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Acute Stroke of the Insular Cortex Leading to Heart Failure
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Abstract

In humans, the limbic and paralimbic systems, including the insular
cortex, are the central autonomic networks responsible for maintaining
cardiovascular autonomic control. The right insular cortex plays a pre-
dominant role in establishing sympathetic tone while the left insular
cortex in establishing parasympathetic tone of the heart. Disturbances
in the autonomic system due to cerebrovascular diseases, such as an is-
chemic stroke in the territory of the middle cerebral artery, could lead
to impairment in the cardiovascular balance, consequently increasing
the incidence of tachyarrhythmia. Abnormalities of cardiovascular au-
tonomic control may retain prognostic relevance, as they have been
associated with adverse clinical outcomes after stroke. Acute ischemic
stroke has been shown to increase the rate of cardiac-related mortality
as a pathophysiological consequence of an acute stress response in pa-
tients with no cardiovascular comorbidities due to the dysfunction of
the brain-heart axis. This case report highlights an instance when this
axis was disturbed leading to non-ischemic cardiomyopathy.
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Introduction

In both animal and clinical studies, it has been shown that dis-
ease in the cerebrovascular system can alter cardiovascular
function. Stroke has been proven to produce changes in auto-
nomic function, increase the incidence of cardiac arrhythmias
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and increase the serum levels of catecholamines [1, 2]. Most
deaths occurring after an ischemic stroke can be directly attrib-
uted to the neurological injury, but 2-6% of all stroke patients
will die from cardiac causes [3].

In clinical studies, the most important control sites of au-
tonomic function are the insular cortex, amygdala and lateral
hypothalamus. Further analysis has shown that strokes in the
right hemisphere produce more significant sympathetic effect
than left-sided strokes. Localization and mapping of the right
hemisphere has actually shown the right insular cortex in par-
ticular to be very significant in producing some of the more
deadly cardiac arrhythmias after a cerebrovascular accident [4,
5]. This case report will highlight a similar case in which the
arrhythmia developed after a stroke and led to further decondi-
tioning and heart failure.

Case Report

A 58-year-old female presented to the emergency room (ER)
with a 4-h history of left-sided weakness and dysarthria. Her
past medical history was significant for hypertension, hyper-
lipidemia, type 2 diabetes and breast cancer for which she un-
derwent bilateral mastectomy and chemotherapy. In addition to
the weakness, she was complaining of a day of chest pain and
shortness of breath but was denying any other accompanying
symptoms. Upon presentation, her vitals were significant only
for mild hypotension. A stroke code was immediately called and
she had lab work done and was sent for a head CT. Labs in-
cluding cardiac enzymes were unremarkable. Initially, the head
CT was within normal limits, but a repeat CT showed a new
hypodensity in the right posterior insular cortex (Fig. 1, 2). MRI
was unable to be performed in this patient due to implants. EKG
on admission showed a prolonged QTc, poor R wave progres-
sion, Q waves (Fig. 3). Echocardiogram (TTE) showed a left
ventricular ejection fraction of 40% with global cardiomyopa-
thy. She was admitted and treated medically, and her weakness
resolved. During her stay, she had multiple runs of non-sustained
ventricular tachycardia and upon discharge, she was sent home
with a beta-blocker, aspirin, high-dose statin and a life vest.
Three weeks later, she presented back to the ER with 5
days of shortness of breath and chest pain after she had a recent
viral illness. Upon arrival, her vitals were significant for tachy-
cardia into the 120 s. Her labs were significant for an elevated
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Figure 1. Initial CT scan with no IV contrast.

B-type natriuretic peptide. During her stay, she had multiple
runs of premature ventricular complexes and paroxysmal atrial
fibrillation. The patient was sent for a coronary angiogram that
showed normal coronary vessels. She was treated with ami-
odarone and digoxin and then evaluated by electrophysiology
regarding the placement of an internal defibrillator. Due to her
ejection fraction being above 35%, the team felt she did not
qualify for the defibrillator and was sent home with her beta-
blocker, amiodarone and apixaban once she was diuresed and
asymptomatic.

Discussion

In humans, stroke in both hemispheres has been shown to pro-
duce changes in autonomic function leading to arrhythmias
and even sudden cardiac death. In a study by Lane et al, it was
determined that right hemisphere infarction is associated with
a greater number of supraventricular tachycardia (SVT). They
speculated that this was due to a decrease in parasympathetic
activity in the right-sided infarcts leading to a reciprocal rise
in sympathetic tone [6]. Of all the areas involved in autonomic
function, studies have shown the insular cortex to play a major
role. This area within the middle cerebral artery (MCA) terri-
tory is of particular importance as it has been shown to play a
role both in the sympathetic and parasympathetic cardiovascu-
lar regulation. Usually the insula is involved in MCA occlu-
sion, which is a major cause of ischemic stroke [5].

It has been shown that focal cerebral ischemia in animals
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tends to lead to fluctuation in heart rate and blood pressure
only if the insular cortex is involved. In fact, stimulation of
different areas within the insular cortex will invoke different
cardiac autonomic responses. Microstimulation of a rat left in-
sula resulted in QT interval prolongation, ST depression, brad-
ycardia and complete heart block. On examination, the plasma
noradrenaline levels were elevated without a change in adrena-
line, indicating a neural rather than an adrenal origin [7].
Lesions in the right posterior insula have been shown to
increase blood pressure and heart rate without altering baro-
receptor sensitivity [8]. Spectral analysis of the heart rate can
often be used as a surrogate for measuring sympathovagal bal-
ance. Stimulation of the area of the right posterior insular area
increases sympathetic tone in the absence of heart rate, blood
pressure or respiration changes [9]. However, in a study by Li
et al, it was determined that SVTs were more frequently en-
countered after right insular infarction compared with strokes
in other locations. Additionally, higher serum noradrenaline
levels, longer QTc prolongation and more cardiac arrhythmias
were observed after a right hemisphere infarction [10]. It is pro-
posed that the sympathetic overactivity and the catecholamine
surge following a stroke in the right insular cortex increases
myocardial oxygen demand, limiting coronary perfusion. This
results in a calcium overload in the ventricular myocytes. This
cascade of events is considered pro-arrhythmogenic and can
trigger ventricular tachyarrhythmias. Furthermore, in the ab-
sence of coronary artery disease, this sympathetic hyperactiv-
ity [11] together with reduced cardiac parasympathetic inner-
vation and baroreceptor function prolongs the repolarization
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Figure 2. Right insular stroke on CT scan with no IV contrast 6 h post-presentation (encircled in white).
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Figure 3. Post-insular stroke ECG showing normal sinus rhythm with prolonged QTc.

duration and accounts for ventricular repolarization changes
and increased susceptibility to arrhythmias [12]. Continuous
activation of Bl adrenergic receptors leads to opening of the
calcium channels which induces the stimulation of the actin-
myosin complex and causes cardiac muscle contraction with
an inability to relax, consequently leading to metabolic imbal-
ance and cell death. When this area of myocyte cell death in-
volves the cardiac conducting system, it frequently presents as
QTc prolongation and tachyarrhythmias [13].

The association between tachycardia and cardiomyopathy
has been known for some time. Virtually every form of SVT
including ectopic atrial tachycardia, junctional tachycardia and
atrial fibrillation has been associated with reversible cardiomy-
opathy. Very frequent ventricular ectopic beats like premature
ventricular contractions have also been associated with cardio-
myopathy. Chronic tachycardia produces significant cardiac
structural changes, including left ventricular dilatation and cel-
lular morphological changes [14]. Our patient presented with
the described variability in autonomic function. Following his
stroke, the patient was found to have heart rate lability. After
a period of time, this continuous onslaught of tachycardia and

lowing an acute ischemic cerebrovascular event. This is espe-
cially true when there is an ischemic stroke involving the right
MCA. Lesions to the right insular cortex lead to a surge of cat-
echolamines leading to heart rate variability and a multitude of
tachyarrhythmias. Untreated, the tachycardia will lead to car-
diac structural changes and left ventricular dilatation causing a
non-ischemic cardiomyopathy. This case highlights the impor-
tance of monitoring for and treating tachyarrhythmias in stroke
patients especially in the territory of the right MCA. When
deemed necessary, these patients would benefit from strict rate
control, thus preventing tachycardia-induced cardiomyopathy.
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