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Abstract
Purpose This study intends to assess the reference range of lamotrigine concentration for treating childhood epilepsy.
Methods PubMed, Ovid-Embase, The Cochrane Library, CNKI, WanFang data and VIP databases were searched from 
database inception to January 2022. RCT, cohort study, case–control study, cross-sectional study that estimated the reference 
range of lamotrigine for children epilepsy treatment were included. The data extracted included basic information, statistical 
methods, data type, and results of reference range. Descriptive analysis was performed for them.
Results 8 studies were included and estimated the reference range, and all of them were calculated based on efficacy data 
and/or concentration data. Statistical methods including ROC curve, concentration-effect curve, mean ± standard deviation, 
95% confidence interval and percentile interval were utilized. For lamotrigine monotherapy, the lower limits ranged from 
2.06 mg/L to 3.99 mg/L, and the upper limits ranged from 8.43 mg/L to 9.08 mg/L, showing basic consistency. However, 
for lamotrigine concomitant with valproate, the lower limits ranged from 2.00 mg/L to 8.00 mg/L, and the upper limit was 
11.50 mg/L, for lamotrigine concomitant with other antiepileptics, the lower limits ranged from 1.00 mg/L to 3.09 mg/L, 
and the upper limits varied from 5.90 mg/L to 16.24 mg/L, indicating inconsistency.
Conclusion Several studies have estimated the reference range of lamotrigine for childhood epilepsy, while controversy exist 
and no studies have determined the upper limit of the range based on safety data. To establish the optimal reference range, 
further high-quality studies are necessary that consider both efficacy and safety data.
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Introduction

Epilepsy is a prevalent neurological disease among children, 
with an incidence rate of approximately 33/100000–82/100000 
per year [1]. The primary approach to managing seizures, 

reducing hospitalization, incidence, and mortality rate, and 
improving learning ability and quality of life is through antisei-
zure medications (ASMs) therapy [2]. Lamotrigine (LTG) 
is a new ASM with high oral bioavailability, a long half-life 
time, and a minimal impact on liver and kidney function. It is 
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considered a first-line ASM in China for newly diagnosed child 
tonic–clonic seizures, tonic seizures and absence seizure [3]. 
However, pharmacokinetics of LTG may be influenced by sev-
eral factors such as age, gender, concomitant medication, liver/
kidney function, and gene polymorphism, and inter-individual 
variability may also exist [4]. It is recommended to maintain 
an optimal concentration level to minimize adverse effects and 
optimize treatment outcomes, because excessive drug concen-
tration is relatively more likely to cause adverse effects, while a 
concentration that is too low may result in treatment failure [5]. 
Children are a special population, and required concentrations 
are always different from adults, while therapeutic drug monitor-
ing (TDM) guidelines of International League Against Epilepsy 
(ILAE) and Arbeitsgemeinschaft für Neuropsychopharmakolo-
gie und Pharmakopsychiatrie (AGNP) have recommended the 
reference concentration (2.5 or 3 mg/L to 15 mg/L) for the use 
of LTG in adult epilepsy treatment, there is no recommendation 
for children [4, 6]. This study aims to provide more credible 
evidence for the individualization of LTG in childhood epilepsy 
treatment by systematically evaluating clinical studies on the 
reference concentration of LTG in children with epilepsy.

Materials and methods

This study complied with the PRISMA Statement [7].

Inclusion criteria

Participants

Children aged 0–18 years and diagnosed with epilepsy [8].

Interventions and controls

LTG monotherapy or LTG concomitant with valproate (VPA) 
or other ASMs.

Outcomes

Reference range and synonym or similar terms such as 
concentration reference range, therapeutic reference range, 
therapeutic range, optimal range, effective range, target 
range and orienting range.

Types of studies

Randomized controlled trial (RCT), cohort study, 
case–control study, cross-sectional study that estimated 
the reference range of LTG for children.

Exclusion criteria

Duplicate publications, data not available, full-text not 
available.

Definition

Reference range: In our study, we used the term “reference 
range” to refer to the range of concentrations that were 
referred to as concentration range, therapeutic reference range, 
therapeutic range, optimal range, effective range, target range, 
and orienting range in the included studies.

Therapeutic regimen: In this study, LTG therapeutic regi-
men were classified as 3 types: LTG monotherapy, LTG con-
comitant with VPA, and LTG concomitant with other ASMs. 
Other ASMs refers to ASMs that are not LTG or VPA. LTG 
concomitant with VPA is when patients are only treated with 
LTG and VPA without any other ASMs. LTG concomitant 
with other ASMs is when patients are treated with LTG and 
other ASMs, with or without VPA.

Data type: the purpose of this term is to determine which 
types of data were utilized in determining the reference con-
centration. We classified data into three types: concentration 
data, efficacy data and safety data. Concentration data refers 
to the concentration level of LTG. Efficacy data evaluates 
treatment effects, such as clinical response rates and seizure 
reduction rate (RR). Safety data evaluates the safety of LTG, 
including adverse effects rate, incidence of toxicity and inci-
dence of liver injury.

Retrieval strategy

PubMed, Ovid-Embase, The Cochrane Library, CNKI, Wan-
Fang data and VIP databases were searched from inception 
to January 2022. For additional studies, the reference of 
reviews was also checked. The retrieval strategy is shown 
in Online Resource 1.

Study selection and data extraction

2 researchers independently screened and selected stud-
ies. Firstly, titles and abstracts were screened to determine 
the potential studies that meet the criteria. Then, full texts 
were assessed. A third researcher resolve any existed disa-
greements. Data was also independently extracted by 2 
researchers using Excel form. Information including basic 
information of the studies (titles, years, countries, authors, 
types of study), basic information of participants (age, gen-
der, epilepsy type), sample size, LTG therapeutic regime 
and data of reference range (method of estimation, types 
of data and result of reference range, including upper and 
lower limit).
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Quality assessment

To date, there are no standardized quality tools for stud-
ies specifically investigating therapeutic drug monitoring 
(TDM), we evaluated the quality of the studies based on the 
recommendation of Hart et al. [9]. For RCTs, we used the 
Cochrane Handbook recommended ROB2 tool assessing the 
risk of bias [10].For cohort study and case–control study, 
we used the Newcastle–Ottawa Quality Assessment Scale 
(NOS) assessing the risk of bias [9, 11]. For cross-sectional 
study, we used the checklist recommended by Agency for 
Healthcare Research and Quality (AHRQ) assessing the 
quality, for item 5, If “NO” or “Unclear” was answered, this 
item would be scored “1”; If “Yes” was answered, this item 
would be scored “0”. The rules are opposite for other items. 
Studies with a score of 0–3 were assessed as low quality, 
4–7 were assessed as moderate quality, and 8–11 as high 
quality [12]. In addition, we also used a quality tool specifi-
cally designed for TDM studies to assess their quality [9]. 
The quality score ranges from 0 to 10, with higher scores 
indicating higher quality.

Statistical analysis

We performed descriptive analysis in this study.

Results

Search and study selection

A total of 1043 studies were identified initially, only 8 
cross-sectional study met the criteria and were included in 
our study [13–20] , no RCT, cohort study or case-control 
study was included (Fig. 1).

Study quality assessment

Two tools were used to assess the quality of all studies: the 
AHRQ checklist for cross-sectional study and a quality tool 
for TDM studies. According to the AHRQ checklist, 7 stud-
ies were determined to be of moderate quality, while 1 study 
was deemed to be of high quality. According to the quality 
tool for TDM studies, 3 studies scored 8.35, 2 studies scored 
7.35, and 3 studies scored 6.85 (Table 1).

Study characteristics

8 Studies comprising 1151 children with epilepsy were 
included in this study. Studies were published from 2001 
to 2021, two of them were retrospective study and 6 were 
retrospective study. Children in 7 studies were from China 

Fig.1  Study flow diagram
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and 1 study were from Japan. 2 studies further grouped chil-
dren into younger children (aged 2 to < 12 years) and older 
children (aged 12 to 18 years). Blood samples in all stud-
ies were collected after reaching the maintenance dose of 
LTG, 7 studies determined trough concentration, while 1 
study determined peak concentration. Children in 3 studies 
received LTG monotherapy, 2 studies received LTG con-
comitant with VPA, and 3 studies received LTG concomitant 
with other ASMs. Details are shown in Table1.

Estimation methods of reference range

2 studies only estimated the lower limit of reference range, 
and 6 studies estimated both upper limit and lower limit of 
reference range (Table 2).

LTG monotherapy

3 studies estimated reference range for LTG monotherapy. 
2 of these studies estimated both the upper and lower limit 
concentrations, while1 study only estimated lower limit 
concentration.

For lower limit, 3 studies used the same method. Wang 
[16] and Wang et al. [20] enrolled 110 and 339 epileptic chil-
dren aged 2–18 years respectively, and both divided children 
into two groups: (1) younger children (aged 2 to < 12 years) 
and (2) older children (aged 12 to 18 years). Zhao et al. [17] 
enrolled 200 epileptic children aged 0–18 years. In these 3 
studies, children who experienced a reduction in seizure fre-
quency (Seizure Reduction Rate, RR) of ≥ 50% compared to 
their baseline were classified as responders, while those who 
did not were classified as non-responders. The researchers 
established the lower limit concentration by performing a 
receiver operating characteristic curve (ROC), which based 
on the clinical response and LTG concentration.

For upper limit, both Wang [16] and Wang et al. [20] 
developed concentration-effect curves based on RR and 
concentration of LTG to calculate a threshold concentration 
beyond which therapeutic effect no longer increases signifi-
cantly. This threshold concentration was confirmed as the 
upper limit. Zhao  [17] did not estimate upper limit.

LTG concomitant with VPA

2 studies estimated reference range for LTG concomitant 
with VPA [15, 19]. 1 of these studies estimated both the 
upper and lower limit concentrations [19], while 1 study 
only estimated lower limit concentration [15].

For lower limit, He et al. [15]enrolled 72 epileptic chil-
dren treated with LTG concomitant with VPA. Children who 

experienced a RR of ≥ 50% compared to their baseline were 
classified as responders, while those who did not were clas-
sified as non-responders. In this study, children were divided 
into two groups based on a preset LTG level (≥ 2  μg/L 
or < 2  μg/L) and their clinical response was compared. 
The results showed that the non-responders in the < 2 μg/L 
group was obviously higher compared to the ≥ 2 μg/L group 
(χ2 = 5.3731, P = 0.02), and all patients in the ≥ 2 μg/L group 
were responders. Therefore, this study recommended the pre-
set LTG level as a reference range for LTG in combination 
with VPA. Iwasaki et al. [19] enrolled 32 epileptic children 
aged 2.9–14.1 years that treated with LTG concomitant with 
VPA. Children who experienced a RR of 50% compared with 
baseline were defined as effective cases, and the others were 
defined as ineffective cases. This study discovered a signifi-
cant difference in LTG blood concentrations between effective 
and ineffective cases. The concentration range in effective 
cases did not overlap with that of ineffective cases. The study 
confirmed the lower limit concentration as the average minus 
the standard deviation of concentrations in effective cases.

For upper limit, Iwasaki et al. [18] confirmed it as the 
average plus the standard deviation of concentrations in 
effective cases.

LTG concomitant with other ASMs

Bao et al. [13] included 44 epileptic children aged 3–14 years 
that treated with LTG concomitant with other ASMs. In this 
study, children who experienced a RR of ≥ 50% compared to 
their baseline were defined as effective cases, those who did 
not were classified as non-responders. The reference range 
was estimated by calculating the 95% confidence interval of 
concentration in all effective cases.

Li and Huang [14] included 111 epileptic children aged 
3–18 years that treated with LTG concomitant with other 
ASMs. This study estimated the 95% confidence interval of 
concentration in all cases, and this 95% confidence interval 
was considered as the reference range.

Zhao et al. [18] included 266 epileptic children aged 
0–18 years that treated with LTG concomitant with other 
ASMs. This study estimated the percentile interval (P2.5 to 
P97.5) of concentration in all cases, and this interval was 
considered as the reference range.

Data type

6 studies estimated the reference range using efficacy data 
[13, 15–17, 19, 20], while 2 studies estimated the upper limit 
and lower limit of reference range only using concentration 
data [14, 18]. No studies used safety data.
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LTG monotherapy

For LTG monotherapy, 3 studies estimated the upper and 
lower limit of reference range based on both concentration 
data and efficacy data. 2 of these studies [16, 20]assessed 
efficacy of LTG based on the average monthly number 
of epileptic seizures over 3 months, while time frame of 
another study was unclear [17] (Table 3).

LTG concomitant with VPA

For LTG concomitant with VPA, 2 studies estimated the 
upper and lower limit of reference range based on both 
concentration data and efficacy data. One of these studies 
assessed efficacy of LTG based on the average monthly 
number of epileptic seizures over 28 days [19], however, 
time frame of another study was unclear [15] (Table 3).

LTG concomitant with other ASMs

For LTG concomitant with other ASMs, 2 studies estimated 
the upper and lower limit of reference range only using con-
centration data. 1 study used both concentration data and 
efficacy data, while time frame that assessed efficacy of 
LTG was unclear [13] (Table 3).

Results of reference range

LTG monotherapy

Reference range recommended for LTG monotherapy in 
different studies were basically consistent. For younger 
children (aged 2 to < 12  years), Wang [16] recom-
mended 3.99–8.97  mg/L and Wang ML recommended 
3.29–9.08 mg/L. For older children (aged 12 to 18 years), 
Wang HX recommended 2.67–8.56 mg/L and Wang et al. 
[20] recommended 2.06–8.43 mg/L, which were lower than 
the recommendation for younger children. Zhao et al. [17] 
recommended ≥ 2.64 mg/L for children (Table 4).

LTG concomitant with VPA

Reference range recommended for LTG concomitant with 
VPA varied across different studies. He et al. [15] rec-
ommended ≥ 2  mg/L, Iwasaki et  al. [19] recommended 
8–11.5 mg/L (Table 4).

LTG concomitant with other ASMs

Reference range recommended for LTG concomitant with 
other ASMs varied across different studies, they were 
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1–9.9 mg/L [19], 2.20–16.24 mg/L [18], and 3.09–5.90 mg/L 
[13] respectively (Table 4).

Discussion

Principle findings

To our knowledge, this study firstly provides a comprehen-
sive summary of the reference range for LTG concentration 
in children, which offers credible evidence for the individu-
alization of LTG treatment in epilepsy for this population. 
This study found that several studies have estimated refer-
ence concentration for LTG in child epilepsy treatment, but 
there still remains controversial. For LTG monotherapy, ref-
erence range were basically consistent. For younger children 

(2- < 12 years), the lower limit ranged from 3.29-3.99 mg/L, 
and the upper limit ranged from 8.97-9.08 mg/L. For older 
children (12-18 years), the lower limit ranged from 2.06-
2.67 mg/L, and the upper limit ranged from 8.43-8.56 mg/L, 
indicating that and the lower limit of reference range for 
older children is similar to that recommended for adult 
by ILAE and AGNP guidelines (2.5 and 3 mg/L respec-
tively), and younger children may require higher concen-
trations compared to older children and adults. However, 
the recommended reference range for LTG when concomi-
tant with VPA or with other ASMs varied among different 
studies. The lower limit for LTG when concomitant with 
VPA recommended by Iwasaki et al. [19] was much higher 
than that of He et al. [15], mainly due to the difference in 
concentration type and calculating methods. He YL deter-
mined trough concentration, while Iwasaki determined peak 

Table 3  Methods of efficacy evaluation for studies that used efficacy data

RR the rate of epileptic seizure frequency reduction, LTG lamotrigine, ASMs antiseizure medications

LTG therapeutic regimen Research ID Definition of 
responders

Definition of RR Definition of A and B

LTG monotherapy Zhao et al. [17] RR ≥ 50% RR = (B-A)/B*100% B: Monthly number of epileptic seizures at baseline
A: Monthly number of at follow-up assessment

Wang [16] RR ≥ 50% RR = (B-A)/B*100% B: the average monthly number of epileptic seizures over 
the past 3 months before the start of LTG medication

A: the average monthly seizure frequency over the past 
3 months at the last follow-up assessment

Wang et al. [20] RR ≥ 50% RR = (B-A)/B*100% B: the average monthly number of epileptic seizures over 
the past 3 months before the start of LTG medication

A: the average monthly seizure frequency over the past 
3 months at follow-up assessment

Concomitant with VPA He et al. [15] RR ≥ 50% RR = (B-A)/B*100% B: Monthly number of epileptic seizures at baseline
A: Monthly number of at follow-up assessment

Iwasaki et al. [19] RR > 50% RR = (B-A)/B*100% B: the seizure frequency for 28 days before the start of 
LTG medication;

A: the seizure frequency for 28 days before the evaluation
Concomitant with other ASMs Bao et al. [13] RR > 50% RR = (B-A)/B*100% B: Monthly number of epileptic seizures at baseline

A: Monthly number of at follow-up assessment

Table 4  Results of reference range

* : 2- < 12 years; **: 12–18 years; LTG: lamotrigine; VPA: valproate; ASMs: antiseizure medications

LTG therapeutic regimen Research ID Upper limit Lower limit Reference range (mg/L)

LTG monotherapy Zhao et al. [17] / √  ≥ 2.64
Wang [16] √ √ Younger  children*: 3.99–8.97;

Older  children**: 2.67–8.56
Wang et al. [20] √ √ Younger  children*: 3.29–9.08;

Older  children**: 2.06–8.43
Concomitant with VPA He et al. [15] / √  ≥ 2.00

Iwasaki et al. [19] √ √ 8.00–11.50
Concomitant with other ASMs Li and Huang [14] √ √ 1.00–9.90

Zhao et al. [18] √ √ 2.20–16.24
Bao et al. [13] √ √ 3.09–5.90
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concentration. The lower limit for LTG when concomitant 
with other ASMs ranged from 1.00-3.09 mg/L and the upper 
limit ranged from 5.90-16.24 mg/L, which may be due to 
the difference in combined ASMs, calculating methods and 
data type. Besides, the evaluation methods used to determine 
the efficacy of LTG were inconsistent, which may also have 
contributed to the varying recommended reference ranges. 
2 researches [16, 20] assessed the efficacy of LTG based 
on the average monthly number of epileptic seizures over 
a period of 3 months, while 1 study [19] used the average 
monthly number of seizures over 28 days, the time frame 
used in other studies was unclear.

Estimation of reference range

The reference range is defined as a range where clinical 
response is relatively unlikely to occur when the concentra-
tion is below the lower limit, and risk of toxicity obviously 
increases when the concentration is above the upper limit 
[4, 6]. If possible, lower limit of reference range should be 
based on studies that estimated the association between con-
centration and clinical response, utilizing statistical methods 
such as ROC analysis and randomized controlled trials of 
fixed concentration can be helpful in establishing this range 
[21]. Compared to the latter, ROC analysis is more feasible 
and have been performed in several studies of ASMs refer-
ence range [22, 23]. For the upper limit, a concentration-tox-
icity histogram is commonly utilized. This method involves 
identifying the concentration threshold at which the inci-
dence rate of toxicity increases rapidly [24, 25]. Addition-
ally, ROC analysis can be performed when there is a positive 
correlation between drug concentration and adverse drug 
reactions [26]. However, data on the adverse drug reactions 
are often lacking, so upper limit of many ADEs were based 
on the threshold that therapeutic effect no longer obviously 
increase [6]. Besides, the enrolled studies have inconsistent 
methods for calculating upper limits, such as concentration-
effect curves, mean plus standard deviation, 95% confidence 
interval and percentile interval. Therefore, it is essential to 
determine the optimal method for calculating upper limits 
in LTG.

Significance of establishing a reference range 
for children

Children require special consideration for ASMs treatment 
as clinical response cannot be extrapolated from adult evi-
dence [6, 27, 28]. Predicting the necessary dosage for chil-
dren is more challenging than for adults [4, 29, 30]. Refer-
ence ranges for LTG are primarily based on adult studies 
and may not be applicable to children [24, 25, 31]. Besag 
et al. [32] conducted a study involving 176 patients with epi-
lepsy and observed a significant increase in adverse effects 

when the blood level of LTG exceeded 15 mg/L. Similarly, 
Fröscher et al. [33] enrolled 15 adult patients with epilepsy 
and found that the frequency of adverse effects increased 
slowly within the reference range of 5-13  mg/mL, but 
showed a sharp increase above 13-14 mg/mL. Another study 
by Hirsch et al. [24] included 811 patients with epilepsy 
and proposed a reference range of 1.5–10 mg/L for LTG. In 
a retrospective analysis conducted by Morris et al. [31] in 
1998, plasma concentrations of 149 patients with epilepsy 
were examined. The study suggested that a higher reference 
range of 3–14 mg should be applied in patients who have 
not achieved maximum clinical benefit with lower concen-
trations. In 2004, another study [34] conducted by the same 
authors reviewed the clinical application of the reference 
range of 3–14 mg/L. The results indicated that the reference 
range was clinically accepted and provided therapeutic ben-
efits, with few long-term adverse effects reported. Based on 
the threshold concentration for effectiveness and safety, the 
TDM guidelines of ILAE [4] and AGNP [6] recommended 
the reference range of 2.5 or 3 mg/L to 15 mg/L for LTG in 
adult epilepsy treatment.

Interestingly, unlike studies conducted on adults, the 
upper limit of reference ranges for children in our enrolled 
studies were estimated solely based on concentration and 
efficacy data. None of the studies utilized safety data in their 
estimations, possibly due to challenges in collecting adverse 
drug reaction data, the insufficient samples of high blood 
concentrations in children, or differences in opinions regard-
ing the definition of reference range. Thus, it’s difficult to 
determine whether the threshold concentration of safety in 
children is different from that in adults. For instance, Wang 
et al. [20] redefined the upper limit of the LTG reference 
range by determining the concentration beyond which clini-
cal benefits no longer increase. The study concluded that a 
significant proportion of epilepsy patients were being over-
treated, and blindly increasing dosage to achieve higher 
trough levels did not result in additional improvement in 
clinical response. Moreover, it potentially exposed patients 
to unnecessary adverse events. Therefore, the study recom-
mended a reference range based on efficacy to avoid over-
treatment. Other studies estimated the reference range by 
considering the concentration levels in the majority of cases. 
For instance, Li and Huang [14] and Bao et al. [13] defined 
the 95% confidence interval of concentrations across all 
cases and effective cases as the reference range respectively.

In our opinion, it is crucial to avoid overtreatment. How-
ever, it should be noted that the upper limit of the reference 
range, as estimated based on efficacy data, is generally much 
lower. These lower limits are more appropriate for non-
refractory epilepsy and may restrict treatment options for 
children who require a higher concentration. Additionally, it 
has been observed that higher concentrations are often toler-
ated and may provide benefits for patients with refractory 
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epilepsy [24]. Thus, it’s also necessary to establish a safety-
based upper limit of reference range for children, beyond 
which the adverse effects significantly increase.

Although previous studies reported a lack of a clear-
cut relationship between clinical response and LTG con-
centration [35], however, more recent studies have further 
confirmed the existence of these relationships. One of our 
enrolled study [20] performed a logistic regression analy-
sis and results showed that higher concentrations of LTG 
predicted a higher probability of clinical response, and the 
ROC analysis also confirmed the value of targeted concen-
trations beyond a specific level. Another study [19] also 
found that in the cases of combination use with VPA, the 
blood levels of effective cases were significantly higher 
than ineffective cases. Additionally, several studies have 
demonstrated the correlation between concentrations and 
tolerability [24], and it was also demonstrated that the inci-
dence of toxicity increases significantly with concentrations 
above 13-15 mg/L [32, 33]. Therefore, we support the value 
of targeted concentrations within a specific range, and it is 
necessary to establish a reference range for children based 
on both efficacy and safety data.

Strengths and limitations

This study has several strengths. Firstly, to our knowledge, 
this is the first systemic review of clinical studies on LTG 
reference range for children, providing credible evidence 
for the individualization of LTG in epilepsy treatment for 
children. Secondly, the study also conducted an analysis 
and comparison of calculation methods and data types, 
and discussed potential reasons for discrepancies between 
various studies. We also identified current research gaps, 
laying the foundation for further research in this area.

Limitations also exist in our study. Firstly, the number of 
included studies were relatively limited, and the quality of 
enrolled studies were generally not high. Secondly, all stud-
ies included in our analysis were conducted exclusively in 
China or Japan, indicating that the representativeness of the 
patient sample were insufficient [9], and the reference range 
identified in this study may be more relevant to children in 
these countries. However, further evaluation is necessary to 
determine the applicability of these findings to children in 
other countries. Thirdly, most studies used a flexible dose 
rather than a fixed dose, which may give rise to artificially 
negative correlations between concentrations and clinical 
effects [9, 36]. Additionally, it is important to note that the 
concentration types analyzed in the Chinese studies were 
trough concentration, while the only study from Japan were 
peak concentration. Therefore, medical workers should con-
sider the type of concentration measured before referring to 
the reference range determined in our study.

Conclusion

In summary, various studies have attempted to establish 
reference ranges for LTG in the treatment of child epi-
lepsy. For LTG monotherapy, reference range were basi-
cally consistent, the lower limit of reference range for 
older children is similar to that recommended for adult by 
ILAE and AGNP guidelines, and younger children may 
need higher concentrations than older children and adults. 
However, there still remains controversial for LTG that 
concomitant with VPA or with other ASMs. Furthermore, 
unlike studies conducted on adults, all the reference ranges 
that have been established are based solely on concentra-
tion and/or efficacy data, with no studies having estimated 
the upper limit of the range based on safety data. Further 
high-quality research is required to determine the refer-
ence ranges for LTG monotherapy and concomitant with 
VPA, taking into account both efficacy and safety data.
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