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Two cases of ceftriaxone-induced encephalopathy treated
by hemoperfusion in hemodialysis patients
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Abstract

Ceftriaxone is a third-generation cephalosporin commonly used to treat infec-

tion. However, encephalopathy is an emerging adverse effect of ceftriaxone

infusion. These patients present with various symptoms, including those of

neurotoxicity, that typically resolve 1 week after discontinuation of ceftriax-

one. We experienced two cases of ceftriaxone-induced encephalopathy that

were successfully treated by rapid removal of ceftriaxone by hemoperfusion.
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INTRODUCTION

Ceftriaxone is a third-generation cephalosporin commonly
used in the treatment of infection.1 It is not usually neces-
sary to adjust the dose of ceftriaxone in patients with mild
abnormal kidney function because approximately half of the
ceftriaxone is excreted via the biliary system. However, cef-
triaxone clearance is impaired in patients with end-stage
kidney disease (ESKD).2,3 Several recent cases of encepha-
lopathy as an adverse effect of ceftriaxone have been
reported in patients with ESKD. Neurotoxicity due to high
serum and cerebrospinal fluid (CSF) ceftriaxone concentra-
tions is known to occur in ESKD patients.4,5 Here, we pre-
sent two cases of ceftriaxone-induced encephalopathy in
patients with ESKD in whom successful treatment was
achieved by hemoperfusion. It is difficult to eliminate serum
ceftriaxone by hemodialysis because of the high binding rate
of ceftriaxone with serum albumin (90%–95%).6 Hemo-
perfusion can be used to eliminate toxic agents that have a

large molecular weight or a high protein binding rate,7 and
is expected to be an effective method for treating
ceftriaxone-induced encephalopathy. To the best of our
knowledge, this is the first case report of hemoperfusion
treatment for ceftriaxone-induced encephalopathy.

CASE PRESENTATION

Case 1

A 78-year-old man on maintenance hemodialysis was
admitted to our hospital with bacteremia caused by a uri-
nary tract infection. His medical history included hyper-
tension, ischemic stroke, type 2 diabetes mellitus, and
ESKD due to diabetic nephropathy. Intravenous ceftriax-
one was administered at a dosage of 2 g daily for 10 days
(days 1–10). His level of consciousness began to deterio-
rate on day 8, and he had a Glasgow coma scale (GCS)
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score of 5 points (E2V2M1) on day 11. Vital signs and
physical examination showed no specific findings. A neu-
rological examination found myoclonic jerks in the legs.

Laboratory data, head computed tomography (CT), and
magnetic resonance imaging (MRI) showed no evidence
of acute stroke or other disorders causing the impaired
consciousness. CSF analysis revealed no abnormalities. As
there were no suspected drugs other than ceftriaxone, we
changed ceftriaxone to levofloxacin (0.25 g alternate daily)
on day 11. Also, on day 11, the patient underwent hemo-
perfusion (blood flow rate, 100 ml/min, Hemosorba CHS-
350; Asahi Kasei; total throughput, 18 L). Following hemo-
perfusion, the patient’s GCS score recovered immediately
to 7, and then to 15 on day 12 (Figure 1a). Subsequently,
we found that his serum ceftriaxone concentration was
59.9 μg/ml at pre hemoperfusion and 32.8 μg/ml at post
hemoperfusion treatment. No exacerbation was observed
after substitution of the antibiotics, which was indicative
of ceftriaxone-induced encephalopathy as a diagnosis. The
patient characteristics are listed in Table 1.

Case 2

A 38-year-old man on maintenance hemodialysis was
admitted to our hospital with non-occlusive mesenteric
ischemia and enteritis. His medical history included
Leriche syndrome, intestinal malrotation, cholecystitis, and
ESKD due to chronic glomerulonephritis. Ceftriaxone was
administered at a dosage of 2 g daily for 5 days (days 1–5).
The patient had an altered mental state and a GCS score of
11 (E3V3M4) with myoclonic leg movements on day 4. He
had delirium due to severe abdominal pain and his

F I GURE 1 Clinical course in Case 1 (a) and Case 2 (b). CTRX

conc., serum ceftriaxone concentration; CTRX, ceftriaxone; GCS,

Glasgow coma scale; HD, hemodialysis; HP, hemoperfusion

TAB L E 1 Patient profiles and clinical summary

Characteristic Case 1 Case 2

Age (year), sex 78, male 38, male

BW (kg), BMI (kg/m2) 55.0, 21.8 51.2, 20.5

Primary cause of ESKD Diabetic nephropathy Chronic glomerulonephritis

Dialysis vintage 2 years 7 months 4 years 11 months

Dialysis prescription 4 h HD
Polysulfone, 2.1 m2

Qb: 200 ml/min
Qd: 500 ml/min

4 h HD
Polysulfone, 2.1 m2

Qb: 200 ml/min
Qd: 500 ml/min

Indication for CTRX Urinary tract infection Enteritis

Dosage of CTRX (g/day) 2 (days 1–10) 2 (days 1–5)

Serum concentration of CTRX
(μg/ml)

59.9 (day 11, pre HP)
32.8 (day 11, post HP)
33.2 (day 12)

190.5 (day 6, pre HP)
140.1 (day 6, post HP)
67.7 (day 9)

CSF concentration of CTRX (μg/ml) – 6.6 (day 6, pre HP)

Elimination half-life of CTRX (hours) 3.5 (HP phase) 9.0 (HP phase)
64.8 (post HP, days 6–9)

Abbreviations: BMI, body mass index; BW, body weight; CSF, cerebrospinal fluid; CTRX, ceftriaxone; ESKD, end stage kidney disease; HP, hemoperfusion; Qb,
blood flow rate; Qd, dialysate flow rate.
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symptoms showed no improvement despite treatment with
haloperidol (5 mg). Laboratory and CT examinations rev-
ealed no specific findings. A CSF analysis revealed no
abnormalities. Electroencephalography (EEG) revealed tri-
phasic waves indicating metabolic or drug-induced enceph-
alopathy. Considering the clinical course, ceftriaxone-
induced encephalopathy was suspected; ceftriaxone was
discontinued and changed to Meropenem (0.5 g daily). On
day 6, the patient underwent hemoperfusion (blood flow
rate, 100 ml/min, Hemosorba CHS-350; Asahi Kasei; total
throughput, 24 L). With hemoperfusion treatment, his
GCS score recovered immediately to 9, and was 15 points
at day 7 after hemoperfusion (Figure 1b). Subsequent anal-
ysis of serum samples revealed high concentrations of cef-
triaxone (190.5 μg/ml at pre hemoperfusion and
140.1 μg/ml at post hemoperfusion treatment). The ceftri-
axone concentration in the CSF sample was 6.6 μg/ml. The
patient characteristics are listed in Table 1.

DISCUSSION

Ceftriaxone-induced encephalopathy generally manifests
within about 1 week after administration of ceftriaxone,
and the encephalopathy shows resolution one or 2 weeks
after discontinuation of ceftriaxone.8 Most of the clinical
features are neurotoxic symptoms such as psychosis, sei-
zure, myoclonus, and choreoathetosis that show no
abnormalities in laboratory investigations, CT, or MRI.
However, EEG shows slow and generalized periodic dis-
charge with triphasic morphology.9

According to a previous report, the peak and trough
concentrations of a 2 g daily dose of ceftriaxone adminis-
tered to patients with normal kidney function were
236–284 and 8.8–21.2 μg/ml, respectively.10 The concen-
trations observed in the present cases were higher than
the troughs of these reported values, which suggests that
these two patients were exposed to high concentrations
of ceftriaxone. In Case 2, the concentration of ceftriaxone
in a CSF sample was 6.6 μg/ml, which is much higher
than that of 0.18–1.04 μg/ml reported previously in the
CSF of patients with uninflamed meninges.11

The present results clearly indicate correlations of high
concentrations of ceftriaxone in the serum and CSF samples
with ceftriaxone neurotoxicity. Resolution of the neurotoxic-
ity requires approximately 1 week with conservative treat-
ment, which delays treatment of the infection. In the
present cases, we used hemoperfusion as an aggressive
treatment for ceftriaxone-induced encephalopathy. Hemodi-
alysis is suitable for the removal of toxic agents with low
molecular weight, low distribution volume, and low protein
binding rate.12 However, extraction of serum ceftriaxone is
not enhanced during the hemodialysis procedure because

ceftriaxone has a high serum protein binding rate (90%–
95%).6,13 Therefore, we performed hemoperfusion. In both
patients, the consciousness level recovered remarkably dur-
ing hemoperfusion, and returned to a normal state on the
following day. Each patient showed remarkable improve-
ments over time in the GCS score and serum ceftriaxone
concentration in the hemoperfusion phase.

We applied a 1-compartment model (Cp = C0*e
�k*t,

where Cp is serum ceftriaxone concentration, C0 is initial
serum ceftriaxone concentration, k is elimination rate con-
stant, and t is time) to the change in serum ceftriaxone con-
centration to estimate the elimination half-life. In Case
1, the calculated half-life with hemoperfusion was 3.5 h,
which is shorter than the elimination half-life of serum cef-
triaxone concentration reported in healthy adults with nor-
mal kidney function (5.8–8.7 h).14 Removal of ceftriaxone
during hemoperfusion (half-life: 9.0 h) was slower in Case
2 than Case 1. However, the half-life was far shorter with
hemoperfusion than without hemoperfusion (64.8 h),
which is the case in conservative treatment.

The present analysis clearly showed that hemo-
perfusion accelerated the elimination of serum ceftriax-
one. Hemoperfusion treatment reduces the time of
recovery to consciousness to within hours in patients
with ceftriaxone-induced encephalopathy, whereas recov-
ery requires approximately 1 week with conservative
treatment. A prompt recovery enables treatment of infec-
tion to proceed and prevents complications. Although
previous studies have reported hemoperfusion therapy
for the elimination of toxic agents such as carbamaze-
pine, disopyramide, and phenobarbital,15–17 few have
discussed the application of extracorporeal removal tech-
niques for antibiotics associated with encephalopathy,
and none have mentioned the application of hemo-
perfusion to ceftriaxone-induced encephalopathy.

CONCLUSION

We experienced two cases of ceftriaxone-induced enceph-
alopathy in patients with kidney impairment who were
successfully treated by hemoperfusion. Considering the
protein binding rate, hemoperfusion is preferable to
hemodialysis for directly eliminating serum ceftriaxone.
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