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Amphetamine abuse is a global problem. The cardiotoxic manifestations like acute myocardial infarction (AMI), heart failure,
or arrhythmia related to misuse of amphetamine and its synthetic derivatives have been documented but are rather rare.
Amphetamine-related AMI is even rarer. We report two cases of men who came to emergency department (ED) with chest pain,
palpitation, or seizure and were subsequently found to have myocardial infarction associated with the use of amphetamines. It is
crucial that, with increase in amphetamine abuse, clinicians are aware of this potentially dire complication. Patients with low to
intermediate risk for coronary artery disease with atypical presentationmay benefit from obtaining detailed substance abuse history
and urine drug screen if deemed necessary.

1. Introduction

Amphetamine is a potent central nervous system stimulant
and a substance of widespread abuse. United Nations Office
on Drugs and Crime ranks amphetamine-type stimulants
such as MDMA (popularly known as Ecstasy or Molly) and
methamphetamine as the world’s second most widely used
type of drug after cannabis [1]. According to the figures re-
leased by National Survey on Drug Use and Health, 1.4
million or 0.5 percent of individuals aged 12 years or older
were nonmedical users of stimulants in 2013 [2]. The use of
amphetamine appears to vary with gender and race. It is pre-
dominantly seen in unemployed single white men aged
20–35 years [3]. Data suggests that Caucasians use amphet-
amines more than African Americans [4].The role of cocaine
as a causative agent of AMI is well established [5, 6] but AMI
due to amphetamine use or abuse has not been as widely
recognized. Westover et al. showed modest, though statis-
tically significant, association between amphetamine abuse
andAMI in their population-based study [7].Themost popu-
lar amphetamines encountered in abuse include amphet-
amine, 3,4-methylenedioxymethamphetamine (MDMA),

4-methoxyamphetamine (PMA), 3,4-methylenedioxyam-
phetamine (MDA), 3,4-methylenedioxyethylamphetamine
(MDEA), and 4-methylthioamphetamine (4-MTA) [8]. We
report two cases of previously healthy men who presented
with atypical chest pain and palpitations to the ED and later
were diagnosed with AMI associated with use of amphet-
amines.

2. Case 1

A 41-year-old African American male was brought to our
ED with worsening constant, central, pleuritic chest pain
of one-day duration that woke him from sleep. He also
complained of nausea, tingling, and numbness of both
hands. He reported a history of few weeks of intermittent
chest pain in the same location, with no aggravating or
relieving factors. His past medical history was significant for
dyslipidemia. He denied prescription or illicit drug use but
gave a remote history of smoking, alcohol, and marijuana
abuse. He had no known drug allergy. His father passed
away from a myocardial infarction at 66 years of age. On
presentation to the EDhis blood pressure was 107/60mmHg,
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Table 1: Laboratory data of cardiac enzyme trends.

Cardiac enzymes Case 1 Case 2
1st set 2nd set 3rd set 1st set 2nd set 3rd set

CPK (35–230 IU/L) 2176 2174 4895 271 481 365
CK-MB (0.0–5.0 ng/mL) 55.5 40 9.7 29.4 56.5 23.8
Troponin (0.00–0.03 ng/mL) 2.22 1.3 0.31 1.73 9.57 6.74
Myoglobin (0–450 pg/mL) 467 139 287 79 55 19
CPK: creatine phosphokinase; CK-MB: creatine kinase (CK) MB isoenzyme.

Table 2: Laboratory data of the patients at admission in the hospital and during hospitalization.

Laboratory parameter (normal range) Case 1 Case 2
Urea (7–25mg/dL) 9 21
Creatinine (0.6–1.2mg/dL) 0.9 1.5
Sodium (135–148mEq/L) 137 137
Potassium (3.5–5.3mEq/L) 4.0 3.5
Calcium (8.5–10.5mg/dL) 9.1 9.0
Phosphorus (2.5–4.5mg/dL) 2.9 4.7
Magnesium (1.7–2.5mg/dL) 2.0 2.4
Prothrombin time (12.5–14.5 seconds) 13.0 14.8
Partial thromboplastin time (24–34 seconds) 31.5 31.6
International normalized ratio (1.12–1.46) 0.99 1.17
White blood cell (3.2–10.6) cells/liter 8 10.5
Hemoglobin (12.1–15.9 g/dL) 14.9 12.6
Mean corpuscular volume (77.8–94.0 fL) 87 91.9
Platelet (177000–406000/𝜇L) 161 227
Erythrocyte sedimentation rate (0–10mm/h) 20 —
Thyroid stimulation hormone (0.4–40mU/mL) — 3.14
Human immune deficiency virus Nonreactive Nonreactive
Total cholesterol levels (145–200mg/dL) 199 150
Serum triglycerides (20–160mg/dL) 151 102
LDL cholesterol (50–150mg/dL) 135 99
HDL cholesterol (45–85mg/dL) 30 46
Fasting blood sugar (60–110mg/dL) 171 100
LDL: low-density lipoprotein; HDL; high-density lipoprotein.

heart rate was 78 beats per minute, respiratory rate was
16 per minute, and temperature was 97∘F with an oxygen
saturation of 99% on room air. Cardiovascular examination
was unremarkable. His lungs were clear to auscultation
and his abdominal examination was within normal limits.
Electrocardiogram (EKG) showed sinus tachycardia with dif-
fuse ST segment elevation suggestive of early repolarization
(Figure 1). His initial set of cardiac enzymes showedmarkedly
elevated CPK of 2176U/L, CK-MB of 55.5 ng/mL, troponin
I of 2.22 ng/mL, and myoglobin of 467 ng/mL (Table 1).
He was admitted to the cardiac unit for hemodynamic
monitoring, serial serum cardiac enzymes levels assays, serial
EKGs, and assessment of left ventricular function. The rest
of his laboratory values are listed in Table 2. The urine
drug screen was positive for amphetamines and negative
for cocaine, opiates, barbiturates, cannabinoids, benzodi-
azepines, and phencyclidine, methadone, and propoxyphene.
Chest X-ray showed no acute pathology. A transthoracic

echocardiogram showed normal left ventricular systolic
function without any regional wall motion abnormalities.
Cardiac catheterization revealed normal epicardial coronary
arteries without any evidence of atherosclerotic disease.
Serum troponin levels showed a downward trend on follow-
up lab tests. The patient was started on amlodipine 10mg
for possible coronary vasospasm. He was discharged home
after two days of hospitalization. The final diagnosis of AMI
likely secondary to amphetamine-induced vasospasm was
made.

3. Case 2

A 23-year-old African American male was brought to our
ED with a seizure episode preceded by palpitations and
diaphoresis. He was on a rigorous exercise regimen and had
started taking an over-the-counter product called Shakeol-
ogy one week before. At the time of admission, his blood
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Figure 1: Sinus tachycardia and diffuse ST segment elevation suggestive of early repolarization.

pressure was 101/64mmHg, heart rate was 154 beats per
minute, respiratory rate was 18 per minute, and temperature
was 98∘F with an oxygen saturation of 98% on room air.
He denied prescription or illicit drug use but on the day
of presentation he did drink some alcohol. He admitted
to smoking two cigarettes per week and having a couple
of beers on the weekend. His past medical history was
unremarkable and he had no known drug allergies. There
was no significant family history of any cardiac conditions.
Cardiovascular examination revealed an irregularly irregular
heart beat and the EKG showed atrial fibrillation without
any significant ST changes (Figure 2(a)). His lungs were
clear to auscultation and abdominal examination was within
normal limits. His initial cardiac enzymes were elevated
with CPK of 271U/L, CK-MB of 29.4 ng/mL, troponin I
of 1.73 ng/mL, and myoglobin of 79 ng/mL (Table 1). He
was admitted to cardiac unit for further monitoring and
management. Repeat EKG showed spontaneous conversion
to normal sinus rhythm (Figure 2(b)). The rest of his lab-
oratory values were normal (Table 2). Troponin I levels
peaked at 9.57 ng/mL. No acute pathology was noted on
chest X-ray. Cardiac CT angiogramwith calcium scoring was
done. It showed calcium score of 0 Agatston units and no
evidence of coronary artery disease. The urine drug screen
was positive for amphetamines and negative for cocaine,
opiates, barbiturates, cannabinoids, benzodiazepines, and
phencyclidine, methadone, and propoxyphene. Coronary
vasospasm likely secondary to amphetamine was considered
possible etiology and he was started on amlodipine 10mg.
He was discharged home on fourth day after resolution
of his symptoms. The final diagnosis of atrial fibrilla-
tion and non-ST segment elevation myocardial infarction
likely secondary to amphetamine-induced vasospasm was
made.

4. Discussion

Amphetamine is a synthetic derivative of phenethylamine.
Amphetamines are central nervous system stimulants that
stimulate the release of catecholamines especially nore-
pinephrine and dopamine from presynaptic nerve endings
and prevent their reuptake, thus creating a hyperadrenergic
state [9]. Its history of abuse dates back to its development
more than 100 years ago. The last twenty-five years have
seen a rapid surge in illicit use of amphetamine and related
compounds in theUnited States.The routes of administration
can be oral, intravenous (IV), and inhalation. With oral use
there is approximately 1-hour delay in symptoms, whereas
when inhaled or injected effects are seen within few minutes.
The peak plasma concentration is achieved in 5 minutes
with IV use and in 2 to 3 hours after ingestion. The rate of
metabolism is highly variable and up to 30% of the parent
compound can be excreted unchanged in the urine. Plasma
half-life ranges from 5 to 30 hours depending on urine flow
and pH [10].

The most common cardiovascular side effects of am-
phetamine abuse are hypertension and tachycardia [11].
Other common complaints can be chest pain, palpitations,
and shortness of breath. There have been reports of seri-
ous cardiovascular complications like cardiomyopathy, car-
diac dysrhythmia, myocardial infarction, cor pulmonale,
myocarditis, necrotizing vasculitis, coronary rupture, and
sudden cardiac arrest [11–14]. The exact pathophysiological
mechanism of myocardial infarction following amphetamine
use is unclear. Proposed mechanisms include coronary va-
sospasm, coronary spasmwith intracoronary thrombus, pro-
thrombotic activation [15, 16], increased myocardial oxygen
demand induced by catecholamines [17], and catecholamine-
mediated platelet aggregation with subsequent thrombus
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(a)

(b)

Figure 2: (a) Atrial fibrillation without any significant ST changes. (b) Normal sinus rhythm with early repolarization.

formation [18]. The role of amphetamine in inducing vaso-
constriction and vasospasm is not completely explained by
adrenergic stimulation [19].

Our patients had no therapeutic indication for amphet-
amine-like substances and denied any recreational drug use.
The exact route of intake could not be ascertained. 45% of
the adults in a recent single centre study by Alghamdi et
al. did not admit to substance abuse. Adults aged <40 years
weremore likely to admit to substance abuse [20]. Urine drug
screens are generally performed using either immunoassays
or gas chromatography-mass spectrometry (GC-MS) [21].
One major problem with immunoassays is false-positive

results. Therefore, a more specific confirmatory test such
as GC-MS is needed to confirm a positive finding with an
immunoassay. GC-MS is more accurate than an immunoas-
say but it is more expensive and time-consuming [22]. Our
patients were not on any drugs or dietary supplements that
are known to cause false-positive immunoassay [23]. One of
our limitations is absence of GC-MS urine drug screen or
serum amphetamine levels for the patients.

Patient 2 had history of consumption of a meal replace-
ment shake (Shakeology). Popular dietary supplements are
known to cause false-positive urine drug screen for amphet-
amine [23, 24] and also have been implicated in causing
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sudden cardiac death and AMI [25, 26]. Shakeology is not
mentioned in the list of such dietary supplements released by
the concerned agencies [27].

Patient 1 had normal sinus rhythm with early repolar-
ization and patients 2 had atrial fibrillation with nonspecific
ST changes. Serial cardiac biomarkers were elevated in both
patients. Liebetrau et al. proposed diagnostic approach for
AMI in patients with atrial fibrillation and symptoms sugges-
tive of AMI. The specificity-optimized cut-off values higher
than the 99th percentile concentration (0.032 ng/mL) and
additional use of the 3-hour change in troponin concentra-
tion lead to a positive predictive value of more than 95%,
facilitating identification of patients with AMI [28]. Patient 2
had atrial fibrillation that lasted for fewminutes and resolved
spontaneously. The maximal noted heart rate was 154 beats
perminute. He did not have any evidence of hypotension. His
troponin I on presentation was 1.73 ng/mL and subsequently
increased to 9.57 ng/mL four hours later. It does not seem
plausible that atrial fibrillation that was transient and without
any hemodynamic compromise would lead to greater than
fivefold increase in troponin on subsequent testing.

The treatment of AMI attributed to amphetamine abuse
is not clearly defined [29, 30]. Calcium channel blockers
may play an important role in the treatment of AMI due to
amphetamines and as in our cases they may be effective in
treatment of suspected coronary vasospasm. Beta-adrenergic
receptor blocker administration should be avoided until the
pathophysiology of this condition has been clarified as they
may exacerbate coronary vasospasm. Thrombolytic therapy
or intravenous anticoagulants may be used if coronary
thrombus is present [19].

Patient 1 had cardiac catheterization while Patient 2 had
CT coronary angiography given his low risk for coronary
artery disease. No evidence of coronary artery disease was
found in either subject. Both patients had good outcome and
were discharged home to follow-up in cardiology clinic.

5. Conclusion

Amphetamine and related substances are now among the
most commonly abused drugs worldwide. Amphetamine
associated AMI may become more common in the acute
care setting if the rate of amphetamine abuse continues to
increase. Although the exactmechanismbywhich it does so is
still unclear, there seems to be intricate interaction of host and
drug factors that is responsible for the variability in clinical
presentation and outcome. Clinically a number of areas need
to be addressed, the most important being the appropriate
therapeutic approach. Physicians working in the emergency
departments aswell as cardiologists should be sensitive to this
complication, as early diagnosis can be the key to successful
management of this potentially fatal complication.

Consent

Patients’ consent was obtained for the publication.

Disclosure

Bryan H. Curry is a senior author.

Conflict of Interests

The authors report no financial relationships or conflict of
interests regarding the content herein.

References

[1] UNODC, World Drug Report 2011, Sales no. E.11.XI.10, United
Nations Publications, 2011.

[2] Substance Abuse & Mental Health Services Administration,
Results from the 2013 National Survey on Drug Use andHealth,
http://www.samhsa.gov/data/NSDUH/2013SummNatFindDet-
Tables/Index.aspx.

[3] B. Huang, D. A. Dawson, F. S. Stinson et al., “Prevalence, corre-
lates, and comorbidity of nonmedical prescription drug use and
drug use disorders in the United States: results of the National
Epidemiologic Survey on Alcohol and Related Conditions,”
Journal of Clinical Psychiatry, vol. 67, no. 7, pp. 1062–1073, 2006.

[4] T. F. Borders, B. M. Booth, X. Han et al., “Longitudinal changes
in methamphetamine and cocaine use in untreated rural
stimulant users: racial differences and the impact of metham-
phetamine legislation,” Addiction, vol. 103, no. 5, pp. 800–808,
2008.

[5] A. I. Qureshi, M. F. Suri, L. R. Guterman, and L. N. Hopkins,
“Cocaine use and the likelihood of nonfatal myocardial infarc-
tion and stroke: data from the Third National Health and
Nutrition Examination Survey,” Circulation, vol. 103, no. 4, pp.
502–506, 2001.

[6] S.-S. Yao, H. Spindola-Franco, M. Menegus, M. Greenberg, M.
Goldberger, and J. Shirani, “Successful intracoronary throm-
bolysis in cocaine-associated acute myocardial infarction,”
Catheterization and Cardiovascular Diagnosis, vol. 42, no. 3, pp.
294–297, 1997.

[7] A. N. Westover, P. A. Nakonezny, and R. W. Haley, “Acute my-
ocardial infarction in young adults who abuse amphetamines,”
Drug and Alcohol Dependence, vol. 96, no. 1-2, pp. 49–56, 2008.

[8] W. Jacobs, “Fatal amphetamine-associated cardiotoxicity and
its medicolegal implications,” American Journal of Forensic
Medicine and Pathology, vol. 27, no. 2, pp. 156–160, 2006.

[9] B. K. Yamamoto, A. Moszczynska, and G. A. Gudelsky, “Am-
phetamine toxicities: classical and emerging mechanisms,”
Annals of the New York Academy of Sciences, vol. 1187, pp. 101–
121, 2010.

[10] D. J. Watts and L. McCollester, “Methamphetamine-induced
myocardial infarction with elevated troponin I,” The American
Journal of Emergency Medicine, vol. 24, no. 1, pp. 132–134, 2006.

[11] J. Waksman, R. N. Taylor, G. S. Bodor, F. F. S. Daly, H. A. Jolliff,
and R. C. Dart, “Acute myocardial infarction associated with
amphetamine use,” Mayo Clinic Proceedings, vol. 76, no. 3, pp.
323–326, 2001.

[12] J. Brinkman, N. Hunfeld, and P. Melief, “‘Double arrest’—
amphetamine fatality in a 31-year-old male: a case report,”
Netherlands Journal of Critical Care, vol. 18, no. 2, pp. 17–20,
2014.

[13] E. Khattab and A. Shujaa, “Amphetamine abuse and acute
thrombosis of left circumflex coronary artery,” International
Journal of Case Reports and Images, vol. 4, no. 12, pp. 698–701,
2013.

[14] K. Brennan, S. Shurmur, and A. Elhendy, “Coronary artery
rupture associated with amphetamine abuse,” Cardiology in
Review, vol. 12, no. 5, pp. 282–283, 2004.



6 Case Reports in Cardiology

[15] T. T. Bashour, “Acute myocardial infarction resulting from
amphetamine abuse: a spasm-thrombus interplay?” American
Heart Journal, vol. 128, no. 6, part 1, pp. 1237–1239, 1994.

[16] C. Gebhard, A. Breitenstein, A. Akhmedov et al., “Ampheta-
mines induce tissue factor and impair tissue factor pathway
inhibitor: role of dopamine receptor type 4,” European Heart
Journal, vol. 31, no. 14, pp. 1780–1791, 2010.

[17] E. O. Feigl, “Coronary physiology,” Physiological Reviews, vol.
63, no. 1, pp. 1–205, 1983.

[18] J. I. Haft, P. D. Kranz, F. J. Albert, and K. Fani, “Intravascular
platelet aggregation in the heart induced by norepinephrine:
microscopic studies,” Circulation, vol. 46, no. 4, pp. 698–708,
1972.

[19] G. M. Costa, C. Pizzi, B. Bresciani, C. Tumscitz, M. Gentile,
and R. Bugiardini, “Acute myocardial infarction caused by
amphetamines: a case report and reviewof the literature,” Italian
Heart Journal, vol. 2, no. 6, pp. 478–480, 2001.

[20] M. Alghamdi, B. Alqahtani, and S. Alhowti, “Cardiovascular
complications among individuals with amphetamine-positive
urine drug screening admitted to a tertiary care hospital in
Riyadh,” Journal of the Saudi Heart Association, 2016.

[21] K. E. Moeller, K. C. Lee, and J. C. Kissack, “Urine drug screen-
ing: practical guide for clinicians,”Mayo Clinic Proceedings, vol.
83, no. 1, pp. 66–76, 2008.

[22] J. B. Standridge, S. M. Adams, and A. P. Zotos, “Urine drug
screening: a valuable office procedure,” American Family Physi-
cian, vol. 81, no. 5, pp. 635–640, 2010.

[23] A. Saitman, H.-D. Park, and R. L. Fitzgerald, “False-positive
interferences of common urine drug screen immunoassays: a
review,” Journal of Analytical Toxicology, vol. 38, no. 7, Article
ID bku075, pp. 387–396, 2014.

[24] A. J. Pavletic and M. Pao, “Popular dietary supplement causes
false-positive drug screen for amphetamines,” Psychosomatics,
vol. 55, no. 2, pp. 206–207, 2014.

[25] M. J. Eliason, A. Eichner, A. Cancio, L. Bestervelt, B. D. Adams,
and P. A. Deuster, “Case reports: death of active duty soldiers
following ingestion of dietary supplements containing 1,3-
dimethylamylamine (DMAA),” Military Medicine, vol. 177, no.
12, pp. 1455–1459, 2012.

[26] T. B. Smith, B. A. Staub, G. M. Natarajan, D. M. Lasorda, and
I. G. Poornima, “Acute myocardial infarction associated with
dietary supplements containing 1,3-dimethylamylamine and
Citrus aurantium,” Texas Heart Institute Journal, vol. 41, no. 1,
pp. 70–72, 2014.

[27] Human Performance Resource Center, Dietary Supplements/
Products Containing DMAA, http://HPRC-ONLINE.org.

[28] C. Liebetrau, M. Weber, S. Tzikas et al., “Identification of acute
myocardial infarction in patients with atrial fibrillation and
chest painwith a contemporary sensitive troponin I assay,”BMC
Medicine, vol. 13, article 169, 2015.

[29] A. S. Ragland, Y. Ismail, andE. L.Arsura, “Myocardial infarction
after amphetamine use,” American Heart Journal, vol. 125, no. 1,
pp. 247–249, 1993.

[30] M. J. MacMahon and V. R. Tallentire, “Stimulating stuff: the
pathological effects of cocaine and amphetamines on the car-
diovascular system,”TheBritish Journal of Diabetes andVascular
Disease, vol. 10, no. 5, pp. 251–255, 2010.


