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ABSTRACT

Background: Ceftriaxone is a commonly used antibiotic in a wide range of local and systemic infections.
Encephalopathy is a rare complication of ceftriaxone, often seen in older adults and those with renal insufficiency.

Case Description: A 73-year-old lady with prior history of hypertension and dyslipidemia presented with
the complaints of slurred speech, gait imbalance, nocturnal vomiting, and progressively worsening headache.
A magnetic resonance imaging of the brain revealed two intracerebral lesions involving the right frontal and
temporal lobes, suggestive of multicentric glioma. She underwent craniotomy and excision of these lesions. The
biopsy was reported as intra-axial tumors with features suggestive of the WHO Grade IV glioma. Postoperatively,
she did not wake up. An electroencephalogram demonstrated triphasic waves suggestive of encephalopathy. The
probable diagnosis of ceftriaxone-induced encephalopathy was made after ruling out other causes of delayed
awakening after surgery. Ceftriaxone was discontinued and the patient improved within 2 days of withdrawal of
ceftriaxone.

Conclusion: Drug-induced encephalopathy should be considered in the differential diagnosis of patients with
delayed awakening after surgery. Discontinuation of the drug leads to the recovery of these patients.
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INTRODUCTION

On account of their broad microbial spectrum and excellent tissue penetration, cephalosporins
are frequently used to treat a wide variety of local and systemic infections.” Ceftriaxone has
a longer half-life,”! mixed biliary and renal clearance,*” fewer adverse effects,””! and minimal
drug interactions,® which makes it a preferred antibiotic in many clinical conditions.

Ceftriaxone is rarely known to cause central nervous system  (CNS)
complications.” Encephalopathy,>¢#131% status epilepticus,”™ nonconvulsive status epilepticus
(NCSE),"® choreoathetosis,*® seizures,””’ hallucinations,® or myoclonus®® are the CNS
complications reported to be caused by ceftriaxone.
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Encephalopathy is an uncommon complication of the
third- and fourth-generation cephalosporins.'®'? Among
cephalosporins, cefepime is the most notorious.®
Ceftriaxone is rarely reported to cause encephalopathy.>51%!

In this report, we present a case of ceftriaxone-induced
encephalopathy (CIE) in a patient following craniotomy for
glioma, who was given ceftriaxone as perioperative antibiotic
prophylaxis.

CASE REPORT

A 73-year-old female patient with prior history of
hypertension and dyslipidemia was admitted with a 2-week
history of dysarthria, gait imbalance, nocturnal vomiting,
and progressively worsening headache. She gave a history
of recent weight loss. She had no history of chronic cough,
breast lump, or blackish discoloration of stools. General
physical examination was normal. There was no breast
lump. Abdominal and chest examinations were normal. On
neurological examination, she was conscious and oriented.
Cranial nerve examination was normal. She had a power of
Grade 5 in all limbs. She had gait instability with a slight
tendency to sway toward the left. Soft pyramidal signs
were absent. Sensory examination was normal. Reflexes
were normal bilaterally. Magnetic resonance imaging
(MRI) of the brain [Figure 1] showed two intracerebral
lesions with mild perilesional edema, involving the right
temporal and frontal lobes. The temporal lesion was larger
and was partly cystic and solid, involving the neocortex
and mesial temporal structures. The smaller one was in
the frontal region. These lesions were hypointense on T1-
weighted images, hyperintense on T2-weighted and FLAIR

Gadolinium-enhanced

Figure 1: coronal
T1-weighted magnetic resonance imaging
image of the brain showing contrast-enhancing
lesions in the right temporal lobe (empty white
arrow) and the right frontal lobe (white arrow).
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sequences, and showed heterogeneous enhancement with
contrast.

Our preoperative radiological diagnosis was multicentric
glioma. She was started on phenytoin sodium as a
preoperative antiepileptic. Injection ceftriaxone 2 g was
given intravenously as perioperative antibiotic prophylaxis.
With neuronavigation guidance, she underwent right
frontotemporal  craniotomy, right anterior temporal
lobectomy, amygdalohippocampectomy, and excision of
the right frontal lesion. At surgery, the temporal lesion was
found to be firmly attached to the dura with infiltration of
the neocortex, hippocampus, and amygdala. The lesions
were moderately vascular, suckable, and had cystic change,
evidence of necrosis, and thrombosed veins within it. The
surgery was uneventful with no intraoperative complications
such as hypoxia or hypotension. The entire lesion in the
frontal region, temporal neocortex, and hippocampus was
removed. The lesion in the amygdala was only partially
removed. The patient did not wake up fully after surgery.
However, since her breathing was normal, she was extubated.

The following causes of delayed awakening after surgery
were considered: (i) NCSE, ii) hypoglycemia, (iii) operative
site hematoma, (iv) thromboembolic cerebral infarcts,
(v) electrolyte imbalance, (vi) metabolic encephalopathy, and
(vii) extensive brain tissue resection. Considering NCSE as a
probable cause for the delayed awakening, we administered
an additional loading dose of phenytoin sodium in the
immediate postoperative period in the operating room. We
also added levetiracetam as an add-on antiepileptic. An
emergency MRI brain done in the immediate postoperative
period confirmed total excision of the right frontal and
temporal lesions with no postoperative hematoma or infarcts
that would explain her altered sensorium. Blood tests were
done to rule out all possible causes of encephalopathy
including liver function tests, renal function tests, and
serum electrolyte panel, all of which were normal. A bedside
electroencephalogram (EEG) showed a background activity
of 4-5 Hz over posterior head regions. Triphasic waves
with anteroposterior lag were seen [Figure 2], suggestive
of encephalopathy. Hence, CIE was presumed to be the
cause of delayed awakening. Ceftriaxone and levetiracetam
were stopped and the dose of phenytoin sodium was
reduced to preoperative status. The patient showed gradual
improvement in neurological status within 48 h and she went
back to normal sensorium in 4 days.

DISCUSSION

The exact pathophysiology by which ceftriaxone causes
encephalopathy remains unidentified.! One proposed
theory is that ceftriaxone, like other cephalosporins, causes
a competitive blockade of inhibitory neurotransmitters like
gamma-aminobutyric acid in the brain, leading to increased
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Figure 2: Postoperative electroencephalogram showing triphasic waves with anteroposterior lag

(black arrows).

firing of excitatory neurons.>*! An alternate hypothesis is that
ceftriaxone causes the release of inflammatory cytokines like
tumor necrosis factor-alpha which triggers neurotoxicity.!*!

Renal impairment!"*>7#101L13151 and old agelt*>79101315] gre
the main predisposing factors observed in most patients
diagnosed with CIE in the literature. Hepatic dysfunction,®
impaired biliary excretion,® administration of high-dose
ceftriaxone,® and preexisting neurological conditions!'? are
the other risk factors associated with CIE. Cerebrovascular
disease, 1 meningitis,”®! and cerebral contusion!" are the
neurological conditions that have been reported to predispose
to CIE. The risk factors in the case we present are old age and
the presence of a multicentric glioma. In multicentric glioma,
the diffuse infiltration of the brain by the neoplastic cells
could be the triggering factor that induced CIE.

In the literature, the onset of ceftriaxone-induced
neurotoxicity (CIN) is between 1 and 10 days after starting
the drug.! The onset of this neurological complication was
observed immediately after a 6 h surgery in our patient.

Diagnosis of this complication is often difficult as ceftriaxone
is an underrecognized cause of neurotoxicity."*** Moreover,
neither imaging nor cerebrospinal fluid (CSF) analysis can
confirm the condition.”) The diagnosis of CIE is mainly
clinical with a high degree of suspicion,®*!! as seen in our
patient. EEG commonly shows generalized slowing and
triphasic waves, suggestive of encephalopathy.®*! In CIE,
patients tend to have a higher concentration of ceftriaxone
in their blood and CSEP®" This can be measured using
high-performance liquid chromatography with ultraviolet
detection.!

An important differential diagnosis to consider in delayed
awakening after surgery is NCSE. As seen in our case, CIE
should also be considered in a similar scenario. The presence
of triphasic waves, as seen in our case, clearly suggests

metabolic encephalopathy than NCSE.™! Distinguishing
between these two entities is necessary as excessive
administration of antiepileptic drugs with a wrong diagnosis
of NCSE can delay patients’ recovery and invite associated
complications.™

In CIN, spontaneous improvement in patients clinical status
is observed within 1-12 days of withholding ceftriaxone.!
Our patient recovered within 4 days.

In 2021, Lacroix et al.® used the French Pharmacovigilance
Database and described the largest case series of ceftriaxone-
induced CNS complications. They analyzed 216 patients
with CNS adverse drug reactions related to ceftriaxone
and identified 45 cases (20.8%) of CIE. They acknowledged
encephalopathy as the most common CNS complication
related to ceftriaxone. In this article, they have also reviewed
six previously reported cases of CIE published in the
literature. Our literature review yielded three more cases of
CIE in addition to the cases reported by Lacroix et al. We
were able to identify an additional three cases of CIE. Table 1
summarizes all the reported cases of CIE except the ones
identified by Lacroix et al. Old age and renal dysfunction
were recognized as the most common predisposing factors.
The median time of onset of CNS adverse drug reactions was
4 days and the mean duration of clinical manifestation was
4.5 days.

Table 1 summarizes all the cases of CIE in the literature,
except the ones identified in the French Pharmacovigilance
Database.[>*1315] The age of these patients ranges from 8 to
86 years with the majority of the patients above the age of 60.

Renal dysfunction was the most common risk factor. Renal
dysfunction is seen in all the published articles except in the
case reported by Sharma et al. Our patient was also similar to
the one referred to by Sharma et al.'?! with regard to normal
renal function. Old age is also a common risk factor observed
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Table 1: Summary of all the previously published cases of CIE in the literature.

Reference Age Risk factors Neurological manifestation Onset Recovery
Roncon-Albuquerque 60 T2DM, HTN, dyslipidemia, CVD, Progressive apathy and 4 days 3 days
et al."” CAD, PVD, and acute renal failure insomnolence
Sharma et al.l'?! 8 None Progressive apathy, 3 days 3 days
insomnolence
Jadot et al.”! 64 NASH-related cirrhosis complicated Encephalopathy 22 days 3 days
by hepatocellular carcinoma, T2DM,
HTN, CAD, and chronic renal
insufficiency
Suzuki et al.l*? 86 ESRD on HD, RA, hypothyroidism, Altered mental state, 13 days 4 days
and HTN myoclonic jerks
Nishioka et al.’} 78 HTN and ESRD Encephalopathy 9 days 5 days
Dubin and Schattner!" 76 Vascular disease s/p mitral valve Coma 14 days 2 days
repair and renal dysfunction
Triplett et al.!"”! 70 DM and acute renal failure Encephalopathy 3 days UK
Triplett et al.!"”! 80 Head injury with cerebral contusions Encephalopathy 2 days UK
Safadi et al.l') 37 ESRD due to lupus nephritis Agitation, paranoia, and 3 days 1.5 days
hallucination

T2DM: Type 2 diabetes mellitus, HTN: Hypertension, CVD: Cerebrovascular disease, CAD: Coronary artery disease, PVD: Peripheral vascular disease,
NASH: Nonalcoholic steatohepatitis, ESRD: End-stage renal disease, HD: Hemodialysis, RA: Rheumatoid arthritis

in most of the published articles, except in the cases reported
by Sharma et al.'” and Safadi et al.")

CIE is an underdiagnosed and underreported clinical
entity. Considering the risk of neurotoxicity, the use of
ceftriaxone as perioperative antibiotic prophylaxis should not
be considered in older adults and/or in patients with renal
dysfunction. Instead, antibiotics such as cefoperazone or
amoxiclav that are very rarely reported to cause neurotoxicity
should be contemplated as an alternative for perioperative
antibiotic prophylaxis in such cases.

A limitation of our case report is that we were unable to
measure the CSF level of ceftriaxone.

Our case is novel in that; (i) it is the first reported case of
CIE in a neurosurgical patient diagnosed with multicentric
glioma and (ii) the onset of encephalopathy was observed in
less than a day.

CONCLUSION

CIE is a rare complication most commonly seen in
older adults with renal failure. Ceftriaxone should be
considered a cause of encephalopathy in patients who
were administered the drug with delayed awakening
after surgery. Since this complication is underdiagnosed
and altered mental status has multiple differentials, the
diagnosis of this condition remains clinically challenging.
Clinical vigilance of the condition, EEG findings, and
when possible, measurement of ceftriaxone concentration
in serum and CSF can aid in diagnosing this condition.
Neurological conditions as a risk factor need further
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exploration to help us better understand and prevent this
complication. Prompt diagnosis and cessation of the drug
can revert this condition. Clinicians should be more aware
of this iatrogenic complication.
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