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Abstract

improvement of his symptoms and signs.

Background: Metronidazole, a common antimicrobial agent, can induce encephalopathy in rare cases. After
discontinuing metronidazole, most patients show clinical improvement. However, in the face of deteriorating
conditions, there have done not to have reports of effective drug treatment.

Case presentation: A 57-year-old man was admitted to our hospital due to dysarthria and ataxic gait after
taking metronidazole at the dose of about 32 g for 20 days. Neurological examination showed that his upward
and outward movements of bilateral eyeballs were limited, and horizontal and vertical nystagmus were noted. The
brain magnetic resonance imaging showed hyper-intensities in the bilateral cerebellar dentate nuclei, medulla
oblongata, midbrain and red nuclei in T2W and FLAIR images. However, the patient’s clinical symptoms worsened
after drug cessation. High-dose intravenous methylprednisolone pulse therapy was applied, and this led to a drastic

Conclusions: In our case, we suggest that early methylprednisolone intervention can prevent the progression of
metronidazole-induced encephalopathy and accelerate neurological recovery. We infer that the progression of
encephalopathy is related to the delayed toxicity caused by high dose or concentration of metronidazole.
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Background

Metronidazole is a derivative of nitroimidazoles and is
widely used as an antimicrobial agent to treat amebiasis,
Helicobacter pylori and other anaerobic infections. In
rare cases, metronidazole may produce neurotoxicity.
Metronidazole-induced encephalopathy (MIE) is an ex-
tremely rare disease caused by fatal adverse reactions to
metronidazole. Most MIE cases are reversible following
discontinuation, but some are fatal [1, 2]. So far, there
have been no reports on effective treatment to address
the deteriorating condition after metronidazole intake.
Here, we report for the first time, a 57-year-old man
with MIE whose neurological symptoms were success-
fully treated with methylprednisolone with complete re-
mission of symptoms.
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Case presentation

A 57-year-old man was admitted to our hospital after
displaying symptoms of dysarthria and ataxic gait for 2
days. The patient was prescribed oral metronidazole
(400 mg four times a day) and levofloxacin (200 mg
twice a day) for 20 days due to nasosinusitis. No other
drugs were prescribed or used by the patient in the 20
days before admission to our hospital. He had hyperten-
sion, type 2 diabetes, and chronic nephritis, but no his-
tory of alcohol abuse. He did not take any other
medications, such as chemotherapy or antiepileptic
drugs. During diagnosis, neurological examination
showed that the upward and outward movements of bi-
lateral eyeballs were limited, and horizontal and vertical
nystagmus were observed. The muscular tension of his
four limbs was weak, tendon reflex (+), meningeal irrita-
tion sign (-), bilateral Babinski sign (+), the deep and
superficial sensibility of the limbs were normal, and bi-
lateral finger-nose test and heel-knee-tibia test could not
be completed. Laboratory findings showed that Aspartate
aminotransferase (AST) 58 U/L, serum alanine amino-
transferase (ALT) was 61 U/L, total protein was 62.86 g/L,
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y-glutamyltransferase (GGT) was 107 U/L, uric acid was
157.5 umol/L, glutamic acid dehydrogenase was 8 g/L,
sugar level was 6.66 mmol/L, and potassium level was
3.08 mmol/L. Lumbar puncture revealed that the level of
protein in cerebrospinal fluid (CSF) was increased to 893
mg/L, but other CSF test results were normal. The brain
magnetic resonance imaging (MRI), performed 20 days
after initiation of metronidazole, showed hyper-intensities
in the bilateral cerebellar dentate nuclei, medulla oblon-
gata, midbrain, red nuclei and corpus callosum on T2
FLAIR images. In addition, hyperintense lesions were ob-
served in the corresponding areas of the corpus callosum
on DWI images. In the present case, there were no other
white matter abnormalities on MRI. (Fig. 1a-j).

The offending drug was discontinued immediately, but
on the 3rd day of in-hospital stay, he was unable to
stand or walk. Also, the patient showed signs of confu-
sion. We administered high-dose of intravenous methyl-
prednisolone pulse therapy (500 mg/day). Meanwhile,
100 mg thiamine was given by muscular injection and 1
mg Vitamin B12 was given by intravenous injection. On
the 4th day of his hospital stay and on the 2nd day after
receiving glucocorticoids treatment, his dysarthria im-
proved significantly and he was able to walk, albeit with
some balance issues. On the 5th day, the dose of
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glucocorticoids (GCs) was progressively reduced. Half a
month later, the patient’s symptoms resolved com-
pletely. Follow-up MRI examination showed that al-
most all lesions disappeared but the splenium of
corpus callosum residual had lesions 18 days after ini-
tiation of GCs. (Fig. 1k-t).

Discussion

We have described a rare case of MIE that was aggra-
vated after drug withdrawal. In the face of deteriorating
patient’s symptoms, we initiated an early treatment of
methylprednisolone, which was highly effective and pre-
vented fatal outcomes.

CNS symptoms of metronidazole-induced encephalop-
athy (MIE) include ataxia related to cerebellar dysfunc-
tion, dysarthria, altered mental status, seizure, and coma
[2]. Up to 75% of such patients have cerebellar dysfunc-
tion, mostly manifested as ataxia and dysarthria [3]. Re-
cent literature indicates that the neurotoxicity caused by
metronidazole does not vary with the dose, duration of
administration, or route of administration (oral or intra-
venous) [4]. The total dose and duration of metronida-
zole that causes MIE have been reported as 20g - 120 g
and 1-12 weeks, respectively. In our case, the total dose
of metronidazole taken orally by the patient was about

Initial

corresponding areas of corpus callosum (q, r)

Fig. 1 MRI findings. Scanning was performed by using 3.0 T MR imaging systems (Siemens). Initial MRI findings.T2W MRI images show hyperintensities
in bilateral cerebellar dentate nuclei (a), medulla oblongata (a), midbrain (b) and red nuclei (c). Coronal FLAIR images show hyperintensity in bilateral
dentate nuclei (d), splenium of the corpus callosum (d), gray matter near the midbrain ducts (e) and red nuclei (f). Moreover, T2W image shows slight
hyperintensity in splenium of corpus callosum (g), but DWI and ADC images only show diffusion restriction in the corresponding areas of corpus
callosum (h, i). Follow-up MRI imaging was conducted 18 days after treating with GCs (22 days after discontinuation of metronidazole). T2W images
(j-1) and coronal FLAIR images (m-o) show complete resolution of the previously noted signal changes. However T2W image shows higher
hyperintensity in splenium of corpus callosum in axial (p). DWI and ADC images show diffusion restriction and a high ADC respectively in the

18 days after treating with GCs
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32 g, and the duration was 20 days. Although similar cases
of intoxication have been reported in self-medicated
long-term drug use [5], this patient encountered this
problem within a short time after taking metronidazole.
According to a previous literature review, the time to
symptoms remission after metronidazole discontinuation
varies from few days to several weeks [6], and median time
to recovery of central nervous function is 23.3 days [7]. It
can be deduced that the time to improvement of neuro-
logical deficits depends on various factors including dur-
ation and severity of clinical features as well as other
concomitant diseases. His status did not show a rapid
improvement after discontinuation of metronidazole,
which may be due to a delayed effect caused by drug
accumulation [8].

The most characteristic imaging feature of MIE is the
symmetric hyperintensity of the cerebellar dentate nuclei
in T2W and FLAIR images [9], which may be accom-
panied with bilateral symmetric hyperintensity within
the mesocerebrum, dorsal pontine and the splenium of
the corpus callosum in T2W images. Other rarely in-
volved locations are the cerebral white matter and basal
ganglia. In our case, MRI showed bilateral symmetric
hyperintensity of cerebellar dentate nuclei, medulla, red
nuclei and the splenium of corpus callosum in T2W or
FLAIR images. A follow-up MRI examination at 18 days
after GCs initiation indicated that the foci of cerebellar
dentate nuclei had disappeared completely, but residual
foci of the splenium of corpus callosum hyperintensity
were found in T2W, FLAIR and DWI images. The
mechanism by which MIE causes brain damage remains
unclear. According to the findings of symmetry revers-
ible imaging in most cases (including our case), Ahmed
et al. first proposed that neurotoxicity caused by “axonal
swelling with increased water content” may lead to the
pathogenesis of brain damage [10]. Later on, following
reports on medication-induced Acute Toxic Leukoence-
phalopathy, it was gradually realized that metronidazole
generates superoxide radicals and hydrogen peroxide
from its ingredients, eventually forming intramyelinic
edema and myelin vacuolation [11, 12]. Hence, this cyto-
toxic effect causes brain damage and has been corrobo-
rated by pathological examinations [13].

In most cases, the brain damage induced by metro-
nidazole is reversible. It has been shown that symptoms
normalizes within few days after drug withdrawal [14].
However, in our case, 3 days after drug cessation, the pa-
tient’s condition deteriorated. It has previously been ob-
served that metronidazole toxicity can lead to fatal
consequences. To prevent complications, we adminis-
tered methylprednisolone treatment for the first time.
Methylprednisolone is a steroid that produces non-spe-
cific immunosuppressive effects in the central nervous
system. In so doing, it alleviates tissue inflammation and
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cellular edema thereby promoting microcirculatory perfu-
sion to enhance cerebral local blood flow. The antioxida-
tive effect of methylprednisolone has a primary protective
effect on neurons and improves lysosomal stability
[15, 16]. In view of the fact that there is no effective drug
to prevent complications after stopping metronidazole, we
cautiously selected methylprednisolone based on the
pathogenesis of the disease and the characteristics of this
steroid, mainly its ability to eliminate edema and its anti-
oxidant effects, although there is no case report of using
steroid for this type of case. Therefore, we provided sup-
portive care and strict safety monitoring. Surprisingly, the
therapy was found to be effective. This indicates that MIE
should be identified early, and the drug should be stopped
as soon as possible and other treatment options should be
explored to prevent fatal outcomes. Based on past experi-
ences, we did not think it is the role of thiamine [2], con-
sidering 100 mg thiamine cannot promptly improve his
dysarthria. The mechanism by which methylprednisolone
resolved the patient’s condition is not clear but we specu-
late that it is linked to its properties of inhibiting super-
oxide radicals, reducing axonal edema caused by hypoxic-
ischemic injury [17], and increasing the expression of
gamma-aminobutyric acid (GABA) [18]. Thus, it may be a
new treatment for patients whose symptoms gradually de-
teriorate after drug withdrawal. Early methylprednisolone
intervention in MIE patients may prevent complications
and accelerate neurological recovery.

Conclusion

In conclusion, we have presented a case of MIE that
worsened after drug cessation. We consider that the
early methylprednisolone intervention implementation
can prevent progression of metronidazole-induced en-
cephalopathy and reduce neurological recovery time. We
consider that the progression of MIE is related to the de-
layed toxicity or persistent drug effect in blood or brain.
Further research should be undertaken to investigate the
mechanisms of GCs’ neuroprotection in MIE.

Acknowledgements
Not applicable

Funding
This work was supported by 333 high level talents training project in Jiangsu
(grant no. BRA 2016507).

Availability of data and materials

Data sharing is not applicable to this article as no datasets were generated
or analysed during the current study.
https://doi.org/10.1016/j.clinthera.2010.01.018. [1];
https://doi.org/10.1007/512028-014-0102-9. [2];
https://doi.org/10.1212/WNL.0000000000002455. 3]
https://doi.org/10.4081/ni.2016.6365. [4]
PMID:26710409 [5]
https://doi.org/10.14245/kjs.2012.9.1.44. (6]
https://doi.org/10.1097/WNF.0b013e3182334b35. [7]
https://doi.org/10.3350/kjhep.2011.17.2.157. [8]
https://doi.org/10.1056/NEJMicm1505174. [9]


https://doi.org/10.1016/j.clinthera.2010.01.018
https://doi.org/10.1007/s12028-014-0102-9
https://doi.org/10.1212/WNL.0000000000002455
https://doi.org/10.4081/ni.2016.6365
https://doi.org/10.14245/kjs.2012.9.1.44
https://doi.org/10.1097/WNF.0b013e3182334b35
https://doi.org/10.3350/kjhep.2011.17.2.157
https://doi.org/10.1056/NEJMicm1505174

Li et al. BMC Neurology (2019) 19:49

PMID: 7898724 [10].
https://doi.org/10.2214/AJR.08.1176. [11]

PMID: 13679281 [12].
https://doi.org/10.5692/clinicalneurol.cn-001105. [13]
https://doi.org/10.1007/500228-016-2147-5. [14]
https://doi.org/10.1111/pedi.12153. [15]

PMID: 29355378 [16].
https://doi.org/10.3390/ijms18010017. [17]
https://doi.org/10.1089/neu.2012.2847. [18]

Authors’ contributions

LL drafted the manuscript and images. XT examined the patient and reviewed
clinical data. WL, SL and QZ contributed to the clinical data and carried out the
literature search. MW revised the manuscript and contributed the conception
of the manuscript. All authors read and approved the final version of the
manuscript.

Ethics approval and consent to participate
Not applicable

Consent for publication

Written informed consent was obtained from the patient for publication of
this Case Report and any accompanying images. A copy of the written
consent is available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 24 May 2018 Accepted: 21 March 2019
Published online: 30 March 2019

References

1. Groothoff MVR, Hofmeijer J, et al. Irreversible encephalopathy after treatment
with high-dose intravenous metronidazole. Clin Ther. 2010;32:60-4 https//doi.
0rg/10.1016/j.clinthera.2010.01.018.

2. Hobbs K, Stern-Nezer S, Buckwalter MS, et al. Metronidazole-induced
encephalopathy: not always a reversible situation. Neurocrit Care. 2015;
22:429-36 https://doi.org/10.1007/512028-014-0102-9.

3. Bhattacharyya MS, Darby RR, Raibagkar P, Gonzalez Castro LN, et al.

Antibiotic-associated encephalopathy. Neurology. 2016;86:963 https://doi.

0rg/10.1212/WNL.0000000000002455.

4. Agarwal A, Kanekar S, Sabat S, Thamburaj K. Metronidazole-induced cerebellar
toxicity. Neurol Int 2016. 8:6365. https//doi.org/10.4081/ni.2016.6365.

5. Haridas A, Trivedi TH, Moulick ND, et al. Metronidazole-induced encephalopathy
in chronic diarrhoea. J Assoc Physicians India. 2015;63:77. PMID:26710409.

6. Hwang GH, Sim YJ, et al. Metronidazole induced encephalopathy with
peripheral polyneuropathy in patient with spinal cord injury. Korean J
Spine. 2012;9:44-8 https://doi.org/10.14245/kjs.2012.9.1.44.

7. Kuriyama A, Jackson JL, et al. Metronidazole-induced central nervous system
toxicity: a systematic review. Clin Neuropharmacol. 2011;34(6):241-7 https//
doi.org/10.1097/WNF.0b013e3182334b35.

8. Cheong HC, Jeong TG, Cho YB, et al. Metronidazole-induced encephalopathy
in a patient with liver cirrhosis. Korean J Hepatol. 2011;17:157-60 https//doi.
0rg/10.3350/kjhep.2011.17.2.157.

9. Farmakiotis D, Zeluff B. Metronidazole-associated encephalopathy. N Engl J
Med. 2016;15:1465 https://doi.org/10.1056/NEJMicm1505174.

10.  Ahmed A, Loes DJ, Bressler EL. Reversible magnetic resonance imaging
findings in metronidazole induced encephalopahty. Neurology. 1995;45:
588-9 PMID: 7898724.

11, McKinney AM, Kieffer SA, Paylor RT, et al. Acute toxic leukoencephalopathy:
potential for reversibility clinically and on MRI with diffusion-weighted and
FLAIR imaging. AJR Am J Roentgenol. 2009;193(1):192-206 https.//doi.org/
10.2214/AJR.08.1176.

12. Heaney CJ, Campeau NG, Lindell EP. MR imaging and diffusion-weighted
imaging changes in metronidazole (Flagyl)-induced cerebellar toxicity. AJNR
Am J Neuroradiol. 2003;24(8):1615-7 PMID: 13679281.

3.

Page 4 of 4

Fukumoto T, Katada F, Sato S, et al. A case of acute leukoencephalopathy
induced by a combination of 5-fluorouracil and metronidazole. Rinsho
Shinkeigaku. 2018,58(2):118-23 https://doi.org/10.5692/clinicalneurol.cn-001105.
Agah E, Habibi A, Naderi H, Tafakhori A. Metronidazole-induced neurotoxicity
presenting with sudden bilateral hearing loss, encephalopathy, and cerebellar
dysfunction. Eur J Clin Pharmacol. 2016;73:1-2 https.//doi.org/10.1007/500228-
016-2147-5.

Tasker RC, Acerini CL. Cerebral edema in children with diabeticketoacidosis:
Vasogenic rather than cellular. Pediatr Diabetes. 2014;15(4):261-70 https.//
doi.org/10.1111/pedi.12153.

Kozler P, MareSova D, Pokorny J. Methylprednisolone Modulates Intracranial
pressure in the brain cellular edema induced by water intoxication. Physiol
Res. 2017,66(Supplementum 4):511-6 PMID: 29355378,

Harding B, Conception K, Li Y, et al. Glucocorticoids protect neonatal rat
brain in model of hypoxic-ischemic encephalopathy (HIE). Int J Mol Sci.
2017;18:17 https://doi.org/10.3390/ijms18010017.

Taylor AN, Tio DL, Sutton RL. Restoration of neuroendocrine stress response
by glucocorticoid receptor or GABA(a) receptor antagonists after experimental
traumatic brain injury. J Neurotrauma. 2013;30:1250 https://doi.org/10.1089/
neu.2012.2847.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.2214/AJR.08.1176
https://doi.org/10.5692/clinicalneurol.cn-001105
https://doi.org/10.1007/s00228-016-2147-5
https://doi.org/10.1111/pedi.12153
https://doi.org/10.3390/ijms18010017
https://doi.org/10.1089/neu.2012.2847
https://doi.org/10.1016/j.clinthera.2010.01.018
https://doi.org/10.1016/j.clinthera.2010.01.018
https://doi.org/10.1007/s12028-014-0102-9
https://doi.org/10.1212/WNL.0000000000002455
https://doi.org/10.1212/WNL.0000000000002455
https://doi.org/10.4081/ni.2016.6365
https://doi.org/10.14245/kjs.2012.9.1.44
https://doi.org/10.1097/WNF.0b013e3182334b35
https://doi.org/10.1097/WNF.0b013e3182334b35
https://doi.org/10.3350/kjhep.2011.17.2.157
https://doi.org/10.3350/kjhep.2011.17.2.157
https://doi.org/10.1056/NEJMicm1505174
https://doi.org/10.2214/AJR.08.1176
https://doi.org/10.2214/AJR.08.1176
https://doi.org/10.5692/clinicalneurol.cn-001105
https://doi.org/10.1007/s00228-016-2147-5
https://doi.org/10.1007/s00228-016-2147-5
https://doi.org/10.1111/pedi.12153
https://doi.org/10.1111/pedi.12153
https://doi.org/10.3390/ijms18010017
https://doi.org/10.1089/neu.2012.2847
https://doi.org/10.1089/neu.2012.2847

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

