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Abstract
A patient presenting an ST-segment elevation could represent

a life-threatening condition in Emergency Department (ED). This
case shows how sometimes, a chronic, and more often, an acute
abuse of alcohol is related to important harmful effects on myocar-
dial contractility. The authors present a case of a 19-year-old male
of oriental-Asiatic origin admitted unconscious to ED with alco-
holic fetor: on electrocardiogram a significant and widespread ST-
segment elevation was observed. A bedside echocardiography
showed no abnormalities in segmental kinetics; therefore electro-
cardiogram-alterations could be related to a coronary spasm. The
literature is poor about this effect induced by acute alcohol inges-
tion: the pathophysiological mechanism at the base of the abnor-
mal muscle contractility, seems to be related to an impairment in
cyclic guanosine monophosphate production, although a second
and less probable hypothesis could be an altered intracellular con-
centration of calcium levels.

Case Report
The authors present a case of a 19-year-old male of oriental-

Asiatic origin who was admitted unconscious to the Emergency
Department presenting a Glasgow coma scale (GCS) 3 with alco-
holic fetor. The patient showed a normal physical examination and
no recent trauma signs were observed. A correct AMPLE evalua-
tion was impossible at the admission due to the absence of witness-
es. Ancillary blood tests were performed: plasma glucose, hemo-
cromocytometric sample, renal and hepatic tests, electrolytes
[white blood cells count 7.4×103/µL, red blood cells count
5.21×106/µL, hemoglobin (Hb) 15.2 g/dL, hematocrit 44.3%,
blood urea nitrogen 25 mg/dL, glucose:129 mg/dL, Na+ 141
mEq/L, K+ 3.1 mEq/L, Cl– 104 mEq/L, aspartate transaminase 21
UI/L, alanine transaminase 26 UI/L, creatine kinase 120 UI/L, lac-
tate dehydrogenase 158 UI, pancreatic amylase 30 UI/L, bilirubin
0.7 mg/dL, fibrinogen 302 mg/dL, international normalized ratio
1], and acid-base balance (pH 7.36, pCO2 40.0 mmHg, pO2 100
mmHg, Hb 14.9 g/dL, SpO2 97.5%, Glu: 129 mg/dL, HCO3

– 22.2
mmol/L). A toxicological panel for plasma and urines was per-
formed as well, and resulted normal except for alcohol concentra-
tion. Serum lactate was 2.1 mmol/L. Blood pressure was 105/50
mmHg, heart rate 68 bpm; tympanic temperature was 36.2°C.

The initial treatment was addressed to airway protection with
orotracheal intubation (induction with propofol and rocuronium)
and the patient was ventilated with 100% oxygen; after that, gastric
aspiration was performed with no result as the stomach was empty.
The pharmacological treatment consisted in coma cocktail drugs
(naloxone 0.4 mg, flumazenil 0.1 mg/5 mL, D5W 250 mL, normal
saline and thiamine). A head computed tomography (CT) scan
showed normal patterns.

Moreover, an electrocardiogram was performed and surprisingly
showed a significant and widespread ST-segment elevation (Figure
1); the blood tests revealed a high blood alcohol level (3.6 g/L) with
a normal I isoform troponin level 0.01 ng/mL (normal value: 0.00-
0.06 ng/mL). The cardiologist consultant performed a bedside
echocardiography which showed no abnormality of heart segmental
kinetics, and subsequently, 12 h after pharmacological treatment, the
patient gained consciousness and was extubated. He showed sudden
normalization of the electrocardiogram (ECG) (Figure 2) associated
with normal ethanol blood level (0.18 g/L) 15 h after admission.
Therefore, the authors hypothized that an alcohol-related coronary
spasm could be the cause of the ECG-alterations. 

Discussion
Chronic and acute alcohol abuse are causes of important side

effects on myocardial function and perfusion. Chronic alcohol
intake induces cardiomyopathy, cardiac rhythm disorders and sud-
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den death.1-3 The literature on ST-segment elevation in acute alco-
hol intoxication in humans is poor, although we know that in
experimental animal acute alcohol intoxication can induce alter-
ations in the ST segment. Literature in humans remains poor.

Chronic alcohol intake represents a well-known risk factor for
cardiovascular disease. The acute form of alcohol intoxication is
associated with several clinical manifestations including cardio-
vascular function, such as important reduction on left ventricle
contractility, which appears more severe in patients affected by
coronary artery disease.4

Ethanol acts in chronic inducing myocardial damage, linked
to: i) direct toxic effects: uncoupling of the excitation-contraction
system; reduced calcium sequestration in the sarcoplasmic reticu-
lum; membrane inhibition of Na+/K+ATP-dependent pump; respi-
ratory alterations of the myocytes; increased synthesis of the extra-
cellular matrix; ii) toxic effects of metabolites: acetaldehyde and
ethyl esters; iii) nutritional deficiency and deficiencies of trace ele-
ments: thiamine and selenium; iv) electrolyte imbalances: hypo-
magnesemia, hypokalemia, hypophosphatemia; v) toxic additives:
lead and cobalt.5-8

Chronic alcohol abuse is associated with coronary artery dis-
ease, arrhythmias and sudden cardiac death. Levels of triglycerides
and very low-density lipoprotein (LDL) are increased in these
patients; the chronic intake of conspicuous doses is also associated
with an increase in LDL cholesterol and a decrease in high-density
lipoprotein: these alterations are the basis of an increased coronary
risk. Alcohol abusers are also more likely to experience high blood
pressure and increased left ventricular muscle mass (diastolic or
systolic dysfunction).

Those who chronically intake high quantities of alcohol have a
higher incidence of arrhythmias, including: supraventricular or
ventricular ectopic beats, supraventricular tachycardia, atrial flut-
ter, atrial fibrillation (the most frequent), ventricular tachycardia
and ventricular fibrillation.8,9

One of the most important clinical pictures in acute alcohol
intoxication is represented by the so called Holiday Heart
Syndrome. The syndrome described in 1978 shows a frequent onset
of paroxysmal supraventricular arrhythmias, such as atrial fibrilla-
tion, and symptoms usually disappear within 24 h.10,11

In experimental animal models induced to acute alcohol intox-
ication, ischemia/reperfusion heart susceptibility resulted
increased and the normal left ventricular contractility became
physiologic within 6 hours after alcohol peak.12 Ethanol treated
rats showed indeed an elevated ST-segment after 24 h and a long
QTc after 6 and 24 h as compared to the control group.12,13

Aldehyde dehydrogenase 29 variant 2 (ALDH2*2) is consid-
ered a harmful risk factor for coronary spasm and myocardial
infarction with ST elevation.

Minzuno et al.9 demonstrated that ALDH2*2 is involved in
ethylic alcohol detoxification in acute myocardial infarction with
ST-elevation (51.0%) and this group of patients showed more
severe myocardial lesions than other enzyme isoform of aldehyde-
dehydrogenase. Similarly, Xu et al.14 demonstrated that Glu504lys
polymorphism for ALDH2* is related to major cardiovascular
events such as acute coronary syndromes and sudden cardiac
death.

The chronic effects of ethanol on cardiovascular system are
well-known; on the other hand, the acute effects are not completely
understood. Ethanol has a psychoactive effect when ingested at
high doses and provides a documented action on cardiovascular
system: in addition to skin vasodilation responsible for the sensa-
tion of heat and redness, ethanol is able to produce coronary
vasospasm. Ando et al.15 have described the potential role of

acetaldehyde level (a metabolite produced by the action of alcohol
dehydrogenase) in myocardial ischemia: in this article the authors
present a patient with angina who suffered ischemia related with
alcohol ingestion and abnormal high level of acetaldehyde. In vitro
a study by Altura et al.16 has analyzed the effects of ethanol and
acetaldehyde on medium and small caliber coronary vessels: the
authors noted that the exposure to 8.5 Mm of alcohol can induce
the contraction of the cardiac arteries; conversely the acetaldehyde
has instead a relaxing action on vascular basal tone. Altura et al.
have therefore correlated this effect on the vascular system to the
depression of cardiac contractility, arrhythmias, cardiomyopathy
and increased incidence of sudden cardiac death observed in
patients with a history of alcohol abuse. The authors failed to iden-
tify the underlying pathophysiological mechanism: they did not
find the involvement of the adrenergic system, histamine or 5-HT,
so they hypothesized that this effect could be caused by a paracrine
and autocrine action of the endothelium. Consistently with litera-
ture, we speculated that alcohol levels might be correlated to
myocardial ischemia since ECG pattern normalization only
occurred with alcohol level normalization.

Electrolytes imbalance has been hypothesized in acute alcohol
induced angina: Miwa et al.17 have studied the role of magnesium
(Mg) imbalance in alcohol induced variant angina based on studies
that suggest an involvement of Mg deficiency as trigger of the
coronary spasm. The authors have supposed that increased urinary
Mg excretion induced by alcohol assumption may be the cause of
acute alcohol induced angina. The Mg normal concentration is 1.7-
2.2 mg/dL (1.4-1.8 mEq and 0.7-0.9 mmol/L): in our case the
blood sample shows a value in range but at the lower limit (1.7
mg/dL). Probably this is not the mechanism involved in our report
because as Miwa et al. suggest chronic alcohol intake could be a
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Figure 1. Emergency Department admission.

Figure 2. 12 h later after Emergency Department admission.
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risk factor for coronary artery spasm through Mg deficiency, while
in our case the effect was due to acute ingestion and the patient
would probably not have had the time to develop hypomagne-
semia.

Puddey et al.18 in addition to the known effects related to the
ingestion of high amounts of alcohol (increased risk of coronary
heart disease and ischemic and hemorrhagic stroke) have found in
vitro that while low amounts of alcohol determine an increase in
nitric oxide (NO) and therefore an increase in endothelium-medi-
ated vasodilation, an ingestion of high doses of alcohol in acute
leads to an impairment in vascular relaxation. Similarly, Brizzolara
et al.19 found that alcohol at high concentrations causes a decrease
in maximum relaxation and sensitivity of the vessels to acetyl-
choline. During in vitro experiments conducted by Hatake et al.20

endothelium-dependent relaxation was consistently decreased by
exposure of the vessels to alcohol.

The coronary vasospasm is considered a non-specific contrac-
tile response of vascular smooth muscle in response to the stimu-
lation by various agonists or in response to an inflammatory
process which can induce fibrocellular proliferation. Ca++ interac-
tion with calmodulin-activated myosin light chain (MLC) kinase
with subsequent phosphorylation of MLC21 is necessary for vascu-
lar smooth muscle contraction. Yasue et al.21 described as coronary
arterial hypercontractility is related to: i) an increased intracellular
flow of Ca++ that leads to an increase level of free intracellular
Ca++; ii) an hypersensitivity to Ca++ of the contractile proteins of
vascular smooth muscle cells.

Oda et al.22 in an old 1994 study, when the pathophysiological
mechanism that carried coronary vasospasm was unknown, stud-
ied 8 patients who had documented a relationship between alcohol
ingestion and episodes of chest pain with elevation of the ST seg-
ment. The pain in these patients was treated with sublingual nitro-
glycerin as soon as it appeared: nitroglycerin provided the com-
plete resolution of symptoms. An angiography was performed in 4
patients presenting with pain and alteration of the ST segment: in
3 cases there were alterations of ventricular activation time or
intravenous pyleogram, which reflected what was observed on
ECG. Oda et al. in these patients measured blood levels of:
ethanol, serotonin, catecholamines, prostanoids, cyclic nucleotides
(cGMP, cAMP), platelet aggregability. The results of those patients
to whom alcohol had been given and who had angina were then
compared to healthy controls: normal values were found for all the
analyzed items in patients with chest pain except for cGMP, whose
levels were extremely low.2

It is difficult to demonstrate the role that may have NO, calci-
um sensitivity and alteration in messenger synthesis (cGMP): how-
ever, it is likely to assume that the sum of these factors could have
an addictive role in the dysregulation of vascular tone. Summing
up what emerges from literature it is possible to hypothesize that at
the base of the alterations of the ST segment there is an alteration
of coronary contractility: vasospasm is the cause of the electrocar-
diographic alterations.2,23 The vascular tone is increased because
there is an impairment in the function of the NOS with a decrease
level of NO, and consequently with a decrease in cGMP, an impor-
tant second messenger implicated in coronary vasodilation: this
creates an imbalance between the mediators that cause contraction
and those that release the vascular smooth muscle. Another possi-
ble mechanism is linked to a calcium-mediated hypercontractivity.
These mechanisms then act on an underlying genetic substrate of
the patient: the level of alcohol dehydrogenase activity influences
the rate of ethanol metabolism, therefore the patients with low
enzyme activity will be more exposed to episodes of vasospasm.5,23

Conclusions
Electrocardiographic and vascular abnormalities due to high

doses of alcohol are rare, however they can be one of the causes of
ST segment alteration which leads physicians to investigate an
acute coronary syndrome. It is important to keep in mind this effect
in patients who abuse large quantities of alcohol and who arrive in
ED with altered GCS and ST segment elevation.
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