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Metronidazole is a widely used antibiotic for the treatment of anaerobic bacterial infections. Metronidazole-induced encepha-
lopathy (MIEP) is a rare but potentially reversible disease. The mechanism of MIEP remains unclear, and differences in the
neurotoxic effects of oral versus intravenous (IV) metronidazole administration have not yet been determined. We report the
case of a Crohn’s disease (CD) patient who experienced encephalopathy immediately after a single IV dose of metronidazole
following long-term exposure to the oral form of the drug. The 64-year-old man with intractable CD experienced a sudden
change in mental status, aphasia, and muscle weakness after [V administration of metronidazole. He had previously taken met-
ronidazole orally for 13 years and received intermittent IV metronidazole treatments for CD exacerbation. Brain magnetic reso-
nance imaging (MRI) showed high-intensity signals in the bilateral medial thalamus and the midbrain and pontine tegmentum
on fluid-attenuated inversion recovery images. After discontinuation of metronidazole, the high-intensity brain MRI signals
resolved and the patient's mental status dramatically improved; however, the patient exhibited mild cognitive dysfunction 2
months after the onset of encephalopathy. (Intest Res 2017;15:124-129)
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INTRODUCTION cephalopathy (MIEP) is a very rare but potentially reversible

disease.”” The exact mechanism of MIEP remains unclear.

Crohn’s disease (CD) is an immunological disorder char-
acterized by a relapsing-remitting clinical course." Antibiot-
ics are effective in the treatment of CD, especially in patients
with complicated fistulas or abscesses.” Increasing evidence
suggests that dysregulated gut microbiota play a role in the
pathogenesis of CD.* Metronidazole is a widely used antibi-
otic in patients with CD.” However, metronidazole may elicit
neurotoxic effects including peripheral neuropathy, ataxia,
seizure, and encephalopathy. Metronidazole-induced en-
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Here, we report the case of a CD patient who experienced
encephalopathy immediately after a single intravenous (IV)
dose of metronidazole following long-term exposure to the
oral form of the drug.

CASE REPORT

A 64-year-old man who had been diagnosed with CD 17
years previously presented with altered mental status. He
received sulfasalazine and azathioprine as maintenance
treatment for CD and was intermittently treated with pred-
nisolone to achieve remission after flare-ups. He had also
received infliximab for the previous 3 years because of
refractoriness to conventional treatment. Fourteen years be-
fore beginning infliximab treatment, the patient underwent
ileocecectomy due to intractable active CD. Nine years after
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his first surgical treatment for active CD, he underwent right
hemicolectomy and small bowel segmental resection to treat
an intra-abdominal abscess communicating with multiple fis-
tulas. He underwent three additional bowel resections because
of a recurrent wound infection with enterocutaneous fistulas.
The length of his remaining small intestine was 120 cm.

The patient had taken 250 mg of metronidazole orally
three times daily beginning 13 years previously. After 8 years
of treatment, however, he stopped taking metronidazole
orally because of the side effect of peripheral neuropathy. He
received IV metronidazole treatments three times over the
following 5 years when he experienced complications such
as enterocutaneous fistulas or abscesses. Six months before
the last admission, however, he restarted and continued oral
metronidazole treatment for active CD. The cumulative dose

Fig. 1. Abdominal CT finding. CT shows a large enterocutaneous fistula
in the middle portion of the abdomen (arrowheads).

Fig. 2. Brain MRI findings. Fluid-attenuated inversion recovery MRI shows high-intensity lesions in the bilateral medial thalamus (A), midbrain teg-
mentum (B), pontine tegmentum (C), fourth ventricle and dentate nucleus (D), and subcortical white matter (E) (arrows).
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of metronidazole over the 6 months prior to the last admis-
sion was 111.75 g. His lifetime cumulative dose of metroni-
dazole was approximately 2,000 g.

The patient visited the hospital emergency department
complaining of an abdominal wound problem which had
been aggravated 2 days previously. He presented with pain,
redness, and swelling surrounding the wound. Upon exami-
nation, he exhibited mild tenderness in the middle to lower
abdomen. Initial laboratory findings showed elevated CRP
(4.3 mg/dL), total bilirubin (4.9 mg/dL), and direct bilirubin
(3.7 mg/dL), as well as prolonged PT (INR of 2.07). Other
laboratory findings were as follows: white blood cell count
8,100/mm’, hemoglobin level 12.4 g/dL, platelet count
140x10%/L, cholesterol level 62 mg/dL, total protein level 5.6

g/dL, albumin level 2.8 g/dL, BUN level 10 mg/dL, serum
creatinine level 0.57 mg/dL, serum AST level 22 TU/L, serum
ALT level 16 TU/L, and serum ALP level 61 TU/L. Test results
for all serological markers of hepatitis B and C were negative.
Abdominal CT scans revealed a large enterocutaneous fis-
tula in the middle portion of the patient’s abdomen (Fig. 1).

Considering the shortness of his small bowel, the patient
received conservative treatment including parenteral nutri-
tion and antibiotics for the treatment of the wound infection
and enterocutaneous fistula. Metronidazole was adminis-
tered intravenously during fasting.

Prior to IV metronidazole administration, the patient
could follow commands and showed no motor weakness
(Glasgow coma scale score of 15). However, he abruptly

Fig. 3. Follow-up brain MRI findings. MR images obtained 7 days after metronidazole discontinuation. A fluid-attenuated inversion recovery image
shows the improvement of lesions in the bilateral medial thalamus (A, B); midbrain tegmentum (C); pontine tegmentum, fourth ventricle, and dentate
nucleus (D); and subcortical white matter (E).
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became comatose (Glasgow coma scale score of 8) 2 hours
after receiving a single 500 mg IV dose of metronidazole. On
neurological examination, the patient could not open his
eyes upon painful stimulation but could localize the pain
bilaterally. All brainstem reflexes were normal. However, bi-
lateral Babinski signs were observed, suggestive of bilateral
diffuse cortico-subcortical lesions. The pupillary light reflex
was intact, and there was no limitation of extraocular muscle
movement. The patient’s vital signs were normal at the time
of metronidazole administration, with a blood pressure of
139/82 mmHg, heart rate of 86 beats per minute, respira-
tory rate of 18 breaths per minute, and body temperature of
36.6°C. Two hours after IV metronidazole administration,
however, his blood pressure was 160/96 mmHg and his
heart rate was 133 beats per minute.

The rapid adrenocorticotropic hormone stimulation test
revealed a normal response. The patient’s brain CT scan was
unremarkable. However, fluid-attenuated inversion recovery
MRI showed multiple high-intensity lesions in the bilateral
subcortical white matter, medial thalamus, midbrain and
pontine tegmentum, bilateral middle cerebellar peduncles,
and cerebellar dentate nucleus (Fig. 2). Based on clinical
and radiological findings, a tentative diagnosis of MIEP was
made. Metronidazole treatment was discontinued and re-
placed with IV piperacillin/tazobactam. A megadose of IV
thiamine (500 mg) was administered three times daily for 8
days. The patient was subsequently maintained on 50 mg of
thiamine daily.

Seven days after discontinuing metronidazole treatment,
the patient was able to track moving objects. On day 8, a
follow-up brain MRI showed more clearly visible diffuse
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Fig. 4. Serial results of the Glasgow coma scale (GCS) and total bilirubin
testing after cessation of metronidazole (MTZ) treatment. IV, intrave-
nous; tid, three times a day; qd, every day; TPN, total parenteral nutri-
tion.
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bilateral subcortical white matter lesions. However, the
extent of the previously noted hyperintense lesions was de-
creased in the thalamus, brainstem, and cerebellar dentate
nucleus (Fig. 3). On day 12, the patient showed a significant
improvement in his level of consciousness and was able to
follow verbal commands and answer simple questions. Two
months after the onset of MIEP, he was able to talk and walk
unassisted. However, he still showed mild cognitive dysfunc-
tion. He received a score of 15 on the Korean version of the
mini-mental state examination (normal range, 25-30) and
demonstrated severe frontal dysfunction, as indicated by a
score of 7 on the Frontal Assessment Battery (range, 0-18)

(Fig. 4).
DISCUSSION

Metronidazole is associated with declines in CDAI scores
and a reduced CD recurrence rate after surgery.” It is well
known that metronidazole is comparatively safe at the usual
dosages. However, various neurological adverse events, in-
cluding peripheral neuropathy, cerebellar dysfunction, and
seizure, can develop. MIEP is one of the most serious ad-
verse events associated with metronidazole treatment; how-
ever, it has a favorable prognosis after drug cessation. The
long-term safety of large cumulative doses of metronidazole
has not been elucidated. In previous reports, patients who
experienced MIEP or cerebellar ataxia were not exposed to
larger cumulative doses of metronidazole than that received
by our patient; however, the association between neurotox-
icity and the cumulative dose or duration of metronidazole
treatment remains controversial.”' Metronidazole-induced
neurotoxicity typically occurs at doses exceeding 2 g/day
for prolonged periods.” Thus, our patient may have been at
high risk of MIEP because of an extremely high cumulative
dose of metronidazole received over a period of 13 years.
Previous history of long-term exposure to metronidazole
should be considered to prevent neurotoxic effects such as
MIEP in patients who require repeated treatment.

Previous studies have shown that brain lesions identified
by MRI in MIEP patients are typically located in the cerebel-
lar dentate nucleus, dorsal medulla, dorsal pons, midbrain,
and splenium of the corpus callosum, with bilateral and sym-
metrical involvement." Thus, the brain MRI findings in this
case were consistent with changes associated with MIEP.

In this case, MIEP developed immediately after IV ad-
ministration of a single dose of metronidazole following
long-term oral metronidazole treatment. Differences in the
neurotoxic effects of oral versus IV metronidazole adminis-
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tration are not yet understood. A previous study showed that
the upper part of the small intestine is the main site of met-
ronidazole absorption."” Manafi et al.”’ found that absorption
of orally administered metronidazole was significantly re-
duced by postoperative ileus. Therefore, a short bowel may
be related to poor absorption of both nutrients and the met-
ronidazole. The peak serum level of metronidazole after IV
administration in patients with a short bowel may be higher
than that after oral administration.

Because metronidazole is mainly metabolized in the liver,
severe liver dysfunction increases the drug’s half-life and in-
creases the risk of MIEP' In our case, there were no clinical
signs suggesting chronic liver disease or hepatic encepha-
lopathy, although the patient had cholestasis and PT pro-
longation at admission. In addition, the abdominal CT scan
showed neither cirrhotic changes nor mechanical biliary
obstruction. Thus, these transient abnormalities revealed by
the liver function test may have been related to impaired he-
patocyte transport function and systemic infection caused by
bowel inflammation and bacterial overgrowth."” Liver func-
tion test results were stable for 2 weeks after admission and
gradually returned to normal. In contrast, the patient’s mental
status began to improve within a week after cessation of met-
ronidazole treatment. This temporal relationship supports
the diagnosis of MIEP rather than hepatic encephalopathy.

In this case, Wernicke’s encephalopathy (WE) may be an-
other possible diagnosis, as acute WE has clinical symptoms
and brain MRI findings similar to those of MIEP. Metronida-
zole metabolites inhibit thiamine pyrophosphokinase, and
the resulting thiamine antagonism may also play a role in
the pathogenesis of MIEP."® However, the patient displayed
altered mental status immediately after IV administration of
metronidazole. The temporal relationship between metroni-
dazole administration and onset of neurological symptoms
suggests a diagnosis of MIEP rather than WE. Moreover, the
patient showed no clinical signs of oculomotor dysfunc-
tion such as nystagmus and conjugate gaze palsy, which are
typical clinical features of WE." Brain MRI revealed diffuse
high-intensity lesions in the bilateral subcortical white mat-
ter, medial thalamus, midbrain and pontine tegmentum,
bilateral middle cerebellar peduncles, and cerebellar dentate
nucleus, which are compatible with a diagnosis of MIEP.
Lesions in the dentate nucleus and red nucleus can also
be found in patients with WE, although these findings are
atypical."” The most common structures affected by WE, as
demonstrated by MRI, are the medial thalamus and peri-
ventricular regions of the third ventricle."”*
review of 64 patients with MIEP, MRI revealed subcortical
white matter lesions in approximately 50% of patients with

In a systematic
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altered metal status.” However, high-intensity lesions in the
bilateral subcortical white matter have not been detected in
patients with WE.”'"'*#’
MIEP is the primary cause of altered mental status in this case.
Nonetheless, the possibility of concomitant WE could not be
completely excluded because the patient was at high risk of
thiamine deficiency due to malnutrition resulting from his
short bowel status and was treated with thiamine. Moreover,
the subtle cardiovascular signs observed in our patient, such
as tachycardia, are frequently also observed in patients with
acute WE. Because the patient’s serum thiamine level was not
measured before thiamine replacement therapy, the possibil-
ity of concomitant WE may be a limitation in this case study.

We report the first case of a patient with CD who experi-
enced encephalopathy immediately after IV administration
of a single dose of metronidazole following long-term oral
metronidazole treatment. MIEP may be a rare complication
in CD patients, especially those at risk of malnutrition or
who have received a high cumulative dose of metronidazole
over a long period. Therefore, evaluation of nutritional status
is very important in patients with IBD to prevent irreversible
complications such as WE.*"*

These findings strongly suggest that
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