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Abstract

Intracranial bleeds, such as subarachnoid hemorrhage, carry high mor-
bidity and mortality rates. Often intracranial hemorrhages result in de-
bilitating residual neurological symptoms but can be so extensive that 
cardiac complications can also be seen. We present a rare case of a pa-
tient who was found to have a subarachnoid hemorrhage that incited the 
development of Takotsubo cardiomyopathy, which subsequently pro-
gressed to an acute myocardial infarction. The aim of this case report is 
to explore the underlying pathophysiology of how cerebral hemorrhage 
can result in apical ballooning of the left ventricle through various 
mechanisms including sympathetic-induced surge in catecholamines 
and neurogenic damage to the myocardium. We also intend to highlight 
the importance for clinicians to consider brain bleeds in the differential 
diagnosis when a patient presents with an acute myocardial infarction 
as treatment with heparin is generally contraindicated.
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Introduction

A subarachnoid hemorrhage (SAH) is a life-threatening type 
of head bleed where blood accumulates in the space between 
the arachnoid and pia layers of the meninges [1]. While initial 
presentations vary, patients typically report the acute onset of 
an excruciating “thunderclap” headache [2]. Additional symp-
toms including nausea, vomiting, diplopia, and signs of menin-
geal irritation are often seen [3]. Most commonly, SAH results 
from the rupture of a cerebral aneurysm with smoking, hyper-
tension, and alcohol use being the strongest risk factors [4, 5].

SAHs are associated with a host of adverse events includ-
ing seizures, vasospasm, hydrocephalus, brain herniation, and 
cerebral infarction [6]. Occasionally, SAH can be so debilitat-
ing that it can affect organ systems outside of the nervous sys-
tem. To date, there has been a scarcity of data regarding cardiac 
complications resulting from SAHs reported in the literature. 
This paper aims to explore the possible underlying pathophysi-
ology for how brain bleeds such as SAH can result in structural 
and ischemic cardiac changes. Our goal is to improve patient 
outcomes by bringing awareness to how intracranial hemor-
rhage should be on the differential diagnosis when patients 
present with acute myocardial infarction (AMI) and associated 
neurological symptoms. We report a rare case of a patient who 
presented with SAH and subsequently developed a myocardial 
infarction with non-obstructive coronary arteries (MINOCA) 
as a result of stress-induced Takotsubo cardiomyopathy.

Case Report

Investigations

A 64-year-old female with a past medical history of smoking 
presented to an outside medical facility following a home un-
witnessed syncopal event. The patient was found on the floor 
unresponsive by her daughter. Emergency medical services 
were called, and cardiopulmonary resuscitation (CPR) was 
initiated with return of spontaneous circulation achieved after 
5 min of compressions without shocks. However, the patient 
required intubation in the field for airway protection and eto-
midate was given for sedation induction.

She had no history of alcohol or illicit drug use in the past. 
Her family history was remarkable for hypertension and coro-
nary artery disease in her mother and father, respectively.

On initial presentation, the patient had a blood pressure 
of 106/72 mm Hg, pulse rate of 88 beats per minute, respira-
tory rate of 16 breaths per minute, temperature of 36.6 °C, and 
oxygen saturation of 95% while on the ventilator. Neurological 
assessment was limited by sedation with the rest of the physi-
cal exam unremarkable.

Diagnosis

Labs revealed a leukocytosis of 14.9 × 103/µL (4.5 - 11 × 
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103/µL), glucose of 222 mg/dL (70 - 99 mg/dL), phosphorus 
of 5.3 mg/dL (2.5 - 4.6 mg/dL), lactic of 2.7 mmol/L (0 - 2.0 
mmol/L), and troponin of 0.03 ng/mL (< 0.04 ng/mL). An 
electrocardiogram (EKG) in the emergency department (ED) 
demonstrated ST elevations in the anterolateral leads V3 - V6 
(Fig. 1), for which a code ST segment elevation myocardial 
infarction (STEMI) was called. In the ED, the patient was 
given aspirin 300 mg suppository and 4,000 units intrave-
nous (IV) heparin and transferred to the cardiac catheteriza-
tion lab. A left heart catheterization revealed patent coronary 
arteries with elevated left ventricular end-diastolic pressure 
at 28 mm Hg, along with a reduced ejection fraction (EF) of 
35%. Anteroapical hypokinesia was also noted with a pattern 
that was characteristic of Takotsubo cardiomyopathy. Coro-
nary artery vasospasm was ruled out with the coronary an-
giogram. Inflammatory markers were not initially drawn but 
based on the EKG with specific V3 - V6 ST elevations and 
following catheterization, myocarditis, pericarditis as well 
as pheochromocytoma were less likely to be the underlying 
pathology.

Treatment

The decision was made to start metoprolol due to previous 
studies demonstrating that beta-blockers reduce the incidence 
of major adverse cardiac events in patients with MINOCA. 
Following the procedure, the patient had a stat computed to-
mography of the head which revealed an acute SAH with Hunt 
and Hess grade 5. She was given protamine for reversal of 
the heparin given during the catheterization and subsequently 
transferred to our facility for higher level of care including 
possible neurosurgical intervention. She underwent an angio-
gram which revealed a large middle cerebral artery aneurysm 

which was treated with coil embolization and placement of a 
ventricular drain.

Follow-up and outcomes

Unfortunately, the patient developed residual quadriplegia 
and became nonverbal. She was unable to be weaned off the 
ventilator and underwent tracheostomy and percutaneous en-
doscopic gastrostomy tube placement. Repeat echocardiogram 
32 days later showed recovery in EF from 35% to 55% with no 
signs of regional wall motion abnormalities. However, despite 
a lengthy hospital stay, the patient’s neurological status failed 
to improve, and the decision was made to transfer to hospice 
care.

Discussion

The purpose of our case is to demonstrate how a cerebral hem-
orrhage can induce Takotsubo cardiomyopathy and eventually 
result in AMI. Takotsubo syndrome was first characterized in 
1990 by Sato et al to describe an acute form of non-ischemic 
heart failure that results from systolic dysfunction in the ab-
sence of coronary artery disease [7]. The name Takotsubo 
comes from the Japanese term for a unique octopus trap, which 
describes the apical ballooning appearance of the left ventri-
cle typically in response to a stressor that induces significant 
regional cardiomyopathy [8]. Despite multiple possible eti-
ologies of Takotsubo cardiomyopathy, very few cases report 
intracranial hemorrhage as an underlying cause [9-12]. One 
prospective study by Molnar et al estimates the incidence of 
severe Takotsubo cardiomyopathy in SAH cases at approxi-
mately 8% [13].

Figure 1. Initial electrocardiogram showing sinus rhythm, rate of 78 beats per minute, normal axis, with ST segment elevations 
(arrows) in leads V3 - V6.
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The term, neurogenic stunned myocardium (NSM), has 
been slowly growing in the literature to describe the patho-
logic process that results in rapidly reversible cardiac dysfunc-
tion following an acute brain injury [14]. While the mechanism 
for how this neurocardiogenic injury develops is not exactly 
known; the leading theory proposes that the intracranial bleed 
leads to significant sympathetic activation and a correspond-
ing surge in catecholamines [15, 16]. In a retrospective study 
of 142 patients with SAH, Sugimoto et al found that patients 
with wall motion abnormalities on transthoracic echocardio-
gram (TTE) had significantly higher levels of plasma norepi-
nephrine compared to those without wall motion abnormalities 
[17]. Another study by Salem et al found that SAH patients had 
sustained increased levels of catecholamines on both admis-
sion and follow-up, with echocardiogram often showing left 
ventricular dysfunction [18]. It has also been proposed that in-
tracranial hemorrhages can lead to direct neurogenic toxicity 
to cardiac myocytes [19]. To highlight this point, one study by 
Naidech et al enrolled 253 patients with SAH and found that 
elevated levels of cardiac troponin I were seen in 68% (172) of 
cases [9]. Additionally, increased aortic wall stiffness has been 
reported in the early phase of SAH, which likely worsens the 
pre-existing ventricular dysfunction through increased filling 
pressures in the left ventricle [20]. With increased mortality as-
sociated with wall-motion abnormalities and increased cardiac 
markers post-SAH, recognizing the early signs and possibility 
of brain bleed is essential to mounting a proper treatment plan 
[21]. After reviewing the literature, it is clear that the underly-
ing pathophysiology for the myocardial damage and associ-
ated left ventricular failure induced by an acute intracranial 
hemorrhage needs further exploration but is likely multifacto-
rial in nature.

The clinical importance of recognizing a concurrent brain 
bleed when a patient presents with AMI stems from the fact 
that clinicians are incumbent to act and heparinize this patient 
demographic [22]. Since anticoagulating patients with an in-
tracranial hemorrhage is contraindicated, it becomes chal-
lenging for clinicians to make this decision when neurological 
symptoms are present or there is limited history available as 
with our patient. In our case, the patient’s critical condition 
combined with the presence of ST elevations on EKG was 
concerning and potential cardiac causes were worked up in 
the catheterization lab before obtaining imaging of the head to 
rule-out bleeding. Ultimately, this case report demonstrates the 
importance of considering intracranial hemorrhage in patients 
with suspected Takotsubo cardiomyopathy or AMI who pre-
sent with neurological symptoms.

Learning points

Our case aims to explore the proposed pathophysiology for 
how brain bleeds can induce structural and ischemic cardiac 
dysfunction, particularly via the catecholamine surge pathway. 
While Takotsubo cardiomyopathy is generally a reversible 
process, it is paramount to recognize the underlying etiolo-
gies that may have initiated the disease. We also highlight the 
challenging dilemma that clinicians experience in deciding 
whether to heparinize patients with suspected acute coronary 

syndrome (ACS) when other potential etiologies, such as cer-
ebral hemorrhage, have not been ruled out. Ultimately, we aim 
to potentially improve patient outcomes by bringing awareness 
to this underrecognized pathogenesis.
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