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ABSTRACT
Purpose: The effect of acute methanol poisoning on the follow-up quality of life of survivors in mass
poisoning outbreaks is not known. The objective of this is to study the impact of visual and central
nervous system (CNS) sequelae of methanol poisoning on long-term health-related quality of life (QoL)
of survivors, its clinical determinants, and dynamics.
Materials and methods: A total of 54 patients with confirmed methanol poisoning (mean age
46.7 ± 13.4 years, 9 females) were examined consequently three times within six-year prospective
cohort study and compared to 23 controls with the history of chronic alcohol abuse. The following
tests were performed: SF-36 QoL questionnaire, visual evoked potentials (VEP) of optic nerve, ocular
examination with retinal nerve fiber layer (RNFL) thickness measurement, brain magnetic resonance
imaging (MRI), and biochemical and toxicological tests.
Results: Acute methanol poisoning led to significant decrease in physical component summary (PCS)
compared to PCS of age-adjusted controls (mean score with SD 46.8 ±11.0 versus 52.3 ±9.4 points;
p¼ .003). In 17/40 (42.5%) patients with three rounds of examination, signs of severe disability (�30
points in at least one score) were present six years after discharge, with negative dynamics of PCS
score during the observation period. The patients with abnormal RNFL thickness had lower PCS (mean
difference 10.5 points; 95%CI 3.5–17.5, p¼ .004) and mental component summary score (9.5 points;
95%CI 1.9–17.1, p¼ .015) compared to the patients with normal RNFL. Signs of physical and mental
adaptation to long-term visual sequelae were registered with gradual reduction of difference in most
of physical and mental components scores compared to the patients with normal RNFL during six
years of observation. Signs of hemorrhagic brain lesions were associated with permanent decrease of
PCS score (mean difference 7.4 points; 95%CI 0.6–14.0; p¼ .033), bodily pain (8.7 points; 95%CI
1.6–17.6; p¼ .018), and social functioning (8.2 points; 95%CI 3.0–17.4; p¼ .005) six years after dis-
charge. No effect of type of antidote (fomepizole versus ethanol) and extracorporeal enhanced elimin-
ation modality (intermittent hemodialysis versus continuous renal replacement therapy) applied in
hospital on long-term QoL was found (all p> .05).
Conclusion: Acute methanol poisoning was associated with a significant decrease of health-related
quality of life of survivors persisting for at least six years after discharge. The more pronounced
decrease in QoL scores was observed in the patients with hemorrhagic brain lesions and visual seque-
lae of poisoning with abnormal RNFL thickness.
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1. Introduction

1.1. Background

Methanol is a severely toxic alcohol that is used as an anti-
freeze, solvent, coolant, fuel, or as a primary agent in the
production of other chemicals and mixtures [1–2]. Mass or
cluster poisonings typically occur due to illicit alcohol

consumption that contains high methanol concentrations
[3–5]. A large number of fatalities and severe health sequelae
in survivors present a serious problem for national health
systems throughout the world, mainly in developing coun-
tries [6–9].

The cornerstones in methanol poisoning treatment are
timely application of antidote, ethanol or fomepizole,
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extracorporeal elimination techniques (intermittent hemodi-
alysis [IHD] or continuous renal replacement therapy [CRRT]),
alkalinization with bicarbonate, folate supplementation, and
complex intensive care measures [10–12]. If therapeutic
measures are inadequate or delayed, visual impairment due
to toxic effects of formic acid on the retinal ganglion cells
and axons of the optic nerve can lead to visual loss up to
complete blindness in the most severe cases [13–16].

Bilateral hemorrhagic necrosis of the basal ganglia,
namely the putamen and in the subcortical white matter, are
typical magnetic resonance imaging (MRI) findings in up to
50% of survivors of acute methanol poisoning [17]. Brain
lesions are often associated with extrapyramidal syndrome,
which is characterized by rigidity, dystonia, bradykinesia,
mild tremor, and cognitive deficits [18–20].

1.2. Importance

Several prognostic factors have been identified for hospital
outcome in acute methanol poisoning. The severity of meta-
bolic acidosis, blood ethanol concentration, coma at admis-
sion, and time to treatment after methanol exposure are
among them [21–23]. However, there is increasing commu-
nity interest in the long-term functional recovery and health-
related quality of life of poisoning survivors, as well as the
factors that contribute to recovery after acute methanol poi-
soning [24–27]. Long-term health sequelae of poisoning may
be responsible for decreased mobility, difficulty walking,
chronic pain, problems in social life, and reduced chances to
regain the same working position due to decreased visual
acuity or neurological symptoms [28,29].

At present, no studies have investigated the impact of
long-term visual and central nervous system (CNS) sequelae
on health-related quality of life of survivors during the years
following discharge from the hospital. How to account for
the influence of brain lesions, optic nerve, and retinal dam-
age on the physical and mental condition of these patients,
as well as their need for rehabilitation, social re-adaptation,
and psychological support, remains unclear. There is no data
available in the literature as to whether different treatment
modalities (application of ethanol versus fomepizole, inter-
mittent versus continuous methods of renal replacement
therapy) during hospitalization may have an independent
impact on the long-term quality of life in methanol-poisoned
patients. These facts make evaluation of the effectiveness of
therapeutic interventions, prognosis, and timely indication of
medical and psychological measures to enhance the quality
of life of methanol-poisoning survivors challenging.

There are several quality of life scoring systems that can
be applied in the longitudinal studies. The Short Form 36
(SF-36) is a 36-item, patient-reported survey of his or her
health state; it measures health-related quality of life via two
components: physical and mental. The original SF-36 came
from the Medical Outcome Study (MOS) performed by the
RAND Corporation [30]. Since then, a group of researchers
from the original study released a commercial version of the
SF-36, while the original SF-36 is available license free from
RAND in the public domain. The SF-36 comprises eight

scaled scores, which are the weighted sums of the questions
in their section. Each scale is directly transformed into a
0–100 scale on the assumption that each question carries
equal weight. Lower scores indicate more disability, while
higher scores suggest less disability. Scores greater than 50
points indicate mild disability, while scores under 30 points
indicate severe overall disability. The physical component
summary (PCS) considers physical functioning (PF), role phys-
ical (RF), bodily pain (BP), and general health (GH) percep-
tion. The mental component summary (MCS) considers
vitality (VT), social functioning (SF), role emotional (RE), and
mental health (MH). The PCS comprises 22 questions,
and the MCS contains 14 questions, all of which are strict
and easy to understand.

1.3. Goals of this investigation

We present the data based on a methanol mass poisoning
outbreak with more than 130 cases of poisoning and more
than 50 deaths [31,32]. Here, we report the findings of a pro-
spective cohort study that investigated the impact of the
character of long-term health sequelae of acute methanol
poisoning, clinical determinants of the poisoning severity,
and different treatment modalities, on the quality of life of
survivors during 6 years post-discharge from the hospital. We
analyzed associations of the quality of life with admission
laboratory data (arterial blood pH, serum methanol concen-
tration), treatment modalities, and results of objective exami-
nations performed during the follow-up.

For evaluation of the association of quality of life with
long-term visual sequelae of poisoning, we applied the
results of visual evoked potential (VEP) measurements and
optical coherence tomography (OCT) with retinal nerve fibers
layer thickness (RNFL) measurements. The association of
quality of life with CNS sequelae of poisoning was examined
based on the results of brain MRI. To exclude the possible
impact of chronic alcohol abuse on the quality of life of sur-
vivors of poisoning, we recruited the control group with a
history of chronic alcohol abuse registered in the addictology
department of the hospital.

During the 6 years after the mass methanol poisoning out-
break in 2012, we performed three consecutive clinical
examinations of the survivors according to the same standar-
dized clinical protocol, which included the SF-36 question-
naire, in the same medical facility to determine the dynamics
of changes of health-related quality of life of these patients
and its association with key clinical and laboratory
determinants.

2. Materials and methods

2.1. Study design and setting

This prospective, observational cohort study included the
patients with confirmed methanol poisoning treated during
a poisoning outbreak [5,31,32]. The clinical, toxicological, and
biochemical data were collected by applying a standardized
data collection form. Information on the treatment and
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outcome was obtained from hospital discharge reports. The
follow-up clinical examinations were performed three times
in the same hospital: 2, 4, and 6 years after discharge. The
study was approved by institutional Ethics Committee.

2.2. Patient population

All cases of hospital admission with confirmed methanol poi-
soning were mandatorily reported to the Ministry of Health
and Toxicological information center, and nationwide daily
monitoring of the situation in all hospitals was established.
All patients hospitalized with confirmed methanol poisoning
were eligible for this study.

For controls, healthy subjects of the same ethnicity with
the history of chronic alcohol abuse – who were visiting the
addictology department for outpatient treatment of alcohol-
ism—were recruited. Exclusion criteria for the controls were
any ocular and CNS pathology that prevents visual function
(VEP) examination and estimation of physical and mental
components of SF-36. The control group was not regulated
with regards to age, gender, chronic somatic co-morbidities
(diabetes mellitus, arterial hypertension, and others), periph-
eral nervous system diseases, and further visual pathology
(for example, refractive error) if VEP examination was
possible. Patients with methanol poisoning were treated in
accordance with the American Academy of Clinical
Toxicology and European Association of Poisons Centers and
Clinical Toxicologists practice guidelines for the treatment
of methanol poisoning and with current recommenda-
tions [10,33–35].

The protocol for clinical examinations included ocular
examination with standard ophthalmologic tests, cerebral
computed tomography (CT) or MRI, and neurological examin-
ation. Patients were considered to have visual sequelae of
methanol poisoning if the symptoms of optic neuropathy
were documented during hospitalization, with pathologic
findings on visual acuity, perimeter, color vision, contrast
sensitivity, and persisting lesions on fundoscopy on dis-
charge from the hospital. Furthermore, patients were consid-
ered to have CNS sequelae of poisoning if symmetrical
necrosis and hemorrhages of basal ganglia and subcortical
white matter compatible with the diagnosis of acute metha-
nol poisoning were present on brain CT or MRI [36].

2.3. Follow-up investigation protocol

The follow-up clinical examination protocol that was applied
three times during the 6-year observation period included
complete ocular examination and standard ophthalmic tests,
OCT with RNFL, VEP, MRI of the brain, addictological, neuro-
logical, and neuropsychological examinations, biochemical
tests (electrolytes, glucose, glycohemoglobin, albumin, pre-
albumin, renal and hepatic tests, cholesterol, lipids, thyroid-
stimulating hormone, vitamin B12, carbohydrate deficient
transferrin, complete blood count, and hematocrit), ethyl glu-
curonide in urine, and standardized SF-36 Health Survey
questionnaire forms. The examiners were masked to the
admission laboratory parameters, severity of poisoning,

clinical course, treatment measures, and outcomes in metha-
nol-poisoned patients on discharge from hospitals, as well as
to each other’s results.

2.4. Calculations and data analysis

Statistical analysis was performed in Stata 15.1 (StataCorp
LLC, Texas, USA). Basic descriptive statistics were calculated
for all variables, which were subsequently tested for normal-
ity using the Kolmogorov–Smirnov test. The chi-square test
was used to compare frequency counts of demographic and
clinical categorical variables. The bivariate relationship was
assessed using Pearson’s correlation coefficient. A linear
mixed effects model was applied to study the longitudinal
relationship between demographic, clinical, and laboratory
parameters, and the results of SF-36 calculations during the
study period. The dependent variables in this model were
the scores of the quality of life from the SF-36 questionnaire.

The independent variables included in the model were:
age, sex, severity of metabolic acidosis (arterial blood pH),
acute serum concentration of methanol, results of P1 latency
and N1P1 amplitude measurements of VEP, results of RNFL
measurements by OCT, and findings from brain MRI. The
models were adjusted for age and sex. Two-sided statistical
significance was set at p< .05.

3. Results

3.1. Patients and baseline characteristics

During the Czech methanol mass poisoning outbreak,
108 patients were treated in hospitals with acute methanol
poisoning. Of these 108 patients (mean age with SD
50.9± 2.6 years), 24 patients with a mean age of
54.4± 5.9 years died from acute methanol poisoning during
hospitalization. Altogether, 84 patients with a mean age of
49.9± 3.0 years, including 27 patients with MRI signs of toxic
brain damage, survived and were discharged. Of those who
survived poisoning, 54 patients (64%) agreed to participate
and were included in the prospective study of long-term
health sequelae of poisoning and health-related quality of life.

Of 54 patients included in the study, 8 patients filled out
only one quality of life questionnaire and 6 patients com-
pleted two questionnaires during the study period (10
patients died during the follow-up period and 4 patients par-
ticipated in less than three rounds of examination), while 40
patients completed the questionnaire during all three rounds
of examinations during the 6-year observation. The control
group of 23 recruited patients (patients being examined dur-
ing a randomly chosen study period) with a history of
chronic alcohol abuse—consisting of 12 females and 11
males with mean age 53.5 ± 7.9 years—completed the quality
of life questionnaire during the first round of clinical exami-
nations. They also underwent an ophthalmology examination
(VEP, OCT with RNFL, perimeter, and color vision) and elec-
tromyography. Basic demographic, clinical, and laboratory
data of the patients from the study population and the con-
trols are presented in Table 1.

CLINICAL TOXICOLOGY 3



3.2. Six-year dynamics of physical and mental
components summaries of quality of life

The acute methanol poisoning survivors demonstrated a sig-
nificantly lower mean PCS score compared to the controls
(Figure 1(A)), but a higher MCS score (Figure 1(B)). The age
of the patients significantly influenced PCS, PF NBS, BP NBS,
and RE NBS. On the other hand, gender had no effect on
any component of the scores (all p> .05). After adjustment
for age, the difference in PCS score became even greater
between the groups, while the effect of age was less signifi-
cant for MCS (Table 2).

The mean scored for all SF-36 components in the study
population were lower than the limit of at least 50 points,

data that indicate mild overall disability. However, no com-
ponent in the study population demonstrated a mean score
under 30 points that is indicative of severe overall disability
(Table 3). Nevertheless, the absolute number of survivors
with the score � 30 points in at least one SF-36 component
after 6 years of observation was high: 17/40 (42.5%). These
patients had brain necrotic lesions with signs of hemor-
rhages on MRI in 8/17 (47%) cases.

The dynamics of changes in separate PCS and MCS com-
ponents in the three rounds of examinations during the 6-
year observation was insignificant (Table 3). Only the overall
feeling of bodily pain significantly worsened with time. There
was a notable decline in the dynamics of the PCS score

Table 1. Basic demographic, clinical, and laboratory data of the patients from the study population (n¼ 54) and control group (n¼ 23), means with SD and
absolute numbers (%).

Variable Methanol-exposed group Control group OR p

Age, years 46.7 [43.1; 50.4; 95%CI] 53.4 [49.9; 51.0; 95%CI] – .009
Gender (M/F) 45/9 11/12 – .001
Chronic alcoholism 38 (70%) 23 (100%) – –
Hypertension 22 (40.7%) 4 (17.4%) 3.7 [1.1;12.6] .047
Diabetes mellitus 8 (14.8%) 1 (4.3%) 4.2 [0.5;35.7] .191
Ischemic heart disease 8 (14.8%) 1 (4.3%) 4.2 [0.5;35.7] .191
Hepatopathy 35 (64.8%) 3 (13.0%) 15.6 [4.0;60.6] <.001
Abnormal visual perimeter 24 (44.4%) 3 (13.0%) 6.2 [1.6;23.4] .008
Abnormal color vision 25 (46.3%) 3 (13.0%) 6.6 [1.8;25.3] .005
Refractive error 18 (33.3%) 16 (69.6%) 4.1 [1.4;11.7] .003
Abnormal RNFL 12 (22.2.0%) 2 (8.7%) 8.9 [1.9;42.3] .159
Abnormal VEP 25 (46.3%) 5 (21.7%) 3.6 [1.2;11.2] .043
Peripheral polyneuropathy 20 (37.0%) 1 (4.3%) 11.1 [1.5;44.7] .003
Methanol-induced brain damage 23 (42.6%) –
Methanol-induced brain hemorrhages 18 (33.3%) –
MetOH�, mg/L 1290.0 ± 390.0 –
Arterial blood pH� 7.21 ± 0.06 –
Median time to treatment, hours 30 [IQR 14–40] –
Antidote (ethanol/fomepizole/no) 40/11/3 –
Dialysis (IHD/CRRT/no) 24/17/13 –

M: male; F: female; MetOH: serum methanol concentration; IHD: intermittent hemodialysis; CRRT: continuous renal replacement therapy; RNFL: retinal nerve
fibers layer thickness on optical coherence tomography; VEP: visual evoked potentials.�: at admission to hospital with acute methanol poisoning.

Figure 1. (A) Physical component summary score in survivors of acute methanol poisoning versus controls. (B) Mental component summary score in survivors of
acute methanol poisoning versus controls.
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during the study period (Figure 2(A)). On the other hand,
MCS demonstrated a slow increase during the follow-up
(Figure 2(B)).

3.3. Admission laboratory data, poisoning treatment
modalities, and the quality of life of survivors of
methanol poisoning

The effect of admission arterial blood pH as the indicator of
the severity of acute methanol poisoning on the follow-up

quality of life of survivors was not significant (Figure 3(A,B)).
There was a borderline relationship between higher arterial
blood pH and higher PCS (mean slope 13.8± 7.5; 95% confi-
dence interval [CI]� 0.9 to 28.6; p¼ .066) and MCS (mean
slope 9.4 ± 7.2; 95%CI �4.7 to 23.5; p¼ .190). Serum methanol
concentration had an insignificant effect on PCS (mean slope
�2.7 ± 1.4; 95%CI �5.5 to 0.1; p¼ .060) and MCS (mean slope
1.7 ± 1.4; 95%CI �4.4 to 1.0; p¼ .209) after adjustment for age.

The patients had been treated in hospitals with antidotes
to block alcohol dehydrogenase: ethanol in 74% of cases,

Table 2. Physical and mental component summaries in the survivors of methanol poisoning versus controls (unadjusted and adjusted for age and gender).

Shortcut Parameter

Groups
Two sample t-test Delta

Linear regression (age adjusted)

Methanol Controls Delta p (age adjusted) p (groups) Coeff. (age) (p)

PCS Physical component summary 46.8 52.3 �5.5 .039 �8.2 .003 20.4 (<.001)
MCS Mental component summary 47.3 37.2 10.1 .002 �10.4 .005 NS
PF NBS Physical functioning 46.8 51.2 �4.4 .056 �8 .001 20.52 (<.001)
RP NBS Role limitations due to physical health 46.2 45.6 0.6 .834 �0.75 .83 NS
BP NBS Bodily pain 49.3 50.8 �1.5 .62 �3.2 .35 20.3 (<.02)
GH NBS General health 43.5 45.3 �1.8 .47 3.4 .47 NS
VT NBS Vitality 48.8 48.2 0.6 .83 �0.63 .82 NS
SF NBS Social functioning 45.3 36.9 8.4 .016 �7.19 .016 NS
RE NBS Role emotional 45.7 38.1 7.6 .023 5.5 .154 20.26 (.042)
MH NBS Mental health 47.7 41.5 6.2 .039 �10.08 .002 NS

p< .05 was considered significant (bold figures).
NS: not significant.

Table 3. Dynamics of changes of separate components of PCS and MCS in survivors of acute methanol poisoning during six years of observation (means
with SD).

Shortcut Parameter 1st exam 2nd exam 3rd exam Delta 1st/3rd p (linear mixed effect model)

PF NBS Physical functioning 47.2 ± 11.0 45.7 ± 10.3 46.7 ± 11.8 �0.5 .3
RP NBS Role limitations due to physical health 46.2 ± 11.0 46.4 ± 12.4 46.9 ± 10.3 0.7 .91
BP NBS Bodily pain 49.8 ± 13.6 47.7 ± 13.7 46.9 ± 12.9 22.9 .037
GH NBS General health 43.7 ± 12.8 44.8 ± 12.4 44.7 ± 12.6 1.0 .45
VT NBS Vitality 49.2 ± 11.3 51.6 ± 11.7 50.1 ± 10.5 0.9 .12
SF NBS Social functioning 45.9 ± 12.2 46.4 ± 11.4 46.6 ± 11.2 0.7 .76
RE NBS Role emotional 46.0 ± 12.6 44.6 ± 12.9 46.6 ± 12.6 0.6 .41
MH NBS Mental health 48.5 ± 11.3 49.1 ± 11.1 49.4 ± 10.0 0.9 .47

p< .05 was considered significant (bold figures).

Figure 2. (A) Dynamics of physical component summary score changes in survivors of acute methanol poisoning during six years of observation. (B) Dynamics of
mental component summary score changes in survivors of acute methanol poisoning during six years of observation.
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fomepizole in 20% of cases, and without antidote in 6% of
cases. There was no effect of type of antidote applied in the
hospital (fomepizole versus ethanol) on the follow-up quality
of life of the patients. For PCS, the mean difference was �3.1
(95%CI �10.0 to 3.7; p¼ .367), while for MCS, the mean dif-
ference was 0.2 (95%CI �6.2 to 6.6; p¼ .947). The association
of separate components of physical and mental scores with
the type of antidote was also insignificant (all p> .05).

In 76% of patients in the study population, extracorpor-
eal-enhancing elimination was applied. IHD was utilized in
44% of cases, and the methods of CRRT modalities were
used in 32% of cases. There was no effect from type of
enhanced elimination method applied in the hospital (IHD
versus CRRT) on the follow-up quality of life of the patients.
For PCS, the mean difference was �5.7 (95%CI �14.0 to 2.6;
p¼ .181), while for MCS, the mean difference was 4.0 (95%CI
�4.6 to 12.6; p¼ .363). The association of separate compo-
nents of physical and mental scores with the modality of
extracorporeal enhancing elimination was also insignificant
(all p> .05).

3.4. Effect of long-term visual sequelae on the quality
of life of survivors of methanol poisoning

The association between optic nerve function measured by
VEP and quality of life is presented in Table 4. The prolonged
P1 latency reflected the grade of demyelination of axons of
the optic nerve and was negatively associated with both PCS
and MCS scores: The longer the latency, the lower the PCS,
MCS, and their separate components. The association was
stronger for right eyes (oculus dexter [OD]) compared to for
left eyes (oculus sinister [OS]) because the standard deviation
in OD measurements was lower. However, the difference in
mean P1 latency between two eyes was not significant
(115.3 ± 7.1 sec for OD versus for 117.4 ± 10.7 sec for
OS; p¼ .240).

The association between the N1P1 amplitude of evoked
potentials of the optic nerve and the components of both
physical and mental scores was less strong (Table 4). A
decrease in the amplitude reflects acute degeneration of
optic nerve axons, the most severe damage of the visual

Figure 3. (A) Arterial blood pH at admission and physical component summary score of survivors of acute methanol poisoning. (B) Arterial blood pH at admission
and mental component summary score of survivors of acute methanol poisoning.

Table 4. Association of latency P1 and amplitude N1P1 of visual evoked potentials with the follow-up quality of life of survivors of acute methanol poisoning.

Shortcut Parameter

Linear mixed effect model, slope, 95%CI, p

OD P1 OS P1 OD N1P1 OS N1P1

PCS Physical component summary 20.7 (21.2; 20.2), p5 .004 20.4 (20.7; 20.1), p5 .007 1.0 (0.08; 1.9), p5 .024 1.0 (0.03; 2.0), p5 .042
MCS Mental component summary 20.7 (21.2; 20.2), p5 .005 20.1 (20.4; 0.2), p¼ .4 0.3 (20.7; 1.2), p¼ .55 0.3 (20.6; 1.3), p¼ .49
PF NBS Physical functioning 20.8 (21.1; 20.4), p<.001 20.4 (20.6; 20.1), p5 .003 0.9 (0.2; 1.7), p5 .01 1.0 (0.2; 1.8), p5 .013
RP NBS Role limitations due to physical health 20.7 (21.1; 20.2), p5 .006 20.4 (20.7; 20.1), p5 .012 0.9 (�0.05; 1.8), p¼ .063 0.8 (�0.2; 1.8), p¼ .105
BP NBS Bodily pain 20.8 (21.4; 20.2), p5 .009 20.5 (20.8; 20.08), p5 .018 1.2 (0.08; 2.3), p5 .036 1.2 (0.02; 2.5), p5 .046
GH NBS General health 20.7 (21.3; 20.2), p5 .009 �0.2 (�0.5; 0.1), p¼ .26 0.9 (�0.1; 1.9), p¼ .087 0.9 (�0.1; 1.9), p¼ .197
VT NBS Vitality 20.8 (21.2; 20.3), p5 .002 �0.2 (�0.5; 0.2), p¼ .33 0.7 (�0.3; 1.6), p¼ .162 0.5 (�0.5; 1.5), p¼ .308
SF NBS Social functioning 20.7 (21.1; 20.3), p5 .002 20.3 (20.6; 20.1), p5 .044 0.4 (�0.4; 1.3), p¼ .32 0.5 (�0.4; 1.5), p¼ .27
RE NBS Role emotional 20.8 (21.3; 20.3), p5 .001 20.3 (20.6; 20.01), p5 .046 0.7 (�0.2; 1.7), p¼ .145 0.7 (�0.3; 1.7), p¼ .190
MH NBS Mental health 20.7 (21.2; 20.3), p5 .002 �0.1 (�0.5; 0.2), p¼ .37 0.5 (�0.5; 1.5), p¼ .35 0.5 (�0.5; 1.5), p¼ .36

OD: oculus dexter; OS: oculus sinister; P1: latency P1 of visual evoked potentials; N1P1: amplitude N1P1 of visual evoked potentials.
p< .05 was considered significant (bold figures).
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pathway. In 14/54 (26%) right eyes and 15/54 (28%) left
eyes with the most severe damage, the amplitude was not
measurable because the evoked visual potentials could not
be elicited, and in only 6/54 (11%) of right eyes and 9/54
(17%) of left eyes was an abnormal VEP amplitude
detected.

The effect of long-term visual sequelae of methanol poi-
soning, namely abnormal RNFL thickness, on the follow-up
quality of life of survivors is presented in Table 5. All scores
were significantly lower in the patients with abnormal RNFL
findings, compared to those with normal findings, on the
first examination. The difference in the scores between the
groups with normal and abnormal RNFL thickness, however,
gradually decreased with time and became insignificant on
the third examination at 6 years post-discharge. Only the RE
NBS score remained significantly lower in those with visual
sequelae of poisoning.

3.5. Toxic brain lesions, signs of brain hemorrhages on
MRI, and quality of life in survivors of acute
methanol poisoning

In 53 patients from the study population, brain MRI was per-
formed, and in 1 patient it was contraindicated. Brain lesions
were found in 43% of the patients. Of them, 78% had signs
of brain hemorrhage on MRI. The association between the
presence of brain lesions or brain hemorrhages on MRI imag-
ing and the quality of life during the 6-year observation is
presented in Table 6.

The patients with necrotic brain lesions had lower phys-
ical and mental scores compared to those without brain
lesions, but only the difference in MCS and SF NBS on the
first examination was significant. There was no significant dif-
ference between the patients with and without brain lesions
6 years post-discharge.

On the other hand, in 18 patients with more severe toxic
brain damage, with signs of brain hemorrhages on MRI, the
difference in both physical and mental scores was more pro-
nounced on the first examination and remained significant
for PCS, BP NBS, and SF NBS on the third examination, or
6 years post-discharge (Table 6).

4. Discussion

At present, no information is available regarding health-
related quality of life of survivors of acute methanol poison-
ing and the impact of long-term health sequelae on their life
during the years following discharge. In this study, we report
a study that prospectively evaluated 6-year dynamics of qual-
ity of life in a cohort of patients after a mass methanol poi-
soning outbreak and relationships between physical and
mental components of quality of life and hospital treatment
modalities, severity, and visual and CNS sequelae of poison-
ing. Our study demonstrated that acute methanol poisoning
significantly decreased quality of life in the population of
survivors, mainly in PCS and PF scores, compared to age-
adjusted controls with chronic alcohol abuse without a his-
tory of acute methanol exposure. In more than 40% of
survivors of methanol poisoning, signs of severe disability
were present, with a slow decline in physical component
summary during the 6-year observation. On the other hand,
the MCS scores were higher compared to the controls, with
positive dynamics in the following years. Damage to the
optic nerve, with optic axon demyelination and degener-
ation, was associated with a significant decrease in both PCS
and MCS scores. Interestingly, signs of physical and mental
adaptation to long-term visual sequelae of methanol poison-
ing were registered with a gradual reduction in the differ-
ence in most of physical and mental scores between the
groups with and without visual sequelae during the 6-year
observation. Finally, necrotic brain lesions did not promote
physical or mild transient effects on mental components of
quality of life of survivors during the follow-up. However,
signs of brain hemorrhages, which indicate severe toxic brain
damage, were associated with a permanent decrease in the
physical component score and certain components of
the mental score that were still detectable 6 years
after discharge.

During methanol mass poisoning outbreaks, the mortality
rate may exceed 30%, and the effect of health sequelae of
poisoning on the quality of life of survivors may be consid-
ered “of secondary importance.” Nevertheless, toxic brain
damage and visual loss present a serious challenge for the
survivors. The prevalence of visual sequelae of toxic optic
neuropathy reaches up to 40%, and chronic retinal

Table 5. Effect of long-term visual sequelae of poisoning (normal RNFL findings versus abnormal RNFL findings) on the follow-up quality of life of survivors of
acute methanol poisoning.

Shortcut Parameter

The unpaired t-test, mean difference in the score of the patients with normal RNFL versus abnormal
RNFL, 95%CI, p

1st exam 2nd exam 3rd exam

PCS Physical component summary 10.5 (3.5; 17.5), p5 .004 10.9 (4.0; 17.8), p5 .003 4.4 (�3.9; 12.7), p¼ .290
MCS Mental component summary 9.5 (1.9; 17.1), p5 .015 7.3 (�0.4; 15.0), p¼ .061 7.0 (�0.8; 14.8), p¼ .076
PF NBS Physical functioning 9.8 (2.9; 16.7), p5 .007 11.3 (5.1; 17.5), p5 .001 5.7 (�2.0; 13.4), p¼ .144
RP NBS Role limitations due to physical health 9.0 (2.3; 15.7), p5 .010 11.3 (3.0; 19.6), p5 .009 4.1 (�3.6; 11.8), p¼ .282
BP NBS Bodily pain 12.9 (4.5; 21.2), p5 .003 7.7 (�1.6; 17.0), p¼ .102 6.3 (�3.1; 15.7), p¼ .184
GH NBS General health 10.8 (2.8; 18.9), p5 .010 8.1 (�0.7; 16.2), p¼ .052 6.1 (�3.2; 15.3), p¼ .192
VT NBS Vitality 11.1 (4.4; 17.8), p5 .002 6.6 (�1.5; 14.6), p¼ .107 5.9 (�2.5; 14.3), p¼ .162
SF NBS Social functioning 11.1 (3.4; 18.8), p5 .006 9.2 (1.7; 16.7), p5 .017 4.4 (�4.0; 12.8), p¼ .294
RE NBS Role emotional 9.6 (1.6; 17.7), p5 .020 12.7 (4.3; 21.0), p5 .004 11.9 (3.3; 20.5), p5 .008
MH NBS Mental health 11.0 (4.0; 18.1), p5 .003 4.5 (�3.2; 12.1), p¼ .243 3.7 (�4.2; 11.6), p¼ .347

RNFL: retinal nerve fibers thickness.
p< .05 was considered significant (bold figures).
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neurodegeneration with progressive optic axonal loss may
be registered in up to 25% of the patients [37,38]. This pro-
cess is associated with progressive loss of visual functions,
which will limit the patients in their professional and private
life. The patients from our cohort had mean scores of all
quality of life components that were lower than 50 points.
These data suggest at least mild overall disability compared
to common population, with the evidence of severe disability
in two out of five patients from the study population. The
PCS of controls with chronic alcohol abuse was significantly
higher after adjustment for age and gender, with the great-
est difference in the PF score. This finding reflects limitations
in daily life of methanol poisoning-survivors due to serious
health sequelae. On the other hand, the MCS in methanol-
exposed patients was higher compared to controls, a result
that can be attributed to specific cognitive impairment with
decreased criticism and emotional changes due to a disrup-
tion of functional architecture of frontostriatal circuitry
[25,29]. The effect of mandatory abstinence on the recruited
controls treated in addictology department on their mental
component summary should also be considered.

The severity of metabolic acidosis, characterized by arter-
ial blood pH at admission, is a known prognostic factor of
hospital mortality—but not follow-up mortality—in survivors
discharged from hospitals [22,27]. The patients with a higher
serum methanol concentration are typically more exposed
and more severely poisoned, although the impact of metha-
nol concentration on the outcome remains questionable
[39,40]. In our study, we found no effect of acute laboratory
parameters of severity of poisoning, arterial blood pH, and
serum methanol concentration on the follow-up quality of
life of survivors.

Fomepizole and ethanol are two antidotes applied for the
treatment of acute methanol poisoning; both block alcohol
dehydrogenase and stop formic acid production. Fomepizole
is the preferred antidote over ethanol because its pharmaco-
kinetics are more predictable than ethanol, it has a safer side
effect profile, it shortens intensive care unit (ICU) and hos-
pital stays, and it can decrease the need for hemodialysis. In
our previous study, we did not find any difference in out-
come, length of ICU stay, or dialysis between patients treated
with fomepizole or ethanol [41]. In the present study, there
was no association between the types of antidote applied in
the hospital with follow-up quality of life of survivors of
methanol poisoning. Therefore, no antidote demonstrated an
advantage from the perspective of long-term quality of life;
both antidotes can be applied without concerns on grounds
of effectiveness.

The role of enhanced elimination in the treatment of
acute methanol poisoning is well established. IDH and differ-
ent CRRT modalities are commonly used. IDH provides faster
correction of the acidosis and the quicker removal of the
toxic metabolite formic acid compared to CRRT [42,43]. In
our previous study, more patients appeared to survive with-
out sequelae and less patients died when IDH was used
compared to continuous modalities. However, there were no
differences in outcome when correcting for the severity
of the poisoning, as primarily defined by the degree of

metabolic acidosis. The absence of differences in the long-
term follow-up quality of life of survivors of methanol
poisoning treated with different hemodialysis modalities
demonstrated in our study confirms that the recommenda-
tion of “using whatever mode of dialysis available” remains
adequate [44].

Brain hemorrhagic lesions are typical findings in survivors
of acute methanol poisoning [17,36,45]. In our study popula-
tion, 18 out of 23 patients with CNS sequelae of poisoning
had MRI signs of brain hemorrhages, while 5 patients had
more discrete non-hemorrhagic necrotic brain lesions. The
patients with brain hemorrhages had a significantly lower
PCS score compared to those without hemorrhagic lesions.
This difference persisted for at least 6 years of observation.
The MCS, also affected by brain hemorrhages, demonstrated
certain signs of adaptation over time. Nevertheless, BP and
SF scores remained significantly lower in the patients with
hemorrhagic brain lesions. Therefore, adaptation of the
patients to toxic brain damage with hemorrhagic lesions was
slow, and their quality of life remained significantly affected
by CNS sequelae of poisoning. These findings indicate that
this category of patients are especially suitable for specific
medical and psychosocial rehabilitation programs.

5. Strength and limitations

Our study has certain strengths and limitations. The
strengths include the prospective longitudinal design with 6-
year follow-up and three consecutive rounds of examinations
according to the same standardized clinical protocol in the
same medical facility. The population of 54 survivors of acute
methanol poisoning exposed over a relatively short time dur-
ing one mass “epidemic,” systematically followed at one
medical center, represents a sufficient sample size for regres-
sion model estimates, but it should be considered as limited.
A larger sample size might have provided more significant
associations for separate variables and quality of life scores.
We did not estimate the effect of possible pre-existing ocular
or neurologic diseases on the quality of life of methanol-
exposed patients. The 6-year follow-up period provided suffi-
cient time to estimate the long-term dynamics of physical and
mental summary scores; therefore, we operated with complete
and reliable information on the long-term impact of acute
methanol poisoning on the quality of life. We analyzed both
the impact of specific variables (severity of poisoning, treat-
ment modalities) and the overall burden of health sequelae of
poisoning (hemorrhagic and non-hemorrhagic brain lesions,
optic nerve functions, morphological state of ocular retina).
However, the SF-36 may not reflect the true impact of the
specific cognitive impairment registered in the survivors of
methanol poisoning on the MCS. Nevertheless, the SF-36 is
still a common, widely used simple and objective tool of
measurement of health-related quality of life.

6. Conclusion

Acute methanol poisoning is a severe medical condition with
high mortality and morbidity rates. It significantly decreased
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health-related quality of life of survivors persisting for at least
6 years post-discharge. The more pronounced decrease in
quality of life scores was observed in the patients with signs
of hemorrhagic toxic brain lesions on MRI and abnormal
RNFL thickness on OCT.
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