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ARTICLE INFO ABSTRACT

Keywords: Background: Cardiac dysfunction is often seen following neurological injury. Data regarding cardiac involvement
Stroke ) after ischemic stroke is sparse. We investigated the association of electrocardiographic (ECG) and echocardio-
Ischemic graphic variables with neurological outcomes after an acute ischemic stroke.

Ef}i}o cardiogram Methods: We retrospectively collected baseline characteristics, stroke location, National Institute of Health Stroke
Echo Scale (NIHSS) at the time of admission, acute reperfusion treatment, ECG parameters, and echocardiographic

data on 174 patients admitted with acute ischemic stroke. Outcomes of the stroke were based on cerebral per-
formance category (CPC) with a CPC score of 1-2 indicating a good outcome and a CPC score of 3-5 indicating a
poor outcome.

Results: Older age (75.31 & 11.89 vs. 65.16 + 15.87, p < 0.001, OR = 1.04, 95 % CI 1.01-1.07), higher heart rate
(80.63 + 18.69 vs. 74.45 + 17.17 bpm, p = 0.024, OR = 1.02, 95 % CI 1.00-1.05) longer QTc interval (461.69
+ 39.94 vs. 450.75 + 35.24, p = 0.024, OR = 1.01, 95 % CI 0.99-1.02), NIHSS score (60.9 % vs. 17.8 %, p <
0.001, OR = 14.90, 95 % CI 3.83-69.5), and thrombolysis (15 % vs. 5 %, p = 0.049, OR = 0.55, 95 % CI
0.10-2.55) were associated with poor neurological outcomes. However, when adjusted for age and NIHSS, heart
rate and QTc were no longer statistically significant. None of the other ECG and echocardiographic variables
were associated neurological outcomes.

Conclusions: Elevated heart rate and longer QTc intervals may potentially predict poor neurological outcomes.
Further studies are needed for validation and possible integration of these variables in outcome predicting
models.

QT interval

1. Background

Ischemic stroke is an acute neurological dysfunction of the brain,
spinal cord or retina caused by cerebral hypoperfusion. About 85 % of
strokes are ischemic, caused by interruption of blood supply to a certain
area of the brain. The rest of the strokes are hemorrhagic and comprise
of intracerebral and subarachnoid hemorrhage [1]. Stroke is the fifth
most common cause of mortality in the United States and is a leading
cause of disability as the majority of the patients suffer long-term poor
functional, psychological, and cognitive outcomes [2,3]. Cardiac

dysfunction after a neurological injury is common [4,5] and has been
extensively described in associations with traumatic brain injury, and
intracranial hemorrhage [6]. Cardiac complications are the second most
common cause of death in patients with cerebrovascular accident (CVA)
[7]. Cardiac dysfunction frequently manifests as electrocardiographic
(ECG) changes, arrhythmia, elevated cardiac biomarkers, myocardial
dysfunction such as transient neurogenic stunned myocardium [5,6].
Most common ECG changes seen are T-wave inversion or peaking, ST
segment changes and prolongation of QT interval [5]. Other changes
include sinus tachycardia [8], sinus bradycardia, atrial fibrillation [5],
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and premature ventricular contractions [5].

These changes have been attributed to massive catecholamine
release mediated by the central neuro-endocrine axis and neuro-
inflammatory response to brain injury [9,10]. The extent of sympathetic
augmentation is linked to disinhibition of the insular cortex and is seen
more commonly with the involvement of the right insular cortex [9,11].
This sympathetic activation causes direct myocardial damage and con-
tributes to ECG changes and myocardial dysfunction [5]. However, little
is known about the extent of cardiac involvement with cerebral infarc-
tion. In this study, we sought to examine the association between various
ECG and echocardiographic variables and neurological outcomes
following acute ischemic stroke.

2. Methods

This retrospective analysis included 174 patients admitted to Saint
Francis Hospital from August to December in 2021. Acute stroke was
defined as focal neurological symptoms with imaging evidence of ce-
rebral infarction by computed tomography or magnetic resonance im-
aging of the brain. We collected baseline demographics and comorbidity
variables including age, gender, race, ethnicity, coronary artery disease,
lung disease, hypertension, hyperlipidemia, diabetes, body mass index,
and renal disease. The characteristics of the stroke included were the
location, National Institute of Health Stroke Scale (NIHSS) at the time of
admission, and treatment modality. Outcomes of the stroke were based
on cerebral performance category (CPC) at discharge, with a CPC score
of 1-2 indicating a good outcome and a CPC score of 3-5 indicating a
poor outcome.

We analyzed the first ECG at the time of presentation for presenting
rhythm, PR interval length, QTc interval length, ST-segment and T-wave
changes, and the presence of conduction abnormalities. PR interval
prolongation was defined as a PR interval > 200 ms as determined by
the ECG machine. QTc interval prolongation was defined as a QTc in-
terval > 440 ms as determined by the ECG machine. ST segment
changes, T-wave changes, rhythm, and left bundle branch block were
determined based on the reading cardiologist's interpretation of the
ECG. These findings were compared with previous ECGs available in the
patient's chart to determine any change from baseline.

Echocardiograms were performed within days of presentation to the
hospital. Echocardiographic data included markers of myocardial
relaxation (LV lateral and septal tissue velocity), left ventricular ejection
fraction (LVEF), and regional wall motion abnormalities. Impaired
myocardial relaxation was defined as LV septal velocity < 7 cm/s, and
LV lateral velocity < 10 cm/s. These variables as well as the determi-
nation of regional wall motion abnormalities were obtained from the
echocardiogram report read by a cardiologist.

A descriptive analysis was conducted to summarize demographic and
cardiovascular risk factors overall and by the status of neurological
outcome using mean, standard deviation, as well as minimum and
maximum for continuous variables and frequencies and percentages for
categorical variables. The good and poor neurological outcome groups
were compared for the factors using Wilcoxon rank-sum tests for
continuous variables and Fisher's exact tests instead for categorical
variables. Those significant at 5 % level were jointly modeled using a
multivariable logistic regression model. P-values smaller than 5 % were
considered statistically significant. All the statistical analyses were
performed in R version 4.1.2.

3. Results

We included 174 patients in the analysis. Table 1 outlines the base-
line characteristics of the study population. The average age of subjects
was 70.87 + 14.63 years. Majority of the patients were males 98 (56.3
%) and were non-Hispanic or Latino 158 (90.8 %). In the entire cohort,
traditional risk factors were prevalent. The most common risk factors
were hypertension 130 (74.7 %), dyslipidemia 90 (51.7 %), diabetes 66
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Table 1
Patient characteristics included in the study.

Patient characteristics (n = 174)

Age (Mean + SD (Min; Max)) 70.87 + 14.63 (23; 96)

Sex
Female 76 (43.7 %)
Male 98 (56.3 %)
Race
Asian 5 (2.9 %)
Black or African American 42 (24.1 %)
Native Hawaiin or Pacific Islander 2 (1.1 %)
Other 18 (10.3 %)
White or Caucasian 107 (61.5 %)
Ethnicity

16 (9.2 %)
158 (90.8 %)
60 (34.9 %)
26 (14.9 %)
130 (74.7 %)
66 (37.9 %)
90 (51.7 %)
38 (21.8 %)
34 (19.5 %)

Hispanic or Latino

Not Hispanic or Latino

BMI > 30 kg/m?

History of Lung Disease

History of Hypertension

History of Diabetes

History of Dyslipidema

History of Renal Disease

History of Coronary Artery Disease

(37.9 %), obesity (BMI > 30 kg/rnz) 60 (34.9 %), renal dysfunction 37
(21.3 %) and atrial fibrillation 26 (16 %). The majority of patients had
large vessel stroke 138 (79.8 %), 9 (41.8 %) patients had moderate to
severe stroke symptoms (NIHSS > 5). 19 (10.9 %) patients received
thrombolysis and 14 (8 %) underwent mechanical thrombectomy. 98
(56.3 %) patients had poor neurological outcomes as defined by CPC
scores of 3-5.

Patients who had poor neurological outcomes were older (75.31 +
11.89vs. 65.16 + 15.87, p < 0.001, OR = 1.04, 95 % CI 1.01-1.07), had
higher heart rates at the time of presentation (80.63 + 18.69 vs. 74.45
+ 17.17 beats per minute, p = 0.024, OR = 1.02, 95 % CI 1.00-1.05),
longer QTc intervals (461.69 + 39.94 vs. 450.75 + 35.24, p = 0.024,
OR =1.01, 95 % CI 0.99-1.02), higher prevalence of moderate or severe
stroke (60.9 % vs. 17.8 %, p < 0.001, OR = 14.90, 95 % CI 3.83-69.5),
and more likely to have received thrombolysis (15 % vs. 5 %, p = 0.049,
OR = 0.55, 95 % CI 0.10-2.55) as compared to patients with good
neurological outcomes (Table 2). In individuals with bad neurological
outcomes, the QTc increased by 10.37 + 34.26 as compared to —1.17 +
29.47 in patients with good neurological outcomes; however, the mean
difference was not statistically significant (p = 0.071). When adjusted
for other covariates including age and NIHSS score, these ECG variables
were no longer associated with neurological outcomes (Table 3). Lat-
erality of stroke location, other ECG and echocardiographic variables
that were evaluated were not significantly associated with neurological
outcomes (Supplementary Table). As expected, age (Odds Ratio [OR] =
1.05, 95 % CI 1.02 to 1.08, p = 0.002) and severity of stroke (>mild)

Table 2
Complete Summary of investigated variables and association neurological
outcomes.

Variable Poor Good P-value
Age 75.31 +£11.89 (45; 65.16 +15.87 (23;  <0.001
94) 96)
No stroke symptoms 6 (6.5 %) 18 (24.7 %) <0.001
Minor stroke 30 (32.6 %) 42 (57.5 %)
Moderate and severe 56 (60.9 %) 13 (17.8 %)
stroke
Ecg Rate Bpm 80.63 + 18.69 (51; 74.45 +17.17 (52; 0.024
143) 136)
Ecg Q Tc Interval 461.69 + 39.94 450.75 + 35.24 0.026
(352; 665) (378; 547)
Q Tc Interval Change From  10.37 + 34.26 —1.17 £ 29.47 0.071
Baseline (—55; 102) (—68; 107)
Thrombolysis - - -
N 83 (85 %) 72 (95 %) 0.049
Y 15 (15 %) 4 (5 %)
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Table 3
Summary of variables significantly associated with neurological outcomes.
OR 95 % CI P-value

Age 1.05 [1.02, 1.08] 0.002
NIHSS NA <0.001
No stroke symptoms Ref Ref Ref
Minor stroke 2.56 [0.78, 9.81] 0.141
Moderate and severe stroke 15.65 [4.38, 66.34] <0.001
Ecg rate Bpm 1.02 [1.00, 1.05] 0.061
Ecg Q Tc interval 1.00 [0.99, 1.02] 0.432
Thrombolysis 0.52 [0.09, 2.24] 0.404

were associated with a risk of poor neurological outcome compared to
no stroke symptoms.

4. Discussion

In this study, we investigated the correlation of ECG and echocar-
diographic variables with neurological outcomes after ischemic stroke.
The results of our study demonstrated that none of the ECG and echo-
cardiographic variables were associated with neurological outcomes. As
expected, older age and higher NIHSS scores were strongly associated
with poor neurological outcomes. Patients who had poor neurological
outcomes showed a non-statistically significant increase in QTc interval
from baseline as compared to a decrease in patients with good neuro-
logical outcomes. To the best of our knowledge, this is the first study
evaluating the association of comprehensive ECG and echocardio-
graphic parameters with neurological outcomes in patients with
ischemic stroke.

Although our results are negative when adjusted for other covariates,
the correlation of heart rate and change in QTc interval with neuro-
logical outcomes is noteworthy. Heart rate and QTc interval change
have been linked with neurological outcomes in previous studies. We
believe that our results may have been negative due to the small sample
size of our study population. One study from 2016 found that patients
who had heart rates >86 bpm following acute ischemic stroke were at
increased risk for all-cause mortality, decompensated heart failure, and
worse modified Rankin Scale after 90 days [12]. A recent study inves-
tigating the effect of heart rate on 1-year outcomes for patients with
acute ischemic stroke found that patients with a mean and maximum
heart rate of >81 bpm and > 100 bpm respectively had higher risk of
recurrent stroke, myocardial infarction, or death [13]. Similarly, pro-
longation of the QT interval after neurologic injury such as intracranial
hemorrhage is well-documented [5,7,8]. A previous analysis showed a
positive correlation between QTc interval prolongation with severity of
neurological damage and subsequent poor neurological outcomes in
patients undergoing targeted temperature management following car-
diac arrest [14]. This increase in QTc interval following stroke, is also
associated with higher long term mortality [15-18]. The reasons for
elevated heart rate, increase in QTc interval and poor neurological
outcomes are not entirely clear; however, predominant sympathetic
activation has been implicated as one of the possible pathophysiologic
mechanism [14,17,19]. Right insular cortex disinhibition due to right
sided stroke has been hypothesized to cause sympathetic augmentation
[11], though in our study, we did not find any interaction of laterality
with heart rate. Moreover, the concept of laterality in the control of
autonomic nervous system has been under recent debate [20,21]. Hy-
pertension, a risk factor for stroke, is known to be associated with
autonomic dysfunction and sympathetic hyperactivity [19]. It is possible
that hypertensive patients suffering from stroke may have had a higher
level of sympathetic stimulation further increasing cardiovascular risk.

There are several limitations to our study. Firstly, this is a retro-
spective study and has inherent biases associated with retrospective
analysis. Secondly, our sample size was small and may have resulted in
inadequate power to detect small differences in association of change in
heart rate or QTc interval or LVEF with neurological outcomes. Thirdly,
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our population was predominantly male limiting the generalizability of
our findings. Fourthly, we used machine calculated QTc intervals
instead of manual calculation in our study, which are not necessarily
accurate [22]. Additionally, we did not record home medications that
could have affected patient heart rates and QTc interval. We also did not
record electrolytes at the time of presentation, which could have
affected the QTc interval.

Despite these limitations, the findings of this study are clinically
relevant. Our results suggest that heart rate and change in QTc interval
following stroke, may predict neurological outcomes in large scale
studies. The heart rates of >81 bpm predicting neurological outcomes,
fall in the normal heart rate range of 60 to 100 bpm and may be
considered inconsequential. However, our results along with previous
analysis raise questions if heart rate over 80 bpm following acute stroke
should be considered abnormal. More large-scale studies are needed for
validation prior to widespread clinical use and to understand mecha-
nism as well as possible therapeutic modalities that may impact
neurological outcomes favorably.

5. Conclusion

None of ECG and echocardiographic variables studied were associ-
ated with neurological outcomes following ischemic stroke. Increased
heart rate and increase in QTc interval, may reflect severity of neuro-
logical injury and may be used as potential prognostic markers along
with age and NIHSS. More studies are needed to understand the mech-
anism, and validation prior to routine clinical use.

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.ahjo.2023.100313.
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