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Background: Carbamazepine plasma level is directly related to dose, 

therapeutic effect, and toxicity. We aimed to observe its plasma level and 

relationship with dose among psychiatric and pediatric patients.

Methods: This observational study was performed in the Therapeutic Drug 

Monitoring Laboratory of a university hospital for a period of 1.5 years. Twenty-

six consenting patients visiting either psychiatric or pediatric service and 

taking carbamazepine same dose for > 8 days (i.e. > 6 half-lives) were enrolled. 

The primary outcome was plasma carbamazepine level as determined by a 

High-Performance Liquid Chromatography machine. The secondary outcome 

included its correlation with dose assessed by the Spearman rho’s correlation 

coefficient. 

Results: The mean dose received by the patients was 13.31 ± 5.39 mg/kg/day 

in pediatrics and 8.33 ± 2.29 mg/kg/day in psychiatry.  The plasma levels [median 

(IQR)] were 10.01 (6.27, 13.35) mg/L and 10.53 (5.17, 15.19) mg/L respectively 

in pediatric and psychiatric patients. Thirteen patients (50%) had therapeutic, 

10 (36.46%) had above therapeutic, and 3 (11.54%) had subtherapeutic plasma 

level. Neurocysticercosis (23.1%) in pediatrics and partial seizure (69%) in 

psychiatry were the most common diagnosis. Symptom-control was achieved 

in 19 (73.1%) patients. The plasma carbamazepine level did not correlate with 

dose either in pediatric patients (p = 0.42) or in psychiatry patients (p = 0.63).  

Conclusion: The plasma carbamazepine levels [median (IQR)] in pediatric 

and psychiatric patients were 10.01 (6.27, 13.35) mg/L and 10.53 (5.17, 15.19) 

mg/L respectively. The plasma level was normal in half of the recruited patients 

and did not correlate with dose. 
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Carbamazepine is an antiepileptic drug that has 
been successfully used in a variety of neurological 
and psychiatric disorders [1]. As monotherapy, it 

is used in partial seizures, grand-mal seizures, affective 
disorders, and behavioral problems [2-4]. It is also used 
in combination with other anti-epileptics to treat a vari-
ety of conditions [5]. It is preferred because it is effective 
and has fewer long-term metabolic and cognitive adverse 
effects [6-8].

Plasma carbamazepine level is directly related to 
its dose, therapeutic effect, and toxicity. It is affected 
by several factors such as drug interaction, food, or the 
pharmacokinetic profile of patients [9, 10]. Therefore, 
the primary objective of this study was to observe the 
plasma carbamazepine level in two different sets of 
population (pediatric and psychiatric). The secondary 
objective was to correlate its plasma level with the dose 
administered.

METHODS

This descriptive observational study was carried out in 
the Therapeutic Drug Monitoring (TDM) Laboratory, 

High Performance Liquid Chromatography (HPLC) room 
of the Department of Clinical Pharmacology and Thera-
peutics of the university hospital of B. P. Koirala Institute 
of Health Sciences (BPKIHS). Ethical approval was ob-
tained from the Institutional Review Committee, BPKI-
HS. Enrollment of patients started on January 2017 with 
the last case being enrolled on April 2018 after obtaining 
informed consent from the adult patients and parents of 
pediatric patients. The confidentiality and anonymity of 
the participants were strictly maintained.

We enrolled patients visiting either psychiatric or 
pediatric service taking carbamazepine same dose for > 
8 days (i.e. > 6 half-lives) for any indication. However, 
patients with any diagnosed coagulation disorder like 
hemophilia, which may pose a risk of excessive bleeding 
during blood sampling were excluded. A convenience 
sampling technique was used to recruit the patients. 
Based on previously reported two different values of 
carbamazepine levels (10 ± 5 mg/L, and 7 mg/L), a 
sample size of 22 was estimated at 95% confidence in-
terval and 80% power [11-13] to reduce the different 
possible biases, 20% more sample size was considered 
and 26 patients were enrolled. 

A detailed description of the procedure of car-
bamazepine detection with HPLC in TDM Lab is giv-
en as a supplementary file. The primary outcome was 

carbamazepine plasma level as determined by an HPLC 
machine. Secondary outcomes included its correlation 
with dose as assessed by the Spearman rho’s correlation 
coefficient. 

Relevant data regarding the patient’s profile (de-
mographic and anthropometric), drug dose, and plas-
ma level of the drug were entered in a semi-structured 
proforma. Microsoft Excel (Microsoft Office 2016) was 
used for data entry and analysis were done with Statis-
tical Package for the Social Sciences version 11.5 (SPSS 
Inc; Chicago, IL, USA). The Spearman rho’s correlation 
was used to assess the association between the dose and 
plasma level. A p-value of < 0.05 was considered sig-
nificant. The results were described as percentage (%), 
mean, standard deviation (SD), median, and interquar-
tile range (IQR).

RESULTS

Altogether 13 patients from pediatrics and 13 from 
psychiatry were enrolled (Table 1). There was no 

missing data. The age of the patients (mean ± SD) was 
11.23 ± 3.7 years in pediatrics and 34.2 ±14.3 years in psy-
chiatry. One patient from psychiatry was in the pediatric 
age group (14 years). The male to female ratio was 1.6:1 in 
both pediatrics and psychiatry.

With the use of the drug, symptom-control was 
achieved in 19 (73.07%) patients. Sustained release tab-
lets of carbamazepine (Zeptal®, Sun Pharmaceutical 
Industries Ltd), were prescribed in 14 (53.8%) patients. 
In 24 (92.3%) patients, carbamazepine was prescribed 
in two divided doses. 

In psychiatry, 9 (69%) patients had focal/ par-
tial seizure with secondary generalization as the most 
common diagnosis, whereas in pediatrics, 3 (23.1%) pa-
tients took the drug for neurocysticercosis with seizure 
(Fig. 1, 2).

Though apparently lower dose was prescribed in 
pediatrics (423.08 ± 200.64 mg/day) than in psychi-
atry (484.62 ± 157.30 mg/day), when body weight was 

Plasma carbamazepine level in patients 

Table 1. Anthropometric variables of the patients. Values are 
expressed as mean ± SD.

Pediatrics (n = 13) Psychiatry (n = 13)

Height (m) 1.31 ± 0.26 1.56 ± 0.06

Weight (Kg) 34.38 ± 13.36 59.0 ±12.46

BMI (Kg/m2) 19.47 ± 2.52 24.17 ± 4.47

BMI: Body Mass Index
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considered, drug dose per kg body weight prescribed in 
pediatrics (13.31 ± 5.39 mg/kg/day) was significantly 
higher than that in psychiatry (8.33 ± 2.29 mg/kg/day) 
(p < 0.05). 

The plasma level of carbamazepine [median 
(IQR)] was 10.27 (6.11, 13.58) mg/L in all patients, 
10.01 (6.27, 13.35) mg/L in pediatrics and 10.53 (5.17, 
15.19) mg/L in psychiatry. Thirteen patients had thera-
peutic plasma level based on the institute’s normal ref-
erence laboratory value of 4-12 mg/L (Table 2). 

No correlation was found between drug dose with 
plasma level in either pediatrics or psychiatry (Table 
3).Clinical toxicity was observed in four patients among 
whom three patients had plasma level of the drug above 
the therapeutic range (Table 4). 

DISCUSSION

Our laboratory reference range of carbamazepine lev-
els for patients of any age or pathology is 4-12 mg/L. 

A wide variety of reference levels ranging from 5-10 mg/L 
to 6-8 mg/L have been described in the literature and the 
peak level is recommended not to exceed 10 to 12 mg/L to 
avoid adverse effects [12, 14].

A study done in 241 participants in the National 
Public Health Laboratory, Kathmandu, Nepal in 2007 
with the same reference range as ours (4-12 mg/L) 
showed that 4.9% of participants (vs 38.5% in ours) 

Plasma carbamazepine level in patients 

Table 2: Therapeutic categorization of plasma level based 
on lab reference 4-12 mg/L. Values are expressed as n (%).

Subtherapeutic Therapeutic Above 
Therapeutic

Psychiatry

 (n = 13)

2 (15.4) 5 (38.5) 6 (46.1)

Pediatrics 

(n = 13)

1 (7.7) 8 (61.5) 4 (30.8)

Total 

(n = 26)

3 (11.5) 13 (50.0) 10 (38.5)

Table 3: Correlation of carbamazepine plasma level with 
dose

Correlation coefficient 
(Spearman’s rho)

p-value

Dose in mg/kg/day

Pediatrics 0.07 0.82

Psychiatry 0.14 0.65

Total 0.01 0.95

Dose in mg/day

Pediatrics 0.24 0.42

Psychiatry 0.14 0.64

Total 0.02 0.93

Table 4: Profile of patients with clinical toxicity of carbamazepine

S. No. Age/ Sex Clinical diagnosis Dose (mg/kg/day) Other drug Plasma level 
(mg/L)

Symptoms

1 17/ M TLE with SG 12.0 None 239.34 Dizziness, sedation, hypo-
tension

2 41/ M Focal/ partial Seizure 
with SG

9.26 None 14.41 Dizziness

3 11/ M Rolandic epilepsy 16.0 None 3.80 Dizziness, sedation, diplopia

4 8/ F NCC with seizure 5.88 Sodium valproate 13.60 Dizziness, sedation

TLE: Temporal lobe epilepsy, SG: secondary generalization, NCC: Neurocysticercosis

Figure 1: Diagnosis in pediatric 
patients taking carbamazepine. NCC: 
Neurocysticercosis, GTCS*: Generalized 
tonic clonic seizure secondary to pyogenic 
meningitis/ meningoencephalitis, SG: 
secondary generalization
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had above therapeutic drug level, 79.3% (vs 50% in 
ours) had therapeutic drug level and 15.8% (vs 11.54% 
in ours) had subtherapeutic drug level [15].  

Several authors claim that the plasma level of car-
bamazepine is directly correlated with dose, therapeu-
tic effect, and side effects [16, 17]. Our study could not 
reveal any correlation between the dose administered 
and plasma level. Free fraction carbamazepine shows 
considerable inter-individual variability, especially in 
the presence of associated disease and multiplicity of 
pharmacokinetic and pharmacogenetic variables [12, 
18]. Non-linear relationship between the dose and the 
plasma concentration of carbamazepine even within 
the range of therapeutic doses has also been reported 
[19]. Especially among the pediatric age group, the cor-
relation between carbamazepine dose and plasma lev-
el is difficult for various reasons [20]. These findings 
highlight the need for individualized therapy [21]. Car-
bamazepine plasma level determinations can be used 
for the prediction of the total effect of carbamazepine 
treatment including neurologic and cardiovascular fea-
tures [22].

In our study, there were four cases of clinical tox-
icity. One case had a plasma level of 239.34 mg/L and 
believed to be an outlier. We had calibrated the machine 
(HPLC) using first order kinetics. At this gigantic level, 
metabolism mechanics get saturated, and zero order ki-
netics is followed [23], therefore we cannot guarantee 
the correct level shown by the machine. While one pa-
tient on carbamazepine monotherapy manifested toxic-
ity despite his plasma level was below therapeutic (3.8 
mg/L), 7 (26.92%) patients whose plasma levels were 
above therapeutic range did not manifest any features 
of toxicity. It again highlights the need of individual-
ized/ personalized therapy. Another patient in whom 
toxicity was manifested as dizziness and sedation, also 

complained of increased appetite and weight gain. Met-
abolic concern is rarely seen with Carbamazepine [6]. It 
may, therefore, be attributed to Valproate co-prescrip-
tion.

Isoniazid, cimetidine, and erythromycin (CYP3A4 
inhibitors) may cause carbamazepine to accumulate 
[24]. Four cases of co-prescription with CYP3A4 inhib-
itor (valproate in all cases) have been reported [25]. In 
two of them, plasma levels were respectively 13.6 and 
12.36 mg/L. However, no clinical features of toxicity 
were appreciated in them. In the other two cases, plas-
ma levels were respectively, 8.49 mg/L and 3.62 mg/L. 
In another patient with phenytoin (enzyme-inducer) 
co-prescription, carbamazepine plasma level was, par-
adoxically, high (15.96 mg/L) without any features of 
toxicity.

Our study has some limitations. Firstly, we did 
not measure another major metabolite- carbamaze-
pine-10,11-epoxide, an important confounder. Second-
ly, two patients were freshly started on carbamazepine 
for less than 2 weeks. Plasma drug levels during the 
first few weeks may be low due to auto-induction [26, 
27]. Thirdly, we also did not take a history of caffeine 
intake which could diminish the efficacy of carbamaz-
epine [28]. 

CONCLUSION

Plasma carbamazepine levels [median (IQR] were 
determined as 10.01 (6.27, 13.35) mg/L and 10.53 
(5.17, 15.19) mg/L in pediatric and psychiatry pa-

tients respectively. Plasma level of carbamazepine was 
therapeutic in 50%, subtherapeutic in 11.54%, and above 
therapeutic in 36.46% patients. There was no significant 
correlation between the dose and plasma level of carba-
mazepine. Therapeutic drug monitoring of carbamaze-
pine should be done only when non-compliance or toxic-
ity is suspected. 

Plasma carbamazepine level in patients 

Figure 2: Diagnosis in psychiatric patients 
taking carbamazepine. SG: secondary 
generalization, GTCS: generalized tonic 
clonic seizure.
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