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Abstract

Introduction: Carbamazepine (CBZ) is a drug used in the treatment of neurological and psychiatric disorders. Intoxication with
CBZ is a serious condition that can result in coma, hemodynamic instability and death. Urgent management of CBZ intoxication is
life saving and extracorporeal methods are used for removal of CBZ. It is also known that CBZ is highly protein-bound and charcoal
hemoperfusion is the most effective extracorporeal elimination. We know that hemodialysis is also a technique for management of
this drug.
Case Presentation: We present two cases of CBZ intoxication, treated with two different methods, charcoal hemoperfusion and
high-flux hemodialysis. The first patient who was receiving CBZ treatment for anxiety disorder was admitted to Bakırköy Dr. Sadi
Konuk Educational and Research Hospital, Istanbul, Turkey on 11th of December 2017, with complaints of dizziness and blurred
vision. Vital signs were stable. Laboratory tests were normal. Serum CBZ level was 56 µg/mL (reference 4 - 12 µg/mL). The CBZ level
was 15.6 µg/mL after charcoal hemoperfusion for 3 hours. The second patient was admitted to the emergency room on the 5th of
February 2015, with blurred consciousness. The patient had taken CBZ for suicide. The CBZ level was 33 µg/mL and was 14.86 µg/mL
after hemodialysis with high-flux membrane for 4 hours. Serum CBZ level decreased by 73% in the first patient who received charcoal
hemoperfusion and by 55% in the second patient who received high-flux hemodialysis.
Conclusions: In presenting these cases, we aimed to show the decrease of CBZ serum levels by using two different hemodialysis
modalities in CBZ intoxication.
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1. Introduction

Carbamazepine (CBZ) is a drug commonly used in the
treatment of neurological and psychiatric disorders such
as epilepsy, schizophrenia, mood disorders, trigeminal
neuralgia, and neuropathic pain. This medication has anti-
cholinergic, antidepressant, antiarrhythmic, sedative and
neuromuscular blocking properties. According to data
from the American Association of Poison Control Center,
3447 cases of CBZ overdose were reported in 2017. Fifty nine
of these cases were severely poisoned and one of them had
died. The mortality rate due to CBZ intoxication has been
reported to range from 2% to 13% (1).

Oral CBZ is absorbed approximately 70% - 95% but ab-
sorption is slow due to the gastrointestinal motility inhi-
bition by the drug. It is metabolized mainly by the cy-
tochrome p450 system in liver and forms into the active
metabolite (carbamazepine-10,11-epoxide). It is lipophilic
and has a large distribution volume, highly bound (70% -
80%) to plasma proteins and reaches the highest level in 4 -

8 hours in plasma. The therapeutic level of CBZ is narrow
and the targeted level is between 4 - 12 µg/mL. The treat-
ment dose is determined to be 15 - 25 mg/kg. Intoxication
with CBZ is a serious condition that can result in coma,
respiratory depression, arrhythmia, hemodynamic insta-
bility and death. Life-threatening symptoms such as loss
of consciousness, coma, and seizures are seen especially at
doses above 50 mg/kg. In CBZ intoxication, removal of the
drug is very important and urgent (2).

There is no specific antidote for the treatment of CBZ
intoxication and supportive therapy is generally recom-
mended. Multiple-dose activated charcoal is given to re-
duce gastrointestinal system absorption. Multiple-dose ac-
tivated charcoal may enhance its clearance, but the effect
is incomplete and often limited by ileus or concerns of
pulmonary aspiration in an unprotected airway. CBZ is
not removed through conventional hemodialysis (HD) as
it highly binds to proteins. Therefore, charcoal hemoperfu-
sion, continuous hemodiafiltration and plasma exchange
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are applied (3-5). Conventional HD, especially high-flux HD
is also found to be effective in removing CBZ in some case
reports (6-8). The recommended procedure for removal of
the drug is usually charcoal hemoperfusion (9).

In this article, we present two cases with CBZ intox-
ication and show the efficiency of two removal modali-
ties. In the first patient charcoal hemoperfusion was used,
whereas the other patient underwent high-flux HD.

2. Case Presentation

2.1. Case 1

A 19-year-old male patient was admitted to the Emer-
gency Department of Bakırköy Dr. Sadi Konuk Educational
and Research Hospital, Istanbul, Turkey the on 11th of De-
cember 2017 with symptoms of gait disturbance, dizziness,
blurred vision and speech disorders one week after the
beginning of CBZ treatment, due to anxiety disorder by
the psychiatric clinic. He was also using escitalopram and
risperidone. The blood pressure was 105/60 mmHg, pulse
rate was 125/min, oxygen saturation was 98% and body tem-
perature was 36.80°C. On physical examination, the Glas-
gow Coma Scale (GCS) was 10/15. Pupils were isochoric, bi-
lateral pupillary light reflex was positive, no neuromuscu-
lar examination pathology was detected. Other system ex-
aminations were normal.

In laboratory tests, leucocytes 6000 /mm3,
hemoglobin 13 gr/dL, platelet 263000 /mm3, urea 29 mg/dL,
creatinine 0.8 mg/dL, sodium 139 mmol/L, potassium 4.25
mmol/L, calcium 9.11 mg/dL. Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were normal
(13 mEq/L and 8 mEq/L, respectively). In arterial blood gas
analysis pH 7.42, partial pressure of carbondioxide (paCO2,
43.8 mmHg; reference range, 40 - 50 mmHg), partial
pressure of arterial oxygen (paO2, 76.2 mmHg; reference
range, > 80 mmHg), bicarbonate 27.1 mmol/L (reference
range, 21 - 27 mmol/L), oxyhemoglobin saturation (SaO2,
96%; reference range > 95) were detected. Serum CBZ level
was 56 µg/mL (reference 4 - 12 µg/mL) and measured by
using a latex particle enhanced immunoturbidimetric
assay. Laboratory tests are shown in Table 1.

Activated charcoal was applied to the patient with a
nasogastric catheter. Approximately 3000 cc isotonic so-
lution (%0.9 NaCL) and 1000 cc 5% dextrose were admin-
istered to the patient in the emergency care unit. After 6
hours from admission, charcoal hemoperfusion (Adsorba
150 C, Gambro) was performed at a blood flow rate of 200
mL/min for 3 hours as the CBZ level was in toxic range and
the patient had a clouding of consciousness. After one ses-
sion of charcoal hemoperfusion, the controlled CBZ level
was 15.6 µg/mL. The consciousness of the patient was re-
covered after hemoperfusion. The administration of 50
grams of active charcoal continued every 4 hours. Hypocal-
cemia or hypokalemia was not detected. Platelet count

Table 1. Laboratory Parameters of Patients

Test First
Patient

Second
Patient

Reference
Value

Glucose (mg/dL) 96 152 74 - 106

Hemoglobin (g/dL) 13 10.3 12.9 - 15.9

Leucocytes (cells × 109 /L) 6.0 15.1 3.7 - 10.1

Platelets (cells × 109 /L) 263 256 155 - 366

Urea (mg/dL) 21 21 16 - 48

Creatinine (mg/dL) 0.8 0.5 0.7 - 1.2

Potassium (mmol/L) 4.25 3.5 3.3 - 5.1

Sodium (mmol/L) 139 136 136 - 145

Calcium (mg/dL) 9.1 8.4 8.6 - 10.6

AST (IU/L) 13 13 0 - 32

ALT (IU/L) 8 11 0 - 32

LDH (IU/L) 159 130 135 - 214

Total protein (g/dL) 7.4 6.3 6.4 - 8.3

Albumins (g/dL) 4.9 3.5 3.5 - 5.2

Prothrombin time (sn) 11.8 13.7 10 - 15

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; LDH, lactate dehydrogenase.

was 128.000 /mm3 and thrombocytopenia resolved spon-
taneously. After 24 hours, the patient was discharged with
a CBZ level of 8µg/mL and his general condition improved
rapidly.

2.2. Case 2

A 20-year-old female patient with no chronic disease
was admitted to the Emergency Room of Bakırköy Dr.
Sadi Konuk Educational and Research Hospital, Istanbul,
Turkey on 5th of February 2015 with clouding of conscious-
ness. The patient had taken an unknown amount of CBZ
tablets (each CBZ tablet was 400 mg) to commit suicide.

On physical examination, the blood pressure was
130/80 mmHg, pulse rate was 126 /min. She was in coma
and the Glasgow Coma Scale (GCS) was 3/15 so she was intu-
bated in the emergency room. Pupils were anisocoric, bi-
lateral pupillary light reflex was negative. Other system ex-
aminations were normal. Activated charcoal was applied
to the patient with nasogastric catheter in emergency de-
partment.

In laboratory tests, leucocyte 15100 /mm3, hemoglobin
10.3 gr/dL, platelet 256000 /mm3, urea 21 mg/dL, creatinine
0.5 mg/dL, sodium 136 mmol/L, potassium 3.5 mmol/L, cal-
cium 8.4 mg/dL. AST and ALT were normal (13 mEq/L and 11
mEq/L, respectively). In arterial blood gas analysis, pH 7.33,
paCO2 41.4 mm/Hg, paO2 84, bicarbonate 20.7 mmol/L, SaO2

95.4% were detected. Serum CBZ level was 33 µg/mL (refer-
ence 4 - 12 µg/mL) and measured by using a latex particle
enhanced immunoturbidimetric assay. The clinical labo-
ratory findings are shown in Table 1.

A gastric lavage was performed and an activated char-
coal was given in the emergency room. Intravenous iso-
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tonic solution (%0.9 NaCl) was administered. Extracorpo-
real treatment was planned as the CBZ level was in toxic
range and the patient was in coma.

We had no charcoal hemoperfusion opportunity, so 12
hours from admission, high-flux HD was performed with a
highly permeable 1.8 m2 membrane at a blood flow rate of
300 mL/min for 4 hours. The CBZ level decreased to 14.86
µg/mL afterwards. The patient was followed by intensive
care unit. In follow-up the patient did not need any other
HD session. The CBZ level was 4.93 µg/mL after 48 hours
from admission and she was discharged. The decrease of
CBZ levels in two patients with two different methods can
be seen in Figure 1.
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Figure 1. Graph showing plasma carbamazepine levels before and after charcoal
hemoperfusion and high-flux hemodialysis

3. Discussion

CBZ intoxication may results in seizures, coma, ar-
rhythmia, respiratory depression and death. Clinical find-
ings of CBZ intoxication are related to the dose and serum
CBZ level. Clinical findings are mostly neurological. In
acute intoxication with CBZ, ataxia, nystagmus, mydria-
sis, ophthalmoplegia, sinus tachycardia, atrioventricular
block, convulsion, myoclonus, hyperthermia, coma and
respiratory arrest may be seen. In chronic poisoning,
hyponatremia and hypokalemia, hepatitis, neutropenia,
thrombocytopenia, agranulocytosis, aplastic anemia, ex-
foliative dermatitis might be seen. Neurological findings
were significant in our cases because they were acute (10,
11).

Carbamazepine is metabolized by cytochrome P450
system in the liver. Only 1% - 3% of the drug is excreted
unchanged in the urine. It has a wide distribution vol-
ume due to its lipophilic nature. Central nervous system
and cardiac side effects occur as a result of blockade of
sodium channels and anticholinergic effects. The drug it-
self and the active epoxide metabolite are responsible for

the toxic effects. The primary metabolite, carbamazepine-
10,11-epoxide, binds to proteins at 50% (12).

The drug and its active metabolite have an anticonvul-
sant and toxic effect on an equal level. Therefore, total
CBZ plasma concentration was measured. The therapeutic
level of CBZ is 4 - 12µg/mL. Severe toxicity usually occurs at
40 µg/mL. In our cases, the CBZ level was 56 µg/mL and 33
µg/mL. There is no direct correlation between serum levels
and the clinical severity of the poisoning. The severity of
toxicity is measured by the evaluation of the clinical find-
ings of the patient rather than the serum level (9). As can
be seen in the second case, although the plasma CBZ level
was lower, the clinical findings were more severe.

There is no specific antidote. At 4 - 6 hour intervals, ac-
tive charcoal can be used to reduce the half-life of CBZ and
to prevent enterohepatic circulation. However, this proce-
dure is difficult in patients with intubation and mechani-
cal ventilation and is not possible in cases of ileus due to
anticholinergic effects of CBZ. The urgent removal of the
drug is only achieved with extracorporeal treatment meth-
ods. Carbamazepine is a highly protein-bound molecule
and therefore not easily removed by conventional HD. In
several studies, the hemoperfusion clearance of CBZ was
reported to be 96.9 mL/min, while the HD clearance was
59.8 mL/min cleansing with HD or hemofiltration, even if
the protein binding rate is high (13). The effectiveness of
extracorporeal treatments on mortality is limited but it is
beneficial because it reduces short-term morbidity, respi-
ratory failure and coma, and shortens the length of hospi-
talization. In our cases the length of hospitalization was
short, since extracorporeal treatment was done early (9).

Charcoal hemoperfusion is the golden standard treat-
ment for acute CBZ intoxication and many case reports
have shown that its efficacy is superior to HD (10). It is re-
ported that charcoal hemoperfusion can decrease serum
CBZ levels by 45% - 50% (14). However, it is also known that
other methods, such as HD, hemodiafiltration and plasma
exchange can be used in treatment of CBZ intoxication (5,
12).

In our cases, serum CBZ level was decreased by 73% in
the first patient who received charcoal hemoperfusion and
by 55% in the second patient who received high-flux HD.
The characteristics of our case were compared with pre-
viously published case reports (Table 2) (7, 8, 14). There
are studies showing that while doing both hemoperfusion
and HD, the level can be reduced up to 50% (15). How-
ever, since charcoal hemoperfusion is a relatively expen-
sive method and is not available at all centers, high-flux
HD is still one of the first treatment options for CBZ intox-
ication. The advantages of HD are that it has no side ef-
fects such as hypokalemia, thrombocytopenia, coagulopa-
thy and hypothermia that can be seen in charcoal hemop-
erfusion.

The Extracorporeal Treatments in Poisoning Work-
group (EXTRIP) was created to provide standardized clin-
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Table 2. The Compared Blood Carbamazepine Levels of Our Cases with Previously Published Case Reports

Method Before Treatment (µg/mL) After Treatment (µg/mL) Carbamazepine Reduction Ratioa

First patient HP 56 15.6 73

Second patient HD 33 14.86 55

Mochizuki et al., 2015 (14) HP 31.8 17.3 46

Drick et al., 2015 (7) HD 47 25 47

Sikma et al., 2012 (8) HD 27.4 13 52.6

a(Before-After)/Before × 100 (%).

ical recommendations based on a review of all available
evidence. According to the EXTRIP recommendations, in
CBZ intoxication, intermittent HD is the preferred modal-
ity suggested in cases of prolonged coma, seizures, life-
threatening dysrhythmias and if the CBZ concentrations
are over 45µg/mL. If HD is not available, charcoal hemoper-
fusion and continuous renal replacement therapy should
be performed (16).

3.1. Conclusions

High-flux HD and charcoal hemoperfusion are effective
and safe in life-threatening CBZ intoxications. Early initia-
tion of treatment reduces hospital stay and morbidity.

Footnotes
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