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Abstract
Carbamazepine (CBZ) intoxication can occur due to various factors, including drug interactions and over-ingestion. 
Extracorporeal elimination, particularly through hemodialysis and hemoperfusion, is effective in treating severe 
carbamazepine intoxication. However, as the effectiveness of various modalities can differ, method selection may be based 
on a specific clinical situation. A 47-year-old woman who took CBZ for schizophrenia presented to our hospital with episodes 
of vomiting and consciousness disorder. As the CBZ concentration was > 20 μg/mL, she was admitted to the intensive care 
unit with a diagnosis of acute CBZ poisoning. She underwent one session of hemoperfusion for 2 h, and her CBZ level 
decreased from > 20 µg/mL to 6.4 µg/mL. However, she developed acute kidney and liver injuries 2 days after admission and 
underwent intermittent hemodialysis, plasma exchange, continuous hemodiafiltration (CHDF), and online HDF, depending 
on her condition. Her general condition improved, and she was transferred to the psychiatric department. To our knowledge, 
no case reports have described severe acute CBZ poisoning in a patient who developed multiorgan failure to date, which was 
successfully treated with multimodal blood purification therapy. When treating severe CBZ intoxication, blood purification 
therapy should be tailored to the changing pathophysiology of the condition.
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Abbreviations
CBZ  Carbamazepine
CHDF  Continuous hemodiafiltration
ECTR   Extracorporeal therapy
FFP  Fresh frozen plasma
HD  Hemodialysis
HDF  Hemodiafiltration
HP  Hemoperfusion
IHD  Intermittent hemodialysis
PE  Plasma exchange

Background

Carbamazepine (CBZ), a widely used anticonvulsant agent, 
is also being increasingly used for pain management, 
mood disorders, and schizophrenia [1]. With increasing 
blood concentrations of CBZ, intoxication symptoms may 
occur. In mild-to-moderate cases, involuntary movements, 
ataxia, and nystagmus are observed. In severe cases, 
patients present with arrhythmia, deep coma, convulsions, 
multiorgan failure, and respiratory arrest. The mortality rate 
of CBZ intoxication is approximately 13% [2]. The adult 
therapeutic plasma level of CBZ is between 4 and 12 µg/
mL [3]. CBZ intoxication can be treated by supportive care, 
prevention of further drug absorption, and enhancement 
of drug elimination with blood purification therapy. The 
treatments are also effective for cases of acute liver or 
acute kidney injury, which are severe symptoms of CBZ 
intoxication. Several extracorporeal therapies (ECTRs), 
including charcoal hemoperfusion (HP), hemodialysis 
(HD), hemodiafiltration (HDF), and plasma exchange 
(PE), are applied for treating severe CBZ intoxication [4]. 
However, no report has shown that the combined modality 
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mode technique is effective for saving lives. Here, we report 
a case of severe acute CBZ intoxication in a patient who 
developed multiorgan failure, which was successfully treated 
by multimodal blood purification therapy.

Case report

A 47-year-old woman who presented with episodes of 
vomiting and disorder of consciousness was transferred to 
our hospital. Prior to hospital presentation, she experienced 
abdominal pain and nausea for 2 weeks and was unable 
to eat for 5  days. Regarding her medical history, she 
had schizophrenia and was taking CBZ, brexpiprazole, 
sulpiride, biperiden, quetiapine fumarate, alprazolam, 
lorazepam, and duloxetine hydrochloride. At the time of 
hospitalization, her temperature was 37.2 °C, her pulse 
rate was 134 beats per minute, her blood pressure was 
129/97 mmHg, and her oxygen saturation was 73% in room 
air. On physical examination, her Glasgow Coma Scale score 
was  E1V1M3, her pupils were dilated, and her pupil reflexes 
were decreased. Laboratory studies demonstrated mildly 
elevated hepatobiliary enzyme levels, renal dysfunction, 
hyperkalemia, hypochloremia, hypocalcemia, and 
hyperphosphatemia. CK was within normal range although 
there was a discrepancy between the occult blood reaction 
and the RBC count in the urine sample. Importantly, the CBZ 
concentration was > 20 µg/mL. Other clinical laboratory 
data are shown in Table  1. Twelve-lead EKG records 
showed a normal sinus and no irregular rhythm. Computed 
tomography of the head revealed no abnormality. Given the 
abovementioned findings, the patient was admitted to the 
intensive care unit with a diagnosis of CBZ intoxication. 
After admission, she was intubated, and activated charcoal 
was administered twice, but her level of consciousness and 
pupil condition showed little improvement. She underwent 
one session of HP for 2 h. The blood flow rate was 100 mL/
min (Supplementary Table 1). After HP, her CBZ level 
decreased from > 20 µg/mL to 6.4 µg/mL, and her pupil 
dilation improved. On the second day, the hepatobiliary 
enzyme and creatinine levels were highly elevated, and 
her urine output was decreased; therefore, she was treated 
with 6 units of fresh frozen plasma (FFP) and intermittent 
hemodialysis (IHD) (Supplementary Table 1). The next day, 
the level of her hepatobiliary enzymes were further elevated; 
thus, she received PE with 30 units of FFP (Supplementary 
Table 1). Her blood pressure was slightly unstable; therefore, 
continuous hemodiafiltration (CHDF) was also performed 
(Supplementary Table 1). Thereafter, her vitals became 
stable, and she was treated with online HDF to address her 
hyperammonemia and hepatic insufficiency (Supplementary 
Table 1). Gradually, the hepatobiliary enzyme and ammonia 
levels decreased, and her level of consciousness also 

improved. Her renal function also tended to improve, and 
her urine output increased; therefore, she was weaned off 
online HDF on the 30th day. Her general condition tended 
to improve, and she was weaned off the ventilator and 
transferred to the psychiatric department on day 42 (Fig. 1).

Discussion

In this case, we discovered the importance of multimodal 
blood purification therapy for saving lives due to the 
dramatically changing pathophysiology of multiorgan failure 
due to CBZ intoxication.

The pharmacological toxicity of CBZ results from 
its binding to sodium channels, inhibition of neuronal 
depolarization, and a reduction in glutamate release. 
CBZ has anticholinergic effects at high concentrations, 
and its intoxication frequently presents with neurological, 
cardiovascular, and anticholinergic symptoms. While mild 

Table 1  Laboratory data on admission to our hospital

Blood count Serum chemistry

 WBC 12,900/µL  TP 8.8 g/dL
 Neu 83.5%  Alb 3.2 g/dL
 Ba 0.2%  BUN 59 mg/dL
 Eo 0.0%  Cr 3.27 mg/dL
 Ly 11.1%  eGFR 13.0 mL/min/1.73  m2

 Mo 5.2%  Na 130 mEq/L
 RBC 568 ×  104/µL  K 5.2 mEq/L
 Hb 15.2 g/dL  Cl 46 mEq/L
 Ht 45.9%  Ca 6.2 mg/dL
 Plt 81.4 ×  104/uL  iP 14.4 mg/dL

Coagulation  Fe 15 µg/dL
 APTT 38.4 s  AST 38 U/L
 PT 26.6%  ALT 26 U/L
 PT-INR 2.62  γGTP 113 U/L

Urinalysis  ALP 165 U/L
 Protein (3 +)  LDH 476 U/L
 Occult blood (3 +)  T-Bil 1.9 mg/dL
 KET ( ±)  D-Bil 0.73 mg/dL

Urinary sediment  CK 141 U/L
 RBC 5–9/hpf  CRP 6.23 mg/dL
 WBC 10–19/hpf  CBZ  > 20.0 µg/mL

Blood gas analysis  (O2 10 L/min)
 pH 7.574
  pCO2 28.8 mmHg
  pO2 161.0 mmHg
  HCO3

− 26.6 mmol/L
 AnionGap 64.2 mmol/L
  Ca2+ 0.74 mmol/L
 Glu 125.0 mg/dL
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toxicity results in drowsiness, nystagmus, tachycardia, 
hyperreflexia, or dysmetria, severe cases may lead to 
lethargy, seizure, coma, QRS prolongation, hemodynamic 
instability, and pronounced anticholinergic symptoms, 
especially ileus. CBZ intoxication diagnosis relies on the 
history and presence of typical clinical findings and is 
confirmed using laboratory examinations. The symptoms 
become more severe at concentrations of > 40  µg/mL, 
although a clear correlation with mortality is uncertain 
[2, 5]. Most patients with CBZ poisoning can be managed 
with supportive care alone, including fluid administration, 
ventilatory support, benzodiazepine use for seizure control, 
and vasopressor use for hypotension. Activated charcoal is 
mostly used for gastrointestinal decontamination for acute 
CBZ poisoning, although its effectiveness in improving the 
clinical outcomes has not been proven and is contraindicated 
in cases with ileus [6]. The American Academy of Clinical 
Toxicologists and European Association of Poisons Centers 
and Clinical Toxicologists recommend that activated 
charcoal should be considered only if a patient has ingested 
a life-threatening amount of CBZ [7].

Severe CBZ intoxication can be treated using ECTR, 
which can provide better and more predictable clearance 
than activated charcoal, particularly in cases with an ileus. 
Sikma et al. reported that the elimination rate constant 
(Ke) of CBZ, which is calculated as ke = ln 2/half-life 
(h) and reflects the effectiveness of the elimination route, 
was 0.009/h, 0.039/h, and 0.059/h during endogenous 

metabolism, administration of activated charcoal, and 
ECTR, respectively [8]. The Extracorporeal Treatments 
in Poisoning workgroup has reported that ECTR is 
beneficial for reducing short-term morbidity (related 
to severe hypotension and recurrent seizures) and 
avoiding complications related to prolonged respiratory 
insufficiency and coma (e.g. ventilator-associated 
pneumonia, pulmonary emboli, and immobilization). 
Moreover, it proposed the indications for ECTR [4]. ECTR 
is recommended in the following conditions: if multiple 
seizures refractory to treatment occur, life-threatening 
dysrhythmias occur, prolonged coma or respiratory 
depression requiring mechanical ventilation is present or 
expected, and significant toxicity persists, especially if the 
CBZ concentrations increase or remain elevated despite 
the administration of activated charcoal and application 
of support measures. The workgroup proposed that ECTR 
should be indicated until sustained clinical improvement is 
apparent or the serum CBZ concentration is < 10 µg/mL.

CBZ (molecular weight, 236 Da) is lipophilic and has 
a volume of distribution of 1.2L/kg and protein binding 
rate of approximately 75%, which does not decrease much 
in cases of overdose. Therefore, HP is the most effective 
technique for CBZ elimination. Yang et al. reported that 
patients managed with early HP experienced lower peak 
CBZ concentrations, fewer cases of respiratory depression, 
fewer episodes of seizures, and shorter hospitalization than 
patients not treated with extracorporeal elimination [9].
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Fig. 1  Clinical course of the patient after the admission
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Recent data have demonstrated that IHD is almost as 
effective as HP because of improved clearances provided by 
high-flux membranes, high blood flow, and larger catheters 
[10]. Globally, IHD is preferred for maintenance dialysis 
in patients with end-stage kidney disease and acute kidney 
injury, making it the most available modality. Meanwhile, 
the availability of HP cartridges is limited worldwide. 
Therefore, the travel distance to an HD center for a poisoned 
patient would likely be minimized [4]. Moreover, IHD is 
preferred because of its lower cost and complication rate as 
compared to HP [11]. However, several studies have shown 
a greater initial CBZ clearance with charcoal HP than with 
IHD. Isik et al. have shown that the removal rate of CBZ 
with HP is 58% within 1 h, which is superior to that of IHD 
(15% within 4 h) [12]. Pilapil et al. demonstrated that, during 
a 4-h treatment, the extraction ratio of CBZ was excellent 
with HP at the start of treatment; however, it decreased over 
time and approached the extraction ratio achieved with IHD 
because of the reduced charcoal absorptive capacity after 
the first hour with prolonged treatment, reflecting cartridge 
saturation [13]. Therefore, HP is the most effective therapy 
based on the efficacy of CBZ extraction, if cartridges 
are available and physicians and nursing personnel are 
comfortable performing this technique.

Severe CBZ intoxication can result in multiorgan failure. 
In this case, the patient developed acute kidney and acute 
liver injuries on day 2 after admission and was treated with 
IHD, PE, continuous HDF, and online HDF, depending on 
her condition. Durelli have reported fatal liver injury as an 
unforeseeable idiosyncratic reaction of CBZ [14]. Skopp 
et al. demonstrated that the autopsy of a 22-year-old woman 
with a history of developmental delay and seizures treated 
with CBZ who died of fulminant hepatic failure showed 
acute tubular necrosis in the kidneys, preexisting and marked 
accumulation of neutral lipids within the hepatocytes, and 
hyperacute liver damage with almost complete hepatocyte 
necrosis [15]. Moreover, they described that long-term 
administration of CBZ increases the production of free 
radicals, leaving the hepatic cell more vulnerable to 
oxidative injury [15]. Although hyperammonemia as a 
symptom of CBZ intoxication is less commonly observed 
than valproic acid toxicity, Adams et al. reported a case 
of CBZ-induced hyperammonemia [16]. In this case, 
acute liver injury and CBZ intoxication may have induced 
hyperammonemia. Hyperammonemia is associated with 
intracranial hypertension and mortality in patients with 
acute liver failure. Blood purification therapy for acute 
liver failure can bring the patient out of a coma and keep 
him/her in good condition until the liver regenerates. PE is 
recommended in acute liver failure to replace the deficient 
plasma proteins and coagulation factors; however, it has 
poor coma-waking effects. This is because PE only replaces 
a plasma portion, and the amount of solutes removed is 

determined by plasma volume used. Therefore, when water-
soluble substances with a large volume of distribution in the 
body are targeted, the removal capacity is inferior to that 
of HDF using a large volume of replacement fluid. HDF 
can remove low-molecular-weight substances with a large 
volume of distribution, including ammonia, and medium-
molecular-weight substances, which are assumed to be 
related to hepatic encephalopathy. Fujiwara et al. showed 
that the recovery rate of consciousness abnormalities of PE 
and online HDF is 37.5% and 92.9%, respectively [17]. In 
this case, online HDF was performed for acute liver injury 
due to CBZ intoxication, which gradually improved the 
patient’s ammonia and consciousness levels.

In conclusion, Blood purification therapy for severe CBZ 
intoxication should be flexible according to the changing 
pathophysiology of the condition.
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