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CLINICAL CARE CONUNDRUMS

Rendered Speechless
The approach to clinical conundrums by an expert clinician is revealed through the presentation of an actual patient’s case in an 

approach typical of a morning report. Similarly to patient care, sequential pieces of information are provided to the clinician, who is 
unfamiliar with the case. The focus is on the thought processes of both the clinical team caring for the patient and the discussant.

 This icon represents the patient’s case. Each paragraph that follows represents the discussant’s thoughts.
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A 63-year-old man at an inpatient rehabilitation cen-
ter was transferred to an academic tertiary care center 

for evaluation of slurred speech and episodic confusion. 
He was accompanied by his wife, who provided the histo-
ry. Three weeks earlier, the patient had fallen, sustaining 
a right femur fracture. He underwent surgery and was dis-
charged to rehabilitation on postoperative day 3. During 
the second week of rehabilitation, he developed a cough 
and low-grade fevers, which prompted treatment with cef-
podoxime for 5 days for presumed pneumonia. The day 
after completing antimicrobial therapy, he became con-
fused and began to slur his words.

Confusion is a nonspecific symptom that typically has a 
diffuse or multifocal localization within the cerebral hemi-
spheres and is unlikely to be caused by a single lesion. Slurred 
speech may accompany global metabolic dysfunction. How-
ever, slurred speech typically localizes to the brainstem, the 
cerebellum in the posterior fossa, the nuclei, or the course of 
cranial nerves VII, X, or XII, including where these nerves 
pass through the subarachnoid space. 

It seems this patient’s new neurologic symptoms have 
some relationship to his fall. Long-bone fractures and altered 
mental status (AMS) lead to consideration of fat emboli, 
but this syndrome typically presents in the acute period after 
the fracture. The patient is at risk for a number of compli-
cations, related to recent surgery and hospitalization, that 
could affect the central nervous system (CNS), including 
systemic infection (possibly with associated meningeal in-
volvement) and venous thromboembolism with concom-
itant stroke by paradoxical emboli. The episodic nature 

of the confusion leads to consideration of seizures from 
structural lesions in the brain. Finally, the circumstances 
of the fall itself should be explored to determine whether 
an underlying neurologic dysfunction led to imbalance and  
gait difficulty.

Over the next 3 days at the inpatient rehabilitation 
center, the patient’s slurred speech became unintelli-

gible, and he experienced intermittent disorientation to 
person, place, and time. There was no concomitant fever, 
dizziness, headache, neck pain, weakness, dyspnea, diar-
rhea, dysuria, or change in hearing or vision.

Progressive dysarthria argues for an expanding lesion in 
the posterior fossa, worsening metabolic disturbance, or 
a problem affecting the cranial nerves (eg, Guillain-Barré 
syndrome) or neuromuscular junctions (eg, myasthenia gra-
vis). Lack of headache makes a CNS localization less likely, 
though disorientation must localize to the brain itself. The 
transient nature of the AMS could signal an ictal phenom-
enon or a fluctuating toxic or metabolic condition, such as 
hyperammonemia, drug reaction, or healthcare–acquired 
delirium.

His past medical history included end-stage liver dis-
ease secondary to nonalcoholic steatohepatitis status 

post transjugular intrahepatic portosystemic shunt (TIPS) 
procedure three years prior, hepatic encephalopathy, diabe-
tes mellitus type 2, hypertension, previous melanoma exci-
sion on his back, and recurrent Clostridium difficile colitis. 
Two years prior to admission he had been started on an 
indefinite course of metronidazole 500 mg twice daily 
without any recurrence. The patient’s other medications 
were aspirin, furosemide, insulin, lactulose, mirtazapine, 
pantoprazole, propranolol, spironolactone, and zinc. At the 
rehabilitation center, he was prescribed oral oxycodone 5 
mg as needed every 4 hours for pain. He denied use of to-
bacco, alcohol, and recreational drugs. He previously 
worked as a funeral home director and embalmer. 
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Hyperammonemia and hepatic encephalopathy can present 
with a fluctuating mental state that often correlates to di-
etary protein intake or the frequency of bowel movements; 
the previous TIPS history places the patient at further risk. 
Use of oxycodone or another narcotic commonly leads to 
confusion, , especially in patients who are older, have pre-
existing cognitive decline, or have concomitant medical 
comorbidities.  Mirtazapine and propranolol have been as-
sociated more rarely with encephalopathy, and therefore a 
careful history of adherence, drug interactions, and appro-
priate dosing should be obtained. Metronidazole is most of-
ten associated neurologically with a peripheral neuropathy; 
however, it is increasingly recognized that some patients can 
develop a CNS syndrome that features an AMS, which can 
be severe and accompanied by ataxia, dysarthria, and char-
acteristic brain magnetic resonance imaging (MRI) findings, 
including hyperintensity surrounding the fourth ventricle 
on T2-weighted images.

Embalming fluid has a high concentration of formalde-
hyde, and a recent epidemiologic study suggested a link be-
tween formaldehyde exposure and increased risk for amyo-
trophic lateral sclerosis (ALS). ALS uncommonly presents 
with isolated dysarthria, but its bulbar form can, usually over 
a much longer course than is demonstrated here. Finally, the 
patient’s history of melanoma places him at risk for stroke 
from hypercoagulability as well as potential brain metastases 
or carcinomatous meningitis.

Evaluation was initiated at the rehabilitation facility at 
the onset of the patient’s slurred speech and confusion. 

Physical examination were negative for focal neurologic defi-
cits, asterixis, and jaundice. Ammonia level was 41 µmol/L 
(reference range, 11-35 µmol/L). Noncontrast computed 
tomography (CT) of the head showed no signs of acute 
infarct or hemorrhage. Symptoms were attributed to hepat-
ic encephalopathy; lactulose was up-titrated to ensure 2 or 
3 bowel movements per day, and rifaximin was started.

Hyperammonemia is a cause of non-inflammatory relapsing 
encephalopathy, but an elevated level is neither a sensitive 
nor specific indicator of hepatic encephalopathy. Levels of 
ammonia can fluctuate widely during the day based on the 
frequency of bowel movements as well as dietary protein in-
take. In addition, proper handling of samples with prompt 
delivery to the laboratory is essential to minimize errors.

The ammonia level of 41 µmol/L discovered here is only 
modestly elevated, but given the patient’s history of TIPS as 
well as the clinical picture, it is reasonable to aggressively 
treat hepatic encephalopathy with lactulose to reduce am-
monia levels. If he does not improve, an MRI of the brain 
to exclude a structural lesion and spinal fluid examination 
looking for inflammatory or infectious conditions would be 
important next steps. Although CT excludes a large hemor-
rhage or mass, this screening examination does not visualize 
many of the findings of the metabolic etiology and the other 
etiologies under consideration here.

Despite 3 days of therapy for presumed hepatic en-
cephalopathy, the patient’s slurred speech worsened, 

and he was transferred to an academic tertiary care center 
for further evaluation. On admission, his temperature was 
36.9°C, heart rate was 80 beats per minute, blood pres-
sure was 139/67 mm Hg, respiratory rate was 10 breaths 
per minute, and oxygen saturation was 99% on room air. 
He was alert, awake, and oriented to person, place, and 
time. He was not jaundiced. He exhibited a moderate dys-
arthria characterized by monotone speech, decreased vol-
ume, decreased breath support, and a hoarse vocal quality 
with intact language function. Motor control of the lips, 
tongue, and mandible were normal. Motor strength was 
5/5 bilaterally in the upper and lower extremities with the 
exception of right hip flexion, which was 4/5. The patient 
exhibited mild bilateral dysmetria on finger-to-nose exam-
ination, consistent with appendicular ataxia of the upper 
extremities. Reflexes were depressed throughout, and 
there was no asterixis. He had 2+ pulses in all extremities 
and 1+ pitting edema of the right lower extremity to the mid 
leg. Pulmonary examination revealed inspiratory crackles at 
the left base. The rest of the examination findings were 
normal.

The patient’s altered mental state appears to have resolved, 
and the neurological examination is now mainly character-
ized by signs that point to the cerebellum. The description of 
monotone speech typically refers to loss of prosody, the vari-
able stress or intonation of speech, which is characteristic 
of a cerebellar speech pattern. The hoarseness should be ex-
plored to determine if it is a feature of the patient’s speech or 
is a separate process. Hoarseness may involve the vocal cord 
and therefore, potentially, cranial nerve X or its nuclei in 
the brainstem. The appendicular ataxia of the limbs points 
definitively to the cerebellar hemispheres or their pathways 
through the brainstem.

Unilateral lower extremity edema, especially in the con-
text of a recent fracture, raises the possibility of deep vein 
thrombosis. If this patient has a right-to-left intracardiac or 
intrapulmonary shunt, embolization could lead to an isch-
emic stroke of the brainstem or cerebellum, potentially caus-
ing dysarthria.

Laboratory evaluation revealed hemoglobin level of 
10.9 g/dL, white blood cell count of 5.3×109/L, 

platelet count of 169×109/L, glucose level of 177 mg/
dL, corrected calcium level of 9.0 mg/dL, sodium level 
of 135 mmol/L, bicarbonate level of 30 mmol/L, creati-
nine level of 0.9 mg/dL, total bilirubin level of 1.3 mg/
dL, direct bilirubin level of 0.4 mg/dL, alkaline phos-
phatase level of 503 U/L, alanine aminotransferase lev-
el of 12 U/L, aspartate aminotransferase level of 33 
U/L, ammonia level of 49 µmol/L (range, 0-30 µmol/L), 
international normalized ratio of 1.2, and troponin level 
of <0.01 ng/mL. Electrocardiogram showed normal si-
nus rhythm.
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Some patients with bacterial meningitis do not have a leu-
kocytosis, but patients with meningitis caused by seeding 
from a systemic infection nearly always do. In this patient’s 
case, lack of a leukocytosis makes bacterial meningitis very 
unlikely. The elevated alkaline phosphatase level is expect-
ed, as this level peaks about 3 weeks after a long-bone frac-
ture and returns to normal over a few months.

Non-contrast CT scan of the head performed on ad-
mission demonstrated no large vessel cortical-based 

infarct, intracranial hemorrhage, hydrocephalus, mass ef-
fect, midline shift, or extra-axial fluid. There was mild 
cortical atrophy as well as very mild periventricular white 
matter hypodensity.

The atrophy and mild white-matter hypodensities seen on re-
peat noncontrast CT are nonspecific for any particular entity 
in this patient’s age group. MRI is more effective in evaluating 
toxic encephalopathies, including metronidazole toxicity or 
Wernicke encephalopathy, and in characterizing small infarcts 
or inflammatory conditions of the brainstem and cerebellum, 
which are poorly evaluated by CT due to the bone surrounded 
space of the posterior fossa. An urgent lumbar puncture is not 
necessary due to the slow pace of illness, lack of fever, nuchal 
rigidity, or serum elevated white blood cell count. Rather, per-
forming MRI should be prioritized. If MRI is nondiagnostic, 
then spinal fluid should be evaluated for evidence of an infec-
tious, autoimmune, paraneoplastic, or neoplastic process.

MRI was subsequently performed. It showed symmet-
ric abnormal T2 hyperintensities involving dentate nu-

clei (Figure 1), left inferior olivary nuclei (Figure 2), resti-
form bodies, pontine tegmentum, superior cerebellar 
peduncles, oculomotor nuclei, and subthalamic nuclei. The 
most prominent hyperintensity was in the dentate nuclei.

The clinical and radiographic features confirm a diagnosis 
of metronidazole-associated CNS neurotoxicity. The rea-

son for the predilection for edema in these specific areas of 
the brainstem and midline cerebellum is unclear but likely 
is related to selective neuronal vulnerability in these struc-
tures. The treatment is to stop metronidazole. In addition, 
the fluctuating mental status should be evaluated with elec-
troencephalogram to ensure concomitant seizures are not 
occurring.

These MRI findings were consistent with metronida-
zole toxicity. Metronidazole was discontinued, and 2 

days later the patient’s speech improved. Two weeks after 
medication discontinuation, his speech was normal. There 
were no more episodes of confusion.

DISCUSSION
Metronidazole was originally developed in France during the 
1950s as an anti-parasitic medication to treat trichomonas 
infections. In 1962, its antibacterial properties were discov-
ered after a patient with bacterial gingivitis improved while 
taking metronidazole for treatment of Trichomonas vaginalis.1 
Since that time metronidazole has become a first-line treat-
ment for anaerobic bacteria and is now recommended by the 
Infectious Diseases Society of America2 and the American 
College of Gastroenterology3 as a first-line therapy for mild 
and moderate C difficile infections.

Common side effects of metronidazole are nausea, vom-
iting, decreased appetite, diarrhea, headaches, peripheral 
neuropathy, and metallic taste; less common is CNS toxic-
ity. Although the incidence of CNS toxicity is unknown, a 
systematic review of the literature found 64 cases reported 
between 1965 and 2011.4 CNS toxicity most often occurs 
between the fifth and sixth decades of life, and about two 
thirds of the people affected are men.4 CNS adverse effects 
characteristically fall into 4 categories: cerebellar dysfunc-
tion (eg, ataxia, dysarthria, dysmetria, nystagmus; 75%), 
AMS (33%), seizures (13%), and a combination of the first  
3 categories.4

The exact mechanism of metronidazole CNS toxici-

FIG 1. Magnetic resonance imaging shows T2 hyperintensity of dentate nuclei 

bilaterally.

FIG 2. Magnetic resonance imaging shows T2 hyperintensity of left inferior 

olivary nuclei.
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ty is unknown, but vasogenic or cytotoxic edema may be 
involved.5,6 Other potential etiologies are neural protein 
inhibition, reversible mitochondrial dysfunction, and 
modifications of the inhibitory neurotransmitter gamma-
aminobutyric acid receptor in the cerebellum.7,8 There is no 
known genetic predisposition. Although the risk for CNS 
toxicity traditionally is thought to correlate with therapy 
duration and cumulative dose,7,9 in 2011 a systemic review 
found no significant correlation.4 In fact, 26% of patients 
with CNS toxicity were treated with metronidazole for less 
than 1 week at time of diagnosis.4

Brain CT is typically normal. On brain MRI, lesions most 
commonly appear as bilateral symmetric T2 hyperintensities, 
most often in the cerebellar dentate nuclei (85%) and less 
often in the midbrain (55%), the splenium of the corpus cal-
losum (50%), the pons (35%), and the medulla (30%).4,10 
Radiographic changes have been noted as early as 3 days 
after symptom onset. Based on damage severity and area 
affected (white or gray matter), vasogenic edema and cyto-
toxic edema may in combination be contributing to MRI 
abnormalities.6,10 Hyperintensities of the bilateral dentate 
nuclei can help in distinguishing metronidazole-induced en-
cephalopathy from other potential disease processes, such as 
Wernicke encephalopathy.10

The prognosis for patients with metronidazole-induced 
neurotoxicity is favorable if metronidazole is discontinued. 
Approximately two-thirds of patients will have complete 
resolution of symptoms, which is more commonly observed 
when patients present with seizures or altered mental status. 
Approximately one-third will show partial improvement, 
particularly if the symptoms are due to cerebellar dysfunc-
tion. It is rare to experience permanent damage or death.4 
Neurologic recovery usually begins within a week after med-
ication discontinuation but may take months for complete 
recovery to occur.6,8,9,11 Follow-up imaging typically shows 
reversal of the original lesions, but this does not always cor-
relate with symptom improvement.4,10

Despite its frequent use and long history, metronidazole 
can have potentially severe toxicity. When patients who 
are taking this medication present with new signs and 
symptoms of CNS dysfunction, hospitalists should include 
metronidazole CNS toxicity in the differential diagnosis 
and, if they suspect toxicity, have a brain MRI performed. 
Hospitalists often prescribe metronidazole because of the 
increasing number of patients being discharged from acute-
care hospitals with a diagnosis of C difficile colitis.12 Brain 
MRI remains the imaging modality of choice for diagnosis. 
Discontinuation of metronidazole is usually salutary in re-
versing symptoms. Being keenly aware of this toxicity will 

help clinicians avoid being rendered speechless by a pa-
tient rendered speechless.

TEACHING POINTS
• CNS toxicity is a rare but potentially devastating side  

effect of metronidazole exposure.
• Metronidazole CNS adverse effects characteristically fall 

under 4 categories:
○  Cerebellar dysfunction, such as ataxia, dysarthria,  

dysmetria, or nystagmus (75%).
○ AMS (33%).
○ Seizures (13%).
○ A combination of the first 3 categories.

• Typically lesions indicating metronidazole toxicity on 
brain MRI are bilateral symmetric hyperintensities on 
T2-weighted imaging in the cerebellar dentate nuclei, 
corpus callosum, midbrain, pons, or medulla.

• Treatment of CNS toxicity is metronidazole discontinua-
tion, which results in a high rate of symptom resolution.

Disclosure: Nothing to report.
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