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Atypical Metronidazole-Induced Encephalopathy
in Anaerobic Brain Abscess
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Metronidazole-induced encephalopathy is a very rare complication of the long standing use of metronidazole. The encephalopathy is bilateral and
symmetric in nature. We report on the magnetic resonance imaging (MRI) and clinical course of metronidazole-induced encephalopathy in a
60-year-old female with a persistent anaerobic brain abscess after draining of the abscess. After 3 months of metronidazole administration, the pa-
tient complained of dysarthria, tingling sense of all extremities, and left hemiparesis. MRI revealed symmetric hyperintensity lesions in medulla,
pons, dentate nuclei of cerebellum, and splenium of corpus callosum, all of which represent typical findings of metronidazole-induced encephalopa-
thy. In addition, asymmetric lesions in midbrain, thalamus, putamen and cerebral subcortical white matter were noted. The patient recovered after

discontinuation of metronidazole and the remaining abscess was successfully treated with meropenem and levofloxacine.
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INTRODUCTION

Metronidazole-induced encephalopathy (MIE) is a rare clinical
condition resulting from long-term use of metronidazole. Typical
findings include progressive clinical deterioration such as dysar-
thria, gait disturbance, sensory changes in the extremities, confu-
sion, nausea, vomiting, and dysmetria with multiple signal chang-
es in cerebellar dentate nuclei, corpus callosum, midbrain, and
cerebral white matter"**'"1>419_ The conditions tend to be re-
versed when drug use is stopped!>$!121418 " A]l the lesions associ-
ated with MIE have been reported as symmetric and this symmet-
ric nature has been regarded as a key point of MIE. Presently, we
describe magnetic resonance imaging (MRI) findings and clinical
course of MIE with asymmetric involvement of unilateral cerebral
peduncle, thalamus, putamen and cerebral subcortical white mat-
ter, in addition to typical symmetric lesions in medulla, pons, den-
tate nuclei of cerebellum, and splenium of corpus callosum.

CASE REPORT

A 60-year-old female who underwent a dental treatment 2

weeks before hospitalization, visited the hospital with the chief
complaint of a headache. The patient had no previous history of
alcohol abuse or malnutrition. Two years previously, the patient
had been diagnosed with liver cirrhosis caused by chronic hep-
atitis B, and had undergone two cycles of peg interferon a-2(
therapy. The patient did not have any focal neurological symp-
toms during the neurological examination. Brain computed to-
mography (CT) revealed the presence of a brain abscess of
about 30 mL on the left frontal lobe (Fig. 1). The abscess was
drained by stereotactic catheter insertion. Culture examination
identified Streptococcus sanguis, Peptostreptococcus, and Bacte-
roides species. Based on the verified culture test, the brain ab-
scess was assumed to be caused by the invasion of normal an-
aerobic flora in the oral cavity. Subsequently, metronidazole was
administered intravenously. After the administration of 15 g of
metronidazole over a period of 10 days, there was a decrease in
the size of the abscess, but neutropenia was prominent in a
blood test (white blood cell count 1800/uL and absolute neutro-
phil count 300/uL). Under the impression of drug-induced
neutropenia, administration of metronidazole was discontin-
ued and meropenem was substituted as a new antibiotic. One
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week later, deterioration in the patients mental state was ob-
served. A CT scan revealed a marked increase in the size of the
abscess. A second stereotactic aspiration was carried out and
metronidazole was re-administered. The patient soon recov-
ered to her normal neurologic status. Subsequently, serial CT
follow-ups were carried out and a decrease in the size of the ab-
scess was noted. However, there was no ultimate disappearance
of the abscess. Hence, administration of metronidazole was
continued for the next 3 months.

After the re-administration of metronidazole (1.5 g per day,
total dosage, 156.5 g) for 11 weeks, the patient complained of
subtle changes in sensation and subjective weakness on the left
lower extremity. The patient’s mood became depressive and

Fig. 1. Initial brain magnetic resonance image showing a ring-enhanced
brain abscess in the left frontal lobe.

Fig. 2. Fluid attenuated inversion recovery magnetic resonance images after 84 days of metronida-
zole administration. Symmetric round shaped high-signal intensity at the dorsal medullae, the den-
tate nuclei (A), and the pons (B) and symmetric involvement along the splenium (E) are apparent.
Note multiple asymmetric lesions in midbrain (C), thalamus (D), putamen (E) and subcortical white
matter on right side of the brain (F). Diffuse signal change due to previous brain abscess is ob-
served on left frontal area.

nervous. Brain CT, spinal MRI, and nerve conduction velocity
were checked without any remarkable findings, except for the
small remnant of abscess. During the next week of closed ob-
servation, progression of tingling sensation on the left leg was
apparent, which slowly extended to the ipsilateral upper ex-
tremity. The patient also had slightly ataxic gait. On day 84 sub-
sequent to readministration of metronidazole, development of
dysarthria and weakness on the left side with motor power of
grade 3 were noted. Emergent brain MRI showed no recurrence
of brain abscess, but a symmetric, round-shaped, high-signal
intensity was found at the dorsal medullae, dentate nuclei (Fig.
2A), and pons (Fig. 2B) on T2-weighted image and fluid atten-
uated inversion recovery (FLAIR) imaging. The corpus callo-
sum was also symmetrically involved along with the splenium
(Fig. 2E). In addition, there were multiple asymmetric lesions
in the midbrain (Fig. 2C), thalamus (Fig. 2D), putamen (Fig.
2E), and subcortical white matter on right side of the brain (Fig.
2F). Among these lesions, lesions in the splenium of the corpus
callosum, midbrain, and cerebral subcortical white matter were
of higher intensity on diffusion weighted imaging (DWI). In
the subcortical white matter, low signal on apparent diffusion
coefficient (ADC) map was observed at the corresponding ar-
eas of high DWL.

MIE was strongly suspected based on the clinical and imag-
ing findings, and administration of metronidazole was prompt-
ly discontinued. After discontinuation of metronidazole, the pa-
tient progressively recovered from MIE-related symptoms.
Hemiparesis was the first symptom to be relieved after one week
of discontinuation of the drug, dysarthria after 2 weeks and
paresthesia after 4 weeks. A combined
regimen of meropenem and levofloxa-
cin was administrated for observational
periods after discontinuation of metro-
nidazole.

Follow-up FLAIR MRI after 4 weeks
of the new antibiotic regimen showed
normalization of abnormal lesions and
disappearance of the remaining brain
abscess. However, abnormal high signal
intensity in the splenium of the corpus
callosum was persistent even though
previous symptoms related to MIE had
all disappeared. The patient has been
symptom-free without recurrence of
brain abscess for two-year follow-up.

DISCUSSION

Metronidazole, the prototype nitro-
imidazole antimicrobial, is bactericidal
in nature because of its metabolites,
which cause DNA strand breakage in
anaerobic and protozoal microbes'.
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Metronidazole attains 60-100% of plasma concentrations in
most tissues, including the central nervous system'?, so it is a
drug of choice for the treatment of anaerobic brain abscess. The
side effects include peripheral neuropathy, convulsive seizures,
encephalopathy, ataxic gait, and dysarthria®'"'*19. Among the
side effects, MIE has been very rarely reported'>%!"416 The
mechanisms that underlie metronidazole’s neuronal toxicity in-
clude the oxidation of catecholamine neurotransmitters (such
as norepinephrine, dopamine, and related catecholamine deriv-
atives) to form semiquinone radicals and nitro anion radicals,
which reduce tissue oxygen and generate the superoxide radical
and hydrogen peroxide in a reaction with 5-nitroimidazole de-
rivatives, such as metronidazole'?. These radicals are proposed
to cause neurotoxicity in the course of metronidazole treat-
ment'. The total dosage of metronidazole and duration for
medication resulting in MIE has been reported as 45-120 g'¥
and 1-12 weeks"*!'V, respectively. In our case, total dosage ex-
ceeded 156.5 g over a 3-month period of use. Long-term admin-
istration of high doses of metronidazole might influence the
clinical and radiological severity of MIE. However, the quantita-
tive relationship between metronidazole dosage and severity of
MIE is unknown. Interestingly, over half of the total worldwide
cases reported have occurred in Koreans®'"'>!*19, This finding
may reflect endemic prevalence of infectious organisms, which
are susceptible to metronidazole administration.

MIE is a disease that can be diagnosed purely based on the clin-
ical history and imaging findings. MIE has two distinctive features
that make it readily discernable from other metabolic diseases :
patients always have a history of long-term use of metronidazole
and the symptoms and lesions apparent on MRI can be reversed
after discontinuation of metronidazole usage"*'"1*1, Radiologi-
cal findings of MIE have been reported in terms of the presence
of bilateral symmetric high signal intensities on FLAIR or T2-
weighted image in cerebellar dentate nucleus>*', midbrain'?,
corpus callosum"**'*!%), dorsal pons*'#', medulla**'>', periag-
ueductal region® and cerebral white matter'>!*1>%. Symmetrical
involvement is nearly always present; an exception is the recent
report of MIE involving asymmetric subcortical white matter?.
The present case provides another example. In our case, asym-
metric lesions were found not only in subcortical white matter
but also in midbrain, thalamus, and putamen. Furthermore, to
the best of our knowledge, this is the first report of MIE with an
involvement of thalamus. Despite of the lack of pathologic con-
firmation, our case could be easily differentiated from other con-
dition such as demyelinating, metabolic, and infectious diseases.
Wernicke encephalopathy and Marchiafava-Bignami disease are
primarily associated with malnutrition and chronic alcoholism.
With respect to differential diagnosis, Wernicke encephalopathy
tends to show a predilection for the midbrain and diencepha-
lon'” and Marchiafava-Bignami disease tends to invade from
the body into the genu and splenium of the corpus callosum'?.
These findings differ from MIE in which the deep cerebellar
nuclei are likely to be most sensitive to the effects of metronida-
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zole toxicity and are the most specific observed imaging mani-
festation® followed by involvement of subcortical white matter,
splenium of courpus callosum and mesencephalon!“+¢%12141617),
Viral encephalitis, osmotic demyelination syndrome, variant
Creutzfeldt-Jakob disease, methanol and carbon monoxide poi-
soning, hepatic encephalopathy, and hypoxic injury can be dif-
ferentiated on the basis of the clinical history, laboratory find-
ings, and radiologic features. MIE has also well-known features
of the reversible symptoms and radiologic findings after the
discontinuation of metronidazole administration'® in addition
to its typical anatomic involvement of the lesions. Given that all
MIE series in previous reports were diagnosed, not by biopsy,
but by clinical suspicions, the authors thought that pathologic
confirmation would not be necessary in this condition with be-
nign natural history.

In spite of homogenous findings on FLAIR/T2-weighted im-
ages, signal intensities of lesions on DWI and ADC map in
MIE have been variable. Some of the lesions observed in FLAIR
or T2-weighted image appeared as positive in DWI. High-sig-
nal intensity lesions on DWTI often, but not always, have tended
to be of low signal intensity on the ADC map>'¥. This variabili-
ty might have a predictive role in the prognosis of patients with
MIE because of the possibility that lesions with high signal in
DWI and low signal in ADC map may represent cytotoxic ede-
ma, as reported in cerebral infarction'”. Complete or near-com-
plete resolution of the original lesions on follow-up MRIs with
discontinuation of the drug is one of most striking and typical
findings of MIE. However, the lesions are sometimes persistent
and it is not clear whether irreversibility of the lesions depends
on initial low ADC') or some anatomical preponderance such
as corpus callosum' or inferior olivary nuclei'®. Kim et al.'”?
proposed that most of the abnormal signal intensities in MIE
might correspond to areas of vasogenic edema, except for le-
sions in the corpus callosum. Lee at al.'” suggested that the le-
sions with high signal on DWIs and low signal on ADC maps
mostly indicate cytotoxic edema rather than vasogenic edema.
Therefore, lesions with low ADC value or lesions located in cor-
pus callosum might be regarded as poor prognostic factors in
MIE. In our case, all the lesions including that in subcortical
white matter, which produce a low signal on the ADC map, dis-
appeared after discontinuation of metronidazole. However, ab-
normal signal intensity in the splenium of the corpus callosum
persisted even after 4 weeks of follow-up. Therefore, irrevers-
ibility of the lesions in MIE might depend on specific anatomic
location such as splenium of corpus callosum, rather than a low
ADC map.

Given that the treatment of MIE is discontinuation of metro-
nidazole, substitutes for metronidazole would be needed when
there is a remaining abscess. Presentations of MIE in brain ab-
scess are very rare*'. Therefore, a management strategy for re-
maining brain abscess has not been clearly described when met-
ronidazole was withheld due to MIE, especially for those with
anaerobic brain abscess. In our case, anaerobic brain abscess did
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not respond to a single regimen of meropenem chosen as an al-
ternative to metronidazole” when metronidazole-induced tran-
sient neutropenia had occurred. Therefore, we chose a com-
bined regimen of meropenem and levofloxacin for the remaining
abscess when MIE had occurred. Meropenem can be an alterna-
tive antibiotic choice for anaerobic species” and it acts synergis-
tically with levofloxacin®. Through the combined use of these
regimen, we successfully treated the remaining abscess in the
absence of metronidazole. Most brain abscesses are treated by
the neurosurgeons. So, neurosurgeons should keep in mind the
possibility of this rare complication when dealing with a brain
abscess requiring the long-term use of metronidazole.

CONCLUSION

Long-term use of metronidazole for anaerobic brain abscess
can result in atypical MIE asymmetrically involving thalamus,
putamen, midbrain, and subcortical white matter, as well as typ-
ical symmetric lesions in medulla, pons, dentate nuclei of cere-
bellum, and splenium of corpus callosum. A combined regimen
of meropenem and levofloxacin can be an alternative option for
a remaining abscess in a patient with MIE. Caution should be
given when long-term use of metronidazole is indicated in pa-
tients with brain abscess.
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