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AIM: To describe a series of 10 cases of metronidazole-induced neurotoxicity (MIN) and
review the established literature to better define its clinical and imaging findings.
MATERIALS AND METHODS: The clinical presentations and magnetic resonance imaging

(MRI) images of 10 patients with clinically diagnosed MIN were reviewed retrospectively. A
review of an additional 31 cases from prior published case series was performed.
RESULTS: The median age of patients from the authors’ institutions with MIN was 54 (range

8e84) years. The median cumulative dose of metronidazole received was 64.5 g (range 7.5
e1,380 g). Common presenting neurological symptoms were ataxia (n¼6) and altered mental
status (n¼3). All of the patients (n¼10) had symmetric T2 hyperintense lesions in the dentate
nuclei at presentation. Other involved structures included the midbrain, corpus callosum, pons,
medulla, basal ganglia, and supratentorial white matter. True restricted diffusion was seen in
the corpus callosum (n¼6). Symptoms resolved in all patients except for one. For the patients
with available follow up MRI (n¼4), the observed lesions resolved.
CONCLUSION: MIN affects both adult and paediatric patients. Symptoms typically occur after

prolonged exposure to the antibiotic, but can occur at low cumulative doses. Most frequently
involved structures are the dentate nucleus, midbrain, and splenium corpus callosum.
Restricted diffusion within the corpus callosum is likely due to cytotoxic oedema. Symptoms
typically resolve after cessation of metronidazole, and lesions typically resolve on follow-up
imaging.

� 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
Introduction

Metronidazole is a commonly used antibiotic worldwide.
Effective against protozoa and anaerobic bacteria, metroni-
dazole is used for a variety of infections involving the central
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nervous, gastrointestinal, genitourinary, and musculoskeletal
systems.1 The antibiotic is typically well tolerated, particu-
larly when taken for short, finite periods of time.With higher
cumulative doses, rare side effects of peripheral neuropathy
and central nervous system toxicity can occur.2 Over the past
two decades, case reports and small case series have
described how metronidazole-induced central nervous sys-
tem (CNS) toxicity can present with altered mental status,
gait disturbances, and seizures. The constellation of
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presenting symptoms has been referred to as “metronida-
zole-induced neurotoxicity” (MIN). As the presenting symp-
toms are non-specific, MIN is often diagnosed based on
characteristic findings on brain magnetic resonance imaging
(MRI). Symmetric T2 and fluid attenuated inversion recovery
(FLAIR) hyperintense lesions involving the cerebellum,
brainstem, and corpus callosum are frequently reported in
cases of MIN.3 After discontinuation of metronidazole,
symptoms tend to resolve in amatter of days. The lesions also
typically tend to resolve on follow-up MRI.4

Certain aspects of the entity are poorly understood. The
incidence of MIN is not precisely known but felt to be
exceedingly low.2 The risk ofMIN likely increaseswith higher
cumulative dose2; however, it is not possible to identify
which patients are at greatest risk for toxicity. Although
strongly suggestive of the diagnosis, MRI findings are not
specific and broad differential diagnosis exists, particularly
for lesions involving the dentate nuclei and corpus cal-
losum.5,6 Because the pathophysiology of the entity is not
well understood, the reasons for the predilection of metro-
nidazole for the various neuroanatomical structures reported
to be involved are unclear. The present study reports the
largest case series to date and prior case series are reviewed
in order to summarise the current understanding of MIN.
Materials and methods

The institutional review boards of the authors’ institutions
approved this retrospective study and waived informed
consent. Using a PACS query tool (Radsearch, Philips,
Amsterdam, NE, USA), dictated radiology reports of MRI ex-
aminations performed between 2009 and 2018 were
searched for keywords “metronidazole” and “flagyl.” Exam-
inations from the electronic medical records (MyChart, Epic
Systems, Verona, WI, USA) were then reviewed to determine
Table 1
Clinical presentation and imaging findings data from 10 cases of metronidazole-

Case/age/sex Indication Dose (g) Presentation Symptom
resolution
(days)

Dentate

1/26/F Clostridium
difficile

7.5 Encephalopathy 2 x

2/84/M Sacral
osteomyelitis

64.5 Encephalopathy 2 x

3/64/F Tibial
osteomyelitis

73.5 Gait instability 30 x

4/77/F Urinary tract
infection

40.5 Vertigo, left
extremity
weakness

- x

5/69/F Brain abscess 64 Ataxia,
headache

4 x

6/54/F Clostridium
difficile

- Bilateral leg
weakness

- x

7/54/F Brain abscess 368 Ataxia 4 x
8/50/F Clostridium

difficile
18 Altered mental

status
12 x

9/8/M Prophylaxis 1,378.8 Ataxia 2 x
10/49/M Brain abscess 530 Falls, peripheral

neuropathy
No
resolution

x

Med, medulla; CC, corpus callosum; BG, basal ganglia; e, data not available.
which patients with MRI reports suggesting metronidazole
toxicity were clinically diagnosed with MIN. This yielded 10
cases. Data from the electronic medical record including
patient demographics, indication for metronidazole, drug
duration, presenting neurological symptoms, and resolution
of symptoms were collected. MRI examinations were
reviewed by two board-certified neuroradiologists (PB and
RM) in consensus. Image analysis focused on lesion distri-
bution, lesion diffusion-weighted imaging (DWI) signal, and
reversibility on follow-up imaging.

Case series published in the past two decades were also
reviewed. Published series were identified by searching
PubMed for keywords “metronidazole,” “neurotoxicity,” and
“encephalopathy.” English language publications, which
included at least two patient cases, were included in the re-
view.Descriptive statistical analyses to includemeasures such
asmedian,mean, proportion, and frequencywere performed.
Results

Clinical data from the case series

Ten patients during the study period presented with clin-
ical and imaging findings consistent with the diagnosis of
MIN. These finding data are summarised in Table 1. The me-
dian age was 54 years (range 8e84 years). Seven patients
were female, and three were male. Indications for metroni-
dazole therapy included both active treatment of infection
(n¼9) and prophylaxis (n¼1). Among the patients treated for
an active infection, indications included brain abscess (n¼3),
Clostridium difficile colitis (n¼3), osteomyelitis (n¼2), and
urinary tract infection (n¼1). Median cumulative dose was
64.5 g (range 7.5e1380 g), and largely varied based on treat-
ment indications. One patient had taken 3 years of daily
prophylactic metronidazole after small bowel
induced neurotoxicity.

Med Pons Mid-brain Cc Bg Supra-tentorial
Wm

ADC
restricted
diffusion

MRI
resolution

x x X x CC -

x None -

x x None Y

x X x CC -

x X CC -

x X CC -

x None Y
x x None -

X X x CC Y
x X CC Y
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transplantation. In contrast, a patient treated for colitis had
only taken metronidazole for 5 days. The most common
presenting neurological symptoms were ataxia (n¼6) and
altered mental status (n¼3). MRI was performed in all cases
(n¼10). Metronidazole was discontinued in all cases, and
resolution of symptoms was documented in seven cases,
occurring within a median time of 4 days (range 2e30 days).
In twocases, symptomresolutionwasnotdocumented. Inone
case, symptoms of peripheral neuropathy did not improve.

Imaging findings

Symmetric hyperintense T2/FLAIR brain parenchymal le-
sions were identified in each of the 10 patients. Lesion dis-
tribution and diffusion restriction characteristics are outlined
Figure 1 Symmetric hyperintense lesions in the dentate, pons, and midbra
nuclei (a) demonstrate increased DWI signal (b). FLAIR hyperintense lesion
increased DWI signal (D). ADC values for these lesions were not decrease
in Table 1. The dentate nuclei were involved in all 10 cases; an
example is illustrated in Fig 1. Lesions within the midbrain
tectum (n¼9) and corpus callosum (n¼7) were frequently
identified. Midbrain tectum lesions specifically involved the
inferior colliculi. Additional brainstem foci included the
ventral medulla (inferior olivary nuclei) (n¼1) and pontine
tegmentum (n¼3). Other supratentorial lesions were seen in
the putamen (n¼1) and periventricular white matter (n¼2);
the latter is depicted in Fig 2. Two cases had contrast-
enhanced MRI studies due to a history of brain abscess, and
none of the lesions attributable to MIN demonstrated
enhancement.

Only lesions in the corpus callosum exhibited restricted
diffusion with increased diffusion-weighted imaging (DWI)
signal and decreased apparent diffusion coefficient (ADC)
in. T2 hyperintense lesions involving the dentate and superior olivary
s involving the midbrain tectum and inferior colliculi (c) demonstrate
d.



Figure 2 Periventricular white matter lesions. FLAIR hyperintensities in the periventricular white matter at the time of MIN (a), which were not
present on MRI from 9-months prior (b). More characteristic lesions of MIN involving the corpus callosum (c) and dentate nuclei (d) were also
observed. Follow-up MRI was not available.
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values (Fig3). Thesixcaseswithcorpuscallosuminvolvement
all demonstrated restricted diffusion, with an average ADC
value of 509�10�6 mm2/s. In the two cases where both the
genu and splenium of the corpus callosum were involved,
both areas demonstrated restricted diffusion. The dentate
nuclei and various brainstem lesions frequently exhibited
increased signal on DWI. ADC values in these regions, how-
ever, were not decreased.

Follow-up MRI was available in four of the 10 cases,
performed at amedian time of 94 days (range 20e228 days)
after the initial MRI. In each case, follow-up imaging
showed lesion resolution.

Case A
An 8-year-old male patient with a history of small

bowel transplantation after bowel resection for
jejunaleileal atresia and intrauterine volvulus presented
with falls. Over the prior 2 weeks, the patient had several
episodes at school where he would lean to one side and
then fall down. He was referred to the Emergency
Department, where the clinical examination noted an
ataxic gait and positive Romberg sign. The initial differ-
ential diagnosis, after neurology consultation, included
mass lesion, B12 or other vitamin deficiency, or a post-
infectious cerebellar ataxia. Brain MRI was performed,
which revealed bilateral T2 hyperintense lesions in the
dentate nuclei, inferior olivary nuclei, putamen, and
corpus callosum (Electronic Supplementary Material
Fig. S1). The diagnosis of MIN was suggested. The patient
had been on prophylactic metronidazole for several years
due to transplant immunosuppression. Metronidazole was
replaced with vancomycin, and the patient’s ataxia



Figure 3 Focal lesion in the splenium of the corpus callosum. (a) On initial MRI, a focal, ovoid lesion in the splenium of the corpus callosum is
hyperintense on T2 weighted images. There is increased signal on DWI (b) with low signal on the ADC map (c). On follow-up MRI, the lesion
resolved.
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resolved during the 4-day admission. He continued to do
well, without recurrence of symptoms, during follow-up. A
repeat MRI performed 3-weeks later showed resolution of
lesions.

Case B
A 54-year-old woman with history of endocarditis and

brain abscess presented with 3 days of gait difficulty and
falls. For the past 7 months, she had been on chronic anti-
biotics to treat brain abscesses. Her truncal ataxia raised
concern for a worsening cerebral process such as infarct or
infection. BrainMRI was performed and showed bilateral T2
hyperintense dentate lesions; the diagnosis of MIN was
suggested. Lumbar puncture was performed and cerebro-
spinal fluid (CSF) studies were negative for infection.
Metronidazole was replaced with ceftriaxone, and the pa-
tient’s ataxia resolved during her 4-day admission. On
follow-up MRI, the dentate lesions had resolved, and there
was continued decrease in abscess size.
Review of literature

Nine case series published previously, dating back to
2002, describe a total of 31 cases of MIN.3,6e13 Combined
with the 10 cases reported in this case series, a total of 41
cases were reviewed. Salient patient demographic and
clinical presentation data from the largest prior series are
summarised in Table 2. Median cumulative dose of metro-
nidazole was 60 g, and the most frequent indication for
metronidazole therapy was gastrointestinal infection
(n¼23, 56%). The most frequent neurological symptoms at
presentation were ataxia (n¼20), dysarthria (n¼17), and
altered mental status (n¼11). Of the cases that had docu-
mented clinical follow-up (n¼38), symptoms resolved in
92% of patients within a median time of 12 days when
metronidazole was stopped.

In order of decreasing frequency, lesions occurred in the
dentate nuclei, midbrain, corpus callosum, periventricular
and subcortical white matter, medulla, and basal ganglia.
Dentate nucleus involvement was seen in 93% of cases. In
two of the cases,3 there was isolated involvement of the
corpus callosum. In a third case,9 lesions were identified in
the medulla and midbrain. DWI was obtained in 30 cases
(73%). True restricted diffusion was seen most frequently in
the corpus callosum (n¼14) and was observed in 78% of
corpus callosal lesions. Dentate and inferior colliculus
restricted diffusion was only described in one case series11;
the same was true for restricted diffusion in the supra-
tentorial white matter.12

Follow-up MRI was obtained in 23 of 41 (56%) cases.
Lesions resolved on all but three follow-up MRI examina-
tions. The only lesions that persisted on follow-up imaging
were lesions in the corpus callosum (n¼3). In each of those
instances, the corpus callosum lesion exhibited restricted
diffusion at presentation.
Discussion

The present study describes the largest case series of MIN
to date. The characteristics of the present series are largely
consistent with prior reports, further establishing the ex-
pected presentation and imaging findings of MIN. Most
observed cases occur in adults. In the present series, MIN
affecting a paediatric patient was reported, one of the
youngest in the literature. The presenting symptoms and
clinical course in the paediatric case are similar to what has
been described in adults. Neurological symptoms, such as
ataxia, dysarthria, or encephalopathy, present abruptly and
resolve quickly after discontinuation of metronidazole. The
amount of exposure to metronidazole prior to symptoms,
however, can vary. The pharmacological literature suggests
that the risk of neurotoxicity increases with doses >42 g.2

Although the cumulative metronidazole dose in the
cohort reviewed in this study (median ¼ 60 g) is compa-
rable to those estimates, MIN may not be dose dependent.
The range of cumulative metronidazole dose in cases at the
authors’ institutions was wide. The lowest cumulative dose
observed was 7.5 g, well short of the threshold of 42 g. Drug



Table 2
Clinical and imaging data from representative prior series.

Author Year n Age Indication Dose (g) Symptoms Dentate Medulla Pons Midbrain Cc ADC restricted
diffusion

Symptom
resolution
(days)

MRI
follow-up

Roy3 2016 4 43 Amoebic
dysentery

15.6 Ataxia, AMS x x x None - Resolved

50 Irritable bowel
syndrome

244 AMS, polyneuropathy x CC 21 Resolved

40 Irritable bowel
syndrome

1,139 Dysarthria,
polyneuropathy,
dysmetria

x CC 56 CC

69 Liver abscess 14 AMS, dysmetria x x x CC - -
Lee11 2009 8 68 Lung abscess 88 Dysarthria, ataxia,

polyneuropathy
x x Dentate, IC 15 Resolved

60 Brain abscess 120 Dysmetria x x x - 15 Resolved
64 Peritoneal abscess 100 Ataxia x x x - 15 Resolved
43 Peritoneal abscess 45 Ataxia x x x - 15 -
78 Lung abscess 80 Ataxia x x x - 8 -
76 Liver abscess 100 Dysarthria x x Dentate, IC 13 Resolved
61 Liver abscess 120 Dysmetria x x Dentate, CC 18 CC
47 Sacral ulcer 100 Dysarthria x None 15 -

Kim6 2007 7 49 Crohn’s disease 135 Dysarthria, ataxia,
polyneuropathy

x x x None 10 -

70 Brain abscess 57 Dysarthria,
polyneuropathy

x x x x - 7 Resolved

64 Intraabdominal
abscess

37.5 Dysarthria, ataxia x x x x x - 7 Resolved

54 SBP 49.5 Dysarthria, AMS x x x x x CC 5 -
71 Diabetic foot

infection
66 Dysarthria, ataxia x x x x None 4 Resolved

55 Ischemic colitis 21 Dysarthria, ataxia,
polyneuropathy

x x x x x CC 7 CC

61 Clostridium
difficile

40.5 Dysarthria, ataxia x x None 7 -

CC, corpus callosum; IC, inferior colliculi; e, data not available.

L. Patel et al. / Clinical Radiology 75 (2020) 202e208 207
toxicity may not be clinically suspected in patients taking
metronidazole for shorter than a week’s duration.
Conversely, the paediatric patient on long-term prophy-
lactic metronidazole after small bowel transplantation did
not develop MIN until reaching a cumulative dose of
approximately 1,380 g. In patients for whommetronidazole
may be considered a well-tolerated medication for chronic
disease, neurological symptoms presenting years after
initiationmight be attributed tomore recent medications or
other neurological entities. In fact, in the paediatric case, the
initial differential diagnosis included mass lesion, post-
infectious ataxia, and vitamin deficiency. MIN was not
suggested until MRI had been performed. Thus, recognising
the characteristic lesions on MRI as being secondary to MIN
is particularly important.

MIN has characteristic imaging findings. The typical
imaging presentation is bilateral hyperintense dentate nu-
cleus lesions on T2-weighted and FLAIR images. The dif-
ferential diagnosis for entities that affect the dentate
nucleus is broad, including congenital and acquired meta-
bolic syndromes, leukodystrophies, demyelination, various
toxins, and gadolinium deposition.5 Given that this finding
was seen in all patients in the authors’ case series and in
93% of reviewed cases, their presence in a patient with a
history of metronidazole therapy should strongly suggest
the diagnosis of MIN. Other patterns of lesion distribution
can also strongly suggest the diagnosis. Midbrain and
corpus callosum lesions, particularly the midbrain tectum
and splenium of the corpus callosum, are frequently
observed in MIN, and were seen in 66% and 44% of the
reviewed cases, respectively. Although the midbrain tectum
can be involved in entities such as Wernicke encephalopa-
thy, and the differential diagnosis for a splenium corpus
callosum lesion is extensive,14,15 the presence of such le-
sions in conjunction with dentate lesions is a pattern that
may be unique tometronidazole toxicity. Lesions in MIN are
not restricted to these structures. In the present case series
alone, lesions were observed in unusual locations such as
the putamen, supratentorial white matter, and genu of the
corpus callosum. Lesions in these areas have not been
described frequently, to the authors’ knowledge. In addi-
tion, lesion extent does not appear to correlate with cu-
mulative metronidazole dose.

The predilection of metronidazole for the various
involved neuroanatomical structures is unclear. Further-
more, how the lesions correlate with symptomology is also
not proven, which may explain why distinction typically is
not made between patients presenting with encephalopa-
thy or cerebellar toxicity. The dentate nuclei, via projections
from motor cortices and spinocerebellar tracts, function to
plan and execute voluntarymovement. It is conceivable that
disruption of these motor functions may be related to the
presenting symptoms of ataxia and dysarthria in MIN. A
recent report from Takada et al. observed decreased cerebral
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blood flow in the right cerebral hemisphere and bilateral
dentate and cerebral white matter lesions. The authors
hypothesised that the right cerebral hemisphere perfusion
changesmay relate to the presenting symptoms of left sided
weakness, which mimicked an acute stroke, and might be a
remote effect of left dentate nucleus toxicity from metro-
nidazole.16 The clinical consequences of lesions in the other
areas that were affected in the present cohort is also un-
certain. For example, whether basal ganglia and subcortical
whitematter lesions contribute tomotor symptoms directly
or are clinically silent is not yet known. Involvement of the
inferior olivary nuclei has rarely been reported in MIN. One
patient manifested such lesions in the present series. Prior
reports have suggested that inferior olivary nuclei lesions in
MIN may be an indirect result of disruption of cerebellar
white matter tracts such as the dentate-rubro-olivary
pathway rather than induced by metronidazole.17

The mechanism of metronidazole neurotoxicity has been
theorised to include vasogenic oedema within deep nuclei
and white matter tracts, with cytotoxic oedema affecting
the corpus callosum.6,17 Such theories are supported by the
findings and the existing literature, as the corpus callosum
was the only lesion location that consistently demonstrated
low ADC values across several studies. Although involve-
ment of the dentate nuclei and brainstemmay be related to
metronidazole’s ability to cross the bloodebrain barrier and
incite vasogenic oedema, corpus callosum involvementmay
be a downstream process. With inflammation, rising levels
of cytokines and glutamate act on cell receptors, ion pumps,
and membrane channels to allow intracellular influx of
water. As the splenium contains a high concentration of
glutamate receptors, it is a common location for cytotoxic
oedema. MIN has been mentioned as one of a spectrum of
entities that results in secondary cytotoxic lesions of the
corpus callosum.18 There does not appear to be a correlation
between persistence of corpus callosum lesions and clinical
outcome in MIN, as symptom resolutionwas observed in all
three patients in whom callosal lesions persisted.

In conclusion, MIN is a rare entity that is important for
radiologists to identify. Toxicity generally occurs in patients
with high cumulative doses of metronidazole, but can be
seen after short treatment periods, and may not be dose
dependent. Symmetric lesions in the dentate nuclei are
almost universally identified. The combination of dentate
nucleus, tectum and corpus callosum lesions, in the
appropriate clinical setting is highly suggestive of MIN. The
clinical phenotype of MIN, characterised by ataxia and
dysarthria or encephalopathy, may be due to vasogenic
oedema within the dentate nuclei. Corpus callosum lesions,
most frequently within the splenium, may be related to
cytotoxic oedema.
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