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Expert opinion: fomepizole may ameliorate
the need for hemodialysis in methanol

poisoning

KE Hovda and D Jacobsen

Department of Acute Medicine, Ullevaal University Hospital, Oslo, Norway

Fomepizole is now the antidote of choice in methanol
poisoning. The use of fomepizole may also change the
indications for hemodialysis in these patients. We have
addressed this change in a review of articles on methanol
poisonings. Review of the literature (through PubMed®)
combined with our own experiences from two recent
methanol outbreaks in Estonia and Norway. The effi-
ciency of dialysis during fomepizole treatment was
reported in only a few reports. One recent study chal-
lenged the old indications, suggesting a new approach
with delayed or even no hemodialysis. Methanol-
poisoned patients on fomepizole treatment may be sepa-
rated into two categories: 1) The critically ill patient, with
severe metabolic acidosis (base deficit >15 mM) and/or
visual disturbances should be given buffer, fomepizole
and immediate hemodialysis: dialysis removes the toxic
anion formate, and assists in correcting the metabolic aci-

Introduction

Background and purpose of the review

The treatment of methanol-poisoned patients has
many facets: Buffer to treat the resulting acidosis,
antidote to block the metabolism of methanol to
the toxic formic acid, folinic acid to enhance the
elimination of formate, and finally hemodialysis to
help correct the acidosis and remove the toxic alco-
hol and its metabolite formate. In recent years, the
antidote fomepizole has gradually become the anti-
dote of choice, seemingly reducing morbidity and
making the treatment itself easier and more
predictable. Although the use of hemodialysis is
well established, its efficacy has been questioned
regarding the removal of the toxic metabolite
formate.? Furthermore, the indication for hemodial-
ysis is based on the pre-fomepizole time, when eth-
anol was the only antidote in use. Therefore, the
possible change of indication has been questioned
by different authors.?3-8
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dosis, thereby also reducing formate toxicity. The
removal of methanol per se is not important in this set-
ting because fomepizole prevents further production of
formic acid. 2) The stable patient, with less metabolic aci-
dosis and no visual disturbances, should be given buffer
and fomepizole. This treatment allows for the possibility
to delay, or even drop, dialysis in this setting, because
patients will not develop more clinical features from
methanol poisoning when fomepizole and bicarbonate is
given in adequate doses. Indications and triage for hemo-
dialysis in methanol poisonings should be modified.
Delayed hemodialysis or even no hemodialysis may be
an option in selected cases.

Key words: antidote; fomepizole; hemodialysis; methanol
poisoning

The present article evaluates the current literature
regarding the indication for hemodialysis in
methanol-poisoned patients when fomepizole is the
antidote of choice, and suggests a new indication
based on the patient’s initial clinical status.
Although hemodialysis appears to be a relatively
safe procedure, it still represents an invasive tech-
nique with risk of adverse effects. In addition, dialy-
sis is not universally available, especially in devel-
oping countries where these poisonings often
occur.® Added to that is the mass outbreak aspect,
which is regularly seen. This review is focused on
the literature on the current topic, and not on meth-
anol poisoning in general.

Methanol poisoning and treatment

Methanol is metabolized by alcohol dehydrogenase
(ADH) via formaldehyde to formic acid. The toxicity
is a combined effect of the ensuing metabolic acido-
sis and the anion formate.31° Metabolism of formate
is folate dependent, and mainly because of a small
folate pool in humans, formate accumulates.’:1?
Treatment of methanol poisoning consists of rapid
and full correction of the metabolic acidosis thereby
also reducing formate toxicity.'?2-** The metabolism
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of methanol by ADH is inhibited with an antidote
(ethanol or fomepizole).?? Hemodialysis eliminates
methanol and formate, and also helps in correcting
metabolic acidosis.’?:1%16 In addition, folinic acid
has a potential effect in enhancing the metabolism of
formate.?

The use of antidotes: fomepizole versus ethanol
Ethanol as an antidote in methanol poisoning has
been established as a routine for several years?*: It
is readily available and cheap, but it has several
side-effects, such as CNS depression and uncooper-
ative patients. Keeping the serum concentration at a
constant therapeutic level is also difficult: it requires
frequent blood samples and a constant adaptation of
the infusion rate. McCoy, et al.'” found a constant
level above the therapeutic limit in only 12% of
the cases. In another study, Hantson, et al.'® found
22 of 26 patients to experience at least one episode
below the suggested therapeutic level of 100 mg/dL,
whereas 8 of 26 patients experienced a serum level
of ethanol above 200 mg/dL, rendering an increased
risk of CNS depression.

Fomepizole, however, is a strong competitive
inhibitor of the ADH enzyme gradually replacing
ethanol as the antidote of choice.?-*? Its pharmacoki-
netics has been extensively studied,?19-22 showing
that fomepizole is efficient?2-24: in vitro, it has been
shown to have approximately 80,000 and 8000 times
greater affinity for human ADH than methanol and
ethanol, respectively.?% According to the studies per-
formed, there is no reason to believe that differs
much from in vivo (see above), and a serum fomepi-
zole level of 10 pmol/L is thought to be sufficient.?®
In addition, fomepizole provides a longer ADH inhi-
bition, and it can be given every 12 h, making it eas-
ier to administer. There is no need for monitoring of
the S-level, and it is without many of the side-effects
of ethanol,® but it is expensive.*526:2” Fomepizole
may also be given orally in the same doses as for
i.v. administration.?8

Hemodialysis

Methanol poisoning is one of the few conditions in
clinical toxicology where hemodialysis still plays an
important role.2® Hemodialysis or peritoneal dialysis
has since 1960 been used to increase the elimination
of methanol and formic acid, as well as correcting
the metabolic acidosis in methanol poisoning.
Later, the superiority of hemodialysis over perito-
neal dialysis was accepted,®1%30 and the different
indications for hemodialysis came into focus. In
1965, Erlanson, et al.3! suggested that patients with
obvious toxicity (coma, ocular signs, and acidosis)

should receive hemodialysis. Later, in 1978, Gonda,
et al.3? suggested hemodialysis when S-methanol
was above 50 mg/dL. In 1986, Jacobsen and McMar-
tin1% suggested the following indications for hemo-
dialysis: any degree of visual impairment, severe
metabolic acidosis (base deficit >15 mmol/L or
anion gap >30 mmol/L), blood methanol concentra-
tions above 20 mmol/L (60 mg/dL), or consumption
of more than 40 mL by adults. The latter suggestion
has been left relatively unchanged until recently,
when fomepizole has become the antidote of choice,
and some authors have questioned the proposed
indications.13-5

Methods

Evaluation of the current literature compared with
our own experiences from two methanol outbreaks
in Norway?33:3* and one in Estonia.® The literature
search on the topic was done through PubMed®.
The search was done for the keywords “methanol
poisoning, hemodialysis, antidote.” A selection was
then drawn based on the authors’ reading a sum-
mary of these articles, whereas citations from the
above articles were searched one by one.

Results

Hemodialysis and methanol

The efficacy of dialysis in removing methanol was
reported already in the early sixties by Marc-
Aurele, et al.®® and Austin, et al.?® Since then, its
efficacy has been documented in several smaller
and larger studies.®1%32:36 However, except for a
few recent studies* and case reports,®” they have
all used ethanol as the antidote. Although the
META-study on fomepizole by Brent, etall
included dialyzed patients, their treatment protocols
were still based on the dialysis indications from the
time when ethanol was the only antidote in use.!?
Megarbane, et al.5 have recently raised the question
of whether fomepizole obviates the need for hemo-
dialysis, and a later study challenged the triage
based on ethanol as the antidote: In the 17 patients
studied, there was a high methanol elimination dur-
ing hemodialysis® compared with previous
studies.'?'15 The median half-life of S-methanol dur-
ing hemodialysis was 2.5 h (range 1.7-3.3 h). This
high elimination rate may best be explained by the
larger surface area of the dialyzer and higher blood
flow used in that series (1.8 m?, 250 mL/min) com-
pared with previous studies (1.6 m?, 200 mL/min)*°.
The half-life of methanol during hemodialysis was
significantly shortened compared with the mean
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half-life of 52 h reported in eight patients treated
with fomepizole only.?”

Hemodialysis and formate

The role of dialysis has been questioned regarding
the elimination of formate. Removal of formate
with dialysis as such is an efficient process,':38
but questions have been raised regarding the effect
of dialysis versus the short endogenous half-life of
formate often reported. Kerns, etal.? claimed that
dialysis seems to have a limited role in the acidemic
patient with no detectable methanol, based on a
non-significant difference in endogenous elimina-
tion and elimination during dialysis. Even though
they do emphasize an important point, their study
has several weaknesses: first, they rely their calcula-
tion of half-life before dialysis on only two data
points in two of five cases where dialysis was per-
formed, and on three data points (which is usually
considered the lowest reliable number) in the three
last cases. Second, two of the patients have a longer
half-life of formate during dialysis than without dial-
ysis (79 and 94 min vs 149 and 162 min, respec-
tively). This contradicts all earlier findings, and
especially the case with the shortest half-life and
only two data points on the pre-dialysis calculation,
should probably not have been used to calculate the
mean values of the whole group as such. As also
commented on,3° there was a variable blood flow
during dialysis in two patients that undermines the
validity of these kinetic studies. Finally, the fact that
dialysis also plays an important role in correcting
acidosis is not accounted for in the conclusion.

In four of the seven patients in the recent study
from Oslo, the mean half-life of formate during dial-
ysis was calculated to 1.7 h® vs 2.6 h without dialy-
sis in three patients in another series of patients.?”
Again, the benefit may seem marginal, but this is a
complex issue: first, the patients where formate
kinetics was performed during dialysis were more
severely poisoned. That means they were more aci-
dotic on admission, and hence the endogenous for-
mate half-life in these patients would most probably
be significantly longer without dialysis.2” Therefore,
the role of dialysis also in removing formate most
probably becomes more important the more acidotic
the patient is because the intrinsic clearance of for-
mate then decreases. Second, their clinical condi-
tion as a group was worse, as could also be their
ability to eliminate formate without dialysis.

The inter-individual variation of formate elimina-
tion may also be of a greater variation than earlier
thought. Animal studies have shown that formate
elimination is slower with time as the liver gradu-
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ally becomes folate deficient.*® The half-life of for-
mate in methanol-poisoned patients usually varies
between 2.5 and 5 h.2:2741 However, a report from
2005 described three patients with half-lives
between 7.8 and 12.5 h.4? The authors described a
varying S-ethanol in some of the cases, indicating
that methanol metabolism may not have been
completely blocked, which would explain the long
formate half-lives (or more correctly, elimination
rate) in these patients. Furthermore, the study was
retrospective and based on a “not strictly homoge-
nous” treatment during a period of 14 years. None-
theless, the study has a high number of cases
(n=18), and it suggests a greater individual varia-
tion in the S-formate half-life than earlier
expected.*? In a case report from 1984, a child was
found to have a formate half-life about 20 h, but the
metabolism of methanol was not completely
blocked; hence, formate was still produced and so
the half-life was not valid.*?

The most recent case report found a serum half-
life of formate of 77 h, which represents without
comparison the longest serum half-life of formate
ever reported.** One likely explanation for the slow
formate elimination could also have been that fome-
pizole was not inhibiting this particular patient’s
ADH enzyme, which would imply an ongoing
metabolism of methanol, and hence a zero order
elimination where a valid half-life could not be cal-
culated. However, S-fomepizole levels in this
patient were measured and found within the thera-
peutic range (>10 umol/L)! during the treatment
period.#* Lack of efficiency with therapeutic S-
levels has never been described before in any cases
of fomepizole use. Furthermore, in this particular
patient the metabolism of methanol seemed to be
blocked because the elimination half-life of metha-
nol was of the expected magnitude (50h) and
because the elimination of methanol appeared
slower after fomepizole administration (Figure 1).
In addition, earlier studies have confirmed the effi-
cacy of fomepizole when these recommended doses
are given,1?” and the fomepizole kinetics are very
stable.?

Hemodialysis and antidotes

As seen above, the role of hemodialysis in methanol
poisoning is well established when ethanol is the
antidote, but there are few reports and few kinetic
data on dialysis when fomepizole is used as an anti-
dote. Of those few, three were case reports,”244% one
were retrospective and in lack of formic acid ana-
lyzes,* and although the phase III study leading to
the FDA-approval of fomepizole in methanol
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Figure 1 Example of kinetics with early hemodialysis.
Reproduced with permission from Hovda, et al.> The dotted line
represents the expected elimination curve (no samples were
drawn in the actual time period). HD, hemodialysis; OP,
observation period.

poisoning included dialyzed patients, they were all
dialyzed according to the traditional dialysis indica-
tions from the time when ethanol was the only anti-
dote (S-methanol above 50 or 60 mg/dL). Further-
more, this study was designed to evaluate the
safety of fomepizole, and not the dialysis
indication.? The only prospective study performed
to evaluate the indication was performed in 2002—
2004, and it included seven patients.®

Both ethanol [molecular weight (MW) 46]19:31 and
fomepizole (MW 82)46 are small, and hardly protein
bound, hence readily eliminated by hemodialysis.
Their elimination patterns are, however, different:
Although S-ethanol varies a great deal with time,
both inter- and intra-individually, S-fomepizole is
more predictable. Increased ethanol administration
16.17 or the addition of 95% ethanol to the dialysate
31.47.48 g pecessary to counteract its loss during dial-
ysis. In the study by Hantson, etal.,'® 20 of 26
required hemodialysis, of whom 13 of 20 (65%)
had a blood level below the therapeutic limit in
two consecutive blood samples during hemodialysis.
Close monitoring of the S-ethanol therefore remains
important. Increased doses of fomepizole is also nec-
essary during the procedure,*® but an increased infu-
sion to 1-1.5 mg/kg/h*® or dosing fomepizole every
4 h instead of every 12 h is sufficient. There is no
need for additional monitoring of the S-fomepizole
level. Whether antidote is necessary at all during
hemodialysis may also be questioned,! at least in
moderately poisoned patients without visual
disturbances.

Administration of antidote should continue for
several hours after the cessation of dialysis to protect

from potential rebound of the S-methanol
concentration.'? Redistribution of 20 mg/dL may
occur,3® although most reports does not describe this
phenomenon.?

Elective hemodialysis

Most reports and all the guidelines on methanol and
hemodialysis are made upon the basis of ethanol as
an antidote. However, the efficacy and side-effect
profile of fomepizole, in addition to the fact that
monitoring of the serum-level of fomepizole is
unnecessary, result in an almost outpatient status
for many of the patients.*

Figures 1 and 25 illustrate the principles of acute
versus delayed hemodialysis. In Figure 1, early dial-
ysis shows a rapidly decreasing serum concentration
of both methanol and formate, visualizing the effi-
cacy of the procedure, whereas Figure 2 shows an
example of delayed dialysis. Pay attention to the
slow elimination of methanol before hemodialysis
is initiated, explained by the effective inhibition of
the metabolizing ADH enzyme by fomepizole,
whereas the elimination increases dramatically
with dialysis. Formate, however, is in this patient
at an almost endogenous level throughout the
whole treatment period, making the patient asymp-
tomatic. That gives the treating physician the option
of waiting until there is dialyzing equipment or per-
sonnel available, the patient can easily be trans-
ported to a different facility, or dialysis can be
avoided, provided one is willing to deal with the
cost of prolonged fomepizole administration.

The potential benefit of using fomepizole as an
antidote during dialysis was addressed in a recent
study from Norway,® to possibly change indications
and triage.
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Figure 2 Example of kinetics with delayed hemodialysis. HD,
hemodialysis; OP, observation period. Reproduced with
permission from Hovda, et al.®
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1) During large outbreaks, there might be capacity
problems.

2) Because dialysis is an invasive procedure with
risk of complications both in adults®® and chil-
dren,5! treatment with dialysis has a safety
aspect.

3) Change of indication has a practical consequence
because of the availability of dialyzing facilities.

4) There is an economical aspect related to dialysis
versus the cost of fomepizole:

+ Hemodialysis is not available everywhere,
and transport to dialysis facilities has econom-
ical (and safety) implications.

¢« HD is not for free; whereas it does not affect
the total calculation in countries with public
health care, the use of HD is charged sepa-
rately in the countries with private health
care, showing the extra cost of the procedure.

« Fomepizole is also eliminated during dialy-
sis. This makes dosing every fourth hour
instead of every twelfth hour necessary during
the procedure, increasing the use of fomepi-
zole during the early part of the treatment.

» Potential adverse effects related to the fact that
hemodialysis is an invasive treatment may
have economical, and not only medical
aspects.

» Patients are not drunk as they are during the
ethanol treatment; patient care is therefore
easier and need for extra nursing personnel
is less likely, which further represents an eco-
nomical benefit.

« Most patients can be treated outside the inten-
sive care unit, or only need a brief stay. This is
probably most important as also suggested by
others.® None of the three patients treated
with elective hemodialysis in the series from
Norway needed treatment in the intensive
care unit.

Comments/discussion

The severity and outcome of methanol poisoning are
correlated to the degree of metabolic acidosis and the
toxic effects of formate, and not to the S-methanol, pro-
vided early start of treatment.2:15:52-56 Thjs is illus-
trated in one article?” where two patients have by far
the highest methanol concentrations, but no clinical
features because little methanol was metabolized to
formic acid. The early acidosis is due to the production
of formic acid, with lactic acid production occurring in
the later stages of poisoning most probably because of
tissue hypoxia caused by formate uncoupling of cyto-
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chrome oxidase in the mitochondrias.?-57:58 The poten-
tial benefit of dialysis is due to the removal of metha-
nol, the correction of the metabolic acidosis, and
removal of the toxic metabolite formate. Because of
their small molecular weight, small volume of distribu-
tion, and lack of protein binding, both methanol and
formate are easily dialyzed.!?-1®

The efficacy of hemodialysis in removing metha-
nol is undisputable. However, there have been con-
troversies regarding the efficacy of dialysis in
removing formate. One study indicates that the
endogenous elimination of formate is so rapid that
dialysis might hardly represent 40% of its total
body elimination — a usual requirement for recom-
mending extracorporeal removal of a toxic agent
from the body.? The elimination of formate may be
quite variable, and some authors have therefore
questioned the conclusion in the former study.®®
Interestingly, in two patients dialysis was calculated
to represent 54% and 82% of the total body
clearance.?” However, because the magnitude of
the volume of distribution of formate is based on
studies in only one patient,'! such calculations are
uncertain. The variability of the endogenous elimi-
nation of formate may in part be explained by its
variable renal excretion as also reported in the
same patients?” and in patients not undergoing
dialysis.2” We have previously suggested that this
variation in the renal handling of formate is pH-
dependant; the more acidic the urine becomes, the
less formate is excreted: Therefore, the role of dialy-
sis in removing formate most probably becomes
more important the more acidotic the patient is
because the intrinsic clearance of formate then
decreases.?”

We have recently published a fatal case report of a
63-year-old male presenting with a severe metabolic
acidosis following methanol poisoning. Because of
profound hypotension, he was not treated with HD
before 17 h after admission. In spite of aggressive
buffer and antidote treatment, the metabolic acidosis
was not corrected before the HD was performed.
According to his S-methanol half-life, methanol
metabolism seemed to be blocked, supported by
repeated analyzes of S-fomepizole showing thera-
peutic serum concentrations. In spite of that, he
had extremely slow formate elimination with a
half-life of 77 h (!).#* This case report indicates that
the individual differences in formate elimination
may be of a greater variance than earlier thought,
and it pinpoints the difficulty in giving an exact
threshold for HD/non-HD regarding the metabolic
acidosis. Methanol poisoning is a potentially fatal
situation that requires thorough evaluation of each
individual patient.
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In the seven patients studied closely with the use
of dialysis and fomepizole, the established recom-
mendations of early dialysis regardless of clinical
condition were challenged.> Early hemodialysis
was performed in four and later “elective” dialysis
in three patients. Two of three from the latter group
also had the highest S-methanol. The procedure of
“elective” dialysis was found safe.’ On the basis of
that data and theoretical considerations,® the indica-
tions for hemodialysis in methanol poisoning using
fomepizole as the antidote may therefore be sepa-
rated into two categories:

1) The critically ill patient, with severe metabolic
acidosis (base deficit >15 mM) and/or visual dis-
turbances, should be given buffer, fomepizole,
and hemodialysis as soon as possible. The main
effect of dialysis is then to remove the toxic anion
formate and to assist in correcting the metabolic
acidosis, thereby also reducing formate
toxicity.??13 The removal of methanol per se is
not reducing morbidity or mortality in this set-
ting because fomepizole prevents further produc-
tion of formic acid.

2) The stable patient, with little to moderate meta-
bolic acidosis (base deficit <15 mM) and no
visual disturbances, should be given buffer and
fomepizole. The indication for hemodialysis
should then be discussed with an experienced
nephrologist and/or clinical toxicologist. The
efficacy of fomepizole and the different side-
effect profile from ethanol gives the treating phy-
sician the possibility to delay or even drop dialy-
sis in this setting, and thereby change the triage,
as patients will not develop more clinical fea-
tures from methanol poisoning when fomepizole
and bicarbonate is given in adequate doses.

There is no study or international consensus on the
term severe metabolic acidosis, but in clinical prac-
tice a base deficit ranging from 10 to 20 mM is often
used. We have based our recommendations for sep-
arating the clinical criteria made in this review on
experience from two different recent outbreaks of
methanol poisonings in Estonia (1) and Norway (2).
In these studies, the median base deficit among the
patients who survived without sequelae was 21 and
18 mM, respectively. The median base deficit among
the patients who died was 29 and 28 mM, and all the
patients who died in Norway had a base deficit
>22 mM. On the basis of these data, a base deficit
below/above 15 mM seems to be a safe threshold
for dialysis. Decision on not to dialyze also requires
a stable patient, immediate start of other treatment

(alkali and fomepizole), and no presence of visual
disturbances.

We suggest that patients with a serum methanol
level of >32 mM (>100 mg/dL) also should be con-
sidered for dialysis from a practical and economical
point of view. The serum level is arbitrary, and it has
no implication for the prognosis. It is based solely on
the long half-life of methanol (50-80 h) and hence a
long elimination time (five times the half-life).

Conclusion

There is still a role for hemodialysis in methanol
poisonings, but it is time to modify indications and
triage. The efficient, but expensive, fomepizole is
void of the disadvantages of ethanol. No need for
monitoring the serum level, no CNS-depression,
and no drunken patients. This makes treatment
with delayed dialysis or even without dialysis an
option, and thereby no need for transferral in many
cases without severe metabolic acidosis. Neverthe-
less, when patients are admitted late with severe
metabolic acidosis and/or visual disturbances,
acute hemodialysis should always be performed.
To shorten the treatment period and hence reduce
the costs of treatment, dialysis may also be consid-
ered when serum methanol exceeds 32 mmol/L
(100 mg/dL) unless one is willing to deal with the
costs of fomepizole, or the actual setting makes it
even more expensive/impractical to dialyze.
Because these patients are in general awake and
sober, this decision may preferably be discussed
with the patient.
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