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Abstract 
 

Introduction: Methanol is the simplest yet toxic alcohol found in many households and industrial materials. Exposure to methanol 

can be hazardous, and if left untreated, can result in mortality or severe morbidity. Methanol poisoning is mostly accidental, but it can 

result in mortality and severe morbidity. Due to the high prevalence of ECG changes in patients with methanol poisoning, this study 

aimed to evaluate the relationship of these ECG changes with methanol poisoning in determining the prognosis of the patients. 

Methods: This cross-sectional study was conducted on 114 patients with acute methanol poisoning at the Shahid Rajaei Hospital in 

Karaj, Alborz Province, Iran. Clinical, laboratory and ECG variables were evaluated. Furthermore, the gathered data were analyzed 

with SPSS software.  

Results: 1.8% of patients had a PR interval of less than 121ms, and 3.5% had more than 200ms. Among various ECG changes, only 

PR intervals of more than were significantly associated with mortality. Patients with short QT intervals had the highest PCO2, PH, 

and HCO3. On the other hand, people with long QT had the lowest amount of PCO2, PH, and HCO3, which was statistically 

significant. Laboratory tests showed significant differences in serum potassium level and blood PH between died and survived patients. 

Discussion and conclusion: In our study, the most common finding in ECG was sinus tachycardia, and short QT was the second most 

common finding, which is consistent with other studies. Our study found that in ECGs, only PR intervals more than 200 have a 

significant relationship with mortality, which supports previous studies. Finally, it was that mortality in patients with methanol 

poisoning is significantly associated with PR interval prolongation, acidosis, and hyperkalemia. 

 

Keywords: Electrocardiography, Methanol poisoning, Acidosis 
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Methanol is the simplest yet toxic alcohol found in many 

households and industrial materials [1]. Exposure to 

methanol can be hazardous, and if left untreated, can result in 

mortality or severe morbidity [1, 2]. Methanol poisoning is 

mostly accidental (ingesting low-quality homemade liquor 

due to errors in the distillation and fermentation process or 

contamination [1, 3], and suicide and intentional use of 

methanol are not as common [2]. Moreover, the same low-

quality liquor can cause epidemic poisoning since some are 

produced in mass and used for gatherings. The toxicity of 

methanol is due to its metabolite and formic acid, which can 

disrupt the mitochondrial cytochrome c oxidase resulting in 

hypoxia and, in turn, metabolic acidosis [4]. 

Furthermore, methanol and its metabolite have direct 

toxic effects on some tissues; for example, methanol 

toxicity can damage the optic nerve [2]. Another effect of 

methanol can be attributed to its cardio-toxic property that 

has been reported in several studies in patients with 

methanol poisoning [5, 6]. Some of these cardio-toxic 

effects are presented as electrocardiograph (ECG) changes. 

Although methanol poisoning causes various changes in 

patients' ECGs, studies found no ECG change specifically 

for “methanol poisoning” [7]. Since alcoholic beverages 

are illegal in Iran, most alcohols are self-made in a 

substandard environment; hence, methanol toxicity is 

common. Due to the high prevalence of ECG changes in 

patients with methanol poisoning and the high mortality, 

this study aimed to evaluate these patients' ECGs and see 

whether there exists a relationship between ECG changes 

and prognosis. 

 

 

Research Context 
This cross-sectional study was conducted on patients with 

acute methanol poisoning referred to Shahid Rajaei Hospital 

of Karaj, Alborz Province, Iran, in 2019-2020. 
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Ethical Consideration  
This study has been approved by the ethics in research 

committee of Alborz University of medical sciences with the 

approval code of IR.ABZUMS.REC.1399.118. Furthermore, 

the study was explained to the participants, and written 

consent regarding their data usage for the study and 

publication purposes was obtained. The participants were 

assured that their personal information and contact or any data 

that would lead to their identification would not be shared 

under any circumstance. Moreover, all methods were carried 

out based on relevant guidelines and regulations. All stages 

of this study have been carried out in compliance with the 

Helsinki Declaration on Research Projects provisions. 

Sample Size 
The study's sample size was calculated using G-power 

software and the data from other studies. With consideration 

of α of 0.05 and a β of 80%, the sample size was estimated to 

be 106. 

Inclusion and Exclusion Criteria 
All patients with acute methanol poisoning referred to 

Shahid Rajaei Hospital between the years 2019 to 2020 were 

eligible to enter the study. These patients had to be diagnosed 

with acute methanol poisoning by having all of the following 

criteria; the use of homemade and substandard alcohol 

beverages within the past four days, the presence of high 

osmolar gap metabolic acidosis that no other underlying cause 

was found, and the presence of similar signs and symptoms in 

those who used the same beverages if available. Our exclusion 

criteria were the lack of a proper ECG evaluation or patient 

dissatisfaction regarding participating in the study and any 

history of heart disease and the use of other substances. 

Electrocardiography 
A conventional 12 lead ECG alongside precordial ECG was 

obtained from the patients while laying down for 30 minutes 

and after correct positioning using CardioCare 2000- 12 

Channel ECG  )  Bionet Co., Ltd.South Korea ( 

Data Collection 
The initial information of patients was extracted from the 

patients' files and given history. Demographic, relevant 

medical examinations, para-clinic, and lab test data were 

gathered (Age, Sex, Systolic blood pressure, Diastolic blood 

pressure, Venous blood pH, Blood Co2 pressure, Serum 

bicarbonate, Serum Potassium, PR interval, QRS duration, 

ST-segment changes, T wave changes, Heart rate, Heart axis, 

Corrected QT interval and outcome).  

Statistical Analysis 
Statistical analysis was done using SPSS software version 

20; the normal distribution of the variables was first 

investigated using a one-sample Kolmogorov–Smirnov test. 

Afterward, due to the normal distribution of the variables, 

appropriate parametric methods such as t-test were used; for 

variables without a normal distribution, the Mann-Whitney test 

was used. Spearman correlation test was used to analyze the 

correlation between mortality and ECG parameters. In all tests, 

a p-value < 0.05 was considered as statistically significant. 

 

 

In total, 114 patients with methanol poisoning were 

included in the study. The demographics, clinical, and 

laboratory characteristics of the patients included in the study 

are presented in Table 1.  

The age of the participants ranged from 15 to 57 years; 

most patients were 21 to 29 years (43%) and 31 to 39 years 

old (28.9 %). The mean duration of methanol consumption to 

emergency referral was between 24 to 40 hours. The majority 

of the patients had a Glasgow Coma Scale (GCS) score of 15 

(%82.5) out of 15 points; few had a GCS score lower than 10 

(%7.9). Systolic blood pressure at baseline ranged from 70 

mmHg to 182 mmHg. Moreover, an association between 

systolic blood pressure and PR interval was observed, as in 

participants with PR intervals greater than 200 had lower 

systolic blood pressures. 27.2% of patients had a high systolic 

blood pressure (above 135 mmHg). 28.9% had high diastolic 

blood pressure (above 90 mmHg), 27.2% had a heart rate 

greater than 100 beats per second. There were no significant 

differences between those who survived or passed away 

regarding their blood pressure, heart rate, PCO2, and HCO3. 

However, significant differences regarding their serum 

potassium level and blood PH were observed (P-value < 0.05) 

(see Table 2). 88.6% of the patients had a pH less than 7.35, 

63.2% had a PCO2 less than 35 mmHg, 78.9% had an HCO3 

less than 21mEq/L. Finally, 7.9% had hyperkalemia 

 RESULTS 

 

Table 1. Demographic, clinical and laboratory characteristics of the 

patients included in the study 

Variable Mean ± SD or number (%) 

Age 28.93 ± 9.21 

Male 100 (87.7) 

Female 14 (12.3) 

Time of Consumption to Hospital (hours) 40.59 ± 17.42 

GCS 13.99 ± 2.73 

Systolic BP 128.45 ± 18.01 

Diastolic BP 84.15 ± 17.79 

Heart Rate 85.21 ± 18.90 

PH 7.16 ± 0.18 

PCO2(mmHg) 32.99 ± 12.53 

HCO3(mEq/L) 13.51 ± 6.46 

Serum Potassium (mmol/L) 4.43 ± 0.68 

 

 

Table 2. Comparison of different variables between the deceased and 

survived groups 

Variable Survived deceased P value 

Systolic BP 129.24 ± 16.692 120.30 ± 28.367 0.135 

Diastolic BP 84.67 ± 17.595 78.80 ± 19.915 0.566 

Heart Rate 84.58 ± 18.745 91.80 ± 20.308 0/35 

PH 7.19 ± 0.158 6.92 ± 0.229 <0.001* 

PCO2(mmHg) 32.77 ± 11.563 35.32 ± 20.881 0.988 

HCO3(mEq/L) 13.67 ± 6.290 11.85 ± 8.304 0.202 

Serum Potassium 
(mmol/L) 

4.35 ± 0.569 5.35 ± 1.046 0.003* 
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(potassium levels above 5.5 mEq/L) hemodynamic and 

laboratory variables had no significant correlation with ST-

segment, QRS, T wave, R wave, and Axis changes. 

Nonetheless, patients with short QT had the highest PCO2, 

PH, and HCO3. On the other hand, patients with long QT 

had the lowest amount of PCO2, PH, and HCO3, which was 

statistically significant (P-value < 0.05). 1.8% of the patients 

had a PR interval of less than 121 milliseconds (ms), and 

3.5% had a PR interval of more than 200ms. A PR interval 

of more than 200ms was associated with significant 

mortality risk. Yet, other ECG changes were not 

significantly associated with mortality (Table 3). Moreover, 

Spearman correlation test revealed a significant correlation 

between PR interval prolongation and mortality (P-value= 

0.0059). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the results of the study, the mortality rate due 

to methanol poisoning in the studied population was 8.8%, 

which is in line with the results of other studies. In Iran, 

the mortality rate of methanol poisoning has been reported 

to vary from 7 to 51 % [8-11]. Furthermore, in other 

countries, the mortality of methanol poisoning varies from 

3.3 to 34% [9-11]. This difference in methanol poisoning 

mortality rates in different studies may be due to 

18 

Table 3. Comparison of ECG changes in survived and deceased patients 

with methanol poisoning 

Variable 
Survived n 

(%) 

Deceased n 

(%) 
P value 

PR 

<120 2 (100) 0 

0.045* 120-200 100 (92.6) 8 (7.4) 

>200 2 (50 2 (50.0) 

QRS 
Narrow 89 (92.7) 7 (7.3) 

0.193 
Wide 15 (83.3) 3 (16.7) 

ST-segment 

Normal 97 (92.4) 8 (7.6) 

0.179 Elevated 5 (83.3) 1 (16.7) 

Depressed 2 (66.7) 1 (33.3) 

T wave 

Flat 7 (87.5) 1 (12.5) 

0.156 Normal 85 (93.4) 6 (6.6) 

Tall 12 (80.0) 3 (20.0.) 

R wave in 
lead 2 

Low amplitude 24 (88.9) 3 (11.1) 

0.719 Normal 63 (92.6) 5 (7.4) 

High amplitude 17 (89.5) 2 (10.5) 

Axis 

Normal 89 (90.8) 9 (9.2) 

0.794 
RAD 7 (87.5) 1 (12.5) 

LDA 7 (100) 0 

EAD 1 (100) 0 

QT 

Short 27 (96.4) 1 (3.6) 

0.58 Normal 71 (88.8) 9 (11.2) 

Prolonged 6 (100.0) 0 

 

 

 

 

 

 

 

differences in the geographical area, race, methanol 

consumption pattern, timely diagnosis of intoxication, 

standard supportive care, and correction of metabolic 

acidosis, and other underlying factors [12]. However, it is 

difficult to compare the outcome of different studies 

because methanol poisoning can easily be missed at early 

stages resulting in treatment delay [13]. In our study, it was 

found that among all the ECG parameters, only a PR 

interval of more than 200ms had a significant association 

with mortality. This finding is in line with those of Navabi 

et al., who ran a retrospective descriptive-analytical study 

on the factors influencing the prognosis of hospitalized 

patients with acute methanol poisoning and found a 

significant relationship between non-sinus rhythms and 

mortality [14]. Our study found that low blood pH is a 

significant risk factor for mortality in patients, which is 

consistent with many other studies [15-17]. Our study 

found no association of mortality with bicarbonate and 

carbon dioxide levels. However, a significant association 

between hyperkalemia, low pH levels, prolonged PR 

interval, and mortality was seen. Contrary to our study, in 

some studies, bicarbonate and carbon dioxide (PCO2) 

levels were significant values and were considered as 

screening factors in determining the stage of the disease 

and the outcome of the patient [18]. The reason for this 

discrepancy in our study and the results of other studies 

may be due to differences in the sample size, controlling 

the effect of confounders, and demographic characteristics.  

One study found that although the prevalence of cardiac 

complications in methanol poisoning was high, ECG 

abnormalities could not predict the incidence of mortality [4]. 

The findings of our study also showed that despite a high 

prevalence of various electrocardiographic changes in 

patients with methanol poisoning, only PR interval was 

significantly associated with mortality. In our study, the most 

common finding in ECGs was sinus tachycardia and short 

QT, which was consistent with other studies. Similarly, in 

another study, ECG changes included sinus tachycardia 

(%44), alongside PR interval prolongation (%11), QT 

prolongation (%22), nonspecific T-wave changes (%66), and 

the development of Brugada type 1 ECG pattern in one 

patient [6]. 

 

 

Among our limitations, the relatively small sample size 

was the most significant; however, despite the small sample 

size, we considered potential confounders, especially the use 

of other substances that could affect our results. 

 

 

Our study showed that the prevalence of mortality in 

patients with methanol poisoning is significantly associated 

with PR interval prolongation, acidosis, and hyperkalemia. It 

was also noted that the most common ECG abnormalities 

include sinus tachycardia and short QT, and only short QT 

was significantly associated with acidosis. Finally, more 

extensive studies are needed to determine the relationship of 

ECG findings as indicators with the prognosis of patients with 

methanol toxicity  

 DISCUSSION 

 

 LIMITATIONS 

 

 CONCLUSION 
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