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Association of dispatcher-assisted cardiopulmonary 
resuscitation with initial shockable rhythm and survival after 
out-of-hospital cardiac arrest
Yoshikazu Gotoa, Akira Funadab, Tetsuo Maedaa and Yumiko Gotoc  

Background and importance Bystander 
cardiopulmonary resuscitation (CPR) and initial shockable 
rhythm are crucial predictors of survival after out-of-
hospital cardiac arrest (OHCA). However, the relationship 
between dispatcher-assisted CPR (DA-CPR) and initial 
shockable rhythm is not completely elucidated.

Objective To examine the association of DA-CPR with 
initial shockable rhythm and outcomes.

Design, setting and participants This nationwide 
population-based observational study conducted in 
Japan included 59 688 patients with witnessed OHCA of 
cardiac origin after excluding those without bystander 
CPR. Patients were divided into DA-CPR (n = 42 709) and 
CPR without dispatcher assistance (unassisted CPR, n = 
16 979) groups.

Outcome measures and analysis The primary 
outcome measure was initial shockable rhythm, and 
secondary outcome measures were 1-month survival and 
neurologically intact survival. A Cox proportional hazards 
model adjusted for collapse-to-first-rhythm-analysis time 
and multivariable logistic regression models were used after 
propensity score (PS) matching to compare the incidence of 
initial shockable rhythm and outcomes, respectively.

Main results Among all patients (mean age 76.7 
years), the rates of initial shockable rhythm, 1-month 
survival and neurologically intact survival were 20.8, 10.7 
and 7.0%, respectively. The incidence of initial shockable 
rhythm in the DA-CPR group (20.4%, 3462/16 979) was 
significantly higher than that in the unassisted CPR group 
(18.5%, 3133/16 979) after PS matching (P < 0.0001). 
However, no significant differences were found between 

the two groups with respect to the incidence of initial 
shockable rhythm in the Cox proportional hazards model 
[adjusted hazard ratio of DA-CPR for initial shockable 
rhythm compared with unassisted CPR, 0.99; 95% 
confidence interval (CI), 0.97–1.02, P = 0.56]. No significant 
differences were observed in the survival rates in the two 
groups after PS matching [10.8% (1833/16 979) vs. 10.3% 
(1752/16 979), P = 0.16] and neurologically intact survival 
rates [7.3% (1233/16 979) vs. 6.8% (1161/16 979), P = 
0.13]. The multivariable logistic regression model showed 
no significant differences between the groups with regard 
to survival (adjusted odds ratio of DA-CPR compared with 
unassisted CPR: 1.00; 95% CI, 0.89–1.13, P = 0.97) and 
neurologically intact survival (adjusted odds ratio: 1.12; 
95% CI, 0.98–1.29, P = 0.14).

Conclusion DA-CPR after OHCA had the same 
independent association with the likelihood of initial 
shockable rhythm and 1-month meaningful outcome as 
unassisted CPR. European Journal of Emergency Medicine 
29: 42–48 Copyright © 2021 The Author(s). Published by 
Wolters Kluwer Health, Inc.
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Introduction
The presence of witnesses, bystander cardiopulmonary 
resuscitation (CPR), an initial shockable rhythm, early 
defibrillation, short CPR duration, short emergency 

medical service (EMS) response time, and location of the 
patient at the time of cardiac arrest are crucial prehospi-
tal factors associated with neurologically intact survival 
in patients who experience out-of-hospital cardiac arrest 
(OHCA) [1,2]. Of these, early CPR is a critical element 
in the chain of survival [3]. In fact, early CPR performed 
prior to EMS arrival was associated with a 30-day sur-
vival rate more than twice as high as that associated with 
no CPR before EMS arrival [4]. Moreover, a study from 
Denmark [5] supports the idea that early intervention 
(CPR and defibrillation) by bystanders may improve long-
term functional outcomes and highlights the necessity 
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to implement and improve strategies that facilitate the 
initiation of CPR by bystanders and increase public-ac-
cess defibrillation. The dispatchers’ CPR instructions 
are crucial for increasing the rate of CPR provision and 
improving the quality of CPR provided after OHCA 
[6,7]. However, data comparing the association of the 
likelihood of an initial shockable rhythm on EMS arrival 
with dispatcher-assisted CPR (DA-CPR) before arrival 
of EMS personnel with that with bystander CPR with-
out dispatcher assistance (unassisted CPR) are insuffi-
cient. Moreover, no significant differences were found 
in neurologically intact survival at hospital discharge or 
at 1 month after OHCA between CPR with and with-
out dispatcher assistance [8–10], while conflicting results 
were seen in the other studies [11,12]. In this context, it 
was hypothesised that the likelihood of an initial shocka-
ble rhythm after DA-CPR and survival rate are similar to 
those after unassisted CPR.

To investigate these hypotheses, the incidence of initial 
shockable rhythm and rates of survival and neurologically 
intact survival were examined according to the type of 
bystander CPR prior to EMS arrival.

Methods
Study design and setting
This nationwide, population-based observational study 
was conducted in Japan between January 2013 and 
December 2017 and included 59  688 adult patients at 
least 18 years of age who suffered OHCA of presumed 
cardiac origin witnessed by laypersons and for whom 
resuscitation was attempted. The study was approved by 
the institutional review board of Kanazawa University 
(No. 1263). The requirement for written informed con-
sent was waived because the study used anonymised data.

The Fire and Disaster Management Agency (FDMA) 
of Japan supervises the nationwide EMS system [13]. 
During the study period, all EMS personnel per-
formed CPR following the Japanese CPR guidelines 
and attempted resuscitation by using automated exter-
nal defibrillators (AEDs), inserting airway adjuncts and 
peripheral intravenous catheters, and administering 
Ringer’s lactate solution [13–15]. Only specially trained 
emergency life-saving technicians are permitted to insert 
tracheal tubes and administer intravenous epinephrine 
after receiving online instructions from a physician [13]. 
EMS personnel in Japan are legally prohibited from ter-
minating resuscitation on the field.

The FDMA has provided a standard outline for dis-
patcher CPR instructions and has recommended that 
local fire departments modify the content of telephonic 
dispatcher assistance according to the actual circum-
stances in the local area [16,17]. DA-CPR is offered when 
dispatchers determine that they must advise a bystander 
to aid the resuscitation of a patient experiencing OHCA. 
Generally, the dispatcher offers CPR instructions for 

chest compression plus rescue breathing (conventional) 
or chest compression-only CPR, depending on the skill 
or knowledge of the bystander. DA-CPR is not offered in 
cases in which cardiac arrest is uncertain during the call.

Data collection and quality control
In 2005, the FDMA launched an ongoing prospective 
population-based observational study that includes all 
patients with OHCA in Japan who receive resuscitation 
by EMS personnel [3]. EMS personnel and the physician 
in charge of each centre record data from the patients 
using a Utstein-style recommended guideline template 
[18].

The characteristics included in the dataset were as fol-
lows: patient sex and age; aetiology of cardiac arrest; 
initial cardiac rhythm; presence of bystander witnesses; 
bystander CPR manoeuvre; time of collapse, receipt of 
emergency calls, vehicle arrival at the scene and EMS 
initiation of CPR; 1-month survival; and neurologically 
intact survival. Neurological outcomes were defined 
using the Cerebral Performance Category (CPC) scale 
scores [18], which were determined by the physician in 
charge.

Study endpoints
The primary study endpoint was an initial shockable 
rhythm recorded by EMS personnel using AED pads 
soon after EMS-initiated CPR. Secondary endpoints 
were 1-month survival, and 1-month neurologically intact 
survival (defined as a CPC scale of 1 or 2, CPC 1–2).

Statistical analysis
Continuous variables were expressed as means and 
standard deviations. Categorical variables were expressed 
as numbers and percentages. Effect size and variability 
were reported as odds ratios or hazard ratios (HRs) with 
95% confidence intervals. To determine the association 
of bystander CPR with the likelihood of an initial shock-
able rhythm and outcomes, patients were classified into 
DA-CPR and unassisted CPR groups. Propensity score 
(PS) matching analyses between the two groups were 
performed using a logistic regression model that included 
six variables (age, sex, calendar year, rural or urban area, 
call-to-EMS response time, and witness status). One-to-
one nearest neighbour matching without replacement 
was performed between the groups using a calliper width 
of 0.20 times of the SD of the logit of the PS. The suc-
cess of the PS matching procedure was determined by 
comparing the distributions of the patient characteris-
tics in the matched sample by calculating an absolute 
standardised difference. An absolute standardised dif-
ference of at least  0.1 indicated a significant difference 
between the groups. A Cox proportional hazards model 
was applied by adjusting the collapse-to-first-rhythm-
analysis time before and after PS matching. As the reg-
istry data did not include precise first-rhythm-analysis 
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times, we used the collapse-to-EMS-initiated CPR time 
as a substitute for collapse-to-first-rhythm-analysis time 
for analyses. This may cause an underestimation of col-
lapse-to-first-rhythm-analysis time because, according to 
Japanese CPR guidelines, rhythm analysis is performed 
by EMS personnel after initiation of CPR using AED 
pads [14,15]. The six potential prehospital confounders 
(age, sex, calendar year, rural or urban area, witnessed 
status and CPR types) in the Cox proportional hazards 
model were selected based on biological plausibility 
and data reported in previous studies. To evaluate the 
association between CPR type and rates of survival and 
CPC 1–2, multivariable logistic regression analyses were 
performed before and after PS matching using six pre-
hospital variables (age, sex, calendar year, EMS-response 
time, initial shockable rhythm and CPR type). All data 
were analysed using the JMP statistical package software, 
version 15-Pro (SAS Institute Inc., Cary, North Carolina, 
USA). All the reported tests were two-tailed, and P < 0.05 
was considered statistically significant.

Results
Between 2013 and 2017, the details of attempted resus-
citation for 625 068 patients with OHCA in Japan were 
documented in the FDMA database. Figure  1 shows 
the inclusion and exclusion criteria for the present 
study. A group of 59 688 patients (9.5% of those in the 
registry) met the following inclusion criteria and were 

included in this study: adult patients who suffered 
OHCA with presumed cardiac aetiology, witnessed by 
laypersons, and bystander CPR. Patients were divided 
into DA-CPR (n = 42,709) and unassisted CPR (n = 
16,979) groups.

The baseline characteristics of the participants before 
and after PS matching are shown in Table 1. PS matching 
considerably improved the absolute standardised differ-
ences in each group. Collapse-to-first-CPR time in the 
unassisted CPR group was significantly shorter than that 
in the DA-CPR group by 0.9 minutes (after PS matching, 
mean, 2.3 minutes vs. 3.2 minutes, P < 0.0001).

The incidence of initial shockable rhythm without 
adjusting the collapse-to-first-rhythm-analysis time and 
1-month outcomes in the unmatched patients are shown 
in the Supplementary Figure 1 (Supplemental digital 
content 1, http://links.lww.com/EJEM/A315). The inci-
dences of initial shockable rhythm and survival in the 
DA-CPR group were significantly higher than those in 
the unassisted CPR group (shockable rhythm, P < 0.0001; 
survival, P < 0.05). There was no significant difference 
between the two groups in the incidence of CPC 1–2 (P 
= 0.36). In the multivariable logistic regression model, 
although DA-CPR was associated with decreased odds of 
1-month CPC 1–2 (P < 0.05) compared with unassisted 
CPR, there was no significant difference in 1-month 
survival between two groups (P = 0.15; Supplementary 

Fig. 1

Study inclusion flowchart. CPR, cardiopulmonary resuscitation; DA, bystander-assisted; EMS, emergency medical services; ROSC, return of 
spontaneous circulation.

http://links.lww.com/EJEM/A315
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Figure 2, Supplemental digital content 1, http://links.lww.
com/EJEM/A315).

The incidence of initial shockable rhythm without 
adjusting the collapse-to-first-rhythm-analysis time 
and 1-month unadjusted outcomes in the matched 
patients are shown in Fig.  2. The incidence of ini-
tial shockable rhythm was significantly higher in the 

DA-CPR group than in the unassisted CPR group (P 
< 0.0001). However, there were no significant differ-
ences between the two groups in 1-month survival (P 
= 0.16) and the incidence of 1-month CPC 1–2 (P = 
0.13).

HRs of the DA-CPR for initial shockable rhythm after 
adjusting for collapse-to-first-rhythm-analysis time are 

Table 1 Baseline characteristics of unassisted cardiopulmonary resuscitation and dispatcher-assisted cardiopulmonary resuscitation 
groups before/after propensity score matching

Characteristic

Prepropensity score matching Postpropensity score matching

Unassisted CPR DA-CPR

ASDa

Unassisted CPR DA-CPR

ASDa(n = 16 979) (n = 42 709) (n = 16 979) (n = 16 979)

Year       
 2013 3490 (20.6) 7799 (18.3) 0.06 3490 (20.6) 3492 (20.6) <0.01
 2014 3587 (21.1) 8220 (19.2) 0.05 3587 (21.1) 3608 (21.3) <0.01
 2015 3322 (19.6) 8439 (19.8) <0.01 3322 (19.6) 3371 (19.9) 0.01
 2016 3295 (19.4) 8909 (20.9) 0.04 3295 (19.4) 3277 (19.3) <0.01
 2017 3285 (19.4) 9342 (21.9) 0.06 3285 (19.4) 3231 (19.0) 0.01
Sex – man 9264 (54.6) 24 996 (58.5) 0.08 9264 (54.6) 9303 (54.8) <0.01
Age (years), mean (SD) 77.4 (14.9) 76.7 (14.8) 0.04 77.4 (14.9) 77.5 (14.9) 0.04
Initial cardiac rhythm       
 Shockable 3133 (18.5) 9254 (21.7) 0.08 3133 (18.5) 3462 (20.4) 0.08
Geographic Japanese regions       
 Rural areab 4216 (24.8) 10 428 (24.4) 0.01 4216 (24.8) 4224 (24.9) <0.01
Bystander witness status       
 Witnessed by family member 5500 (32.4) 27 030 (63.3) 0.65 5500 (32.4) 5500 (32.4) <0.01
 Witnessed by nonfamily member 11 479 (67.6) 15 679 (36.7) 0.65 11 479 (67.6) 11 479 (67.6) <0.01
Collapse-to-call time (minutes), mean (SD) 2.1 (7.7) 3.4 (6.8) 0.18 2.3 (7.6) 2.5 (6.6) 0.03
Call-to-EMS response time (minutes), mean (SD) 9.5 (4.1) 9.5 (3.9) 0.01 9.4 (4.1) 9.5 (4.2) 0.04
Collapse-to-first-CPR time (minutes), mean (SD) 2.2 (4.6) 4.2 (6.0) 0.37 2.3 (4.6) 3.2 (5.3) 0.19
Collapse-to-first-rhythm-analysis time (minutes), mean (SD) 11.7 (7.9) 13.1 (7.3) 0.17 11.9 (7.9) 12.2 (7.0) 0.04
Bystander CPR durationc (minutes), mean (SD) 9.6 (7.7) 9.0 (6.1) 0.09 9.7 (7.7) 9.1 (6.5) 0.08

Values are reported as n (%) unless indicated otherwise.
ASD, absolute standardised difference; CPR, cardiopulmonary resuscitation; DA, dispatcher-assisted; EMS, emergency medical services.
aAn ASD of equal or more than 0.1 was considered to indicate a substantial imbalance between the two groups.
bThe rural area is constituted 19 prefectures with population of less than 200 inhabitants per km2.
cValues were missing for 52 patients (0.09 %) before propensity score matching and for 44 patients (0.13%) after propensity score matching.

Fig. 2

The incidence of initial shockable rhythm and unadjusted outcomes in the 33 958 matched patients. CPC, cerebral performance category; CPR, 
cardiopulmonary resuscitation; DA, dispatcher-assisted.
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shown in Table 2. There were no significant differences 
between the DA-CPR and unassisted CPR groups in the 
association with the likelihood of an initial shockable 
rhythm, regardless of PS matching (P = 0.52 for pre-PS 
matching, P = 0.56 for post-PS matching).

Figure 3 showed the adjusted odds ratios of DA-CPR for 
1-month outcomes compared with unassisted CPR by 
using the multivariable logistic regression. DA-CPR was 
not associated with increased odds of 1-month survival (P 
= 0.97) or the incidence of CPC 1–2 (P = 0.14).

Discussion
In this nationwide, population-based observational 
study, no differences were found between DA-CPR and 
unassisted CPR in the likelihood of an initial shockable 
rhythm after adjusting for collapse-to-first-rhythm-anal-
ysis time. This may be the first large-scale cohort study 
to clearly show that the likelihood of an initial shockable 
rhythm after DA-CPR is the same as that after unassisted 
bystander CPR.

As an initial shockable rhythm is the most important 
predictor favouring survival in patients with OHCA, it 
is crucial to identify factors associated with a shockable 
rhythm as the first recorded cardiac rhythm [19]. Previous 
studies have shown that male sex, bystander-witnessed 
cardiac arrest, bystander CPR, cardiac arrest in a public 
location, cardiovascular disease, and medication pre-
scription are associated with a shockable rhythm while 
advanced age, cardiac arrest in a private home, and longer 
EMS response time are associated with an unshockable 
rhythm [20–23]. Of the positive predictors of shockable 
rhythm, bystander CPR was the strongest predictor with 
an adjusted odds ratio of 2.17 compared with no bystander 

CPR among bystander-witnessed patients with a time to 
first rhythm analysis <10 minutes in a multivariable logis-
tic regression model [20]. However, one study showed no 
association between bystander CPR and initial shockable 
rhythm [23]. As shockable rhythm dissolves into asystole 
over time [19], these conflicting results may be attributed 
to whether the analytic model included the time elapsed 
from collapse. In the present study, a Cox proportional 
hazard model was applied to determine the association 
between bystander CPR and initial shockable rhythm 
after adjusting for call-to-first-rhythm-analysis time. 
However, previous studies [20,22] used a multivariable 
logistic regression model without adjusting the time 
elapsed between collapse and rhythm analysis. The Cox 
proportional hazard model adjusted for elapsed time may 
be more suitable for analysing the likelihood of an initial 
shockable rhythm than the multivariable logistic regres-
sion model. A previous study from Korea showed that the 
incidence rate of defibrillation, as a surrogate index of 
shockable rhythm, in the DA-CPR group was the same 
as that in the CPR without dispatcher assistance, using 
a Cox regression model [8]. The present study may be 
the first to show the associations between DA-CPR and 
unassisted CPR and an initial shockable rhythm using 
the Cox proportional hazard model.

In the present study, there were no significant differences 
in 1-month outcomes after OHCA between the DA-CPR 
and unassisted CPR groups. These results are consistent 
with those of several previous studies [8–10]. However, 
other previous studies showed the benefits of unassisted 
CPR over DA-CPR owing to the shorter time from col-
lapse to initiation of bystander CPR and the higher qual-
ity of CPR [11,12], which are inconsistent with present 
results. Several plausible reasons could explain the pres-
ent findings. Both the interval from collapse to bystander 
CPR and the quality of bystander CPR may be associ-
ated with an initial shockable rhythm and outcomes. 
Regarding the time of initiation of bystander CPR, Rea 
et al. found that the DA-CPR group had a longer time 
to initiate bystander CPR compared with the bystander 
CPR without dispatcher assistance group (mean, 2.9 min-
utes vs. 2 minutes) [24]. Similarly, in the present study, 
the collapse-to-first-CPR time in the DA-CPR group 
was significantly longer than that in the unassisted group 
(post-PS matching, mean, 3.2 minutes vs. 2.3 minutes). 
This time difference of <1 minute in the initiation of 
bystander CPR between the two bystander CPR groups 
did not influence the initial shockable rhythm rate and 
outcomes in the present study.

Regarding the quality of bystander CPR, the unassisted 
CPR group presumably included trained individuals who 
were more confident in performing high-quality CPR 
than those in the DA-CPR group [25]. Meanwhile, Teo 
et al. [26] showed that a higher proportion of bystanders 
in the DA-CPR cohort achieved the correct compres-
sion rate and had correct hand placement compared 

Table 2 Hazard ratios of cardiopulmonary resuscitation group for 
initial shockable rhythm before/after propensity score matching

CPR group Reference
Adjusted hazard 

ratio 95% CI P value

DA-CPR Unassisted CPR    
Before PS matching  1.00 0.99–1.03 0.52
After PS matching  0.99 0.97–1.02 0.56

CI, confidence interval; CPR, cardiopulmonary resuscitation; DA, dispatcher-as-
sisted; PS, propensity score.

Fig. 3

Adjusted odds ratios of DA-CPR for 1-month outcomes compared 
with unassisted CPR in the matched patients. CI, confidence interval; 
CPC, cerebral performance category; CPR, cardiopulmonary resusci-
tation; DA, dispatcher-assisted; OR, odds ratio.



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Dispatcher-assisted CPR and outcomes Goto et al. 47

with those without dispatcher assistance. Moreover, 
previous study showed that dispatcher-assisted com-
pression-only CPR had better CPR quality than dis-
patcher-assisted conventional CPR [27]. In the present 
study, the crude incidence of an initial shockable rhythm 
in patients with dispatcher-assisted compression-only 
CPR was significantly higher than that in those with dis-
patcher-assisted conventional CPR with rescue breaths 
– 22.0% (8381/38  139) vs. 19.1% (873/4570), P < 0.001. 
Accordingly, although most of the bystanders in the 
DA-CPR groups may be untrained individuals, receiv-
ing DA-CPR with chest-compression-only CPR would 
contribute to bring the same association effect on initial 
shockable rhythm and favourable outcomes as bystander 
CPR without dispatcher assistance. However, further 
precise analyses are required to demonstrate whether 
dispatcher-assisted compression-only CPR is associated 
with increased odds of an initial shockable rhythm and 
favourable outcomes compared with DA-CPR with the 
conventional manoeuvre.

During the study period, the proportion of DA-CPR to 
all bystander CPR significantly increased from 69.1% 
(7799/11 289) to 74.0% (9342/12 627, P < 0.0001). This may 
be attributed to the increase in the quality of dispatchers’ 
ability to deliver CPR instruction following recognition of 
cardiac arrest due to the continuous quality improvement 
project in Japan [16,28]. Of patients who did not receive 
bystander CPR, 69.8% (38 225/54 785) of bystanders were 
not offered CPR instruction owing to a lack of recognition 
of cardiac arrest by the dispatcher. To reduce this rate, fur-
ther efforts should focus on increasing the early recognition 
of cardiac arrest so that CPR instruction can be offered by 
the dispatcher to bystanders. A recent Parisian study [29] 
report a unique method (hand-on-belly) to detect OHCA 
based on details provided by a caller over the phone. This 
new method of recognition of cardiac arrest over the phone 
may help increase the early recognition of OHCA.

Unfortunately, during the study period, 27.9% 
(16  560/59  269) of bystanders did not perform CPR 
despite the dispatcher’s offer of CPR instructions, 
although the rate has been improving compared with 
those seen in previous studies in Japan (49.6% in 2005) 
[16]. The reasons for not performing CPR may include 
the increased age of bystanders, fear or panic, or unwill-
ingness to touch the patient’s body. To minimise this rate, 
further efforts are required to encourage bystanders over 
the phone to perform CPR.

Limitations
The present study has some limitations. First, accurate 
collapse-to-rhythm-analysis times were not measured 
in this study, and they might have been underestimated 
because they were measured as the time from col-
lapse to EMS-initiated CPR. Second, the number of 
patients with rhythm conversion from shockable to 

unshockable rhythms, and vice versa, before EMS arrival 
were unknown. These unmeasured factors may modify 
the present results. Third, the study analysed data col-
lected using standard procedures from a large nationwide 
population; however, because of the retrospective obser-
vational design, uncontrolled confounders could not be 
excluded. The present study lacked data on preexisting 
comorbidities, the location of cardiac arrest, the quality 
of bystander- and EMS-initiated CPR, and in-hospital 
treatments. Other limitations are common to epidemi-
ological studies, including ascertainment bias and lack 
of data integrity and validity. The relevance of present 
results to other communities with different emergency 
care systems [2,30] is not known. Similar studies in other 
countries would help validate present results.

Conclusion
DA-CPR after OHCA had the same independent associ-
ation with the likelihood of an initial shockable rhythm, 
1-month survival, and neurologically intact survival as 
bystander CPR without dispatcher assistance.
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