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Risk factors associated with mortality in patients with
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ABSTRACT

Aim: Methanol poisoning (MP) is an significant medical problem worldwide, and
despite advances in diagnosis and treatment, the mortality rate in these cases
remains high. This study aimed to evaluate the clinical and laboratory factors to
determine in-hospital mortality in patients with MP.

Methods: This single-center, retrospective, observational study was conducted with
65 adult MP cases visiting the emergency department (ED) of a tertiary training and
research hospital, between January 01, 2017 and February 01, 2022. Data was
statistically compared between survivors and non-survivors.

Results: The in-hospital mortality rate was 41.5%. The rate of cases with respiratory
distress, low Glasgow coma scale (GCS) (<8), and delayed arrival to the hospital
(>24 hours) was higher in the group of non-survivors compared to the group of
survivors. Non-survivors had a higher anion gap (30.5 mEq/L vs. 25.5mEg/L), base
excess (-25.0 mmol/L vs. -18.6 mmol/L), lactate (10.2 mmol/L vs. 2.2 mmol/L) levels,
and lower pH (6.76 vs. 7.14) and bicarbonate (6.3 mmol/L vs. 10.3 mmol/L) levels
than survivors (p<0.001). In ROC analysis, pH (AUC= 0.916) and base excess
(AUC=0.915) were blood gas parameters with the highest AUC values in predicting
mortality in MP cases. Folate use in the treatment had a statistically significant effect
on mortality (P=0.015).

Conclusion: In MP cases, delay in a hospital visit, severe metabolic acidosis, high
lactate levels, low GCS on arrival to the ED and no folate therapy, were associated
with increased in-hospital mortality rates. Our data will contribute to the clinical
management of MP patients and the development of treatment protocols.
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Amag: Metanol zehirlenmesi (MZ) diinya ¢apinda énemli bir tibbi sorundur, tani ve
tedavideki gelismelere ragmen bu vakalarda 6lim orani yiksektir. Bu ¢alismada MZ
olan hastalarda hastane i¢i mortaliteyi 6ngérmek icin klinik ve laboratuvar faktérlerinin
degerlendiriimesi amaglandi.

Yontemler: Bu tek merkezli, retrospektif, gozlemsel ¢alisma, 01 Ocak 2017 ve 01
Subat 2022 tarihleri arasinda Uglincli basamak bir egitim ve arastirma hastanesinin
acil servisini (AS) ziyaret eden yetiskin 65 MZ vakasi ile yurttilmusttr. Veriler hayatta
olanlar ve hayatta olmayanlar arasinda istatistiksel olarak karsilastirildi.

Bulgular: Hastane igi 6lim orani %41,5 idi. Hayatta kalmayanlar grubunda solunum
sikintisi, diistik GKS (<8), ve hastaneye geg basvuran (24 saaten sonra) vakalarinin
orani, hayatta kalanlar grubuna gore daha yilksekti. Olen hastalarin grubunda
yasayanlara kiyasla daha yliksek anyon agigi (30,5 mEg/L vs. 25,5mEq/L), baz
fazlahgi (-25,0 mmol/L vs. -18,6 mmol/L), laktat seviyeleri (10,2 mmol/L vs. 2,2
mmol/L) ve daha diistik pH (6,76 vs. 7,14) ve bikarbonat (6,3 mmol/L vs. 10,3
mmol/L) seviyeleri vardi (p<0.001). ROC analizinde pH (AUC= 0,916) ve baz fazlaligi
(AUC=0,915), MZ olgularinda mortaliteyi 6ngérmede en yiiksek AUC degerlerine
sahip kan gazi parametreleriydi. Tedavide folat kullaniminin mortalite zerinde
istatistiksel olarak anlamli bir etkisi oldu (p=0.015).

Sonug: MZ olgularinda hastaneye basvuruda gegikme, siddetli metabolik asidoz,
yiksek laktat diizeyleri, acil servise geliste dlisiik GKS ve folat tedavisi verilmemesi,
artan hastane i¢i mortalite oranlari ile iliskiliydi. Verilerimiz MZ hastalarinin klinik
yonetimine ve tedavi protokollerinin gelistirimesine katkida bulunacaktr.
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INTRODUCTION

M ethanol, obtained by tree fermentation, is a
colorless, volatile, toxic type of alcohol found
in avariety of household and industrial products [1].
Although methanol is not very toxic, formaldehyde
and formic acid, two of its metabolites, cause
most of the toxic effects in methanol poisoning
(MP) [2,3]. Acute MP is characterized by a
latent period of several hours in which patients
are asymptomatic or show mild central nervous
system (CNS) depression, followed by nausea,
vomiting, abdominal pain, respiratory distress,
progressively decreasing vision, progressive
encephalopathy, and severe metabolic acidosis
[2,3]. MP therapy includes standard supportive
care, antidote therapy (ethanol or fomepizole),
renal replacement therapy (RRT), folic acid (folate)
and buffer (sodium bicarbonate) treatments [2,4].

However, despite improved treatments, high
mortality rates are still reported in MP cases [2,5].
The main reason for this is the delayed visit to
the hospital and the delayed diagnosis due to
difficulties. The main difficulties in diagnosis are
the inability in many centers to measure methanol,
the lack of specificity of early symptoms and
other laboratory data for MP, and the difficulty
in obtaining an accurate anamnesis in case of
attempted self-harm or substance abuse [2,4,5].
There is often a diagnostic dilemma and it is up
to the clinician to consider MP as the etiology of
many nonspecific findings, particularly metabolic
acidosis. However, among MP cases that we can
encounter in the form of outbreaks, it is vital to
recognize the critically ill, triage these patients,
transfer them to poisoning centers and start their
treatment early [5].

This study aims to evaluate demographic, clinical
and laboratory data to predict the prognosis of MP
cases visiting the emergency department (ED)
in the form of isolated episodes or outbreaks, at
different times over five years.

MATERIALS AND METHODS

Study design and setting: This single-center,
retrospective, observational study was conducted
with consecutive MP cases visiting the ED of a
tertiary training and research hospital, between
January 2017 and February 2022. This hospital is a

toxicology center, a level 1 trauma center, a STEMI
center and a stroke center with multiple medical
and surgical specialties, including an emergency
medicine residency. There are 612 beds in the
hospital, the annual number of ambulance visits
to the ED is approximately 20 000 and the total of
ED visits number approximately 300 000 per year.

Approval for this study was obtained from the
ethics committee of the research institution. (Date:
07.02.2022, Protocol Number: 2022/42) and was
conducted in accordance with the Declaration of
Helsinki. The study was retrospective and the
requirement for informed assent was waived as
a result. Additionally, all personal data has been
securely safeguarded (by detaching identifying
data from the primary dataset) and made only
accessible to academics. An anonymous analysis
was done on all the data.

Criteria for inclusion and exclusion: The study
included patients admitted to the ED with a
diagnosis of MP and at least 18 years old. In
addition to a strong history or clinical suspicion,
the diagnosis of MP was made when the serum
methanol content was more than 20 mg per
deciliter or when at least two of the following three
symptoms were present:

1. An arteria pH below 7.3.
2. Serum bicarbonate less than 20 mEq/L, and/or
3. Serum osmolar gap of more than 10 mOsm/kg.

Methanol levels cannot be measured in our
hospital. However, the methanol level of four
patients could be measured with blood samples
sent to external centers. Patients younger than
18 years of age, who started their treatment
elsewhere and were referred to our hospital, and
whose data could not be reached, were excluded
from the study.

Data: All patients who visited the ED during the
study were scanned from the hospital’s electronic
medical record system, with their defined
diagnoses (preliminary, differential, consultation
and definitive diagnosis) during their hospital
stay. Physician and nurse notes, consultations,
daily follow-ups and laboratory data of patients
whose diagnoses included the words "alcohol",
"ethanol", "methanol" or "poisoning" were
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examined. The data of the patients included in the
study were recorded in a pre-designed form. The
form included demographic data (age, gender,
comorbidities), complaints, vital parameters,
consciousness status, alcohol or substance
abuse, alcohol administration method and time,
laboratory results, radiological imaging reports,
patient management and prognosis. Analysis
of laboratory data included plasma bicarbonate
levels, serum electrolyte levels, liver and kidney
function test results, pancreatic enzyme levels,
arterial blood gas analysis, cardiac markers
and glucose and coagulation parameters. In our
study, all vital parameters, laboratory and imaging
results, were based on the initial data obtained at
the time of arrival of the cases to the ED.

The following equation was used to determine the
anion gap (AG) in serum:

AG = (Na+ + K+) — (Cl- + HCO3-) (8)

Treatment Protocol: Patients were given the
necessary airway, respiratory and circulatory
support, following a rapid initial screening
assessment, that included mental state and vital
signs to establish the urgent steps required to
stabilize the patient. Standard supportive care,
antidote therapy, elimination therapy, buffer
(sodium bicarbonate) and folate are all used in the
management of MP [2].

Intravenous (IV) ethanol (10%) was administered
as an antidote. Only one patient could get
fomepizole, due to a shortage of supply. When
arterial pH was below 7.25 or serum bicarbonate
was consistently below 20 mEq/L, patients
received ethanol treatment intravenously as a
10% solution in 5% glucose (loading dose: 4-8
mL/kg, followed by a maintenance dose of 1-2 mL/
kg/h). If necessary, the ethanol infusion rate was
increased during hemodialysis (HD) to 2.5-3.0
ml/kg/h. A serial blood gas analysis was carried
out roughly every two hours to assess the acidity
level and track the medication’s effectiveness.
HD was performed on cases that met any of the
following criteria: abnormality of vision, an initial
arterial pH of less than 7.1, an arterial pH that
could not be maintained at or above 7.3 or, a
decrease in the arterial pH of more than 0.05 unit
despite bicarbonate supplementation, worsening
of vital signs despite intensive supportive care or

renal failure. HD was performed on the patients
as quickly as feasible. Since formate or methanol
levels cannot be detected, HD was carried out at
a high blood flow rate until pH levels returned to
normal. Hemodynamically unstable patients (MAP
70 mmHg, GCS <8, intubated) or receiving positive
inotropic treatment underwent hemodiafiltration
(HDF) in the intensive care unit. To treat acidosis
in all patients with a pH under 7.3, isotonic
saline was given together with an IV bolus of 1
mEqg/kg sodium bicarbonate. The infusion rate
was customized based on fluid status, baseline
pH and serum sodium level. When the arterial
pH reached 7.35, the therapy was considered
successful and the infusion was halted. As a
cofactor treatment, folinic acid was administered.
Additionally, thiamine hydrochloride, pyridoxine
hydrochloride and cyanocobalamin were given.
No patient received any form of gastrointestinal
decontamination, such as gastric lavage or Ipecac
syrup, or activated charcoal.

Statistical analysis: The statistical analysis of
the study’s data was conducted using the SPSS
for Windows Inc. Version 22 (SPSS Inc.; lllinois,
USA) and the MedCalc Statistical Software
version 19.0.6. (MedCalc Software bvba,
Belgium). Whether the continuous variables were
normally distributed or not was calculated using
the Shapiro-Wilk test. Non-normally distributed
data was compared with the Mann-Whitney U test,
and normally distributed data was compared with
Student's t-test. Pearson chi-square test was used
to compare the categorical results of the patients.
Data was provided with means and standard
deviations when parametric tests were employed
to compare continuous variables. Median (25th
and 75th percentiles) values for nonparametric
tests were presented. Numbers and percentages
(%) values for categorical data were presented.
Receiver operating characteristic (ROC) curves
were used to compare blood gas parameters
to predict in-hospital mortality. The statistical
significance level was consented as p < 0.05.

RESULTS

The study included 65 MP cases meeting the
inclusion and exclusion criteria. Most of the patients
were middle-aged (mean: 46.7+13.1 years), male
(93.8%) and persistent alcohol drinkers (76.9%).
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None of the patients had purchased their drinks
from a monopoly dealer. The rate of those who
buy drinks containing methanol is 76.9%, while
the rate of those who prepare their drinks with
the alcohol they buy is 23.1%. All of the patients
had been poisoned by the methanol-containing
beverages they drank assuming it was alcohol.
Three (4.6%) patients had hypertension and one
(1.5%) patient had diabetes mellitus. All patients
were symptomatic and visual symptoms were
the most common clinical feature with 90.8%.
The proportion of patients with GCS <15 at the
time of ED visit was 55.4% (n=36), and five more
patients developed altered consciousness during
ED follow-up. Most of the patients were treated
with ethanol antidote (84.6%), RRT (IHD [61.5%],
HDF [32.3%]), folic acid (58.5%) and bicarbonate
(67.7%). A 42-year-old male patient, who was
administered fomepizole on the 4th hour of his
admission to the ED, died on the 4th day of his
hospitalization. The in-hospital mortality rate was
41.5%. In our analysis, there was no statistically
significant difference in gender (p=0.636) or
mean age (p=0.061) between survivors and
non-survivors. In terms of vital parameters, non-
survivors had a lower mean arterial pressure
(MAP) (86.6 = 16.6 vs. 97.2 £ 12.0; p=0.042) and
higher respiratory rate (23.9 £ 4.3 vs. 17.3 = 1.7;
p <0.001) than survivors. In-hospital mortality
rates were 25.0% (n=4) for those visiting the ED
within the first 24 hours after oral administration,
while 69.2% (n=9) for those visiting after 48
hours. The median hospital stay of non-survivors
was 4 (IQR:2-6) days. In addition, the in-hospital
mortality rate was 20% (n=8) in patients treated
with IHD and 71.4% in patients treated with HDF
(P<0.001). However, patients who received folic
acid therapy had a lower in-hospital mortality rate
than those who did not (28.9% [n=11] vs. 59.3%
[n=16]; respectively, p=0.015). Demographic data,
vital parameters, clinical findings and treatments of
patients grouped in terms of in-hospital mortality,
are summarized in Table 1.

Brain CT imaging was performed in 78.4% (n=51)
and diffusion-weighted magnetic resonance (DW-
MRI) imaging was performed in 27.6% (n=18) of
the patients, when they presented to the ED. No
pathological finding was detected in this imaging.
However, intracranial hemorrhage was seen in
five cases in the radiological imaging performed

between the 3rd and the 5th day following the arrival
at the ED. Four patients had pre-dialysis brain CT
scans and no pathological findings. Hematoma
areas were reported in the bilateral basal cisterns
in four patients and in the white matter adjacent to
the lateral ventricular in one patient. INR, PT and
aPTT values in the blood taken on the same day,
as the hemorrhage-detected brain CT of these
five patients were within the reference range.

Non-survivors had a greater anion gap (30.5
mEqg/L [25.3-38.3] vs. 25.5 mEq/L [22.3-28.0];
p<0.001), higher PCO2 (43.6 [23.4-51.3] vs 29.8
[21.2-36.1]; p=0.015) and lactate (10.2 mmol/L
[2.5-12.3] vs. 2.2 mmol/L [1.8-2.9]; p<0.001)
levels, and lower pH (6.76 [6.69-7.15] vs. 7.14
[7.10-7.27]; p<0.001), bicarbonate (6.3 mmol/L
[6.2-8.8] vs. 10.3 mmol/L [7.0-17.9]; p<0.001) and
base excess (-25.0 mmol/L [-34.4 t0 -21.2] vs -18.6
mmol/L [-22.9 to — -6.5]; p<0.001) than survivors.
The ethanol level measured in the blood taken at
the time of admission of 47 patients (72.3%) was
analysed. Nine patients had ethanol levels above
the reference range (0-15 mg/dl). There was no
statistically significant difference in mortality
between those with and without high initial blood
sample ethyl alcohol levels (22.2% [n=2], 39.5%
[n=15]; respectively, p=0.455). Only eight cases
had diagnoses supported by laboratories, and
only one of these patients died. The methanol
level in the blood of the deceased patient was
436 mg/dl, and the ethanol level was 131 mg/dl.
Analysis of initial laboratory samples of MP cases
is summarized in Table 2.

In ROC analysis, pH (AUC=0.916 [%95 CI: 0.820-
0.970]) and base excess (AUC=0.915 [%95 CI:
0.819-0.970) were blood gas parameters with the
highest AUC values in predicting mortality in MP
cases. The graph of the ROC analysis of blood gas
parameters is shown in Figure 1. From the cut-off
values determined according to Younden index J,
pH <6.8 had the highest specificity (%100 [%95
Cl1:90.7-100]), HCO3 <6.7 mmol/L (%85.2 [%95
Cl: 66.3-95.8]) and Base excess < -25 mmol/L
(85.2 [%95 CIl: 66.3-95.8]) were the values with
the highest sensitivity (Table 3).
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Comparison of demographic characteristics, vital parameters, clinical findings, and treatments of survivors and non-survivors.

All patients Survivor Non-survivor P
Male, n (%) 61(93.8) 35(92.1) 26(96.3) 0.636
Age, years, mean + SD 46.7 +13.1 44.1+13.4 50.3+11.8 0.061
Vital parameters, mean * SD
MAP, mmHg 92.8 +14.9 97.2+12.0 86.6 £ 16.6 0.042
Pulse, n/min 85.5+12.4 85.1+11.0 86.2 +14.3 0.706
Tempatura, oC 36.5+0.23 36.5+0.22 36.4+0.23 0.437
Sp02, % 94.0 £ 4.7 96.4+2.5 90.5+5.0 <0.001
Glasgow coma score, n (%)
<8 19 (29.2) 3(7.9) 16 (59.3) <0.001
9-14 17 (26.2) 10 (26.3) 7(25.9)
15 29 (44.6) 25 (65.8) 4(14.8)
Complaints, n (%)
Visual disturbances 59 (90.8) 32(84.2) 27 (100) 0.037
Gastrointestinal symptoms 42 (64.6) 26 (68.4) 16 (59.3) 0.447
Dyspnea 20 (30.8) 5(13.2) 15 (55.6) <0.001
Alcohol consumption habit, n (%) 50(76.9) 27(71.1) 23(85.2) 0.183
Drug misuse and addiction, n (%) 11 (16.9) 5(13.2) 6(22.2) 0.337
Time from exposure to hospital arrival, hours, n (%)
<24 16 (24.6) 12(31.6) 4(14.8) 0.044
24-48 36 (55.4) 22(57.9) 14 (51.9)
>48 13 (20.0) 4(10.5) 9(33.3)
Door-to-diagnosis time, h, median (IQR) 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.672
Mechanical ventilation 34(52.3) 7 (18.4) 27 (100) <0.001
Treatment, n (%) Treatment, n (%) Treatment, n (%) Treatment, n (%)
RRT IHD 40 (61.5) 32(84.2) 8(29.6) <0.001*
HDF 21(32.3) 6(15.8) 15 (55.6)
Folate 38(58.5) 27(71.1) 11 (40.7) 0.015
Ethanol antidote 55 (84.6) 33 (86.8) 22 (81.5) 0.555
Bicarbonate 44 (67.7) 17 (44.7) 27 (100) <0.001
Door-to-treatment time, h, Median (IQR)
IHD or HDF 5.0 (3.0-8.0) 5.5(3.8-9.0) 45(3.0-7.0) 0.221
Folate 13.0(6.0-16.8) 14.0 (6.0-18.0) 6.0 (6.0-9.5) 0.124
Ethanol 4.0 (2.0-5.0) 4.0 (2.0-4.0) 3.5(1.0-6.5) 0.905
Bicarbonate 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-1.0) 0.564

HDF: Hemodiafiltration, h: hours, IHD: Intermittent hemodialysis, RRT: Renal replacement treatment, SD: Standart division, MAP: Mean Arterial

Pressure, SpO2: Oxygen saturation by pulse oximetry, Door-to-diagnosis time: Time from admission to the emergency department to diagnosis of methanol

poisoning, Door-to-treatment time: Time from arrival in the emergency department to the start of treatment.*Statistical comparison was made between

patients who performed IHD and HDF
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Table 2. Comparison of laboratory parameters of survivors and non-survivors.

Laboratory parameters Survivor, Median (IQR) Non-survivor, Median (IQR) P

pH 7.14(7.10-7.27) 6.76 (6.69-7.15) <0.001
PCO2 (mmHg) 29.8(21.2-36.1) 43.6 (23.4-51.3) 0.015
HCO3 (%) 10.3(7.0-17.9) 6.3 (5.2-8.8) <0.001
Lactate (mmol/L) 2.2(1.8-2.9) 10.2 (2.5-12.3) <0.001
Base Excess (mmol/L) -18.6 (-22.9 to -6.5) -25.0 (-34.4to0 -21.2) <0.001
Anion gap (mEq/L) 25.5(22.3-28.0) 30.5 (25.3-38.3) <0.001
HS-Trop T (ng/]) 4.6 (2.0-9.8) 18.6 (14.0-25.1) 0.096
CK (U/L) 155 (97-430) 167 (128-379) 0.984
INR 1.18(1.04-1.22) 1.38 (1.08-1.63) <0.001
PTZ (sn) 15.2(13.6-15.8) 17.9 (14.1-21.8) <0.001
aPTT (sn) 30.1(27.8-32.9) 32.4(29.9-36.6) <0.001
Glucose (mg/dl)) 117 (98-145) 159 (156-215) <0.001
Creatinine (mg/d) 0.91 (0.74-1.09) 1.79 (1.37-2.55) <0.001
AST (U/L) 35.5(29.8-76.1) 34.1(25.1-39.7) 0.001
ALT (U/L) 31.1(24.8-48.7) 18.1(12.0-29.0) 0.627
Amilaz (U/L) 75 (56-120) 119 (64-211) 0.032
Lipase (U/L) 43 (26-76) 73 (42-105) 0.042
Potassium (mmol/L) 4.6 (3.9-5.7) 5.1(5.1-5.6) 0.001
Sodium (mmol/L) 140 (136-144) 145 (142-147) 0.001
Calcium (mg/dl) 8.51(7.95-9.47) 8.62 (7.61-10.18) 0.139
Chloride (mmol/L) 109 (105-112) 111 (108-116) 0.108
Ethanol (mg/dl) 8.0 (2.25-25.8) 5.0 (0.0-7.5) 0.097

aPTT: Activated partial thromboplastin time, CK-MB: Creatinine kinase, HCO3: Bicarbonate, HS-Trop T: High Sensitivity Troponin T, INR: International
normalized ratio, PTZ: Prothrombin time, PCO2: Partial Pressure of Carbon Dioxide.

Table 3. Cut-off values for the maximum sensitivity, specificity, PLR, NLR, PPV, and NPV of the arterial blood gas parameters.

AUC (%95 Cut-off Sens. (%95 Spec. (%95 PLR (%95 CI) | NLR (%95 PPV (%95 CI) | NPV (%95
CI) CI) CI) CI) CI)

pH 0.916 (0.820- | <6.8 74.1 (53.7- 100 (90.7- 0.26 (0.1-0.5) | 100 (83.2-100) | 84.4 (70.5-
0.970) 88.9) 100.0) 93.5)

PCO2 0.678 (0.550- | >37.4 62.9 (42.4- 81.6 (65.7- 3.42(1.6-7.1) | 0.45(0.3-0.8) | 70.8 (48.9- 75.6 (59.7-
0.788) 80.6) 92.3) 87.4) 87.6)

HCO3 0.865 (0.757- | <6.7 85.2 (66.3- 78.9 (62.7- 4.05(2.1-7.6) | 0.19(0.07- 74.2 (55.4- 88.2(72.5-
0.937) 95.8) 90.4) 0.5) 88.1) 96.7)

Lactate 0.855(0.781- | >5.9 81.5 (61.9- 89.5 (75.2- 7.74 (3.0- 0.21 (0.09- 84.6 (65.1- 87.2(72.6-
0.950) 93.7) 97.1) 19.9) 0.5) 95.6) 95.7)

Base Excess 0.915(0.819- | =-25 85.2 (66.3- 92.1(78.6- 10.79 (3.6- 0.16 (0.06- 88.5 (69.8- 89.7 (75.8-
0.970) 95.8) 98.3) 32.3) 0.4) 97.6) 97.1)

Anion Gap 0.868 (0.762- | >28 81.5 (61.9- 76.3 (59.8- 3.44(1.9-6.3) | 0.24(0.1-0.5) | 71.0(52.0- 85.3 (68.9-
0.939) 93.7) 88.6) 85.0) 95.0)

HCOs: Bicarbonate, NPV: Negative likelihood ratio, NPV: Negative predictive values, PLR: Positive likelihood ratio, PPV: Positive predictive values.

DISCUSSION

In this study, 65 MP cases who visited the ED
of a toxicology center over a 5-year period were
analyzed. The in-hospital mortality rate was
statistically higher in those who visited the ED late
and had low GCS and respiratory distress at the
time of arrival to the ED. In terms of laboratory,
high anion gap metabolic acidosis and high lactate
levels were associated with mortality in MP cases.

Folate treatment had a statistically significant
positive effect on mortality.

The incidence of MP is likely to be underestimated,
given the difficulty of making an accurate diagnosis
and the lack of diagnostic equipment such as
format or methanol level. The mortality rate in MP
cases remains high despite medical interventions
such as ethanol, bicarbonate and hemodialysis, so
clinicians continue to seek appropriate methods
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to identify patients at high risk of poor outcomes
and develop treatment modalities that will give the
best prognosis [7,8].

Methanol poisoning cases occur as isolated
episodes or epidemics in different geographies
and periods [1,5,9]. In this study, a significant
portion of MP cases (78.5%) consisted of patients
in three different outbreaks (March 2017, March
2020, and December 2020). The last two MP
outbreaks coincided with the COVID-19 pandemic
as of the date of their outbreak [10].

After oral administration, methanol reaches peak
concentration within 30 to 60 minutes [11]. In
contrast, methanol metabolism is slow (8 mg-dl-h)
and long latent periods of up to 96 hours can
occur, especially if the antidote is ingested with
ethanol [12,13]. In our study, the mortality rate in
patients who were treated by visiting the ED within
the first 24 hours following oral administration was
considerably lower than in those who visited later.

Consistent with the literature, a high anion
gap metabolic acidosis during the predialysis
period was found in our study to be an important
prognostic factor in MP cases [5]. Metabolic
acidosis in MP has been associated with formic
acid accumulation in the early stage [3,14]. In the
next period, increased lactic acid production in
tissues as a result of inhibition of mitochondrial
cytochrome-c oxidase by formic acid, contributes
to both anion gap and acidosis [2,15]. In our
study, the group of non-survivors had higher
median serum lactate values compared to the
survivors. Decreased pH due to increased lactate
production results in decreased renal excretion of
formic acid and increased diffusion of formic acid
across the blood-brain barrier [13]. This causes
CNS depression [16]. In our study, the presence
of low GCS and coma at the time of arrival to
the ED was associated with increased mortality,
consistent with the literature [8,17]. In our study,
19 (29.2%) of 65 patients were in a coma (GCS<8)
when they arrived at the ED, and 16 of these
patients died. Besides, as pH decreases, inhibition
of cytochrome oxidase becomes stronger and
cellular damage accelerates [18]. The putamen
is highly susceptible to the resulting cytotoxic
hypoxemia [19]. However, brain CT imaging is
often normal when performed within the first 24

hours after methanol ingestion [20]. In our study,
no pathology was detected in the brain CT and
DW-MRI imaging performed at the time of arrival
to the ED, however, intracranial hemorrhage was
detected in five patients in the imaging performed
in the later period. Although it is not routinely
recommended in MP cases, neuroradiological
imaging of patients who visit the ED with the
complaint of changing consciousness is important.

Low Ph levels, low GCS and high formate levels
have been reported among poor prognostic
indicators. Our hospital cannot measure formate
levels, however our study's relationship between
folate treatment and mortality was statistically
significant. This may be due to the effect of
folate on formate metabolism in the early stages
of poisoning. In addition, the anion gap can be
used in centers where the formate level cannot
be measured. Hovda et al. reported that anion
gaps and serum formate concentrations were well
correlated at admission [21]. Our study observed
a higher anion gap in the non-survival group
compared to the survivors. Anion and osmolar gaps
(OG) can be used in diagnosing and triaging MP
cases [21]. However, when calculating the osmolar
gap in MP cases, the effect of ethanol, which is
likely to be swallowed together with methanol and
used in the treatment as an antidote, should not
be overlooked. It has also been reported that OG
decreases and AG increases as time progresses
in MP [21]. The time factor must be taken into
account when interpreting these examinations.

The primary purpose of RRT in MP cases is to
rapidly remove both main alcohols and toxic acid
metabolites. IHD is a preferred treatment modality
over HDF because of its faster toxin clearance
[22]. As in our study, HDF is generally preferred
in hemodynamically unstable patients [23]. The
mortality rate in patients who underwent HDF
was higher in our study, than in patients who
underwent IHD. The reason for this may be that
HDF is preferred in patients for unstable before
predialysis. Antidote treatment was administered
to 86.1% of the patients in our study. Intravenous
ethanol was administered to all patients who
received antidote treatment except one, because
ethanol is an antidote that we can easily access
in our hospital compared to fomepizole. However,
ethanol has some side effects such as sedation
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and respiratory depression. In our study, a
statistically significant relationship between the
use of ethanol in treatment and mortality could
not be established. Dialysis was performed on
the patients who visit our ED shortly after starting
ethanol treatment. Although ethanol treatment was
continued during dialysis, the desired therapeutic
level may not have been reached because the
ethanol level could not be monitored [12, 24].

Study Limitations: First, this study was designed
retrospectively and some patients for whom
methanol poisoning was not suspected may have
been overlooked. Second, there was a relatively
limited number of MP patients and a limited
number of cases had a laboratory-confirmed
(methanol level >20 mg/deciliter) diagnosis of
MP. Diagnosis of a significant group of patients is
based on clinical features, other laboratory tests
and blood gas analysis. Furthermore, the timing
and quality of their interventions may differ.

CONCLUSION

According to the study, low GCS on arrival at
the ED, delay in hospital visits, high anion gap
metabolic acidosis and elevated lactate levels,
were all associated with higher in-hospital
mortality rates for MP patients. The use of folate
can be considered in treating all MP patients due
to its advantages on mortality.
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