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Abstract

Antecedents: Objective: Present the electrocardiographic changes secondary to methamphetamine use in an adolescent. Given
that this is a pioneer case in the national literature, we consider its dissemination appropriate. Case Report: A 17-year-old obese
female adolescent, smoker and methamphetamine (crystal) user, presented with ST-segment elevation (STE) 12 hours after a
binge, without accompanying anginal equivalents. With the application of anti-ischemic and antithrombotic measures,
improvement of the STE was observed on the follow-up electrocardiogram (ECG) 24 hours later. The patient did not develop
cardiogenic shock or arrhythmias. Thrombolysis was not performed because she did not develop pathological Q waves. Total
creatine phosphokinase (CPK) and creatine phosphokinase- MB (CPK-MB) levels were elevated, due to rhabdomyolysis.
Conclusions: ST-segment elevation in methamphetamine users has been termed benign coronary spasm by some authors;
however, due to the risk of thromboinflammation at the glycocalyx level, the problem could out-come obstructive. There is no
consensus regarding treatment in pediatric patients. Treatment in adults prioritizes vasodilation and antithrombotic measures,
especially in presence of cardiovascular risk factors such as obesity and smoking.
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1. Introduction

In recent decades, methamphetamine use in Mexico has
been rising at an alarming rate, establishing itself as a major
public health problem. According to the Epidemiological Sur-
veillance System for Addictions (SISVEA), methampheta-
mine ranks among the top substances for which people seek
care in emergency departments and rehabilitation centers,
coming in sixth place (38.4%) behind alcohol, tobacco, and
marijuana [1]. These substances, due to their low cost and easy
accessibility, pose a significant risk to vulnerable populations.
In the study by Uhlmann et al., which included 205 partici-
pants aged 14 to 26 years who were experiencing homeless-
ness, the median age at initiation of substance use was 16
years. The associated factors were previous crack cocaine use,
involvement in drug trafficking, and male sex. [2].

Methamphetamines are sympathomimetic amines that in-
crease intrasynaptic levels of monoamines, primarily dopa-
mine, norepinephrine, and serotonin. This effect produces a
clinical picture characterized by intense central nervous sys-
tem stimulation, euphoria, and hallucinations, as well as car-
diovascular, neurological, metabolic, and gastrointestinal ef-
fects. [3].

Cardiovascular manifestations are particularly severe and
represent one of the leading causes of death associated with
methamphetamine use [4]. These include acute coronary syn-
dromes: acute myocardial infarction, atrial and ventricular ar-
rhythmias, circulatory collapse, malignant hypertension, aor-
tic dissection, pulmonary hypertension, and cardiomyopathy
in chronic users [3, 5, 6].

1.1. Pathophysiology

Among the proposed mechanisms explaining the associa-
tion between methamphetamine use and the occurrence of is-
chemic events are the following:

1.1.1. Sympathomimetic Activation

This produces positive inotropic and chronotropic effects,
thereby increasing blood pressure, cardiac output, and left
ventricular wall stress. Collectively, these effects increase my-
ocardial oxygen demand. In addition, it induces vasocon-
striction, which impairs coronary blood flow and conse-
quently promotes the development of myocardial ischemia [7,
8].

1.1.2. Endothelial Dysfunction

In the particular case of cocaine, endothelial dysfunction
has been described, promoting increased platelet activation in
addition to the induction of coronary vasospasm [7]. This dys-
function has been demonstrated through multiple markers, in-
cluding increased endothelial secretion of Von Willebrand
factor, alterations in nitric oxide production and nitric oxide
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synthase activity, as well as increased tissue factor and de-
creased expression of its inhibitor. These changes may persist
even after cessation of use, thereby contributing to the devel-
opment of accelerated atherosclerosis and a prothrombotic
state [7]. In addition, glycocalyx damage may cause protein
extravasation and tissue edema, further promoting the afore-
mentioned processes [9].

Assessments using the TIMi Frame Count index have doc-
umented impaired microvascular flow even though patients
have coronary arteries without significant lesions and pre-
served epicardial flow [7].

Although the exact mechanisms of methamphetamine-in-
duced vasoconstriction have not been fully elucidated, current
evidence suggests that this phenomenon may be mediated by
the endothelial release of endothelin-1 or by the activation of
the trace amine-associated receptor (TAAR1) at the arterial
level, as well as by catecholamine-mediated adrenergic sig-
naling. [4].

1.1.3. Hyperthermia

secondary to excessive activation of the sympathetic nerv-
ous system or direct toxic effects on muscle cells. These mech-
anisms include the induction of oxidative stress and mitochon-
drial dysfunction, which may lead to apoptosis and fibrosis of
cardiac myocytes, clinically manifesting as cardiotoxicity [8].

1.2. Electrocardiographic (ECG)
Manifestations

In adults, tachyarrhythmias, right-axis deviation, left ven-
tricular hypertrophy, pathological Q waves, and a prolonged
QT interval have been reported. Echocardiography has docu-
mented severe systolic dysfunction, left ventricular thrombus,
functional mitral regurgitation, infective endocarditis, and
even severe pulmonary hypertension [10].

In a recent study, more than 71% of methamphetamine us-
ers presented with some form of ECG abnormality compared
with individuals presenting with chest pain but without a his-
tory of methamphetamine use. Ischemic changes were the
most frequently identified findings, including T-wave inver-
sion in the lateral leads and Q waves in the inferior leads [10].

Electrocardiographic changes in methamphetamine users
have been described in adults; however, we found no similar
cases reported in the pediatric population. Therefore, we con-
sider the presentation of this case to be warranted.

2. Case Report

A 17-year-old female patient was brought to the emergency
department by paramedics after being found in her room with
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loss of consciousness and vomiting. She had a history of con-
tinuous methamphetamine use since the previous afternoon.

Her parents reported that she had been using cocaine, mari-
juana, and lysergic acid diethylamide (LSD) for the past 6
months and had engaged in self-injurious behavior (cutting)
for the past 3 years, in the context of family dysfunction, with
a mother diagnosed with schizophrenia. On arrival at the
emergency department, the patient was obese, with the follow-
ing vital signs: weight 87 kg, height 1.72 m, body mass index
(BMI) 29.4 kg/m?, blood pressure (BP) 105/75 mmHg (MAP
85 mmHg), heart rate (HR) 135 bpm, respiratory rate (RR) 26
breaths/min, temperature 38.7<C, and oxygen saturation
(SpO2) 99% with oxygen at 3 L/min via nasal cannula. Glas-
gow Coma Scale score was 11, with dilated and sluggishly re-
active pupils. Pulmonary examination revealed no crackles or
wheezing. Cardiac auscultation revealed regular heart sounds
and tachycardia, without an S3 gallop. The abdomen was glo-
bose due to adipose tissue, with old linear scars consistent
with cutting.

Initial laboratory tests revealed KDIGO stage 2 acute kid-
ney injury, with a BUN/creatinine ratio of 16. Hydration was
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initiated at 35 mL/kg/day due to the risk of rhabdomyolysis.
The McMahon Score was 7.5 points, indicating a low risk of
requiring renal replacement therapy. Fluid balance was posi-
tive at +1,715 mL. Urine output was 1,750 mL over 14 hours
(1.43 mL/kg/h). Persistent fever (38.5<C) was noted, with no
active bleeding or evident infectious source. The electrocardi-
ogram showed ST-segment elevation suggestive of subepicar-
dial injury in leads I-111, V1-V6 and AVF. Lead Il showed the
presence of a J (Osborn) wave, without Q waves, and with a
prolonged QTc interval (0.578 seconds) (Figure 1).

Initial creatine phosphokinase (CPK) was 4,723 U/L, with
CK-MB of 126.3 U/L and a CK-MB relative index of 2.6%.
Serial enzyme measurements showed an increase in CK-MB
on the second and third determinations, reaching 1,533 U/L.
In subsequent measurements, these enzymes could not be
quantified by the laboratory because their levels exceeded the
analytical range of the equipment. Elevated liver enzymes
were also observed, with ALT of 59.2 U/L and AST of 237.9
U/L. Serum electrolytes: K 4.36, Cl 112.0, Na 146.9, Ca 9.8.
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Figure 1. First electrocardiogram (June 7, 2023). Significant ST-segment elevation in the inferior leads (1, 11, I1l, and aVF) and in leads V1-
V6, with no Q waves. Sinus rhythm with an average ventricular rate of 125 beats/min and a prolonged QTc interval (0.578 seconds). An Osborn

J wave is observed in lead II.

Due to persistent fever above 38.5<C, a dual antipyretic reg-
imen (metamizole and paracetamol) was initiated, and intra-
venous fluids were adjusted to 70 mL/kg/day. Urine toxicol-
ogy screening was positive for methamphetamine. Given the
ST-segment elevation, coronary protective measures were in-
itiated with a 300 mg loading dose of clopidogrel, followed by
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75mg/24 hours; atorvastatin 80mg/24 hours, heparin 80mg/24
hours, and a nitroglycerin patch. A reduction in ST-segment
elevation was observed after 24 hours, with no pathological Q
waves. QTc prolongation persisted, but no arrhythmias devel-
oped (Figure 2).
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Figure 2. Follow-up electrocardlogram at 24 hours. A decrease in ST-segment elevation in DI and |nfer|or leads were observed, with persistent

QTc prolongation and no Q waves.

3. Discussion

In adult methamphetamine users, cardiovascular complica-
tions are well documented as one of the most common reasons
for seeking care in emergency departments [11]. ST-segment
elevation in the absence of acute myocardial infarction (AMI)
has been described as “benign coronary spasm” [3].

In a series of young adults and adolescents conducted by
Menyar Ayman A. [13], with a minimum age of 18 years, the
prevalence of AMI was 11%; among these patients, 5% had
normal coronary arteries, as demonstrated by imaging studies.

In the case that we presented, the electrocardiogram (Figure
1) showed extensive ST-segment elevation, along with an Os-
born J wave and QTc prolongation (0.578 seconds) [15]. in
leads I, I, 1ll, AVF, V3-V6, without pathological Q waves
[12-14]. This electrocardiographic pattern was compatible
with benign coronary spasm. In this setting, the literature rec-
ommends prioritizing coronary vasodilation, while the use of
coronary-protective interventions should be guided by the ex-
perience and protocols of the treating institution. Thrombo-
lysis is recommended in selected cases [13, 19].

During the inflammatory state induced by chemical injury,
the glycocalyx undergoes damage and degradation, leading to
thromboinflammation, which has been associated with intra-
vascular thrombosis and acute myocardial infarction (AMI)
[16]. As noted in the literature, the therapeutic approach
should focus on coronary vasodilation. However, given that
the patient had two cardiovascular risk factors—smoking and

obesity—coronary-protective measures were initiated [17, 18].

A vasodilator, topical nitroglycerin, and anti-ischemic ther-
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apy—including statins, low-molecular-weight heparin, aspi-
rin, and clopidogrel—were administered. The follow-up elec-
trocardiogram at 24 hours showed improvement in ST-seg-
ment elevation, although the Osborn deflection persisted in
lead Il. [15]. This positive deflection occurring before the T
wave has been associated, among other conditions, with myo-
cardial ischemia. Thrombolysis was not performed because
the patient did not develop pathological Q waves [13, 19, 20].

Although the QTc remained prolonged (0.578 seconds), the
patient did not develop any arrhythmias. Methamphetamine
users have been reported to exhibit QTc interval abnormalities
in up to 22% of cases [10].

Due to the patient’s altered neurological status, it was not
possible to determine whether she experienced chest pain or
anginal equivalents. In a series by Turnipseed SD, 8% of
methamphetamine users presented with chest pain; further-
more, 25% developed acute coronary syndrome and 8% expe-
rienced cardiac complications [6].

Several case reports in young adults support the occurrence
of acute myocardial infarction (AMI) following methamphet-
amine use. One such report described a 28-year-old patient
who developed an extensive anterior AMI secondary to coro-
nary thrombosis and amphetamine-induced coronary spasm,
ultimately requiring heart transplantation [21-23].

Global refractory microvascular spasm has also been de-
scribed as a cause of AMI in young patients without angio-
graphic evidence of coronary occlusion [21]. Extreme hyper-
thermia may also cause ST-segment elevation in the absence
of AMI among chronic methamphetamine users, as reported
by Schussler et al. in a 37-year-old male patient with a tem-
perature of 42.4<C [8, 24, 25].
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4. Conclusions

ST-segment elevation without pathological Q waves sec-
ondary to methamphetamine use may be associated with tran-
sient benign coronary spasm. In pediatric population, there is
currently no consensus regarding its management; based on
experience in adults, treatment prioritizes coronary vasodila-
tion, prevention of thromboinflammation and 1AM as result as
obstructive coronary. In settings where cardiac imaging stud-
ies are unavailable, management remains challenging and
should be guided by the experience and protocols of each
healthcare center. An electrocardiogram should be obtained in
every pediatric patient with methamphetamine exposure to fa-
cilitate the systematic assessment and management of poten-
tial cardiac abnormalities.
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