Does the Magnitude of the Electrocardiogram QT Interval
Dispersion Predict Stroke Outcome?
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Background: QT dispersion, maximal interlead difference in QT interval on 12-lead
electrocardiogram (ECG), measures cardiac repolarization abnormalities. Data are
conflicting whether QT dispersion predicts adverse outcome in acute ischemic
stroke (AIS) patients. Our objective is to determine if QT dispersion predicts:
(1) short-term clinical outcome in AIS, and (2) stroke location (insular versus nonin-
sular cortex). Methods: Admission ECGs from 412 consecutive patients with acute
stroke symptoms from 2 university-based stroke centers were reviewed. QT disper-
sion was measured. A neuroradiologist reviewed brain imaging for insular cortex
involvement. Favorable clinical outcomes at discharge were modified Rankin Scale
(mRS) score of 0-1, discharge National Institutes of Health Stroke Scale (NIHSS)
score less than 2, and discharge to home. Multiple logistic regressions were per-
formed for each outcome measure and to determine the association between insular
infarct and QT dispersion. Results: Of 145 subjects in the final analysis, median age
was 65 years (interquartile range [IQR] 56-75), male patients were 38%, black
patients were 68%, median QT dispersion was 78 milliseconds (IQR 59-98), and
median admission NIHSS score was 4 (IQR 2-6). QT dispersion did not predict
short-term clinical outcome for mRS score (odds ratio [OR] = 1.001, 95% confidence
interval [CI] .99-1.01, P = .85), NIHSS at discharge (OR = .994, 95% CI .98-1.01, P =
.30), or discharge disposition (OR =1.001, 95% CI .99-1.01, P = .81). Insular cortex
involvement did not correlate with QT dispersion magnitude (OR =1.009, 95% CI
.99-1.02, P = .45). Conclusions: We could not demonstrate that QT dispersion is use-
ful in predicting short-term clinical outcome at discharge in AIS. Further, the mag-
nitude of QT dispersion did not predict insular cortical stroke location.
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QTD IN ACUTE STROKE
Introduction

QT interval dispersion (QTd), defined as the difference
between the maximal and minimal leads on a 12-lead elec-
trocardiogram (ECG), is an expression of cardiac repolari-
zation abnormalities. In a variety of clinical settings,
including acute stroke, multiple studies have suggested
that an increase in QTd places patients at increased risk to
develop ventricular arrhythmias and adverse clinical out-
comes. ™ We sought to determine if admission QTd pre-
dicts short-term clinical outcome in patients with acute
ischemic stroke (AIS) as well as to investigate if an AIS in
the insular cortex region has a greater effect on QTd than
strokes in other areas of the brain, as insular cortical
involvement has been associated with increased sympa-
thetic nervous system activity including arrhythmias.’

Methods
Subjects

After institutional review board approval, medical
records from 412 consecutive patients admitted for acute
stroke symptoms from 2 university-based stroke centers
were reviewed. Patients were admitted between January
2010 and December 2010. The following data elements
were systematically abstracted from each chart: stroke
type, age, gender, admission and discharge National Insti-
tutes of Health Stroke Scale (NTHSS) score,’ history of car-
diovascular disease (CVD), history of stroke, stroke risk
factors (hypertension, diabetes, hyperlipidemia, and ciga-
rette smoking), discharge modified Rankin Scale (mRS)
score,” and discharge disposition (home versus rehabilita-
tion unit, skilled nursing facility, or death).

Only acute ischemic stroke patients were included in the
final analyses. A neuroradiologist (GM) reviewed the neu-
roimaging of each patient to confirm an ischemic infarct
and determine insular cortex involvement, blinded to ECG
data. Patient’s records confirming hemorrhagic stroke or
transient ischemic attack (TIA) were excluded.

ECG Data

Admission ECGs were retrieved and 2 independent,
trained investigators blinded to the clinical data manually
measured the QT interval. The QT interval was measured
from the onset of the QRS complex to the end of the T-
wave. In the presence of the U-wave, the end of the T-
wave was determined using the tangent method on the
descending limb of the T-wave to determine at which
point it intersected the baseline.® QTd was calculated as
the difference between the maximum and minimum QT
intervals, and was corrected for heart rate using Bazett's
formula.” Inter-rater and intra-rater variability were
assessed using 40 randomly chosen ECGs. Both readers
were blinded to all previous measurements.

To avoid including confounding cardiac conditions, we
excluded any ECG that had (1) less than 11 readable leads,
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(2) evidence of atrial fibrillation, (3) evidence of right or
left bundle branch block, (4) evidence of pacemaker
rhythm, and/or (5) evidence of ST elevation myocardial
infarction.

Outcome Measures

We used 3 standardized measures to determine short-
term patient clinical outcome at discharge: (1) NIHSS
score, (2) mRS score, and (3) discharge disposition. Favor-
able clinical outcomes were defined as mRS score of 0-1,
discharge NIHSS score less than 2, or discharge to home.

Determination of Insular Cortical Involvement

A neuroradiologist determined insular cortex involve-
ment using patients’” neuroimaging using standardized
anatomic brain imaging atlases.

Statistical Methods

Spearman's correlations (r;) were calculated for QTd
and NIHSS score at discharge. NIHSS and mRS scores are
reported with corresponding Loess plots where appropri-
ate."’ Logistic regression was used to predict (in separate
models) mRS score (dichotomized as 0 or 1 versus >1),
disposition to other than home, and NIHSS score greater
than 1 at discharge. Predictors were QTd, race (black ver-
sus other), gender, age, NIHSS score at admission, history
of stroke, and history of CVD.

Hosmer-Lemeshow tests of fit of models to the data
were appliecl11 ; polynomials in score predictors were
added as necessary to achieve fit. Odds ratios (ORs) with
95% Wald-based confidence intervals (CIs) and P values
based on likelihood ratio tests are reported. In a secondary
analysis, logistic regression was used to predict insular
infarct from QTd alone. Intraclass correlations (ICCs) are
reported as measures of inter- and intra-rater reliability of
QTd, based on 2-way random effects models using an
absolute agreement criterion.

Results

From a total of 412 subjects admitted to the hospital
with acute cerebrovascular disease, 267 were excluded
from the final analysis for the following reasons: TIA
(n=86), less than 11 readable ECG leads (n=83), hemor-
rhagic stroke (n=44), unable to confirm ischemic stroke
diagnosis (i.e., stroke mimics; n = 18), evidence of right or
left bundle branch block (n = 16), evidence of atrial fibrilla-
tion (n=13), evidence of pacemaker rhythm (n=>5), evi-
dence of ST elevation MI (n=1), and premature
ventricular contraction (n=1).

Of 145 subjects included in the final analysis, the
median QTd at admission was 78 milliseconds (IQR 59-
98, range 8-241) and median admission NIHSS score was
4 (IQR 2-6, range 0-29). Twenty-eight percent had a his-
tory of CVD and 24% had a prior stroke. The median age
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was 65 years (IQR 56-75, range 28-94); there were a total of
90 (62%) female patients and 98 (68%) black patients.

Inter-rater and intra-rater reliability were ICC =.96 and
ICC = .98, respectively.

Sixty-two (43%) patients had a discharge mRS score 0-1
[mean QTd =79.79 £ 34.19 standard deviation (SD) milli-
seconds], 59 (41%) patients had a discharge NIHSS score
less than 2 [mean QTd =83.44 + 35.79 (SD) milliseconds],
and 78 (54%) had a home disposition [mean QTd =79.42
+ 32.17 (SD) milliseconds].

QTd did not predict clinical outcome for mRS score
(OR =1.001, 95% CTI .99-1.01 P = .85; Fig 1), NIHSS score at
discharge (OR=.994, 95%CI .98-1.01, P =.30; Fig 2), or
discharge disposition (OR=1.001, 95% CI .99-1.01,
P = .81). Admission NIHSS score was an independent pre-
dictor of outcome for all 3 outcome measures (P < .001).
History of stroke was an independent predictor for mRS
score (P =.016). In addition, black subjects had a signifi-
cantly worse discharge disposition (P =.002). In the sec-
ondary analysis, insular cortex involvement did not
correlate with QTd magnitude (OR =1.009, 95% CI .99-
1.02, P =.45). The area under ROC curve for the model
was .58, and the test of model fit was P = .450.

Discussion

We attempted to clarify if admission QTd in AIS
patients is useful in predicting short-term clinical outcome
by the NIHSS score, mRS, and discharge disposition.
Additionally, we evaluated the effect of stroke location in
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the insular cortex region on admission QTd. We found
that admission QTd did not predict short-term clinical
outcome for NIHSS score, mRS, or discharge disposition.
In addition, strokes in the insular cortical region did not
correlate with QTd magnitude.

Most studies that have previously evaluated the prog-
nostic value of QTd in acute stroke have focused on hem-
orrhagic stroke patients.'”'”> We focused on AIS with a
confirmed diagnosis and excluded records, which con-
firmed a hemorrhagic stroke or TIA. We also excluded
records where ECGs were concerning for technical or
physiologic confounders.

In order to systematically evaluate the quality and con-
sistency of the QTd measurement, 2 independent
reviewers blinded to the clinical data performed the
assessment, which yielded very high agreement support-
ing consistency and validity of our QTd data. In other
studies, it was unclear if readers were blinded to clinical
data and most studies did not report intra-rater or inter-
rater variability of QTd measurement. Our sample size
was also relatively large compared to other published
studies. We cannot exclude the possibility, however, of a
type Il error.

In 1 previous study, a positive trend was found
between baseline QTd (in both AIS and hemorrhagic
stroke patients), and discharge NIHSS score and mRS.'°
A more recent observational case control study had simi-
lar findings that showed the mean QTd was correlated
with admission NIHSS and discharge mRS scores, and
QTd was significantly higher in nonsurviving as
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Figure 1. Loess plot: Magnitude of QT dispersion and mRS. Bivariate analysis: rs = +.14, N = 145, P = .082. Abbreviation: mRS, modified Rankin Scale.
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Figure 2. Loess plot: Magnitude of QT dispersion and NIHSS at discharge. Bivariate analysis: rs = +.10, N = 145, P = .229. Abbreviation: NIHSS, National

Institutes of Health Stroke Scale.

compared to surviving stroke patients.'” However, in our
study, we were unable to confirm these findings.

Five published studies evaluated baseline predictive
value of QTd in acute stroke.'?*!%'” Four studies evalu-
ated only hemorrhagic stroke pa’cien’cs.lz'15 These studies
compared baseline QTd of stroke survivors to stroke non-
survivors. In 3 of the 5 studies, nonsurviving stroke
patients were reported to have significantly higher QTd
values as compared to stroke nonsurvivors.'>'®!® This
suggests that QTd may have some prognostic value in
predicting stroke fatalities, and that QTd may be more
valuable in certain settings of acute stroke (i.e., hemor-
rhagic versus ischemic). However, QTd values were
found to be broad and overlapping, making it difficult to
make any firm conclusions about QTd's predictive value.
As a majority of our subjects had a minor stroke (NIHSS
scores 0-5) on admission, predictive power was limited.

In our study, we did not report if patients developed
ventricular arrhythmias or other cardiac consequences as
a result of their AIS. However, 1 study reported signifi-
cantly higher QTd values in subarachnoid hemorrhage
patients who developed ventricular arrhythmias than in
patients who did not develop ventricular arrhythmias."
In another study, patients suffering from severe subarach-
noid hemorrhage with elevated admission QTd measure-
ments were more likely to develop cardiorespiratory
compromise as compared to patients with lower QTd val-
ues.'” In terms of the association between acute stroke
and cardiac abnormalities, 2 studies reported that cate-
cholamine concentrations positively correlated with QTd

in hemorrhagic stroke.”””' These findings support the
idea that an increased QTd is secondary to sympathetic
hyperactivity and may mediate the occurrence of cardiac
abnormalities.

Based on literature suggesting a role of insular cortical
lesions in acute ECG abnormalities, we explored this rela-
tionship in our cohort. AIS patients with and without
insular cortex involvement did not differ in QTd values
on admission ECG. Two previously published studies
demonstrated that strokes involving the insular cortex
had significantly greater QTd values than strokes without
insular cortex involvement.?>?> However, we were unable
to confirm these findings.

The results of the present study differ from some prior
studies. As the method of QTd determination has remained
constant across the studies, 1 possible explanation is the
patient population that we studied. More than half of our
patients had either CVD or a prior stroke, and the presence of
chronic conditions that prolong QTd could be diluting out
the acute effects of the stroke. Also, approximately two-thirds
of our patients were female and most were African American.
Since both female gender and black race are associated with
left ventricular hypertrophy and left ventricular hypertrophy
is associated with higher QTd, then perhaps these factors
could potentially explain the differences between studies.
QTd values in this study are higher than previously reported
in prior studies.

Our study had several limitations. It was a retrospective
design, so it is only hypothesis generating. We were
unable to collect prestroke ECGs or serial ECGs, which
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would have provided a more accurate assessment of the
relationship between AIS and QTd. We also did not con-
trol for serum electrolytes or medications that may alter
the QT interval.

In summary, we were unable to demonstrate a short-

term prognostic predictive value of admission QTd in the
setting of AIS using NIHSS score, mRS, and discharge dis-
position. Additionally, we did not find any significant dif-
ferences in QTd between AIS in the insular cortex versus
other stroke locations. Additionally, it will be important

to

clarify if stroke type and location (e.g., brainstem) may

affect QTd differently.

10.
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