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ABSTRACT
Amphetamines are first line treatment for Attention-Deficit Hyperactivity Disorder (ADHD). Known to have serious 
cardiovascular adverse effects such as MI, Stroke, and sudden death specially if used in high doses or long term. ADHD 
patients are predisposed to have concomitant substance use disorder. Substances like cocaine and marijuana increase risk of 
cardiovascular events. By knowing these, clinicians must be cautious in prescribing CNS stimulant agents. Precise personal, 
medical, drugs and medication history needs to be obtained before and during treatment. Herein, we present a young male 
with ADHD treated with amphetamines and concomitant marijuana use who presented with multiple thromboembolic stroke 
and acute myocardial infarction. 
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ABBREVIATIONS
ADHD: Attention deficit hyperactivity disorder 
MI: Myocardial infarction 
CNS: Central nervous system 
WHO: World Health Organization 
NIH stroke scale: National institutes of health stroke scale
MCA: Middle cerebral artery 
PCA: Posterior cerebral artery 
CVA: Cerebrovascular accident 
AKI: Acute kidney injury 
CPR: Cardiopulmonary resuscitation 
ACLS: Advanced cardiac life support 
STEMI: ST elevation myocardial infarction
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INTRODUCTION
Attention-Deficit Hyperactivity Disorder (ADHD) is a cognitive 
disorder as a result of imbalance between the catecholamine 
and dopamine systems in the prefrontal cortex. In the USA, 

the prevalence of ADHD among children and adults is estimat-
ed at 11% and 4.4% respectively [1, 2]. CNS stimulants such as 
amphetamines are considered first line treatment for ADHD in 
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adults and children. Clinical use of amphetamines dates back 
to 1920s for treatment of asthma [3] and later used to in-
crease alertness in military troops in World War II and also as 
a weight loss medication. Amphetamines are the second most 
commonly used illicit drugs worldwide, with an estimated 4.7 
million Americans who have tried these medications at some 
point in their life [4]. 
Many studies have revealed high-doses and long-term use of 
amphetamines associated with numerous adverse effects, es-
pecially serious cardiovascular events and sudden death. Mul-
tiple cases have reported atrial filtration and acute myocardial 
infarction in recreational amphetamine abusers [5, 6].
Other psychiatric illnesses such as mood disorders (38%), 
anxiety (47%) and poor impulse control (20%) are also found 
among adults with ADHD resulting in a higher likelihood of 
leading an unhealthy lifestyle (i.e obesity, smoking, substance 
abuse, etc) and subsequently cardiovascular events. Studies 
have revealed that 15% of ADHD patients have concomitant 
substance use disorders [1]. Substances like cocaine and mari-
juana increase risk of cardiovascular events. World Health 
Organization (WHO) recently reported that chronic use of co-
caine may be associated with myocardial infarction and stroke 
[7].
Gerhard et al study reported that 80% of adult patients with 
ADHD with evidence of ≥ 1 preexisting cardiovascular diseases 
were treated with CNS stimulants. Despite knowledge of pre-
existing cardiovascular disease (10.5%) in ADHD patients, no 
significant reduction in stimulants prescription has been ob-
served [8].

CASE PRESENTATION
A 37-year-old man presented to the emergency department 
with left facial droop and left sided weakness which started 
45 minutes prior to admission. All history was obtained from 
his wife because he was intubated upon arrival to emergency 
ward. He was diagnosed with ADHD at age 13 and was pre-
scribed amphetamine-based medication up until he graduat-
ed from college. Amphetamine was re-started by his primary 
care physician one year ago due to the patient`s lack of con-
centration at his new job. He was taking Adderall XR 25 mg 
daily. According to his wife he was in his normal state of health 
until afternoon of admission day when he suddenly developed 
left facial droop and left sided weakness. He did not have re-
ported chest pain, nausea or diaphoresis.

His past medical history was unremarkable except for ADHD. 
His family history was unremarkable for cardiovascular dis-
eases. His wife reported patient consumes marijuana daily, 
however, she was not aware of patient’s last marijuana use. 
He drinks alcohol occasionally and does not smoke tobacco. 
He was on Adderall XR 25 mg daily, azithromycin for recently 

diagnosed sinusitis. He had no known drug allergies.  

In the ED patient’s vital signs were as follows: blood pressure: 
170/90 mmHg, pulse rate: 127 beats per minute, respiratory 
rate: 20 breaths per minute, O2 saturation: 100% and tem-
perature: 36.5 C. Physical exam was remarkable for slurred 
speech, left facial palsy and ipsilateral hemiplegia. NIH stroke 
scale upon arrival was 5. Patient met the window period for 
TPA administration. Head CT to rule out hemorrhagic stroke 
was performed and TPA was initiated. Patient became agitat-
ed and combative 30 minutes after arrival, three rounds of 
Ativan was administered with no improvement. Eventually, he 
was intubated for airway protection. TPA therapy was com-
pleted and followed with a head CT scan, which was negative 
for intracranial pathology. A 12-lead Electrocardiogram re-
vealed sinus tachycardia, ST elevation in V3-V6, II, III, AVF and 
reciprocal ST depression in I, AVL (figure1). First set of cardiac 
biomarkers: Troponin 3.76 ng/ml, CPK 367 u/l, CK-MB 5.4 ng/
ml, CK-mass 1.47 ng/ml. Urine toxicology was only positive 
for amphetamine. Chest XR (AP) revealed pulmonary vascu-
lar congestion, pulmonary interstitial edema, and an enlarged 
and somewhat globular cardiac silhouette.  

Figure 1: Electrocardiogram on admission to hospital.

He was admitted to intensive care unit for hemodynamic 
monitoring, serial neurologic checks, EKGs, and blood test-
ing. Urgent neurology and cardiology consults were placed 
for evaluation of stroke and anterior inferior STEMI. Repeated 
EKGs revealed sinus tachycardia, ST elevation but decreased 
in V3-V6, II, III, AVF and Q waves in III, and AVF. Troponin up 
trended on serial check with a peak of 55.1 ng/ml. On day 
one, a bedside echocardiography with difinity contrast re-
vealed left ventricular ejection fraction of less than 15% with 
global systolic dysfunction, mild MR and no evidence of LV 
thrombus. As per in-house interventional cardiologist, patient 
was not a candidate for catheterization or balloon pump due 
to TPA administration and acute CVA. A third head CT scan 
within 6 hour interval was obtained and revealed a right MCA 
territory infarct with mass effect and no midline shift. Patient 
was started on aspirin 81 mg, Plavix 75 mg and Atorvastatin 
40 mg. Initiation of heparin drip was postponed in light of 
the high risk of conversion of ischemic stroke to hemorrhagic 
stroke, Risks and benefits were discussed with the patient’s 
family members including his wife. Within 24 hours of admis-
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sion, patient developed cardiogenic shock and pulmonary 
edema in the setting of massive MI. Vasopressor support was 
initiated and his blood pressure eventually normalized in re-
sponse to treatment with norepinephrine, phenylephrine and 
dobutamine drips. Patient was clinically in volume overload 
with pulmonary edema, which was managed with intravenous 
furosemide pushes.

On day two of admission, patient was weaned off sedation and 
in a comatose state. The fourth CT scan of his head now revealed 
expansion of stroke and addition of left PCA territory infarct to 
previous right MCA infarct. Patient was continued on three va-
sopressors for blood pressure support. Day three of admission, 
echocardiography revealed a moderate, fixed thrombus on the 
apical wall of the left ventricle. Patient`s hospital course was 
complicated with acute renal failure and resistant hyperkalemia 
secondary to acute kidney injury (AKI). Hemodialysis was initi-
ated. Day four of admission, he spiked a fever, with increasing 
endotracheal tube secretions and chest X-ray confirming new 
consolidation, Intravenous antibiotics was started for treatment 
of health care associated pneumonia. Day five of admission, pa-
tient had no improvement in clinical status and his prognosis 
remained poor due to extensive myocardial infarct, multiple 
cerebrovascular accidents and multi-organ failure. Neurology 
team cleared patient for anticoagulation therapy and heparin 
drip was initiated. Treatment was discussed again with family, 
risks and benefits were explained. Day seven of admission, pa-
tient had cardiopulmonary arrest. CPR was executed according 
to ACLS guidelines; patient was with pulseless electrical activity 
all throughout course of CPR. Patient was pronounced dead af-
ter 35 minutes of CPR.

DISCUSSION
Adderall is a CNS stimulant prescribed for persons of all age 
groups with ADHD. The active ingredient of Adderall is D-
amphetamine and L-amphetamine salts in the ratio of 3:1. 
Amphetamines have sympathomimetic activity by releasing 
norepinephrine from sympathetic nervous system [9, 10]. 
Adverse cardiovascular events of stimulant drugs have always 
been concerning which include sudden death, stroke, and my-
ocardial infarction [11, 12]. Due to these concerns, in Febru-
ary 2005, the FDA conducted a review of their cardiovascular 
risks. Finally, in February 2007, the FDA issued an advisory for 
all stimulant medications used in treatment of ADHD and re-
quested manufacturers to develop guides to inform patients 
of the cardiovascular risks associated with stimulant drugs 
[13, 14]. 

The exact mechanism of cardiovascular effects of CNS stimu-
lant drugs is not completely clear. Suggested mechanisms 
are as follows: increase in heart rate and blood pressure, cat-
echolamine-induced platelet aggregation which subsequently 

increases risk of thrombus formation [15, 16], increased cir-
culating catecholamines resulting in vasospasm and myocar-
dial ischemia [17], vasculitis caused by high production of 
pro-inflammatory immuno-active glycation end products in 
circulation [18], hyperplasia of coronary artery intima [19], 
prolonged QT interval which can progress to torsades de 
pointes [20].  

CNS stimulants such as amphetamines increase heart rate and 
blood pressure which have been discriminated to accelerate 
cardiovascular diseases [21, 22]. Epidemiologic studies have 
revealed increased resting heart rate as a valuable predictor 
of mortality and decreased life expectancy [23, 24]. Cooney 
et al study, revealed increased heart rate by 15 bpm, is associ-
ated with increased cardiovascular mortality rate by 23-50%, 
in both genders [23]. Also, Perret-Guillaume et al, demon-
strated increase in heart rate by 10 bpm of baseline is associ-
ated with increased rate of cardiac death by 20% [24]. Mick et 
al study, reported that CNS stimulants significantly increased 
resting heart rate and systolic blood pressure by 5.7 bpm and 
1.2 mmHg, respectively. 

CNS stimulants dysregulate interaction of autonomic system 
and myocardial function, which might cause some cardiac 
arrhythmias such as, atrial fibrillation and atrial flutter, espe-
cially in patients with prior structural cardiac problems [25, 
26]. Another condition in which sympathetic response has an 
essential role in cardiovascular events is pheochromocytoma, 
a catecholamine-producing tumor. Ten percent of patients 
with pheochromocytoma have left ventricular dysfunction 
[27]. Catecholamine induced cardiomyopathy in the setting 
of pheochromocytoma has similar presentation as stress in-
duced cardiomyopathy [28]. Smith et al, reported a case with 
congestive heart failure of unknown etiology, who had taken 
dextroamphetamine over a long period of time. Autopsy of 
the heart revealed histological findings with similarities to my-
ocarditis associated with pheochromocytoma. They proposed 
a possible relationship between amphetamines and cardiomy-
opathy [29]. Movahed et al, reported a case who presented 
with tachycardia and hypertension after inhalation of am-
phetamines. Patient had ST depression in precordial leads on 
EKG and elevated cardiac enzymes. Echocardiography showed 
an ejection fraction of 20% with basal akinesia and normal 
RV function. Angiography revealed normal coronary arteries. 
Diagnosis of Takotsubo cardiomyopathy was made. They pro-
posed tachycardia and hypertension associated with amphet-
amine use had induced reverse apical ballooning or reverse 
Takotsubo [30]. Sympathetic response increases release of 
chemotactic and mitogenic factors, which may influence the 
progression of cardiovascular diseases through acceleration 
of atherosclerosis [31]. 
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Current clinical recommendations for initiation of CNS stimu-
lant agents are to obtain personal and family history of cardio-
vascular events such as, premature death, sudden death, long 
QT syndrome, abnormal heart rhythms and cardiomyopathy. 
It is recommended to monitor blood pressure and heart rate 
prior and during period of treatment [32]. Available studies do 
not support performing electrocardiogram as routine moni-
toring [33]. 

CONCLUSION
We report a case with multiple thromboembolic stroke and MI 
with severe LV dysfunction (EF <15%) in the setting of polysub-
stance abuse including amphetamines and marijuana (likely 
synthetic marijuana). This case emphasizes the importance of 
being aware that patients can present with multiple diagno-
ses. Amphetamines have hemodynamic effects and concomi-
tant use of marijuana accelerates their cardiovascular effects 
by increasing catecholamine release. Our patient had severe 
global LV systolic dysfunction, unknown whether chronic or 
acutely stunned in the setting of STEMI. Studies are still lim-
ited to assess long term cardiovascular effects of CNS stimu-
lants. Clinicians must be cautious in prescribing CNS stimulant 
agents. Precise personal, medical, drugs and medication his-
tory needs to be obtained before and during treatment.
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