
251-259

16) Bader R, Bader H, Grund KE, Mackensen-Haen S, Christ

" H, Bohle A: Structure and function of the kidney in dia-

betic glomerulosclerosis. Correlations between morpho-
logical and functional parameters. Pathol Res Pract, 1980;
167:204-216

17) Olson JL, Laszik ZG: Diabetic nephropathy. Heptinstall’s
Pathology of the Kidney 6th ed. 812-818

18) Mazzucco G, Bertani T, Fortunato M, Bernardi M,
Leutner M; Boldorini R, Monga G: Different patterns of
renal damage in type 2 diabetes mellitus: a multicentric
study on 393 biopsies. Am ] Kidney Dis, 2002; 39: 713-
720

19) Peralta CA, Katz R, Madero M, Sarnak M, Kramer H,
Criqui MH, Shlipak MG: The differential association of
kidney dysfunction with small and large arterial elasticity:
the multiethnic study of atherosclerosis. Am ] Epidemiol,
2009; 169: 740

20) Choi SW, Kim HY, Lee YH, Ryu SY, Kweon SS, Rhee JA,
Choi JS, Shin MH: eGFR is associated with subclinical
atherosclerosis independent of albuminuria: the Dong-gu
Study. Atherosclerosis, 2010; 212: 661-667

21) Makino H, Doi K, Hiuge A, Nagumo A, Okada S, Miya-
moto Y, Suzuki, M, Yoshimasa Y: Impaired flow mediated
vasodilatation and insulin resistance in type 2 diabetic
patients with albuminuria. Diabtes Res Clin Pract, 2008;
79:177-182

22) Ito S, Nagasawa T, Abe M, Mori T: Strain vessel hypothe-
sis: a viewpoint ofr linkage of albuminuria and cerebro-
cardiovascular risk. Hypertension Res, 2009; 32: 115-121

23) Hattori Y, Suzuki M, Tsushima M, Yoshida M, Tokunaga

—120—

Y, Wang Y Zhao D, Takeuchi M, Hara Y, Ryomoto KI,
Tkebuchi M, Kishioka H, Mannami T, Baba S, Harano Y:
Development of approximate formula for LDL-chol,
LDL-apo B and LDL-chol/LDL-apo B as indices of hyper-
apobetalipoproteinemia and small dense LDL. Atheroscle-
rosis, 1998; 138: 289-299

24) St-Pierre AC, Cantin B, Dagenais GR, Mauri¢ge D, Ber-
nard PM, Després JP Lamarche B: Low-density lipopro-
tein subfractions and the long-term risk of ischemic heart
disease in men: 13-year follow-up data from the Qu?bec
Cardiovascular Study. Arterioscler Thromb Vasc Biol,
2005; 25: 553-559

25) Ozsoy RC, van der Steeg WA, Kastelein JJP, Arisz L,
Koopman MG: Dyslipidaemia as predictor of progressive
renal failure and impact of treatment with atrovastatin.
Nephrol Dial Transplant, 2007; 22: 1578-1586

26) Shachter NS: Apolipoproteins C-I and C-III as important
modulators of lipoprotein metabolism. Curr Opin
Lipidol, 2001; 12: 297-304

27) Kawakami A, Aikawa M, Alcaide P, Luscinskas FW, Libby
D, Sacks FM: Apolipoprotein CIII induces expression of
vascular cell adhesion molecule-1 in vascular endothelial
cells and increases adhesion of monocytic cells. Circula-
tion, 2006; 114: 681-687

28) Athyros VG, Mikhailidis DP, Papagerogiou AA: The effect
of statins versus untreated dyslipidaemia on renal function
in patients with coronary heart disease. A subgroup analy-
sis of the Greek atrovastatin and coronary heart disease
evaluation (GREASE) study. J Clin Pathol, 2004; 57:
728-734

29) Kimura K, Shimano H, Yokote K, Urashima M, Tera-
moto T: Effects of pitavastatin (LIVALO tablet) on the
estimated glomerular filtration rate (¢GFR) in hypercho-
lesterolemic patients with chronic kidney disease - Sub-
analysis of the LIVALO effectiveness and safety (LIVES)
study. ] Atheroscle Thromb, 2010; 17: 601-609

30) Vaziri ND: Dyslipidemia of chronic renal failure: the
nature, mechanisms, and potential consequences. Am J

Physiol Renal Physiol, 2006; 290: F262-F272



ﬁl ﬁmﬁb
FTULOXKIMEETRS - (8EEE2EAD

S4-1. ERFHROBRET LU TORERR
P AFRUY Ty RO—L

BN =R =F EET
UBRREGHE 27 (1) 1 89~83, 2013)

EIRREFEARICSIT DERFOES

&

BRI, MMIEREEE U CERESIHE, HEREORE L 25, EHRES: CERERORERE

FTHaD, INLIEKMEFRFELFER TS, BRTHE, ERFEIEHREROEF CHBVWERET 2
H5ITHY, #l%21E Adult Treatment Panel (ATP) Il T, HBRHEIBHREBEEIZI - TWABHLEED
THRFHHYDO VAL LENRTWES, BCR TSR OKBSEEHIER TH 2023 L, FFH TRRMER

DEEEDIZINT o &E L, BERFLEHRREDOBEEIZOWTARIEZRTFHEL L VI T EF Ak,
ARERFELSESOEREEEBTFHFA Fo 4 ¥ 201246 Th, BEFRBTRFHHALTRZ{, —KF
ot AZzE (7T )—1D LWwHEnLEENTVE, WTFRICE L HRAERIIBITA2ERR LB
FROBEIZOWTOERENER S HICEDLLENFH L,

EEFIRIIBVWTR, FROEEELSOCEMICH L TERFBLAHERESONMZ T LENS D, FME
BREMCTHEZLONFIZEE L, BEZT wam@»WLuﬁﬁﬁiﬁfﬁmghf%t A, TR EHEIROE
EMEITHEATIOREARETH o7z TODHE L OFIRTREBRAWHRBRDAOFETHERFEOUAZ 2FHEL

- >
C&72.

04ENE & (BIRAS TN

E1 R £, W%Wmﬁwﬁﬁﬁﬁ%%%Bmﬁﬁm&btSQLM?w&ﬁﬁwbtmmﬁﬁwﬁ
FTiRY, EERZEE (1.00) L¥5L, MERBECHT 2ERFANOMEE ¥ — Fik (HR) &, BiET175,
KETI07 EFE %¢o%PWJnM»qmmy&%T%E , 100 mg/dl B\t 126 mg/dl REG &R,
Impaired Fasnng Glucose, IFG, 126 mg/dl P\ L& 3 ERMIGRPERWER L ER) . BHEOEFWHETE,
BROERERIT A EREIRIZIZ 23 ThH T b, B LEEOEERBENSKZ VI L 255
ERTHY, SOFRHITTREEBREL TV --F, IWEBR OB TIZIGT (Impaired Glucose Tolerance,
75 7 5 LERTRETHE) BIUIFG LEREBFBLOBELHFELTVEY, ZOFETRIGT 3ERERO

* BERRASESS SEFARGES -~ BNERERN EY - FHERE

— 89—

—121—



BREBEME 27415 (2013)

ZEEAZHR BEY OIFG =DM
4

*p<0.05

Bix ik

Xk 1) & 551 A{EE

1 REERRIYE & TEIRES R O RIE
—5,321 A% 12 FHEEH (REHR) —

JRZ FEFEETWADN, IFGTERELRY A7 LR RO ok, TACH LTREFEORIETIIFG
DHRIZ149TH Y, FERVAY EEZED TV, EEBMEISERREOEE, RHATHHLG»,ICERER
ﬁf@ﬁﬁﬁf@?— A, ERBLEEFOMOEBOYAZIZOWTHZEFT Y ARE L,

—*7‘3 RS2 ET 4111‘&%@(@@1!111%#»%5#'@%#9 EHEBRVINRPFE WA, TOEEWFMIZIEEALE
BENTWiRw, EEE (U ORTESERIEAEORFNETH S NIPPO\I DATAS0 Ti3¥, 19 BHOF—
& ChikmiE (Casual Blood Glucose, CBG) &, EERESR, LES, 1)‘ BRE SRCOWTREDFELE
DEEFED TV (H2: CBGY, 140, 200mg/dl T4 BITH4E). MBRmMEE AHSIER RS 2HEE L

oM, EEHRMICTELPoLBATOAZ ) —= Y 7R LCEATE T RIEITRRS AL

ANEFOEY Ale S{BIRRRR

HAETIRTE 20 EE»HEERS (Whw s A & R D) P sh, ERFPEERFEOTHNEITD
NTwa, BEiETid, EEBLESCIEANEZ7OE Y AlcilEonT ,_i‘%‘ﬁ@ Ay R L THEERR
MBI LR 0T WD, LELENELATF OV Y Al EEREHBO Y R Z 1200w TOEEMFEIZL 20,
rﬁ:&@f%‘af&if\{-y T E > Alc (NGSP ) &IERBMOFIEICDOWTH 13 EDBIRAENFREIRESN T
% (E8), EHEE (-59%) kil LT, 55 (6.0-64%), FRFF (65% ML) OEREFFREED Y~
K, ZhEN1.2 (95% EHEM CL0.6-2.5), HRHHET 3.0 (95%CL, 12-7.4) Téh-olYo Z OB
FEHEEOI L, $r TV Y FLTASIOEY Alc 2 HIE LR 4 50 1 OFNSEOBIERTH D, FHit

BOY A7 LEFEDLNRVOEY Y T4 X BBELTWATREFS Y, HELRRILETSHD, ¥
TR E OB BLOEFE (5.2% Kif) ORECORLkICOVWTY, EREFOHS»LEESTLRD Y
FYARE L,

—90 —

—122—



NY— K

Rl S el

- ?s‘%;},i b9
|
ey
-
<

B,

SHERS TR

:.:~££§§ZI 2 LS b o1 el SR
BIRSERIET BmET

i 3) » SEIEEE

2 PERSINPE & FEEBIO/NY— FE
—0,444 A% 17.3 EE31EH (NIPPON DATAB0)—

HR 12

11
10

Trend p=0.04 Trend p=0.48 Trend p=0.03 Trend p=0.03

N w0 N

|

—

EREH BHREER

HbAic 18(%) <5.9 B 6.0-6.4 0265

Y- KRR, B BM, BME, 202 F0-NE NEETEGR, BEE RERATH

3 HbAlc (NGSP &) S{RIRSRREEVYR Y
—1,607 A% 12.7 BN (REAMHRE)—

—91 —

—123—




WRFEHHE 27 4% 15 (2013)

I
pe s
—_
N

—t
sy

Y
o

Trend p=0.004 Trend p=0.29 Trerd p = 0.003 Trend p=0.03

[(e]

O ~ N & O N

BEARIERR frizeen

15AG & (ug/m) | 2245 m141-244 0140 |
‘Nt KR, kg BMI, BME, SaLXFa-ME, HDL 3L X 50—/, eGFR, B BANETHE
Xig 5) » 551IBER

H4 MmiE1,5-AC CTEBRFREVYRY
—2,095 A% 11.7 =88 (BEHIER) 1 SEOHRRE

mi

1,5 7k ROZILY =L (1, BAQ) L{EERER

1,5AG 1, #VA—Nr EETVI—N) O—ETHY, ST —RICPEETELERICEEIEELT
VB, BAR LAAGIIRAEERE S h, BETELALYBERIE NS, L L, IEESEVWEES, Fva—A
OFRNTHESEERZZIT 220 RPE SR, HRELTZOMFBERETT 5. 1,5AG &, BREE, #
BEOMBEREORELNBRLTSY, ARGMEOREL LTIEETH S, LALEFLHLVIREEET
H, EESEFLOERRELASEFENTWE» o,

Bk OIRATRIC B W T, 10 ERL BRI OB REFMITAHEEL Twiz 2,005 A (B 9L A, K114 A) @
1L5AG ZHlEL, RIS Er6EE T COERBERFBEL OEMEZ R Uiz, B4 CBE0BRERLAzH, 1,5AG

DET o TIFERER, TURES, M, BESow IR EEY 27 PR TaEAR2RLAE . B
REBR T ZEAEORE (Plor Trend) TEEZZBDTHWRWD, JIUEA Ry PP HWEDHEELS
N7z (1=19)6

BEREIRETIE, ~NESOYE Y Ale RREMROHEREE L TwAHERE VY, SREROUEIRE
EIERBENBEITIII~22 BRI A LT 7N H B0, 3~6 0 AREEDREEL CHRERIEL 32 DITRE
B, 58, BREFHOTFH LW I AL 6T LAG 2R RFEDBEET A M T s ha & THA
Ho B LSAG EH/MIEHE L OBEICOWTIH, &5 5EENE TORIFLETH D,

—124—



BREMAORREFLLTOMRE - 29y ¥V v 2> Fa—2a

HBHhoHIC

WIhOBEEAWTD, FLHIC [HERRE] LB TE2 7T —CTRBRBHBOV A 2BBVI &2
20, BLOMEERET D LU RRER 2~1 Ol Chote LELEXHLERLBERKBOMOAR (IGTR
IFG) RERBAOVAZ ERBHEI P, FEZLIE, FLRBEUMHEN—ELTELT, BEREALE
KBWTHEL I BEFENROARPLETH S,

X BX

1) Kokubo Y, Okamura T, Watanabe M, ef al.: The combined impact of blood pressure category and glucose abnormality on the inci-
dence of cardiovascular diseases In a Japanese urban cohort: the Suita Study. Hypertens Res 33: 1238~43 (2010)

2) Oizurni T, Daimon M, Jimbu Y, ef al.: Impaired glucose tolerance is a risk factor for stroke in a Japanese sample-the Funagata study.
Metabolism 57; 333~338 (2008)

3) Kedowaki S, Okamura T, Hozawa A, et al: Relationship of elevated casual blood glucose level with coronary heart disease, cardiovas-

cular disease and all-cause morlality in a representative sample of the Japanese population. NIPPON DATAS0. Diabetologia 51:
5§75~582 (2008)

4) Watanabe M, Kokubo Y, Higashiyama A, et al.: New diagnosis eriteria for diabetes with hemoglobin Alc and risks of macro-vascular
complications in an urban Japanese cohort: the Suita study. Digbetes Res Clin Pract 88: ¢20~23 (2010}

5) Watanabe M, Kokubo 'Y, Higashiyama A, ef al.: Serum 1,5-anhydro-D-glucitol levels predict first-ever cardiovascular disease: an 11-
year population-based cohort study in Japan, the Suita study. Atherosclerosis 216: 477~483 (2011)

—93—

—125—



Resuscitation 85 (2014)59-64

journal homepage: www.elsevier.com/locate/resuscitation - I

ay

Contents lists available at ScienceDirect -
RESUSCITATION

Resuscitation

Impact of the number of on-scene emergency life-saving technicians
and outcomes from out-of-hospital cardiac arrest in Osaka City*

@ CrossMark

Kentaro Kajino®*, Tetsuhisa Kitamura®, Taku Iwami€, Mohamud Daya?¢,
Marcus Eng Hock Ong®, Chika Nishiyamaf, Tomohiko Sakai®, Kayo Tanigawa-Sugihara®,
Sumito Hayashida®, Tatsuya Nishiuchi!, Yasuyuki Hayashi’, Atsushi Hiraide¥,

Takeshi Shimazu?

2 Department of Traumatology and Acute Critical Medicine, Osaka University Graduate School of Medicine, 2-15 Yamada-Oka, Suita City, Osaka 565-0871,

Japan

b Division of Environmental Medicine and Population Sciences, Department of Social and Environmental Medicine, Graduate School of Medicine,

2-5 Yamada-oka, Suita, Osaka 565-0871, Japan

¢ Kyoto University, Health Services, Yoshida-Honmachi, Sakyo-ku, Kyoto 606-8501, Japan
d Department of Emergency Medicine, Oregon Health and Science University, 3181 SW Sam Jackson Park Road, Mail Code CD-EM, Portland,

OR 97239-3098, USA

¢ Department of Emergency Medicine, Singapore General Hospital, Outram Road, Singapore 169608, Singapore
f Department of Pharmacoepidemiology, Graduate School of Medicine and Public Health, Kyoto University, Yoshida-Knoecho, Sakyo-ku, Kyoto 606-8501,

Japan

& Department of Trauma and Critical Care Medicine and Burn Centers, Social Insurance Chukyo Hospital, 1-1-10 Sanjyo Minamiku, Nagoya, Aichi 457-8510,

Japan

b Osaka Municipal Fire Department, 1-12-54 Kujo minami, Nishi-ku, Osaka 550-8566, Japan
| Department of Critical Care and Emergency Medicine, Osaka City University Graduate School of Medicine, 1-5-17 Asahimachi, Abeno-ku, Osaka 545-8585,

Japan

I Senri Critical Care Medical Center, Osaka Saiseikai Senri Hospital, 1-1-6, Tsukumodai, Suita, Osaka 565-0862, Japan
k Department of acute Medicine, Kinki University Faculty of Medicine, 377-2 Ouno higashi Osaka-Sayama, Osaka 589-8511, japan

ARTICLE INFO

Article history:

Received 17 April 2013

Received in revised form 22 August 2013
Accepted 1 September 2013

Keywords:

Cardiopulmonary resuscitation
Emergency life-saving technicians
Emergency medical services
Out-of-hospital cardiac arrest
Advanced life support

ABSTRACT

Backgrounds: In Japan, ambulance staffing for cardiac arrest responses consists of a 3-person unit with
at least one emergency life-saving technician (ELST). Recently, the number of ELSTs on ambulances has
increased since it is believed that this improves the quality of on-scene care leading to better outcomes
from out-of-hospital cardiac arrest (OHCA). The objective of this study was to evaluate the association
between the number of on-scene ELSTs and OHCA outcome.
Methods: This was a prospective cohort study of all bystander-witnessed OHCA patients aged >18 years
in Osaka City from January 2005 to December 2007 using on an Utstein-style database. The primary
outcome measure was one-month survival with favorable neurological outcome defined as a cerebral
performance category <2. Multivariable logistic regression model were used to assess the contribution
of the number of on-scene ELSTs to the outcome after adjusting for confounders.
Results: Of the 2408 bystander-witnessed OHCA patients, one ELST group was present in 639 (26.5%),
two ELST were present in 1357 (56.4%), and three ELST group in 412 (17.1%). The three ELST group had a
significantly higher rate of one-month survival with favorable neurological outcome compared with the
one ELST group (8.0% versus 4.5%, adjusted OR 2.26, 95% CI 1.27-4.04), while the two ELST group did not
(5.4% versus 4.5%, adjusted OR 1.34, 95% CI 0.82-2.19).
Conclusions: Compared with the one on-scene ELST group, the three on-scene ELST group was associated
with the improved one-month survival with favorable neurological outcome from OHCA in Osaka City.
© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

* ASpanish 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.2013.09.002.
* Corresponding author at: Department of Traumatology and Acute Critical
Medicine, Osaka University Graduate School of Medicine, 2-15 Yamada-Oka, Suita
City, Osaka 565-0871, Japan.
E-mail address: kajihanapu®yahoo.co.jp (K. Kajino).
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Sudden cardiac arrest (SCA) is one of the leading causes of death
and an important public health problem in the industrialized
world.!2 In Japan, approximately 60,000 out-of-hospital cardiac
arrests (OHCAs) of cardiac origin occur every year, and this number
has been steadily increasing.> Despite continuous improvements
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in the “chain of survival” survival from OHCA remains
low.1-%

In Japan, the Emergency Medical Service (EMS) system response
mostly consists of a single tiered ambulance system that is dis-
patched to the scene of all OHCA. Each ambulance is staffed
with a 3-person unit including at least one emergency life-saving
technician (ELST). ELST are trained to perform advanced airway
management and may also administer adrenaline under on-line
medial command.? The number of trained ESLTs has been steadily
increasing in Japan,® which might improve the quality of care
delivered on scene and lead to improved outcomes from OHCA.
However, the benefits of having multiple higher trained providers
on critical EMS calls for OHCA patients remain controversial.57

In 1998, the Osaka Municipal Fire Department launched a
population-based registry of OHCA in Osaka City, a large urban
community with approximately 2.7 million inhabitants. Using this
database, we collected approximately 2400 bystander-witnessed
OHCAs from January 1st, 2005 to December 31st, 2007. The aim of
this study was to evaluate the association between the number of
ELSTs on scene and outcomes from OHCA.

2. Methods
2.1. Study design, population, and setting

The present study was carried out within the Utstein Osaka
Project, a prospective, population-based cohort study of all persons
with OHCA treated by EMS personnel in Osaka prefecture, Japan.
This study included all OHCA patients in Osaka City aged 18 years or
older who were presumed to be of cardiac and non-cardiac origin,
witnessed by bystanders, and transported to medical institutions
from January 1, 2005 through December 31, 2007. Osaka City is
the third largest city in Japan with a population of 2.7 million resi-
dents (2005) in an area of 222 km?.8 Cardiac arrest was defined as
the cessation of cardiac mechanical activities as confirmed by the
absence of signs of circulation.%!9 An arrest was presumed to be
of cardiac etiology unless it was caused by trauma, drowning, drug
overdose, asphyxia, exsanguination, or by any other non-cardiac
causes determined clinically by a physician in charge, working in
collaboration with the EMS.

This study was approved by the Ethics Committees of the Kyoto
University Graduate School of Medicine. The requirement to obtain
individual informed consent for the review of patient outcome
was waived by the Personal Information Protection Law and the
National Research Ethics Guidelines of Japan.

2.2. The EMS system in Osaka City

The municipal EMS system is the same as in other areas of Osaka
Prefecture, and has been described previously.#11:12 The EMS sys-
tem is operated by the Osaka Municipal Fire Department and is
activated by dialing 119 on the telephone. During the study period,
there were 25 fire stations (60 ambulances) and a single dispatch
center in Osaka City.!3 Life support is available there 24 h every day.

Each fire ambulance has three EMS personnel with at least one
ELST, a highly-trained prehospital emergency care provider. ELSTs
are authorized to use an automated external defibrillator, to insert
an intravenous line, and to place advanced airway management
devices for OHCA patients under on-line medical control direction.
Specially trained ELSTs have been permitted to insert tracheal tubes
since July 2004 and to administer intravenous epinephrine since
July 2006. In Japan, EMS personnel are not permitted to terminate
resuscitation in the field and all patients on whom resuscitation is
attempted are transported to the hospital. Until September 2006, all
EMS providers performed CPR according to the Japanese Guidelines

based on the American Heart Association, European Resuscitation
Council, and the International Liaison Committee on Resuscita-
tion 2000 Guidelines using a 15:2 compression-to-ventilation ratio.
After September 2006, they switched to aratio of 30:2 based on the
2005 Guidelines.14 Public-access defibrillation programs have been
promoted in Japan since July 2004.'4

2.3. ELST certification

There are two options to becoming certified as an ELST in
Japan.!! The first is through the educational system within the
fire department itself. To become an Emergency Medical Tech-
nician (EMT), all fire department personnel are required to have
received fundamental medical education in emergency care for
250h through a training academy. After being actively engaged in
pre-hospital setting as an EMT for more than 5years or 2000 h,
EMTs must pass the national examination of ELST after having
received at least one additional year of medical education and
training at the fire academy. The second way is through the educa-
tion system in an accredited EMT school or college. To become an
ELST, candidates must pass the national examination of ELST after
receiving medical education and training in emergency care at the
certified EMT school or college for at least two years. The cumu-
lative number of ELSTs has increased gradually in Osaka City and
reached to 508 in 2007 since the ELST system started in 1991.13

2.4. Data collection and processing

Data were prospectively collected using a data collection tool
designed by the project steering committee. Included were all core
data elements recommended in the Utstein style for OHCAS10
including age, sex, etiology, first documented rhythm, resuscitation
time-course, bystander-initiated CPR, location of arrest, advanced
airway placement, adrenaline administration, year, field return of
spontaneous circulation (ROSC), total ROSC, hospital admission,
and one-month survival and neurological status at one month after
the event as well as the number of on-scene ELSTs. Resuscitation
time-course included a series of EMS-related times such as call, the
initiation of CPR, departure at the scene, and hospital arrival. ROSC
was defined as the restoration of a sustained spontaneous perfu-
sing thythm.®10 The data sheet was filled out by the EMS personnel
in cooperation with the physicians in charge of the patient. It was
then transferred to the Information Center for Emergency Medical
Services of Osaka and reviewed by the investigators. If the informa-
tion provided on the data sheet was unclear or incomplete, it was
returned to the appropriate EMS personnel for completion.

2.5. Methods of measurement

All survivors were followed for up to one month after the event,
and the neurological outcomes were determined by the physician
responsible for the care of the patient. Neurological status was
determined using the Cerebral Performance Category (CPC) scale:
category 1, good cerebral performance; category 2, moderate cere-
bral disability; category 3, severe cerebral disability; category 4,
coma or vegetative state; and category 5, death.21? Neurologically
favorable survival was defined as a CPC category 1 or 2.910 The
primary outcome measure was one-month survival with favorable
neurological outcome. Secondary outcomes included field ROSC,
total ROSC, hospital admission, and one-month survival.

2.6. Primary data analysis
Patient characteristics, EMS characteristics, and outcomes

among bystander-witnessed OHCA patients were evaluated after
grouping the EMS scene personnel based on the number of ELSTs
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(One ELST plus two EMTs, two ELSTs and one EMT, or three ELSTs
[no EMT]). Patient characteristics were compared using chi-square
test for categorical variables and one-way analysis of variance for
numerical variables. EMS characteristics such as procedures and
care time intervals by EMS were tested with univariable regression
models for categorical variables and linear tests for numerical vari-
ables. Multivariable logistic regression models were used to assess
the contribution of the number of on-scene ELSTs to the outcomes
referring to one ELST. Odds ratios (ORs) and their 95% confidence
intervals (Cls) were calculated after adjusting for potential con-
founding factors that were biologically essential and considered
to be associated with outcomes were included in the multivariable
analysis. Those factors included age (for one year old increase), sex
(male or female), etiology (presumed cardiac or non-cardiac), first
documented rhythms (VF or others), location of arrest (public or
not), bystander CPR (yes or no), advanced airway management (yes
or no), epinephrine administration (yes or no), and the time inter-
val from call to CPR by EMS (for one minute increase), and year (for
one year increase). All statistical analyses were performed using
SPSS statistical package ver16.0J (SPSS, Inc,, Chicago, IL). All tests
were 2-tailed, and P values of <0.05 were considered statistically
significant

3. Results
3.1. Overview of OHCA patients in Osaka City

During these 3 years, a total of 6942 OHCA patients were reg-
istered (Fig. 1). Of them, 6849 were adults aged >18years old,

Population at risk in Osaka City
N=2,665,458

|

Out-of-hospital cardiac arrests
N=6942

l

Adults aged >18 years
N = 6848
1 [ EMS resuscitation not attempted
) TIN=387
EMS resuscitation attempted

N=6461 Not witnessed

1 N = 3566

{ Witnessed by EMS
N =487

Witnessed by bystanders
N =2408

v ] +
One ELSTs Two ELST Three ELSTs
N=639 N = 1357 N=412

Fig. 1. Overview of out-of-hospital cardiac arrests with an abridged Utstein tem-
plate from January 1, 2005 through December 31, 2007, EMS, emergency medical
service; ELST, emergency life-saving technician.

Table 1

and 6461 were attempted resuscitation by EMS. A total of 2408
bystander-witnessed OHCA patients were eligible for our analyses
excluding 487 patients witnessed by EMS and 3566 patients with-
out witness. Among these patients, 639 (26.5%) received basic life
support (BLS) or advanced life support (ALS) procedures by one
ELST on the scene, 1357 (56.4%) two ELSTs, and 412 (17.1%) three
ELSTs, respectively. The proportion of on-scene three ELSTs did not
significantly increased during the study period.

3.2. Patient characteristics by the number of on-scene ELSTs

Table 1 shows the patient characteristics of bystander-
witnessed OHCA by the number of on-scene ELSTs. Mean age
and the proportion of male, public places, VF as first documented
rhythm, and presumed cardiac etiology were similar between the
three groups. The proportion of patients with bystander CPR was
significantly different between the groups (P=0.036).

3.3. EMS characteristics by the number of on-scene ELSTs

EMS advanced interventions and activity times of bystander-
witnessed OHCA by the number of on-scene ELSTs are noted
in Table 2. The proportion of adrenaline administration (from
4.7% in the one ELST group to 14.1% in the three ELST group, P
for trend <0.001) and advanced airway management (from 78.2%
in the one ELST group to 83.5% in the three ELST group, P for
trend = 0.003) was significantly higher as the number of on-scene
ELSTs increased. The EMS scene time also increased with the pres-
ence of more ELSTs (from 12.4 minutes in the one ELST group to
13.5minutes in the three ELST group, P for trend=0.001) whereas
the time interval from 119 call to CPR initiation by EMS remained
the same.

3.4. Outcomes by the number of ELSTs

Table 3 shows the outcomes from bystander-witnessed OHCA
by the number of on-scene ELSTs. The three ELST group had a
significantly higher rate of one-month survival with favorable neu-
rological outcome compared with the one ELST group (8.0% versus
4.5%, adjusted OR 2.26, 95% CI 1.27-4.04). However, the two ELST
group did not (5.4% versus 4.5%, adjusted OR 1.34,95% C10.82-2.19).
However, increasing the number of on-scene ELSTs did not signifi-
cantly improve field ROSC, total ROSC, hospital admission, and one
month survival after OHCA.

3.5. Factors associated with favorable neurological outcome

In the multivariable analysis, factors associated with one-month
survival with favorable neurological outcome are shown as a forest
plot in Fig. 2. Younger age (adjusted OR for one year old increase
0.99, 95% CI 0.97-0.99), presumed cardiac etiology (adjusted OR
2.24, 95% (I 1.25-4.02), VF as first documented rhythm (adjusted

Patient characteristics of bystander-witnessed out-of-hospital cardiac arrest by the number of ELSTs.

The number of on-scene ELSTs

One ELST(N=639) Two ELSTs (N=1357) Three ELSTs (N=412) Pvalue
Age, year, mean (SD) 68.9(17.4) 69.8 (16.8) 68.7 (17.2) 0.950
Men, n (%) 423 (66.2) 840 (61.9) 272 (66.0) 0.101
Cardiac etiology, n (%) 414(64.8) 927 (68.3) 284 (68.9) 0.231
VF as first documented rhythm, n (%) 109(17.1) 227 (16.8) 70(17.1) 0.981
Public location, 1 (%) 138(21.6) 288(21.2) 82(19.9) 0.794
Bystander CPR, n (%) 214 (33.5) 428 (31.5) 158 (383) 0.036

ELST denotes emergency life-saving technician; VF, ventricular fibrillation; CPR, cardiopulmonary resuscitation; SD, standard deviation.

2 Data on VF were missing for 14 (0.6%) patinets.
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Table 2

EMS characteristics of bystander-witnessed out-of-hospital cardiac arrest by the number of ELSTs.

The number of on-scene ELSTs

One ELST (N=639) Two ELSTs (N=1357) Three ELSTs (N=412) P for trend
Adrenaline, n (%) 30(4.7) 136(10.0) 58 (14.1) <0.001
Advanced airway, n (%) 500 (78.2) 1099 (81.0) 44 (83.5) 0.003
EMS care interval, min, mean (SD)
Call to EMS CPR start 83(3.4) 8.0(3.0) 8.1(3.4) 0.171
EMS scene time 12.4(5.1) 12.9(5.2) 13.5(5.5) 0.001
ELST denotes emergency life-saving technician; EMS, emergency medical service; CPR, cardiopulmonary resuscitation; SD, standard deviation.
Table 3
Outcomes from bystander-witnessed out-of-hospital cardiac arrest by the number of ELSTs.
The number of on-scene ELSTs
Total One ELST Two ELSTs Three ELSTs
(N=2408) (N=639) (N=1357) (N=412)
Field ROSC, n (%) 318(13.2) 75(11.7) 175(12.9) 68 (16.5)
Adjusted OR (95% CI) Reference 1.07 (0.78~1.45) 1.41 (0.96-2.07)
Total ROSC, n (%) 1030 (42.8) 265 (41.5) 77 (42.5) 188 (45.6)
Adjusted OR (95% CI) Reference 1.03 (0.84~1.25) 1.17 (0.90-1.51)
Hospital admission, n (%) 57(35.6) 212(33.2) 488 (36.0) 157 (38.1)
Adjusted OR (95% CI) Reference 1.14(0.93-1.40) 1.24(0.95-1.62)
One-month survival, n (%) 281(11.7) 69(10.8) 160(11.8) 52 (12.6)
Adjusted OR (95% CI) Reference 1.15 (0.84~1.59) 1.24(0.82-1.87)
CPC1or2,n(%) 135 (5.6) 29 (4.5) 73(5.4) 33(8.0)
Adjusted OR (95% Cl) Reference 1.34(0.82~2.19) 226(1.27-4.04)

ELST, denotes emergency life-saving technician; ROSC, return of spontaneous circulation; CPC, cerebral performance category; OR, odds ratio; Cl, confidence interval. ORs
were calculated after adjusting for age, gender, etiology, first documented rhythm, location, bystander CPR, advanced airway management, epinephrine admistration, call to

CPR time by EMS, and year.

Adjusted ORs (95% CI)
On-scene ELST (2 persons vs. I person) I*"’.——'

On-scene ELST (3 persons vs. I person) |——l—-—|

1.34(0.82 - 2.19)
2.26 (127 - 4.04)

Age [ 0.99 (0.97 - 0.99)
Male - 1.39 (0.87 - 2.20)
Cardiac etiology - 224(1.25 - 4.02)

'VF as first documented rhythm —=— 8.98 (5.79 - 13.91)

Public location ] 1.14(0.74 - 1.76)

Bystander CPR - 1.31 (0.87 - 1.98)

Advanced airway |-+ 0.22 (0.14 - 0.33)

Epinephrine —a—] 0.20 (0.07- 0.58)

Year® = 138 (1.07 - 1.77)

Call to CPR time by EMS¢ b 0.93 (0.86 - 1.01)
o1 1.0 10'0

Fig. 2. Multivariable-adjusted odds ratios for one-month neurologically favorable
survival, OR, odds ratio; Cl, confidence interval; VF, ventricular fibrillation; CPR,
cardiopulmonary resuscitation; ELST, emergency life-saving technician; EMS, emer-
gency medical service. 2OR for one year old increase, "OR for one year increase, COR
for one minute increase.

OR 8.98, 95% (I 5.79-13.91), and year (adjusted OR for one year
increase 1.38, 95% Cl 1.07-1.77) were also associated with a better
neurological outcome. Advanced airway management (adjusted OR
0.22, 95% Cl 0.14-0.33) and epinephrine administration (adjusted
OR 0.20, 95% CI 0.07-0.58) were associated with a worse outcome.

4. Discussion

From this large, prospective registry in Osaka City, we demon-
strated that the three on-scene ELST group was associated with

the improved one-month survival with favorable neurological out- .

come from OHCA compared with the one on-scene ELST group.

Since ELST program started in 1991, the Fire and Disaster Man-
agement Agency of Japan has recommended that each ambulance
be staffed with a 3-person unit including at least one ELST, The
cumulative number of certified ELSTs in Japan was reported to be
21,268 in 2010.> However, the impact of increasing the number
of on-scene ELSTs has been insufficiently investigated to date. The
results from this study will provide additional useful information
on the design and structure of EMS systems in Japan and elsewhere.

Why did on-scene participation of three ELSTs contribute to
improving favorable neurological outcome from OHCA? Although
the proportion of advanced airway management and adrenaline
administration increased with increasing the number of on-scene
ELSTs in this target area, these treatment factors did not contribute
to improving one-month survival with favorable neurological out-
come from OHCA in the multivariable analysis. Far from it, they
seemed to be associated with a worse outcome like some previous
observational studies suggested.!>16 However, we consider that
there should be an inversion phenomenon of cause-and-effect and
it would be difficult to assess the effect of ALS measures in this
observational study, because EMS personnel in Japan could provide
advanced life support measures only for OHCA patients who did
not get ROSC by basic life support such as chest compressions and
defibrillations. The adjustment in the multivariable analysis for
epinephrine administration and use of advanced airways proce-
dures which were used more extensively when there were more
trained EMS personnel might be questioned, but the analysis with-
out these variables also produced the same conclusions. Previous
observational studies showed that the procedural experience of
paramedics was associated with the improved outcome after pre-
hospital cardiac arrests.!’-19 Of note, that paper also showed no
effect of the years of treatment decision making on outcomes from
cardiac arrest.! Because ELSTs in Japan are well-trained and have
accumulated their on-scene experience to obtain the certification
as described in the Methods, on-scene participation of the multiple
ELSTs with more clinical experience might lead to better CPR qual-
ity and improve team dynamics and crew resource management,
and resulted in better outcomes from OHCA.
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While favorable neurological outcome significantly differed
by the number of ELSTs, there were no significant associations
between the ELST groups and other outcomes, although all adjusted
ORs were greater than one. Qur previous report suggesting the
effectiveness of CPR by bystanders also showed significant differ-
ence only in neurological outcome while there were no difference
in other outcomes.2® Different from advanced treatments like
epinephrine admistration,'215 the effectiveness of CPR or the CPR
quality might tend to be greater in neurological function rather
than other outcomes, and this discrepancy also might suggest
that on-scene participation of the multiple ELSTs contribute bet-
ter neurological outcomes by improving CPR quality. In addition,
the improvement in favorable neurological outcome during the
study period could be partially explained by the changes of the CPR
guideline,?! which might contribute to improve the CPR quality by
EMS. Unfortunately, we did not have detailed information on CPR
quality measures or team dynamics between ELSTs. We are now
prospectively collecting these data in the designated target area
and hope to address this issue in a future study.

Other published observational studies have not been able to
demonstrate the benefits from having additional advanced trained
providers such as paramedics on scene on survival or resuscitation
process measures.5” One study demonstrated decreased survival
rates as the number of on-scene paramedics increased,® and sug-
gested that the CPR quality was more important than the number of
paramedics themselves. If so, both this study and our study, which
looklike different results, might suggest the same thing (i.e., impor-
tance of improving the CPR quality). In addition, there are several
reasons why these findings are different from ours. This study used
an OHCA data registry from a two tiered EMS system. Osaka has
a single tier EMS system and is one of the most advanced areas of
prehospital cares and has a considerable high rate of favorable neu-
rological outcome.* These differences in EMS system might affect
the effect of the number of EMS personnel. Although a previous
report showed that two tiered system are more effective that sin-
gle tiered systems with regards to improved survival from OHCA,22
such systems might reduce the effectiveness of the having a higher
number of trained personnel on scene.

Furthermore, differences in the prehospital emergency systems
between Japan and western countries might also have affected the
differences in the effects seen from having a higher number of
more trained providers on scene. Unlike paramedics from west-
ern countries, highly-trained ELSTs in Japan are only permitted to
perform ALS procedures during resuscitation efforts.!’? In addi-
tion, EMS providers were not permitted to terminate resuscitation
in the field.324 These differences in the training levels of ELST vs.
paramedics from western countries require further study.

Importantly, the number of ELSTs needed within EMS in Japan
deserves discussion, even if the increased number of on-scene
ELSTs contributed to improving the outcome from OHCA in this
study. Potential disadvantages of having more ELSTs on the scene
include decreased procedural experience per ELST. It is also very
expensive to train and maintain the skills of EMS personnel'! and
the cost-effectiveness of any EMS system structure changes should
be considered as well. Clearly, more studies are needed to assess
the association between the increased number of on-scene ELSTs,
the skills performed and the OHCA outcome to better understand
how to best deploy the most efficient and cost-effective emergency
medical system. '

This study has some inherent limitations, however. First, we did
not obtain data on the ELST certification basis (college training vs.
practice pathway) or experience level, both of which could have an
influence on the outcomes. In addition, we were not able to classify
the exact ELSTlevel (additional certification is required for endotra-
cheal intubation orfand adrenaline administration). Secondly, CPR
quality measures which have been associated with outcomes from
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OHCA (compression rate, compression depth, CPR fraction, peri-
shock pauses and ventilation rate) were not available for analysis
in this study.2526 Third, our data does not address potential impact
of post-resuscitation care within hospitals (hemodynamic support,
induced hypothermia, and coronary interventional therapies).?’
Fourth, CPC scores might be biased due to physician’s invested
interestin the patient’s outcome. Finally, this was not arandomized
controlled trial and although we adjusted for Utstein confounding
variables in the multivariable analysis, other unknown confound-
ing factors might exist which may have affected our findings.

5. Conclusions

Compared with the one on-scene ELST group, the three on-
scene ELST group was associated with the improved one-month
survival with favorable neurological outcome from OHCA in Osaka
City. Additional studies are required to further understand these
findings.
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Background: Although regional variation in outcome after adult out-of-hospital cardiac arrest (OHCA) is known, no
clinical studies have assessed this in pediatric OHCA.

Methods and Results: This nationwide, prospective, population-based observation of the whole of Japan included
consecutive OHCA patients with resuscitation attempt from January 2005 through December 2009. Primary outcome
was 1-month survival with neurologically favorable outcome. Japan was divided into the following 7 regions as the
largest administrative units: Hokkaido-Tohoku, Kanto, Tokai-Hokuriku, Kinki, Chugoku, Shikoku, and Kyushu-
Okinawa. The outcome of pediatric OHCA was then compared between the regions. Multiple logistic regression
analysis was used to adjust for other factors that were considered to influence the relationship between region and
outcome. A total of 8,240 pediatric OHCA patients were registered during the study period. One-month survival with
neurologically favorable outcome significantly differed by region: 2.5% (24/967) in Hokkaido-Tohoku (adjusted odds
ratio [AOR], 1.65; 95% confidence interval [Cl]: 0.94—2.90), 2.9% (47/1614) in Tokai-Hokuriku (AOR, 2.06; 95% ClI:
1.28-3.31), 2.1% (26/1239) in Kinki (AOR, 1.45; 95% Cl: 0.84-2.51), 3.4% (16/465) in Chugoku (AOR, 3.11; 95%
Cl: 1.62-6.00), 1.5% (4/259) in Shikoku (AOR, 0.79; 95% CI: 0.26-2.43), and 2.8% (27/974) in Kyushu-Okinawa
(AOR, 2.15; 95% CI: 1.24-3.74) referred to Kanto (1.4%, 37/2722).

Conclusions: According to Japanese nationwide OHCA registry data there are significant regional variations in the
outcome of pediatric OHCA.

Key Words: Cardiopulmonary resuscitation; Children; Out-of-hospital cardiac arrest; Regional variation; Utstein

(OHCASs) occur annually among children in Japan 1.2

Recently, some studies have reported that the charac-
teristics and outcomes of pediatric OHCA differ from those of
adults,3¢ and children are more likely to survive an OHCA
than adults, although the proportion is still low.” There might
be some child-specific circumstances and countermeasures.

S- pproximately 2,000 out-of-hospital cardiac arrests

Editorial p77??

The preceding studies found that OHCA outcome varied by
geographic region for adults.3!! Difference in the quality and
quantity of the emergency medical service (EMS) systems
might be a possible explanation for the regional variation.??
For children, regional variation in OHCA outcome might be
greater because treatment for pediatric OHCA is more specific

and more complicated, and require much greater expertise than
for adult OHCA 12 but no clinical studies have addressed these
questions.

The All-Japan Utstein Registry is a large prospective pop-
ulation-based cohort study of OHCA in Japan, which was
launched in 2005 and covers approximately 127 million resi-
dents.}213 During the 5 years beginning 2005, there have been
approximately 10,000 resuscitated OHCAs in children. Using
this nationwide database, we evaluated regional variations in
outcome of pediatric OHCA.

Methods

Study Design and Settings
The All-Japan Utstein registry of the Fire and Disaster Man-
agement Agency (FDMA) is a prospective, nationwide, pop-
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ulation-based registry system of OHCA in adults and children,
with Utstein-style data collection.!!5 This study enrolled all
adult and pediatric patients who had an OHCA, were treated
by EMS personnel, and were transported to medical institu-
tions from 1 January 2005 through 31 December 2009. The
research protocol was approved by the Ethics Committee of
Kyoto University Graduate School of Medicine, and the re-
quirement of informed consent was waived according to the
national ethics guidelines for epidemiological studies estab-
lished by the Japanese government.

Cardiac arrest was defined as the cessation of cardiac me-
chanical activity, as confirmed by the absence of signs of cir-
culation. 5 The arrest was presumed to be of cardiac origin
unless it was caused by cerebrovascular disease, respiratory
disease, malignant tumor, external causes including trauma,
hanging, drowning, drug overdose, and asphyxia, or any other
non-cardiac cause. Diagnosis of presumed cardiac or non-
cardiac origin was clinically made by the physician in charge,
in collaboration with the EMS personnel.

Do-not-resuscitate orders or living wills are generally not
accepted in Japan, and EMS providers are not legally permit-
ted to terminate resuscitation in the field. Therefore, most pa-
tients with OHCA treated by EMS personnel were transported
to hospital and registered in this cobort. The cohort excluded
cases of obvious signs of death on EMS arrival such as de-
capitation, incineration, decomposition, rigor mortis, or depen-
dent lividity.

EMS Systems in Japan

Japan had a population of approximately 127 million in 2005,
21.3 million of whom were <18 years of age in an area of ap-
proximately 378,000 km? (inhabited area, 121,000km?).16 EMS
is provided by municipal governments through a fire depart-
ment model. There were 804 fire departments with a respective
dispatch center in 2009. Usually, a fire department ambulance
has a crew of 3 emergency providers, including at least 1 emer-
gency life-saving technician (ELST). ELSTs are trained to
insert an i.v. line, place an adjunct airway, and use a semi-au-
tomated external defibrillator. Under online medical control,
specially trained ELSTs have also been able to insert an endo-
tracheal tube, and give i.v. epinephrine since April 2006.17
Citizen use of automated external defibrillator (AED) has been
legally permitted since July 2004 in Japan.1® All EMS provid-
ers perform cardiopulmonary resuscitation (CPR) according to
the Japanese CPR guidelines, which are based on the European
Resuscitation Council and American Heart Association guide-
lines, and the International Liaison Committee on Resuscita-
tion (ILCOR) recommendations.>¢ In Japan, approximately 2
million citizens per year participate in community CPR pro-
grams, which includes training in chest compression, mouth-
to-mouth ventilation, and use of AED.!

Data Collection and Quality Gontrol

Data were collected with the use of a form based on the Utstein-
style guidelines for reporting OHCA,*15 and included details
on sex, age, witness status, first recorded cardiac rhythm, time
course of resuscitation, bystander-initiated CPR, public-access
AED use, advanced airway management, i.v. epinephrine, as
well as pre-hospital return of spontaneous circulation (ROSC),
1-month survival, and neurological status 1 month after the
event. The time course of resuscitation included details on the
time of call received, vehicle arrival at the scene, contact with
patient, initiation of CPR, defibrillation by EMS, and hospital
arrival. First documented rhythm was recorded and diagnosed
by the EMS personnel with semi-automated defibrillators on
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the scene. When laypersons delivered shocks using a public-
access AED, the victims’ first documented rhythm was re-
garded as ventricular fibrillation (VF). Both bystander-initiat-
ed chest compression-only and conventional CPR with rescue
breathing were considered as bystander CPR. The time of
collapse and initiation of bystander CPR was obtained by
EMS interview with the bystander before leaving the scene.
The time of defibrillation by EMS personnel was recorded in
the semi-automated defibrillator. All survivors were evalnated
1 month after the event for their neurological function by the
EMS personnel in charge.

The data form was filled out by the EMS personnel in co-
operation with the physicians in charge of the patients, and the
data were integrated into the registry system on the FDMA
database server. They were logically checked by the computer
system and were confirmed by the implementation working
group. If the data form was incomplete, the FDMA returned it
to the respective fire station for completion.

Key Regional Definition and Demographic Data

To assess regional variations in OHCA, we divided Japan
into the following 7 regions as the largest administrative units
in Japan: Hokkaido-Tohoku, Kanto, Tokai-Hokuriku, Kinki,
Chugoku, Shikoku, and Kyushu-Okinawa, which are common-
ly used in administrative surveys.!® We obtained the following
information by region: pediatric and adult population and the
densities (per 1,000 km? inhabited area) of pediatricians, emer-
gency pediatricians, hospitals, EMS personnel, and ambulanc-
es calculated from Japanese administrative materials.!®

Main Outcome Measure

Neurological outcome was assessed with the Glasgow-Pittsburgh
Cerebral Performance Category (CPC) scale as: 1, good per-
formance; 2, moderate disability; 3, severe cerebral disability;
4, coma/vegetative state; and 5, death. The primary outcome
measure was l-month survival with favorable neurological
outcome, defined as CPC category 1 or 2.21415 Secondary
outcome measures included pre-hospital ROSC and 1-month
survival.

Statistical Analysis

The characteristics of patients and prehospital care in pediat-
ric OHCA were compared among the 7 regions using analy-
sis of variance for numerical variables, and chi-squared test or
Fisher’s exact test for categorical variables. Multivariate analy-
sis was used to assess the regional variation for 1-month sur-
vival with favorable neurological outcome; adjusted odds ratios
(AORs) and their 95% confidence intervals (CIs) were calcu-
lated. As potential confounders, factors that were biologically
essential and considered to be associated with clinical out-
come were used in multivariate analysis. These variables in-
cluded age (infants aged <1 year; children aged 1-17 years);
sex (male, female); origin of arrest (cardiac, non-cardiac); type
of bystander witness (none, family members and others); first
documented rhythm (VF, non-VF); type of bystander-initiated
CPR (none, any CPR); time interval from call to CPR by EMS
personnel (for 1-min increments); and year of arrest (for 1-year
increments). In addition, we calculated the AORs of OHCA
children for neurologically favorable outcome referring to
adults in the respective region by multivariate logistic regres-

- sion analysis.

All of the tests were 2-tailed and P<0.05 was considered
statistically significant. All statistical analysis was done using
SPSS version 16.0J (SPSS, Chicago, IL, USA).



Advance Publication by-J-STAGE

Regional Variation in Pediatric OHCA

Pediatric population at risk in Japan
From 2005 through 2009
n=21,341,946

|

Pediatric out-of-hospital
cardiac arrests
from 2005 through 2009
n= 9634

A

Resuscitation attempted
n=9283

Y
Arrest witnessed by bystanders
Arrest not witnessed
n= 8621

Figure 1. Study flow of pediatric
out-of-hospital cardiac arrest cases
with an abridged Utstein template
from 1 January 2005 through 31
December 2009. CPR, cardiopul-
monary resuscitation; EMS, emer-
gency medical service; ROSC, re-
turn of spontaneous circulation.

Table 1. Pediatric OHCA Demogrépyhicj Characteristics by Region in Jépan

Holdkaido- Kanto Hookak Kinki Chugoku  Shikoku  syushu-
Pediatric population (x1,000) 2,540 6,542 4,120 3,514 1,299 675 2,651
Population densityt 60 361 180 415 155 139 161
Density# of

Pediatricians 34.7 272.8 105.4 299.6 109.0 101.2 106.4

Emergency physicians 27.8 180.8 70.3 212.7 72.7 63.9 91.4

Hospitals 12.9 55.8 29.5 78.4 36.1 37.1 32.6

EMS personnel 256.7 675.8 592.9 946.7 619.5 456.6 415.5

Ambulances 23.7 80.9 52.3 96.7 56.6 525 457

Incidence’ (95% Cl)

Age 017 years 7.6(6.3-8.9) 8.3(6.8-9.8) 7.8(6.7-8.9) 7.1(6.7-7.4) 7.2(6.3-8.0) 7.7(6.1-9.3) 7.4(6.9-7.8)
Age 1-17 years 4.8 (4.1-5.0) 4.6(3.9-47) 4.6(4.1-47) 4.6(4.14.6) 4.7(3.9-5.0) 4.9(4.2-5.2) 4.8(4.2-5.0)
Age <1 year 67.6 77.4 69.2 54.3 55.9 63.7 57.8

(43.8-91.2) (45.6-109.2) (45.5-92.9) (50.9-57.7) (44.4-67.4) (35.7-91.7) (43.5-72.1)

*No. children per 1km? inhabited area; *No. per 1,000km? inhabited area; Smean annual incidence per 100,000 population. Cl, confidence
interval; EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest.

Resuits

A total of 9,634 pediatric OHCAs were documented during
these 5 years in Japan (Figure 1). Out of 9,283 patients with
resuscitation attempt, 8,240 who had suffered cardiac arrest
before EMS arrival were enrolled in the present analysis, ex-
cluding patients with missing data on first documented rhythm
(n=366) and bystander CPR (n=15). The proportion of pre-
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hospital ROSC among the eligible patients was 4.4%, 1-month
survival 8.5%, and 1-month survival with neurologically fa-
vorable outcome, 2.2%.

Table 1 lists the demographic characteristics of pediatric
OHCA by region. The population density and the densities of
pediatricians, emergency pediatricians, hospitals, EMS per-
sonnel, and ambulances substantially differed among the 7
regions. The annual incidence of pediatric OHCA per 100,000
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Table 2. Pediatric OHCA Patient and EMS Characteristics by Region in Japan

Hokkaido- Tokai- . . Kyushu-
Tohoku (nifgq;gz) Hokuriku (n'-(:n2k:;9) (i:Eggg)u ?:_'_zgg;’ Okinawa P-value#
(n=967) T (n=1,614) 0 - - (n=974)
Age (years) 2 (0-12) 1(0-9) 1(0-11) 2 (0-11) 2 (0-11) 2 (0-12) 2(0-11)  <0.001
Infant aged <1 year 391 1,310 707 477 177 101 369 <0.001
40.4 48.1 43.8 38.5 38.1 39.0 37.9
(87.3-43.6) (46.2-50.0) (41.4-46.3) (35.8-41.3) (33.642.7) (33.0-45.2) (34.8-41.0)
Male 605 1,647 998 746 280 142 597 0.390
62.6 60.5 61.8 60.2 60.2 54.8 61.3
(59.4-65.6) (58.6-62.4) (59.4-64.2) (57.4-63.0) (55.6-64.7) (48.6-61.0) (58.2-64.4)
Type of origin <0.001
Cardiac origin 301 1,013 510 407 98 92 195
31.1 37.2 31.6 32.8 211 35.5 20.0
(28.2-34.2) (35.4-39.1) (29.3-33.9) (30.2-35.5) (17.5-25.1) (29.7-41.7) (17.6-22.7)
Non-cardiac origin 666 1,709 1,104 832 367 167 779
68.9 62.8 68.4 67.2 78.9 64.5 80.0
(65.9-71.8) (60.9-64.6) (66.1-70.7) (64.5-70.0) (74.9-82.6) (58.3-70.3) (77.3-82.5)
Type of bystander-witnessed status 0.086
No witness 696 2,005 1,175 923 348 192 720
72.0 73.7 72.8 74.5 74.8 74.1 73.9
(69.0~74.8) (72.0-75.3) (70.6-75.0) (72.0-77.0) (70.6-78.7) (68.4-79.4) (71.0-76.7)
Family 170 431 271 172 59 36 157
17.6 15.8 16.8 13.9 12.7 13.9 16.1
(15.2-20.1) (14.5-17.3) (15.0-18.7) (12.0-15.9) (9.8-16.1) (9.9-18.7) (13.9-18.6)
Others 101 286 168 144 58 31 97
104 10.5 10.4 11.6 12.5 12.0 10.0
(8.6-12.6) (9.4-11.7) (9.0-12.0) (9.9-135) (9.6-15.8) (8.3-16.6) (8.2-12.0)
Type of bystander-initiated CPR <0.001
No CPR 461 1,523 800 634 244 134 428
47.7 55.9 49.6 51.2 52.5 51.8 44
(44.5-50.9) (54.1-57.8) (47.1-52.0) (48.4-54.0) (47.8-57.1) (45.5-58.0) (40.8-47.1)
Chest compression-only CPR 231 555 402 194 86 40 237
239 20.4 24.9 15.7 18.5 15.4 24.3
(21.1-26.7) (18.9-22.0) (22.8-27.1) (13.7-17.8) (15.1-22.3) (11.3-20.4) (21.7-27.2)
Conventional CPR with rescue 275 644 412 411 135 85 309
breathing 28.4 23.7 255 33.2 29.0 32.8 31.7
(25.6-31.4) (22.1-25.3) (23.4-27.7) (30.6-36.0) (24.9-33.4) (27.1-38.9) (28.8-35.0)
Type of first recorded rhythm 0.263
VF 58 120 96 56 30 18 53
6.0 4.4 6.0 4.5 6.5 7.0 5.4
(4.6-7.7) (3.7-5.3) (4.8-7.2) (3.4-5.8) (4.4-9.1) (4.2-10.8) (4.1-7.1)
PEA 135 388 252 187 67 32 134
14 14.3 15.6 15.1 14.4 12.4 13.8
(11.8-16.3) (13.0-15.6) (13.9-17.5) (13.1-17.2) (11.3-17.9) (8.6-17.0) (11.7-16.1)
Asystole 774 2,214 1,266 996 368 209 787
80 81.3 78.4 80.4 79.1 80.6 80.8
(77.4-82.5) (80.0-82.8) (76.4-80.4) (78.1-82.6) (75.2-82.8) (75.4-85.3) (78.2-83.2)
Public-access AED use 3 17 12 5 2 0 2 0.336
0.3 0.6 0.7 0.4 0.4 0.0 0.2
(0.1-0.9) (0.40-1.0) (0.4-1.3) (0.1-0.9) (0.1-1.5) (0.0-0.7)
Shocks by EMSt 45 90 69 42 17 14 39 0.383
4.7 3.3 4.3 3.4 3.7 5.4 4.0
(3.4-6.2) (2.74.1) (3.3-5.4) (2.5-4.6) (2.1-5.8) (3.0-8.9) (2.9-5.4)
Epinephrine use 25 56 31 13 4 1 2 <0.001
2.6 2.1 1.9 1.0 0.9 0.4 0.2
(1.7-3.8) (1.6-2.7) (1.3-2.7) (0.6-1.8) (0.2-2.2) (0.0-2.1) (0.0-0.7)
Intubation 13 64 32 24 5 5 16 <0.001
1.3 2.4 2.0 1.9 1.1 1.9 1.6
(0.7-2.3) (1.8-3.0) (1.4-2.8) (1.3-2.9) (0.4-2.5) (0.64.5) (0.9-2.7)
Time course by EMS (min)
Call to CPR by EMS 9.7 8.9 9.3 8.3 9.3 9.1 9.4 <0.001
(6—10) (6—10) (7-11) (6-10) (6—-11) (6-10) 6-11)
Call to hospital arrival 30.7 31.0 29.2 27.8 28.6 27.8 26.7 <0.001
(20-37) (23-36) (20-34) (20-32.5) (19-33) (18-32) (18-31)

Data given as median (IQR), or n % (95% Cl). tCalculated only for VF cases. *Caiculated to test the homogeneity among the 7 regional
groups. AED, automated external defibrillation; CPR, cardiopulmonary resuscitation; IQR, interquartile range; PEA, pulseless electrical activ-
ity; VF, ventricular fibrillation. Other abbreviations as in Table 1.
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Table 3. Pediatric OHCA Outcome by Region in Japan

Hokkaido- Tokai- _ . Kyushu-
Tohoku (n'fg“;gz) Hokuriku (n'_(;"zkgg) c(zfggg)“ ?:lggg;‘ Okinawa
(n=967) 5 (n=1,614) T - - (n=974)
Prehospital ROSC, n (%) 47 (4.9) 108 (4.0) 77 (4.8) 54 (4.3) 21 (4.5) 9 (3.5) 43 (4.4)
Crude OR (95% Cl) 1.24 Reference 1.21 1.10 1.14 0.87 1.1
(0.87-1.76) (0.90-1.64)  (0.79-1.54) (0.71-1.85)  (0.44-1.74)  (0.78-1.60)
Adjusted OR (95% Cl) 1.08 Reference 1.07 0.97 1.02 0.71 0.96
(0.75-1.57) (0.78-1.46)  (0.68-1.37) (0.62-1.68) (0.34-1.45) (0.66-1.40)
One-month survival, n (%) 82 (8.5) 158 (5.8) 146 (9.0) 118 (9.5) 52 (11.2) 24 (9.3) 119 (12.2)
Crude OR (95% ClI) 1.51 Reference 1.61 1.71 2.04 1.66 2.26
(1.14-1.99) (1.28-2.04) (1.33-2.19) (1.47-2.84) (1.06-2.60) (1.76-2.90)
Adjusted OR (95% CI) 1.42 Reference 1.54 1.62 2.0 1.53 2.16
(1.06-1.89) (1.21-1.97) (1.25-2.10) (1.41-2.82) (0.95-2.45) (1.66-2.80)
Neurologically favorable 1-month 24 (2.5) 37 (1.4) 47 (2.9) 26 (2.1) 16 (3.4) 4 (1.5) 27 (2.8)
survival, n (%)
Crude OR (95% Cl) 1.85 Reference 2.18 1.56 2.60 1.14 2.07
(1.10-3.10) (1.41-3.36)  (0.94-2.58) (1.434.69) (0.40-3.22) (1.25-3.42)
Adjusted OR (95% Cl) 1.65 Reference 2.06 1.45 3.11 0.79 2.15
(0.94-2.90) (1.28-3.31)  (0.84-2.51) (1.62-6.00) (0.26-2.43) (1.24-3.74)

ORs were adjusted for sex, age, origin of arrest, type of bystander witness, type of bystander CPR, first recorded rhythm, time interval from call
to CPR by EMS, and year of arrest. OR, odds ratio; ROSC, return of spontaneous circulation. Other abbreviations as in Tables 1,2.

Hokkaido-Tohoku 2.5% (24/967)
AOR (95%CT) 1.65 (0.94-2.90)

Tokai-Hokuriku 2.9% (47/1614)
AOR (95%CT) 2.06 {1.28-3.3 l)

{7

Chugoku 3.4% (16/465) §
AOR (95%CT) 3.11 (1.62-6.00) i Kanto 1.4% (37/2722)

Reference

Kinki 2.1% (26/1239) .
AOR (95%CI) 1.45 (0.84-2.51) ~ 7

Kyushu-Okinawa 2.8% (27/974)
AOR (95%CT) 2.15 (1.24-3.74) Shikeku 1.5% (4/259)

AOR (95%CD 0.79 (0.26-2.43)

Figure 2. Proportion of neurologically favorable 1-month survival after pediatric out-of-hospital cardiac arrest in Japan according
to region. Adjusted odds ratios (AORs) and 95% confidence intervals (95% Cls) compared with Kanto were calculated. ORs were
adjusted for sex, age, origin of arrest, type of bystander witness, type of bystander cardiopulmonary resuscitation (CPR), first
recorded rhythm, time interval from call to CPR by the emergency medical service, and year of arrest.
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Table 4. One-Month Survival With Neurologically Favorable Outcome After OHCA by Region in Japan
Hokkaido- Tokai- _ . Kyushu-
Tohoku Kanto Hokuriku Kinki Chugoku Shikoku Okinawa
Children 2.5 1.4 2.9 2.1 3.4 1.5 2.8
(24/967) (37/2,722) (4711,614) (26/1,239) (16/465) (4/259) (27/974)
Adults 1.3 1.1 1.9 1.3 1.1 1.6
(840/64,137) (1,773/155,389) (1,333/95,589) (1,338/70,714) (343/27,100) (171/15,080)  (798/48,986)
Crude OR (95% Cl) 1.92 1.19 2.12 1.11 2.78 1.37 1.72
(1.27-2.89)  (0.86-1.66)  (1.58-2.85)  (0.75-1.65)  (1.67-4.63)  (0.50-3.71)  (1.17-2.54)
Adjusted OR (95% Cl) 2.95 1.81 3.23 1.77 5.51 1.62 2.98
(1.87-4.65)  (1.28-2.56)  (2.32-4.49)  (1.16-2.72)  (3.10-9.80)  (0.56-4.68)  (1.94-4.57)

OR is for children vs. adults. ORs were adjusted for sex, age, origin of origin, type of bystander witness, type of bystander CPR, first recorded
rhythm, time interval from call to CPR by EMS, and year of arrest. Abbreviations as in Tables 1-3.

Male (vs. female)
Age 1-17 years (vs. infant aged <1 year)
Cardiac origin (vs. non-cardiac origin)
VF (vs. non-VF)
Bystander-witnessed status (vs. no witness)
Bystander CPR (vs. no CPR)
Region

Hokkaido-Tohoku

Kanto

Tokai-Hokuriku

Kinki

Chugoku

Shikoku

Kyushu-Okinawa
Call to CPR by EMS (for 1-min increment)
Year (for 1-year increment)

Table 5. Coniributing Factors to Favorable Neurological 1-Month Survival After Pediatric OHCA in Japan

Adjusted OR (95% CI) P-value
0.75 (0.54-1.05) 0.099
1.65 (1.11-2.44) 0.012
1.55 (1.07-2.23) 0.019

10.24 (7.04-14.91) <0.001
5.15 (3.52-7.54) <0.001
1.63 (1.16-2.30) 0.005
1.65 (0.94-2.90) 0.083

Reference
2.06 (1.28-3.31) 0.003
1.45 (0.84-2.51) 0.186
3.11 (1.62-6.00) 0.001
0.79 (0.26-2.43) 0.686
2.15 (1.24-3.74) 0.006
0.90 (0.85-0.95) <0.001
1.14 (1.01-1.29) 0.030

Abbreviations as in Tables 1-3.

population ranged from 7.1 to 8.1 throughout Japan. Although
the incidence was similar among the regions (4.6-4.9) for
children aged 1-17 years, it varied by region (54.3-77.4) for
infants aged <1 year.

The characteristics of patients and prehospital care in pedi-
atric OHCA are noted by region in Table 2. Whereas the
proportions of infant (37.9—48.1%) and cardiac origin (20.0—
37.2%) were significantly different by region, those of witness
status, VF as first recorded rhythm, public-access AED use,
and shocks by EMS were similar. In contrast, the proportion
of bystander CPR (44.1-56.0%) and the mean time interval
from collapse to CPR by EMS (8.3-9.7min) and to hospital
arrival (26.7-31.0min) significantly differed by region. After
categorizing the data according to age group-(infants aged <1
year and children aged 1-17 years; Table S1), there were
similar regional variations in the characteristics of patients and
prehospital care.

Table 3 lists the outcomes of pediatric OHCA by region.
We found no significant differences in AORs for pre-hospital
ROSC by region, but 1-month survival with neurologically
favorable outcome was very heterogeneous (Figure 2), that is,
significantly greater in Tokai-Hokuriku (2.9%, 47/1614; AOR,
2.06; 95% CI. 1.28-3.31), Chugoku (3.4%, 16/465; AOR, 3.11;
95% CIL: 1.62-6.00), and Kyushu-Okinawa (2.8%, 27/974;
AOR, 2.15; 95% CI: 1.24-3.74) compared with Kanto (1.4%,
37/2722), even adjusting for potential confounding factors.
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Again, after analyzing the data according to age group (in-
fants aged <1 year and children aged 1-17 years; Table S2),
AOR among children aged 1-17 years was significantly great-
er in Chugoku (AOR, 4.17; 95% CI: 1.99~8.73) and Kyushu-
Okinawa (AOR, 1.98; 95% CI: 1.02-3.85) compared with
Kanto. There were no significant regional differences in 1-
month survival with neurologically favorable outcome after
OHCA among infants aged <1 year.

The ratio of 1-month survival with neurologically favorable
OHCA outcome between children and adults was compared
among regions (Table 4). The ratios of children vs. adults
were considerably different by region: 5.51 (95% CI: 3.10-
9.80) in Chugoku, 3.23 (95% CI: 2.32~4.49) in Tokai-Hokuriku,
2.98 (95% CI: 1.94-4.57) in Kyushu-Okinawa, 2.95 (95% CT:
1.87-4.65) in Hokkaido-Tohoku, 1.81 (95% CI. 1.28-2.56) in
Kanto, 1.77 (95% CI: 1.16-2.72) in Kinki, and 1.62 (95% CI:
0.56-4.68) in Shikoku.

On multivariate analysis (Table 5), compared with infants
aged <1 year, children aged 1-17 years had a significantly
better neurological outcome (AOR, 1.65; 95% CI: 1.11-2.44).
VF as first documented rhythm (AOR, 10.24; 95% CI: 7.04—
14.91), bystander-initiated CPR (AOR, 1.63; 95% CI: 1.16—
2.30), and earlier CPR time by EMS (AOR for 1-min increase,
0.90; 95% CI: 0.85-0.95) were associated with better neuro-
logical outcome.
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Discussion

Using the nationwide registry of OHCA in Japan, we have
found that there are significant regional variation in character-
istics and outcome of pediatric OHCA. In particular, we found
more than 3-fold differences in neurologically favorable sur-
vival by region even considering potential known prognostic
factors. In contrast to the underpowered previous studies, the
present sufficiently large study has clearly identified these im-
portant regional variations in pediatric OHCA outcome. To our
knowledge, this is the first report to assess the regional varia-
tion of pediatric OHCA survival.

In this study, neurologically favorable outcome significant-
ly differed by region, whereas pre-hospital ROSC did not. This
discrepancy presumably resulted from the difference in inten-
sive care after hospital arrival. The performance and the qual-
ity of advanced life-saving treatment after hospital arrival
would be the most plausible explanation for this regional
variation in pediatric OHCA outcome. Recently, some studies
reported that post-resuscitation care such as therapeutic hypo-
thermia, extracorporeal CPR, and percutaneous coronary inter-
vention might be effective for pediatric cardiac arrest.?!-24

Differences in OHCA outcome in children were larger than
those in adults. Regional variations in the pediatric health-care
system such as an unbalanced density of pediatricians might
be a possible reason for the regional variation. Furthermore,
the pre-hospital care protocol for OHCA patients provided by
the FDMA was developed mainly for adults and not for chil-
dren. Given that pediatric OHCA is far less frequent than adult
OHCA, then it might be difficult for both EMS personnel and
physicians to accumulate sufficient experience to hone their
skills for pediatric cardiac arrest. The child-specific life sup-
port system and technique should be developed and distrib-
uted.

Present multivariate analysis showed that bystander CPR was
associated with better neurological outcome, and this would be
a possible explanation for the poor outcome observed in the
Kanto area, where the prevalence of bystander CPR was rela-
tively low. Furthermore, the present study has shown that there
were great differences in the prevalence of bystander CPRs
and the resuscitation time course by the EMS by region, both
of which are other key factors for OHCA survival. Many pre-
vious studies have shown that bystander CPR improved sur-
vival after pediatric and adult OHCA 3-61325.26 The difference
in the prevalence of bystander CPR in this study might be
derived from the difference in social activities to promote citi-
zen CPR by region. It is well known that early CPR by EMS
personnel and early access to hospitals improve survival after
OHCA.%-% The present data showing marked regional varia-
tions in EMS response time should be discussed to establish
more effective and efficient EMS systems.

Importantly, the proportion of neurologically favorable sur-
vival after pediatric OHCA remained low regardless of geo-
graphical region. Because bystander CPR and public-access
AED use are not sufficiently frequent (approximately 50% and
<1%, respectively) in any region, further efforts to spread CPR
and AED use in communities are needed. In addition, improve-
ments in advanced treatment for pediatric OHCA are needed.
Although we previously indicated that the transportation of
OHCA patients to the governmentally deployed critical care
medical centers (CCMCs) contributed to improving outcome
for adult OHCA 3 it is not clear that this knowledge would be
applicable to pediatric OHCA. Some reports found that trans-
portation of OHCA children to pediatric intensive care unit
(PICU) could improve their survival.?-* In Japan, however,
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most OHCA children are transported to adult CCMCs or ordi-
nary hospitals rather than PICU. An integrated system to pro-
vide intensive care for OHCA children and an evaluation of its
effectiveness are matters of urgency.

In this study, the incidence of infant OHCA and the ratio of
cardiac/non-cardiac origins differed by region. Regional vari-
ations in the incidence of adult OHCA are partly explained by
the regional variations in risk factors such as medication for
hypertension and dyslipidemia.® A preventive approach to
pediatric OHCA is important,* and further effort should be
made to facilitate prevention of pediatric cardiac arrest.

Study Limitations

This observational study has several inherent limitations. First,
we did not obtain detailed demographic and socioeconomic
status, which would influence regional variations in OHCA, 3132
and there might be unmeasured confounding factors that might
have influenced the association between region and outcome.
Second as with all epidemiologic studies, the integrity and
validity of the data, as well as ascertainment bias, are potential
limitations of the study. The use of uniform data collection
based on Utstein-style guidelines for reporting cardiac arrest,
the large sample size, and the population-based design should
minimize these potential sources of bias.

In future studies, we will investigate detailed data including
regional and social conditions such as education for citizen and
hospital information in order to assess clearly the causes of the
regional variations in survival following pediatric OHCA.

Conclusions

This nationwide population-based observational study has
shown that there are significant regional variations in 1-month
survival with neurologically favorable outcome in pediatric
OHCA. To evaluate factors contributing to better outcome,
further study including data on both pre- and in-hospital ad-
vanced care, and emergency transportation systems are needed.
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