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[ 4¥ Case Report

A Rare Case of Drug-Induced Liver Injury Caused by Levetiracetam

Abstract

Levetiracetam (LEV) is one of the newest antiepileptic drugs available on the market and is
frequently used in neurosurgical patients requiring antiepileptic assistance. LEV is mainly excreted
by the kidney with minimal hepatic metabolism, so it is considered to have a low liver toxicity.
Drug-induced liver injury (DILI) associated with LEV administration is extremely rare, with only
eight reported cases. In this report, we describe the case of a 44-year-old man who was admitted
because of generalized convulsion, and LEV administration at a dose of 3000 mg/day was started
following a diagnosis of status epilepticus. Laboratory values before LEV administration were as
follows: alanine aminotransferase (ALT), 17 IU/L; aspartate transaminase (AST), 41 IU/L; and
total bilirubin, 0.59 mg/dL. Viral serology tests for hepatitis B and hepatitis C yielded negative
results. Several hours after LEV administration, the patient developed high-grade fever and his liver
enzyme levels were found to be elevated. LEV administration was stopped immediately; the peak
laboratory values were as follows: ALT, 1,192 TU/L; AST, 3,150 IU/L; and total bilirubin, 2.02 mg/
dL. After conservative treatment, the patient’s laboratory values were normalized. A drug-induced
lymphocyte stimulation test (DLST) was performed and showed a positive response, indicating that
the administration of LEV was responsible for DILI in this patient. Clearly, LEV can provoke DILI
despite its low liver metabolism profile. Therefore, readministration of the drug should be avoided
in such cases. An in vitro examination, such as a DLST, can be useful for ensuring a definitive
diagnosis of DILI.
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determining the degree of toxicity to the
patient. In fact, drugs with predominant
hepatic metabolism profile are associated
with more frequent DILI as compared
with those with a low hepatic metabolism
profile.®! Because LEV is predominantly
not metabolized in the liver, it is recognized
as a safe and reliable drug, and liver injury,
including transient asymptomatic  liver
enzyme elevation, has been reported in <1%
of patients following LEV administration.[*

Introduction

Status epilepticus (SE) is a neurological
emergency disorder that can present associated
with common neurosurgical conditions,
including intracerebral hemorrhage, cerebral
infarction, brain tumors, and head trauma.
Because of its high mortality and morbidity, "
an appropriate treatment is strongly required,
and conservative treatment with antiepileptic
drugs (AEDs) is usually chosen. Among
them, levetiracetam (LEV) is one of the
newest drugs available, demonstrating
certain pharmacological characteristics such
as a low protein-binding property, reduced
drug—drug interaction, and minimal hepatic

To facilitate a diagnosis of DILI, some
clinical criteria or scales have developed
and the Council for International
Organization of Medical Science / the

metabolism. 34! Roussel  Uclaf  Causality  Assesment
Method (CIOMS/RUCAM) scale was
Drug-induced liver injury (DILI) is a frequent  proposed.'”” By modifying CIOMS/

adverse reaction, which is the underlying
cause in the majority of cases of acute liver
failure.>”! The efficiency of drug metabolism
in the liver, involving the cytochrome P450
enzyme system, plays a critical role in
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RUCAM scale, the Digestive Disease Week
Japan 2004 (DDW-J) scale, which is highly
sensitive and specific, was developed and
widely accepted as an objective criterion
for the diagnosis of DILL!? Despite
advances in assessment criteria, it is not
easy to achieve correct diagnosis of DILI in
appropriate timing. Here, we discuss a rare
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case of acute DILI associated with LEV administration for
SE control. As part of this case, we reviewed the available
literature and found only eight previously reported
cases.*!*! In neurosurgical patients treated with LEV, the
careful observation of serum liver enzyme concentration
is recommended because a wide variety of drugs have a
potential risk of eliciting DILI, even if they have a low
liver metabolism profile.

Case Report

A 44-year-old man was admitted to our hospital because
of generalized convulsion. His history included treatment
for a brain contusion that occurred due to a traffic
accident 20 years ago, and since then, valproic acid has
been administrated following a diagnosis of symptomatic
epilepsy. Head computed tomography on admission
showed no newly detected lesions. In the emergency

room, diazepam was intravenously administrated but the
convulsion was uncontrollable; he was clinically diagnosed
with SE, and LEV 3000 mg/day was started. Laboratory
values on admission (before LEV administration) were as
follows: alanine aminotransferase (ALT), 17 IU/L; aspartate
transaminase (AST) 41 IU/L; and total bilirubin, 0.59 mg/
dl. Viral serology for hepatitis B and hepatitis C was
negative. He had a drinking habit. Within the several hours
that followed initial LEV administration, he developed
high-grade fever (39.0°C) and his ALT and AST levels were
93 and 459 IU/L, respectively. On the next day, his serum
biochemistry results further deteriorated as follows: ALT,
346 IU/L; AST, 1,207 IU/L; and total bilirubin, 1.42 mg/dl.
LEV administration was stopped, and he was conservatively
treated with monoammonium glycyrrhizinate, glycine
L-cysteine hydrochloride hydrate, and intravenous infusion
of lactated Ringer’s solution. His laboratory values at 12 h

Table 1: Digestive Disease Week Japan 2004 scale score of the present case

Scale Definition DDW-J  Present case
Hepatocellular type Cholestatic type
Time to onset
From the beginning of the 5-90 days 5-90 days +2 +1
drug administration <5 days, or >90 days <5 days, or >90 days +1
From cessation of the drug <15 days <30 days +1 -
>15 days >30 days 0
Course of the reaction
Difference between the peak  >50% decrease within 8 days - +3 +3
of ALT or ALP and upper >50% decrease within 30 days >50% decrease within 180 days +2
limit of normal values - <50% decrease within 180 days +1
<50% decrease within 30 days Unchanged or re-elevation 0
<50% decrease 30 days after cessation - 2
Risk factor Alcohol Alcohol/pregnant +1 +1
Other causes* All causes of group 1 and 2 can be excluded +2 +1
All causes of group 1 can be excluded +1
4 or 5 causes of group 1 can be excluded 0
<3 causes of group 1 can be excluded -2
Causes except for drug is highly suspected -3
Previous information on Yes +1 0
hepatotoxicity
Eosinophilia Yes +1 0
DLST Positive +2 +2
False-positive +1
Negative or not examined 0
Response to occasional
re-administration
Readministration without Doubled in ALT value Doubled in ALP value +3 0
comedication
Readministration with Doubled in ALT value Doubled in ALP value +1
comedication
Readministration with/ Within normal range in ALT value Within normal range in ALP 2
without comedication value
Total score** +8

*Group I — HAV, HBV, HCV, biliary obstruction, alcoholism, and acute recent hypotension history, Group II — Cytomegalovirus and Epstein—
Barr virus, **Total score — Unlikely; <2, possible; 3 or 4, Probable; >5. ALP — Alkaline phosphatase, ALT — Alanine aminotransferase,
DLST — Drug-induced lymphocyte stimulation test, DDW-J — Digestive Disease Week Japan 2004
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after drug withdrawal were as follows: ALT, 1,192 IU/L;
AST, 3,150 IU/L; and total bilirubin, 2.02 mg/dl. With
additional time, they gradually decreased even further
toward the normal range [Figure 1].

At this point, to confirm whether LEV was responsible for
the patient’s acute liver injury, a drug-induced lymphocyte
stimulation test (DLST) (SRL, Inc., Tokyo, Japan) was
performed (a stimulation index of 180% or greater is
considered to indicate a positive response). The results
indicated a positive response with respect to LEV, with a
stimulation index of 300%. In light of these findings, it
was determined that LEV could not be readministrated in
this patient, and lacosamide was instead chosen. Based on
DDW-]J scale, levetiracetam-induced liver injury was highly
suspected [Table 1]. He showed no further hematological
adverse events or seizure recurrence and was transferred to
a rehabilitation center 2 months after admission.
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Figure 1: A graphical illustration of alanine aminotransferase and aspartate
transaminase (on the left axis) and total bilirubin (on the right axis)

Discussion

LEV-induced DILI is extremely rare; only nine relevant
cases, including ours, are summarized in Table 2. Unlike
many other AEDs, LEV is mainly excreted by the kidney
and is not metabolized in the liver by the cytochrome P450
enzyme system. Thus, liver toxicity due to LEV occurs very
infrequently. DILI is classified into two subtypes based on
underling mechanism — namely, an immune-mediated type
and nonimmune mediated type.?*”’ Immune-mediated DILI
is considered to be an allergic reaction occurring within
one to 6 weeks of drug administration, and characteristics
include the presence of fever, rash, eosinophilia, and
rapid recurrence of liver toxicity on reexposure to the
drug. In such cases, liver injury can be caused by drugs,
even if they have low profile of liver metabolism, so the
occurrence of this type of DILI is unpredictable. On the
other hand, non-immune mediated type is characterized by
the consistent absence of the features of hypersensitivity
and a very important feature is the long latency period
of many months. So, it is important to differentiate liver
injury occurred immediately after drug administration and
after long-term usage. Some of the cases listed in Table 2
showed acute liver injury, but in the other cases, DILI was
revealed several months after drug administration. Although
it is not easy to speculate on the mechanism of DILI, the
onset of a sudden high-grade fever and early liver enzyme
elevation indicated the presence of immune-mediated DILI
in our case.

Recently, serious cases of DILI possibly associated with
LEV have been reported.™!%!8] Khoury et al. discussed one
case in which a patient who received a combination therapy
of LEV and temozolomide died due to acute fulminant liver
failure.'! Selvaraj et al. reported another case in which
the patient demonstrated liver enzyme elevation 8 weeks

Table 2: Summary of reported cases of drug-induced liver injury associated with levetiracetam

Age (sex) Duration Dose of LEV ALT (IU/L) AST (IU/L) Total bilirubin Others Treatment

Tan et al., 2008 21 years (man) 1 month N/A 1610 N/A 591 mmol/L - Liver
transplantation

Broli et al., 2010 58 years (woman) 4 months 1500 mg 33 27 N/A Gamma GTP Conservative

157 U/L

Xiong et al., 10 months (girl) 5 months 27.8 mg/kg N/A N/A N/A ALP 1613 Conservative

2012 U/L

Sethi et al., 2013 62 years (woman) 10 days 1000 mg 289 184 N/A - Conservative

Gutiérrez-Grobe 22 years (woman) 2 months 1000 mg 4341 10387 2.14 mg/dL - Conservative

etal., 2013

Azar and Aune, 25 years (woman) 2 days 3000 mg 1083 1115 2.7mg/dL - Conservative

2014

Selvaraj et al, 50 years (man) 8 weeks N/A 4800 7000 20.4 mg/dL - Liver

2016 transplantation

Khoury et al., N/A N/A N/A N/A N/A N/A - Death

2017

Present case 44 years (man) 1 day 3000 mg 1192 3150 2.02 mg/dL - Conservative

ALP — Alkaline phosphatase, ALT — Alanine aminotransferase, AST — Aspartate transaminase, GTP — Glutamyl transferase,

LEV — Levetiracetam, N/A — Not available
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after LEV initiation. Further aggravation was evident in
this individual 12 weeks after starting administration, but
LEV was continued. As a result, laboratory work showed
an AST of 4800 IU/L, an AST in the range of 7000 IU/L,
and a total bilirubin value of 20.4 mg/dl, and finally, liver
transplantation was inevitable.! Delayed drug withdrawal
can aggravate any existing injury to the liver, resulted
in irreversible organ failure. In our case, frequent blood
examination led us to identify the presence of liver injury
immediately; we were able to stop LEV administration
and start salvage therapy within an appropriate time frame,
avoiding fulminant liver failure.

For patients with DILI, it is important but not easy to
identify the drug responsible for the condition. In fact, the
causative drug was determined based on circumstantial
evidence in all of the previously reported cases listed in
Table 2. In our case, DLST was performed and showed
a positive response for LEV. DLST is an in vitro
immunological examination that measures the proliferation
of T lymphocytes in response to a suspected drug. It is
safe and specific in comparison with a classical in vivo
sensitization test, so it has already been considered as a
reliable diagnostic modality for drug-induced eruption or
liver injury.?"! Although some concern about its technical
sensitivity and specificity still exists, DLST can be helpful
for diagnostic purposes.?>?!] In fact, DLST is included
in the diagnostic criteria of DDW-J scale. DDW-J scale
was developed by modifying the OIOMS/RUCAM
scale. The exclusion of the factor of comedication and
inclusion of the factors of DLST findings and eosinophilia
are characteristics of DDW-J scale. Although it is not
applicable for all cases, DDW-J scale is useful to assess
the diagnosis of DILI, because of its high sensitivity and
specificity.

Conclusion

We have presented a rare case of DILI associated with LEV
administration for SE treatment. Although LEV undergoes
minimal hepatic metabolism, neurosurgeons should keep in
mind that delayed drug withdrawal can lead to catastrophic
liver injury. For such patients, readministration of the drug
should be avoided, and an in vitro examination such as
DLST can be useful to arrive at a definitive diagnosis.
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