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Prognostic value of transient conduction disturbance in out-
of-hospital cardiac arrest

Munehiro liya,'@ Masato Shimizu," Shigeki Kimura,' Hiroyuki Fujii,’ Makoto Suzuki,' and
Mitsuhiro Nishizaki?

'Department of Cardiology, Yokohama Minami Kyosai Hospital and *Health Care Center, Kanto Gakuin University,
Yokohama, Japan

Aim: A retrospective observational study to verify the impact of electrocardiograms (ECGs) following out-of-hospital cardiac arrest
(OHCA) on mortality.

Methods: We retrospectively studied 101 OHCA patients who achieved a return of spontaneous circulation (ROSC) and survived for
>3 h. Among them, 50 patients (66 + 17 years; 22 male) were evaluated using 12-lead ECGs repeatedly and were included in the final
analysis: immediately after ROSC (initial ECG) and after the initial evaluation in the emergency department (second ECG). Transient con-
duction disturbance (transient CD) was defined as a narrowing in QRS duration from the initial to second ECG of >18 ms. Multivariate
Cox regression analyses were carried out to predict 90-day mortality following OHCA.

Results: Among 50 OHCA patients, 30 patients survived for 90 days. Thirty patients had initial ventricular fibrillation rhythm. Median
emergency medical services response time and low-flow duration were 8 and 21 min, respectively. Multivariate analysis showed that
the transient CD and low-flow duration were significant predictors of all-cause mortality (hazard ratio 16.55, 1.06; P = 0.001, 0.022,

respectively).

Conclusion: Transient CD is a powerful predictor of 90-day mortality in patients who survived 3 h after ROSC from OHCA.
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INTRODUCTION

ATIENTS EXPERIENCING OUT -of-hospital cardiac

arrest (OHCA) potentially have a fatal prognosis.'~
Despite advances in post-cardiac arrest care,”> only 24—
44% of patients could achieve a return of spontaneous circu-
lation (ROSC), and even a few patients could be discharged
alive.”® To predict the prognosis in these challenging cases,
physicians have repeatedly investigated the association
between acute-phase variables and patient prognosis. Sev-
eral variables, such as initial ventricular rhythm and bystan-
der cardiopulmonary resuscitation (CPR) or the presence of
a witness, contribute to achieving preferable outcomes.'*>~
However, accurately predicting the clinical course remains
difficult.
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Electrocardiograms (ECGs) can be easily evaluated in
patients who achieve ROSC following OHCA during the
initial phase. Although the presence of bundle branch block
had been reported to be associated with high mortality fol-
lowing OHCA, these investigations had been undertaken in
selected populations, such as the subgroup of the hypother-
mia trial.”"® Furthermore, the majority of cases of bundle
branch block following OHCA resolve during the acute
phase,”'” but the prognostic value of these transient electro-
cardiographic changes have not been explored well.

We aimed to investigate the serial changes in ECGs fol-
lowing OHCA and the association between the presence of
transient conduction disturbance (CD) following OHCA and
mortality.

METHODS

Patient population

HIS RETROSPECTIVE OBSERVATIONAL study
enrolled 1012 consecutive OHCA patients who were
transferred to Yokohama Minami Kyosai Hospital (Yoko-
hama, Japan) between March 2013 and November 2018.

1of8

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License,
which permits use, distribution and reproduction in any medium, provided the original work is properly cited and

is not used for commercial purposes.


https://orcid.org/0000-0002-4618-5261
https://orcid.org/0000-0002-4618-5261
https://orcid.org/0000-0002-4618-5261
mailto:
mailto:
http://creativecommons.org/licenses/by-nc/4.0/

20f8 M.IIYAetal.

Acute Medicine & Surgery 2020;7:e571

Among 306 patients who achieved ROSC after OHCA, 145
survived for >3 h and underwent an initial evaluation at the
emergency room (including prehospital data evaluation,
blood gas analysis, and 12-lead ECG). We excluded 95
patients for reasons such as traumatic cardiac arrest, intro-
duction of percutaneous cardiopulmonary support, and could
not be evaluated ECGs repeatedly. Finally, 50 patients were
evaluated in the present study (Fig. 1).

Prehospital data

Prehospital data, including witnessed cardiac arrest, bystan-
der CPR, initial ventricular fibrillation (VF) rhythm, no-flow
duration (NFD; from the cardiac arrest to the start of CPR),
low-flow duration (LFD; from the start of CPR to ROSC),
and emergency medical services response time (EMR; from
call receipt to arrival at the patient’s site) were systemati-
cally collected at admission according to the Utstein guide-
lines."* A presumed cardiac etiology was defined in
accordance with the Utstein guidelines and identified in
patients who did not fit in the more readily defined “cardiac
arrest of non-cardiac etiology” category. The specific cause
of the cardiac arrest (e.g., myocardial infarction, vasospastic
angina, or idiopathic VF) and prearrest comorbidities were
also assessed. Blood gas analyses were carried out on hospi-
tal arrival.

Electrocardiographic findings

An ECAPS 12c¢ (Nihon Kohden Co., Tokyo, Japan) 12-
lead ECG system was used to record the ECGs after
ROSC (initial ECG) and after the initial evaluation in the
emergency department (second ECG). Any ECGs obtained
before the present cardiac arrest were also evaluated (pre-
vious ECG). The ECG variables were automatically calcu-
lated and confirmed manually by two expert cardiologists.
Electrocardiogram morphologies were divided into four
groups: (i) complete right bundle branch block (CRBBB):
QRS duration of >120 ms, secondary R wave in V1 or
V2, and wide slurred S wave in leads I, V5, and V6;"
(ii)) complete left bundle branch block (CLBBB): QRS
duration of >120 ms, QS or rS complex in V1-V2, and
monophasic R wave with no Q waves in leads V6 or I;15
(iii) intraventricular conduction delay (IVCD): non-specific
wide QRS complex and QRS duration of >120 ms without
obvious CRBBB or CLBBB;'® (iv) normal morphology:
QRS duration of <120 ms. The serial change in morphol-
ogy was calculated as the difference from the QRS dura-
tion of the initial ECG to the second ECG (AQRS
duration). Transient CD was defined based on receiver
operating characteristic (ROC) curve and Youden’s J sta-
tistical analyses.

Study flow diagram

n=1012

Patients with out-of-hospital cardiac arrests (OHCA)
who transferred to Yokohama Minami Kyosai Hospital

n=306

Achieved return of spontaneous circulation (ROSC)

Excluded n= 44
18 Traumatic CPA

12 PCPS

Survived 23 hours
n=145

9 Intracranial bleeding
2 Aneurysm rupture

1 Pacing rhythm

After exclusion
n=101

1 Brugada syndrome
1Age<18

n=>50

Patients with repeated ECGs (initial and second ECGs)

| 51 Insufficient number of ECGs

Survived for 90 days
Group S
n=30

Died within 90 days

Group D
n=20

Fig. 1. Study flow diagram. A total of 1,012 patients who experienced out-of-hospital cardiac arrest were transferred to our hospital
between March 2013 and November 2018. Among the 306 patients who achieved return of spontaneous circulation after out-of-hos-
pital cardiac arrest, 145 survived for >3 h and underwent an initial evaluation at the emergency room (including prehospital data eval-
uation, blood gas analysis, and 12-lead electrocardiogram [ECG]). The following patients were excluded: 18 who experienced
traumatic cardiopulmonary arrest, 12 who required percutaneous cardiopulmonary support, nine with intracranial bleeding, two with
aneurysm rupture, one with a pacing rhythm, one with ECG findings of Brugada syndrome, and one who was younger than 18 years.
Among them, 50 patients could be evaluated by repeated ECGs and were included in the final analysis.
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Table 1. Baseline characteristics of patients who achieved return of spontaneous circulation following out-of-hospital cardiac
arrest (OHCA), grouped into those who survived for 90 days after OHCA (group S) and those who died within 90 days after OHCA

(group D)

Total (n = 50) Group S (n = 30) Group D (n = 20) P-value

Age (years) 66 + 17 59 + 17 76 + 11 <0.001* *
Male, n (%) 22 (44) 13 (43) 9 (45) 1.000
Initial VF, n (%) 30 (60) 24 (80) 6 (30) <0.001* *
EMS response time (min) 8(7,11) 8(7,10) 8(7,13) 0.236
NFD (min) 2(0,9) 2 (0,6) 10 (0, 13) 0.031%*
LFD (min) 21 (11, 31) 15 (7, 24) 30 (25, 43) <0.001* *
Witness, n (%) 40 (80) 26 (87) 14 (70) 0.171
Bystander, n (%) 32 (64) 23 (77) 9 (45) 0.035**
Presumed cardiac etiology, n (%) 39 (78) 26 (87) 13 (65) 0.090

AMI, n (%) 12 (24) 11 (35) 1(5) 0.006* *

VSA, n (%) 5(10) 4 (13) 1(5) 0.299

Idiopathic VF, n (%) 7 (14) 6 (19) 1(5) 0.403

Other, n (%) 10 (20) 5(16) 5 (26) 0.232

Unknown, n (%) 5(10) 0 (0) 5 (26) 0.001* *
Prearrest comorbidities, n (%)

DM 9 (18) 3(10) 6 (30) 0.130

HTN 16 (32) 10 (33) 6 (30) 1.000

DLP 9 (18) 6 (20) 3(15) 0.724

CHF 10 (20) 5(17) 5 (25) 0.494

CKD 6(12) 1(3) 5 (25) 0.032

HD 3 (6) 1(3) 2 (10) 0.556

CAD 7 (14) 5(17) 2 (10) 0.687

MI 5(10) 4 (13) 1(5) 0.636

Af 5(10) 3(10) 2 (10) 1.000

CPA 1(2) 0 (0) 1(5) 0.400
CK (IU/L) 131 (105, 220) 162 (118, 350) 104 (96, 124) 0.185
CKMB (IU/L) 39 (25, 52) 36 (24, 57) 42 (26, 47) 0.378
Creatinine (mg/dL) 1.19 (0.99, 1.44) 1.07 (0.96, 1.20) 1.39 (1.24, 1.96) 0.053
Lactate (mmol/L) 103 + 3.6 85+ 29 128 £ 2.9 <0.001* *
Glucose (g/dL) 292 + 216 252 + 135 356 + 297 0.104
EF (%) 48 + 13 48 + 14 47 + 12 0.883
CAG, n (%) 29 (58) 26 (87) 3 (15) <0.001* *
PCI, n (%) 13 (26) 12 (40) 1(5) 0.008* *
TTM, n (%) 19 (38) 15 (50) 4 (20) 0.041%* *
AQRS, n (%) 23 £ 25 10 + 15 42 + 26 <0.001*,*
Transient CD, n (%) 24 (48) 6 (20) 18 (90) <0.001* *

Parametric variables are shown as mean =+ standard deviation or median (interquartile range), and non-parametric variables as median
(25%, 75% value).

AQRS, difference in QRS duration between initial and second electrocardiogram; Af, atrial fibrillation; AMI, acute myocardial infarction; Bys-
tander, cardiopulmonary resuscitation by bystander; CAD, coronary artery disease; CAG, coronary angiography; CD, conduction distur-
bance; CHF, congestive heart failure; CK, creatine kinase; CKD, chronic kidney disease; CPA, history of cardiopulmonary arrest; DLP,
dyslipidemia; DM, diabetes mellitus; EF, ejection fraction; EMS response time, duration from call receipt to emergency medical services arri-
val at the patient’s site; HD, hemodialysis; HTN, hypertension; Idiopathic VF: patients with documented ventricular fibrillation without any
specific etiology; Initial VF, initial ventricular fibrillation rhythm; LFD, low-flow duration defined as the duration from start of cardiopul-
monary resuscitation to return of spontaneous circulation; MI, myocardial infarction; NFD, no-flow duration defined as the duration from
the cardiac arrest to the start of cardiopulmonary resuscitation; Other, including congestive heart failure, Takotsubo syndrome, hyper-
trophic myopathy, and aortic valve stenosis; PCI, percutaneous coronary intervention during hospitalization; Presumed cardiac etiology,
defined by Utstein guidelines; TTM, targeted temperature management after return of spontaneous circulation; VSA, vasospastic angina;
Witness, withessed cardiac arrest.

*P < 0.05 considered as significant.
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Percutaneous coronary intervention and
targeted temperature management

Emergent percutaneous coronary intervention (PCI) was
considered if the cardiac arrest seemed to be caused by a
myocardial infarction according to the initial evaluation with
the consensus of the cardiac team including the physician
who resuscitated the patient.'” Targeted temperature man-
agement was considered if the patient did not have a con-
traindication, such as infection or bleeding. Targeted
temperature management was initiated at 34°C for 24 h
using a combination of ice packs, cooled fluids, and active
surface cooling blankets, followed by rewarming to 36°C
for 24 h.’

Data collection, follow-up, and outcomes

Clinical characteristics and outcomes were collected from
hospital charts by independent researchers.

The all-cause death was recorded over the observation
period. The primary end-point of the present study was
90-day mortality. Predictors for 90-day mortality were
analyzed by using the Cox proportional hazards regres-
sion models.

Statistical analysis

We divided the overall population into two groups: S group,
those surviving for 90 days (n = 30), and D group, those
dying within 90 days (n = 20) (Figure). The baseline char-
acteristics between these groups were examined. We com-
pared the variables of the previous, initial, and second ECGs
in the S and D groups.

Univariate and multivariate Cox regression analyses
were undertaken to predict the 90-day mortality after
OHCA. Hazard ratios for 90-day mortality with corre-
sponding 95% confidence intervals were reported. The
multivariate model included transient CD, along with age,
initial VF rhythm, EMS response time, and LFD; tradi-

tional predictor for mortality among patients with
OHCA.'®%°
Parametric continuous variables were shown as

means =+ standard deviations and non-parametric variables
as medians (25%—75%). Parametric variables were analyzed
using a two-tailed 7-test and non-parametric variables using
the Mann—Whitney test. P-values of <0.05 were considered
statistically significant.

All statistical analyses were undertaken with EZR (Sai-
tama Medical Center, Jichi Medical University, Saitama,
Japan),?' which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).**

RESULTS

HE BASELINE CHARACTERISTICS of the 50

patients (mean age, 66 £ 17 years; 22 men) are sum-
marized in Table 1. Thirty patients (60%) survived for
90 days. Transient CD was defined as a AQRS duration of
>18 ms based on the cut-off value of ROC curve analysis.
Several clinical characteristics, including age, initial VF
rhythm, NFD, LFD, bystander CPR, and lactate level
(P < 0.05), were significantly different between the S and D
groups. Acute myocardial infarction occurred more fre-
quently in the S group than in the D group (35% vs. 5%,
P = 0.006). There was no intergroup difference in the prear-
rest comorbidities (e.g., diabetes mellitus, coronary artery
disease, and atrial fibrillation) except chronic kidney disease.
Percutaneous coronary intervention (40% vs. 5%,
P =0.008) and targeted temperature management (TTM)
(50% vs. 20%, P = 0.041) were undertaken more frequently
in the S group than in the D group.

The variables of the initial and second ECGs were evalu-
ated (Table 2). The median duration from ROSC to ECG
evaluation was 15 min (initial ECG) and 178 min (second
ECG), respectively. The previous ECG was evaluated
139 days (median) before OHCA (Fig. S1). The ECGs were
divided according to the presence of 90-day survival (group
S and group D). Comparing groups S and D, several vari-
ables of initial ECG had significant difference (QRS dura-
tion, QRS duration >120 ms, and QRS morphology).
Among variables of the second ECG, QRS morphology and
QRS duration >120 ms had significant difference between
group S and group D, but QRS duration had no significant
difference between groups (Table 2).

In the multivariate analysis including transient CD, age,
initial VF, EMS response time, and LFD, transient CD and
LFD were found to be the significant and independent pre-
dictors of all-cause mortality within 90 days (hazard
ratio = 16.55, 1.06; P = 0.001, 0.022, respectively;
Table 3).

Receiver operating characteristic curve analysis showed
that a cut-off value of 18 ms for the AQRS duration had the
highest accuracy for predicting 90-day mortality (specificity,
80.0%; sensitivity, 90.0%; area under the ROC curve,
0.886; Table 4).

DISCUSSION

O THE BEST of our knowledge, this is the first study
to evaluate the serial changes in ECGs after OHCA and
verify the prognostic value of transient CD. The main find-
ings of the present study are as follows: ECG findings drasti-
cally change in the first 3 h after OHCA, and transient CD is

© 2020 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
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Table 2. Electrocardiogram (ECG) variables evaluated in patients with return of spontaneous circulation following out-of-hospital
cardiac arrest (OHCA), grouped into those who survived for 90 days after OHCA (group S) and those who died within 90 days after
OHCA (group D)

Initial ECG Second ECG
Group S (n = 30) Group D P-value  Group S (n =30) GroupD (n =20) P-value
(nh = 20)
Heart rate (b.p.m.) 110 [91,119] 108 [77,119] 0.267 87 [76,101] 94 [79,106] 0.390
Atrial fibrillation, n (%) 9 (30) 10 (50) 0.235 3(10) 5 (25) 0.240
QRS duration (ms) 111 £ 18 154 £ 37 <0.001* 101 &+ 16 112 £ 29 0.099
QRS > 120 ms, n (%) 8 (27) 17 (85) <0.001* 3(10) 9 (45) 0.007*
QRS morphology, normal/ 22 (73)/3 (10)1 2 (10)/11 (55)/  0.001* 27 (90)/3 (10)/0/0 11 (55)/5 (25)/1 0.010%*
CRBBB/CLBBB/IVCD (3)/4 (13) 0/7 (35) (5)/3 (15)

QTc (ms) 442 + 52 465 £+ 40 0.102 425 + 29 439 + 42 0.180
ST elevation, n (%) 9 (30) 3(15) 0.323 6 (20) 1(5) 0.219
T wave inversion, n (%) 20 (67) 17 (85) 0.197 11 (37) 12 (60) 0.149
Jwave, n (%) 5(17) 3 (15) 1.000 6 (20) 6 (30) 0.506

Electrocardiograms obtained before the cardiopulmonary arrest were also evaluated as previous ECG.

CLBBB, complete left bundle branch block; CRBBB, complete right bundle branch block; IVCD, unspecific interventricular conduction delay;
J wave, presence of end-QRS notching/slurring >1 mV in two or more continuous leads (Il lllaVf or laVIV5,Vé); QTc, corrected QT interval;
ST elevation, presence in two or more contiguous ECG leads with an amplitude >1 mV; T wave inversion, presence of T wave inversion in

two or more contiguous ECG leads.
*P < 0.05 considered as significant.

a significant predictor of 90-day mortality among patients
who experience OHCA, the accuracy of which is compara-
ble to that of LFD.****

Pathophysiology of transient CD

The present study showed that transient CD could predict
90-day mortality after OHCA (Table 3). The pathophysiol-
ogy of transient CD can be explained by the changes in

QRS morphology during the acute phase after OHCA. Glo-
bal myocardial ischemia, caused by hypoperfusion associ-
ated with cardiac arrest, causes changes in QRS morphology
in patients who experience OHCA.>'” We also detected an
association between the presence of transient CD and
hypoperfusion duration measured by LFD (Fig. S2). Fur-
thermore, Table 2 reveals that the acute phase after OHCA
frequently included CRBBB and IVCD (initial ECG), and
most of these morphologies normalized in the second ECG.

Table 3. Multivariate analysis of predictive factors of 90-day mortality among patients who achieved return of spontaneous circu-

lation following out-of-hospital cardiac arrest

Univariate analysis

Multivariate analysis

HR cl P-value HR Cl P-value
Age 1.06 1.03-1.10 0.001* 1.04 0.97-1.10 0.251
VF 0.20 0.08-0.53 0.001* 0.44 0.12-1.56 0.203
EMS response time 1.12 0.95-1.33 0.179 1.06 0.90-1.24 0.505
LFD 1.05 1.02-1.08 <0.001* 1.06 1.01-1.10 0.022*
Transient CD 17.18 3.93-74.99 <0.001* 16.55 2.95-92.80 0.001*

CD, conduction disturbance; Cl, confidence interval; EMS, emergency medical services; HR, hazard ratio; LFD, low-flow duration; VF, ven-

tricular fibrillation.
*P < 0.05 was considered as significant.
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Table 4. Receiver operating characteristic (ROC) curve analysis of continuous variables for 90-day mortality in patients who
achieved return of spontaneous circulation following out-of-hospital cardiac arrest

Cut-off Specificity Sensitivity AUROC 95% Cl

ECG

AQRS duration (ms) 18 0.800 0.900 0.886 0.793-0.979

QRS duration, initial (ms) 128 0.833 0.850 0.866 0.748-0.984

QRS duration, second (ms) 128 0.900 0.450 0.573 0.389-0.758
Age (years) 69 0.700 0.850 0.808 0.689-0.928
LFD (min) 18 0.600 1.000 0.820 0.703-0.937
Lactate (mmol/L) 10.1 0.741 0.850 0.861 0.759-0.963
EF (%) 40 0.640 0.500 0.514 0.326-0.702

Difference in QRS duration between initial and second electrocardiogram (AQRS) has the highest area under the ROC curve (AUROC) with a

cut-off value of 18.

Cl, confidence interval; ECG, electrocardiogram; EF, ejection fraction; LFD, low-flow duration.

Therefore, the progression of CRBBB and IVCD could con-
tribute to the presence of transient CD. In contrast, CLBBB
rarely progressed in our population (Table 2). We speculate
that CLBBB should occur at the presence of a localized
injury of the left bundle branch, such as myocardial infarc-
tion.'*!'® Therefore, the presence of CLBBB might indicate
a limited injury of the myocardium rather than the severity
of hypoperfusion associated with the cardiac arrest itself.
Our study cohort included a relatively small number of
patients with myocardial infarction compared with previous
reports,”'® which could contribute the low presence of
CLBBB in the present study.

On the other hand, the present study include patients who
had been documented bundle branch block before the event;
however, the presence of persistent bundle branch block is
not associated with the burden of cardiac arrest itself. We
then evaluated the ECGs before OHCA (previous ECQG),
which has not been explored in previous studies.” "3
Although we could obtain data in a relatively small number
of cases (n = 15), the rate of a bundle branch block in previ-
ous ECG was almost the same as in healthy subjects,?>~°
indicating that the morphologic changes in the initial ECG
were largely affected by the cardiac arrest itself (Table 2).
Furthermore, as the prevalence of bundle branch block is
comparable in previous ECGs and second ECGs, the “tran-
sient CD” could rule out the previous CD (Table 2, Fig. S1).
Therefore, transient CD could predict mortality following
OHCA more precisely compared with the sole morphology
following OHCA, such as bundle branch block of initial
ECG. Particularly, among patients for whom previous, ini-
tial, and second ECGs were available, transient CD could
predict survival (except one patient with PCI); conversely,
morphology at one time point (either initial or second) could
not predict survival so accurately (Fig. S3).

Definition of transient CD

In the present study, we defined transient CD as a AQRS
duration of >18 ms. The AQRS duration might approximate
the prolongation of QRS duration in the setting of cardiac
arrest; the QRS prolongation between previous ECG and ini-
tial ECG was close to the AQRS duration in the present
study (Table2, Fig. S1). Previously, Attin et al.”’ reported
that the QRS prolongation just before cardiac arrest was
associated with poor outcomes. The definition of QRS pro-
longation was 20 ms in that report. It was also repeatedly
indicated in other studies that prolongation of QRS duration
during cardiac arrest might be associated with poor out-
comes.”®?° Considering these previous reports, we pre-
sumed the definition of the transient CD (AQRS duration of
>18 ms) could be close to the preferable cut-off, then the
definition might be reasonable.

Repolarization abnormality from ECGs after
OHCA

We detected fewer changes in repolarization abnormalities
than in depolarization abnormalities among the patients who
experienced OHCA. The changes in the corrected QT inter-
val could have largely been explained by changes in the
QRS duration (Table 2), indicating the effect of the depolar-
ization phase. T wave inversion tended to disappear in the
initial 3 h (Table 2); however, the presence of a bundle
branch block could affect the presence of the T wave inver-
sion. The presence of J waves could not explain the impact
of the repolarization phase in the ECG after OHCA. There-
fore, we emphasized that the serial ECG changes after
OHCA were largely explained by a depolarization, not repo-
larization, abnormality.

© 2020 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
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Association between clinical management
and ECG changes

In this study, clinical management, including TTM and PCI,
influenced the ECG changes. Although the patients who
received TTM tended to have a narrow AQRS duration and
less commonly had transient CD, the association between
the AQRS duration or transient CD and 28-day mortality is
still relevant despite the TTM status (Fig. S4). The presence
of PCI was also associated with ECG changes and mortality.
Furthermore, the Cox regression analysis including TTM
and PCI indicated that transient CD is still a significant pre-
dictor of 90-day mortality. Therefore, we emphasize that
ECG changes, especially transient CD, can predict mortality
after OHCA regardless of the use of these consecutive pro-
cedures after OHCA.

Generalizability

The present study indicated that transient CD might be a pre-
dictor of mortality in patients following OHCA. It is a
strength of transient CD that the predictor could be easily
evaluated in every patient who achieved ROSC following
OHCA during the initial phase. Although the present study
could not evaluate the neurological outcome, the early pre-
diction of mortality is crucial to determine the optimal
course of care.'® As the present study was retrospective and
observational and had few patients, further study is needed
to establish the efficacy of transient CD.

Limitations

This study was limited by its retrospective design, single-
center location, and relatively small number of patients. As
this was a retrospective study, the baseline characteristics
differed widely between the S and D groups. However, sev-
eral ECG parameters were significantly associated with a
poor prognosis among the patients who experienced OHCA
in the multivariate Cox regression analyses.

The change in ECG findings during the acute phase after
OHCA, and transient CD in particular, is a powerful predictor
of 90-day mortality among patients who experience OHCA.

As the prediction of mortality was substantially different
from the prediction of neurological outcomes among
patients following OHCA, we could not discuss the neuro-
logical outcomes in the present study.

CONCLUSION

HE CHANGE IN ECG findings in the acute phase fol-
lowing OHCA, and transient CD in particular, is a

powerful predictor for 90-day mortality in patients who sur-
vived 3 h after ROSC from OHCA.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1. Electrocardiogram (ECG) variables before out-of-
hospital cardiac arrest (OHCA). The ECGs were evaluated
according to 90-day survival following OHCA (group S ver-
sus group D).

Fig. S2. Association between low-flow duration (LFD) and
the presence of transient conduction disturbance (CD) in
patients with out-of-hospital cardiac arrest. Patients with
transient CD had higher LFD compared with patients with-
out (P = 0.028).

Fig. S3. Patients with out-of-hospital cardiac arrest (OHCA)
who underwent previous, initial, and second electrocardio-
gram (ECG). All patients who died within 90 days following
OHCA had transient conduction disturbance (CD).

Fig. S4. Comparison of electrocardiographic variables
(AQRS duration and transient conduction disturbance [CD])
and clinical management (targeted temperature management
and percutaneous coronary intervention) in patients with
out-of-hospital cardiac arrest.
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