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Introduction

There is a wide variety of medications in the hospital setting
for the management of different infections caused by bacteria.
Today, one of the most common, due to its broad spectrum and
decreased resistance profile, is Cefepime, a fourth-generation
cephalosporin that covers both gram-positive and gram-negative
bacteria. Like any other drug, it has adverse effects that should
be known to the clinician when using it. Among them, Cefepime-
Induced Neurotoxicity, a rare but serious complication, represents
a heterogeneous syndrome of neurological manifestations that
can occur in patients receiving the antibiotic. One of the great
challenges in clinical practice has been adjusting the dose of the
medication according to individual renal compromise, since this
is one of the risk factors most implicated in the development of
adverse neurological effects. Additionally, adequate knowledge
of the extension studies and their interpretation will allow better
management of patients and avoid added side effects due to
the association with other medications. In this short review,
the clinical spectrum of Cefepime-Induced Neurotoxicity will be
discussed; the importance of dose adjustment according to renal
clearance, and management will be briefly discussed according to
the clinical data found [1-3]

Methodology

A systematic bibliographic search of the updated medical
literature on the development of neurotoxicity during the use
of Cefepime was carried out, using databases such as: PubMed,
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Science direct and Google Scholar. Descriptors such as cefepime,
cephalosporin’s, seizures, neurotoxicity, and encephalopathy
were used. Both review and original articles were used, taking
into account that their year of publication was less than 10 years.

Results

The parenteral broad-spectrum antibiotic Cefepime, approved
for use since the 1990s, is part of the group of fourth-generation
cephalosporin’s with anti-pseudomonas activity and stability
against certain extended-spectrum B-lactamases, commonly used
for the management of multiple infections involving soft tissues,
abdomen, skin, and urinary tract, due to either gram-positive or
gram-negative bacteria in the hospital setting, including intensive
care units [4-7]. Its primary excretion (85%) leads to the kidney
and therefore patients with acute kidney injury, end-stage kidney
disease and kidney transplants are at greater risk of developing
complications associated with inappropriate use of the drug due
to a decrease in the glomerular filtration rate and an increase in
the serum levels of the drug that accumulates in the cerebrospinal
fluid since it is capable of overcoming the blood-brain barrier due
to an increase in its permeability, a decrease in serum binding
to proteins and accumulation of organic acids that generate
competitive inhibition to the GABA-a neurotransmitter. Despite
the above, recent studies suggest that a significant proportion of
patients with adequate renal function may also develop adverse
neurological effects associated with Cefepime [8-12].

Cefepime-Induced Neurotoxicity (CIN) is a rare but life-
threatening complication that has been on the rise in recent
years due to increased use of the antibiotic, increased resistance,
and increased recognition of associated symptoms [13-15].

Although not fully understood, the pathophysiology of CIN is
related to increased levels of Cefepime that cross the blood-
brain barrier, which leads to the appearance of CIN due to the
high influx of the drug from the blood to the brain. Different
mechanisms have been postulated, including that Cefepime
has competitive antagonist activity for GABA-a, thus blocking/
inhibiting its receptor. Additionally, by decreasing the inhibitory
activity, the presence of excitatory neurotransmitters is increased
or the release of said neurotransmitter is inhibited. And, due to
the above, an over excitation of electrical activity is generated
that leads to the appearance of toxicity of the Central Nervous
System [16-19].

All of the above will lead to a broad neurological clinical
presentation in patients, including altered mental status,
confusion, encephalopathy, no convulsive status epilepticus
(NCSE), seizures, asterixis, and coma [20-22]. Its incidence
represents about 1-3% and a systematic review reported a
single center estimate of one in 480 cases and concludes that
CIN should be considered in patients with advanced age, renal
dysfunction (particularly end-stage renal disease). and new-
onset encephalopathy, especially with concurrent myoclonus [1].
(Figure 1).

It is important to keep in mind the variability of presentation
of CIN. In the literature, it is considered a heterogeneous
neurological syndrome that must be known to make an accurate
and assertive diagnosis [1].
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Characteristics N =198

67 (£13)
49% (86 of 170)
87% (149 of 171)
29% (37 of 129)

4 (+1.8)
50% (55 of 110)

Mean age (+SD)

Male sex, % (n)

Renal dysfunction, % (n)?

ESRD, % (n)

Median cefepime dose/24 hours, grams (£SD)

Dosing above recommended maximum based on
renal function®

Mean cnset after cefepime start, days 5(4)
(£SD)
EEG performed, % (n) 81% (141 of 174)

Treatment
Antiepileptic drugs used, % (n)
Dialysis used®, % (n)

33% (56 of 170)
14% (24 of 171)

Abbreviations: EEG, electroencephalogram; ESRD, end-stage renal disease; SD, standard
deviation.

®Includes both acute kidney injury and chronic kidney disease
PRenal function at time of diagnosis of toxicity if available

“Excluding patients who received regularly scheduled maintenance hemodialysis.

Figure 1 Clinical and demographic characteristics associated
with Cefepime-Induced Neurotoxicity in a study of 198
patients.

Encephalopathy is described as brain dysfunction of different
aetiologies with changes in alertness and higher functions; it is
considered to have a metabolic Etiology when a systemic trigger
generates its presentation, whether due to toxic metabolites,
neurotransmitters, post capillary vasogenic edema, or other
mechanisms [23, 24].

On the other hand, the presence of seizures and acute confusion
have been reported in 1/10,000 cases and 1/1,000 cases,
respectively (McEwen 2018). Like the rest of the neurological
symptoms, although it is not totally clear, it is presumed that
the seizures that occur due to cephalosporin’s occur due to
the antagonistic effects of drugs on the GABA-receptors, which
decreases the normal inhibitory response mediated by GABA
and decreases the seizure threshold. This seizure activity can be
effectively controlled with the use of benzodiazepines [25].

One of the entities with the greatest difficulty in its diagnosis is
NCSE. It is defined as the presence of 30 minutes of continuous
epileptiform activity associated with changes in mental status,
but without motor manifestations. For its diagnosis, the use of
the electroencephalogram (EEG) becomes relevant, which, on
many occasions, is not readily available or is not used due to
ignorance of the entity [1].

The early identification of the symptoms and their causal
relationship with the use of the antibiotic and the definitive
cessation of the administration of the medication are essential
for the management of CIN. As adjuvant therapy, antiepileptic
drugs (such as phenytoin, levetiracetam, benzodiazepines, and
valproic acid) and the use of renal replacement therapy to reduce
the plasma concentration of cefepime have been used in studies
and considered useful [26-35]. Additionally, the most important
preventive method for this heterogeneous neurological
syndrome is described in the literature as strict attention to
dosage adjusted to the patient's renal compromise, which would
help health professionals in preventing morbidity and mortality
associated with the use of the antibiotic. (Figure 2)

This article is available in: http://www.hsj.gr/
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Table 4 Cefepime-induced neurotoxicity - a clinical picture

Risk factors Signs and symptoms

EEG characteristics

Treatments

- Renal dysfunction - Altered mental status

- Critical illness - Reduced consciousness
- Altered BBB - Confusion
- Older age - Myaclonus
- Drug overdose - Aphasia
- Agitation
- Selizures

- Abnormalities
- Tri-phasic waves

- Multi-focal sharp waves - Hemodialysis

- Non-convulsive SE - Benzodiazepine®
- Generalized slowing

- Myoclenic SE

- Cefepime discontinuation
- Cefepimedfree Interval w/dase reduction

EEG electroencephalography, BBB blood-brain barrier, SE status epilepticus
*For EEG abnormalities/seizure activity associated with toxicity

Cefepime-Induced Neurotoxicity.

Figure 2 Essential characteristics to take into account when considering a patient with

Discussion

Appa, et al. conducted a systemic review of CIN in which they
included 198 cases from the literature, including five that were
part of their study centre. In it, they report that the mean age of
the cases found for CIN is 67 years and most of them correspond
to patients with renal dysfunction. It shows that most cases
present with delirium or encephalopathy, 80% with decreased
level of consciousness and 47% with disorientation and agitation.
However, the presence of myoclonus can be seen in up to 40%
of cases. The authors found that NCSE occurs in up to a third of
cases, while only 11% present with seizure activity and 9% with
aphasia. (Appa 2017) (Figure 3).

According to their pharmacological study, more than 85% of
Cefepime is renally excreted through glomerular filtration and if
creatinine clearance is compromised (<30ml/min), dose reduction
for patient management is essential. To avoid both neurological
and nephrological complications (McEwen 2018). The delay in its
diagnosis can be associated with multiple comorbidities or the
presence of several neurotoxic symptoms, mainly in patients
managed in the Intensive Care Unit, where Fugate, et al. showed
that many of the symptoms are common in critically ill patients
and their relationship with drug use is taken into account as a
rule-out diagnosis.

Ithas beenshowninthe literature that neurological complications
generally occur within a median period of seven days (range 1-24
days) after treatment with Cefepime and that a median period of
3 + 5 days elapses between treatments. onset of symptoms and
possible diagnosis of CIN.

Concerned that the existing dichotomy between the term
Cefepime-induced encephalopathy and NCSE caused by the
drug affects the comprehensive management of patients,
Tchapyjnikov, et. They studied four cases from their hospital
center that developed alterations in their mental capacity
associated with the use of Cefepime with triphasic discharges in
the EEG, classic of a non-ictal pattern, and other cases found in
the literature in which none responded adequately to the use
of anticonvulsants. Retrospectively, they were able to realize
that these patients, despite the use of benzodiazepines and
even, in some of them with partial improvement of symptoms,
only had normalization of mental status when Cefepime was
discontinued, and they exhort to describe these specific cases
as an encephalopathy induced by Cefepime and not by an

© Under License of Creative Commons Attribution 3.0 License

Prevalence of Signs/Symptoms in Cefepime
Neurotoxicity

Diminished level of
; I, 0
consciousness
Disorientation/ Agitation _ 47%
Myoclonus N 0"

Non-convulsive status _ 319
< 0

epilepticus

Seizures - 11%
Aphasia - 9%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 3 Prevalence of signs and symptoms in Cefepime-Induced
Neurotoxicity in a study of 198 patients.

/

ictal phenomenon, which allows a less aggressive treatment
with the suspension of the antibiotic and without the use of
anticonvulsants. Proper diagnosis of the adverse neurological
effect caused by the drug would then allow avoiding additional
drug side effects that compromise the patient, without the
benefits of an adequate clinical response (Figure 4).

Adjusting the dosage in patients with kidney disease, whether
acute or chronic, becomes essential when prescribing Cefepime
for in-hospital management. One study demonstrated that
accurate drug exposure (ie, pharmacokinetic/ toxicodynamics
relationship) is key to preventing adverse neurological outcomes
associated with drug use while maximizing drug efficacy. The
authors questioned the minimum concentration of >22mg/L
(T>22) found in the study by as a neurotoxicity threshold, who
defined it as there must be at least a 50% probability of CIN if
said threshold is exceeded. In this way, through a probabilistic
analysis, they demonstrated that T>22 has a low accuracy for
CIN in patients with "common" dosages with readjustment
according to their creatinine clearance, considered "low risk" for
neurotoxicity, and in him , 5-48% of patients will experience CIN.
Therefore, such is an insufficient parameter to predict toxicity
and further studies are required to elucidate the exact exposure
profile to Cefepime. Recently, a study observed that the minimum
plasma concentration of Cefepime >36 mg/L differentiates those
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encephalopathy.

Figure 4 82-year-old woman with Cephalosporin-Related Neurotoxicity, 4 days after starting
Cefepime. The EEG shows a slow background with triphasic waves occurring at
1.5 Hz with an anterior to posterior phase lag, characteristic of Cefepime-induced

/

who develop neurotoxic side effects from those who do not.

Even despite the renal adjustment of the drug for its use, cases
have been published in which neurotoxicity syndrome occurs,
mainly in elderly patients Park, et. al, published a case in which
a 74-year-old woman with a history of arterial hypertension and
creatinine clearance calculated by MDRD of 87 mL/min/1.73m?
(normal renal function), who, on the seventh day after starting
management in-hospital treatment with Cefepime due to
osteomyelitis in the recurrent right mandible began with general
weakness and drowsiness and on the ninth day with a stuporous
mental state, tonic spasms in the arms and irregular spasmodic
movements of the lower limbs. Subjected to extensive imaging
studies without conclusive findings, the clinicians performed an
electroencephalography finding spikes and continuous rhythmic
wave’s characteristic of Non-Convulsive Status Epilepticus. The
antibiotic was withdrawn, antiepileptic drugs were started and
after 72h of management, the patient gradually recovered her
normal neurological activity. Strict monitoring of creatinine
clearance should also not be forgotten since, additionally,
Nephrotoxicity due to Cepefime may also occur that worsens or
triggers the CIN picture.

Likewise, there are also cases in which, despite dose correction
adjusted for renal creatinine clearance, signs and symptoms of
CIN may occur, such as the one presented in which a 64-year-old
woman years old, with multiple comorbidities and a history of
kidney transplantation 18 years earlier, he was admitted to the
hospital with symptoms associated with acute kidney injury and,

despite fluid and electrolyte replacement therapy, his kidney
function slowly deteriorated, which was initially considered
acute rejection. Chronic transplant. During her management,
she developed Pseudomonas aeruginosa infection for which
adjusted management with Cefepime was started. On the sixth
day of treatment, she started with symptoms consistent with
neurotoxicity and the EEG study reported subclinical status
epilepticus. The patient improved markedly after discontinuation
of the antibiotic.

For all the above, it is necessary for the clinician to have a high
index of suspicion and awareness of the disease for a timely
diagnosis, adequate and assertive treatment that can help in the
recovery of patients.

Conclusion

Cefepime-Induced Neurotoxicity is a rare but life-threatening
complication that should be known by all clinicians and should
be considered in all patients with impaired neurological function
who are receiving the drug, regardless of their renal function
status. To reduce its incidence, alternative antibiotics should
be used, make an appropriate dose adjustment according to
the patient's renal function and take the entity into account for
timely and assertive diagnosis and treatment. Further studies are
needed to understand the risk factors, pathophysiology, and true
pharmacokinetics/toxicodynamics to be considered when using
it in patients.

This article is available in: http://www.hsj.gr/
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