
Patient information 

A 73-year-old Korean woman visited the emergency 
room (ER) with symptoms of high fever and slight 
drowsiness. She had a history of intracerebral hemor-
rhage (ICH) diagnosed in 2008, with diabetes, hyper-
tension, and chronic kidney disease (CKD). The patient 
had recovered from the ICH, and her motor function, 
sensory function, and level of consciousness were nor-
mal before admission. She was diagnosed with multiple 
myeloma (MM) 3 years previously. At that time, she 
was prescribed carfilzomib 27 mg/m2 intravenous (IV) 
on days 1, 2, 8, 9, 15, and 16; oral lenalidomide 10 mg 
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on days 1 to 21; and dexamethasone 40 mg IV on days 
1, 8, 15, and 22 as second-line treatment for MM for 8 
months. 

Clinical findings 

Immediately after arriving at the ER, her body tempera-
ture was 38.6°C, blood pressure was 90/60 mmHg, 
heart rate was 168 beats/min (newly diagnosed atrial 
fibrillation), and oxygen saturation was 97%. Accord-
ingly, laboratory tests and blood, urine, and sputum cul-
tures were performed. The Glasgow Coma Scale score 
was also assessed. The patient opened her eyes in re-
sponse to sound, had a confused verbal response, and 
exhibited a localized motor response to pain. The pa-
tient scored 12 out of 15 points, indicating a mild 
drowsy state. Chest and abdomen auscultation and pal-
pation were also performed. Apart from crackles heard 
during chest auscultation, no other significant abnor-
malities were detected. 

Diagnostic assessment 

In blood tests, the white blood cell count was 7,790 
cells/µL (range, 4,000–10,000 cells/µL), and erythro-
cyte sedimentation rate and C-reactive protein (CRP) 
levels were elevated to 120 mm/hr (range, 0–25 mm/
hr) and 15.2 mg/dL (range, 0–0.5 mg/dL), respectively. 
Moreover, the creatinine level was elevated to 3.52 mg/
dL (range, 0.7–1.2 mg/dL), and creatinine clearance 
decreased to 12.72 mL/min (range, 75–125 mL/min). 
Chest computed tomography (CT) revealed multiple 
pulmonary consolidations. However, brain CT showed 
brain atrophy along with a previously implanted ventric-
uloperitoneal (VP) shunt. No acute brain lesions were 
observed that may have caused confusion. The patient 
exhibited severe general weakness, scoring 94 out of 150 
on the manual muscle testing-8, and she was slightly 
drowsy. She was administered ceftazidime (2 g every 12 
hours) until the 5th day of admission. After hospitaliza-
tion, although the high fever improved, her level of con-
sciousness deteriorated. On the 4th day of hospitaliza-
tion, she became drowsy, and jerky movements were 
observed in her upper extremities and jaw. 
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Differential diagnosis 

The following diagnoses were considered. 

1. Uremic encephalopathy 
The patient already had CKD, and acute kidney injury 
had developed, further worsening her renal function. 
However, her urine output was not reduced and there 
was no acidosis or electrolyte imbalance, making it diffi-
cult to attribute encephalopathy to uremia. 

2. Septic encephalopathy 
From the start of hospitalization, her blood pressure was 
maintained without the use of inotropic agents. The pa-
tient had an infection but did not experience septic 
shock. Furthermore, pyuria was not observed on the 
first day of admission, and no additional bacteria were 
identified in repeated cultures. 

3. Cephalosporin-induced encephalopathy 
Despite worsening renal function, failure to reduce the 
antibiotic dose further may have contributed to cepha-
losporin-induced encephalopathy (CIE). In addition, 
the patient was 73 years old, and the blood-brain barrier 
damage resulting from ICH rendered her more vulnera-
ble to CIE. 

4. Cerebrovascular diseases (brain hemorrhage, 
brain infarction, etc.) 
The patient had a history of ICH. The penetration of 
cephalosporins into the central nervous system (CNS) 
may be increased in patients with prior brain injury. In 
fact, among patients with pre-existing CNS morbidity 
and CKD, the incidence of cefepime-induced neurotox-
icity was approximately three times higher than that in 
patients with CKD but without previous CNS injury 
[1-3]. 

5. Multiple myeloma 
Encephalopathy directly caused by MM is rare. Howev-
er, if MM is not well-controlled, a deteriorating general 
condition can indirectly lead to altered consciousness. 
Nevertheless, the patient maintained low levels of 
M-protein for several months before hospitalization, 
and although only a CT scan was performed, there were 

no signs of newly developed bone lesions suggestive of 
plasmacytoma. 

Diagnosis and management 

Considering ICH history, the CNS was more vulnera-
ble in the patient than in the general population, which 
significantly increased the likelihood of new brain-relat-
ed issues emerging. Therefore, on the 6th day of hospi-
talization, brain magnetic resonance imaging (MRI) 
and follow-up brain CT were performed to assess the 
patient's condition. Although artifacts appeared second-
ary to the VP shunt valve on the brain MRI, no acute 
hemorrhage or ischemic findings were observed. 

The pneumonic consolidations improved over sever-
al days, during which time Escherichia coli was isolated 
from a urine culture. The patient had a high fever for the 
first 2 days. Her CRP level decreased from 15.2 mg/dL 
on the first day of admission to 5.8 mg/dL after 5 days. 
In the antibiotic susceptibility test, E. coli in the urine 
culture was confirmed to be sensitive to ceftazidime. 
Despite improvements in the patient’s fever, laboratory 
findings, and chest X-ray, there was no improvement in 
the patient’s level of consciousness. Therefore, it was 
challenging to conclude that sepsis was the primary 
cause of the decline in the patient’s consciousness. How-
ever, we adopted a proactive approach and transitioned 
from ceftazidime 2 g IV every 12 hours to meropenem 
500 mg IV every 12 hours, considering the potential 
role of sepsis. Nevertheless, over several days, her level 
of consciousness deteriorated to a semi-comatose state 
with no voluntary movement and only a moan-like re-
sponse to pain stimuli. Therefore, electroencephalogra-
phy (EEG) was performed. 

The primary EEG (Fig. 1) revealed bilateral indepen-
dent triphasic waves with slow background activity. 
This is an EEG finding commonly seen in CIE. Given 
that the likelihood of sepsis, uremia, and inherent brain 
problems as the causes of encephalopathy had de-
creased, the typical EEG findings of CIE raised the pos-
sibility that ceftazidime was the underlying cause. Three 
days after the discontinuation of ceftazidime, her level 
of consciousness gradually improved. A follow-up EEG 
(Fig. 2) was performed, and the last observed triphasic 
wave disappeared. After 3 days, a marked improvement 
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in consciousness was observed. Two weeks after the 
discontinuation of ceftazidime, the patient recovered 
and was discharged. 

Discussion 

Cephalosporins are frequently used in hospitals owing 
to their widespread antimicrobial activity. However, 
cephalosporins can produce several adverse effects in-
cluding neurotoxicity [4]. CIE is primarily associated 

with cefepime use; therefore, its incidence is more spe-
cifically documented in patients administered cefepime. 
Among patients treated with cefepime, the prevalence 
of encephalopathy ranges from approximately 0.2% to 
1%, with reported values as high as 7% in patients in in-
tensive care units [1-3]. 

However, the exact mechanism underlying CIE has 
not yet been definitively established. CIE is thought to 
be related to γ-aminobutyric acid (GABA) type A re-
ceptor inhibition through the competitive binding of 

Fig. 1. Initial electroencephalography shows unilateral, bifrontal, or generalized quasiperiodic high amplitude spike or 
sharp and slow wave complexes at 1 to 2 Hz with anterior-to-posterior time lags and an amplitude gradient.

Fig. 2. Follow-up electroencephalography shows diffuse frontal dominant theta waves at 7 Hz mixed with small 
beta waves.
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cephalosporins. Cephalosporins may also decrease 
GABA release from the nerve terminals or increase ex-
citatory amino acid release. Through these mechanisms, 
cefepime treatment results in hyperexcitation of neu-
rons and depolarization of the postsynaptic membrane, 
which is clinically consistent with the occurrence of sei-
zures, myoclonus, and encephalopathy [1,5-7]. 

CIE is characterized by confusion, myoclonus, or sei-
zures [5,6]. There are many risk factors for cephalospo-
rin neurotoxicity, such as blood-brain barrier dysfunc-
tion due to preexisting CNS conditions, impaired renal 
function, old age, and excessive medication dosage 
[4,8]. 

The EEG findings of CIE are generally consistent 
with those of metabolic encephalopathy, demonstrating 
generalized slowing and triphasic waves. Although these 
findings are not specific, they differ from EEG findings 
in patients with septic encephalopathy. During sepsis, 
various EEG findings are observed such as the absence 
of reactivity, slowing of background activity (theta and 
delta activity), electrophysiological seizures, and period-
ic discharges [8]. 

The most effective treatment for CIE is the immedi-
ate discontinuation of cephalosporins. Although there 
are other treatments, such as hemodialysis and anticon-
vulsants, discontinuing cephalosporins is preferable. 
CIE is mostly reversible, and symptoms usually disap-
pear within 7 days of discontinuation. In addition, to re-
duce neurotoxicity when cephalosporins are used, an 
appropriate dose based on renal function is vital [9].  

Conclusion 

Considering the extensive use of cephalosporins, CIE is 
considered a rare side effect. However, considering the 
significance of this class of antibiotics, internists should 
be cautious and carefully adjust the dosage according to 
renal function and various patient conditions when pre-
scribing cephalosporins. 

Patients with hematological malignancies are inher-
ently more susceptible to infections than general medi-
cal patients, leading to a significantly higher frequency 
of antibiotic use, including cephalosporins. Moreover, 
owing to the often-compromised renal function in these 
patients, they are more vulnerable to cephalosporin 

neurotoxicity than general medical patients. If neurolog-
ical symptoms appear in patients with hematological 
malignancies, particularly MM, all possible causes 
should be considered. Among these, CIE is an import-
ant cause that should be assessed regardless of the type 
of cephalosporin used. 
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