Biomedical Research 2017; 28 (8): 3680-3687

ISSN 0970-938X
www.biomedres.info
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Abstract

Background: Methanol poisoning is a serious medical, social and economic problem that may cause
severe illness or death. After methanol ingestion, central nervous system depression, headache, dizziness,
nausea, lack of coordination, and confusion begins. Once the initial symptoms have passed, a second set
of symptoms arises, 10 to 30 hours after the initial exposure to methanol, including blurring or complete
loss of vision and acidosis. Methanol poisoning by ingestion is a world-wide problem, and in some
regions it is connected with high morbidity and mortality. The lethal dose of methanol in humans shows
pronounced individual differences ranging from 15 to 500 ml.

Methods: The records of the First Specialization Board of the Council of Forensic Medicine between
2002 and 2010 were reviewed retrospectively for all methyl alcohol poisoning cases.

Results: There were 383 cases recorded. 360 (94%) of total fatalities were men and 23 (6%) were
women. The age range was between 17 and 89. Although patients were conscious, cooperative, oriented
at first, deteriorated general health state, metabolic acidosis and neurologic sequelae with severe
electrocardiographic (ECG) changes were seen in progress of time. The laboratory findings and MRI
imaging method were applied to assess progress and medical treatment. Unfortunately severe acidosis,
central nervous system (CNS) sequelae and a lethal outcome occurred.

The methyl alcohol blood concentrations ranged from 0 to 826 mg per 100 ml. The most common
macroscopic and microscopic finding was lung edema, cerebral and cerebellar hemorrhage, ischemic
changes in the brain and optic neuritis. Putaminal necrosis and hemorrhage, brainstem petechial
hemorrhage, myocardial acute ischemic changes, thalamic and hypothalamic hemorrhage were detected
rarely.

Conclusions: This is the first study to report postmortem findings, clinical reports, crime scene reports
and eye witness accounts to investigate methyl alcohol poisoning cases from medico-legal point of view in
Turkey. Methanol poisoning by ingestion is a world-wide problem with high morbidity and mortality.
For preventing methanol deaths, both awareness and public education must be increased.
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Introduction

Methanol, known as methyl alcohol or wood alcohol, is a
chemical with the formula CH;0OH. Methanol is a light,
volatile, colourless, flammable liquid with a distinctive odor
very similar to, but slightly sweeter than, that of ethanol and
produced as a by-product of the distillation of wood. It is used
as antifreeze, solvent, fuel, and denaturant for ethanol.
Methanol ingestion is an uncommon form of poisoning that
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can cause severe metabolic disturbances, blindness, permanent
neurologic dysfunction and death. On the other hand methanol
itself may be harmless; it is converted to the highly toxic
formic acid in the human body. Methanol poisoning is a
serious medical, social and economic problem may cause
severe illness or death [1-4].

Accidental, mass killing, suicidal, methanol poisonings can
occur both in developed and developing countries [5-7]. Most
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of acute methanol toxicity cases result from accidental
ingestion [8]. Methanol itself is not highly toxic, but it is
metabolised to toxic metabolites like formaldehyde and formic
acid which cause metabolic acidosis, blindness, cardiovascular
instability, and death [2,9-11]. Minimal lethal dose of methanol
in humans has been assumed to be 1 gram per kg of body
weight [12]. Methanol is fatal due to CNS depressant
properties and effects of metabolites [13], and converted to
formaldehyde formaldehyde is converted to formic acid [14].
Formic acid inhibits mitochondrial cytochrome c oxidase,
causing the symptoms of hypoxia at the cellular level, and also
causing metabolic acidosis [15].

After methanol ingestion, central nervous system depression,
headache, dizziness, nausea, lack of coordination, and
confusion begins. Once the initial symptoms have passed, a
second set of symptoms arises, 10 to 30 hours after the initial
exposure to methanol, including blurring or complete loss of
vision and acidosis [13]. These symptoms result from the
accumulation of toxic levels of formic acid in the blood, and
may progress to death by respiratory failure. MRI findings in
methanol poisoning are characteristic and include hemorrhagic
putaminal necrosis, subcortical and deep white matter lesions,
cerebral and cerebellar cortical lesions, and midbrain lesions
[16-19].

Methanol poisoning by ingestion is a world-wide problem, and
in some regions it is connected with high morbidity and
mortality. The lethal dose of methanol in humans shows
pronounced individual differences ranging from 15 to 500 ml.

In our study, our aim was to investigate methyl alcohol
poisoning cases from medico-legal point of view in Turkey.

Materials and Methods

The Council of Forensic Medicine is an official organ of the
Ministry of Justice and the only official expert in forensic
medicine in Turkey. The duties and responsibilities of the
Council of Forensic Medicine are determined by the law. Each
year approximately 85,000 reports about scientific and
technical subjects related to forensic sciences requested by the
courts and the district attorneys are written by the council. The
Council of Forensic Medicine includes specialized departments
such as morgue and toxicology departments and branches such
as the first branch which deals with autopsy, toxicological
analyses and medical and legal records.

Details of autopsies performed in the cities of Turkey since
2001 have been recorded in a database in the first branch
which deals with the cause of death. The first branch includes a
general surgeon, a cardiovascular surgeon, a neurosurgeon, a
gynecologist, an internist, a cardiologist, a hematologist, an
immunologist, a pathologist and a forensic specialist. The
study included the cases in which the cause of death was
documented as methyl alcohol intoxication in the reports from
the first branch of the Council of Forensic Medicine. The
records of the First Specialization branch of the Council of
Forensic Medicine between 2002 and 2010 were reviewed
retrospectively for all methyl alcohol poisoning cases. All the
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records had witness statements, crime scene reports, medical
reports and autopsy reports with histopathological and
toxicological reports. 398 death cases were identified and were
reportedly linked to ingestion of methyl alcohol poisoning.
Because of only available witness statements, we excluded 15
cases without any relevant toxicological evidence, medical
reports or necroptic examinations. The remaining 383 cases
were evaluated based on age, gender, hospital records if
present, macroscopic, microscopic, methyl alcohol blood levels
and other chemical evidence gathered during autopsy with
witness statements.

Sex distribuiton of methyl alcohol deaths
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Figure 2. Number of place of death of methyl alcohol intoxication.

Results

There were 383 deaths due to methanol poisoning between the
years of 2002 and 2010. 360 (94%) of total fatalities were men
and 23 (6%) were women (Figure 1). The age range was
between 17 and 89. Regarding the distribution of the places of
death, it was observed that 49 cases (12.8 %) died in a hospital,
as well as 248 cases (64.7%) found dead at home, 29 cases
(7.5%) found dead at open land, 17 cases (4.4%) found work-
place, 16 cases (4.2%) found dead on the road, 5 cases (1.3%)
found in a vehicle and the resting are not known where they
died (Figure 2).

There was 1 case aged 20 years and below, 41 cases between
21-30 years, 133 cases between 31-40 years, 137 cases
between 41-50 years, 45 cases between 51-60 years and 16
cases aged 60 years and above (Figure 3). The age of 10 cases
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were unknown. The methyl alcohol blood concentrations
ranged from 0 to 826 mg per 100 ml.
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Figure 3. Age distribution of methyl alcohol death.
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Figure 4. Blood methyl alcohol levels

21 of 49 cases admitted to hospital died within several hours,
and blood methyl alcohol levels obtained in the autopsies of
these 21 people have been below the level 50 mg per 100 ml.
The remaining 28 people died within 4-13 days of hospital
treatment, but blood methanol levels were not measured during
hospital stay. Despite the autopsy blood methyl alcohol levels
of these cases were zero, it was decided that death had

occurred duo to toxicity from methyl alcohol according to
macroscopic and microscopic autopsy findings, clinical
findings and witness statements. Blood methyl alcohol levels
of other 334 cases were above 100 mg per 100 ml (Figure 4).

28 of 49 patients admitted to hospitals with complaints of
blurred vision, nausea, and inability to maintain balance. At
first, they were conscious, cooperative, oriented. Vital signs
(blood pressure (BP), pulse (P), respiratory rate (RR) were
detected at normal levels. Neurological examination of the
patients was natural but at ophtalmologic examinations the
most important findings were hyperaemia on the optic discs.
With the diagnosis of methanol poisoning, they were taken into
emergency department observation unit and treatment process
was started. The following laboratory values were gained:
arterial blood gases: pH, PCO,, PO,, HCOj3, Glucose, BUN,
creatinine in Table 1. Ethyl alcohol treatments and dialysis
were administered to most patients. Glasgow Coma Scales
(GCS) were deteriorated over time. Then the physical
examinations revealed a moderately or severely deteriorated
general health state, metabolic acidosis and neurologic
sequelac. The Drug and Poison Information Center was
consulted for potential development of complications, and
information about treatment alternatives was obtained. This
Center indicated first clinical signs of visual toxicity, indicating
hemodialysis, severe -electrocardiographic (ECG) changes,
with sinus tachycardia, PR prolongation, QTc prolongation,
and non-specific T-wave changes, severe acidosis, central
nervous system (CNS) sequelac and a lethal outcome. The
hospital stay after onset of methanol poisoning ranged from 4
to 13 days. Demographics and poorest clinical laboratory
findings of metil alcohol ingestion cases treated in hospitals are
showed in Table 1. Within the period of hospital stay some
patients were applied MRI imaging method. Pathological
findings were found in 9 patients examined by MRI imaging
method. These lesions were in the putamen-2 cases,
haemorrhage-2 cases, deposits in white matter-1 case, globus
pallidus-1 case, brainstem-1 case and multipl lesions -2 cases.
Macroscopic and microscopic autopsy findings shown in Table
2 and Figures 5-7 were not directly associated with methyl
alcohol intoxication.

Table 1. Demographics, and poorest clinical laboratory findings of metil alcohol ingestion cases treated in hospitals.

Case Number Age Sex pH pCO, pO, HCO; BUN mg/dL  Creatinine mg/dL  Glucose
mg/dL

1 22 M 6.4 31.2 46 12.6 48 10.1 198

2 37 M 7.16 14.6 58 9.5 54 1.3 149

3 34 M 7.19 325 42 16.2 51 14.2 198

4 39 M 6.35 21 24 11.6 58 16.2 149

5 48 M 7.16 13.6 48 9.9 44 211 306

6 35 F 6.33 16.6 77 121 41 18.3 288.78

7 33 F 7.16 329 62 9.4 49 10.2 188

8 42 M 6.39 22.3 76 15.2 52 15.1 145
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9 28 M 6.4 16.5 52 10.9 57 17.3 306.7
10 37 M 7.19 17.6 70 17.2 48 10.8 198
1" 44 M 7.01 33.5 54 15.9 54 16.9 149
12 49 M 6.972 29.4 63.4 9.6 49 1.6 306
13 42 M 7.161 30.5 48.7 10.2 59 14.4 129
14 29 M 7.01 28 64 12.9 39 14.1 176
15 32 M 7.059 16.2 42.6 141 42 213 195
16 41 F 7.1 14.3 41 12.8 57 23.2 165
17 28 M 7.21 20.3 74 9 47 17.6 198
18 58 M 7.05 322 69.5 15.2 43 18.9 149
19 89 F 7.29 27.8 59 171 55 19.2 306
20 42 M 7.16 16.9 64 13.6 58 201 145
21 26 M 7.15 30.2 75.5 9.1 43 19.7 195
22 50 M 7.005 21.9 69.5 17.7 49 15.5 169
23 7 M 7.09 22.8 47 10.2 58 19.1 129
24 32 F 7.161 31.8 59 10.1 57 10.7 198
25 41 M 7.011 217 52 9.7 44 22.8 149
26 28 M 71 30.5 70 1.4 56 19.1 306
27 58 M 7.06 213 57 9.8 52 17.3 145
28 32 M 7.09 29.6 61 19.2 47 247 195

pCO,: Carbon dioxide Partial Pressure; pO,: Oxygen Partial Pressure; HCO3: Carbonate; BUN: Blood Urea Nitrogen

Table 2. Macroscopic and microscopic autopsy findings.

Autopsy Findings Macroscopic (number of cases) Microscopic (number of cases)
Brain Cortical ischemia 3 12
Cerebral and cerebellar hemorrhage 19 19
Putaminal necrosis and hemorrhage 4 7
Thalamic and hypothalamic hemorrhage 1 3
brainstem petechial hemorrhage 3 5
Optic neuritis 0 9
Hyperemia 122 98
Cerebral edema 15 1
Autolysis 7 7
Postmortem changes 87 51
Hearth Myocardial acute ischemic changes 0 4
Hyperemia 87 77
Hypertrophy 23 23
Fibrous scarring 8 8
Autolysis 7 7
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Postmortem changes 118 97
Lung Lung edema-congestion 33 16
Hyperemia 62 41
Intra-alveolar hemorrhage 4 4
Subplevral hemorrhage 9 0
Bronchiectasis 3 3
Chronic bronchitis 3 3
Pneumonia 15 15
Autolysis 7 7
Postmortem changes 115 77
Liver Hyperemia 48 36
Fatty change in liver 43 41
Autolysis 5 5
Postmortem changes 112 83
Kidney Hyperemia 76 51
Parenchymal degeneration 3 3
Tubular injury 2 28
Tubular necrosis 3 21
Retantion cyst 16 0
Autolysis 5 5
Postmortem changes 96 73

Figure 5. Petechial hemorrhage and lacune formation.

Discussion

This is the first study to report postmortem findings, clinical
reports, crime scene reports and eye witness accounts in
Turkey in an unselected series of fatal methyl alcohol
intoxication. This study did not show the frequency of methyl
alcohol intoxication deaths at both medical records and
autopsies in Turkey. Because the courts and the district
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attorneys ask the Council of Forensic Medicine how death
happens only when there is a suspicious situation, all methyl
alcohol intoxication deaths are not sent to the Council of
Forensic Medicine. Three hundred and eighty three cases
reported here were representative of deaths thought to be
caused by methyl alcohol intoxication.

Sporadic or epidemic accidental use of methyl alcohol is one of
the basic problems that forensic medicine professionals have to
face in the whole world. Alcoholics know that ethanol may
have harmful effects they intentionally substituted methanol-
containing substances. In addition to sporadic cases several
large epidemics have been reported [20-23]. When we look at
the list of methanol poisoning outbreaks in the world, we see
the outbreaks in 14 countries including Turkey. Most events
have come into existence in India from 1976 to 2015 and died
more than 1900 people [24]. Three major methanol outbreaks
in Libya (2013) and Kenya (May and July 2014) occurred [25].
Four outbreaks were registered from Turkey and they were 21
deaths in 2004, 23 deaths in 2005, 5 deaths in 2011 and 32
deaths in 2015 [24]. Because our database about methyl
alcohol poisoning was between 2002 and 2010, it includes
most cases of the two outbreaks from 21 deaths in 2004 and 23
deaths in 2005. In November 30, 2015 the number of people
died from bootleg alcohol poisoning or counterfeit raki in the
city of Izmir rose to eight. In October 08, 2015, 4 cases died in
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the city of Mersin, In October 18, 2015, a total of 89 cases,
including 12 people were died in the city of Istanbul, in March
22,2009, 4 cases died in the city of Bursa in Turkey [26-29].

In our study, 360 (94%) of total fatalities were men and 23
(6%) were women. There is male dominance in our study.
Male dominance also is seen in other studies. Azmak et al.
claimed that male dominance can be explained by the habitual
consumption of alcohol especially, methanol by males more
than females [30]. We also think that males have habitual
consumption of methanol more than females. In our study, the
largest age group was 41-50 years old with 137 cases, followed
by 31-40 years with 133 cases. 45 of the cases were between
51-60 years, 41 of the cases were between 21-30 years old, 16
of the cases were 60 and above and only 1 of the cases was
under 20 years old. In 10 cases age of the deceased could not
be determined. Azmak et al. in his study found that deaths
mostly occurred between 41 and 45 years of age 30, thus
showing similar results as reported in previous studies [31-34].
Findings indicate that methanol fatalities are important causes
of middle age mortalities, which are currently at the highest
point [30]. Our largest group was 41-50 years old with 137
cases which are similar to Azmak et al’s findings.

Liu et al., Inanici et al. and Meyer et al. stated that, individuals
had an asymptomatic period of approximately 12-24 hours,
following consumption of the alcoholic beverage [33-35].
Yayci et al. in their 8 years study indicated that the cases
continued to consume the alcoholic beverage until they
recognized the intoxication symptoms, at which point it is too
late for admission to hospital. This can explain the 77.5%
fatality rate [31]. We found, time of remaining alive after
methanol ingestion as 0 to 30 minutes in 39% (149 cases), 1 to
24 hours in 21% (81 cases) cases, 1to 12 days in 64 cases, 13
days and above in 8 cases. Remaining alive time after
methanol ingestion was unknown in 81 of the cases. Although
ocular morbidity caused by methanol poisoning is well known,
the lethal dose of the methyl alcohol for humans is not known
for certain, but evidence suggests that it can vary over a wide
range. The minimum lethal dose is often cited as about 100 ml,
but Bennett et al. [36] reported a fatal poisoning following
ingestion of only 15 ml of 40% methanol and Ziegler [37]
reported a fatal case involving one ounce. On the other hand,
ingestions of more than 500 ml have reportedly occurred
without causing death or blindness [38]. According to Maio et
al. and Maio [39], the minimum lethal blood level in methanol
poisoning is approximately 80 mg per 100 ml. Yayci et al.,
Elmas et al., Davis et al., Inacici et al. stated that the blood
methanol concentrations, in their studies, ranged widely from
55 to 479 mg per 100 ml. There were 17 (94.4%) cases with
the blood methanol level over 80 mg per 100 ml similar to
other studies [30-32,34,40]. In our study the methyl alcohol
blood concentrations ranged widely from 0 to 826/100 ml.
There were 288 cases (75.2%) with the methyl alcohol blood
concentrations over 100 mg/dl. These values are higher than
the values reported as 80-100 mg/dl which is a range of the
lethal dose [3,41]. In another study, in 15 fatalities following
hospital admission for methanol intoxication, postmortem heart
blood methanol concentrations ranged from 23 to 268 mg/dl

3685

[42]. In the studies of Derrick et al. [42] and Mittal et al. [43],
showed that the lethal dose of methanol in humans showed
pronounced individual differences, ranging from 15 to 500
mgdL. Karadeniz et al. and Birincioglu et al. in their study,
found that the blood methanol concentration also ranged
widely, from 15 to 482 mg/dL. They had eight cases (61.5%)
with methyl alcohol blood concentration over 100 mg/dL, and
five cases below 50 mg/dL [44]. Other studies of methyl
alcohol concentrations have reported varying ranges as
follows: 55-479 mg/dL by Azmak et al. [30], 50-755 mg/dL by
Yayci et al. [31], 38-414 mg/dL by Fedakar et al. [45], and
350-450 mg/dL by Andersen et al. [46].

Paliwal et al. [47] suggested that haemorrhagic putaminal
necrosis, optic atrophy and coma were a triad of methanol
poisoning. Vaneckova et al. [48] showed that almost half of the
patients who survived acute methanol poisoning had
pathological findings by MRI. When we searched the medical
records there were 2 cases with haemorrhagic putaminal
necrosis, optic atrophy and coma. Haemorrhagic putaminal
necrosis was confirmed in the 2 patients who had long-term
treatments by MRI imaging method. In 28 of the 49 cases
treated in the hospital, blood methyl alcohol concentration was
measured during the autopsy for it was not however examined
at first application or during the hospital stay period. The
measured blood methanol concentration was zero. In other
cases treated in the hospital, 21 had blood concentrations lower
than 50 mg per 100 ml, while 334 cases had blood levels
higher than 50 mg per 100 ml (Figure 4). The nervous system
and specifically the visual system have increased susceptibility
for methanol intoxication. Specific histopathological lesions in
central nervous system were identified in relation with life
span of cases after methyl alcohol ingestion. Patients surviving
methanol intoxications have been observed to develop cystic
necrosis of the putamen, laminar necrosis of the cerebral cortex
and cystic necrosis of cerebral white matter. In this study 19
cerebral and cerebellar hemorrhage, 12 cortical ischemia, 7
putaminal necrosis and hemorrhage, 3 thalamic and
hypothalamic hemorrhage, 5 brainstem petechial hemorrhage,
7 optic neuritis were observed (Table 2). Many topographic
sampling should be carried out primarily central nervous
system and the other organs of cases susceptible to methyl
alcohol poisoning.

Figure 6. Intracerebral hemorrhage HEX200.
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Figure 7. Perivascular lakune formation (chronic ischemic changes
in brain) HEX400.

In Turkey, which is an undeveloped Middle East Country, the
high tax on the alcoholic beverages, called special
consumption tax, was established first in 2002 and
dramatically increased in 2010 by the government led to a
significant rise of smuggling and fraud involving the alcoholic
beverages in the country. Bootlegging is blamed for the 2011
Turkish Riviera mass alcohol poisoning, in which five innocent
Russian tourists died [49]. Prevention of the illegal production
of methanol and methylated spirits’ should be established. For
preventing methanol deaths, awareness in the whole country
must be increased. Harms of methanol, the products that
contain methanol must be a routine public education. Media,
especially television can be used for this. Doctors must be
educated about methanol poisoning; so that they can be aware
of the symptoms and know how to treat the patients.
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