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Prediction of Prehospital Change of the 
Cardiac Rhythm From Nonshockable to 
Shockable in Out-of-Hospital Patients 
With Cardiac Arrest: A Post Hoc Analysis 
of a Nationwide, Multicenter, Prospective 
Registry
Ryo Emoto , PhD; Mitsuaki Nishikimi , MD; Muhammad Shoaib , BA; Kei Hayashida , MD, PhD;  
Kazuki Nishida , MD; Kazuya Kikutani , MD; Shinichiro Ohshimo , MD, PhD; Shigeyuki Matsui, PhD; 
Nobuaki Shime , MD, PhD; Taku Iwami, MD, PhD

BACKGROUND: Predicting a spontaneous rhythm change from nonshockable to shockable before hospital arrival in patients 
with out-of-hospital cardiac arrest can help emergency medical services develop better strategies for prehospital treatment. 
The aim of this study was to identify predictors of spontaneous rhythm change before hospital arrival in patients with out-of-
hospital cardiac arrest and develop a predictive scoring system.

METHODS AND RESULTS: We retrospectively reviewed data of eligible patients with out-of-hospital cardiac arrest with an initial 
nonshockable rhythm registered in a nationwide registry between June 2014 and December 2017. We performed a multivari-
able analysis using a Cox proportional hazards model to identify predictors of a spontaneous rhythm change, and a ridge 
regression model for predicting it. The data of 25 804 patients were analyzed (derivation cohort, n=17 743; validation cohort, 
n=8061). The rhythm change event rate was 4.1% (724/17 743) in the derivation cohort, and 4.0% (326/8061) in the validation 
cohorts. Age, sex, presence of a witness, initial rhythm, chest compression by a bystander, shock with an automated external 
defibrillator by a bystander, and cause of the cardiac arrest were all found to be independently associated with spontaneous 
rhythm change before hospital arrival. Based on this finding, we developed and validated the Rhythm Change Before Hospital 
Arrival for Nonshockable score. The Harrell’s concordance index values of the score were 0.71 and 0.67 in the internal and 
external validations, respectively.

CONCLUSIONS: Seven factors were identified as predictors of a spontaneous rhythm change from nonshockable to shockable 
before hospital arrival. We developed and validated a score to predict rhythm change before hospital arrival.
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Despite the notable progress in the field of re-
suscitation science, the survival rate of patients 
with out-of-hospital cardiac arrest (OHCA) with 

an initial nonshockable rhythm remains unacceptably 

low,1–3 and better management strategies in prehospi-
tal settings are required to further improve patient out-
comes.4,5 The major challenges for emergency medical 
services (EMS) attending to such patients with a high 
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mortality risk in the ambulance are 2-fold: (1) Patients 
with cardiac arrest (CA) require immediate and inten-
sive care as their outcomes are time sensitive; and (2) it 
is difficult for paramedics to solely focus on the patient 
alone because they must engage in multitasking while 
performing cardiopulmonary resuscitation (CPR), such 
as obtaining and recording medical information, secur-
ing vascular access to allow for timely pharmacological 
interventions, securing the airway by performing intu-
bation when needed, and ensuring prompt transfer to 
the hospital. Attending to all of these complicated tasks 
simultaneously requires a high degree of coordination, 
which could result in some important tasks, such as 
recognition of a conversion to a shockable rhythm, fail-
ing to be prioritized.

Among the duties of EMS, immediate defibrillation 
upon cardiac rhythm change from nonshockable to 
shockable before hospital arrival—hereinafter, spon-
taneous rhythm change—is particularly important, 

with the timing of this rhythm change being urgent.6 A 
previous study showed that subsequent spontaneous 
conversion of the initial rhythm from nonshockable to 
shockable during emergency medical resuscitation ef-
forts was associated with a high likelihood of favorable 
neurological outcomes if defibrillation was performed 
within 20  minutes, which implies that prompt identi-
fication of a spontaneous rhythm change is critical.7 If 
EMS can predict such spontaneous rhythm change, 
they could be better prepared to prioritize immediate 
defibrillation when the opportunity arises as well as tri-
age patients with CA who may have a better outcome 
based on a change in rhythm from nonshockable to 
shockable. However, few studies have been conducted 
to identify predictors of a spontaneous rhythm change 
in patients with OHCA, and there is no tool/methodol-
ogy presently available to predict rhythm change before 
hospital arrival. We conducted this study to identify pre-
dictors and develop a predictive score that would allow 
EMS to predict spontaneous rhythm change in patients 
with OHCA and help them prepare for immediate de-
fibrillation in the event of a spontaneous rhythm change.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design
This study was a retrospective, observational study 
conducted using the data from the JAAM-OHCA 
(OHCA Registry of the Japanese Association for Acute 
Medicine, which is a nationwide, prospective, multi-
center registry of patients with OHCA who are trans-
ported to critical care medical centers or hospitals with 
an emergency care department across Japan (total of 
125 institutions). The design and data collection meth-
ods for the registry are described in detail in previous re-
ports.8 In brief, EMS personnel collect prehospital data 
based on the Utstein-style template,9 and physicians at 
the participant institutions collect in-hospital data, in-
cluding the presumed etiology of the OHCA, along with 
the patients’ treatments and outcomes. This registry 
includes the data of patients with OHCA entered in the 
registry between June 2014 and December 2017. This 
study was conducted with the approval of the institu-
tional review boards of all participant institutions, which 
waived the requirement for obtaining informed patient 
consent stipulated in the Japanese government guide-
lines to ensure participant anonymity.

Subjects
Adult patients with OHCA who were judged by the at-
tending EMS as having a nonshockable rhythm at the 

CLINICAL PERSPECTIVE

What Is New?
•	 Our study from a nationwide database of pa-

tients with out-of-hospital cardiac arrest identi-
fied 7 factors as predictors of a spontaneous 
rhythm change from nonshockable to shock-
able before hospital arrival.

•	 The Rhythm Change Before Hospital Arrival for 
Nonshockable score was developed to help 
predict a potential rhythm change from non-
shockable to shockable before hospital arrival.

What Are the Clinical Implications?
•	 Shock with automated external defibrillator sub-

stantially increased the hazard ratio for sponta-
neous rhythm change, while asphyxiation and 
trauma as causes of cardiac arrest decreased 
the hazard ratio for spontaneous rhythm change.

•	 The Harrell’s concordance index value of the 
Rhythm Change Before Hospital Arrival for 
Nonshockable score was nearly 0.70, which 
means that although the score has great pre-
dictive potential, other characteristics may need 
to be applied to further improve the score for 
optimal performance.

Nonstandard Abbreviations and Acronyms

CA	 cardiac arrest
CHANS	 Rhythm Change Before Hospital Arrival 

for Nonshockable
CV	 cross validation
OHCA	 out-of-hospital cardiac arrest
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time of the first pulse check were included in this study. 
The patients with missing data of their time to return 
of spontaneous circulation or initial pulse check time 
were excluded.

Definition of Timing of Rhythm Change
The JAAM-OHCA registry does not include a record of 
the identified rhythm(s) at the time of each pulse check, 
except for the initial rhythm. Therefore, we defined the 
time of rhythm change from nonshockable to shock-
able as the time at which the patient was defibrillated 
during the resuscitation process.

Statistical Analysis
All eligible patients were divided into a derivation cohort 
(patients seen from June 2014 to December 2016) and 
a validation cohort (patients seen from January 2017 
to December 2017). A multivariable analysis was per-
formed using data from the derivation cohort to iden-
tify predictors of a spontaneous rhythm change from 
nonshockable rhythm to a shockable rhythm and de-
velop a predictive score. The predictive accuracy of the 
proposed score was evaluated in the validation cohort.

Multivariable analysis using a Cox regression model 
was performed on the derivation cohort to identify pre-
dictors of a spontaneous shockable rhythm change. 
The primary outcome was the time to shockable 
rhythm change from the initial pulse check. Patients 
who arrived at the hospital before the rhythm change 
were treated as censored. The covariates included in 
the analysis were those that could be assessed by 
the time EMS arrived at the site because we aimed 
to establish a predictive score that can be calculated 
upon arrival at the scene. In a sensitivity analysis, the 
variables of advanced airway management and epi-
nephrine injection were included as time-dependent 
covariates, which we believe allow individual hazard 
change before and after their procedures.

Ridge penalized Cox regression was applied to the 
entire derivation cohort to devise a predictive model. 
The linear predictor of the estimated model was pro-
posed as the prediction score. The value of the score 
predicting an event rate of 5% at 60  minutes was 
obtained from the estimated baseline hazard. We 
proposed a risk classification using this value as the 
threshold for the developed score. The time point of 
60 minutes was determined as the time when the sur-
vival curve reached a plateau, based on the findings 
that most patients (>99%, 17 693 out of 17 743 in the 
derivation cohort) arrived at the hospital within 60 min-
utes, and in most cases, the spontaneous rhythm 
change (>99%, 723/724 in the derivation cohort) was 
observed within 60 minutes (Figure S1).

For internal validation of the sequence of procedures 
used to develop the proposed score, we evaluated the 

prediction accuracy using a nested cross validation 
(CV)10 in the derivation cohort. In the nested CV, the 
predictive accuracy of the score, whose ridge penal-
ization parameter was optimized in the inner CV loop, 
was evaluated in the outer CV loop. For external vali-
dation, the predictive accuracy of the proposed score 
was evaluated in the validation cohort. For both the in-
ternal and external validations, Harrell’s concordance 
index for the predictive score was estimated, and its 
95% CI was evaluated using 10 000 bootstrap sam-
ples. The survival curves in the 2 risk groups were esti-
mated by the Kaplan-Meier method, and the difference 
in the time to the shockable rhythm change between 
the 2 risk groups was compared by the log-rank test.

All reported P values are 2-sided, and P<0.05 was 
regarded as denoting a statistically significant difference. 
All analyses were conducted using R version 4.1.1 (R 
Foundation for Statistical Computing, Vienna, Austria) 
and SAS version 9.4 (SAS Institute, Cary, NC). We 
used the “survival” package for Cox regression (https://
CRAN.R-proje​ct.org/packa​ge=survival) and the “glmnet” 
package for the ridge regression (https://www.jstat​soft.
org/v33/i01/ and https://www.jstat​soft.org/v39/i05/).

RESULTS
The selection flow diagram for patients included and 
excluded from our retrospective analysis is shown in 
Figure  1. Among 26 034 patients with OHCA with a 
nonshockable rhythm at the initial pulse check, 230 
patients were excluded because they had missing 
values for the time until return of spontaneous circu-
lation or time until spontaneous rhythm change. The 
remaining 25 804 patients were included in the present 
analysis. We divided the patients into derivation (17 743 
cases) and validation (8061 cases) cohorts to develop 
and validate our predictive score. Before developing 
the score, the derivation cohort was also used to iden-
tify the variables that can characterize the predictor(s) 
of a spontaneous rhythm change. The baseline char-
acteristics of patients included in the analysis are 
summarized in Table  1 with the standardized differ-
ence of each variable summarized in Figure S2. The 
event rates (a spontaneous rhythm change from non-
shockable to shockable before hospital arrival) were 
4.1% (1050/25 804) in the derivation cohort and 4.1% 
(724/17 743) in the validation cohort, respectively. In 
the derivation cohort, the survival rate and the pro-
portion of patients with a favorable neurological out-
come at 30 days were 3.2% (815/25 804) and 0.8% 
(216/25 804), respectively. Of the 25 804 cases, 4.1% 
(1050/25 804) showed a spontaneous rhythm change 
from nonshockable to shockable. The estimated odds 
ratio of survival and favorable neurological outcomes 
at 30 days for rhythm change were 2.38 (95% CI: 1.85–
3.06) and 3.28 (95% CI: 2.17–4.97), respectively.

https://cran.r-project.org/package=survival
https://cran.r-project.org/package=survival
https://www.jstatsoft.org/v33/i01/
https://www.jstatsoft.org/v33/i01/
https://www.jstatsoft.org/v39/i05/
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The results of the multivariable analysis using a Cox 
proportional hazards model of the 17 743 cases in the 
derivation cohort are shown in Table 2. The analysis 
identified the following variables as being associated 
with a significantly increased hazard for spontaneous 
rhythm change: presence of a witness, pulseless 
electrical activity as the initial rhythm, shock with an 
automated external defibrillator (AED) by a bystander, 
and a nonexogenous cause of CA. Conversely, age 
>65 years, female sex, chest compression by by-
stander, and trauma and asphyxiation as the cause of 
the CA were associated with a significantly decreased 
hazard for spontaneous rhythm change. Initiation of 
mouth-to-mouth resuscitation by a bystander had no 
statistically significant influence on the likelihood of 
spontaneous rhythm change. As a sensitivity analysis, 
we performed a Cox proportional hazards regression 
analysis by adding the variables of advanced air-
way management and epinephrine injection as time-
dependent adjustment factors, neither of which were 
included in our predictive score. However, as both 

variables have been considered important clinical fac-
tors for favorable outcomes, we decided to analyze 
with these factors. We confirmed that the addition of 
these parameters did not appreciably alter the results 
from our original analysis (Table S1).

Based on the data of the derivation cohort, we 
developed our predictive score, the Rhythm Change 
Before Hospital Arrival for Nonshockable (CHANS) 
score, for spontaneous rhythm change using all vari-
ables that would be available at the time of the initial 
pulse check. The coefficient for each variable in the 
score is summarized in Table 3. Using the cutoff value 
of the CHANS score of −1.523, corresponding to an 
event rate of 5% within 60 minutes, we created a risk 
classification that could differentiate between patients 
with a high probability (CHANS score ≥  −1.523) and 
low probability (CHANS score <  −1.523) for sponta-
neous rhythm change (Table 3).

In the internal validation, the Harrell’s concordance 
index of the predictive score obtained by the nested CV 
in the derivation cohort was 0.71 (95% CI: 0.69–0.73). 

Figure 1.  Flow diagram for patient distribution for the development of a predictive 
score.
OHCA indicates out-of-hospital cardiac arrest.
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The Kaplan-Meier curve by the nested CV in the der-
ivation cohort suggested that the risk classification 
based on the score was a good predictor of the time to 
rhythm change in the internal validation (log-rank test; 
P<0.001). In the external validation, the predictive accu-
racy of the proposed CHANS score was 0.67 (95% CI: 
0.64–0.70). The Kaplan-Meier curves were significantly 
different between the 2 groups divided according to 
the proposed risk classification in the validation cohort 
(log-rank test; P<0.001) (Figure 2 and Figure S3).

DISCUSSION
The proportion of survivors and those with a favora-
ble neurological outcome are known to be much lower 
in patients with OHCA with an initial nonshockable 

rhythm than in those with an initial shockable rhythm. 
However, a previous study showed that spontaneous 
conversion of the initial rhythm from nonshockable 
to shockable during emergency medical resuscita-
tion efforts was associated with a high likelihood of 
a favorable neurological outcome if defibrillation was 
performed quickly,7,11 which implies that prompt iden-
tification of a spontaneous rhythm change is critical. 
In fact, in our current patient series, a spontaneous 
rhythm change occurred in ≈4% of the patients, and 
prompt and appropriate management could have po-
tentially increased the number of survivors with favora-
ble neurological outcomes.

Our analysis of data from a large-scale, multicenter 
registry in Japan identified age, sex, initial rhythm, 
chest compression by bystander, shock with AED, and 

Table 1.  Baseline Characteristics of All Subjects

Variable

Total (n=25 804) Derivation cohort (n=17 743) Validation cohort (n=8061)

Rhythm changed
(n=1050)

Rhythm not 
changed
(n=24 754)

Rhythm 
changed
(n=724)

Rhythm not 
changed
(n=17 019)

Rhythm 
changed
(n=326)

Rhythm not 
changed
(n=7735)

Age, y 73.0 (62.0–82.0) 77.0 (64.0–85.0) 72.0 (62.0–82.0) 76.0 (64.0–85.0) 73.0 (61.3–83.0) 77.0 (65.0–85.0)

Sex, female, n (%) 327 (31.1) 10 463 (42.3) 210 (29.0) 7174 (42.2) 117 (35.9) 3289 (42.5)

Witness, n (%) 556 (76.0) 9846 (83.0) 400 (77.2) 6776 (82.6) 156 (72.9) 3070 (83.9)

Chest compression by bystander, n 
(%)

442 (42.1) 11 071 (44.7) 281 (38.8) 7391 (43.4) 161 (49.4) 3680 (47.6)

AED by bystander, n (%) 43 (4.1) 168 (0.7) 29 (4.0) 102 (0.6) 14 (4.3) 66 (0.9)

Mouth-to-mouth resuscitation by 
bystander, n (%)

63 (6.0) 1228 (5.0) 42 (5.8) 855 (5.0) 21 (6.4) 373 (4.8)

Initial rhythm, PEA, n (%) 502 (47.8) 7025 (28.4) 351 (48.5) 4872 (28.6) 151 (46.3) 2153 (27.8)

Cause for CA

Trauma, n (%) 23 (2.2) 1909 (7.7) 20 (2.8) 1376 (8.1) 3 (0.9) 533 (6.9)

Hanging, n (%) 25 (2.4) 1267 (5.1) 16 (2.2) 905 (5.3) 9 (2.8) 362 (4.7)

Drowning, n (%) 24 (2.3) 926 (3.7) 19 (2.6) 635 (3.7) 5 (1.5) 291 (3.8)

Asphyxiation, n (%) 34 (3.2) 1806 (7.3) 20 (2.8) 1230 (7.2) 14 (4.3) 576 (7.4)

Addiction, n (%) 3 (0.3) 155 (0.6) 3 (0.4) 108 (0.6) 0 (0) 47 (0.6)

Unknown exogenous, n (%) 16 (1.5) 480 (1.9) 9 (1.2) 350 (2.1) 7 (2.1) 130 (1.7)

Nonexogenous, n (%) 795 (75.7) 14 868 (60.1) 550 (76.0) 10 143 (59.6) 245 (75.2) 4725 (61.1)

Unknown (exogenous or 
nonexogenous), n (%)

130 (12.4) 3343 (13.5) 87 (12.0) 2272 (13.3) 43 (13.2) 1071 (13.8)

Duration of resuscitation effort, min 30.0 (21.0–43.0) 28.0 (19.0–37.0) 30.0 (21.0–42.0) 28.0 (19.0–38.0) 32.0 (20.0–45.0) 28.0 (19.0–37.0)

Prehospital epinephrine 
administration, n (%)

527 (50.2) 6537 (26.4) 355 (49.0) 4300 (25.3) 172 (52.8) 2237 (28.9)

Ventilation, n (%) 627 (59.7) 13 068 (52.8) 424 (58.6) 8872 (52.1) 203 (62.3) 4196 (54.2)

Drug injections, n (%) 526 (50.1) 6509 (26.3) 354 (48.9) 4272 (25.1) 172 (52.8) 2237 (28.9)

PCI, n (%) 52 (5.0) 168 (0.7) 39 (5.4) 96 (0.6) 13 (4.0) 72 (0.9)

ROSC, n (%) 415 (39.5) 7376 (29.8) 302 (41.7) 5032 (29.6) 113 (34.7) 2344 (30.3)

Outcome at 30 d

Survival, n (%) 72 (6.9) 743 (3.0) 51 (7.0) 508 (3.0) 21 (6.4) 235 (3.0)

Good (CPC ≤2), n (%) 26 (2.5) 190 (0.8) 18 (2.5) 134 (0.8) 8 (2.5) 56 (0.7)

Data are presented as the median and interquartile ranges (25th–75th percentile) or as absolute frequencies with percentages. AED indicates automated 
external defibrillator; CA, cardiac arrest; CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; PCI, percutaneous coronary intervention; 
PEA, pulseless electrical activity; and ROSC, return of spontaneous circulation.
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cause of CA as being independent predictors of spon-
taneous rhythm change. We subsequently developed 
and validated a predictive score, the CHANS score, for 
facilitating prediction of a potential spontaneous rhythm 
change in the prehospital setting by the attending EMS 
who have to multitask to save the patients’ lives. The 
Harrell’s concordance index of the CHANS score was 
≈0.70, which suggests that while the score may have 
great potential, future studies are needed to further 
improve its predictive performance.12 This is the first 
study to explore means for prehospital prediction of a 
spontaneous rhythm change in patients with OHCA to 
facilitate the development of improved strategies for re-
suscitation management in the prehospital setting for 
improved outcomes of patients with CA.

Among the variables associated with spontaneous 
rhythm change, the hazard ratio of shock with AED 
was especially high (3.97 [95% CI: 2.67–5.89]) as com-
pared with other variables. This result is consistent 
with reports from clinical practice because defibrillating 
a patient with an AED before the arrival of paramedics 
is suggestive of a cardiogenic component to the CA, 
in which case the patient has a higher probability of a 
spontaneous rhythm change. On the other hand, as-
phyxiation and trauma as the causes of CA were asso-
ciated with a lower probability of spontaneous rhythm 
change. Although future studies are needed, at pres-
ent the data suggest that patients with CA most likely 
caused by the above mechanisms may still be able to 
achieve return of spontaneous circulation, irrespec-
tive of a spontaneous rhythm change. In fact, a direct 

treatment option for these etiologies may more easily 
alleviate the CA, such as mitigating the causal agent in 
asphyxiation, or hydration and blood transfusion after 
an accident.

The Harrell’s concordance index used for evaluat-
ing the predictive accuracy in our study is the index 
of a score for predicting the “time” of the event oc-
currence and is likely to show lower values compared 
with the values of area under the curve. The value of 
≈0.70 is regarded as acceptable13,14 but may need to 
be improved for optimal performance. To improve the 
predictive performance of the prediction model, we 
considered that it may be effective to add other clinical 
variables to the model. Most of the variables included 
in our registry were those that are known to be strongly 
related to the outcome of patients with CA, such as the 
presence of a witness, the initial rhythm, and so on, 
and there were few variables directly associated with 
the electrophysiology of the heart, such as the electri-
cal frequency of pulseless electrical activity.15 Variables 
associated with the quality of bystander CPR before 
the initial pulse check, such as the depth of chest 
compression, can also improve the performance of 

Table 2.  Estimated Coefficients and P Values Between 
Each Variable and Future Rhythm Change in the Derivation 
Cohort

Variable � HR (95% CI) P value

Age, >65 y −0.408 0.67 (0.56–0.78) <0.001

Sex, female −0.472 0.62 (0.53–0.73) <0.001

Witnessed 0.401 1.49 (1.27–1.76) <0.001

PEA 0.716 2.05 (1.74–2.40) <0.001

Chest compression by 
bystander

−0.227 0.80 (0.68–0.94) 0.006

AED by bystander 1.378 3.97 (2.67–5.89) <0.001

Mouth to mouth 
resuscitation by bystander

0.092 1.10 (0.79–1.52) 0.586

Cause for CA

Trauma −1.137 0.32 (0.20–0.53) <0.001

Hanging −0.526 0.59 (0.34–1.02) 0.059

Drowning 0.188 1.21 (0.73–2.00) 0.465

Asphyxiation −0.927 0.40 (0.24–0.64) <0.001

Addiction −0.238 0.79 (0.25–2.51) 0.687

Unknown exogenous −0.425 0.65 (0.33–1.30) 0.227

Nonexogenous 0.362 1.44 (1.14–1.80) 0.002

AED indicates automated external defibrillator; CA, cardiac arrest; HR, 
hazard ratio; and PEA, pulseless electrical activity.

Table 3.  Proposed CHANS Score and Risk Classification 
for Prediction of Rhythm Change From Nonshockable to 
Shockable

Variable Coefficients*

Age, >65 y (X1) −0.368 (�1)

Sex, female (X2) −0.436 (�2)

Witnessed (X3) 0.382 (�3)

PEA (X4) 0.678 (�4)

CPR by bystander (X5) −0.208 (�5)

AED by bystander (X6) 1.376 (�6)

Mouth-to-mouth resuscitation 
by bystander (X7)

0.081 (�7)

Reason for CA

Trauma (X8) −0.904 (�8)

Hanging (X9) −0.428 (�9)

Drowning (X10) 0.174 (�10)

Choke (X11) −0.760 (�11)

Addiction (X12) −0.183 (�12)

Unknown exogenous (X13) −0.339 (�13)

Nonexogenous (X14) 0.380 (�14)

Calculation formula Score (S) = �1X1 + �2X2 … + �14X14
� i: coefficient of i th variable 
(i = 1, … , 14)
Xi: value of i th variable (i = 1, … , 14)
Xi = 1 if the subject is in the category,
Xi = 0 otherwise.

Risk class (R) =

{

High (S≥ −1.523)

Low (S< −1.523)

AED indicates automated external defibrillator; CA, cardiac arrest; 
CHANS, Rhythm Change Before Hospital Arrival for Nonshockable; CPR, 
cardiopulmonary resuscitation; and PEA, pulseless electrical activity.

*Coefficients were estimated by ridge penalized Cox regression.
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our score, but are more challenging to accurately as-
certain. In future studies, addition of such data may be 
considered to further improve the predictive accuracy 
of the CHANS score.

There were several limitations of our study. First, 
we used a multicenter, prospective registry of patients 
with OHCA in Japan. Accurate validation of our predic-
tive score requires larger, more heterogeneous pop-
ulations from other countries. Second, in this study, 
we divided available data into the derivation and val-
idation cohorts based on the date of visit. Although 
no large differences in baseline characteristics were 
observed between the 2 cohorts, there is a possibil-
ity that these differences can influence the assess-
ment of the predictive accuracy in our study. Third, 
we used the timing of defibrillation as the timing of 
the rhythm change from nonshockable to shockable. 
Although all the EMS were following the Japanese 
resuscitation guidelines16 and were expected to per-
form defibrillation immediately upon recognition of 
a shockable rhythm, with the numerous tasks that 
must be performed simultaneously when performing 
resuscitation, there could have been some lag time 
before attempts at defibrillation or even recognition of 
a shockable rhythm. Finally, we used a 5% event oc-
currence before hospital arrival (or within 60 minutes 
after initial pulse check), which helped us develop the 
threshold for dividing the groups into one with a high 

probability and another with a lower probability of 
spontaneous rhythm change; however, it is imperative 
to evaluate whether 5% is the appropriate cutoff point 
or needs to be adjusted according to the population 
in which the analysis is being conducted.

Guidelines on CPR recommend a rhythm check 
every 2  minutes, based on the results of a few ran-
domized clinical trials performed about 2 decades 
ago.17,18 Today, with the development of new resusci-
tation technologies, such as mechanical CPR devices 
that enable continuous CPR without user fatigue19 
and devices that can detect shockable rhythm during 
CPR,20 it remains unclear if the appropriate interval for 
pulse check should still be every 2 minutes. Our results 
suggest the potential for varying the interval for pulse 
checks according to the risk of change of the rhythm. 
For example, if the risk of change of the rhythm is low, 
the pulse could be checked less frequently, like every 
3 minutes, which could reduce the total time of no flow 
because of pulse check. On the other hand, if the risk 
of change of the rhythm is high, the pulse may need 
to be checked more frequently than every 2 minutes. 
Evidence from our current study alone is not sufficient, 
and further prospective studies are required to vali-
date our findings. However, we believe that our current 
study may pave the way for individualization of the in-
terval for pulse checks according to the risk of change 
of the rhythm in individual patients.

Figure 2.  Kaplan-Meier analysis in the internal and external validation cohorts up to 60 minutes after initial pulse check.
Kaplan-Meier curves were plotted for the internal (A) and external (B) validation cohorts. The black line shows the curve for the group 
with a high probability of spontaneous rhythm change, while the red line denotes the curve for the group with a low probability of 
spontaneous rhythm change.
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CONCLUSIONS
Seven factors (age, sex, the presence of a witness, ini-
tial rhythm, chest compression by a bystander, shock 
with AED by a bystander, and cause of CA) were iden-
tified as predictors of a spontaneous rhythm change 
from nonshockable at initial pulse check to shockable 
before hospital arrival. A predictive score to identify a 
high probability of a rhythm change was developed 
and validated, although further studies may be needed 
for improving the predictive accuracy.
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Table S1. Sensitivity analysis 

Variable 𝜷𝜷 HR (95% CI) P 

Age, > 65 yrs -0.429 0.65 (0.55-0.77) < 0.001 
Sex, female  -0.467 0.63 (0.53-0.74) < 0.001 
Witnessed 0.346 1.41 (1.20-1.67) < 0.001 
PEA 0.647 1.91 (1.63-2.24) < 0.001 
CPR by bystander -0.257 0.77 (0.66-0.91) 0.002 
AED by bystander 1.361 3.90 (2.63-5.78) < 0.001 
Mouth to mouth resuscitation by bystander 0.104 1.11 (0.80-1.54) 0.533 
Cause for CA    
  Trauma -1.009 0.36 (0.22-0.60) < 0.001 
  Hanging -0.487 0.61 (0.36-1.06) 0.081 
  Drowning 

0.236 1.27 (0.77-2.09) 0.359 
  Asphyxiation 

-0.873 0.42 (0.26-0.68) < 0.001 
  Addiction 

-0.163 0.85 (0.27-2.70) 0.783 
  Unknown exogenous 

-0.335 0.72 (0.36-1.43) 0.341 
Non-exogenous 

0.400 1.49 (1.19-1.87) < 0.001 
Advanced airway management 0.096 1.10 (0.92-1.32) 0.292 
Epinephrin injections 1.205 3.34 (2.71-4.10) < 0.001 

PEA; pulseless electrical activity, CPR; cardiopulmonary resuscitation, AED; automated external defibrillator, CA; cardiac arrest, 
HR; hazard ratio, 95% CI, 95% confidence interval. 

  



 
 

Figure S1. Distribution of the time until hospital arrival after the initial pulse check and 

the time to shockable rhythm change after the initial pulse check. 

 

  



 
 

Figure S2. Standardized difference between the derivation and validation cohorts. 

 

  



 
 

Figure S3. Kaplan-Meier analysis in the internal and external validation cohorts without 

time restrictions. 

 

Kaplan-Meier curves were plotted for the internal (A) and external (B) validation cohorts. The 

black line shows the curve for the group with high probability of spontaneous rhythm change, 

while the red line denotes the curve for the group with a low probability of spontaneous rhythm 

change. 
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