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ABSTRACT
Background: Patients with pharmacoresistant focal epilepsy (PRE) are 

exposed to long-term antiepileptic drug (AED) therapy, which may influence 
anesthetic pharmacology and postoperative pain. However, evidence regarding 
the perioperative effects of chronic AED treatment remains scarce. The 
study aims to investigate the association of AED regimen, epilepsy duration, 
anesthetic consumption, and surgery with postoperative pain in patients with 
pharmacoresistant focal epilepsy.

Methods: The retrospective cohort study included 92 participants with 
pharmacoresistant focal epilepsy who underwent neurosurgical intervention 
between 2019 and 2024. Patients were stratified according to AED regimen into 
carbamazepine monotherapy (n=27), carbamazepine plus levetiracetam (n=44), 
and other AED combinations (n=21). Intraoperative anesthetic consumption, 
postoperative visual analogue scale (VAS) pain scores, analgesic requirements, 
and perioperative outcomes were compared. Predictors of postoperative pain 
were evaluated using multivariable logistic regression analysis.  

Results: Patients receiving combination AED therapy had significantly 
longer epilepsy duration than those receiving carbamazepine monotherapy 
(median 16–18 vs. 8 years, p<0.01). Intraoperative consumption of fentanyl, 
propofol, sevoflurane, and neuromuscular blocking agents did not differ 
among treatment groups (all p>0.05). Postoperative pain occurred in 58.7% 
of patients, with similar VAS trajectories, analgesic requirements, and time to 
first analgesic request across groups. Surgery type was not associated with 
postoperative pain in either univariate or multivariable analyses. Multivariable 
logistic regression demonstrated no independent association between 
postoperative pain and AED regimen, intraoperative fentanyl dose, sex, or 
surgical procedure (all p>0.05). Sensitivity analysis limited to patients receiving 
carbamazepine or levetiracetam as the primary AED yielded consistent results, 
although levetiracetam showed a non-significant trend toward lower odds of 
postoperative pain compared with carbamazepine (adjusted OR 0.47, 95% CI 
0.19–1.18).

Conclusions: Long-term AED regimen, epilepsy duration, and surgery 
type were not independently associated with anesthetic requirements or early 
postoperative pain in patients undergoing surgery for pharmacoresistant focal 
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Introduction
Epilepsy is a neurological condition affecting approxi

mately 70 million people worldwide, with a prevalence of 4 
to 10 cases per 1,000 individuals [1,2]. Despite the ongoing 
development of various antiepileptic drugs (AEDs), drug 
resistance remains a significant issue. About one-third of 
epilepsy patients experience pharmacoresistant epilepsy (PRE) 
[3,4]. The most common type linked to treatment resistance is 
focal epilepsy, which represents over half of all cases [4]. Focal 
PRE refers to resistance to two or more AEDs and is often 
associated with a long disease duration. Some PRE patients are 
considered candidates for surgical intervention [5]. 

Over the last decade, epilepsy surgery has advanced with 
improvements in neuroimaging, high-resolution structural 
and functional mapping, intraoperative neuronavigation, and 
minimally invasive approaches. Nonetheless, challenges persist 
in personalized perioperative management, including optimizing 
anesthesia, maintaining hemodynamic stability, and managing 
antiepileptic drug interactions [1,6]. When a patient with 
pharmacoresistant epilepsy opts for surgery, care transitions 
from a neurologist-epileptologist to a multidisciplinary team that 
includes anesthesiologists and other specialists [6,7]. Long-term 
use of antiepileptic drugs in these patients alters neurological 
networks, affecting cognitive function and anesthetic response 
during surgery [6,8]. These changes might indicate that there 
is individual variability in how patients respond to anesthetic 
and analgesic drugs, including differences in pharmacokinetics 
and pharmacodynamics, the potential for drug interactions, and 
variations in postoperative pain levels [9].

The current range of antiepileptic drugs includes both 
microsomal enzyme inducers like carbamazepine and agents with 
minimal drug interactions such as levetiracetam. Cytochrome P 
450 inducers accelerate the metabolism of opioids and certain 
anesthetic agents, thereby increasing intraoperative needs and 
reducing the effectiveness of analgesics and anesthetics [10]. 
Data on how antiepileptic drugs affect the minimum alveolar 
concentration (MAC) of inhalational anesthetics are limited 
[11]. Drugs with a low potential for interactions, such as 
levetiracetam, are associated with fewer early postoperative 
complications like seizures, agitation, and delayed recovery, 
especially in neurosurgical patients [12]. In non- neurosurgical 
populations, these drugs show a potential opioid- sparing 
effect; however, evidence in focal pharmacoresistant epilepsy 
remains limited [12]. Combination therapy may pose risks 
of adverse interactions and cumulative side effects such as 
dizziness, drowsiness, and ataxia, which can worsen during the 
perioperative period [13]. Postoperative pain syndrome (PPS) 
is also a key consideration during perioperative management 
of patients undergoing epilepsy or brain tumor surgery [14]. 
Neurosurgical procedures, especially craniotomies, are linked to 
significant postoperative pain, which if poorly controlled, can 

lead to complications like hypertension, tachycardia, increased 
intracranial pressure, agitation, sleep disturbances, delayed 
awakening, and longer ICU stays [14,15]. Inadequate pain 
management after craniotomy may increase stress responses, 
raise opioid use, and impair neurocognitive recovery [15] . 
Post- craniotomy pain peaks within the first 24–48 hours, with 
the worst intensity on the first postoperative day, correlating 
with higher analgesic use, delayed extubation, and longer 
recovery times [14]. Despite progress in epilepsy surgery and 
available anesthetic guidelines, research on how antiepileptic 
drugs, epilepsy duration, and their characteristics influence 
anesthetic and analgesic needs and postoperative pain levels is  
limited [7]. 

However, most existing research has concentrated on 
seizure prevention rather than personalized perioperative pain 
management. Many studies evaluate how effective various AED 
regimens, such as monotherapy versus combination therapy, 
are at stopping intraoperative and early postoperative seizures, 
especially in patients undergoing craniotomy or awake surgery 
[14,15,16]. Exploring this topic could help predict optimal 
anesthetic and opioid doses, personalize multimodal pain relief, 
decrease practice variability, and promote quicker recovery 
[17,18].

Considering all the above-mentioned, the aim of this study 
is to assess the impact of antiepileptic therapy characteristics 
and epilepsy duration on anesthetic consumption and the 
severity of postoperative pain in neurosurgical patients with 
focal pharmacoresistant epilepsy.

Methods
Study design and data selection 
An investigation was conducted at the Medical Center 

Hospital of the President’s Affairs Administration of the 
Republic of Kazakhstan using a retrospective cohort design. 
Between 2019 and 2024, a total of 130 patients who underwent 
surgical treatment for pharmacoresistant focal epilepsy were 
analyzed. After applying the inclusion and exclusion criteria, 38 
patients were excluded for failing to meet the study criteria or for 
incomplete clinical data. The final analysis included 92 patients. 

Inclusion criteria: 
–	 age ≥18 years;
–	 confirmed diagnosis of pharmacoresistant focal 

epilepsy; 
–	 undergone neurosurgical intervention with available 

medical documentation;
–	 completed perioperative period (up to 48 hours 

postoperatively).
Exclusion criteria:
–	 patients with generalized forms of epilepsy; 
–	 patients with incomplete data on key variables;

epilepsy. Standardized perioperative anesthesia and postoperative analgesia 
appear to provide effective pain control regardless of chronic AED therapy. 
Larger prospective multicenter studies are needed to confirm these findings 
and evaluate the perioperative effects of individual AEDs.

Keywords: pharmacoresistant focal epilepsy; antiepileptic drugs; 
carbamazepine; levetiracetam; postoperative pain; anesthesia; epilepsy surgery; 
neurosurgery.
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Patients were stratified by antiepileptic drug therapy and 
divided into three groups: Group I, carbamazepine monotherapy; 
Group II, carbamazepine and levetiracetam combination; and 
Group III, other double antiepileptic drug combination.

Ethics
This study was conducted in accordance with an expanded 

protocol for the secondary analysis of de-identified medical 
data, with ethical approval from the Hospital’s Local Bioethics 
Committee (Institutional Review Boards), as stated in Protocol 
No. 4, dated December 20, 2024, and in accordance with the 
Declaration of Helsinki.

Statistical analysis 
Statistical analyses were conducted in SPSS Statistics 

(version 26) and JASP. Normality of variables was assessed 
with the Shapiro–Wilk test. For non-normally distributed data, 
the Mann–Whitney U test was used. Categorical variables were 
analyzed with the chi-squared test or Fisher’s exact test, as 
appropriate. Multivariable logistic regression was performed to 
identify factors associated with postoperative pain. A p-value of 
<0.05 was considered statistically significant.

Results 
Clinical and demographic characteristics of patients
92 patients who underwent surgery for pharmacoresistant 

focal epilepsy were included in the study. The mean age was 
32.5 ± 8.0 years. Of the cohort, 54 (58.7%) were male, and 38 
(41.3%) were female. The mean BMI value was 23.9 ± 4.7 kg/
m². The distribution of surgical procedures was as follows: 
lobectomy – 75.0%, tumor resection – 10.9%, cortical dysplasia 
resection – 4.3%, cavernous hemangioma excision – 4.3%, 
arteriovenous malformation resection – 3.3%, ulegyria resection 
– 2.2%. 

Carbamazepine was the most commonly used main 
antiepileptic medication (57/92, 62.0%) across all groups, 
followed by levetiracetam (32/92, 34.8%), valproic acid 
(2/92, 2.2%), and lamotrigine (1/92, 1.1%). Among patients 
on combination therapy (n = 65), additional antiepileptic 
medications were distributed as follows: carbamazepine (23/65, 
35.4%), levetiracetam (21/65, 32.3%), lamotrigine (10/65, 
15.4%), valproic acid (6/65, 9.2%), and topiramate (5/65, 7.7%). 
The results of patient stratification by antiepileptic therapy are 
presented in Table 1.

–	 presence of severe comorbid somatic conditions (e.g., 
decompensated respiratory diseases, respiratory failure, end-
stage cardiovascular failure, cancer, stage IV hepatic or renal 
failure);

–	 massive intraoperative bleeding; repeat surgeries.
As part of the retrospective analysis, anesthetic records 

of the patients included in the study were reviewed. Patients 
received general anesthesia according to the standardized 
protocol in the neurosurgery department.

Anesthesia induction started with intravenous propofol at 
2 mg/kg and fentanyl at 2 µg/kg. Additional fentanyl was given 
every 20–30 minutes at 1–2 µg/kg, adjusted based on clinical 
signs of anesthesia depth. The adequacy of anesthesia was 
evaluated using clinical signs, hemodynamic responses (MAP, 
HR), and, when available, bispectral index (BIS) monitoring. 
Stable hemodynamics within ±20% of baseline and BIS values 
between 40 and 60 were considered indicative of sufficient 
anesthesia. Extra fentanyl doses were administered as needed to 
maintain these parameters.

Neuromuscular relaxation was achieved using rocuronium 
bromide at 0.6 mg/kg, followed by IV boluses of pipecuronium 
bromide at 0.01–0.02 mg/kg as needed. Anesthesia was 
maintained with sevoflurane at a MAC of 1.0–1.2%, with fresh 
gas flow set at 25–30% of the patient’s minute ventilation, 
based on ideal body weight. The effectiveness of anesthesia was 
monitored using hemodynamic parameters, including invasive 
arterial blood pressure (IABP), heart rate (HR), and ECG. 
Perioperative respiratory status and oxygenation were assessed 
using arterial blood gases, capnography, and continuous pulse 
oximetry (SpO₂), with SpO₂ maintained≥93%. Intravenous 
fluids were administered per local protocol to support tissue 
perfusion. In cases of hemodynamic instability, defined as a 
mean arterial pressure (MAP) below 65 mmHg despite adequate 
fluid resuscitation, vasopressor support with titrated intravenous 
norepinephrine was initiated and continued until the target 
pressure was achieved.

Recorded Parameters for Analysis
Intraoperative parameters: total fentanyl dose (µg) 

administered during surgery; total volume of inhalational 
anesthetic (sevoflurane, mL); duration of anesthesia (minutes).

Postoperative pain assessment: visual analog scale (VAS) 
pain scores recorded at 2, 4, 6, 8, and 12 hours postoperatively; 
total dose of analgesics administered within the first 24 hours 
after surgery; and time to first request for analgesia. Postoperative 
analgesia comprised a three-step pain management protocol 
based on World Health Organization (WHO) guidelines [19]. 
The protocol was introduced into routine clinical practice 
alongside the standardized VAS scale. The analgesic protocol 
consisted of:

–	 Step 1: VAS 1–4 (mild pain) – nonsteroidal anti-
inflammatory drugs (NSAIDs): intravenous Intrafen 800 mg or 
intramuscular ketoprofen 100 mg;

–	 Step 2: VAS 4–6 (moderate to severe pain) – synthetic 
opioids (tramadol 100 mg IM) and/or NSAIDs (Intrafen 800 mg 
IV or ketoprofen 100 mg IM);

–	 Step 3: VAS 7–10 (severe pain) – opioids (morphine 10 
mg IM) and NSAIDs.

Additional recorded parameters: age, sex, body mass index 
(BMI); type of neurosurgical procedure; duration of epilepsy; 
duration of mechanical ventilation; Richmond Agitation-
Sedation Scale (RASS) score [20]; length of stay in the intensive 
care unit (ICU); and presence of postoperative seizures.

Table 1 Main AED and Additional AED by Treatment 
Group

Variable Carbamazepine 
(n=27)

Carbamazepine 
+ Levetiracetam 

(n=44)

Other AED 
(n=21)

Main AED
Carbamazepine 27 (100.0%) 21 (47.7%) 9 (42.9%)
Levetiracetam - 23 (52.3%) 9 (42.9%)
Valproic acid - - 2 (9.5%)
Lamotrigine - - 1 (4.8%)

Additional AED
None 27 (100.0%) - -

Carbamazepine - 23 (52.3%) -
Levetiracetam - 21 (47.7%) -
Lamotrigine - - 10 (47.6%)
Valproic acid - - 6 (28.6%)
Topiramate - - 5 (23.8%)
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Table 2 Comparison of the clinical and demographic characteristics among the groups

Parameter Group I: Carbamazepine 
(N=27)

Group II: Carbamaze-pine 
+ Levetiracetam 

(N=44)

Group III: Other AED 
Combinations 

(N=21)
p-value

Demographic and Clinical Data

Age, years, 34.0 (27.5 – 38.5) 30.5 (26.0 – 35.25) 32 (29.0–38.0)
0.361-2

0.432-3

0.861-3

Gender, n (%)
Male 18 (66.7%) 24 (54.5%) 12 (57.1%)

0.594
Female 9 (33.3%) 20 (45.5%) 9 (42.9%)

BMI (kg/m²) 22.9 (22.11–28.46) 21.99 (19.11–26.08) 24.57 (20.2–28.2)
0.0471-2*

0.122-3
0.981-3

Main Antiepileptic Drug (mg/day) 800 (400–800) 1000 (800–1625) 1000 (400–1500)
0.000021-2

0.1972-3
0.1121-3

Additional Antiepileptic Drug (mg/day) 1000 (400–1812.5) 350 (200–750) 0.00042-3

Epilepsy duration, years 8.0 (3.5–13.5) 16.0 (12.0–24.25) 18.0 (10.0–22.0)
0.0011-2
0.7412-3
0.0041-3

ASA 2 (2–2) 2 (2–2) 2 (2–2)
0.821-2
0.722-3
0.881-3

ASA I 0 1 0
ASA II 26 41 2
ASA III 1 2 1

Anesthesia duration, min 555 (460–625) 555 (480–611.25) 555 (518.4–607.6)
0.821-2
0.512-3
0.651-3

Mechanical ventilation in ICU, min 65.0 (52.5–117.5) 100.0 (58.75–136.25) 60.0 (45.0–100.0)
0.271-2

0.0362-3*
0.261-3

RASS score −2.0 (−3.0 to −2.0) −2.5 (−3.0 to −2.0) −2.0 (−3.0 to −2.0)
0.711-2
0.212-3
0.351-3

ICU stay, hours 15.0 (13.5–16.0) 14.0 (13.0–16.0) 14.0 (12.5–16.0)
0.771-2
0.522-3
0.361-3

Hospital stay, days 12.0 (8.0–14.5) 12.5 (10.0–16.0) 16.0 (14.0–19.0)
0.161-2
0.012-3

0.0021-3

Post-op seizures, incidence 1/27 (3.7%) 4/44(9.1%) 5/21 (23.8%)
0.6431-2**
0.1352-3**
0.0731-3**

Anesthetic Consumption Parameters

Fentanyl dose, µg/kg 14.94 (12.90–18.18 15.56 (11.30–20.56 14.08 (11.24–17.54)
0.661-2
0.322-3
0.551-3

Propofol dose, mg, 132.0 (120.0–164.0) 131.0 (107.5–146.5) 142.0 (114.0–162.0)
0.121-2
0.422-3
0.521-3

Inhalational anesthetic, mL/hr 11.01 (8.45–14.09) 10.17 (8.19–12.49) 10.59 (8.81–14.29)
0.341-2
0.462-3
0.941-3

Pipecuronium, mg 12.0 (12.0–13.0)       
  n=24

12.0 (8.0–16.0)             
n=35

10 (9.26–12.04)       
N=19

0.571-2
0.332-3
0.111-3

Rocuronium, mg 200 (175–200)     
n=3

150 (100–150)              
n=9

150 (100–200)           
n=2

0.221-2
1.002-3
1.001-3

Me – median, (Q1–Q3) – interquartile range, p – Mann-Whitney test, *Bonferroni adjustment did not reveal a statistically significant difference. 
**Fisher's exact test. For gender distribution χ² (χ² = 1.04, p = 0.594) was applied. 

Daily doses of the main antiepileptic medication varied 
across the groups as follows: 800 (400–800) mg/day in 
the carbamazepine group, 1000 (800–1625) mg/day in the 
carbamazepine + levetiracetam group, and 1000 (400–1500) 
mg/day in the other AED group. Pairwise group comparison 

with Bonferroni adjustment revealed a significantly lower 
antiepileptic medication dose in the carbamazepine group than 
in the carbamazepine + levetiracetam group (p < 0.001). There 
was no such difference between carbamazepine and other AED 
groups. Among patients on combination treatment, where an 
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additional antiepileptic medication is added, the dose of the 
additional antiepileptic medication was significantly higher in 
the carbamazepine + levetiracetam group, at 1000 (400–1812.5) 
mg/day, compared with the other AED group at 350 (200–
750) mg/day (p < 0.001). Table 2 represents demographical, 
preoperative and intraoperative parameters across the groups. 

The median age ranged from 30.5 to 34 years and did not 
differ significantly among the groups (p > 0.05). The gender 
distribution was also comparable across groups. The median 
BMI was higher in patients receiving combination therapy with 
other antiepileptic drugs than in those receiving carbamazepine 
monotherapy (p = 0.047), although after Bonferroni adjustment, 
the difference was not statistically significant (p = 0.140).

Disease duration varied significantly across groups (p 
= 0.001). The shortest duration of epilepsy was observed in 
patients receiving carbamazepine monotherapy, whereas those 
on combined therapy with levetiracetam and other AEDs had 
a significantly longer disease duration (p = 0.011), 8, 16, and 
18 years, respectively. Mann–Whitney U tests with Bonferroni 
correction showed that the first group (carbamazepine group) had 
shorter disease duration than the second group (carbamazepine 
+ levetiracetam; p = 0.0021) and the third group (other AED 
combinations; p = 0.011). The latter two groups did not differ 
in disease duration (p > 0.05). According to the ASA physical 
status classification system, most patients were classified as 
ASA class II (p > 0.05). 

Anesthesia duration was comparable among the three 
groups, with values of 555 (460–625) min, 555 (480–611.25) min, 
and 555 (518.4–607.6) min, respectively (p > 0.05). Mechanical 
ventilation time tended to be higher in the carbamazepine + 
levetiracetam group, with the median 100.0 (60.0–135.0) min, 
in comparison to the carbamazepine group, with the median 65.0 
(53.8–116.3) min, and the other AED group, with the median 
60.0 (45.0–92.5) min. However, the difference among the groups 
did not reach statistical significance (p=0.07). Pairwise analysis 
demonstrated a statistically significant difference between 
the second and third groups (p = 0.036), but after Bonferroni 
correction, this significance was not maintained. The level of 
sedation, assessed using the RASS, was comparable across all 
groups (p > 0.05), suggesting similar arousal levels. 

ICU stay did not differ significantly between the groups, 
with values of 15, 14, and 14 hours, respectively (p > 0.05). 
However, there was a difference in the overall hospital length of 
stay across the groups (p = 0.0033). The overall hospital stay of 
the first group comprised 12.0 (8.0–14.5) days, 12.5 (10.0–16.0) 
days for the second group, and 16.0 (14.0–19.0) days for the 
last group, illustrating the statistically significant discrepancy 
between the first two groups and the third one (p = 0.006 and p = 
0.026, respectively). The incidence of postoperative seizures was 
relatively low across groups. Although the postoperative seizure 
rate was higher in the third group, 5/21 (23.8%), compared to 
the first group, 1/27 (3.7%), and the second group, 4/44 (9.1%), 
the difference did not reach statistical significance (p = 0.074).

Intraoperative consumption of the main anesthetics, 
analgesics, and neuromuscular blocking agents was comparable 
across the three groups. Induction dose of propofol was 132.0 
(120.0–164.0) mg, 131.0 (107.5–146.5) mg, and 142.0 (114.0–
162.0) mg in the carbamazepine, carbamazepine + levetiracetam, 
and other AED groups, respectively, demonstrating similar 
distribution (p = 0.27). Median values of inhalational anesthetic 
dose were 11.01 (8.45–14.09) mL/hour in the carbamazepine 
group, 10.17 (8.19–12.49) mL/hour in the carbamazepine + 
levetiracetam group, and 10.59 (8.81–14.29) mL/hour in the 

other AED group, illustrating also comparable consumption. 
Fentanyl doses adjusted for body weight showed no significant 
differences among the groups and comprised 14.94 (12.90–
18.18), 15.56 (11.30–20.56), and 14.08 (11.24–17.54) mcg/kg, 
respectively. Due to prolonged surgery time, pipecuronium was 
preferred, and there was no difference in its consumption across 
groups (p = 0.317), although the median dose for the third group 
tended to be lower. Rocuronium was administered to a patient 
population with small sample sizes across three groups: n = 3, 
9, and 2, respectively. The median dose of rocuronium in the 
carbamazepine group was the highest, at 200 (175–200) mg, 
while in the second and third groups it was 150 (100–150) mg 
and 150 (100–200) mg, respectively.

Postoperative pain assessment of patients
Postoperative pain was assessed using the VAS immediately 

after surgery, at 2, 4, 6, 8, and 12 hours postoperatively. The 
need for additional analgesia and the time to the first request for 
pain medication were also recorded. The results are presented 
in Table 3.

Postoperative pain was observed in more than half of the 
patient population across the groups, comprising 66.7%, 52.2%, 
and 66.7%, respectively. The differences in pain occurrence 
among the groups were not statistically significant (p = 0.27), 
indicating comparable pain severity in the early postoperative 

Table 3 Assessment of postoperative pain syndrome 
across the treatment groups

Parameter

Group I:  
Carbama

zepine, 
N=27

Group II: 
Carbama
zepine + 
Levetira

cetam, 
N=44

Group 
III:  

Other 
AED 

combi
nations, 

N=21

p-value

Patients with pain, n (%) 18 
(66.7%)

22 
(52.2%)

14 
(66.7%) 0.27**

Postoperative pain (VAS)

2 hours after surgery 
(points) 

1.0 
(0.0–2.5)

2.0 
(1.0–3.0)

3.0 
(2.0–4.0)

0.0981-2

0.182-3

0.0281-3*

4 hours after surgery 
(points) 

3.0 
(2.0–8.0)

3.0 
(2.0–4.0)

3.0 
(2.0–4.0)

0.421-2

0.922-3

0.601-3

6 hours after surgery 
(points) 

2.0 
(2.0–3.0)

3.0 
(2.0–3.0)

3.0 
(3.0–3.0)

0.551-2

0.202-3

0.051-3

8 hours after surgery 
(points) 

3.0 
(2.0–3.0)

3.0 
(2.0–3.0)

3.0 
(2.0–3.0)

0.701-2

0.152-3

0.291-3

12 hours after surgery 
(points) 

2.0 
(0.5–2.0)

1.0 
(1.0–2.0)

2.0 
(1.0–2.0)

0.741-2

0.792-3

0.971-3

Time of analgesic require
ment after surgery (hours) 

4.0 
(4.0–4.0)

4.0 (2.25–
5.75)

3.0 (2.0–
4.75)

0.991-2

0.242-3

0.171-3

Frequency of additional 
analgesia after surgery with 

morphine, n (%)
8 (29.6%) 7 (15.9%) 7 

(33.3%)

Frequency of additional an-
algesia after surgery with 

tramadol, n (%)
4 (14.8%) 7 (15.9%) 4 

(19.0%)

Frequency of additional 
analgesia with NSAID after 

surgery, n (%)
6 (22.2%) 8 (18.2%) 3 

(14.3%)

Me – median, (Q1–Q3) – interquartile range, p – Mann-Whitney test, ** 
Chi-square test.
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period. When compared between the second and the third group, 
due to additional drug combination, patients in the third group 
had twice the odds of experiencing post-operative pain compared 
with those in the second group. However, the difference was not 
statistically significant (Fisher's exact test, p = 0.287). The data 
is illustrated in supplementary table S1. 

Pain intensity measured by VAS at 2 hours postoperatively 
varied among the groups, being 1.0 (0.0–2.5), 2.0 (1.0–3.0), 
and 3.0 (2.0–4.0) in the carbamazepine, carbamazepine + 
levetiracetam, and other AED groups, respectively. The overall 
difference in pain intensity was borderline (p = 0.05). Pairwise 
comparison showed that the carbamazepine group had a lower 
pain intensity score than the other AED group (p=0.028); 
however, after Bonferroni adjustment, the discrepancy was not 
statistically significant (p=0.084).

At 4 hours, pain intensity among the groups was as follows: 
3.0 (2.0–8.0), 3.0 (2.0–4.0), and 3.0 (2.0–4.0), indicating a 
similar distribution of pain intensity (p=0.715). At 6 hours 
postoperatively, median VAS scores were 2.0 (2.0–3.0), 3.0 (2.0–
3.0), and 3.0 (3.0–3.0) in the carbamazepine, carbamazepine + 
levetiracetam, and other AED groups, respectively. Pairwise 
comparison showed lower pain intensity in the first group than in 
the third group (p = 0.05); however, after Bonferroni correction, 
the difference did not reach statistical significance (p = 0.075). 
At 8 hours postoperatively, the VAS pain score was 3.0 (2.0–3.0) 
in all groups (p = 0.322). While at 12 hours, the VAS pain score 
was comparable (p = 0.932) and tended to decline, comprising 
2.0 (0.5–2.0), 1.0 (1.0–2.0), and 2.0 (1.0–2.0), respectively. 
Figure 1 demonstrates the VAS pain intensity trend over 12 
postoperative hours. 

The median number of hours to the first postoperative 
analgesic request was lower in the third group, 3.0 (2.0–4.75), 
than in the first, 4.0 (4.0–4.0), and the second, 4.0 (2.25–5.75) 
groups, although no statistically significant differences were 
noted (p = 0.35). Regarding additional analgesia, its frequency 
(p = 0.332) and the types of analgesia (morphine, tramadol, and 
NSAIDs; p = 0.68) were also comparable across the groups.

To identify predictors of postoperative pain, we performed 
a univariate analysis of preoperative and intraoperative factors. 
No significant associations were found with age, gender, BMI, 
epilepsy duration, main antiepileptic drug doses, anesthesia and 
surgery duration, anesthetic and analgesic doses, pipecuronium, 
ventilation time, and RASS parameter (Table S2, supplementary 

materials). There was no statistically significant difference in 
the proportion of patients with post-operative pain considering 
surgery types (Fisher test, p = 0.73, Table S3 supplementary 
material). To stabilize the statistical model, we combined rare 
procedures in the common category named “other procedures” 
which included cortical dysplasia resection (5/92), cavernous 
hemangioma excision (4/92), arteriovenous malformation 
resection (3/92), ulegyria resection (2/92). Post-operative pain 
occurred in 41/69 patients after lobectomy, 7/14 patients after 
other surgery, and 6/9 after tumor resection. 

To identify more robust associations for predicting 
postoperative pain risk factors, multivariable logistic regression 
was performed on clinically relevant parameters. Considering 
54 events of pain out of 92, we selected a few parameters for 
stable configuration of the model. Table 4 represents the results. 
The model included intraoperative fentanyl, antiepileptic 
drug regimen across three groups and type of the surgery. 
Carbamazepine monotherapy and lobectomy were used as 
references.

The model demonstrated no statistically significant 
independent predictors of post-operative pain. Nevertheless, 
compared with carbamazepine monotherapy, treatment 
with carbamazepine in combination with levetiracetam was 
associated with lower odds of post-operative pain (OR 0.46, 
95% CI 0.16–1.31, p = 0.147). Patients receiving other AED 
medications had comparable odds of postoperative pain with 
carbamazepine monotherapy (OR 1.00, 95% CI 0.28–3.59, 
p = 0.998). Considering surgery, patients undergoing tumor 
resection had 42% higher odds of postoperative pain compared 
to the lobectomy surgery patients (OR 1.33, 95% CI 0.28–6.23,  

Figure 1 – Trend of median VAS over 12 hours in the postoperative period

Table 4 Multivariable regression analysis considering 
presence of post-op pain and intraoperative 
parameters

Predictor Adjusted 
OR 95% CI p-value

Fentanyl (mcg/kg) 1.04 0.96–1.13 0.316
Carbamazepine + Levetiracetam vs. 

Carbamazepine 0.46 0.16–1.31 0.147

Other AED vs. Carbamazepine 1.00 0.28–3.59 0.998
Other surgery vs. Lobectomy 0.74 0.21–2.58 0.631

Tumor resection vs. Lobectomy 1.33 0.28–6.23 0.717
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p = 0.717). On the contrary, patients undergoing cortical dysplasia 
resection, cavernous hemangioma excision, arteriovenous 
malformation resection, and ulegyria resection demonstrated 
23% lower odds of post-operative pain than those undergoing 
lobectomy surgery (OR 0.74, 95% CI 0.21–2.58, p = 0.717).

Carbamazepine (n = 57) and levetiracetam (n = 32) were 
the most commonly used antiepileptic drugs as primary treatment 
options (89/92), whereas the sample sizes for valproic acid (n = 
2) and lamotrigine (n = 1) were extremely small. We decided to 
investigate the incidence of postoperative pain among patients 
receiving two most common main antiepileptic medication. 
Thus, we performed the second multivariable logistic regression 
as a sensitivity analysis and in addition, included gender 
parameter to investigate the differences in pain perception, since 
difference in the postoperative analgesic requirements have been 
reported prior [21]. Table 5 demonstrates the results.

After adjustment for selected parameters, no independent 
predictor of postoperative pain was identified in the secondary 
analysis (p > 0.05 for all variables). Although non-significant, 
male patients showed lower odds of post-op pain than females 
(OR 0.87, 95% CI 0.34–2.26, p = 0.781), and patients receiving 
levetiracetam demonstrated lower odds of post-op pain compared 
to those receiving carbamazepine antiepileptic medication as 
a primary treatment (OR 0.47, 95% CI 0.19–1.18, p = 0.109). 
The odds of developing postoperative pain assuming a surgery 
type preserve similar trends as during primary analysis. The 
consistency of the findings between the primary and sensitivity 
analyses suggests that the exclusion of the three patients 
receiving other main AEDs did not significantly influence the 
study conclusions.

When patients were stratified by the primary antiepileptic 
drug. It was shown that participants receiving levetiracetam had 
a longer duration of epilepsy than those receiving carbamazepine: 
18.0 (12.0–24.0) vs. 12.0 (6.0–18.0) years, p = 0.028. No other 
associations were observed. 

Discussion
The retrospective cohort study evaluated how prolonged 

antiepileptic therapy interacts with general anesthesia agents and 
the potential effect of antiepileptic therapy on postoperative pain 
in patients with pharmacoresistant focal epilepsy. The findings 
show that patients receiving dual therapy have significantly 
longer epilepsy duration than those receiving carbamazepine 
monotherapy. Despite pharmacokinetic differences among 
the antiepileptic medications, intraoperative consumption of 
fentanyl, sevoflurane, propofol, and neuromuscular blocking 
agents is comparable across groups. Postoperative pain intensity 
follows a similar trajectory across groups. In multivariable 
analysis, duration of epilepsy and antiepileptic drug regimen do 
not emerge as independent predictors of postoperative pain. 

In the present study, disease duration is longer in 
participants receiving dual therapy. This aligns with clinical 
reasoning: patients with longer epilepsy often require 
polypharmacotherapy because monotherapy becomes less 
effective and pharmacoresistance develops. In the study, 
among patients receiving antiepileptic drug treatment for more 
than 5 years, 59% report inefficiency of first-line antiepileptic 
therapy, and 70% report inefficiency of second-line antiepileptic 
medication. Inadequate selection of the first- and second-line 
treatments increases the risk of pharmacoresistance by 18- and 
9-fold, respectively. Every additional year of epilepsy duration 
increases the risk of pharmacoresistance by 7% [22]. According 
to the recently conducted retrospective study, patients on 
polypharmacy have the onset of epilepsy at an older age and 
experience a higher frequency of seizures before the therapy 
compared to the monotherapy group.  In contrast, patients on 
monotherapy tend to experience five years of remission and 
are more prone to discontinue the treatment compared to the 
polypharmacy group [23]. 

Contrary to expectations, the antiepileptic medication 
regimen is not significantly associated with differences in 
consumption of general anesthesia agents. Enzyme-inducing 
antiepileptic drugs, such as carbamazepine, enhance the function 
of cytochrome P450 enzymes [24], potentially increasing the 
requirements for general anesthesia agents. Exposure to long-
term antiepileptic therapy may result in faster recovery after, 
possibly due to hepatic microsomal enzyme induction and 
decreased GABA receptor sensitivity [25,26]. Our findings, 
however, do not demonstrate a significant discrepancy in 
propofol or inhaled anesthetics consumption across the groups. 

Previous study reports an increased intraoperative 
fentanyl consumption depending on the number of antiepileptic 
medications received by patients [27]. Conversely, in the 
present study, there is no statistically significant difference 
in fentanyl consumption between the participants receiving 
monotherapy or combined dual antiepileptic therapy. Extended 
exposure to anticonvulsant therapy may result in resistance 
to non-depolarizing muscle relaxants due to increased liver 
metabolism, acetylcholine receptors upregulation, and increased 
protein binding, reducing the availability of muscle relaxants 
[28]. In a study comparing the effect of cisatracurium among 
patients undergoing craniotomy, patients exposed to chronic 
antiepileptic medications demonstrate higher clearance and 
lower steady-state plasma concentration of cisatracurium than 
participants without a history of antiepileptic drug use [29]. In 
the current study, however, the statistically significant difference 
in pipecuronium consumption is not observed.

According to the current observations, the median 
post-op mechanical ventilation time in the ICU is 35% and 
40% longer in the carbamazepine + levetiracetam than in the 
carbamazepine and other AED groups, respectively. In the 
second group, each patient was prescribed levetiracetam either 
as a primary or a secondary medication, unlike in other groups. 
According to a recent study, patients receiving levetiracetam 
have a longer interval to the next rocuronium maintenance 
dose than the control group, resulting in longer recovery [30]. 
This could be explained by potential competition for excretion 
via P-glycoprotein transmembrane drug efflux pump, since 
levetiracetam and rocuronium are transported by the same pump 
[30]. Delayed elimination of neuromuscular agents may result 
in prolonged postoperative mechanical ventilation in the ICU.

Postoperative pain is defined as acute nociceptive pain 
following surgical intervention because of tissue injury and 

Table 5 Multivariable regression analysis considering 
presence of post-op pain and other parameters

Variable Adjusted 
OR 95% CI p-value

Male vs Female 0.87 0.34–2.26 0.781
Fentanyl (per mcg/kg) 1.02 0.94–1.12 0.599

Levetiracetam vs Carbamazepine 0.47 0.19–1.18 0.109
Other surgery vs. Lobectomy 0.59 0.17–2.07 0.413

Tumor resection vs. Lobectomy 1.34 0.29–6.15 0.703
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inflammatory mediator release [31]. In the present study 
postoperative pain is measured by VAS and ranges from 1 
to 3 points, although indicating mild to moderate pain. Pain 
trajectories demonstrate similar trends, although patients 
receiving other AED medications tend to report higher pain scores 
at 2 and 6 hours, however, these differences lose significance 
after adjustment for multiple comparisons. Later during post-op 
period, the differences between groups decrease, also likely due 
to the standardized pain management protocol. In the current 
study the time of additional analgesic requirement is comparable 
across the groups, although the third group shows slightly shorter 
median time towards the additional analgesic requirement. 
This may suggest that the antiepileptic drug regimen does not 
significantly influence acute postoperative pain perception 
and is effectively managed by postoperative pain management 
protocols. According to a recent investigation including 42 
studies, high-quality evidence demonstrates postoperative pain 
reduction by NSAIDs up to 24 hours in patients undergoing 
craniotomy [32]. In addition, pain perception may be altered in 
patients depending on the anatomical location of the epilepsy 
foci, as the recent study shows association between reduction 
in mechanical pain sensitivity and hippocampal damage in the 
patients with temporal lobe epilepsy [33]. This demonstrates 
that not only pharmacological interaction, but also anatomical 
structures involved may influence the pain perception in patients 
with chronic epilepsy. 

A multivariable regression analysis finds no statistically 
significant associations between postoperative pain and 
intraoperative fentanyl, antiepileptic drug regimen, gender, 
or surgical procedure. Importantly, the similarity of the 
primary and secondary analyses strengthens the confidence 
that the observed findings are consistent after exclusion of 
patients receiving valproic acid or lamotrigine as a primary 
medication. The regression model shows a non-significant 
trend toward lower odds of postoperative pain among patients 
receiving levetiracetam as a primary antiepileptic drug in 
a dual combination treatment compared to carbamazepine-
treated patients either as a mono or duo therapy. Investigations 
in the elective laparoscopic cholecystectomy report reduced 
postoperative pain scores as well as opioid consumption in 
patients receiving perioperative levetiracetam [34]. A clinical 
study conducted in rats demonstrates that levetiracetam 
possesses an antihyperalgesic effect, to a certain extent mediated 
by GABA, serotonin, opioid, and alpha-2-adrenergic receptors, 
in response to inflammatory stimuli [35]. Nevertheless, our 
findings did not reach statistical significance, and the observed 
trend should be regarded as hypothesis-generating rather than 
evidence of a true analgesic effect. Larger investigations are 
required to determine whether levetiracetam possesses clinically 
meaningful perioperative analgesic properties in patients with 
chronic epilepsy. 

 The type of neurosurgical procedure was not associated 
with the occurrence of postoperative pain in either the univariate 
or multivariable analyses. Although patients undergoing 
tumor resection demonstrated numerically higher odds of 
postoperative pain than those undergoing lobectomy in both 
analyses, the confidence interval is wide, and the association 
was not statistically significant. Likewise, the pooled group 
named other surgical procedures in both multivariable logistic 
regression models demonstrates lower odds of postoperative pain 
outcomes compared to lobectomy. It is possible that differences 
in surgical complexity and further tissue damage may vary 
among surgery types. These findings suggest that, within the 

scope of standardized perioperative anesthesia, surgery type 
may have only a limited influence on early postoperative pain. 
However, since the results do not reach statistical significance, 
larger sample size should be considered in the future. Likewise, 
no independent association between gender and postoperative 
pain is observed. While higher postoperative pain scores and 
greater fentanyl consumption have been reported among females 
undergoing laparoscopic cholecystectomy [21], the present 
study is not powered to detect modest gender-specific outcomes.

In the present study, epilepsy duration was not associated 
with postoperative pain intensity or analgesic requirements. 
In the study, comparing pain perception between participants 
with epilepsy and healthy individuals, sensitivity to pain was 
reduced in those with temporal lobe epilepsy and was associated 
with the extent of hippocampal damage [33]. The extent of 
hippocampal damage may indirectly reflect the frequency 
of epileptogenic firing and thus the duration of epilepsy. 
Nevertheless, evidence on the relationship between epilepsy 
duration and postoperative pain remains limited. Interestingly, 
our data shows that participants receiving levetiracetam as a 
first-line medication demonstrate longer duration of epilepsy 
compared to carbamazepine group. Overall, the second and 
third group representing combined therapy demonstrate longer 
disease course compared to carbamazepine monotherapy group, 
supporting the tendency of polypharmacy development with 
time [22]. Our findings suggest that disease chronicity alone may 
not be a major determinant of acute postoperative pain, instead, 
individual pain sensitivity [21], and perioperative analgesic 
strategies [32] may have greater influence on pain outcomes.

An additional notable finding was the longer hospital stay 
for patients on AED combinations other than carbamazepine 
plus levetiracetam. While the postoperative seizure rates were 
similar across groups, the higher seizure occurrence and more 
complex treatment regimens in this subgroup may contribute 
to the extended hospitalization. Consequently, the length of 
hospital stay likely reflects overall disease severity rather than 
solely perioperative pain or anesthetic influences. Further 
investigations in this direction are warranted.

The analysis indicates that none of the examined 
preoperative or intraoperative variables are associated with 
the occurrence of postoperative pain in patients with epilepsy. 
Recent study, however, demonstrates that preoperative high 
frequency heart rate variability as a mirror of the vagus nerve 
firing inversely and independently predicts the intensity of 
postoperative pain [36]. This suggests that postoperative pain 
following epilepsy surgery may be influenced more strongly 
by individual pain sensitivity, psychological characteristics, 
surgical site, and postoperative analgesic management. Current 
findings suggest that standardized anesthesia and postoperative 
analgesia provide effective pain control among the patients 
with pharmacoresistant focal epilepsy receiving continuous 
antiepileptic treatment. Third, anesthetic depth monitoring was 
not consistently available, which could impact the assessment of 
anesthetic requirements

Finally, due to retrospective design, the study may have 
been underpowered to detect moderate differences among 
the treatment groups. The sample size for valproic acid and 
lamotrigine as a primary medication was extremely small. 
Anesthetic depth monitoring was not consistently available, 
which could impact the assessment of anesthetic requirements. 
In addition, postoperative pain scale VAS is a subjective 
measure which may not always extrapolate a definitive pain 
status of a patient. In addition, the use of both pipecuronium and 
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rocuronium, according to individual anesthesiologist preference 
may compromise clear outcomes regarding the interaction of 
AED and neuromuscular blocking agents.

Conclusion
Long-term antiepileptic drug therapy, epilepsy duration, 

and surgical procedure were not identified as independent 
predictors of anesthetic consumption or early postoperative 
pain after epilepsy surgery. The comparable outcomes observed 
across treatment groups suggest that standardized perioperative 
anesthetic and analgesic protocols may minimize potential 
differences related to chronic antiepileptic therapy. Larger 
prospective multicenter studies are needed to confirm these 
observations and evaluate the influence of specific antiepileptic 
drugs on perioperative outcomes.
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