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Case report

Neurogenic ST depression in stroke
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Abstract

Background: Stroke is occasionally associated with ECG repolarization changes including ST depression. Recent evidence
suggests a neurogenic contribution to these abnormalities in stroke patients. Animal studies implicate the insular cortex in
cardiovascular control. We describe a patient with a left insular infarct and without cardiac or coronary artery disease, who
developed ST depression indicating a neurogenic etiology. Case description: A 48 year-old female, with no risk factors for stroke,
developed sudden expressive aphasia. MRI brain showed an infarct in the left insular cortex. Twenty-four hour Holter monitoring
on the third day revealed transient ST depression more than 1.5 mm, which was not reproducible on subsequent monitoring.
Transesophageal echo-cardiography (TEE) was normal. She had no cardiac symptoms and serial ECGs, cardiac enzymes (CKMB)
and adenosine–thallium scan were normal. To-date, there had been no cardiac events like congestive heart failure or myocardial
ischemia. Conclusion: These findings suggest neurogenic ST depression is related to the left insular infarct in view of the normal
adenosine–thallium scan, non-reproducibility and evanescence of the ST segment changes and lack of associated cardiac
symptoms. When neurogenic ST depression is combined with underlying coronary artery disease, it may adversely influence
cardiac outcome after stroke. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Electrocardiographic abnormalities have been re-
ported after stroke [1]. Chiefly, these comprise repolar-
ization changes including T wave inversion, QT
prolongation and ST segment elevation or depression
[1]. Whereas these changes are most commonly re-

ported after subarachnoid hemorrhage, their incidence
after acute ischemic stroke is unclear but may be as
high as 15–30% [2]. Similar repolarization abnormali-
ties are commonly encountered in patients with coro-
nary artery disease and can be associated with
malignant ventricular arrhythmias. Therefore, when
found in stroke patients, they may indicate an underly-
ing ischemic heart condition contributing to the in-
creased cardiac morbidity and mortality reported on
the longer term follow-up of stroke patients [3–5].
However, it has been shown that repolarization abnor-
malities may be seen in stroke patients without demon-
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strable coronary artery disease or cardiomyopathy and
may be due to neurogenic influences on the heart, for
instance, ST segment elevation has been reported after
subarachnoid hemorrhage in patients who have angio-
graphically-confirmed normal coronary arteries [6]. In
addition, we have produced a rat model in which ST
segment depression is produced by insular stimulation
and is associated with increased cardiac sympathetic
nerve activity [7]. Recently, we showed that left insular
lesions in humans shift cardiac autonomic tone towards
increased cardiovascular sympathetic predominance, a
condition known to be associated with the production
of malignant ventricular arrhythmias [8]. We now re-
port a patient, who suffered a left insular cortex infarct,
who had normal coronary arteries and a normal base-
line ECG and who developed a single episode of signifi-
cant ST depression, identified only on Holter
monitoring. The case underlies the importance of car-
diac monitoring in stroke patients in whom such abnor-
malities may be undetected otherwise and the
importance of the insular cortex in the generation of
cardiovascular changes after stroke.

2. Methods

One hundred and twenty five patients with a first
stroke or transient ischemic attack, received a compre-
hensive cardiac evaluation, including serial ECGs, chest
X-rays, cardiac enzymes, multiplanar transesophageal
echocardiography and Holter monitoring. An
adenosine–thallium scan was performed on patients
without any symptoms, history or ECG findings sug-
gestive of coronary artery disease. The latter is a non-
invasive test with high specificity and sensitivity for the
presence of coronary artery stenosis [9–12]. ST depres-
sion was defined as deviation \1.0 mm from the
baseline, with horizontal or downward sloping ST seg-
ment 0.08 s after the J point, with at least 1 min
duration [13]. A normal interval of at least 2 min was
required after the resolution of each episode before
another episode was counted.

3. Results

We identified one patient with a normal adenosine–
thallium scan, who had transient asymptomatic ST
depression.

4. Case report

The patient, a 48 year-old right-handed African–
American female, was admitted for acute onset of an
expressive aphasia with some comprehension deficits.

Fig. 1. T2 weighted MRI image showing infarction of the left
superior insular cortex and surrounding parietal operculum.

There were no other neurological deficits. The patient
had no history of hypertension, diabetes or cardiac
disease and was a non-smoker without relevant family
history. There was no history of drug abuse and tests
for cocaine and other illicit drug metabolites were
negative. MRI of the brain showed a small left insular
infarct (Fig. 1). Transesophageal echo-cardiography
(TEE) 5 days after stroke showed normal left ventricu-
lar function without left ventricular hypertrophy or
regional wall motion abnormalities, indicating the ab-
sence of significant hypertension or cardiomyopathy
(Table 1). Serial ECGs in the first week were within
normal limits and 24-h Holter monitoring on the third
post-stroke day revealed ST depression \1.0 mm last-
ing 30 min (Fig. 2A). This was associated with an
increase in heart rate from 70 beats per minute to a
mean of 100 beats per minute (Fig. 2B). There were no

Table 1
TEE results at baseline and 9 months post-stroke

TEEMeasurements (normal range)

Baseline 9 months

Left atrial diameter (15–40 mm) 40 38
11Septal wall thickness (6–12 mm) 11

Posterior wall thickness (6–12 mm) 109
Left ventricle end-diastolic diameter 4744

(33–58 mm)
20 29Left ventricle end-systolic diameter

(10–35 mm)
Left ventricle hypertrophy No No
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Fig. 2. (A) Holter recording on day three after stroke, showing baseline and a following episode of asymptomatic ST segment depression, with
a cardiac rate of 90–100 beats per minute. (B) Graph of trends in heart rate with a mean cardiac rate of 100 beats per minute between 06:00 and
07:00 h, at the time of asymptomatic ST depression.

cardiac symptoms. Serum potassium, calcium and car-
diac enzymes were normal. Subsequent Holter monitor-
ing on day 7 and months 1, 3, 9 and 12 did not show
any ST changes. Serial ECGs, chest X-rays and cardiac
enzymes performed at the same time intervals were also
normal. An adenosine–thallium scan performed 9
months after stroke onset did not show any evidence of
coronary artery disease. A young stroke work-up was
negative (lupus anticoagulant, anticardiolipin antibody,
PT/PTT, antinucleur antibody, erythrocyte sedimenta-
tion rate, homocysteine, VDRL, TPHA, protein C,
protein S, antithrombin III, fibrinogen and factor V
Leiden) and serum lipids were within normal range.
There have to date been no significant cardiac events,
including congestive cardiac failure or myocardial
ischemia.

5. Discussion

We identified one patient among 46 subjects with
normal adenosine–thallium scans, who developed tran-
sient ST depression on Holter monitoring within 1 week
of left insular infarction. We suggest, that the episode
of ST segment depression was neurogenic in nature and
resulted from increased sympathetic tone for the follow-
ing reasons. (1) There is no evidence of coronary artery
disease or cardiac pathology to account for these
changes. Indeed, transient ST segment changes are re-
ported in subarachnoid hemorrhage patients in whom
coronary arteriography did not show underlying coro-
nary atheroma [6]. (2) Similar repolarization changes
can be induced by systemic catecholamine infusion [14].
(3) Human stimulation data indicates lateralization of
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cardiovascular control. The left insula is concerned
mainly with control of parasympathetic cardiac drive
and the right, with control of cardiovascular sympa-
thetic tone [15]. Damage to the left insular cortex by
stroke may shift sympathovagal balance towards in-
creased cardiac sympathetic tone. This was observed in
a small group of stroke patients in a previous report [8].
Finally, similar changes have been produced in the rat
on stimulation of the insula and are associated with
increased plasma norepinephrine levels and increased
cardiac sympathetic nerve activity [16]. In this patient,
increased cardiac sympathetic drive during the ST de-
pression episode was suggested by the elevated heart
rate observed during the period of ST segment depres-
sion (Fig. 2B).

Asymptomatic ST segment depression has been re-
ported in the adult population during 24 h Holter
monitoring. The incidence varies between 2 and 30%
[17–21]. It could, therefore, be argued that the patient
demonstrated no more than the normal variation seen
in patients without symptomatic coronary artery dis-
ease. Further inspection of these early reports reveals
that, in all cases, inadequate attempts were made to
investigate the presence of underlying coronary artery
disease by either coronary arteriography or by
adenosine–thallium scanning (which has a high sensi-
tivity and specificity for the detection of cardiac is-
chemia [9–12]). In the majority of cases, the changes
occurred during exercise and could be reproduced un-
der conditions of physical exertion. In other cases, the
changes were associated with posture. In yet others, the
criteria for ST depression included J point depression
and an immediate upward slope of the ST segment,
which is considered to be a non-significant finding. In
the majority of cases, ST depression was recorded
during episodes of significant tachycardia (\120 beats
per minute) not seen in our patient. We argue that these
same objections do not apply to our patient: (a) coro-
nary artery disease was ruled out by a highly specific
and sensitive test; (b) the recordings were made at rest
taking care that the patient was not stressed or active;
and (c) the episode was limited to the acute stroke
period and was not reproducible under similar condi-
tions during 1 year of follow-up. This accumulated
evidence suggests that the changes observed are due to
a neurogenic cause and likely reflect oscillations in
cardiac sympathetic tone following left insular infarc-
tion. We did not perform an exercise stress test during
follow-up as adenosine–thallium scan has high sensitiv-
ity and specificity in detecting coronary artery disease.
Amanullah et al. found a sensitivity, specificity and
predictive accuracy of 93, 78 and 88%, respectively, for
detecting coronary artery disease (]50% diameter
stenosis) [9]. Miyagawa et al. found that the sensitivity
and specificity for detecting coronary artery disease was
88 and 80%, respectively, by visual analysis and 91 and

86% by computer quantification [10]. In contrast, the
mean sensitivity and specificity of exercise stress test for
detecting coronary artery disease is 68 and 77%, respec-
tively [22]. In patients with multivessel coronary dis-
ease, the mean sensitivity and specificity is increased to
81 and 66%, respectively [23].

The significance of these asymptomatic episodes of
ST depression is unclear. Lavy et al. reported a signifi-
cantly increased mortality in acute stroke patients
whose admission ECG showed new onset ST changes
[24]. While the subject of this case report did not
experience an adverse cardiac outcome during 1 year of
follow-up, the significance of these changes must be
determined in a larger group of patients. We suggest
that, when combined with underlying coronary artery
disease, left insular infarction may adversely influence
cardiac outcome after stroke. Neurogenic changes may
underlie the mechanism.
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