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Study objective: Methanol poisoning outbreaks are a global public health issue, with delayed treatment causing poor
outcomes. Out-of-hospital ethanol administration may improve outcome, but the difficulty of conducting research in
outbreaks has meant that its effects have never been assessed. We study the effect of out-of-hospital ethanol in
patients treated during a methanol outbreak in the Czech Republic between 2012 and 2014.

Methods: This was an observational case-series study of 100 hospitalized patients with confirmed methanol poisoning.
Out-of-hospital ethanol as a “first aid antidote” was administered by paramedic or medical staff before the confirmation
of diagnosis to 30 patients; 70 patients did not receive out-of-hospital ethanol from the staff (12 patients self-
administered ethanol shortly before presentation).

Results: The state of consciousness at first contact with paramedic or medical staff, delay to admission, and serum
methanol concentration were similar among groups. The median serum ethanol level on admission in the patients with
out-of-hospital administration by paramedic or medical staff was 84.3 mg/dL (interquartile range 32.7 to 129.5 mg/
dL). No patients with positive serum ethanol level on admission died compared with 21 with negative serum ethanol
level (0% versus 36.2%). Patients receiving out-of-hospital ethanol survived without visual and central nervous system
sequelae more often than those not receiving it (90.5% versus 19.0%). A positive association was present between out-
of-hospital ethanol administration by paramedic or medical staff, serum ethanol concentration on admission, and both
total survival and survival without sequelae of poisoning.

Conclusion: We found a positive association between out-of-hospital ethanol administration and improved clinical
outcome. During mass methanol outbreaks, conscious adults with suspected poisoning should be considered for
administration of out-of-hospital ethanol to reduce morbidity and mortality. [Ann Emerg Med. 2016;68:52-61.]
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INTRODUCTION
Background

Massmethanol poisonings represent a challenge for health
care providers throughout the world because of the
distillation and consumption of illicit alcohol.1-5 Morbidity
and mortality in methanol poisoning remain high; timely
diagnosis is difficult, and the onset of treatment is often
delayed.6-8 During 2000 to 2012, more than 50 mass
methanol outbreaks with approximately 5,000 poisoned
subjects andmore than 2,000 fatalities occurred worldwide.9

If specific interventions are inadequate or delayed, mortality
exceeding 40%, permanent visual impairment, and motor
and cognitive disorders may occur.10-12
ls of Emergency Medicine
Although mass or cluster methanol poisonings occur
regularly, especially in developing countries, reports of
larger outbreaks in which complete admission clinical and
laboratory data, medical treatment protocols, and outcomes
are accurately documented and analyzed are scarce.1,2

During the Czech Republic methanol poisoning outbreak
in 2012 to 2014, there was a unique opportunity to study
a mass exposure because sufficient medical and public
health infrastructure allowed comprehensive data collection
and evaluation, as well as a coordinated out-of-hospital
intervention within the national health care system.

Methanol is not toxic itself, but it is metabolized to
the highly toxic formic acid/formate ion, which inhibits
Volume 68, no. 1 : July 2016

mailto:sergey.zakharov@vfn.cz
https://www.surveymonkey.com/r/N88TKTF
http://www.annemergmed.com
http://annemergmed.com/content/podcast
http://www.annemergmed.com
http://dx.doi.org/10.1016/j.annemergmed.2016.01.010


Zakharov et al Out-of-Hospital Ethanol for Mass Methanol Outbreaks
Editor’s Capsule Summary

What is already known on this topic
Delayed treatment with an antidote is known to
worsen the outcome of methanol poisoning.

What question this study addressed
Does the out-of-hospital administration of ethanol
decrease mortality and morbidity of methanol
poisoning?

What this study adds to our knowledge
In this case series of 100 methanol overdoses, the 30
patients who received out-of-hospital ethanol had
improved survival and fewer visual and central
nervous system deficits than those who did not.

How this is relevant to clinical practice
Although this study was uncontrolled, it provides
support for the out-of-hospital administration of
ethanol in mass-casualty methanol overdose events.
mitochondrial respiration.13-16 The accumulation of formic
acid may result in metabolic acidosis, visual impairment,
and damage of the basal ganglia, especially when its
concentration increases above 36 to 46 mg/dL.17-20 Rapid
administration of antidotes (such as fomepizole or ethanol)
that prevent toxic metabolite formation by blocking the
alcohol dehydrogenase enzyme is crucial for successful
treatment.21-23

Importance
The role of ethanol in the treatment of acute methanol

poisoning is well established.24-26 Ethanol has
approximately 10 times higher affinity for alcohol
dehydrogenase than methanol, and a serum concentration
of 100 to 150 mg/dL is sufficient to completely block the
metabolism of methanol to formate in methanol
concentrations that most poisoned patients have on
admission.27 The indications for hospital ethanol
administration are a documented plasma methanol
concentration of more than 20 mg/dL, a high osmolal gap
with documented recent history of ingesting toxic amounts
of methanol, or a metabolic acidosis with history or strong
clinical suspicion of poisoning.14

Because of the high morbidity and mortality of methanol
poisoning, ethanol should be administered as soon as possible
after methanol ingestion.14,24 Its wide availability in the
community comparedwith fomepizolemakes it attractive for
an out-of-hospital “first aid” approach. Out-of-hospital
Volume 68, no. 1 : July 2016
administration of ethanol by paramedics or medical staff as
an antidote inmethanol outbreaks has previously been tried,2

but to our knowledge the safety and effectiveness of this
approach has not been assessed.

Goals of This Investigation
Close collaboration between the Ministry of Health,

Czech Republic, the Toxicological Information Center,
and national hospitals allowed us to address this question
during a recent methanol mass poisoning in the Czech
Republic.28 We aimed to evaluate the association between
out-of-hospital ethanol administration and outcome in
patients with a high suspicion of methanol poisoning
before laboratory confirmation could be obtained.

MATERIALS AND METHODS
Study Design

This was a prospective, observational, case-series study of
patients with acute methanol poisoning treated in hospitals
during the Czech Republic mass methanol poisoning
outbreak from September 3, 2012, until August 31, 2014.
The admission data, including out-of-hospital treatment,
were collected prospectively by the treating providers, using
a standardized data collection form (Appendix E1, available
online at http://www.annemergmed.com) and sent to the
Toxicological Information Center on the day after each
admission to the hospital. The data on hospital treatment
and outcome were collected and reviewed retrospectively
from the hospital discharge reports. The study was
approved by the General University Hospital Ethics
Committee in Prague, Czech Republic.

Setting
The study was conducted in 30 hospitals in 11 regions of

theCzechRepublic, where the poisoned patients were treated.
These hospitals were located in the regional city centers, had
ICUs and toxicologic laboratories, and were equipped with
hemodialysis and gas chromatography facilities. The patients
were transferred to the regional hospitals by emergency
medical services (EMS) ambulance or self-presented. EMS is a
national system in the Czech Republic and is staffed with
physicians and advanced life support providers.

Themedical facilities situated in smaller localities were the
first presentation points (“collecting points”) for the patients
from these localities. These hospitals were able to provide the
physical examination, breath alcohol test, and osmolality
measurement by freezing point depression, but could not
confirm the methanol concentration and could not provide
dialysis or intensive care. Patients with suspicion of acute
methanol poisoning from collecting points were transferred
by ambulance to the secondary regional hospitals.
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Figure. Flowchart of the study design.
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Selection of Participants
All patients hospitalized with confirmed acute methanol

poisoning were eligible for this study (Figure). Patients were
excluded if they died out of the hospital, if their data on out-
of-hospital ethanol administration could not be obtained, or
if blood samples for serum ethanol measurement were not
taken before hospital treatment with ethanol.

To identify the cases, mandatory reporting to the
Ministry of Health and the Czech Republic Toxicological
Information Center on all cases of hospital admission with
laboratory-confirmed methanol poisoning and nationwide
daily monitoring of the situation in all hospitals started on
September 6, 2012, 3 days after admission of the first 3
patients with acute methanol poisoning.
Interventions
A recommendation to administer out-of-hospital ethanol

to all patients with suspected methanol poisoning was made
by the Toxicological Information Center and distributed to
all medical facilities nationwide 2 weeks into the epidemic,
when the ambulance and emergency department (ED) staff
had become more alert to potential methanol poisoning
cases. The patients treated before hospitalization received
oral ethanol either directly from ambulance crews or at local
collecting points before transfer to a higher-level hospital.

The protocol of out-of-hospital ethanol administration
was predominantly applied in fully conscious patients with
strong clinical suspicion of methanol poisoning before
admission to the higher-level hospital and definite diagnosis
of poisoning. The recommended oral loading dose of
54 Annals of Emergency Medicine
ethanol was 1.8 to 2.0mL/kg body weight of 40% alcohol by
volume of ethanol, with the aim of achieving serum ethanol
concentrations of at least 100 mg/dL.14 Postadmission
treatment was similar in the 2 groups in regard to ethanol
treatment, folate substitution, and elimination techniques.
The data on postadmission treatment were reviewed from
the hospital records sent to the Toxicological Information
Center within the mandatory reporting system.
Methods of Measurement
A modified standardized form for collection of

admission data based on a methanol outbreak in Norway in
2002 to 20041 was distributed to all hospitals during the
second week of the outbreak and used for the prospective
chart review (Appendix E1, available online at http://www.
annemergmed.com). The heads of the EDs of 30 regional
hospitals where poisoned patients were admitted were
instructed by the research coordinators by telephone
interviews and e-mails about the procedure of filling out
the forms, primary data collection techniques, and training
and supervising of the abstractors. The emergency
physicians who admitted and examined the patients
collected the primary demographic, anamnestic, clinical,
biochemical, and toxicologic data and completed the
standardized forms as part of their mandatory task of daily
reporting of new cases of methanol poisoning. Both the
abstractors and the heads of the EDs were blinded to the
study hypothesis of the effectiveness and safety of out-of-
hospital ethanol administration. A detailed history of the
poisoning and of ocular and systemic toxicity was obtained
Volume 68, no. 1 : July 2016
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directly from the patient or from relatives of critically ill
patients on admission to the hospital. The completed
standardized admission data collection forms were sent by
the ED to the Toxicological Information Center by e-mail
or fax the day after admission, when the results of
toxicologic assay confirmed the diagnosis of methanol
poisoning. The Toxicological Information Center provided
immediate feedback for the form’s completeness. The data
on the patients admitted before distribution of the protocol
were collected retrospectively.

The discharge reports of all hospitalized patients
with a confirmed diagnosis containing the results of
neurologic and ophthalmologic examinations on
admission, during hospitalization, and on discharge
and the detailed report on the postadmission hospital
treatment, results of biochemical and toxicologic
monitoring, adverse reactions, and complications of
treatment were collected retrospectively and analyzed
in the Toxicological Information Center.

Laboratory analyses were performed on admission.
Diagnosis was established when a history of recent
ingestion of illicit spirits was available and serum methanol
was higher than 20 mg/dL, or when there was a history or
clinical suspicion of methanol poisoning and serum
methanol was above the limit of detection, with at least 2 of
the following: pH less than 7.3, serum bicarbonate level less
than 20 mEq/L, or anion gap greater than or equal to 20
mEq/L.

The clinical examination protocol included complete
ocular examination with standard ophthalmologic tests
(visual acuity, color vision, visual fields, contrast sensitivity,
and fundus examination), cerebral computed tomography
(CT) or magnetic resonance imaging (MRI) of the brain,
and standard neurologic examination (including the Mini-
Mental State Examination,29 motor, sensory, cerebellar,
cranial nerves, and reflexes). Patients were considered to
have visual sequelae of acute methanol poisoning if the
symptoms of toxic neuropathy of the optic nerve were
documented on admission or during hospitalization, with
pathologic findings on visual acuity, visual fields, color
vision, contrast sensitivity, and persisting lesions on
fundoscopy. Similarly, patients were considered to have
central nervous system sequelae of poisoning if symmetric
necrosis and hemorrhages of basal ganglia were present on
CT or MRI.

The hospitalized patients were retrospectively assigned to
3 groups defined according to outcome: group 1, patients
who survived without sequelae; group 2, patients who
survived with visual or central nervous system sequelae;
and group 3, patients who died. These groups were each
further divided into 2 subgroups: “with out-of-hospital
Volume 68, no. 1 : July 2016
ethanol administration by EMS staff (ethanol EMS
positive)” and “without out-of-hospital ethanol
administration by EMS staff (ethanol EMS negative).”
Within the latter subgroup, data from patients who
self-administered ethanol shortly before presentation
were analyzed separately.
Outcome Measures
The primary outcome of this study was mortality in the

groups of patients with and without out-of-hospital ethanol
administration. The secondary outcome was the number of
survivors with visual sequelae and central nervous system
sequelae of poisoning at discharge from hospitals.
Primary Data Analysis
The number of subjects with missing key data on

out-of-hospital ethanol administration and serum ethanol
concentration on admission before any hospital treatment
was low (5.7%). We chose to exclude these subjects
because no multivariate logistic regression model testing the
study hypothesis with imputed values was applied as a
result of the sample size.

To test the strength and the direction of association
between out-of-hospital ethanol administration, positive
serum ethanol on admission, and the outcome of
treatment, we used both the total study population and the
population of hospitalized patients after exclusion of those
with a Glasgow Coma Scale (GCS) score of 10 points or
fewer at presentation (contraindication for out-of-hospital
ethanol administration).

As long as there was a risk of conflicting data with false-
positive results (eg, on the basis of interview of ambulance
staff, out-of-hospital ethanol was administered according to
the recommendation) or false-negative results (eg, on the
basis of interview, no ethanol was self-administered by the
patient) caused by misrepresentation of history, the coding
of conflicting data was suggested. However, we registered
no false-positive or false-negative cases: positive serum
concentration of ethanol was detected analytically in the
cases of out-of-hospital ethanol administration, and no
patients with negative history had a positive serum ethanol
result on admission.

Descriptive statistics were assessed with medians with
interquartile ranges, Spearman’s rank correlation,
exploratory factor analysis, and c2 tests. Statistical
documentation was performed in Microsoft Excel 2010
(Redmond, WA), and the formal calculations were
produced in QC Expert software (version 3.1; Trilobyte,
Pardubice, Czech Republic) and in SPSS (version 17.0;
SPSS Inc., Chicago, IL).
Annals of Emergency Medicine 55



Out-of-Hospital Ethanol for Mass Methanol Outbreaks Zakharov et al
RESULTS
Of 137 patients, 31 (22.6%) died before contact with

paramedic or medical staff and presentation to the hospital
(Figure). Of the remaining 106 patients, data on out-of-
hospital ethanol administration could not be obtained, or,
for 6 patients, blood samples for serum ethanol
measurement were not taken before hospital antidote
treatment with ethanol. Of the 100 patients included,
61 were transferred to the hospital by ambulance. The
remaining 39 were self-presenters, who visited the ED
personally, were transported to the hospitals by their
relatives, or were transported to the hospitals by police
(10 cases).

Thirty patients (30%) received out-of-hospital ethanol
either directly from ambulance crews (15/30) or from
medical or paramedical staff at the collecting points (15/30)
(ethanol EMS–positive patients). The estimated time range
to secondary hospital admission from presentation to a
collecting point was 1.5 to 3.5 hours.

The remaining 70 patients did not receive out-of-
hospital ethanol from paramedical or medical staff (ethanol
EMS–negative patients). Among them, 12 patients self-
administered an unknown amount of ethanol before first
contact because they believed the symptoms represented a
hangover. Five of these patients were then transferred to the
hospital by ambulance, 5 self-presented, and 2 were
transported by the police. Fifty-eight patients did not
receive ethanol before admission to the hospital. Most of
them (41/58) were transferred to the hospitals by
ambulance, whereas the rest self-presented.

Seventy eight patients were awake, with GCS score
greater than 10, whereas 22 patients had a GCS score of 10
points or fewer on initial presentation. In patients with a
GCS score greater than 10 points, out-of-hospital ethanol
was administered by paramedic or medical staff to 27 of 78
patients (34.6%) and not administered to 51 of 78
(65.4%), whereas for patients with a GCS score of 10
points or fewer, it was administered in 3 of 22 (13.6%).
Among the 100 patients, only 12% were admitted within
12 hours of methanol ingestion, 61% within 13 to 48
hours, and 13% after 48 hours (14% unknown).

The median serum ethanol level on admission in 30
patients with out-of-hospital administration by paramedic
or medical staff (Table 1) was 84.3 mg/dL (interquartile
range 32.7 to 129.5 mg/dL) and 141.0 mg/dL
(interquartile range 29.5 to 377.4 mg/dL) in 12 patients
who self-administered. The serum methanol concentration
on admission in ethanol EMS–positive patients was similar
to that of ethanol EMS-negative ones. The ethanol
EMS–positive patients were less acidotic on admission,
with higher arterial blood pH and lower base deficit, anion
56 Annals of Emergency Medicine
gap, and serum formate and lactate concentrations
(Table 1).

Common clinical features included visual and
gastrointestinal disturbances, dyspnea, chest pain, and
coma (Table 2). Other less common features included
fatigue, headache, dizziness, somnolence, anxiety, alcoholic
delirium, tremor, seizures, and cardiac and respiratory
arrest. The median ethanol concentration was higher in
patients without clinical symptoms (50.2 mg/dL [range 5.1
to 137.7 mg/dL]) than in those with clinical features
(0 mg/dL [range 0 to 23.0 mg/dL]).

Thirty patients (30%) received ethanol from paramedic
or medical staff before presentation to a hospital able to
provide definitive care. The alertness of staff for methanol
poisoning increased with time, when typical symptoms
were increasingly likely to have been caused by methanol
poisoning. In regard to symptoms, 80% of the patients
who received out-of-hospital ethanol from paramedic or
medical staff had a history of suspected methanol ingestion
plus at least 1 other clinical finding (including signs of
inebriety); 30% had visual symptoms (blurry or cloudy
vision, central visual field defects, and alterations in light,
color, and depth perception, progressing to total blindness
with absent direct pupillary response) or dyspnea. The
other 20% had a history of drinking methanol with
patients who had already been hospitalized for methanol
poisoning.

The state of consciousness was a limiting factor for
providing out-of-hospital ethanol. In general, ethanol was
administered to patients who were less sick (awake, with
GCS score >10) and was not administered to those who
were unconscious. Of 78 patients with GCS score greater
than 10 points at presentation, 27 (34.6%) received
ethanol from paramedic or medical staff; in 12 cases
(15.4%), ethanol was self-administered by the patient. In
39 patients with GCS score greater than 10 points at
presentation, out-of-hospital ethanol was not administered;
most of them (28 of 39) were hospitalized during the first 2
weeks of the outbreak.

Twenty two patients had a GCS score of 10 or fewer
points on the arrival of the ambulance. Three of these
patients received out-of-hospital ethanol. One of these 3
patients developed coma and was severely acidotic, with a
serum methanol level of 348.0 mg/dL and serum ethanol
level of 23.0 mg/dL. No other cases of coma or other
adverse effects of the treatment protocol were recorded in
the study population. Detailed information about the
postadmission treatment in hospitals is presented in
Table 3.

Overall, patients receiving out-of-hospital ethanol from
paramedic or medical staff or by self-administration showed
Volume 68, no. 1 : July 2016



Table 1. Laboratory data on admission for 100 hospitalized patients, according to the outcome groups.*

Characteristic

EtOH
EMS–Positive

(n[30)

EtOH
EMS–Negative

(n[70)

Group 1 (n[49) Group 2 (n[30) Group 3 (n[21)

Total
(n[100)

EtOH
EMS–Positive

(n[27)

EtOH
EMS–Negative

(n[22)

EtOH
EMS–Positive

(n[3)

EtOH
EMS–Negative

(n[27)

EtOH
EMS–
Positive
(n[0)

EtOH
EMS–Negative

(n[21)

Age (IQR), y 55 (47–64) 52 (37–60) 54 (47–62) 52 (35–58) 65 (56–69) 48 (37–58) — 58 (45–63) 54 (38–61)
Serum methanol,
mg/dL (IQR)

59.6 (29.2–138.1) 93.9 (41.7–180.4) 50.0 (29.5–133.0) 68.6 (39.4–101.9) 99.0 (58.0–223.7) 162.2 (80.1–
263.1)

— 109.3 (69.2–
189.1)

92.0 (39.4–176.0)

Serum ethanol,
mg/dL (IQR)

84.3 (32.7–129.5) 0 (0–0) 88.9 (42.9–137.3) 7.4 (0–115.2) 23.0 (16.6–51.6) 0 (0–0) — 0 (0–0) 0 (0–58.5)

Serum formate,
mg/dL (IQR)

31.8 (5.5–59.8) 67.7 (53.8–76.9) 22.6 (4.6–52.0) 60.8 (36.4–70.4) 62.1 (62.1–62.1) 70.9 (62.1–85.1) — 71.3 (58.9–73.6) 66.3 (41.0–76.4)

Serum lactate,
mg/dL (IQR)

22.5 (17.1–32.4) 54.1 (17.1–83.8) 22.5 (17.1–30.6) 18.9 (15.3–36.0) 43.2 (28.8–56.8) 28.8 (12.6–66.7) — 84.7 (60.4–116.2) 32.4 (17.1–70.3)

pH (IQR) 7.34 (7.20–7.42) 7.03 (6.79–7.26) 7.36 (7.25–7.42) 7.31 (7.25–7.41) 7.16 (7.01–7.18) 7.02 (6.83–7.17) — 6.79 (6.65–6.93) 7.18 (6.89–7.34)
pCO2, mm Hg (IQR) 33.8 (26.3–36.0) 30.0 (20.3–35.3) 34.5 (29.3–36.8) 32.3 (27.0–37.5) 19.5 (17.3–24.8) 21.8 (14.3–27.0) — 33.8 (26.3–45.8) 30.8 (21.0–36.0)
HCO3

-, mEq/L (IQR) 18.4 (11.6–22.6) 6.8 (4.1–13.5) 20.9 (12.8–22.8) 18.5 (8.8–22.7) 5.9 (4.7–8.7) 5.1 (3.6–9.3) — 5.2 (3.9–7.7) 8.8 (4.7–19.5)
BE, mEq/L (IQR) �6.1

(�1.5 to �14.6)
�23.2
(�11.3 to �29.0)

�3.6
(�1.2 to �12.8)

�4.5
(�1.7 to �15.6)

�22.1
(�19.6 to �27.5)

�25.4
(�19.1 to �27.5)

— �29
(�26.9 to �31.9)

�17.8
(�3.7 to �27.7)

AG, mEq/L (IQR) 20.3 (18.3–28.6) 32.3 (22.3–39.8) 20 (18.1–26.8) 23.2 (18.2–28.5) 30.9 (29.8–31.9) 32.7 (25.3–37.7) — 40.4 (34.8–45.1) 28.3 (19.4–36.3)
OG, mOsm/kg H2O
(IQR)

47 (21–73) 45.4 (23–77) 36 (22–73) 26 (19–44) 52 (33–86) 64 (39–100) — 65 (45–136) 46.8 (21.7–75.9)

Serum glucose,
mg/dL (IQR)

111.7 (102.7–
136.9)

149.5 (111.7–
234.2)

108.1 (102.7–
129.7)

118.9 (109.9–
147.7)

138.7 (127.9–
183.8)

136.9 (108.1–
203.6)

— 228.8 (185.6–
290.1)

131.5 (108.1–
201.8)

Time to treatment
(IQR), h

25 (17–48) 48 (24–48) 26 (14–48) 24 (22–48) 24 (21–36) 48 (30–50) — 48 (38–52) 41 (24–48)

EtOH, Ethanol; IQR, interquartile range; BE, base excess; AG, anion gap; OG, osmolal gap; time to treatment, time between toxic alcohol ingestion and start of hospital treatment.
To convert from mg/dL to mmol/L, use the following conversion factors: methanol 3.205; ethanol 4.608; formate 4.603; lactate 9.009; and glucose 18.018. To convert bicarbonate and base deficit from mEq/L to mmol/L, use
the conversion factor 1.0. To convert mm Hg (torr) to kPa, use the conversion factor 7.501.
*Data are presented as medians with interquartile ranges. EtOH EMS–positive: patients with out-of-hospital ethanol administration by EMS (paramedic/medical staff); EtOH EMS–negative: patients without out-of-hospital
ethanol administration by EMS (paramedic/medical staff; group 1, survivors without sequelae; group 2, survivors with sequelae; group 3, died.
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Table 2. Clinical symptoms on admission in 100 hospitalized patients according to the outcome groups.*

Characteristic

Group 1 (n[49) Group 2 (n[30) Group 3 (n[21) Total (n[100)

EtOH
EMS–Positive

(n[27)

EtOH
EMS–Negative

(n[22)

EtOH
EMS–Positive

(n[3)

EtOH
EMS–Negative

(n[27)

EtOH
EMS–Negative

(n[21)

EtOH
EMS–Positive

(n[30)

EtOH
EMS–Negative

(n[70)

No symptoms, No. (%) 16 (59) 6 (27) 1 (33) 0 0 17 (57) 6 (9)
Visual disturbances, No. (%) 4 (15) 10 (45) 3 (100) 8 (30) 12 (57) 7 (23) 30 (43)
Gastrointestinal disturbances,
No. (%)

7 (26) 18 (82) 2 (67) 8 (30) 10 (48) 9 (30) 36 (51)

Dyspnea, No. (%) 1 (4) 10 (45) 1 (33) 8 (30) 11 (53) 2 (7) 29 (41)
Chest pain, No. (%) 1 (4) 1 (5) 0 1 (4) 7 (33) 1 (3) 9 (13)
Respiratory arrest, No. (%) 0 0 0 0 3 (14) 0 3 (4)
Coma, No. (%) 0 4 (18) 1 (33) 8 (30) 15 (71) 1 (3) 27 (39)

*EtOH EMS–positive: patients with out-of-hospital ethanol administration by EMS (paramedic/medical staff); EtOH EMS–negative: patients without out-of-hospital ethanol
administration by EMS (paramedic/medical staff; group 1, survivors without sequelae; group 2, survivors with sequelae; group 3, died.

Out-of-Hospital Ethanol for Mass Methanol Outbreaks Zakharov et al
increased survival without sequelae and fewer deaths
than those not receiving it (Tables 4 and 5). Among
the 12 patients who self-administered ethanol before
hospitalization, 11 (92%) survived without sequelae. One
patient presented 36 hours after methanol ingestion with a
serum ethanol level of 80.2 mg/dL and serum methanol
level of 99.0 mg/dL and had visual sequelae on discharge.
This patient had a serum lactate level of 65.8 mg/dL, serum
formate level of 96.7 mg/dL, pH 7.0, and bicarbonate level
of 10.2 mEq/L on admission, suggesting that he was
severely poisoned before drinking ethanol.

All 27 patients with a GCS score greater than 10 who
received out-of-hospital ethanol from medical staff survived
without sequelae. Only 3 patients with a GCS score of 10
or fewer points received out-of-hospital ethanol; none died
and 1 developed visual and central nervous system sequelae.

In contrast, in the presumably “less sick” patients with a
GCS score greater than 10 who had not received out-of-
hospital ethanol from paramedics or medical staff, only 22
of 57 (38.6%) survived without sequelae. Moreover, 11 of
these 22 patients self-administered ethanol shortly before
Table 3. Treatment given in 100 hospitalized patients according to th

Characteristic

Group 1 (n[49) Group

EtOH
EMS–Positive

(n[27)

EtOH
EMS–Negative

(n[22)

EtOH
EMS–Positive

(n[3)

Alkalization, No. (%) 8 (30) 12 (55) 2 (67)
Ethanol, No. (%) 21 (78) 19 (86) 2 (67)
Fomepizole, No. (%) 6 (22) 2 (9) 2 (67)
Folate substitution, No. (%) 20 (74) 19 (86) 2 (67)
CVVHD/ CVVHDF, No. (%) 10 (37) 7 (32) 1 (33)
IHD, No. (%) 8 (30) 9 (41) 1 (33)

CVVHD/CVVHDF, Continuous venovenous hemodialysis/hemodiafiltration; IHD, intermitten
*EtOH EMS–positive: patients with out-of-hospital ethanol administration by EMS (parame
administration by EMS (paramedic/medical staff; group 1, survivors without sequelae; gro
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presentation. Therefore, only 11 of 46 patients (23.9%)
less sick without ethanol from any source survived without
sequelae.
LIMITATIONS
The limitations of this study include lack of

randomization and confounding, leaving the possibility
of inherent bias between the groups. Direct communication
by telephone and e-mails with physicians who admitted
and treated poisoned patients was applied to specify the
key data, if necessary. This could have created recall bias.
The retrospective estimation of time of ingestion and
other circumstances in mass poisonings by methanol-
contaminated spirits is approximate and probably inaccurate
in some patients. Interindividual differences in body weight,
chronic alcoholism, and comorbidities could have played a
role in the outcome as well. Differences in the availability of
treatment facilities in different hospitals (mode of dialysis,
type of antidote, and so on) could have had an effect on the
outcome but were outside the scope of this study.
e outcome groups.*

2 (n[30) Group 3 (n[21) Total (n[100)

EtOH
EMS–Negative

(n[27)

EtOH
EMS–Negative

(n[21)

EtOH
EMS–Positive

(n[30)

EtOH
EMS–Negative

(n[70)

25 (93) 20 (95) 10 (33) 57 (81)
18 (67) 16 (76) 23 (77) 53 (76)
8 (30) 7 (33) 8 (27) 17 (24)

22 (81) 13 (62) 22 (73) 54 (77)
13 (48) 15 (71) 11 (37) 35 (50)
12 (44) 5 (24) 9 (30) 26 (37)

t hemodialysis.
dic/medical staff); EtOH EMS–negative: patients without out-of-hospital ethanol
up 2, survivors with sequelae; group 3, died.
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Table 4. Out-of-hospital administration of ethanol by paramedic or
medical staff (“first aid”) versus outcomes of acute methanol
poisoning in 100 patients.

Characteristic

Group 1:
Survived
Without
Sequelae
(n[49)

Group 2:
Survived
With

Sequelae
(n[30)

Group 3:
Died

(n[21)

Out-of-hospital ethanol administered
by paramedic or medical
staff (n¼30) (%)

27 (90.0) 3 (10.0) 0

No out-of-hospital ethanol
administered by paramedic or
medical staff (n¼70) (%)

22 (31.4) 27 (38.6) 21 (30.0)
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There was a risk of false-positive results because of
inaccurate history by the patient, relatives, bystanders, or
EMS providers. However, we found no evidence of false-
positive cases because the history was confirmed by negative
ethanol level on admission; no patients with negative
history had a positive serum ethanol level on admission.

Selection bias was present because patients who died
out of the hospital were not included. The consciousness
of the patients on first presentation limited the study by
the absence of a randomly distributed exposure: the
most severely poisoned patients often did not receive
out-of-hospital ethanol. There was no specific training of
out-of-hospital providers and feedback to improve
adherence with the protocol. An allocation bias was present
in the study, caused by systematic differences other than
intervention (out-of-hospital ethanol) between the groups
analyzed, because the group without out-of-hospital
ethanol was more severely acidotic on admission to the
hospital.

DISCUSSION
Poor outcome in methanol poisoning is related to

late diagnosis and delayed initiation of treatment with
antidote, be it fomepizole or ethanol. In our study, both
positive serum ethanol level on admission and receipt of
Table 5. Positive serum ethanol concentration on admission to
the hospital versus outcomes of acute methanol poisoning in 100
patients.

Characteristic

Group 1:
Survived
Without
Sequelae
(n[49)

Group 2:
Survived
With

Sequelae
(n[30)

Group 3:
Died

(n[21)

Positive serum ethanol on
admission (n¼42)

38 (90.5) 4 (9.5) 0

Negative serum ethanol on
admission (n¼58)

11 (19.0) 26 (44.8) 21 (36.2)
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out-of-hospital ethanol were associated with improved
survival during the Czech Republic mass methanol outbreak.
Our data support the use of ethanol administration to
conscious patients with suspected methanol poisoning before
laboratory data are available and the diagnosis is confirmed.

Based on the principle “as early as possible,” out-of-
hospital antidote treatment during ongoing methanol
outbreaks may improve patient outcomes. The decision to
start the treatment cannot be based solely on the results of
an assay for toxic alcohols because this is usually not readily
available.30 During the critical period before
hospitalization, a poisoned patient’s condition can
deteriorate because of continuing accumulation of formic
and lactic acids, worsening the metabolic acidosis,
histotoxic hypoxia, and outcome.31,32

The effect of ethanol administration may be more
complex than mere blocking of alcohol dehydrogenase. In
animal models of cerebral, renal, liver, and cardiac
ischemia, alcohol exposure is shown to reduce ischemic
reperfusion injury and prevent postischemic adhesive
interactions between leukocytes and endothelial cells,
which can lead to organ dysfunction and death.33-45

Ischemia caused by myelin sheath swelling and intra-axonal
swelling plays a major role in compression-type injury to
the optic nerve fibers, brain edema, and basal ganglia
damage in methanol-poisoned patients.14,15

In an observational study of 11,850 patients hospitalized
in an ICU,46 positive blood alcohol concentration at
hospital admission was associated with significantly
decreased odds of 30-day all-cause mortality in critically ill
patients. Several other studies showed a decrease of
inhospital mortality in patients with positive blood alcohol
concentration on hospital admission outside of the ICU,
mainly in the patients with brain trauma.47-53 An
observational study of 6,733 patients hospitalized on
trauma units demonstrated a decrease in inhospital
mortality strongly associated with an increase in blood
alcohol concentration (adjusted odds ratio¼0.83 per 100
mg/dL unit change in blood alcohol concentration; 95%
confidence interval 0.80 to 0.85; P<.001).54

In our study, the ethanol EMS–positive patients were
less acidotic on admission to hospitals, with time to
presentation and serum methanol level on admission
similar to that of the ethanol EMS–negative patients. This
might indicate effective blocking of the alcohol
dehydrogenase enzyme in the pretreated patients. The
out-of-hospital ethanol group was still able to increase
ventilation adequately despite the ethanol treatment,
indicating that modest administration of ethanol itself
does not alter patients’ ability to compensate for metabolic
acidosis.
Annals of Emergency Medicine 59
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During outbreaks of mass methanol poisonings, we
recommend that conscious adults with a strong suspicion of
methanol poisoning receive out-of-hospital ethanol before
confirmation of the diagnosis is available, with a serum
ethanol goal of at least 100 mg/dL. This approach is even
more important if the distance to the hospital is long or
other factors may delay the definite diagnosis. Given a
standard regimen, a worst-case scenario would mean that a
certain number of patients will be given a limited amount
of ethanol unnecessarily, which can be considered
acceptable from a risk-benefit point of view.
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