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ABSTRACT

Background: Alcohol consumption leads to a significant number of deaths, mostly in
i men, worldwide. Considering the effect of ethanol toxicity on the heart, we studied various
Received: 18 Dec 2020 i Electrocardiographic (ECG) changes in patients with acute ethanol poisoning.

First Revision: 29 Dec 2020 i Methods: A cross-sectional study was performed on patients admitted to Khorshid Hospital
Accepted: 23 May 2021 (affiliated to Isfahan University of Medical Sciences) due to ethanol poisoning. All 15- to
Published: 15 Jun 2021 i 50-year-old patients with acute ethanol intoxication were included in the study (N=250). The
i patients’ information, including the demographic characteristics, clinical manifestations, and
ECG changes were recorded and analyzed. Different variables were compared between the

patients with or without ECG changes.

Article info:

Results: Most of the research patients (n=208) were men (83.82%). The Mean+SD age of the
Study patients was 26.8+8.87 years. About 54.8% of the patients presented abnormal ECG.
The changes in ECG were not significantly different based on the demographic characteristic
and clinical manifestations. The time interval between ethanol consumption and admission
was significantly higher in patients with abnormal ECG, compared to those with normal ECG

Keywords: (Mean£SD: 7.09410.67 vs. 4.77+ 4.54 hours, respectively) (P=0.03).
Poisoning, Ethyl alcohol, Conclusion: ECG changes are common in patients with ethanol poisoning. The time interval
Electrocardiogram (ECG), i between ethanol consumption to hospital admission may be an important factor in the
Arrhythmia i occurrence of ECG changes.
1. Introduction tion (WHO), alcohol consumption leads to three million
deaths annually; such cases involve men three times
Icohol use presents multifaceted effects more than women globally. Alcohol is considered a sig-
on Cardiovascular (CV) health [1]. Ac- nificant risk factor of mortality in 15-59-year-old males
cording to the World Health Organiza- [2]. Alcohol dependency is not prevalent in Iran; in most
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cases, alcohol consumption and its adverse effects may
not be reported due to social stigmas [3].

The acute effects of alcohol consumption are related
to drinking habits as well as functional and metabolic
tolerance. It is necessary to recognize the pattern of alco-
hol consumption to find the exact relationship between
clinical symptoms and ethanol serum level. Some of the
drunken patients present such signs and symptoms, as
flushing, sweating, tachycardia, and hypotension [4].
Drunkenness in patients with underlying diseases causes
decreased cardiac output and arrhythmias, such as atrial
fibrillation, atrioventricular blocks, and unstable ventric-
ular tachycardia. Such conditions can lead to ventricular
fibrillation, even in the healthy population [4, 5]. Cardiac
arrhythmias may occur during or shortly after consump-
tion in patients who regularly drink alcohol. It may also
occur in non-alcoholic patients during consumption [6].
Atrial fibrillation has been observed in 15%-20% of indi-
viduals with acute alcohol toxicity. Other arrhythmias,
unspecific changes, including ST section changes, P
wave changes, left ventricular complete or partial block,
and other conductive disorders have been reported in
various studies [7, 8]. Ethanol can cause ST-segment el-
evation in Electrocardiogram (ECG) and angina due to
local spasm in the coronary artery [4]. Considering the
different metabolism of ethylic alcohol in various races,
we have investigated the frequency of ECG changes in
Iranian patients with ethanol toxicity.

2. Materials and Methods

This cross-sectional study was conducted on 250 pa-
tients intoxicated with ethyl alcohol, who were hospital-
ized in Khorshid Hospital, affiliated to Isfahan Univer-
sity of Medical Sciences, from 23 July 2018 to 20 March
2019. This study was approved by the Ethics Commit-
tee of Isfahan University of Medical Sciences (code:
IR.MULMED.REC.1397.173). All the included patients
or their guardians provided a written consent form to
participate in this research.

Patients in the age range of 15-50 years who were
referred to the Toxicology Emergency Department of
Khorshid Hospital due to acute ethylic alcohol toxicity (a
recent consumption of drinks, including wine, whiskey,
vodka, beer, and other available alcoholic drinks, e.g.
illegally-produced alcohol beverage) were included in
this study. Considering that methanol was the main toxic
chemical component in illegal alcoholic beverages [9],
the consumption of this product was considered as the
inclusion criteria, except for the patients with any sign
and symptoms unrelated to ethanol toxicity. Having a
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medical history of cardiovascular diseases, diabetes mel-
litus, and hypertension were considered as the exclusion
criteria of the study. The demographic data of the study
patients were recorded, including age, gender, vital signs
and consciousness level, the duration of alcohol con-
sumption, the amount and type of consumed alcohol, the
coingestion of effective drugs on the cardiovascular sys-
tem, acute or chronic opioids, and stimulant drugs con-
sumption, underlying diseases, and the period between
alcohol consumption and hospital admission. Labora-
tory tests, including electrolytes (Na, K), Blood Sugar
(BS), Aspartate Aminotransferase (AST), Alanine Ami-
notransferase (ALT), Lactate Dehydrogenase (LDH),
Creatine Phosphokinase (CPK), Complete Blood Count
(CBC), coagulation tests (INR, PT, PTT), and Venous
Blood Gas (VBG) were gathered. Furthermore, a stan-
dard ECG with 12 leads was obtained by Yasham 636
in the supine position from all research patients; subse-
quently, its changes were recorded according to standard
evaluation. ECGs were evaluated based on the heart
rate, PR segment, QRS complex, and QT interval. The
PR range of 0.12-0.20 second, the QRS complex range
0f 0.06-0.1 second, and the corrected QT interval (QTc)
0f <0.45 second for males and <0.46 second for females
were considered as normal [4]. Abnormal PR was con-
sidered as tachycardia of >100/min and bradycardia of
<60/min. Additionally, arrhythmias (including atrial fi-
brillation, premature ventricular contractions, ventricu-
lar, & supraventricular tachycardia) and any changes out
of the aforementioned ranges were defined as abnormal
ECG. Different variables were compared between the
patients with normal and abnormal ECGs.

The obtained data were analyzed by SPSS V 23. The
collected descriptive data were reported using mean+SD,
percentage, and absolute count. Moreover, the achieved
data were analyzed using Chi-squared or Fisher’s Exact
tests, Independent Samples t-tes, and Analysis of Variance
(ANOVA). P<0.05 was considered statistically significant.

3. Results

According to the present study results, of the 250 pa-
tients, 208 (83.2%) cases were men and 42 (16.8%) cases
were women. The Mean+SD age of the study participants
was 26.4+8.87 years. In 54.8% of the patients, the ECG
was abnormal and 45.2% of patients presented normal
ECG. In 55.29% of men and 52.38% of women, the ECG
was abnormal. The most common findings in ECG were
arrhythmias and heart rate abnormalities (Table 1).

The PR range of 0.12-0.20 second, QRS complex
range of 0.06-0.1 second, and corrected QT interval




International Journal of
Medical Toxicology & Forensic Medicine

Spring 2021, Volume 11, Number 2

Table 1. The frequency of ECG findings in patients with alcohol poisoning

Variable No. (%)
Wide 1(0.4)
QRS Complex (second)
Normal 249 (99.6)
Normal 41 (97.6)
Corrected QT Interval (females) (second)

Abnormal 1(2.4)

Normal 176 (84.6)
Corrected QT Interval (males) (second)

Abnormal 32 (15.4)

Sinus bradycardia 3(1.2)
Heart Rate/min Sinus tachycardia 39 (15.6)
Normal 208 (83.2)
Yes 137 (54.8)

Cardiac Arrhythmia

No 113 (45.2)

(QTc) of <0.45 second for men and <0.46 second for
women were considered as normal. The pulse rate of
<60/min was set as bradycardia and >100 per min as
tachycardia. Cardiac arrhythmias included atrial fibrilla-
tion, premature ventricular contractions, ventricular, and
supraventricular tachycardia.

Comparing the demographic and clinical findings of the
studied patients with normal and abnormal ECG are rep-
resented in Table 2. The time between ethanol consump-
tion and admission to the emergency department in pa-
tients with abnormal ECG was significantly higher than
in the group with normal ECG (P=0.03). A comparison
of the collected laboratory data between the study groups
with normal and abnormal ECG is represented in Table 3.

4. Discussion

The ECG findings in the patients who were hospital-
ized for acute ethanol toxicity were investigated in this
study; we compared the demographic and clinical fea-
tures as well as the laboratory data between the study
groups. Approximately 54.8% of the patients with meth-
anol toxicity presented abnormal ECG; however, we
found no significant difference between the patients with
normal and abnormal ECG concerning the demographic
and clinical features or laboratory parameters. However,
only the time interval between ethanol consumption and
admission was significantly higher in patients with ab-
normal ECG, compared to those with normal ECG.
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Similar to all other studies, alcohol toxicity was more
prevalent in men in our study [10-12]. The present
study suggested that the patients with alcohol toxic-
ity were averagely in the third decade of their lives.
Eskandarieh et al. also revealed that individuals who
heavily drink alcohol are mostly males in the age group
of 18-30 years [13]. According to international studies,
the most common age group of individuals with alco-
hol toxicity is 40-60 years [14, 15]. Alcohol toxicity at
this age range is usually due to the acute consumption
of a large amount of alcohol, following the first experi-
ence of alcohol ingestion in our society; however, in
other societies, it may be caused by chronic alcohol
consumption in alcohol-dependent individuals [1, 13].
The demographic findings of our study are consistent
with those of Verelst [16].

Furthermore, the time interval between alcohol con-
sumption and emergency department admission was the
only variable,i.e. significantly higher in patients with
abnormal ECG findings. Patients with abnormal ECG
were admitted to the hospital significantly later. Such
a condition may cause complete ethyl alcohol absorp-
tion leading to a gradual rise in the acetaldehyde level.
Acetaldehyde accumulation causes dysfunction in heart
contraction and function with the prevention of protein
synthesis in myocardium muscles [3].

A limitation of this study was the unavailability of
blood ethanol and acetaldehyde level tests for bet-




Spring 2021, Volume 11, Number 2

Table 2. Comparing demographic findings and clinical examination data in alcoholic patients with normal and abnormal elec-
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trocardiogram
MeanSD/No. (%)
Variable Electrocardiogram P
Normal (N=113) Abnormal (N=137)
Age (y) 26.59+9.75 26.24+8.11 0.75
Weight (Kg) 78.30+49.62 72.31+12.21 0.17
Male 93 (82.3) 115 (83.9)
Gender 0.73
Female 20(17.7) 22 (16.1)
Yes 6(5.3) 7(5.1)
Medical history 0.94
No 107 (94.7) 130 (94.9)
First Time 49 (43.4) 54 (39.4)
1 month 2(1.8) 2(1.5)
3 months 5(4.4) 9 (6.6)
The duration of alcohol 6 months 7(6.2) 10(7.3) 073
consumption
1year 18 (15.9) 19 (13.9)
5 years 23 (20.4) 37 (27)
>5 years 9(8) 6(4.4)
Yes 12 (10.6) 24 (17.5)
Drug use history 0.12
No 101 (89.4) 113 (82.5)
Yes 20(17.7) 23 (16.8)
Drug abuse 0.84
No 93 (82.3) 114 (83.2)
No co-ingestion 91 (80.5) 113 (82.5)
Opium 11(9.7) 5(3.6)
Kind of co-ipgested opioids or Opium, heroin, and 0.25
stimulants crystal methamphet- 1.8(2) 7.3 (10)
amine
Marijuana 8(7.1) 9 (6.6)
Alert 51(45.1) 56 (40.9)
Lethargic 47 (41.6) 54 (40.1)
Level of consciousness Stupor 5(4.4) 6(4.4) 0.22
Coma 1(0.9) 8(5.8)
Agitated 9(8) 12(8.8)
Heart rate (per min) 89.36+12.62 87.87+17.24 0.76
Temperature (°C) 36.89+0.21 36.89+0.32 0.18
Systolic blood pressure (mmHg) 123.18+15.75 123.33+17.50 0.94
Diastolic blood pressure (mmHg) 77.27£10.21 75.97+£12.22 036
0O, saturation (%) 92.05+22.17 95.44+26.26 0.28
Time from ingestion to admission (hour) 4.77+4.54 10.67+7.09 0.03
Amount of ingested alcohol (mL) 366.3+211.56 409.27+348.44 0.25

International Journal of

Medical Toxicology & Forensic Medicine




International Journal of

Medical Toxicology & Forensic Medicine Spring 2021, Volume 11, Number 2

Table 3. Comparing laboratory data between patients with normal and abnormal ECG

Mean1SD/No. (%)

Variable

Normal (n=113) Fee Abnormal (n=137) P
Na (mEq/dl) 141.1843.23 141.21+3.24 0.94
135> 1(1) 0(0)
(Elanl%eL') 135-145 93 (89.4) 113 (88.3) 047
145 < 10 (9.6) 15 (11.7)
K (mEqg/dL) 3.9940.51 4+0.43 0.76
3/5> 15 (14.4) 8(6.3)
(rﬁé‘;‘;g'u 3/5-5 88 (84.6) 120 (93.8) 0.06
5< 1(1) 0(0)
BS (mg/dL) 115.07+35.79 123.91459.48 0.16
60 > 0(0) 2(1.5)
BS (mg/dL) 60-125 109 (96.5) 126 (92) 0.23
125< 4(3.5) 9 (6.6)
ALT (IU/L) 26.21+2.86 67.52+29.85 0.21
AST(IU/L) 25.82+19.70 63.18+24.74 0.17
CPK (U/L) 333.22+74.02 1191.59+718.90 0.31
LDH(U/L) 454.83+27.25 688.261227.38 0.38
WBC countx103 (per micrometer) 8.57+4.28 9.44+4.32 0.18
Hb (gr/dL) 15+2.58 15.22+1.83 0.49
HCT (%) 44.97+4.39 44.93+4.47 0.94
Platelet count (per micrometer) 239.79166.61 248.50+80.02 0.42
PT (second) 13.68+1.26 13.78+2.72 0.77
PTT (second) 33.55+18.55 32.25+13.49 0.61
INR 1.11+0.14 1.11+0.28 0.91
PH 7.34+0.07 7.32+0.52 0.63
7.35> 50 (45.5) 53 (40.5)
PH 7.35-7.45 51 (46.4) 6 (45.8) 0.36
7.45< 9(8.2) 18 (13.7)
VBG HCO, (mmol/L) 22.06+3.37 22.80+5.10 0.19
PCO, (mmHg) 42.4+11.81 41.45+14.7 0.56
Base excess -3.72+3.31 -4.71+2.37 0.09
PO, (mmHg) 37.48+32.62 31.72+19.19 0.08
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BS: Blood Sugar; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; LDH: Lactate Dehydrogenase; CPK: Cre-
atine Phosphokinase; CBC: Complete Blood Count; and INR, PT, PTT: Coagulation tests; VBG: Venous Blood Gas.
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ter evaluation of this issue. Aasebo et al. reported that
most changes in ECG were detected in drunken patients
at admission. They argued that these alternations were
generally resolved after one day,i.e. more prevalent in
the alcohol poisoning group, compared to the controls
[17]. In that study, similar to our study, abnormal ECG
findings at baseline were reviewed regardless of the time
between alcohol consumption and hospitalization. How-
ever, in our study, the ECGs were only obtained once
for the patients. However, what appears to be consistent
among all studies is the association between ethanol
blood levels and ECG changes, i.e. directly related to the
period of emergency department admission and ECG
checks [16-18].

Based on our study, the amount of ingested alcohol in
patients with ECG changes was more than those without
changes; however, there was no significant difference in
this respect. Other studies have reported a direct relation-
ship between ECG changes and the amount of ingested
alcohol; there are more ECG changes in patients who
consume larger amounts of alcohol [17]. Furthermore,
alcohol poisoning leading to hospitalization in our study
was due to acute alcohol consumption. Besides, it is pos-
sible that our information about the amount of the in-
gested alcohol, either chronic or acute, which led to hos-
pitalization, has been inaccurate because of indecency
and cultural reasons.

Laboratory findings reflected no significant difference
between normal and abnormal ECG findings in our study.
Borini et al. explored females with alcohol toxicity. They
indicated a significant difference in triglyceride, FBS
and postprandial blood sugar, potassium, aminotransfer-
ases, and Gamma glutamyltransferase between patients
with and without changes in ECG; all parameters, ex-
cept BS, were higher in patients with ECG changes [19].
Some studies have also demonstrated that ECG changes,
more particularly in QT interval, are more likely to be
the result of electrolyte changes, specifically calcium,
hyperbilirubinemia, cardiac ischemia, or hypersensitiv-
ity of the autonomic nervous system rather than hepatic
injury [20, 21]. The lack of a classification of patients
to chronic and acute consumers may justify that matter.

Hypokalemia is among the common electrolyte alter-
nations in alcohol poisoning [19]. Other studies have in-
consistently highlighted its association with ECG chang-
es; some studies have reported it only in concurrence
with hypomagnesemia [22]. Age may play an important
role as a confounding variable in the laboratory data. The
reason for normal laboratory data in our study might be
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that our patients were young; however, the subjects were
middle-aged in other studies.

Moreover, there was no significant difference regard-
ing the vital signs between patients with or without
ECG changes. However, Verelst et al. [16] reported an
association between decreased blood pressure and con-
sciousness level and ECG changes. The changes of ECG
in patients with low consciousness were more prevalent;
however, this difference was not significant. Compar-
ing the electrocardiographic parameters, there was no
significant difference between the study groups of ECG
changes; although P wave, PR segment, QRS complex,
and QT interval were longer in patients with abnormal
ECG. Alcohol poisoning can lead to prolonged PR, QRS,
and QT. Thus, it makes it susceptible to cause atrial ar-
rhythmias or even hazardous ventricular arrhythmias.
Atrial fibrillation is among the most frequent findings
after alcohol consumption,i.e. induced by prolonged P
wave [16, 23]. This finding is common in holiday heart
syndrome which occurs in patients with high blood alco-
hol levels [3].

QRS changes were not significantly different according
to the study conducted by Aasebo and associates [16].
Evidence demonstrated that QRS complex changes can
be considered as a dependent predicting factor of mor-
tality due to ethanol poisoning [24]. Another concordant
finding of Aasebo et al. with our study is the lack of dif-
ference in the PR segment [17]; however, other studies
presented shortened PR segment after alcohol poisoning
which decreases after metabolizing alcohol in the liver.
the shortening of the PR segment is related to pure etha-
nol dose and occurs more in higher doses [25].

One of the most hazardous alternations in EEG is the
QT interval change, i.e. remarkably followed by lethal
arrhythmias. Some studies demonstrated that QT inter-
val reaches from 0.40 second in low blood alcohol level
to 0.411 seconds in the ethanol concentration of 0.04%,
and 0.426 in the ethanol concentration of 0.08%. These
ECG changes are due to ion changes in the canals, i.e.
responsible for the activity potential and regulatory mol-
ecules of protein receptors [26, 27].

A study in Germany in 2017 investigated 4131 par-
ticipants. Accordingly, breath alcohol concentration was
significantly related to cardiac arrhythmias and in par-
ticular sinus tachycardia in ECG findings. Additionally,
a significant association was observed between chronic
alcohol consumption and sinus tachycardia [28].




International Journal of
Medical Toxicology & Forensic Medicine

A systematic review in 2018 documented that the most
common ECG changes with acute alcohol intoxication
are P-wave and QTc prolongation, followed by T-wave
abnormalities and QRS complex prolongation. Howev-
er, most of these findings are completely reversible [18].

5. Conclusion

The detected ECG changes were not significant based
on the clinical manifestations, laboratory data, and de-
mographic characteristics in patients with acute ethanol
poisoning. However, the time interval between ethanol
consumption and hospital admission was a significant
characteristic and more frequent in patients with abnor-
mal ECG findings. More studies are suggested to be per-
formed for reaching a better conclusion.
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