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Abstract

Introduction:  Brugada  phenocopies  are  recently  introduced  as  clinical  entities  with

electrocardiographic patterns identical to true congenital Brugada syndrome in individuals, who

are asymptomatic  and have no other  clinical  criteria.  One of the largest  methanol  poisoning

outbreaks occurred in Iran during March and April 2020. This study aimed to investigate the

relationship  between  Brugada Phenocopy  with  laboratory  data  and demographic  factors  and

determine its association with mortality rate in methanol toxicity patients.

Method and results: Demographic data such as age, gender, medical history, Glasgow coma

scale score, laboratory data, and electrocardiographic data were obtained from 356 patients, who

were diagnosed with methanol poisoning and were hospitalized in Faghihi and Namazi Hospitals

in  Shiraz,  southern Iran,  during March and April  2020. The follow-up data  was gathered to

examine the development  of any complications  or death.  A total  of 20 (5.6%) patients were

admitted  with  a  diagnosis  of  methanol  toxicity  and  concurrent  Brugada-like  ECG  patterns.

Mortality rate, Glasgow Coma Scale Score <3, and blood sugar were significantly higher in the

Brugada phenocopies;  however,  PH, O2 saturation,  and calcium were lower among Brugada

phenocopies in comparison to methanol toxicity patients with no Brugada pattern (P<0.05). 

Conclusion:  According  to  the  findings  of  this  study,  some  recognizable  ECG  patterns  and

laboratory  data  may  be  used  as  novel  prognostic  factors  of  morbidity  and  mortality.

Electrocardiography  machines  are  widely  available,  and  electrocardiograms  can  easily  be

obtained and interpreted. This may provide the grounds for caregivers to predict and prevent the

incoming death and react more properly and timely.
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1. Introduction

The  Brugada  syndrome  (BrS)  is  an  autosomal  dominant  genetic  disorder  with  variable

expressions  characterized  by  abnormal  findings  on  the  surface  electrocardiogram  (ECG)

regarding an increased risk of ventricular tachyarrhythmias and sudden cardiac deaths.1 Brugada

phenocopies (BrP) are recently introduced as clinical entities with electrocardiographic patterns

identical to true congenital Brugada syndrome in individuals, who are asymptomatic and have no

other clinical criteria.2,3 These Brugada-like ECG patterns are presented under various clinical

conditions such as myocardial ischemia and diseases, mechanical chest compression, pulmonary

embolism,  electrolyte  imbalances,  and  metabolic  derangements  and  are  provoked  by  the

administration of special medications.2,4-7

Methanol (also known as methyl alcohol, wood alcohol, wood spirits, and carbinol) is a widely

available  chemical  in  industries  and  a  number  of  household  products,  including  varnish,

windscreen  washer  fluid,  and  antifreezes.  Methanol  has  a  relatively  low  intrinsic  toxicity;

however, it  is metabolized in human body and converts into highly toxic compounds such as

formaldehyde, formic acid, and formate, which can cause blindness, coma, and life-threatening

metabolic disturbances.8,9 Owing to the long-term effects of these toxic metabolites, victims do

not  often  detected  at  an  appropriate  time;  hence,  the  delayed  treatment  of  such  patients

contributes to the high rates of morbidity and mortality in the outbreaks of methanol poisoning.

Due  to  erroneous  techniques  in  the  production  of  alcoholic  beverages,  methanol  toxicity

outbreaks occur more frequently in some developing countries.10

During March and April 2020 in Iran, a major methanol outbreak occurred in the wake of the of

COVID-19 pandemic, resulting in an extensive death toll of about 534 persons.11 Considering the
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major health burden imposed by the harmful use of alcohol, this study further investigated the

risk factors associated with methanol toxicity. Brugada Phenocopy is one of the most interesting

one, which has been explained recently.  Reviewing the literature,  Monterrubio-Villar12 in his

case report presented a 54-year-old man with the extreme metabolic acidosis and a Brugada type

1 ECG pattern, which later led to the patient’s brain death. Moreover, Jaff et al.13 reported a type

1 Brugada ECG pattern in a patient concurrently sedated with an infusion of propofol, who later

developed  permanent  neurologic  damage  and  expired.  This  study  sheds  more  lights  on  the

Brugada Phenocopy by describing a detailed examination of 20 patients presented with Brugada

ECG pattern and is to highlight the significance of this finding as a mortality marker. 

2. Methods

Data were collected from 356 patients, who were diagnosed with methanol poisoning and were

hospitalized in Faghihi and Namazi Hospitals in Shiraz, southern Iran, during March and April

2020. These two tertiary-care hospitals are affiliated to Shiraz University of Medical Sciences

and  are  the  largest  referral  centers  for  all  specialties  and  sub-specialties  in  Shiraz.  Some

poisoning  care  referral  centers  were  specified  at  these  hospitals  during  this  outbreak.

Demographic data such as age, gender, medical history, Glasgow coma scale score, development

of any complications such as decreased visual acuity or renal problems, and mortality or survival

during  hospitalization  course  were  obtained  by  the  physician  from  the  admission  sheets.

Laboratory data such as arterial blood gas data (pH, partial pressure of carbon dioxide (torr),

bicarbonate (meq/L)), oxygen saturation (%), creatinine level (mg/dL), blood urine nitrogen level

(mg/dL), blood sugar (mg/dL), and electrolyte variables, including sodium (meq/L), potassium
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(meq/L),  magnesium  (mg/dL),  and  calcium  (mg/dL),  were  gathered  using  the  HIS  (Health

Information System) of the affiliated hospitals. 

Brugada  Phenocopy  was  diagnosed  by  identifying  the  characteristic  patterns  of  Brugada

syndrome on a standard 12- lead electrocardiogram in the absence of a true congenital Brugada

syndrome. Three forms of the Brugada ECG pattern are described: Type 1 pattern has j point

elevation, “coved-type” ST segment, and an inverted T wave in V1 and V2. Type 2 pattern has a

“saddleback” ST-segment with at least 1 mm elevation, and Type 3 pattern has either type or

type 2 pattern with less than 2 mm J-point elevation and less than 1 mm ST elevation. Cardiax

PC ECG was used to  obtain  the electrocardiographic  data,  and the data  was collected  by a

cardiologist. These ECGs were analyzed and reported independently by two cardiologists.

2.1 Statistical analysis

Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) Version 21.0 was used

to analyze the data. Frequency (%) was used for the categorical variables such as gender, alcohol

dependency, comorbidity, and Brugada Phenocopy. Moreover, mean ± standard deviation was

used for age and laboratory findings. Independent sample t-test was used to compare the mean of

the laboratory findings (namely PH, Hco3, Pco2, BUN, Cr, etc.) and Brugada Phenocopy. Chi-

squared  test  was used  to  assess  the  relationships  between Brugada Phenocopy and previous

cardiac and non-cardiac diseases, death, renal failure, and decreased visual acuity. P < 0.05 was

considered to be statistically significant. 
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3. Results

A  total  of  20  (5.6%)  patients  were  admitted  with  the  diagnosis  of  methanol  toxicity  and

concurrent Brugada-like ECG patterns, among whom four (20.0%) patients had Type 1, three

(15.0%)  patients  had  type  2,  and  13  (65.0%)  patients  had  type  3  Brugada  phenocopies.

Interestingly,  none  of  these  patients  had  a  history  of  medical  diseases.  Comparing  Brugada

Phenocopy patients with normal methanol toxicity patients revealed that mortality rate (Brugada:

45.0%,  non-Brugada:  13.5%,  p<0.001),  renal  failure  (Brugada:  65.0%,  non-Brugada:  34.3%,

P=0.008), Glasgow Coma Scale Score < 3 (Brugada: 35.0%, non-Brugada: 11.5%,  P=0.008),

and  blood  sugar  (Brugada:  227.25±124.15,  non-Brugada:  139.17±92.23,  P<0.001)  were

significantly higher in the former group. In addition,  PH (Brugada: 7.01±0.26, non-Brugada:

7.15±0.21, P=0.006), O2 saturation (Brugada: 81.94±13.70, non-Brugada: 91.04±9.90, P<0.001)

and calcium (Brugada: 10.05±1.34, non-Brugada: 9.53±0.725, P=0.018) were lower in Brugada

phenocopy  patients,  compared  to  methanol  toxicity  patients  with   no  Brugada  ECG pattern

(Table  1).  No significant  difference  was observed between the  two groups in  terms  of  age,

gender,  medical  history,  decreased  visual  acuity,  Bicarbonate,  partial  pressure  of  CO2,

creatinine, sodium, potassium, and magnesium.

In patients with type 1 Brugada Phenocopy,  Potassium (7.05±1.20, P=0.001) and blood sugar

(278.75±46.70,  P=0.001)  were  higher,  and  oxygen  saturation  (69.75±9.95,  P<0.001),  PH

(6.76±0.083, P=0.002) and calcium levels (9.50±0.36, P=0.048) were lower in comparison to the

other Brugada pattern types. Furthermore,  no significant difference was detected between the

two groups in terms of age, Bicarbonate, partial pressure of CO2, Blood urine nitrogen, sodium,

potassium, and magnesium (Table 2).
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4. Discussion

Brugada syndrome has originally been described as a distinct clinical and electrocardiographic

syndrome characterized by ST elevation with successive negative T wave in the right precordial

leads,  predisposing  patients  to  the  risk  of  sudden  cardiac  death  (SCD)  due  to  ventricular

fibrillation (VF).14 In this regard, a number of Brugada-like ECG patterns have been observed

under various underlying clinical conditions, leading to the proposal of “Brugada Phenocopy” by

Riera et al.6 and the further characterization of this clinical entity.15. However, Brugada syndrome

and Brugada-like ECG patterns have been the subject of a number of controversies regarding the

casual role of genetic variants and their underlying pathophysiology.

According to the present findings, the higher levels of acidosis was significantly associated with

the presentation of Brugada-like ECG patterns. These values are mainly in line with the previous

studies and further support the idea that external PH affects sodium channel function, resulting in

acidosis-induced arrhythmias and triggering Brugada syndrome and sudden cardiac deaths.16-20 In

addition, the first putative mutations leading to Brugada syndrome were found in SCN5A, which

encodes  the  cardiac sodium  channel NaV1.5.21 The  fact  that  the  function  of  this  subunit  is

attenuated by acidosis also gave rise to our hypothesis indicating that low PH can play a major

role in Brugada Phenocopy as well as Brugada syndrome.

Another finding was the higher proportion of patients  with decreased level  of consciousness

among Brugada phenocopies, in comparison to the other patients. This is in line with the findings

of similar case report on methanol poisoning.12 A review of the literature indicated that Brugada

syndrome can be provoked in conditions with decreased brain function such as during sleep22 and

brain  injury  23 and among patients  with prolonged intubation  in  Intensive Care  Units (ICU),

sedative  drugs  overdoses24-26 and  propofol  anesthesia.6 This  finding  posed  further  questions
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regarding the association between decreased levels of consciousness and lower brain function

with the presence of Brugada-like ECG patterns.

Moreover, it was observed that Brugada Phenocopy patients had lower levels of serum calcium.

The same is reported in previous studies. This may be due to the fact that the mutated sodium

channel impairs the function of sodium-calcium exchanger, thus leading to such alteration.27

Another noticeable finding was that, among the three types of Brugada ECG patterns, Type 1

ECG pattern was presented with more dramatic laboratory alterations, in comparison to the other

ECG types. More severe acidosis, higher potassium and blood sugar levels and lower calcium

levels  were  observed  in  Type  1  Bdugada-like  ECG  patterns.  This  finding  makes  future

researchers detect the association between laboratory data alterations and the severity of ECG

changes.  

4.1 Limitations

To the best of our knowledge, this is the first study focusing on Brugada Phenocopy in details.

As predicted, there were some discrepancies about this topic due to the controversies and limited

published data; hence, this was difficult to explain the exact underlying mechanisms.

4.2 Conclusion

Introducing a recognizable ECG pattern may provide the grounds for caregivers to predict and

prevent the incoming death and react more properly and timely. Given the availability of ECG

machine and the ease of taking the ECG and its rapid interpretation, we hope more lives to be

saved  using  this  marker  by  toxicologists.  The  correction  of  acidosis,  hypocalcemia,  and
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hypokalemia  can  be a  technique  to  reduce  the  pattern;  however,  there  is  a  need for  further

research.
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