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Objective: In Japan, the protocol for timing of adrenaline administration by paramedics is
determined by the local medical control council. The purpose of this study was to com-
pare, via prehospital care indices, how differences in ‘adrenaline times' across prefectures
influence cerebral functioning prognoses.

Methods: We included 13,326 cases registered in the nationwide Utstein style database.
To compare adrenaline administration times and cerebral functioning at 1-month post-
event, the average time of adrenaline administration was calculated for each prefecture. A
scatter plot showing the correlation of the rating of ‘good’ cerebral function at 1 month,
and an approximately linear, were used to review the correlation. All cases where emer-
gency medical technicians administered adrenaline within 10 minutes of field activity
were examined bases on the prehospital care index.

Results: The nationwide average adrenaline time was 15.4%£6.3 minutes, and the rating of
good cerebral outcome at 1T month was 3.0%. 5.4% of good cerebral outcome. The pre-
fecture with the slowest average adrenaline time was Hiroshima, with an average of
19.416.4 minutes and a 0.9% good cerebral outcome. Examination between average
adrenaline times and good ratings for cerebral outcome at 1 month revealed a negative
correlation (R=0.1295) by prefecture. Aichi prefecture achieved the highest prehospital
care index at 75.1%.

Conclusion: Adrenaline administration and the security of intravenous lines should be
standardized in practice, with a view to shortening adrenaline administration times, rather
than giving adrenaline under on-line medical control.

Keywords: Heart arrest; Epinephrine; Emergency medical technicians; Out-of-hospital
cardiac arrest; Survival analysis; Time factors
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INTRODUCTION

In Japan, the protocol for the timing of adrenaline administration
by paramedics is determined by the local medical control (MC)
council of each individual prefecture. The details are accordingly
impacted by each local emergency medical system. This has im-
plications for the timing of adrenaline administration.

The effectiveness of early adrenaline administration has re-
cently been confirmed. In 2014, Donnino et al. [ 1] reported that
early adrenaline administration with non-shockable rhythm car-
diac arrest patients positively influenced outcomes. The follow-
ing year, Ewy et al. [2] demonstrated that early adrenaline admin-
istration with out-of-hospital cardiac arrest (OHCA) patients
significantly improved resuscitation rates. In a Japanese study,
Tanaka et al. [3] reported that adrenaline administration within
19 minutes of the 119 call (the Japanese emergency activation
number) resulted in improved neurological outcomes.

‘Response time’ is defined as the time between the 119 call
and the emergency medical technicians (EMTs) contact with the
patient. The national average response time in Japan is currently
around 8 minutes. Response times are dependent on local emer-
gency medical systems as well as traffic volumes and are thus dif-
ficult to shorten. ‘Adrenaline time, however, relates to the time
between the initial EMT contact with the patient and adrenaline
administration, and this is something that could be shortened by
changing protocols.

The purpose of this study was to compare, via prehospital care
indices, how differences in adrenaline times across prefectures

influence cerebral functioning prognoses.

METHODS

Emergency activity protocols

The protocols for paramedic activity and medical standards are
created by the local MC councils. As of 2018, there have been
251 local MC councils, but similar protocols tend to be applied
within the same prefecture. The Ethics Committee at Kokushi-
kan University approved this study (No. 16-MJ015). Informed
consent and study approval were not taken due to the nature of
the study.

Data collection and quality assurance

Utstein style, the national database registry of OHCA, was re-
ceived from the Fire and Disaster Management Agency (FDMA).
Individual details in the data were deleted and anonymized. Upon
receiving the information, data cleaning was performed following
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the usual procedures, details of which can be accessed in the re-
port of March, 2009 [4].

Cerebral function prognoses were measured by the Glasgow-
Pittsburg cerebral performance category (CPC) scores (CPCl,
good cerebral functioning; CPC2, moderate cerebral disability;
CPC3, severe cerebral disability; CPC4, coma or vegetative state;
and CPCS, death or brain death). The CPC score measurement
was performed by physicians at the hospital to which the patient
had been transported [5].

Inclusion criteria and extrication

Our study included 13,326 of 506,046 cases registered on the na-
tionwide Utstein style database between January 1st 2011 and
December 31st 2014. Inclusion criteria were (1) aged between 8
and 110 years of age, (2) the cardiac event being witnessed by
citizens, (3) a cardiogenic event, (4) adrenaline administered by
paramedics. The following 8 conditions comprised the exclusion
criteria: (1) the cardiac arrest being witnessed by the EMT crew,
(2) advanced life support performed by physicians, (3) the pres-
ence of return-of-spontaneous circulation (ROSC) by defibrilla-
tion (only one defibrillation being performed on ventricular
fibrillation or ventricular tachycardia on the initial electrocardio-
gram (ECG), and the presence of ROSC being within 4 minutes
of the initial defibrillation), (4) the use of pyritize for advanced
airway management, (S) the performance of emergency care not
inputted in the data, (6) negative value on the time factor, (7)
the time factor being an outlier (greater than 99th percentile),
and (8) the response time being more than 16 minutes and the
time lapse more than 22 minutes after EMTS’ contact with pa-
tient (greater than 99th percentile). The reason for excluding re-
sponse times greater than 16 minutes was that only 5% of all
OHCA cases took more than 16 minutes and these would there-
fore be beyond the scope of this study (Fig. 1).

Endpoint

‘We set the endpoint for each prefecture as a rating of ‘good’ cere-
bral outcome at 1 month, which is defined by CPC1 and CPC2
on the Glasgow-Pittsburg CPC.

Statistical analysis

To compare adrenaline administration times and cerebral func-
tioning at 1 month postevent, the average time of adrenaline time
was calculated for each prefecture. The average adrenaline time
was presented as mean and standard deviation because because
the data were found to be normality distributed in the normality
test. A scatter plot showing the correlation of the rating of good
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Utstein style 2011/1-2014/12
(n=506,046)
» Aged below 7 or above 111 years old (n=4,356)
A4
Aged between 8 and 110 years
(n=501,690)
Unwitnessed (n=330,578)
»| Witnessed by EMS personnel (n=3,977)
v
Witnessed by bystanders
(n=167,135)
» Cardiac arrest of non-cardiac origin (n=70,388)
A4
Arrest of cardiac origin
(n=96,747)
_| ALS provided by physicians (n=9,239)
v “| ROSC by defibrillation (n=3,977)
Resuscitation attempted by EMS personnel
(n=83,531)
» Priotized advanced airway management (n=4,021)
v
Eligible for adrenaline administration
(n=79,510)
The performance of emergency care not inputted in the data
Bystander CPR (n=7,195)
| PAD (n=6,235)
| Defibrillation by EMS personnel (n=614)
Adrenaline administration (n=184)
Advanced airway management (n=827)

Negative value on time factor

| 119-call-EMT's contact (n=92)
"l EMT's contact-adrenaline administration (n=81)
EMT's contact-hospital arrival (n=2)

The time factor being an outlier

| 119-call-EMT's contact (n=551)
"l EMT's contact-adrenaline administration (n=138)

EMT's contact-hospital arrival (n=606)
» Adrenaline was not administered (n=49,013)
» Greater than 16 min on response time (n=646)

A4

Eligible for analysis
(n=13,326)

Fig. 1. Flow chart of inclusion and exclusion in the analysis. Response time: the time between the 119 call and the emergency medical
technicians (EMTs) contact with the patient. Adrenaline time: the time between the initial EMT contact with the patient and adrenaline
administration. ALS, advanced life support, ROSC, return-of-spontaneous circulation; EMS, emergency medical service; CPR, cardiopulmonary
resuscitation; PAD, public access defibrillation.
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Fig. 2. The result of examining the relation between mean
‘adrenaline times' and 'good' ratings for cerebral outcome at 1
month, by prefecture.

cerebral function at 1 month, and an approximately linear, were
used to review the correlation. In most area, emergency medical
service (EMS) field activity time is aimed to be within 10 min-
utes. All cases where EMTs administered adrenaline within 10
minutes of field activity after making contact with the patient
were examined, as the prehospital care index. We used Excel
2016 MSO (16.0.9226.2114; Microsoft Corp., Redmond, WA,
USA) to calculate the linear regression and a coefficient of deter-

. . 2
mination R”.

RESULTS

Average of adrenaline time and a rating of good cerebral
outcome at 1 month, by prefecture
The nationwide average adrenaline time was 15.4 % 6.3 minutes,
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and the rating of good cerebral outcome at 1 month was 3.0%.
The prefecture with the shortest adrenaline time, Aichi prefecture,
averaged 9.0 £ 4.6 minutes and had a 5.4% (60/1,116) good rat-
ing for cerebral outcome at 1 month postevent. Aichi was followed
by Ishikawa prefecture, which took on average 11.2+4.5 minutes,
and which had a 6.4% (8/125) good rating at 1 month. The ‘slow-
est’ prefecture was Hiroshima, which took 19.4+ 6.4 minutes and
had a 0.9% (1/109) good cerebral outcome rating at 1 month.
Tokushima prefecture averaged at 13.4 £ 5.6 minutes and a 21.4%
(3/14) good rating. Thus, the result of examining the relation be-
tween average adrenaline times and good ratings for cerebral out-
come at 1 month, by prefecture, revealed a negative correlation
(y=-0.0059 x +0.1207, R* x 0.1295). The shortest response time
was 8.0+ 2.3 minutes (Osaka prefecture) and the longest 10.0£2.8
minutes (Tottori prefecture) (Fig. 2, Table 1).

Comparison of the prehospital care index

We defined the ‘prehospital care index’ as the rate of at which
adrenaline administration took place within 10 minutes of EMT
contact with patients. The highest score in this regard was
achieved by Aichi prefecture, at 75.1% (838/1,116), followed by
Ishikawa, at 56.0% (70/125), Oita at 47.7% (31/65), Shiga pre-
fecture, Osaka prefecture (Fig. 3, Table 2).

DISCUSSION

This study has revealed variation in emergency protocols. The
highest prehospital care index recorded was 75.1% (838/1,116)
(Aichi prefecture), and the second highest was 56.0% (Ishikawa
prefecture). These scores were followed by Oita prefecture, Shiga
prefecture, and Osaka prefecture. There was also found to be a
difference in the time taken to administer adrenaline. This was
because the initial adrenaline administration was only permitted
before the patient was put into the ambulance or before the am-
bulance arrived at the hospital.

The protocol for adrenaline administration was seen to vary. In
some areas, this followed on-line MC by a physician on each oc-
casion or standard order after the second administration.

The protocol for the shortest adrenaline time, in Aichi prefec-
ture, followed specific timing conditions: securing the intrave-
nous (IV) line within 4 minutes of EMT contact with the pa-
tients, giving the initial adrenaline administration with the next 2
minutes, securing advanced airway management within the fol-
lowing 2 minutes, and giving the second adrenaline administra-
tion within the next 2 minutes. This protocol allowed for 2

adrenaline administrations during a 10-minute interval in the
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Table 1. The result of examining the relation between mean adrenaline times and good ratings for cerebral outcome at 1 month, by
prefecture

Prefecture adpr\gir:ig?rlzlar'lﬁ)n CPC1-2 (%) Response time (min) Adrenaline time (min)  Bystander CPR PAD

Hokkaido 340 4(1.2) 8.4412.50 13.91+6.21 161 (47.4) 4(1.2)
Aomori 42 0 (0.0) 8.64+2.36 15.67£5.18 25 (59.5) 1(2.4)
lwate 154 5(3.2) 9.47%2.78 17.94+6.49 80 (51.9) 2(1.3)
Miyagi 183 6(3.3) 9.33+2.67 15.50£6.82 90 (49.2) 8 (4.4)
Akita 179 2(1.1) 8.71+3.17 19.24£5.79 108 (60.3) 3(1.7)
Yamagata 71 2(2.8) 9.48%2.87 17.14£5.33 50 (70.4) 1(1.4)
Fukushima 216 6(2.8) 9.75+2.45 16.27£6.19 141 (65.3) 4(1.9)
|baragi 178 6(3.4) 8.72+2.65 16.72£6.82 88 (49.4) 9 (5.1)
Tochigi 77 1(1.3) 8.97+2.99 14.29+6.02 47 (61.0) 2 (2.6)
Gunma 79 0 (0.0) 9.04+2.23 17.86%5.54 42 (53.2) 1(1.3)
Saitama 1,134 27 (2.4) 8.491+231 16.27£6.82 549 (48.4) 39 (3.4)
Chiba 677 12 (1.8) 9.25%£2.63 16.25+6.63 295 (43.6) 18 (2.7)
Tokyo 2,254 51(2.3) 8.14+2.50 13.9515.1 765 (33.9) 65 (2.9)
Kanagawa 1,272 32 (2.5) 8.33+2.36 13.79%£6.28 647 (50.9) 42 (3.3)
Niigata 548 21 (3.8) 9.20£2.74 13.97%6.59 300 (54.7) 8 (1.5)
Toyama 51 2(3.9) 8.02+2.11 13.71£630 27 (52.9) 0(0.0)
Ishikawa 125 8 (6.4) 8.10+2.48 1.16+4.46 69 (55.2) 2 (1.6)
Fukui 32 1(3.1) 8.38%£2.76 15.50£6.11 4 (43.8) 0 (0.0)
Yamanashi 82 5(6.1) 9.16£2.96 17.40+7.23 41 (50.0) 0 (0.0
Nagano 118 2(1.7) 9.34+2.98 16.26£6.55 73 (61.9) 4 (3.4)
Gifu 160 2(1.3) 8.88+2.40 15.69£5.98 79 (49.4) 6(3.8)
Shizuoka 617 13 (2.1) 8.8412.53 13.64£5.90 312 (50.6) 9 (1.5)
Aichi 1,116 60 (5.4) 8.4812.26 9.03+4.61 702 (62.9) 28 (2.5)
Mie 227 3(1.3) 8.48+2.75 15.59+6.33 110 (48.5) 5(2.2)
Shiga 127 8 (6.3) 8.31+£2.37 12.951£6.60 42 (33.1) 4(3.1)
Kyoto 147 6 (4.1) 8.61+2.64 15.56+5.01 69 (46.9) 3(2.0)
Osaka 810 49 (6.0) 7.96%£2.32 12.32£5.60 329 (40.6) 15(1.9)
Hyogo 648 21 (3.2) 8.7312.63 14.32£6.18 280 (43.2) 23 (3.5)
Nara 162 1(0.6) 9.36+2.28 16.38£6.56 73 (45.1) 5(3.1)
Wakayama 45 1(2.2) 8.84%2.78 14.73+6.43 23 (51.1) 0 (0.0)
Tottori 65 1(1.5) 9.97+2.77 18.31+6.64 34 (52.3) 3 (4.6)
Shimane 164 3(1.8) 9.45+2.70 15.74£7.19 97 (59.1) 6(3.7)
Okayama 115 3(2.6) 9.88+2.45 16.15£5.62 66 (57.4) 1(0.9)
Hiroshima 109 1(0.9) 8.73+2.67 19.43£6.39 45 (41.3) 3(2.8)
Yamaguchi m 0 (0.0) 8.21+£2.68 16.95%5.79 52 (46.8) 2(1.8)
Tokushima 14 3(21.4) 8.79+2.51 13.43£5.60 8(57.1) 1(7.1)
Kahgawa 59 2(3.4) 8.83+2.45 16.64£6.51 29 (49.2) 3(5.1)
Ehime 95 0 (0.0) 8.8312.22 17.44£7.05 48 (50.5) 0 (0.0)
Kochi 17 0 (0.0) 8.41+£222 15.29+£4.77 9 (52.9) 0 (0.0)
Fukuoka 182 10 (5.5) 8.51+£2.48 14.12£5.26 123 (67.6) 8 (4.4)
Saga 16 1(6.3) 8.25+2.88 18.3114.71 4 (25.0) 0 (0.0)
Nagasaki 67 4 (6.0) 9.90%2.65 15.75+6.05 39 (58.2) 1(1.5)
Kumamoto 136 2 (1.5) 8.63+2.85 14.59£5.80 78 (57.4) 0 (0.0)
Oita 65 1(1.5) 9.7412.85 12.821£6.47 38 (58.5) 3 (4.6)
Miyazaki 41 0 (0.0) 9.51%£2.51 16.78£5.30 20 (48.8) 0 (0.0)
Kagoshima 80 0(0.0) 9.60%3.01 17.09£6.86 40 (50.0) 2 (2.5)
Okinawa 119 5(4.2) 8.36+2.21 13.34£5.05 76 (63.9) 1(0.8)

Values are presented as number (%) or meanstandard deviation.
CPR, cardiopulmonary resuscitation; PAD, public access defibrillator.
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Table 2. The rate of at which adrenaline administration took place

Aichi 75.1 within 10 minutes of emergency medical technician contact with
Ishikwa 56.0 patients
Oita 47.7
(S)higka 46.5 Prefecture Administration  Administration within 10 min (%)

saka 43.8 .

Hokkiado 156 Hokkaido 340 121 (35.6)
Niigata 35.6 Aomori 42 6(14.3)

Ehizuoka 35.3 Iwate 154 21 (13.6)
angawa 34.6 Lo

Okinawa 345 Ml.yag| 183 50 (27.3)
Tochigi 32,5 Akita 179 6(3.4)
T<I>_|Yama 31.4 Yamagata 71 5(7.0)

yogo 29.0 .

Miyagi 273 Fukushima 216 39 (18.1)
Shimane 26.8 lbaragi 178 37 (20.8)
Wakayalzna 26.7 Tochigi 77 25 (32.5)
Tokyo 26.2
Kumamoto 25.7 Gunma 79 6(7.6
Saitama 23.7 Saitama 1,134 269 (23.7)
Ful;(uokha 23.6 Chiba 677 143 (21.1)
ochi 23.5
Nagasaki 224 Tokyo 2,254 590 (26.2)
Fukui 219 Kanagawa 1,272 440 (34.6)
Nl\zjlra 21.6 Niigata 548 195 (35.6)
ie 21.6
Chiba M1 Toyama 51 16 (31.4)
Ibaragi 20.8 Ishikawa 125 70 (56.0)
. kNagano 20.3 Fukui 32 7(21.9)
ukushima 18.1 .
Ehime 17.9 Yamanashi 82 14(17.1)
Okayama 17.4 Nagano 18 24 (20.3)
YaKm;nashi 17.1 Gifu 160 26 (16.3)
ahgawa 16.9 :

Gifu 163 Shizuoka 617 218 (35.3)
Kagoshima 15.0 Aichi 1,116 838 (75.1)
Tokushima 143 Mie 227 49 (21.6)

Aomori 14.3 .
lwate 13.6 Shiga 127 59 (46.5)
Tottori 12.3 Kyoto 147 18 (12.2)
y Kvotho 122 Osaka 810 355 (43.8)
amaguchi 9.9
Miyazaki 9.8 Hyogo 648 188 (29.0)
Gunma 7.6 Nara 162 35(21.6)
Yamaé;ata 7.0 Wakayama 45 12 (26.7)
Hiroshima 5.5 :
Akita bm 3.4 Tottori 65 8(12.3)

Saga| 0.0 Shimane 164 44 (26.8)

0 20 20 60 80 100 Okayama 15 20 (17.4)

Rate (0 Hiroshima 109 6 (5.5)

ate (%) Yamaguchi m 11(99)
Fig. 3. The rate of at which adrenaline administration took place Tokushima 14 2(143)
within 10 minutes of emergency medical technician contact with Kahgawa 59 10 (16.9)
patients. Ehime 95 17 (17.9)
Kochi 17 4 (23.5)
] o ] ] Fukuoka 182 43 (23.6)

field, with early administration being practiced. Saga 16 0(0.0)
The prefecture MC councils and local MC councils notify the Nagasaki 67 15 (22.4)
Fire department about emergency activity protocols, depending Kumamoto 136 35 (25.7)
on each area. The details regarding adrenaline administration are Oita 65 31(47.7)

as follows: “When the initial electrocardiogram rhythm is Miyazaki 41 4(9.8)
non-shockable rhythm, administering adrenaline as soon as possi- Kagoshima 80 12(150)
Okinawa 19 41 (34.5)

ble after the EMT contacts patients is suggested. This ‘as soon as’
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can be interpreted as administering as quickly as possible in the
tield. However, considering the environmental factors in the field
and transportation times to the hospital, it is possible that trans-
portation will need to be prioritized and therefore in-the-field
administration will not be possible. The timing of adrenaline ad-
ministration can be decided by the local MC council” [6]. The
lack of clarity in this notice leads to differences in adrenaline ad-
ministration timings, and thus differences in rehabilitation rates.

As discussed in the INTRODUCTION section, previous
studies have shown that early adrenaline administration in
OHCA patients positively influences ROSC and cerebral func-
tion prognoses. To allow for early adrenaline administration, the
protocol for its administration in the field should be changed.

First, the protocol needs to be changed from on-line MC to a
standard order, which would allow for early adrenaline adminis-
tration in the field immediately after EMTS arrive at the scene. In
2003, semi-automated external defibrillation was made possible
as a standard order, with the aim of ensuring early defibrillation.
This change was reported by Iwami et al. [ 7] as increasing ‘good’
cerebral function prognoses by reducing the time before defibril-
lation was administered by 3 minutes, compared to defibrillation
under on-line MC.

Second, it is essential to manage time efficiently for the giving
of adrenaline, before putting patients into the ambulance or with-
in the first 10 minutes of field activity. It is also important to
specify the procedure for this protocol, which should be adapted
from the suggestions for advanced cardiovascular life support or
immediate cardiac life support.

Based on the survey regarding the MC system conducted by
the FDMA, local MC councils have changed the timing of adren-
aline administration since the 201S Japan Resuscitation Council
guidelines were published. As of August 2017, 113 out of 251
councils (45.0%) have changed their emergency activity proto-
cols, and 183 councils (72.9%) changed these as of August 2018,
of which 113 have altered the timing of adrenaline administra-
tion [8]. The expected outcome of this was improvement in the
number of good ratings for cerebral function prognoses at 1
month postevent.

The national average time for an ambulance to arrive at the
scene was 8.6 minutes in 2018, with the shortest average being
8.0%2.3 minutes and the longest being 10.0 £ 2.8 minutes. In or-
der to shorten response times, emergency systems should be re-
viewed in each area and, if necessary, action taken to improve
these. Facing the current situation as response times gets longer,
shortening the time periods would not be a simple matter.

However, there are various procedures which could shorten

https://doi.org/10.35616/jemsm.2021.00080

the adrenaline time. Each local MC council, it is suggested,
should be rereviewed in this respect. IV lines should be secured,
and adrenaline administration which is currently under on-line
MC should be changed to a standard order. Protocols should be
altered to allow administering of adrenaline at the scene before
the patient going in the ambulance.

In securing the route for medication administration, intraosse-
ous (IO) lines should be considered. Hubble et al. [9] have
demonstrated a higher rate of ROSC when adrenaline is given
within 10 minutes of initial contact with EMTs. 1O lines can be
established 90 seconds faster than IV lines and therefore warrant
discussion in Japan.

As response times are getting longer every year, the effects of
adrenaline administration will continue to decrease unless adren-
aline times shorten. This study proposes use of the prehospital
care index to compare objectively the effects of adrenaline on
OHCA patients. The timing of administration is reliant on deci-
sion-making ability and professional skill, which in turn are con-
tingent on the standard order.

The study had several limitations. First, it was a retrospective
study. Second, it was not possible to evaluate cardiopulmonary re-
suscitation (CPR) that used extracorporeal circulation (E-CPR)
in hospital. Third, the quality of bystander CPR and EMT perfor-
mance was not evaluated.

In conclusion, the timings for administration of adrenaline by
paramedics in cases of OHCA in Japan between 2011 and 2014
were examined. The earlier the adrenaline administration was
provided, the higher the ratings of good cerebral functioning at 1
month. It is suggested that each local MC council should review
this protocol. Adrenaline administration and the security of IV
lines should be standardized in terms of practice, with a view to
shortening adrenaline administration times, rather than giving

adrenaline under on-line MC.
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