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Metronidazole-Induced Central Nervous System Toxicity:
A Systematic Review

Akira Kuriyama, MD,* Jeffrey L. Jackson, MD, MPH,{ Asako Doi, MD,# and Toru Kamiya, MDg

Objective: To assess patient and medication factors that contribute
to metronidazole toxicity.

Data Sources: We searched PUBMED from 1965 through April 7,
2011, and performed a hand search of bibliographies.

Study Selection: Case reports or case series reporting metronidazole-
induced central nervous toxicity.

Data Extraction: Two authors independently abstracted demo-
graphics, metronidazole indication, dose and duration, neurological man-
ifestations, and outcomes as well as brain imaging findings.

Data Synthesis: Among 64 patients, 48 (77%) had cerebellar dys-
function, 21 (33%) had altered mental status, and 8 (15%) had seizures.
Patients’ ages averaged 53.3 years (range, 12-87 years), and 64% were
male. The median duration of metronidazole was 54 days, although
26% had taken it less than a week and 11% had taken it less than
72 hours. Among cases with outcome data, most patients either im-
proved (n = 18 [29%]) or had complete resolution of their symptoms
with discontinuation of metronidazole (n = 41 [65%]). There was no
difference in resolution of symptom by age (P = 0.71) or sex (P = 0.34).
The patients with cerebellar dysfunction were less likely to experience
complete resolution than those with mental status changes or seizures
(relative risk, 0.67; 95% confidence interval (CI), 0.49—-0.92). Nearly all
patients (n = 55 [86%]) underwent imaging of the brain: 44 (69%) un-
derwent magnetic resonance imaging (MRI) and 12 (19%) underwent
computed tomographic studies. All patients with cerebellar dysfunction
had abnormalities on imaging: 93% (n = 39) had a cerebellar lesion,
although numerous areas in the brain were affected. On follow-up MRIs,
25 patients (83%) had complete resolution of abnormalities.
Conclusions: Metronidazole can rarely cause central nervous system
toxicity; it does not seem to be a dose- or duration-related phenomenon.
Most patients will have MRI abnormalities. Prognosis is excellent with
metronidazole cessation.

Key Words: metronidazole, adverse effects, cerebellar toxicity,
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(Clin Neuropharm 2011;34: 241-247)

M etronidazole is a S-nitroimidazole antibiotic with potent
activity against anaerobic bacteria and protozoa. The range
of its use is broad and includes trichomonal infection, amebiasis,
management of Crohn disease, hepatic encephalopathy, treat-
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ment of Helicobacter pylori infection and Clostridium difficile—
associated diarrhea. While metronidazole is fairly safe and well
tolerated, it can rarely cause serious neurological adverse events,
including peripheral neuropathy,'® cerebellar dysfunction, en-
cephalopathy, ototoxicity,” seizures, visual impairment,®'® and
altered mental status. It has been suggested that neurological
toxicity may be related to prolonged administration, high doses,
or high cumulative doses of metronidazole.'''*

We recently had an illustrative case: an 83-year-old woman
with a surgical history of choledochojejunostomy for com-
mon bile duct stone 35 years ago who was transferred to our
emergency department in shock and found to have a multilob-
ular liver abscess. She was discharged on cefoprazone but pre-
sented a month later with recurrent liver abscess. She was
subsequently discharged on ciprofloxacin (250 mg 2 times a
day) and metronidazole (500 mg 3 times a day). After 2 days,
she began to experience difficulty in speaking and dysarthria.
Over the next couple of weeks, she developed an unsteady gait
and bilateral lower extremity paresthesia and by day 14, she was
unable to stand or walk. A magnetic resonance image (MRI)
demonstrated lesions in the splenium of corpus callosum
(Fig. 1), felt to be metronidazole-induced cerebellar toxicity,
and metronidazole was discontinued. She experienced gradual
but complete resolution of symptoms by day 20 and a follow-
up MRI of the brain 28 days after discharge revealed complete
resolution of the previous abnormalities (Fig. 2).

Our review of the literature revealed several case reports
but no distillation of the literature and uncertainty about the
role of dose or duration and the course and outcome of metro-
nidazole toxicity. The purpose of this study was to perform a
systematic review to synthesize the literature on this unusual
adverse event.

MATERIALS AND METHODS

Data Sources and Searches

We searched PUBMED using several search strategies: (1)
(metronidazole or flagyl) AND (seizures [meSH heading {MH}]
or encephalitis or neurotoxicity syndromes [mh] or ataxia [mh]
or confusion [mh] or cerebellar diseases [mh] or cerebellar
dysfunction or dysmetria or delirium [mh]); (2) metronida-
zole AND (case reports [publication type {ptyp}] AND brain
diseases/*chemically induced [mh]); and (3) case reports [ptyp]
AND metronidazole/*adverse effects, from 1966 to March 2011.

Study Selection

We included all articles that reported cases of metronidazole-
induced central nervous system toxicity. We excluded non-
English or Japanese articles and those focusing on peripheral
neuropathy.

Data Extraction and Quality Assessment

From each article, we abstracted demographics (age, sex,
and ethnicity), exposure history (dose and duration), and specific
toxicity. The accumulative doses were estimated by multiplying
the daily dose by the medication duration. We also abstracted data
regarding symptom outcome, including how much improvement
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FIGURE 1. Admission MRI.

occurred and length of time after cessation of metronidazole for
symptoms to resolve. Finally, we abstracted information reported
regarding MRI findings.

Data Synthesis and Analysis

Our process yielded patient-level data. We provided de-
scriptive statistics (means, medians, and proportions) for all data
abstracted. We compared continuous variables between different
groups using either analysis of variance or the Kruskal-Wallis
test, depending on the underlying distribution. Categorical vari-
ables were compared using the x? test.

RESULTS

The literature search yielded 261 unique articles. Hand re-
view of the bibliographies of these yielded 5 additional articles.
Review of these 266 articles yielded 46 English and Japanese
articles that reported 64 cases of metronidazole-induced cen-
tral nervous system toxicity (Table 1).2%%1172123% Reasons
for exclusion are given in Figure 3. Of the 64 cases, 23 (35%)
were from the United States,!!-13-15.19-21.23.24.26.31,32.36.39.40.42,
45.5052.53 19 (30%) were from Korea,”'"33384% 3 were from
India®®>** and Japan,33’49 2 each were from Australia,>”*’
Canada,** and the United Kingdom,27’5 ' and single cases were
from Belgium,8 Chile,? Germany,46 Israel,'® the Netherlands,?®
Nigeria,*! Taiwan,>*' Tunisia,*>*' and Turkey.'® The first case
report appeared in 1977%%; 37 (59%) of the reports have occurred
since 2004. The mean age of affected patients was 53.4 years
(95% confidence interval [CI]: 48.8-57.9). The patients ranged

FIGURE 2. Follow-up MRI.
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in age from 12 to 87 years, with the peak occurring in the fifth
and sixth decades. Forty-one (64%) of the patients were male.
The most common indication for metronidazole treatment was
abscess (n =29 [48%)]), followed by inflammatory bowel disease
(n =7 [12%]), C. difficile (n = 5 [8%)]), and cellulitis (n = 4
[7%]). The mean duration of metronidazole treatment was
54 days (95% CI, 21.2-87.9), although 26% of the patients
had taken the drug for less than a week and 11% had taken it
for less than 3 days. The average daily dose was 719 mg (range,
250-2000 mg), and the average cumulative dose of metronida-
zole was 93.4 g (range, 0.25-1095 g).

Types of Metronidazole-Induced Central
Nervous System Toxicity

Of the 64 patients, 48 (75%) had cerebellar dysfunction,
21 (33%) had altered mental status, and 8 (13%) had seizures;
11 (17%) patients had both cerebellar dysfunction and altered
mental status. One case each had cerebellar dysfunction and
seizures; one had all 3 manifestations. Among the 48 patients
with cerebellar dysfunction, dysarthria (n =32 [66%]) and ataxia
(n = 27 [56%]) were common; 16 (33%) had dysmetria and
4 (8%) nystagmus.

Among the patients with cerebellar dysfunction, 34 (71%)
were male. The average age was 53 years, and the patients
had been on metronidazole for a median of 30 days (range,
2-730 days). The patients with acute mental status changes
were younger, 43 years of age, and 13 (65%) were male. The
median duration of treatment was 15 days (range, 1-90 days).

© 2011 Lippincott Williams & Wilkins

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Metronidazole-Induced CNS Toxicity

Clinical Neuropharmacology * Volume 34, Number 6, November/December 2011

(23vd 1x2u 1O panu1u0)))

[INDEEN SOx. uonounysAp Ie[[qaIs)) 0'+8 96 sse0sqe juspnind [eurwopqy W yL 1£VSN ‘€00T ‘Aouesy
a3ueyo sSNIE)s [BUOW ANOY
PIAJOSY SA uonounysAp Ie[[2qara) S1e 14 B[Sy [euy W IS ocBISTUNL ‘£00T ‘TUewIWe ]
POAJOSY ON aInzieg 9°¢e 91 §8995q€ I9A JIqaWy W 9¢ ¢ VSN ‘7861 ‘uelo[eH
a3ueyo sNJe)s [BUOW ANOY
PAAJOSOY ON uonoUNYSAp Ie[[9qaI0) 0°00C ¥8 $S90SqE JOAI[ JIqoUTy W 0S «Z%IPUI “€00T ‘erdnn
2INzZI1eg
95uBYd SNJEJS [RIUSL QINOY SHI[OAWO03)SO ozSPUBLIOUION
para SR uonounysAp Ie[2qera) 0Cel 0L Jo punom si3vyf g qd 8¢ ‘010Z ‘Joyrooin
POAJOSY SR uonounysAp Ie[[2qora) ¥'C6 LL UONIJUI punom qor3y W 19 120 ‘600T ‘seaeID
PIAJOSOY ON 93ueyo snIe)s [eUOW AYNOY STS L SPUOWLOYOLL] q 61 0zVSN ‘LL6T ‘TUTUUEID
pasoxdury SOR uonounysAp Ie[[oqaIo) SN SN Aypedoreydoous onedoy W 09 ZPIUD 600T ‘ZoA[eD
[OBWO)S A} JO BUWIOUIOIBD
NN ON aInziog S S O11ISLIOW J0J JOZNISUOS 1 S
BUIOUIOIED [)031 JO SISEISLIow
PIAJOSOY ON 2INZ19§ w L Areuowynd pue onedoy i SL
BUWIOUIOIBD
PAAJOSOY ON 2INZ19S SN S onearoued sjqeredouy q LL »2VSN ‘8L6T eIAL
Aypedoreydoous
pasroxdug SOX. uonoUNYSAp Ie[[9qaI0) S'L S oneday + spruoIIeg W 0S zVSN ‘5007 ‘njekepeudoq
Aymoe Tensia paredw];  sox uonouUNSAp Ie[[0qaIa) 0111 0€L STITOD QATIRION W 0z LQUNISRE ‘00T “IM0d[d o
PoAJOSOY ON 93ueyo sSNJE)s [BUOW ANOY S0 1 SPUOUIOYDLA] q 1T VSN ‘6L61 Ioureq
SN SA uondurysAp Ie[2qaIe) SN L 9SBasIp UfoI) qd Sl 1zVSN ‘0107 ‘1o4z1eyD
PIAJOSY SA uonounysAp Ie[[oqore) SN SN 9SBISIp UYoI) W Ll 02VSN TO0T T9D
PIAJOSY SA uonounysAp Ie[2qord) S601 0¢L SO0 SNOUdSE[[0) W 99 21VSN ‘1107 ‘S1oquanog
oSueyd snyejs [eyuaw ANOY
PIAJOSIY Sox uondunysAp Ie2qaIe) SN vl SOI0d 1fip D N LT 61 VSN “L00T “Dsmoxuog
POAJOSY ON sInzieg 81 1! SII[0d 27121ffip D qd L8 41 [9BIS 000T “A3sesoojog
oSueyd smyejs [eyuaw ANOY
PIA[OSIY ON uondurysAp Ie2qaIe) 14 4 SHIUOILId W Cl »1 VSN ‘€861 sarreq
PoAJOSOY SOx. uonoUNISAp IB[[9qaI0)) 0oy 0C SSQ0sqe urelg W 4S 18910 010T ‘uyed
PIAJOSY SR uonounysAp Ie[2qera) SN 4 SO qd 8¢ o AL, “T00T MY
93ueyo sne)s [eusW ANOY ss00sqE o1Ajed
POAJOSY ON uondUNSAp 1e[[2qo1) §'se 81 SHISDAY $9p10421oDG qd 0T 11VSN ‘€861 Za1eATY
oSueyd snyess [eyuaw ANOY
POAJOSY SOA uonounysAp Ie[[2qora) 33 0¢ ROULIBIP s1uui0Y SSAO0ISv]g d 9% VSN ‘661 Py
wodnQ uoq UONB)SIPIUBIA (swean) asoq (s&eq@) 9[0ZePIUOIIIA pelN By Anuno) “Ieax “royny
[ed130[0andN TN [Bd130[01N3N dAnewn) J[0ZBPIU0.IIA 10} uonedpuy

Jo uopean(q

AdIx0] 9]0zepiuoid|A jo spoday ased ‘L 31dvL

www.clinicalneuropharm.com | 243

© 2011 Lippincott Williams & Wilkins

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Clinical Neuropharmacology * Volume 34, Number 6, November/December 2011

Kuriyama et al

PIAJOSOY ON oSueyd snye)s [euol 9JNOY SL'O I SSOOSQE JOAI] O1qOUTY W SS BIPUIL “000T ‘18eyioy
SDI[OAW0)SO Je[nqrpuewt
PIA[OSTY SAA uondurysAp Ie2qaI0) 008 [44 + SS30sqe [ejuswqng W €9 VSN ‘800T ‘1ed
PaAjosaY ON oSueyd snye)s [ejuow NIy 9°¢ ¢ SSOISQE JOAI[ OIqOUTY W 8P [»BHOBIN “L661 ‘0sojow()
PIA[OSTY SoX uondurysAp Ie[[2qaIe) S'LE 33 STN[EAW03)SO W 49 0r VSN ‘010T “BSOON
PaAJosaY ON o3ueyo SNIE)S [B)USU AINOY 0¢ C apoUffip D W SL 6 VSN €00T ‘TYBN
pasoxduy SOA uonounJsAp Ie[[aqa1e) St 0€ SSOISQE. [BAUOIIA] W I
pasoxduy SOX uonoUNISAp IB[[9qoI0)) 0021 09 $S90sqe urerg W 09
pasaoxdug SOX uonoUNJSAp IB[[0qaId) 88 v ssoosqe Jun W 89
pasoxduy SOA uonounysAp Ie[[oqaia) 001 0S SSOISQE. [BAUOIIA] q ¥9
pasoxduy SOX uonOUNISAp IB[[9qoI10)) 08 oy ssoosqe Jun q 8L
pasoxdug SOk uonouNysAp Ie[[9qaIo) 001 0S SSO0SQE JOAI] a1 9L
pasoxduy SOk uonouNJsAp Ie[[oqare) 021 09 SSOISQE JOAIT] W 19
pasoxduy SR uonOUNJSAp IB[[9qI10)) 001 0S 190N SNIqNId(J W Ly 4¢BOT03 ‘600T 99T
PIAJOSOY ON uonounysAp Ie[[9qaIo) 01¢ y1 SSOOSQE JOAI] O1qOUTY W 0€ LcBIENSOY P61 ‘PIojme]
o3ueyO SMIEIS [E)USL JINOY SSQOSQE [eUNISRIPIW
PIAJOSY ON uondurysAp Ie2qaIe) 018 8¢ Touojue sy15n4f g q Sy 0e VSN ‘0861 ‘Twunsny
(ueder ‘1107 ‘eweAumny|)
PaAOSY SO uonoUNISAp IB[[9qoI0)) 0¢ z SSQ0SqR JOAI] avtuounaud Y Kl €8 Aprys sy,
pasoxduy SOk uonounysAp Ie[[oqare) 0'€e w $S00SqE Urelq W 0L
pasoxduy SOk uonouNJsAp Ie[[oqare) 0'8L 49 OSBASIP UYOID) W 67
pasoxduy SOX uonounysAp Ie[[oqere) 09¢ $T SI[0O SNOUBIqUISWIOPNOSJ q 19
poaoxduy SOk uonouNysAp JIe[[oqare) $'ST Ll 100} INA W 1L
pasoxduy SOk uonouNJsAp Ie[[oqa1a) S91 11 SPI[0D JTWAYOS] W SS
pasoxduy SOx uonounysAp Ie[[oqere) §'ST L1 $SO0SqE [EUTIOPQE-EIU] W $9
oSueyd snmye)s [ejuall N0V spiuoyad
pasoxduy SOk uonounJsAp Ie[[oqaie) ST S1 [e119)9eq snoauejuodg W ¥S SBRI03 °L00T ‘W
9)e1S 9ATIRIOTOA SO o3ueyo smye)s [ejuow ANOY SN 9 spISue[oyd JNOY W 9%
asn JIuoIYd
uonrugoo pareduwy SOx oSueypd snyes [eIuow N0y + 9SOp [ensn Sow} ¢ SN JIUOIYD + 9 OSBOSIP UYOID) W 1€ BRIOY “H00T ‘W
PIA[OSTY SAA uonounysAp Ie[[2qaI0) 0CL 09 SS93SQE I9AI] dlqauly W 194 +¢BIPUL “010T ‘Brey]
paAjosay SOk uonourysAp Ie[[aqaie) 099 99 Lojdd d S ccueder “p00g ‘o
o3ueyd Ssmye)s eIUSW AINOY BIwoIo)OEq
poAjosay SOk uonouNysAp 1e[[2qo1) 0°SL 0 + smSuruow sS04 g W 14 2eVSN ‘000 ‘UelIOH
awoynQ uo(q UONB)SPTURIA (swreany) aso(q (she@) J[0ZEPIUOIPA beNN gy Anuno) ‘redx ‘royny
[ed130[0INAN A [ed2130[0.naN JApeWN) 9[0ZEPIUO.IIA 10} uonedpuUf

Jo uopeanQq

(ponunuod) *| I19VL

© 2011 Lippincott Williams & Wilkins

244 | www.clinicalneuropharm.com

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Clinical Neuropharmacology * Volume 34, Number 6, November/December 2011

Metronidazole-Induced CNS Toxicity

=]
p
= 9 Lol R I =] =]
o O O O O © o O (5]
2 2 222 86 =22 2
S © S o o = S [}
wv mmm% v w0
o O o 0O O = o O Q
[~ XM M [~2
[
Z
o 0 ] o 0
s ZZZ > X Z
[P N) [P)
28 29
== By g S8
S o S0 5 o S & © o
£E 5285 £%€ 33
= 22 & 2222
&8 H§g§2E& E2£8%
< % % > o
22 =—=%5 £25- =
LSNRS) ggﬁ-c -c-cgg
58 8 C &8 &8 5 5 o g
= = EE== =92 € &
228,028 22 ¢0y¢
3
SO RNSEZ L 2233
O Oy © O O O O © O ©
VOO0 wnn<C<COOU 00U <<
o o coano oo n
v O <t n >~ O v \O Z
o O on N o~ <
-
v o N NS O ® =
N B A& ©®© >N
B >
= <
B g
@ s 32 g 9
5] QO w0 < <
3 » (72 Y = <
1] a) 7] fle] a,
2 9] < S <
e o = 0 22} Q
= z 28z 3 2
=, ® B&£L° 309 o
g = = = © 8 Q
Bl 0 =& 2 2 1
Es 2z <=g828 £
S o 2 s, wES2 2 a, O
= O ooem = 8D O v B
Qo = O 2R o B O 3
< S Qx w2585 29 &
12 g5FeE5:2 s
E 2 2532 E8a% §
EMm A<y <& &
2 O Z2REER ZE K
ISENS o~ oo v
~ © N>~ O wn ©
o
<
>
=
< 9 g5
R P
< o
g DO E% &% g
o
< (\fl\ss 'EB <
© 0 D < M -3 “
o = =) DR v = =)
PN — ™ < S - -
S HERS = L
- £2—9 g5 2
z Z58d 8o o
s G0 O O < < =
n N AN NN = H =

© 2011 Lippincott Williams & Wilkins

Resolved

No

Seizure

18.5

12
28

C. difficile

F

M
M

43
74
62

Wienbren, 1985, UK>!

Resolved

Yes

Cerebellar dysfunction
Cerebellar dysfunction

42.0

Intra-abdominal abscesses

Epidural abscess

Woodruff, 2002, USA>?

Resolved

Yes

60.0

30

NS indicates Not stated.

PUBMED: 261 studies
Hand Review: 6 studies

Animal study n=9
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rrrrrrdd

Review of metronidazole use n=50
A

46 studies included
FIGURE 3. Flow of article selection.

Among the patients with seizures, the average age was 65, most
(n=6[75%]) were women, and the median duration of treatment
was 12 days (range, 5-70 days).

Among the 64 cases, 59 provided outcome data. Most of
the patients either improved (n = 18 [29%]) or had complete
resolution of their symptoms with discontinuation of metronida-
zole (n = 41 [65%]). One patient died from an unrelated cause
and 2 (3%) experienced permanent cognition impairment. There
was no difference in the resolution of symptom by age (P = 0.71)
or sex (P = 0.34). The patients with cerebellar dysfunction were
less likely to experience complete resolution than those with
mental status changes or seizures (RR, 0.67; 95% CI, 0.49-0.92).

Brain Imaging Findings

Nearly all patients (n =55 [86%]) underwent brain imaging:
44 (69%) underwent MRI examinations, and 12 (19%) under-
went computed tomographic studies (one underwent both).
Subjects with cerebellar dysfunction commonly had an MRI
(n = 42 [88%]) while patients presenting with seizures under-
went computed tomographic examinations (n = 6 [67%]).

All but one patient with cerebellar dysfunction who un-
derwent imaging had an abnormality. Nearly all had cerebellar
lesions (n = 39 [93%]), with the cerebellar dentate nuclei in-
volved in most patients (n = 34 [81%]; Table 2). The corpus
callosum, midbrain, pons, or medulla were involved in 26%
to 40% of the patients with cerebellar dysfunction (Table 2).
Among the 9 patients with altered mental status, most had cer-
ebellar dentate lesions (89%). Of these 9 patients, only 2 had
altered mental status as their only neurological manifestation,
and both had lesions in the cerebellar dentate nuclei and sub-
cortical white matter.

Among the 44 patients who underwent brain MRI,
30 patients had a second brain MRI, performed 3 days to
3 months after cessation of metronidazole. Twenty-five (83%)
had resolution of MRI abnormalities. Five patients had incom-
plete resolution of lesions or new changes.?8-2%3141.43 There was
poor correlation between symptom outcome and MRIs. The
MRI abnormalities resolved even when the symptoms persisted,
and improvement of symptoms preceded or followed changes in
MRI findings.

DISCUSSION
Metronidazole-induced central nervous system toxicity is a
serious but uncommon event. In this case series, metronidazole
toxicity occurred in both men and women and in adults of any
age. Although previous literature has suggested that toxicity is
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TABLE 2. Lesion Distribution on Imaging

Cerebellar Altered
Dysfunction = Mental Status

Lesions (m=43),n (%) (m=9),n (%)

Cerebellum 40 (93) 9 (100)
Dentate nuclei 34 (81) 6 (67)
Cerebellar deep gray 1(2) 1(11)

matter nuclei
Cerebellar peduncles 1(2) 1(11)
Cerebellar hemispheres 1(2) 1(11)
surrounding the fourth
ventricle
Posterior margin of the 1(2)
fourth ventricle in cerebellar
parenchyma
Below, behind, and lateral to 1(2) 1 (1D
the fourth ventricle
Periaqueductal region 1(2) 1(11)

Corpus Callosum 15 (36) 3(33)

Midbrain 17 (40) 2(22)
Inferior colliculus 7(17)

Tectum 5(12)

Tegmentum 5(12) 1(11)
Red nucleus 4 (10) 1 (11)
Substantia nigra 2(5) 1(11)

Pons 14 (33) 3(33)
Vestibular nucleus 6 (14) 1 (1D
Superior olivary nucleus 6 (14) 1(11)
Abducens nucleus 4 (10) 1(11)
Dorsal pons 4 (10) 1(11)

Medulla 11 (26) 3(33)
Dorsal medulla 5(12) 1(11)
Lower medulla 1(2)

Inferior olivary nuclei 3(7)

Basal Ganglia 2(5) 1(11)

Putamen 1(2)

Caudate 1(2)

Globus pallidus 1(2)

Inferior basal ganglia lateral to 1(2) 1 (1D
the hypothalamus

Thalami 1(2)

Cerebral White Matter 6 (14) 5 (56)
Subcortical white matter 3(7) 4 (44)
Trigone periventricular 1(2)

white matter
Anterior commissure 1(2)
Centrum semiovale 1(2) 1(11)

Detail concerning “the bulbar region” mentioned by Hammani et al
was missing and was not included in the table.

more common with higher doses or longer duration of therapy,
we found that it occurs even with low doses or short exposure
durations. There are 3 common patterns of toxicity: cerebellar
dysfunction, mental status changes, and seizures. A smaller pro-
portion of patients had more than one manifestation. Abnormali-
ties in MRI are common, with cerebellar dentate lesions present
in most images. The prognosis with cessation of metronidazole is
good, with most of the patients improving or experiencing com-
plete resolution of symptoms. Whereas most MRI findings will

246 | www.clinicalneuropharm.com

improve or resolve over time, there is only poor correlation be-
tween MRI resolution and symptom outcomes. A second MRI
imaging is not required for patients who experience improve-
ment in their symptoms.

The mechanism of metronidazole-induced central nervous
system toxicity is uncertain. Proposed causes include binding of
metronidazole to neural RNA to inhibit protein synthesis, modu-
lation of inhibitory neurotransmitters y-aminobutyric acid recep-
tor within the cerebellar and vestibular, reversible mitochondrial
dysfunction, and vasogenic and cytotoxic edema. Previous case
reports have demonstrated evidence of vasogenic or cytotoxic
edema on MRI, suggesting either as a potential mechanism of
neurotoxicity. At least one case report suggests having found
evidence of both vasogenic and cytotoxic edema occurring in
different parts of the brain.

Primary treatment of metronidazole-induced central nervous
system toxicity is drug cessation and supportive care. Diazepam
was found to reduce the time to recover the debilitating signs of
dogs with metronidazole toxicosis compared with supportive
care alone. However, there are no reports on using diazepam in
treating metronidazole-induced central nervous system toxicity
in human beings.

CONCLUSIONS

Metronidazole-induced central nervous system toxicity is
uncommon but can present as cerebellar dysfunction, altered
mental status, or seizures. There does not seem to be an asso-
ciation between duration or dose of metronidazole and toxicity;
small amounts of metronidazole can induce neurotoxicity. The
underlying pathophysiology is uncertain, although some have
argued for cytotoxic or vasogenic edema. Treatment is cessation
of metronidazole and supportive care. Although prognosis is gen-
erally good, some subjects wind up with permanent disability.
When T2-weighted fluid attenuated inversion recovery MRIs of
the brain are obtained, abnormalities are common—present in
93% of subjects; cerebellar dentate nuclei lesions are the most
frequent abnormality seen. Repeated MRIs generally show im-
provement or complete resolution of abnormalities.

REFERENCE

1. Boyce EG, Cookson ET, Bond WS. Persistent metronidazole-induced
peripheral neuropathy. DICP 1990;24(1):19-21.

2. Tan CH, Chen YF, Chen CC, et al. Painful neuropathy due to
skin denervation after metronidazole-induced neurotoxicity.
J Neurol Neurosurg Psychiatry 2011;82(4):462—465.

3. Coxon A, Pallis CA. Metronidazole neuropathy. J Neurol Neurosurg
Psychiatry 1976;39(4):403-405.

4. Duffy LF, Daum F, Fisher SE, et al. Peripheral neuropathy in Crohn’s
disease patients treated with metronidazole. Gastroenterology
1985;88(3):681-684.

5. Stahlberg D, Barany F, Einarsson K, et al. Neurophysiologic
studies of patients with Crohn’s disease on long-term treatment with
metronidazole. Scand J Gastroenterol 1991;26(2):219-224.

6. Takeuchi H, Yamada A, Touge T, et al. Metronidazole neuropathy:
a case report. Jpn J Psychiatry Neurol 1988;42(2):291-295.

7. Igbal SM, Murthy JG, Banerjee PK, et al. Metronidazole
ototoxicity—report of two cases. J Laryngol Otol 1999;113(4):355-357.

8. De Bleecker JL, Leroy BP, Meire VI. Reversible visual deficit
and Corpus callosum lesions due to metronidazole toxicity.
Eur Neurol 2005;53(2):93-95.

9. Kim E, Na DG, Kim EY, et al. MR imaging of metronidazole-induced
encephalopathy: lesion distribution and diffusion-weighted imaging
findings. AJNR Am J Neuroradiol 2007;28(9):1652—-1658.

© 2011 Lippincott Williams & Wilkins

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Clinical Neuropharmacology * Volume 34, Number 6, November/December 2011

Metronidazole-Induced CNS Toxicity

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

McGrath NM, Kent-Smith B, Sharp DM. Reversible optic
neuropathy due to metronidazole. Clin Experiment Ophthalmol
2007;35(6):585-586.

. Alvarez RS, Richardson DA, Bent AE, et al. Central nervous

system toxicity related to prolonged metronidazole therapy.
Am J Obstet Gynecol 1983;145(5):640—-641.

. Bottenberg MM, Hegge KA, Eastman DK, et al. Metronidazole-induced

encephalopathy: a case report and review of the literature.
J Clin Pharmacol 2011;51(1):112-116.

. Halloran TJ. Convulsions associated with high cumulative doses

of metronidazole. Drug Intell Clin Pharm 1982;16(5):409.

. Bailes J, Willis J, Priebe C, et al. Encephalopathy with metronidazole

in a child. Am J Dis Child 1983;137(3):290-291.

. Ahmed A, Loes DJ, Bressler EL. Reversible magnetic resonance

imaging findings in metronidazole-induced encephalopathy.
Neurology 1995;45(3 Pt 1):588-589.

. Arik N, Cengiz N, Bilge A. Metronidazole-induced encephalopathy

in a uremic patient: a case report. Nephron 2001;89(1):108-109.

. Bahn Y, Kim E, Park C, et al. Metronidazole induced encephalopathy

in a patient with brain abscess. J Korean Neurosurg Soc
2010;48(3):301-304.

. Beloosesky Y, Grosman B, Marmelstein V, et al. Convulsions

induced by metronidazole treatment for Clostridium difficile—associated
disease in chronic renal failure. Am J Med Sci 2000;319(5):338-339.

. Bonkowsky JL, Sondrup C, Benedict SL. Acute reversible cerebellar

lesions associated with metronidazole therapy. Neurology
2007,68(3):180.

Cecil KM, Halsted MJ, Schapiro M, et al. Reversible MR imaging
and MR spectroscopy abnormalities in association with metronidazole
therapy. J Comput Assist Tomogr 2002;26(6):948-951.

Chatzkel JA, Vossough A. Metronidazole-induced cerebellar toxicity.
Pediatr Radiol 2010;40(8):1453.

Dainer MJ. Untoward reaction to Flagyl (metronidazole).
Am J Obstet Gynecol 1979;133(8):939-940.

Deenadayalu VP, Orinion EJ, Chalasani NP, et al. Abnormal enhancing
lesion of dentate nuclei causing neurologic symptoms induced by
metronidazole toxicity. Clin Gastroenterol Hepatol 2005;3(3):xxix.

Frytak S, Moertel CH, Childs DS. Neurologic toxicity associated

with high-dose metronidazole therapy. Ann Intern Med
1978;88(3):361-362.

Galvez M, Brahm J, Miranda M. Movement disorders as a manifestation
of metronidazole-induced encephalopathy in a patient with chronic
liver disease. Mov Disord 2009;24(12):1864—1866.

Giannini AJ. Side effects of metronidazole. Am J Psychiatry
1977;134(3):329-330.

Graves TD, Condon M, Loucaidou M, et al. Reversible
metronidazole-induced cerebellar toxicity in a multiple transplant
recipient. J Neurol Sci 2009;285(1-2):238-240.

Groothoff MV, Hofmeijer J, Sikma MA, et al. Irreversible
encephalopathy after treatment with high-dose intravenous
metronidazole. Clin Ther 2010;32(1):60—-64.

Gupta AK, Agarwal MP, Avasthi R, et al. Metronidazole-induced
neurotoxicity. J Assoc Physicians India 2003;51:617-618.

Hammami N, Drissi C, Sebai R, et al. Reversible metronidazole-induced
encephalopathy. J Neuroradiol 2007;34(2):133-136.

Heaney CJ, Campeau NG, Lindell EP. MR imaging and
diffusion-weighted imaging changes in metronidazole (Flagyl)-induced
cerebellar toxicity. A/NR Am J Neuroradiol 2003;24(8):1615-1617.

Horlen CK, Seifert CF, Malouf CS. Toxic metronidazole-induced
MRI changes. Ann Pharmacother 2000;34(11):1273-1275.

© 2011 Lippincott Williams & Wilkins

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

53.

54.

Ito H, Maruyama M, Ogura N, et al. Reversible cerebellar
lesions induced by metronidazole therapy for helicobacter pylori.
J Neuroimaging 2004;14(4):369-371.

Kalia V, Vibhuti, Saggar K. Case report: MRI of the brain in
metronidazole toxicity. Indian J Radiol Imaging 2010;20(3):
195-197.

. Kim DW, Park JM, Yoon BW, et al. Metronidazole-induced

encephalopathy. J Neurol Sci 2004;224(1-2):107-111.

Kusumi RK, Plouffe JE, Wyatt RH, et al. Central nervous system
toxicity associated with metronidazole therapy. Ann Intern Med
1980;93(1):59-60.

Lawford R, Sorrell TC. Amebic abscess of the spleen complicated
by metronidazole-induced neurotoxicity: case report.
Clin Infect Dis 1994;19(2):346-348.

Lee SS, Cha SH, Lee SY, et al. Reversible inferior colliculus

lesion in metronidazole-induced encephalopathy: magnetic resonance
findings on diffusion-weighted and fluid attenuated inversion
recovery imaging. J Comput Assist Tomogr 2009;33(2):305-308.

Mahl TC, Ummadi S. Metronidazole and mental confusion.
J Clin Gastroenterol 2003;36(4):373-374.

Moosa AN, Perkins D. Neurological picture. MRI of metronidazole
induced cerebellar ataxia. J Neurol Neurosurg Psychiatry
2010;81(7):754-755.

Omotoso AB, Opadijo OG. Acute encephalopathy associated
with metronidazole therapy. Afi-J Med Med Sci 1997;26(1-2):97-98.

Patel K, Green-Hopkins I, Lu S, et al. Cerebellar ataxia following
prolonged use of metronidazole: case report and literature review.
Int J Infect Dis 2008;12(6):e111-e114.

Rohatgi A, Monga R, Goyal D. Metronidazole induced acute
confusional agitated state. J Assoc Physicians India 2000;48(2):261.

Sarna JR, Brownell AK, Furtado S. Cases: reversible cerebellar
syndrome caused by metronidazole. CMAJ 2009;181(9):611-613.

Schentag JJ, Ziemniak JA, Greco JM, et al. Mental confusion in
a patient treated with metronidazole—a concentration-related effect?
Pharmacotherapy 1982;2(6):384-387.

Schreiber W, Spernal J. Metronidazole-induced psychotic disorder.
Am J Psychiatry 1997;154(8):1170-1171.

Scott SD, Wilkinson TJ, Henschke PJ. Central and peripheral
neurotoxicity from metronidazole, case report. Aust J Hosp Pharm
1994;24(4):325-327.

Seok JI, Yi H, Song YM, et al. Metronidazole-induced
encephalopathy and inferior olivary hypertrophy: lesion analysis
with diffusion-weighted imaging and apparent diffusion coefficient
maps. Arch Neurol 2003;60(12):1796-1800.

Takase K, Santa Y, Ohta S, et al. [MRI and SPECT findings in a
case of metronidazole-induced reversible acute cerebellar ataxia].
Rinsho Shinkeigaku 2005;45(5):386-389.

Uhl MD, Riely CA. Metronidazole in treating portosystemic
encephalopathy. Ann Intern Med 1996;124(4):455.

Wienbren M, Perinpanayagam RM, Camba L, et al. Convulsions and
encephalopathy in a patient with leukemia after treatment with
metronidazole. J Clin Pathol 1985;38(9):1076.

. Woodruff BK, Wijdicks EF, Marshall WE. Reversible

metronidazole-induced lesions of the cerebellar dentate nuclei.
N Engl J Med 2002;346(1):68—69.

Dainer MJ. Untoward reaction to Flagyl (metronidazole).
Am J Obstet Gynecol 1979;133(8):939-940.

Gupta BS, Baldwa S, Verma S, et al. Metronidazole induced
neuropathy. Neurol India 2000;48(2):192—193.

www.clinicalneuropharm.com | 247

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



