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CLINICAL VIGNETTE

Cefepime-induced Encephalopathy and Neurotoxicity

Susan D. Leonard, MD

Case Report

An 88-year-old male with end-stage renal disease on peritoneal
dialysis was hospitalized for worsening peripheral vascular
disease with gangrenous foot. He underwent left below the knee
amputation. Post-operative course was complicated by atrial
fibrillation with rapid ventricular rate, hospital acquired
pneumonia and worsening delirium. The patient was started on
renally dosed vancomycin and cefepime for pneumonia and
sepsis. He also continued to receive peritoneal dialysis, but with
a different frequency of sessions per nephrology. The patient
remained intermittently delirious during his hospitalization, and
progressively became more tremulous. He eventually develop-
ed myoclonic jerks that would last for several seconds, every
few minutes. He had no history of seizures or other neurologic
processes or history of brain injuries. He also became
increasingly more encephalopathic, and developed myoclonic
seizures involving his face, limbs and trunk, eventually causing
status epilepticus and urgent ICU transfer. EEG showed waves
consistent with non-convulsive status epilepticus, and he
required acute stabilization with benzodiazepines and anti-
epileptic drugs. On further evaluation, serum and cerebral
spinal fluid concentrations of cefepime were elevated and it was
concluded that patient likely had cefepime-induced neurotoxi-
city. Antibiotics were discontinued, anti-epileptic administra-
tion continued, and more frequent dialysis sessions were
required to stabilize the patient. He eventually improved with
resolution of the myoclonic movements and no further episodes
of seizure activity were observed. His mentation eventually
returned close to his baseline and he was discharged to a skilled
nursing facility for further recovery.

Discussion

This case illustrates an example of cefepime-associated
encephalopathy from neurotoxicity. Cefepime is a fourth-
generation cephalosporin widely used for the treatment of
severe bacterial infections. Similar to other cephalosporins,
cefepime is largely excreted via the kidneys. The neurotoxic
effects from this antibiotic was first reported in 1999 on dialysis
patients.! In 2002, the Food and Drug Administration (FDA)
adjusted the labeling to account for increased risk of encephalo-
pathy, seizures and myoclonus, especially in the setting renal
dysfunction.? The mechanism was thought to be attributed to
the drug’s ability to cross the blood-brain barrier, causing
concentration dependent competitive Y-aminobutyric acid
(GABA) antagonism.3 The accumulation of cefepime levels is
often related to decreased clearance from reduced glomerular

filtration in renal failure or increased CNS penetration from
blood brain barrier (BBB) dysfunction. Therefore, it is strongly
advised to dose-adjust cefepime in those with reduced
creatinine clearance and monitor those with impaired renal
function to avoid toxicities.®

Additionally, there is increased risk of neurotoxic symptoms in
ICU patients as the critically ill are more prone to disruptions
in the BBB from systemic inflammation, causing toxic levels in
the blood and CNS. Approximately 10% of cefepime crosses
the BBB, but acute illness and poor nutrition causing renal
impairment and poor protein binding, can increase the transfer
to 45%.*

Neurologic complications of cefepime induced encephalopathy
have been reported from 1-10 days (average 5 days) after
initiation of the antibiotic. Symptoms may include altered
mental status, involuntary movements, seizures, and more
severe sequelae including status epilepticus, coma or even
death.>® Symptoms may improve within 2-7 days after cessa-
tion of the drug, and prompt drug clearance may be warranted
in those with end stage renal disease.® Patients with underlying
neurologic disorders may be at greater risk for developing
neurotoxicity.” Diagnosis is often made clinically with neuro-
logic symptoms correlated with initiation of cefepime,
accompanying EEG abnormalities and symptoms resolving
after discontinuation of the drug. It is also important to rule of
other reversible causes of toxic or metabolic encephalopathy.
Elevated CSF/blood ratio of cefepime if available can support
the diagnosis.®

One single-center retrospective study of hospitalized patients
treated with dose-adjusted cefepime between 2012-2016,
reviewed the risk of cefepime induced encephalopathy on end-
stage renal disease patients.® In 422 patients, six developed
cefepime related toxicity with a higher incidence of 7.5%
patients with renal dysfunction, particularly ESRD, despite
renal dose adjustment for creatinine clearance. Among these
patients, toxicity developed even at the lowest dose of 0.5gm/
day. Other risk factors included advanced age, liver disease and
pre-existing neurologic or CNS conditions.”

A systemic review of cefepime related toxicity included studies
published from 1980 to 2016.° They identified 135 cases with
median age of 69 years. Eighty percent had renal dysfunction
and all patients exhibited some level of altered mental status.



The most common symptoms were reduced consciousness
(47%), myoclonic activity (42%), and confusion (42%).
Seventy-three percent of the cohort demonstrated EEG abnor-
malities, with the most common being non-convulsive status
epilepticus, triphasic waves, and focal sharp waves. This review
of cefepime neurotoxicity was the first to describe the range of
symptoms. The neurologic complications may include altered
mentation, impaired consciousness, myoclonic movements and
seizures, aphasia and in severe cases, even coma or death.
Treatment involves cessation of the antibiotic, prompt clear-
ance of the drug if concerned for renal toxicity, and supportive
care for the symptoms and maintenance of hemodynamic
stability.

Although pre-existing comorbidities such as renal dysfunction
and neurologic disease may increase the risk, cefepime induced
encephalopathy has also been reported in those with normal
renal function and no co-morbid diseases.'® Cases of cefepime-
associated neurotoxicity in patients with normal renal function,
resolved after discontinuation of the antibiotics. This report
included asynchronous myoclonus and expressive aphasia as
adverse effects.!

Abnormal epileptiform discharges and EEG activity on many
patients with normal renal function receiving cefepime. These
examples illustrate how neurotoxicity may be an underreported
or hidden side effect cefepime, especially in those with normal
renal function. Perhaps this increased risk reflects enhanced
affinity for the GABA receptor due to specific molecular
conformations of the drug. Alternatively, cefepime may exhibit
chemical structural affinity for increased accumulation in spinal
fluid.

While caution should be taken regarding this potential risk of
the antibiotic, this should be balanced with the severity of the
infection and any need for appropriate treatment. For example,
a higher dose may be warranted in a case of severe infection
such as febrile neutropenia whereas a lower dose may be
preferred in less severe infections when taking precautions to
avoid cefepime induced encephalopathy.

In 2012, the FDA issued a Safety Warning reminding the need
to adjust cefepime dosage based on renal function.!> The
statement referenced 59 cases of non-convulsive status
epilepticus reported in the FDA's Adverse Event Reporting
System database between 1996 and 2012.

Conclusion

Cefepime is a widely used antibiotic for more severe infections
such as hospital-acquired pneumonia, soft tissue infections and
intra-abdominal infections. Complications of encephalopathy
and neurotoxicity have been associated with the drug, es-
pecially in elderly patients with renal dysfunction, although
complications can also occur with preserved renal function.

The above case and summary of literature review report the full
spectrum of sequelae resulting from cefepime-related neuro-

toxicity. Awareness of the risk factors leading to this condition
and judicious use of antibiotics are crucial in preventing further
complications. Additional investigation of studies with a larger
sample size is needed to allow for more robust analyses.
Increased vigilance, careful review of comorbidities and safer
dose-adjustment strategies are necessary to reduce risk of
cefepime induced encephalopathy.
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