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Abstract

Aim: This study aimed to describe the incidence of, identify risk factors for, and
develop a simple risk-scoring model for cases where callers fail to follow dispatcher
instructions regarding cardiopulmonary resuscitation (CPR) for out-of-hospital
cardiac arrest.

Methods: Using the Tokyo Fire Department's database, cases of out-of-hospital
cardiac arrest in adults where callers received dispatcher instructions regarding CPR
between 1 January 2018 and 31 December 2022 were identified. Factors associated
with noncompliance with CPR instructions were determined using multivariable
logistic regression analysis. A simple scoring model was developed to stratify the
caller noncompliance probability.

Results: Overall, 19,525 cases were included. Bystander CPR was not provided in
11,443 (58.6%) of these cases; the 1-month favorable neurological outcome rate
was significantly lower in this group (1.1% vs. 2.2%, p <0.001). Regression analysis
revealed that patient age, male patient sex, emergency call at night, cardiac arrest
in the bathroom, and a familial relationship between the caller and the patient were
significantly associated with noncompliance. The scoring model assigned 1 point for
each of the following criteria: patient aged >65years, familial relationship between
the caller and the patient, and cardiac arrest in the bathroom. It also stratified caller
noncompliance probability, with scores of 0, 1, 2, and 3 corresponding to probabilities
of 48.0%, 50.8%, 61.3%, and 70.5%, respectively.

Conclusion: We found that callers frequently did not follow dispatcher CPR
instructions and identified risk factors for caller noncompliance. Furthermore,
the simple scoring model developed effectively stratified the probability of caller
noncompliance associated with dispatcher instructions.
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is a global public
health concern. Its reported incidence is 30-140 per 100,000
person-years,"* and the 1-month survival rate is as low as
10.7%.” Early bystander cardiopulmonary resuscitation

(CPR) is crucial to increase survival after OHCA.%~ However,
bystander CPR is only provided in approximately half of
OHCA cases."®

Telecommunicators of emergency medical services (EMS)
play a crucial role as the first point of contact for lay callers
and have important opportunities to identify cardiac arrests
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and facilitate bystander CPR via telephone. Previous studies
have shown that dispatcher instruction regarding CPR im-
proves the probability of bystander CPR, survival, and neu-
rological outcome.”'® However, callers often decline CPR
instructions or sometimes do not complete CPR even after
initially accepting the instructions.'”"" Some studies have
identified obstacles to providing bystander CPR, such as
physical inability to perform CPR,'>"* emotional distress,""
and fear of liability."’

In contrast to the accumulating evidence regarding the
ground-level barriers that influence bystander compliance
with dispatcher CPR instructions, little is known about
the patient characteristics associated with compliance.
Analysis of relevant large datasets could elucidate the
quantitative relationships between various risk factors and
offer insight that can guide strategies to increase lay res-
cuer CPR. This study aimed to (1) elucidate the incidence
of caller noncompliance with dispatcher instructions re-
garding CPR, (2) identify risk factors for noncompliance,
and (3) develop a simple scoring model to stratify pa-
tients based on noncompliance probability using a large
population-based OHCA registry.

MATERIALS AND METHODS
Study design

This observational study used data from the Tokyo Fire
Department database, which contains population-based
records of OHCAs, between 1 January 2018 and December.
The reporting adhered to the Strengthening the Reporting
of Observational Studies in Epidemiology guidelines."* This
study was conducted in accordance with the 1975 Declaration
of Helsinki (as revised in Fortaleza, Brazil, October 2013).
The Metropolitan Bokutoh Hospital Institutional Ethics
Committee approved the study (approval number 05-095)
and waived the requirement for informed consent because
the data were anonymized before analysis.

EMS in Tokyo

The Tokyo Fire Department oversees most of Tokyo,
except Inagi City and the Tokyo islands, covering an area
of 1769km?* and approximately 15.8 million individuals.
EMS providers instruct and perform CPR according to
Japanese guidelines consistent with the International
Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science with Treatment
Recommendations.” ~ Emergency — medical  telephone
communicators at two dispatch centers answer all emergency
calls from the public. They assess the situation and provide
life-saving instructions via phone before EMS personnel
arrive at the scene. The ambulance crew consists of three staff
members, including one life-saving technician who conducts
a prearrival call en route. They communicate with the caller,

gather information about the situation, and provide CPR
instructions when a cardiac arrest is recognized. During
the study period, EMS personnel instructed the caller on
performing chest compression-only CPR in adults.

Data source

The Tokyo Fire Department database collects data on
individuals who experience OHCA, is resuscitated by EMS
personnel, and is transferred to hospitals. Data collected
include age and sex, location of cardiac arrest, whether the
cardiac arrest was witnessed by the caller, presence and
content of dispatcher instructions to the caller, time of
emergency call, time of CPR initiation by a bystander, time
of EMS provider arrival at the scene, prehospital return
of spontaneous circulation, 1-month survival rate, and
neurological status. The time of emergency calls is recorded
according to the clock used by the EMS system, whereas the
time of CPR initiation by a bystander is determined by the
EMS personnel interviewing the bystander. All survivors
are followed up by EMS personnel for 1month after
cardiac arrest, and neurological status is determined by the
physician responsible for the patient's care using the Cerebral
Performance Category scale (category 1, good cerebral
performance; category 2, moderate cerebral disability;
category 3, severe cerebral disability; category 4, coma or
vegetative state; and category 5, death)."” Information is
collected by EMS personnel and uploaded to the registry on
the Tokyo Fire Department database server. Uploaded data
are checked for consistency, and incomplete data forms are
returned to the responsible EMS personnel for correction.

Study population

Patients aged =18years who had experienced OHCA,
were resuscitated, and were transported to hospitals by
EMS were identified from the Tokyo Fire Department
database. Of these, cases in which callers were lay rescuers
of cardiac arrest, and CPR instructions were provided by
EMS telecommunicators via phone were included. Cases in
which bystander CPR was initiated before the emergency
call were excluded. Because this was an observational study
using an existing data set, a sample size calculation was not
performed, and as many cases as possible were included.

Outcomes and variables

The primary outcome was noncompliance with the telecom-
munication instructions on CPR. The secondary outcomes
were favorable neurological outcomes and 1-month survival
rate. A favorable neurological outcome was defined as a
Cerebral Performance Category scale score of 1 or 2.

Age was categorized as 18-34, 35-49, 50-64, 65-79,
and >80years.'® Time of emergency call was categorized
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as 0700-1459, 1500-2259, and 2300-0659h." Location of
cardiac arrest was classified as bathroom, living room or
bedroom, and other. Caller relationship with patient was cat-
egorized as family member, healthcare provider, and other.

Statistical analysis

Continuous variables are presented as medians and
interquartile ranges and were compared using the Mann-
Whitney U test. Categorical variables are presented as
numbers and percentages and were compared using the chi-
squared test.

Multivariable logistic regression analysis was used to de-
termine factors associated with caller noncompliance with
dispatcher CPR instructions. Adjusted odds ratios and 95%
confidence intervals (CIs) were calculated. Covariates in-
cluded in the model were determined before analysis based
on scientific knowledge and clinical plausibility.'>**'* They
included patient age and sex, emergency call time, location
of cardiac arrest, caller's relationship with the patient, and
whether the cardiac arrest was witnessed by the caller. To
stratify the probability of noncompliance with dispatcher
instructions regarding CPR, a scoring model was developed.
The model assigned rounded integer values of the doubled
regression coefficient to variables significantly associated
with noncompliance in multivariable logistic regression
analysis.”’ The discriminative ability of the model was as-
sessed using the C-statistic. Calibration was assessed using
the Hosmer-Lemeshow goodness-of-fit test.

Statistical analyses were conducted using R version 4.1.1
(R Foundation for Statistical Computing, Vienna, Austria).

& SURGERY

Missing values were addressed by excluding incomplete
cases on an analysis-by-analysis basis because the propor-
tion of such instances was very low.”" All statistical tests were
two-sided. Results were considered significant if p values
were <0.05 or based on 95% CI.

RESULTS

During the study period, 63,288 individuals aged >18years
experienced OHCA and were resuscitated and transported by
EMS providers in Tokyo (Figure 1). Among these, we identi-
fied 23,712 cases in which the emergency caller was a lay res-
cuer and CPR instructions were provided over the phone by
a dispatcher. After excluding 4187 cases in which bystander
CPR was provided before the emergency call, 19,525 cases
were analyzed. The median patient age was 81 years (inter-
quartile range, 70-87 years), and 56.3% were men. Despite
dispatcher instructions regarding CPR, bystander CPR was
not provided in 11,443 cases (58.6%). Values for neurologi-
cal status at 1 month after cardiac arrest were missing in
47 cases (0.2%). There were no missing values for any other
variable of interest.

Table 1 shows a comparison of baseline characteristics
and outcomes between cases with and without bystander
CPR following dispatcher instructions. Noncompliance
with dispatcher instructions was more frequent in cases
where patients were older, the caller was a family member of
the patient, the caller did not witness the cardiac arrest, the
event occurred in the bathroom, and the event occurred at
night (2300-0659h). Cases with caller noncompliance with
dispatcher instructions had lower 1-month rates of favorable

(n = 64,000)

Out-of-hospital cardiac arrests in Tokyo, Japan
from 1 January 2018 to 31 December 2022

v

(n = 63,288)

Adult patients with out-of-hospital cardiac arrest

A lay rescuer received
dispatcher CPR instructions via phone.
(n=23,712)

— Patients aged <18 years (n=712)
Caller was not a lay rescuer (n=19,635)
No dispatcher CPR instruction (n=19,941)
Bystander CPR before instruction  (n = 4,187)

Eligible for analysis (n = 19,525 )

FIGURE 1 Study flowchart. CPR, cardiopulmonary resuscitation.
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TABLE 1
instructions.
Characteristics Overall (n=19,525)
Patient age, years 81 (70, 87)
Age group, years, 1 (%)
18-34 263 (1.3)
35-49 841 (4.3)
50-64 2109 (10.8)
65-79 5893 (30.2)
>80 10,419 (53.4)

Male patient, n (%) 10,986 (56.3)
Location of cardiac arrest, n (%)

Living room or bedroom 13,614 (69.7)

Bathroom 2699 (13.8)

Other 3212 (16.5)
Time of emergency call, n (%)

Daytime (0700-1459 h) 7909 (40.5)

Evening (1500-2259h) 7505 (38.4)

Nighttime (2300-0659h) 4111 (21.1)

Caller relationship with the patient, n (%)

Family member 14,621 (74.9)

Healthcare provider 2448 (12.5)
Other 2456 (12.6)
Cardiac arrest witnessed by the caller 9752 (49.9)
One-month favorable neurological 310 (1.6)
outcome®, n (%)
One-month survival, n (%) 598 (3.1)

Baseline characteristics of patients and outcomes according to caller compliance with dispatcher cardiopulmonary resuscitation

Noncompliant (n=11,443)  Compliant (n=8082) p-value
81 (72, 87) 80 (69, 87) <0.001

131 (L.1) 132 (1.6) <0.001
418 (3.7) 423 (5.2)

1131 (9.9) 978 (12.1)

3531 (30.9) 2362 (29.2)

6232 (54.5) 4187 (51.8)

6620 (57.9) 4366 (54.0) <0.001

7916 (69.2) 5698 (70.5) <0.001

1848 (16.1) 851 (10.5)

1679 (14.7) 1533 (19.0)

4547 (39.7) 3362 (41.6) <0.001

4377 (38.3) 3128 (38.7)

2519 (22.0) 1592 (19.7)

8998 (78.6) 5623 (69.6) <0.001

1205 (10.5) 1243 (15.4)

1240 (10.8) 1216 (15.0)

5646 (49.3) 4106 (50.8) 0.045
131 (1.1) 179 (2.2) <0.001
275 (2.4) 323 (4.0) <0.001

Note: Continuous variables are presented as medians (interquartile ranges).

“Favorable neurological outcome was defined as a Cerebral Performance Category Scale of 1 or 2.

neurological outcome (1.1% vs. 2.2%, p <0.001) and survival
(2.4% vs. 4.0%, p <0.001).

Table 2 summarizes the results of the multivariate re-
gression analysis. The following factors were significantly
associated with caller noncompliance with dispatcher
CPR instructions: patient age (adjusted odds ratio [95%
CI], 18-34years: reference, 35-49years: 0.96 [0.73-1.27],
50-64vyears: 1.13 [0.87-1.47], 65-79years: 1.39 [1.09-1.79],
and >80vyears: 1.45 [1.13-1.87]), male patient sex (1.21
[1.14-1.29]), nighttime emergency call (0700-1459h, 1.03
[0.97-1.10], 1500-2259h: reference, and 2300-0659h: 1.15
[1.06-1.25]), cardiac arrest in the bathroom (living room or
bedroom: 1.06 [0.96-1.16], bathroom: 1.59 [1.41-1.78], and
other: reference), and relationship between patient and caller
(family: 1.61 [1.47-1.76], healthcare provider: reference, and
other: 1.14 [1.00-1.29]).

Risk stratification

To stratify the risk of caller noncompliance with dispatcher
CPR instructions, a scoring model was developed (Table 2).
The model assigned 1 point each for patient age of 265 years,

a familial relationship between the caller and the patient,
and cardiac arrest in the bathroom. Of 19,525 cases, 1008
(5.2%), 5518 (28.3%), 10,883 (55.7%), and 2116 (10.8%) had
risk scores of 0, 1, 2, and 3, respectively. Figure 2 shows the
number of patients based on the combination of scoring
elements. Higher scores indicated a higher probability of
noncompliance. The noncompliance rates were 48.0%,
50.8%, 61.3%, and 70.5% for risk scores of 0, 1, 2, and 3,
respectively (Figure 3). The C-statistic of the model was 0.57
(95% CI, 0.56-0.58). The Hosmer-Lemeshow goodness-
of-fit test demonstrated that the scoring model had a good
model fit (y 2=1.56, p=0.67).

DISCUSSION

In this study, we primarily analyzed caller compliance
with dispatcher instructions on CPR for OHCA and found
that callers did not frequently comply with dispatcher
instructions. Five factors (older patient age, male patient
sex, emergency call at midnight, cardiac arrest in the
bathroom, and a familial relationship between the caller
and the patient) were associated with noncompliance. A
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TABLE 2
scoring points.

Variable

Patient age group, years

Adjusted odds
ratio (95% CI)

Results of multivariate logistic regression analysis and

Coefficient  Point
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simple scoring model assigned 1 point each for a patient aged
>65years, familial relationship between the caller and the
patient, and cardiac arrest in the bathroom and effectively
stratified the probability of caller noncompliance with
dispatcher instruction. The strength of this study is the use

Patient aged 265 years
Caller’s family relationship

18-34 Reference Reference of a population-based database, which allowed us to estimate
3549 096 (0.73-127)  —0.04 the 1n4:1.dence of noncompliance and identify risk factor.s in
a less biased manner. To the best of our knowledge, this is
50-64 1.13 (0.87-1.47) 0.12 . . . i
the largest study to investigate factors associated with caller
65-79 139(109-179) 0.3 ! compliance with dispatcher instructions regarding CPR and
280 145(1.13-1.87)  0.37 1 represents the first attempt to stratify noncompliance risk.
Male sex 1.21 (1.14-1.29) 0.19 0 We found that 41.4% of lay rescuers provided CPR after re-
Location of cardiac arrest ceiving dispatcher CPR instructions. This finding is consis-
: . 11,12,18,22
Living room or 1.06 (0.96-1.16)  0.05 tent with the previously reported range of 15%-84%.
bedroom The rate in this study was lower than the 75% recommended
Bathroom 159 (1.41-1.78) 0.46 1 as a performance goal in the guidelines.'® This could be par-
Other Reference Reference tially attrlbl.lted. to the fact that our analysis 1nclude§ cases
Time of th I that the guidelines excluded, such as a case where “Caller
lmeO. OO is unable to physically perform CPR” or “Caller is unable
z;;}(r)t;nﬁ on 1.03 (0.97-1.10)  0.03 to get the patient into the appropriate position for CPR.”*
. Nevertheless, our findings suggest that the current success
](51"5‘3(;10‘“5259 ) R WG rate of dispatcher CPR instructions to lay rescuers is sub-
optimal, underscoring the need for additional initiatives to
Nighttime 1.15 (1.06-1.25) 0.14 0 improve it
2300-0659h . ) . .
( . )' . _ A familial relationship between the patient and the caller
Caller relationship with the patient was the most significant risk factor for noncompliance with
Family member L61(1.47-1.76)  0.48 1 dispatcher CPR instructions, as indicated by the highest
Healthcare provider ~ Reference Reference odds ratio. A previous study reported that bystander CPR
Other 114 (1.00-1.29)  0.13 was less likely to be continued if the caller was a family
Cardiac arrest 096 (090-1.02)  —0.04 member.'® Several factors may explain these results. First,
witnessed by the caller emotional distress, a leading barrier to following dispatcher
Abbreviation: CL confidence interval instructions,'" is often heightened for family members.
reviation: CI, confidence interval. X R K . .
This distress may impair the ability of the caller to follow
110001 40386
10000
9000
P 8000
§ 7000
S 6000
L
© 5000
]
-g 4000 3533
>
3 3000
2116 4g00
2000
1008
“ . . L 2w
0 I s—
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Cardiac arrest at bathroom

. I 1 .

Factor combination

FIGURE 2 Histogram showing the number of patients based on a combination of scoring elements.
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FIGURE 3 Proportion of callers who did not follow dispatcher

instructions regarding cardiopulmonary resuscitation.

CPR instructions. Second, family members typically lack
CPR knowledge compared to other potential callers such
as healthcare providers, police staff, or civil servants. Last,
family members may refuse to perform CPR out of respect
for the patient's wishes, particularly in the case of older
individuals.”

Cardiac arrest in the bathroom also significantly influ-
enced caller noncompliance. Although dispatchers instruct
callers to lay patients flat for CPR,' this is physically chal-
lenging when a patient collapses in a bathtub. This inability to
achieve the optimal position for CPR is another major reason
for noncompliance with dispatcher CPR instructions and may
explain our results.'***** A nighttime call was another risk
factor for noncompliance. Potential reasons for higher non-
compliance during nighttime calls include increased fatigue,
stress, reduced cognitive alertness, or heightened emotional
distress, which could impair the ability to follow instructions.

We found that dispatchers can stratify the risk of caller
noncompliance with instructions based solely on three fun-
damental pieces of information obtained during the initial
stage of an emergency call. While cases with scores of 0 and
1 had a similar risk of noncompliance, for cases with scores
of 2 and 3, there was a risk increase of approximately 10%
for each point, from approximately 50%-70%. Our results
have significant clinical implications, as EMS telecommuni-
cators can integrate the scoring model into their initial caller
assessment to predict potential noncompliance and adjust
their communication approach accordingly. For callers
with higher scores, dispatchers can proactively modify their
communication strategies by reinforcing CPR instructions
through specific, step-by-step, and repetitive communica-
tion. Additionally, dispatchers may consider involving ad-
ditional personnel or prearrival paramedic calls to support
lay rescuers. By using this scoring model, dispatchers can
tailor their communication and increase follow-up support,
ultimately improving compliance with CPR instructions.
Furthermore, knowledge regarding high-risk scenarios
not only benefits dispatchers in their operations but also

contributes to the improvement of telecommunicator-
assisted CPR programs.

Limitations

This study has several limitations. First, this was an observa-
tional study; therefore, we cannot determine the mechanisms
through which risk factors are related to caller noncompli-
ance, although we discuss this issue based on previous stud-
ies and clinical experiences. Second, although we succeeded
in risk stratification, the discrimination ability of the model
was modest. This may partly be attributable to the complex
factors influencing caller noncompliance. Some baseline
characteristics that may be associated with caller noncompli-
ance, such as caller age, physical disability,* and knowledge
about CPR'® were not assessed because this information was
not available. Incorporating these variables may enhance the
effectiveness of the model. Third, while we included only
patients who were resuscitated and transported to hospitals,
some may have been transferred for end-of-life care rather
than aggressive resuscitation. In this context, caller noncom-
pliance with CPR instructions is not an issue; however, we
could not consider such occurrences, as the relevant informa-
tion was not recorded in the data set. Last, our results need
to be externally validated because caller compliance may be
influenced by factors such as patient demographics, the EMS
system, and the strength of public response to OHCA.

CONCLUSION

Even when dispatchers recognized OHCAs and provided
CPR instructions via phone, lay rescuers did not follow their
instructions in approximately half of the cases analyzed.
This noncompliance was associated with ¢, emergency calls
at midnight, cardiac arrest in the bathroom, and a familial
relationship between the caller and the patient. A simple
scoring model assigned 1 additional point for each of the
following: patient age of >65years, a familial relationship
between the caller and the patient, and cardiac arrest in the
bathroom, and effectively stratified the probability of caller
noncompliance with dispatcher CPR instructions.
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