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Abstract

Background Early repolarization pattern (ER) gained at-

tention as a risk factor for ventricular arrhythmia and sudden

cardiac death in the general population. While electrocar-

diographic abnormalities are frequent findings in stroke pa-

tients, data on ER pattern in this population are lacking.

Methods We assessed the prevalence of ER pattern in

consecutive acute stroke patients at a tertiary stroke center.

Functional outcome after 90 days was analyzed to deter-

mine the effect of an ER pattern on mortality. Multivariate

logistic regression analysis was used to identify factors

associated with an ER pattern.

Results Out of 1141 consecutive stroke patients 771 pa-

tients remained for analysis after application of exclusion

criteria. ER was observed in 62 (8.04 %) patients. ER was

more prevalent among subjects with intracerebral and

subarachnoidal hemorrhage (13.0 %) than among patients

with ischemic stroke (7.0 %; p = 0.024). Multiple regres-

sion analysis revealed QRS-duration (OR 0.972 95 % CI

0.950–0.994, p = 0.012), QT-duration (OR 1.009, 95 % CI

1.004–1.014, p = 0.001) and mechanical ventilation on

admission (OR 0.320, 95 % CI 0.136–0.752, p = 0.009) as

independent predictors for ER. Overall ER on admission

was not associated with increased mortality at 3-month

follow-up (ER 11.3 % vs. non-ER 9.2 %; p = 0.582).

Conclusions ER is frequently found among patients with

acute cerebrovascular events and is more prevalent in pa-

tients with hemorrhagic compared to ischemic events. Our

study yields no evidence that ER is associated with worse

outcome or mortality after stroke.
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Introduction

Electrocardiographic abnormalities and cardiac arrhyth-

mias are frequent findings in patients with acute stroke and

may complicate the course of cerebrovascular disorders

[1]. Although many changes may result from cardiac co-

morbidities and coexisting vascular risk factors, cerebral

lesions themselves were shown to disturb central auto-

nomic control [2] resulting in impaired cardiac function

and even sudden death [3–6]. These mechanisms are fur-

ther supported by post-mortem analyses in patients with

ischemic stroke, as lethal ECG abnormalities were asso-

ciated with focal myocytolysis in absence of coronary

artery disease [7]. Moreover, several experimental models

linked elevated plasma norepinephrine levels after stroke to

impaired cardiac function [8, 9] and lesions in the right

insular cortex were associated with disturbance of cardiac

repolarization [10, 11]. This unique and complex interac-

tion has led to the use of the term ‘‘heart–brain-connec-

tion’’ [9]. ECG changes have been reported primarily in

patients suffering from intracerebral hemorrhage [12] and
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subarachnoid hemorrhage [13], but case series also re-

vealed abnormalities in up to 76 % of ischemic stroke

patients [14, 15]. Common ECG changes during the acute

phase of stroke include QT-prolongation, ST-segment, T

wave and U wave abnormalities [11, 16], bundle branch

block [15], but also more serious complications like tachy-

and bradycardic arrhythmia [17]. Moreover, several studies

reported an impact of abnormalities on ECG on stroke

outcome at 3 months [18–20]. Recently, early repolariza-

tion, a common electrocardiographic finding that was

considered to be benign for decades, gained attention as a

risk factor for increased cardiac mortality and also sudden

cardiac arrest in otherwise healthy young patients [21, 22].

Though one case report draw attention to a possible link

between alteration of the ER pattern and infarction of the

left insular cortex [23], systematic data on the prevalence

of ER patterns in patients with acute cerebrovascular

events are still lacking. The aim of the current study was

therefore to determine the overall prevalence of ER pattern

in acute stroke patients and to clarify, if ER pattern is

related to mortality.

Methods

Study design and patient inclusion

Consecutive patients with acute ischemic or hemorrhagic

stroke admitted to the Department of Neurology at the

University Hospital Erlangen, Germany between February

2011 and January 2012 (n = 1141) were prospectively in-

cluded in this study. The study was approved by the local

ethics committee of the Medical faculty, University of Er-

langen-Nuremberg. The diagnosis of stroke was established

on the basis of clinical findings and diagnostic imaging in

accordance with current guidelines [24]. A detailed medical

history and clinical information were obtained from every

patient. Stroke severity was assessed on admission using the

National Institutes of Health Stroke Scale (NIHSS) [25].

Cardiovascular stroke unit work-up with echocardiography,

sonography of cerebral arteries, risk-factor stratification and

laboratory testing was performed following current rec-

ommendations [26, 27]. A 12-lead ECG was recorded with

a sensitivity of 10 mm/mv and a paper speed of 50 mm/s in

all stroke patients within 1–4 h after admission to our

emergency department. Patients with implanted pacemaker,

significant ventricular conduction delay (QRS[120 ms) as

well as atrial fibrillation were excluded from analysis [21,

22]. Pre-admission data and outcome measure were

evaluated using the modified Rankin Scale (mRS) [28]. The

mRS at 3 months was obtained by a structured telephone

interview which was conducted by two scale trained and

certified physicians (T.B., B.K.).

Analysis of electrocardiography

An experienced physician manually evaluated all ECGs.

Routine ECG parameters were analyzed according to cur-

rent guidelines [29]. QTc was calculated with the Bazett’s

formula as QTHR–R [30]. For diagnosis of an early re-

polarization pattern the following criteria were applied:

elevation of the J-point more than 0.1 mV in at least 2

inferior or lateral leads [31]. The pattern was classified as

either notched with a positive J deflection inscribed on the

S wave or slurred with a flat transition from QRS to ST-

segment [21, 32]. Additionally, ER was coded according to

the recently published classification: horizontal/descending

or concave/rapidly ascending, defined as more than 0.1 mV

elevation of ST-segment within 100 ms after the J-point or

a permanent elevated ST-segment of more than 0.1 mV

[31, 33]. Two additional investigators reviewed all ECGs

with suspected ER and the diagnosis of ER was limited to

cases, where it was confirmed by the consensus of all three

physicians.

Statistical analysis

Data were processed using the Office 2010 (Microsoft

Corp.) software package, statistical analysis was performed

with SPSS 21.0 (SPSS Inc.). Normality of distribution was

tested using the Kolmogorov–Smirnov and Shapiro–Wilk

tests. Normal distributed data are presented as mean ± SD

(compared using Student T test), other data as median and

interquartile ranges (compared using Mann–Whitney-U-

Test). The Pearson-v2 and Fisher’s exact test were used to

compare categorized variables. Parameters reaching a sta-

tistical trend in univariate testing (p\ 0.1) were included

into the stepwise backwards logistic regression model with

prevalence of ER as the dependent variable. The level of

significance was set a priori at p\ 0.05. Statistical tests

were two-sided.

Results

Baseline characteristics, admission status

and laboratory values

1141 patients with acute stroke were treated in our tertiary

stroke center from February 2011 to January 2012. Base-

line study 12-lead ECGs on admission were available for

analysis in 1062 of the 1141 patients. In 79 cases the ECG

was of insufficient quality for evaluation of ER in the

judgement of the ECG evaluators and was excluded from

our analysis. In addition, patients with atrial fibrillation and

atrial flutter (n = 181, 19.4 %), implanted cardiac pace-

maker (n = 22) and significant ventricular conduction
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delay (n = 63) were excluded. 771 patients remained for

analysis, of whom 633 patients had ischemic stroke, 90

patients intracerebral hemorrhage and 48 patients sub-

arachnoid hemorrhage. Baseline characteristics of the study

cohort are shown in Table 1 (for baseline characteristics

stratified by ER and type of stroke please see Supple-

mentary Table 1). Patients with ER showed a significant

higher rate of mechanical ventilation on admission (ER

17.7 % vs. non-ER 3.8 %, p\ 0.001), especially in pa-

tients with intracerebral hemorrhage (ER 70 % vs. non-ER

13.8 %, p\ 0.001). Diabetes mellitus was less prevalent

among patients with ER (16.1 % vs. non-ER 29.8 %,

p = 0.023). None of the other laboratory parameters

showed a significant association with the presence of ER

on admission (please see Supplementary Table 2).

Electrocardiographic analysis and prevalence of early

repolarization pattern

Electrocardiographic characteristics are presented in

Table 1 (for stratification by type of stroke please see

Supplementary Table 3). Overall 8.0 % of patients were

presented with ER on admission. ER was observed in

7.0 % of patients with ischemic stroke and in 11.1 and

16.7 % in patients with intracerebral and subarachnoid

hemorrhage, respectively. Thus, the prevalence of ER was

significantly higher in patients with hemorrhagic stroke

(ICH/SAH) than in ischemic stroke (p = 0.024). As the

hospital is a tertiary stroke center, 18.3 % of patients were

transferred from another hospital. The mean time between

stroke onset and recording of an ECG was 322 (127–974)

min in patients who arrive at our hospital at first and 2406

(1332–7722) min in transferred patients. Though this time

difference had no impact on the appearance of an ER

pattern (p = 0.488).

Typical examples of ECGs from subjects of the study

group with either a slurred or notched ER pattern are

shown in Fig. 1. The proportion of a slurred pattern

(67.7 %, n = 41) was higher than a notched pattern

(32.3 %; n = 21). Among these subjects, the elevation was

observed in the inferior leads in 35 subjects (56.5 %) and in

the lateral leads in 35 subjects (56.5 %). 51 (82.3 %) of the

ER patterns showed a horizontal/descending pattern, while

11 (17.7 %) presented an ascending/upsloping pattern.

Predictors of early repolarization

As shown in Table 1, patients with ER had a significant

lower heart rate (65.5 vs. 70.0/min; p = 0.005), shorter

QRS-duration (80 vs. 90 ms; p = 0.009) and longer QT-

Table 1 Baseline

characteristics, follow-up data

and electrocardiographic

characteristics (n = 771)

* p value for ER? vs. ER-

patients; p B 0.05 was

considered significant and typed

in bold font
� Parameters were obtained

using patients reports as well as

laboratory values and

examination results

All cerebrovascular events (n = 771) ER? (n = 62) ER- (n = 709) p*

Baseline characteristics

Age (years) 61.5 (49.8–77.0) 69.0 (58.0–77.8) 0.064

Gender [$] 32 (51.6 %) 309 (43.6 %) 0.222

Pre-MRS (0–6) 0 (0–1) 0 (0–1) 0.471

NIHSS on admission (0–42) 4 (1–11) 3 (1–8) 0.538

Intubated on arrival (%) 11 (17.7 %) 27 (3.8 %) <0.001

Arterial hypertension (%) 49 (79.0 %) 617 (87.0 %) 0.079

Diabetes mellitus (%) 10 (16.1 %) 211 (29.8 %) 0.023

Current nicotine abuse (%) 18 (29.0 %) 169 (23.8 %) 0.360

History of atrial fibrillation (%) 5 (8.1 %) 84 (11.8 %) 0.371

Structural heart disease (%) 11 (17.7 %) 149 (21.0 %) 0.542

Prior stroke (%) 19 (30.6 %) 215 (30.3 %) 0.958

Follow-up data

LOS in hospital (days) 8 (5–13) 7 (5–11) 0.145

In hospital mortality (%) 4 (6.5 %) 34 (4.8 %) 0.504

Follow-up mRS (0–6) 1 (1–3) 2 (1–3) 0.856

Mortality 90 days (%) 7 (11.3 %) 65 (9.2 %) 0.582

Unfavorable outcome (%) mRS4-6 16 (25.8 %) 138 (19.5 %) 0.389

Electrocardiographic characteristics

Frequency (bpm) 65.5 (59.8–74.0) 70.0 (62.0–83.5) 0.005

PQ duration (ms) 160.0 (140.0–180.0 160.0 (140.0–190.0) 0.355

QT-duration (ms) 400.0 (380.0–440.0) 390.0 (360.0–420.0) <0.001

QTc (ms) 426.4 (402.5–465.4) 424.9 (404.7–450.4) 0.318

QRS-duration (ms) 80.0 (80.0–100.0) 90.0 (80.0–100.0) 0.009
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duration (400 vs. 390 ms; p\ 0.001). In addition to those

parameters type of stroke, NIHSS-score, mechanical ven-

tilation on admission, diabetes, hypertension and age

showed a trend in univariate analysis and were included

into a linear regression model with ER as the dependent

variable. QRS-duration (OR 0.972; 95 % CI 0.950–0.994;

p = 0.012), QT-duration (OR 1.009; 95 % CI

1.004–1.014; p = 0.001) as well as mechanical ventilation

on admission (OR 0.320; 95 % CI 0.136–0.752;

p = 0.009) remained as independent predictors of ER

(Table 2).

Association of ER with functional outcome

and mortality

Functional outcome and mortality for the entire cohort is

presented in Table 1. There was no association of ER and

functional outcome for the entire cohort or in any of the

subgroups. Also the mortality rate after 90 days revealed no

difference between patients with and without ER (11.3 vs.

9.2 %, p = 0.582) in the entire cohort. Analysis of the

malignant ER pattern with a horizontal/descending pattern

did not reveal a difference in terms of mortality

(p = 0.746). Subgroup analysis showed an increased

mortality rate in ICH patients with ER (50 vs. 16.3 %,

p = 0.026). However, patients with ER were clinically

more severely affected and had presented with a worse

NIHSS-score [38 (8–40) vs. 9 (5–17), p = 0.011] as well

as higher rate of mechanical ventilation on admission (ER

70 % vs. non-ER 13.8 %, p\ 0.001). Due to the low

number of patients multivariate logistic regression was not

feasible in this subgroup.

Discussion

Cardiac arrhythmias are a frequent and potentially fatal

complication in the acute phase after stroke [1, 5, 17].

Recently, ER pattern emerged as a risk factor for sudden

cardiac death in healthy adults [21]. A multitude of studies

were published about the prevalence of ER and the asso-

ciated risk of cardiac death in the general population as

well as in various diseases [21, 22, 33–39]. Our data rep-

resent the first systematic evaluation in acute stroke pa-

tients. ER was a frequent finding in our cohort but we

found no evidence of an association with mortality. Several

important aspects emerge from the data.

ER pattern are common among stroke patients

Overall prevalence of ER was 8.0 %, ranging from 7.0 %

in patients with ischemic stroke to higher rates of 11.1 and

16.7 % in patients with intracerebral and subarachnoidal

hemorrhage, respectively. According to a recently pub-

lished meta-analysis the prevalence of ER in the general

population varies from 0.9 to 31 % depending on the co-

hort and the mean age with a higher prevalence in younger

patients. It has to be noted that with a mean age between 38

Fig. 1 a Panel A slurring morphology of ER pattern in the inferior leads. b Panel B notching morphology of ER pattern in the lateral leads
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and 55 years in the included studies, cohorts in the meta-

analysis were younger compared to ours as well as other

typical stroke cohorts [40, 41].

Mechanical ventilation on admission, QRS-duration

and QT-prolongation are independent predictors

of the presence of an ER pattern

In concordance with other studies we demonstrated that ER

is related to a slower heart rate. Time-dependent recovery

of Ito from inactivation may be one possible mechanism

[36, 42, 43]. In logistic regression model QRS-duration,

QT-duration as well as intubation on admission demon-

strated a significant association with occurrence of ER.

While QRS-duration was significantly shorter in patients

with ER in our cohort, other studies yield conflicting re-

sults. Several authors reported a slight increase or no re-

lationship in QRS-duration [21, 32], while others also show

a shorter QRS-duration [36]. Watanabe et al. reported that

a shorter QTc interval might be associated with ER and

share common cardiac channel genetic mutations with

short QT syndrome. We were unable to reproduce this

finding as ER positive patients showed comparable QTc

times to non-ER patients. QT time was even slightly longer

in patients with ER.

Association of ER and mortality after stroke

A number of studies suggested a relationship between ER

and sudden cardiac death, a complication that also occurs

in early phases after ischemic stroke [21, 22, 32, 40].

Although we found a significant prevalence of ER in our

study population, there was no evidence that ER may act as

a surrogate parameter identifying patients at risk for sudden

cardiac death after stroke. Recently, Tikkanen et al. [33]

classified ER into two different groups based on the ST-

segment: a benign ER pattern with rapidly ascending ST-

segment and a horizontal/descending ST-segment mor-

phology. However, our study did not discover an effect of a

malignant ER pattern with horizontal/descending ST-seg-

ment morphology on mortality after stroke.

Limitations

The main limitation is the single center design of our study.

Although we present the first systematic evaluation of

prevalence and impact of ER in a stroke population, the

analysis was limited due to the low number of events

especially sudden cardiac deaths. Our study population

represents a typical population on a Stroke Unit; therefore,

many patients had to be excluded mainly due to the pres-

ence of atrial fibrillation. Since our follow-up was limited

to 3 months we were not able to capture events that may

occur later. However, previous studies suggest that the

most vulnerable phase for cardiac complications will be the

acute to subacute setting after stroke.

Conclusions

Our results demonstrate that ER is frequently seen among

acute stroke patients and is more prevalent in hemorrhagic

than in ischemic stroke. There was no evidence that ER is a

surrogate parameter identifying patients at risk for cardiac

complications after stroke.

Conflict of interest The authors report no disclosures relevant to

the manuscript.
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