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ABSTRACT
Background: Fomepizole is the preferred antidote for treatment of methanol and ethylene glycol poi-
soning, acting by inhibiting the formation of the toxic metabolites. Although very effective, the price
is high and the availability is limited. Its availability is further challenged in situations with mass poi-
sonings. Therefore, a 50% reduced maintenance dose for fomepizole during continuous renal replace-
ment therapy (CRRT) was suggested in 2016, based on pharmacokinetic data only. Our aim was to
study whether this new dosing for fomepizole during CRRT gave plasma concentrations above the
required 10mmol/L. Secondly, we wanted to study the elimination kinetics of fomepizole during CRRT,
which has never been studied before.
Methods: Prospective observational study of adult patients treated with fomepizole and CRRT. We col-
lected samples from arterial line (pre-filter) ¼ plasma concentration, post-filter and dialysate for fome-
pizole measurements. Fomepizole was measured using high-pressure liquid chromatography with a
reverse phase column.
Results: Ten patients were included in the study. Seven were treated with continuous veno-venous
hemodialysis (CVVHD) and three with continuous veno-venous hemodiafiltration (CVVHDF). Ninety-
eight percent of the plasma samples were above the minimum plasma concentration of 10mmol/L.
Fomepizole was removed during CRRT with a median saturation/sieving coefficient of 0.85 and dialysis
clearance of 28mL/min.
Conclusion: Fomepizole was eliminated during CCRT. The new dosing recommendations for fomepi-
zole and CRRT appeared safe, by maintaining the plasma concentration above the minimum value of
10mmol/L. Based on these data, the fomepizole maintenance dose during CRRT could be reduced to
half as compared to intermittent hemodialysis.
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Introduction

Methanol and ethylene glycol are toxic alcohols with a
potential fatal outcome when poisoned. Large outbreaks of
methanol poisoning with high mortality are regularly
reported [1,2], as are case reports of intentional or accidental
ingestion of ethylene glycol [3,4]. Early treatment with the
antidotes ethanol or fomepizole is effective and lifesaving
[5]. Both substances act by inhibiting the alcohol dehydro-
genase enzyme, and thus preventing the formation of the
toxic metabolites (formic acid from methanol and glycolic
acid from ethylene glycol). Although ethanol can cause a
pronounced central nervous system (CNS) depression, it also
requires frequent monitoring of plasma ethanol. Fomepizole,
on the other hand, has limited side effects (e.g., headache
and dizziness), and does not require monitoring of plasma
concentration. Treatment guidelines therefore recommend

fomepizole as the antidote of choice [5]. Plasma concentra-
tions of fomepizole above 10 mmol/L are considered effective
and will prevent formation of the toxic metabolites, based
on studies done in non-human primates [6,7].

Treatment for poisonings with both of these toxic alco-
hols consists of bicarbonate for the metabolic acidosis, anti-
dote and, if necessary, dialysis for removal of the toxic
alcohol, their metabolites and further correction of the meta-
bolic acidosis [8]. For ethylene glycol poisoning, dialysis is
sometimes also required to treat the ensuing renal failure.
Intermittent hemodialysis (IHD) has been demonstrated to
be superior to continuous renal replacement therapy (CRRT)
in methanol poisoning regarding methanol and formate
elimination [9], as well as time to correction of acidosis [10].
However, no difference in mortality rate or rate of long-term
visual and/or CNS sequelae has been demonstrated [11]. In
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hemodynamically unstable patients, CRRT is the preferred
modality. Fomepizole is known to be removed during IHD
[12,13], whereas data are lacking as regards to CRRT. To com-
pensate for this loss, the dose interval for the maintenance
dose is every 4 h instead of every 12 h without dialysis
[12,13]. Alternatively, a continuous infusion of 1mg/kg/h dur-
ing dialysis has been proposed [5]. Previous dosing recom-
mendations did not distinguish between IHD and CRRT, and
the same fomepizole dose has thus been recommended [14].
CRRT, however, has a lower dialysate- and blood flow.
Theoretically, less fomepizole will therefore be removed dur-
ing CRRT as compared to IHD. In 2016, new dosing recom-
mendations for fomepizole during CRRT were published [5].
Reduced dose by increasing the interval for the maintenance
dose from 4 to 8 h, or reducing the dose of continuous infu-
sion to 0.5mg/kg/h, as compared to IHD (1mg/kg/h). These
recommendations are based on pharmacokinetic data on
fomepizole and experience from one case. There are no stud-
ies on fomepizole monitoring and kinetics during CRRT. This
is of utmost importance since a plasma concentration below
10mmol/L could potentially lead to therapy failure.

The primary aim of this study was to examine whether
the proposed new dosing regimen for fomepizole during
CRRT provides the desired plasma concentrations of fomepi-
zole to inhibit the formation of toxic metabolites. Secondly,
we wanted to examine the elimination kinetics of fomepizole
during CRRT.

Materials and methods

Study design

This prospective observation study was conducted at the
Department of Acute Medicine at Oslo University Hospital,
Norway, with data collection also from Akershus University
Hospital, Baerum Hospital, Ostfold Hospital Kalnes, and
Levanger Hospital, all in Norway. The inclusion period was
from June 2019 to November 2020. Two patients serving as
pilot study patients before this study are included in the
data material. The study was registered on ClinicalTrials.gov
(NCT04649138).

Participants

Adults (over 18 year) with suspected or confirmed toxic alco-
hol poisoning treated with fomepizole and CRRT were
included in this study. There were no exclusion criteria.

Treatment

Fomepizole was given as a 15mg/kg loading dose, followed
by 10mg/kg every 8 h or 0.5mg/kg/h as a continuous infu-
sion. The dosing regimen was determined by the treating
physician. The choice of dialysis modality and dialysis set-
tings followed local guidelines. Observation time lasted as
long as the patient received fomepizole and CRRT. Three
patients received IHD before CRRT.

Data collection

We collected blood samples from the arterial line for deter-
mination of plasma concentration. In addition, blood samples
after the dialysis filter (post-filter) and samples from dialysate
were collected. Samples were collected every hour or every
other hour. In addition, a sample was taken immediately
before each fomepizole dose when dosed at timed intervals.
EDTA tubes were used for blood samples and tubes without
any additives for dialysate samples. Blood samples were
spun at 2000G for 10min. All samples were stored and trans-
ported frozen (�20 �C). Fomepizole analysis was performed
at Louisiana State University Health Sciences Center, USA,
using high-pressure liquid chromatography with a reverse
phase column (sensitivity 5 mmol/L; coefficient of variation
4.5% at 25 mmol/L) [15].

Calculations

Dialysis clearance (CL) (mL/min) with continuous veno-ven-
ous hemodialysis (CVVHD) was calculated with the following
formula

CL ¼ D=Pð Þ � QD

where D and P are dialysate and plasma concentrations, (D/
P) is the saturation coefficient and QD is the dialysate flow
rate [16]. For continuous veno-venous hemodiafiltration
(CVVHDF) with post-dilution, the following was used

CL ¼ D=Pð Þ � QE ¼ D=Pð Þ � QUF þ QDð Þ
where (D/P) is the sieving coefficient and QE is total effluent
rate, which is the sum of ultrafiltration flow rate (QUF) and
dialysate flow rate (QD) [16,17].

The elimination kinetics was found by plotting time versus
concentration (zero-order) and as a semi-log plot (first-order),
where the R2 value then could identify how close the data
were to a linear decline (zero-order) or log linear decline
(first-order).

Ethical considerations

The study was approved by the Regional Committee for
Medical and Health Research Ethics (2017/981/REK South-
East D). Consent was obtained from the patient or next of
kin if the patient was unable to consent.

Results

We included 11 patients in this study. One patient died
shortly after inclusion and only two plasma samples were
collected. The patient was therefore excluded, leaving 10
patients for analysis. Median age was 54 years (range
31–63 years) and seven patients were men. Methanol poison-
ing was confirmed in three patients, and ethylene glycol poi-
soning was confirmed in four (Table 1). The remaining three
patients were treated based on suspected toxic alcohol poi-
soning but were later confirmed negative. This does not
affect the pharmacokinetic analysis and these patients are
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included. All patients were admitted to an intensive care unit
(ICU) and median observation time for the study was 17 h
(range 13–33 h).

Nine patients received fixed maintenance doses of fome-
pizole and one patient a continuous infusion. For the fixed
doses, a median of three doses were given (range two to
five doses). The concentrations of fomepizole in plasma,
post-filter and dialysate for patient 2 (Figure 1) and in
plasma for patient 1 (Figure 2), are presented for illustration.
Note that in Figure 1, fomepizole was dialyzed during CRRT
and all plasma fomepizole samples were above 10 mmol/L.
Both patients were treated with IHD before CRRT. In total,
123 plasma samples were drawn and analyzed for fomepi-
zole. Of these, 120 were above the required minimum con-
centration of 10 mmol/L. Only three samples (2–4–7 mmol/L)
from patient 1 were below this concentration, all at the end
of the fifth dose (Figure 2). For the fixed doses, the minimum
plasma concentration (the lowest concentration observed
before a new dose was given) was 108 mmol/L (median),

range 2–168mmol/L (n¼ 22). For continuous infusion, the
lowest plasma concentration measured was 70mmol/L.

Seven patients were treated with CVVHD and three
patients with CVVHDF (post-dilution). The elimination kinetics
of fomepizole during CRRT is described in Table 2. The R2

value was approximately one for both zero- and first-order
kinetics. Fomepizole was removed during CRRT treatment
with a median saturation/sieving coefficient of 0.85 (range
0.46–0.96), and a dialysis clearance of 28mL/min (median),
range 8–35mL/min (Table 3). CRRT clearance constituted
22% (median value) of total body clearance (TBC), range
9–44%. Median half-life (t1/2) calculated from first-order elim-
ination was 5.6 h (range 1.3–10.5 h).

Discussion

This is the first therapeutic drug monitoring study published
on fomepizole during CRRT. Our study supports that the pro-
posed new lower dosing regimen for fomepizole during

Table 1. Laboratory data on admission.

Patient
Age

(years) pH
pCO2

(kPa)
HCO3

(mmol/L)
Base deficit
(mmol/L)

AG
(mmol/L)

OG
(mOsm /kgH2O)

S-ethanol
(mmol/L)

S-methanol
(mmol/L)

S-formate
(mmol/L)

S-ethylene
glycol (mmol/L)

S-glycolate
(mmol/L)

1 31 7.07 1.1 2 30 43 242 ND 175 19.6 ND ND
2 61 6.91 3.1 5 28 40 80 ND 62 19 ND ND
3 45 6.98 1.8 3 29 46 40 ND 17 13.9 ND ND
4 53 7.39 2.5 11 14 32 4 ND NA NA 2.6 17
5 50 6.72 2.9 3 33 44 34 ND ND NA 13 NA
6 63 6.82 1.6 2 31 NA 42 ND ND NA 20 NA
7 42 7.24 4.2 13 13 22 262 2.2 ND NA 192 NA
8 54 6.81 1.3 2 33 39 36 ND ND ND ND ND
9 63 7.16 3.4 9 20 42 15 8.7 ND ND ND ND
10 58 6.88 1.8 2 28 46 101 52.1 ND NA NA NA

AG: anion gap; OG: osmolal gap; ND: not detected; NA: not analyzed.
Conversion factors: pCO2 pKa to mmHg is 7.5, HCO3, base deficit and anion gap mmol/L to mEq/L is 1, ethanol mmol/L to mg/dL is 4.6, methanol mmol/L to
mg/dL is 3.2, formate mmol/L to mg/dL is 4.6, ethylene glycol mmol/L to mg/dL is 6.2, glycolate mmol/L to mg/dL is 7.6.
Patients 1–3 had confirmed methanol poisoning and patients 4–7 had confirmed ethylene glycol poisoning. Patients 8–10 had suspected toxic alcohol poison-
ing, but were later confirmed negative.

Figure 1. Fomepizole concentration in plasma, post-filter and dialysate in patient 2. CVVHD: Continuous veno-venous hemodialysis; IHD: Intermittent hemodialysis.
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CRRT is safe, by providing a plasma concentration above the
minimum concentration (10 mmol/L) recommended to inhibit
the formation of toxic metabolites.

The fomepizole plasma concentrations samples were
above the recommended minimum concentration of
10mmol/L in 120/123 samples. The fact that three samples in
patient 1 were below the desired concentration of fomepi-
zole may be explained by increased dialysis clearance,
increased metabolism, or auto-induction of its own metabol-
ism. Dialysis clearance in this patient was calculated to
22mL/min, which is lower than the median value in the

group. Further, the dialysate samples were not collected until
dose number four, and clearance is calculated for dose four
and five. The low plasma fomepizole concentration after
these doses can therefore not be explained by increased
excretion by dialysis.

Without dialysis, it is shown that fomepizole is metabo-
lized to an inactive metabolite, 4-carboxypyrazole (4-CP) [15].
Metabolism will also occur in patients with dialysis, but the
relationship between excretion via dialysis and metabolism is
unknown. A possible mechanism for the increased elimin-
ation of fomepizole in our patient, is increased liver metabol-
ism to 4-CP. However, the patient did not receive any
enzyme inducing drugs.

According to animal data, fomepizole induces CYP 2E1
[18,19]. In a multiple dose study on healthy volunteers,
McMartin et al. [15] found that the elimination increased
with repeated doses and by increasing the dose after 36 h,
one could compensate for the increased elimination. The
suggested mechanism for the increased elimination was
auto-induction of fomepizole metabolism. Treatment guide-
lines therefore recommend increased maintenance dose after
four doses (i.e., from the fifth dose onwards) [5]. For our
patient, the increased elimination occurred between dose
four and five, given 21.5 and 29.5 h after the loading dose,
respectively. In healthy volunteers, the auto-induction
occurred after two to three days, although there was one
subject where the increased elimination occurred in one day.
The latter corresponds to when it appeared in our patient.
More data are needed to assess how frequently the auto-
induction can occur after such a short time. Since fomepizole
was discontinued after the fifth dose, the concentrations
below guidelines had no clinical implication for our patient.

Adverse events of the dosing regimen were not examined
in this study. We found that the highest fomepizole plasma
concentration measured was 440 mmol/L. A study on healthy
volunteers with multiple doses of fomepizole has shown a

Figure 2. Fomepizole concentration in plasma in patient 1. CVVHD: continuous veno-venous hemodialysis; IHD: intermittent hemodialysis.

Table 2. Elimination kinetics of fomepizole during continuous renal replace-
ment therapy (CRRT).

Patient Dose R2 zero-order kinetics R2 first-order kinetics

1 2nd dose 0.90 0.92
3rd dose 0.91 0.95
4th dose 0.96 0.94
5th dose 0.88 0.99

2 1st dose N/A N/A
2nd dose 0.93 0.98
3rd dose 0.95 0.99

3 2nd dose 0.98 0.99
3rd dose 0.90 0.92

4 1st dose 0.98 0.99
2nd dose 0.91 0.96

5 0.5mg/kg/h 0.99 0.99
1mg/kg/h N/A N/A

6 1st dose 0.99 1.00
2nd dose 0.98 1.00
3rd dose 0.96 0.99

7 2nd dose 0.99 1.00
3rd dose N/A N/A
4th dose N/A N/A

8 1st dose 0.99 0.98
2nd dose 0.98 0.99

9 1st dose 0.97 0.99
2nd dose 0.76 0.84

10 1st dose 0.84 0.90
2nd dose 0.91 0.98

N/A: not applicable.

454 Y. E. LAO ET AL.



high tolerability and with a small increase in liver transami-
nases, but this was not dose dependent [20]. The highest
plasma concentration detected in that study was around
275 mmol/L, which is lower than in our study. In a clinical
trial, plasma concentrations of fomepizole were between 183
and 366mmol/L, with few adverse events rated as possibly
(bradycardia, seizure and headache) [21]. This has been con-
firmed in a novel post-marketing study with 536 patients
from 2002 to 2018, which concluded that fomepizole had
minimal adverse effects [22]. CRRT was given to 44 patients,
and they may therefore have received both old and new
dosing regimens. As the total maintenance dose becomes
lower with the new dosing regimens, one should not expect
increased frequency of adverse events.

We found that fomepizole was removed during CRRT,
which is consistent with the theory of low-molecular weight
(82Da), low protein binding and small volume of distribution
to be dialyzed. Two publications have also documented that
fomepizole is removed during IHD [12,13]. A median value
for sieving/saturation coefficient close to one indicates that
fomepizole passes almost freely through the filter with CRRT.
Our patient number 7 had a sieving coefficient of 0.5 and
dialysis clearance of 8mL/min, which is much lower than the
median values. This can partly be explained by the low total
effluent rate of 1000mL/h (500mL/h of dialysate flow þ
500mL/h of replacement fluid post-dilution), which is lower
than recommended flow/patient weight [23]. A possible
explanation for the low dialysate flow in this patient was to
correct the acidosis. In our study, the CRRT clearance data
are from six patients with CVVHD and two patients with
CVVHDF. This is not sufficient to compare the
two modalities.

When comparing CRRT clearance to TBC for the individual
patients it varies. In patient 7, the proportion removed by
CRRT is less than in the other patients. Drug removal by dia-
lysis is considered clinically significant when the proportion
removed is more than 25–30% of TBC [24]. This is not applic-
able in patient 7. Theoretically, in patients with low CRRT
clearance, the maintenance dose could be the same as in
patients not being dialyzed. However, in clinical practice, it is
difficult to identify who these patients are in advance
because of the heterogeneous nature of the intensive care
population. Furthermore, our study measured CRRT clearance
in only eight patients, and therefore more data are needed.

Our results cannot distinguish between zero- and first-
order elimination of fomepizole during CRRT (Table 2). In ani-
mals, the elimination kinetics is described as zero-order
[6,25,26]. The same was found in healthy volunteers, but
after four days, it changed to first-order elimination [15].
Because less than 2.6% of the fomepizole dose was elimi-
nated unchanged in the urine of healthy volunteers, elimin-
ation was thought to be predominantly by metabolism. In a
study from Wallemacq et al. [27], the elimination in five
patients (four adult and one child) was found to follow first-
order kinetics. The observation time was up to three days
and three patients received concomitant treatment with
ethanol and hemo- or peritoneal dialysis for a few hours. In
our study, the extracorporeal clearance by the dialysis willTa
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contribute to the total body clearance. We did not measure
4-CP in urine and the relative contributions of dialysis and
metabolism to the overall elimination are not known. This
makes it difficult to compare with healthy volunteers. In add-
ition, we may also have had too few data points after each
dose of fomepizole to describe the elimination kinetics. The
median value of t1/2 calculated from first-order kinetics was
5.6 h, whereas the half-life of patient 10 was almost twice
the length. Unfortunately, dialysate samples for this patient
were not collected and dialysis clearance could not be calcu-
lated. The dialysate flow rate was correct according to
patient weight, but the patient had a severe liver failure. The
latter could explain the reduced hepatic metabolism to 4-CP,
which normally constitutes a large part of the elimination,
leading to an increased t1/2.

Fomepizole has a high cost and limited availability in
many parts of the world. Even in countries where this anti-
dote is available, lack of availability or drug shortage can be
a potential problem in large outbreak of methanol poisoning.
By using the new dosing regimen for fomepizole and CRRT,
less fomepizole is needed. This will significantly reduce the
costs for antidote treatment with fomepizole.

Limitations

There are some limitations to our study. The study only
includes 10 patients over a short observation time, and more
intensive care patients should ideally be included.
Furthermore, we have not measured the metabolite 4-car-
boxypyrazole in urine, which would have given additional
information on the role of metabolism of fomepizole in the
overall elimination during CRRT. We have also only measured
plasma concentration of fomepizole and not assessed the
effect of the dosing regimen on patient outcome.

Conclusion

This is the first study demonstrating that fomepizole main-
tenance dose given every 8 h during CRRT provides the
required plasma concentration. Fomepizole was dialyzed dur-
ing CRRT with a saturation/sieving coefficient of 0.85 and
dialysis clearance of 28mL/min.
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