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and test groups and received respective treatment 30 min 
before induction of anesthesia. Aldrete’s and pain scores 
were recorded using the Visual Analog Scale, Facial and Be-
havioral Rating Scale at awakening and at 1, 2, 4, 6, and 24 h. 
Postoperative rescue analgesic consumption for 24 h was re-
corded.  Results:  Significantly higher pain scores were ob-
served in the Topiramate group postoperatively for 2 h on all 
pain scales (p < 0.05), whereas in the control group it was 
significantly higher at 1 h (p < 0.05). Lamotrigine-treated pa-
tients were more comfortable throughout the study with 
significantly less (p < 0.05) postoperative analgesic require-
ment.  Conclusions:  Study results strongly suggest the pre-
emptive analgesic efficacy of a single oral dose of Lamotrig-
ine over Diclofenac and Topiramate in postoperative pain 
control.  © 2016 S. Karger AG, Basel 

 Introduction 

 Acute postoperative pain is a complex physiological 
reaction upon the damage of the tissue; noteworthy and 
detrimental since it can increase the patient’s discomfort 
and may get transformed into chronic pain due to sensi-
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 Abstract 

  Background:  Central nervous sensitization, following surgi-
cal injury, leads to postoperative pain hypersensitivity due 
to lowered pain threshold in peripheral nociceptors and in-
creased excitability of spinal neurons. Pre-emptive analgesia 
is intended to decrease pain perception and overall analge-
sic need by use of drug regimen, seizing CNS sensitization 
before exposure to painful stimuli. Few studies support pre-
emptive analgesic efficacy of novel antiepileptic agent 
 Gabapentin. Though Topiramate and Lamotrigine have 
been proven analgesic in animal models of chronic pain and 
clinical studies of Gabapentin-resistant neuropathic pain, lit-
erature search revealed scarce data on its pre-emptive anal-
gesic efficacy.  Purpose:  This study is designed to study and 
compare the pre-emptive analgesic efficacy of Lamotrigine, 
Topiramate, and Diclofenac sodium in postoperative pain 
control.  Methods:  This randomized clinical trial included 90 
patients of either sex, between 18 and 70 years undergoing 
major surgeries. Patients were randomly allocated to control 
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tization of the peripheral and central pain pathways 
( fig. 1 )  [1, 2] .

  Pre-emptive analgesia is an antinociceptive treatment 
that starts before surgery and prevents establishment of 
altered processing of afferent input following incisional 
and inflammatory injuries, which amplifies postoperative 
pain  [4] .

  Earlier studies have demonstrated the importance of 
the pre-emptive effect of some drugs such as opioids, lo-
cal anaesthetics, injectable general anaesthetics, and cy-
clooxygenase inhibitors in postoperative pain manage-
ment  [5–7] . Surgical procedures, even skin incisions, may 
result in this initial sensitization. These observations on 
the genesis and perception of pain led to the concept that 
analgesia administered before an initial noxious stimulus 
may be more effective than the same dose given later  [2, 
5] .

  Pre-emptive analgesic efficacy of Gabapentin has been 
demonstrated in earlier studies  [8–10] . Topiramate and 
Lamotrigine had demonstrated analgesic effects in ani-
mal models of neuropathic pain including painful dia-
betic neuropathy and Gabapentin-resistant neuropathic 
pain, respectively. They have also been reported to be ef-
fective in several forms of neuropathic pain in clinical 
studies  [11, 12] .

  This class of drugs works via 3 major mechanisms, that 
is, potentiation of GABA transmission, reduction of glu-
tamate-mediated excitatory transmission, and blockade 
of voltage-activated ion channels. The later mechanism of 
action, in particular, is responsible for the success of the 
newer generation of antiepileptic drugs such as Lamotrig-

ine, Gabapentin, and Topiramate, which have all been 
shown to be effective in animal models of neuropathic 
pain  [11] . These novel antiepileptic agents share the same 
mechanism for their efficacy in neuropathic pain; unlike 
Gabapentin, pre-emptive analgesic efficacy of Topira-
mate and Lamotrigine has not been extensively studied 
and our experience about these drugs in acute postopera-
tive pain management is still limited.

  Our literature review showed that there were no ade-
quate previous studies to compare the pre-emptive anal-
gesic effect of novel antiepileptics such as Lamotrigine 
and Topiramate with established pre-emptive analgesic 
such as Diclofenac sodium in patients who underwent 
major surgeries. Hence, we designed this study to assess 
and compare the pre-emptive analgesic efficacy of oral 
Topiramate 200 mg and Lamotrigine 100 mg with oral 
Diclofenac sodium 100 mg in patients eligible for surgery 
under spinal anesthesia.

  Methods 

 A randomized, double blind, clinical trial with 3 parallel arm 
study groups design was used. In this single dose pharmacody-
namics study, 90 post-operative cases of either sex between 18 and 
70 years; those operated under spinal anesthesia in surgical depart-
ments such as orthopedic/obstetrics-gynecology and surgery were 
included. Sample size was calculated by using OpenEpi statistical 
software expecting a mean difference of pain score on Visual Ana-
log Scale (VAS) of 2 and SD of 2 at an α-error of 5%, power of 80, 
and a 1:   1:1 ratio between test, control, and placebo groups, the 
minimum required sample size was 28:   28:   28, rounded up to 30 pa-
tients in each group.
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  Fig. 1.  Transition of acute pain to chronic 
pain  [3] . 
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  Patients with diabetes, IHD, stroke, malignancy, psychiatric 
diseases, pregnancy-lactation, and ASA III and IV patients were 
excluded. After getting approval from the Institutional Ethics 
Committee (Ref. SKNMC No/Ethics/App/228/2014) and written 
informed consent, the patients were randomly assigned to one of 
the study groups. Randomization was done with the help of 
 OpenEpi software version 2.3. This study was performed in accor-
dance with the Declaration of Helsinki.

  Premedication with injection Ranitidine 50 mg, Glycopyrro-
late 0.04 mg/kg, injection Midazolam 0.03 mg/kg, and Fentanyl 
2 μg/kg IV was followed by spinal anesthesia, carried out in the 
right lateral position, with 26 G Quencke needle at L3–L4 inter 
space, by a standard technique. After free flow of cerebrospinal 
fluid from each patient after standard procedure of spinal anes-
thesia, patients received 3 ml (15 mg) of 0.5%, hyperbaric Bupi-
vacaine. The respective drug, that is, Diclofenac 100 mg control 
group, Topiramate 200 mg (test group 1) and Lamotrigine 100 
mg (test group 2) was given orally by one investigator 30 min 
prior to the induction of anesthesia and follow-up was done at 
awakening and at 1, 2, 4, 6, and 24 h by another investigator who 
was blinded. The baseline and postoperative periodic, that is (1, 

2, 4, and 6 h), vital parameters such as pulse rate, systolic blood 
pressure, diastolic blood pressure, SpO 2  of all the patients were 
recorded. Postoperative level of analgesia was noted on VAS  [13] , 
Facial Rating Scale (FRS), and Behavioral Rating Scale (BRS)  [14]  
at awakening and at 1, 2, 4, 6, and 24 h; when pain score noted 
was >4 on the VAS  [13, 15] , rescue analgesic Diclofenac 50–100 
mg was given and postoperative analgesic consumption for 24 h 
was recorded. Maximum dose of Diclofenac was limited to 300 
mg in 24 h. Duration of Postoperative Anesthesia Care Unit 
(PACU) stay was recorded by using modified Aldrete’s scoring 
system; patients with a score >9 were shifted to the ward  [16] . 
Postoperative vomiting episodes and side effects were also re-
corded ( fig. 2 ).

  Statistical Analysis 
 The data was analyzed using analysis of variance followed by 

Posthoc-Turkey statistical test, Student’s t test was used for com-
parison of the means of continuous variables and normally distrib-
uted data and Mann–Whitney U test (non-parametric test) using 
OpenEpi (version 2.3) and SciStatCalc (version 1.3) software, re-
spectively. p < 0.05 was considered significant.

  Fig. 2.  Study flow chart. 
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  Results 

 In this randomized, double blind, clinical study, we as-
sessed and compared the pre-emptive analgesic efficacy 
of Topiramate (200 mg) and Lamotrigine (100 mg) single 
oral dose on postoperative pain management. The demo-
graphic profiles of these patients were also studied and are 
presented in  table 1 . There were 54 males and 36 females 
(mean age 49.2 years) enrolled in this study. Effect of pre-
emptive analgesia on postoperative vital parameters 
showed no significant difference among the groups, pre-
sented in  table 2 .

  The results of this study revealed the noteworthy pre-
emptive analgesic efficacy of Lamotrigine in postopera-
tive pain management. The significantly higher pain 
score was observed in the Topiramate group on all the 
3 scales at 1 h and further till 2 h (p < 0.05) compared to 
Lamotrigine, while it was recorded significantly higher on 
VAS and BRS for 1 h (p < 0.05) compared to the control 
group. Pain scores among Lamotrigine and control 
groups were comparable except on VAS till 4 h and FRS 
at 2 h, which were found to be significantly high (p < 0.05) 
in the control group ( table 3 ). Control and test group pa-
tients were more or less comfortable during the study; 
however, Lamotrigine group patients were more com-

fortable throughout the study as observed with pain scales 
and adverse effects in 24 h ( table 3 ). Analgesic require-
ment was significantly more in the Topiramate and con-
trol groups compared to the Lamotrigine group (p  < 
0.05), whereas PACU stay was also recorded to be sig-
nificantly less in the Lamotrigine group patients com-
pared to Topiramate (p < 0.001) and control groups (p < 
0.05;  table 4 ).

  Discussion 

 Pain is an important protective physiological re-
sponse against an injury. However, numerous patho-
physiological conditions such as diabetes, viral infec-
tions, nerve injury, and inflammation can give rise to 
persistent, chronic pain that is often refractory to cur-
rently available treatment options  [17] . Following the 
painful peripheral stimulus, peripheral nociceptive neu-
rons are activated and a train of action potentials is initi-
ated and propagates along the axons of primary afferent 
nerve fibres to nerve terminals embedded in the dorsal 
horn of the spinal cord  [18] . These nerve terminals re-
lease pro-nociceptive neurotransmitters such as gluta-
mate, substance P and calcitonin gene-related peptide, 

Table 1.  Baseline demographic profile of the patients undergoing surgeries

Characteristics (n = 90) Control group 
(Diclofenac 100 mg)

Test group 1 
(Topiramate 200 mg)

Test group 2 
(Lamotrigine 100 mg)

Age, years, mean ± SD 50.0±16.8 48.6±12.6 48.9±15.6
Sex, male:female 20:10 16:14 18:12
Surgery performed, n

Inguinal hernioplasty 12 10 11
Inguinal hernia repair 5 4 2
Hydrocele repair 3 3 2
Open appendicectomy 1 4 1
Orthopedic surgeries 4 6 8
LSCS 1 1 3
Hysterectomy 4 2 3
BMI, kg/m2, mean ± SD 23.3±5.3 22.8±2.8 24.4±1.4

Vital parameters, mean ± SD
Pulse rate 72.9±1.4 72.9±1 75.4±3.2
SBP, mm Hg 121.8±2.4 121.8±2 125.4±4.8
DBP, mm Hg 81.4±1.9 81.8±2 80±0.8
MAP, mm Hg 94.8±1.9 95.1±2 95.1±1.6
Respiratory rate 16±0.6 16±0.4 16±0.4
SpO2, % 99±0.4 99±0.7 99±0.6

BMI = Body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arteri-
al pressure; LSCS = lower segment caesarean section.
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Table 3.  Effect on postoperative VAS, facial, and behavioural pain scale score, mean ± SD 

Drugs group 
(n = 90)

 Time in hours

 0 1 2 4 6 24

Control group (Diclofenac 100 mg)
VAS 2.3±0.5 3.4±0.4 4.7±0.6 4.3±0.9 4±0.3 2.3±0.4
FRS 2.3±0.5 3.6±0.5 4.3±0.3 3.7±0.4 4±0.4 2.3±0.5
BRS 2.3±0.5 3.2±0.4 4.2±0.5 3.1±0.3 4±0.3 2.3±0.4
ADRs Nausea = 4 Vomiting = 13

Test group 1 (Topiramate 200 mg)
VAS 2.5±0.5 3.9±0.5*, † 4.8±0.3† 4.0±0.2 4±0.4 2.5±0.4
FRS 2.5±0.5 3.8±0.5† 4.6±0.5† 3.5±0.3 4±0.5 2.5±0.5
BRS 2.5±0.5 3.7±0.5*, † 4.5±0.5† 3±0.2 4±0.2 2.5±0.5
ADRs Nausea = 8 Vomiting = 18

Test group 2 (Lamotrigine 100 mg)
VAS 2±0.3 3±0.3* 4.1±0.4* 4±0.2 3.3±0.6 2±0.1
FRS 2±0.2 3.2±0.5* 4±0.2 4±0.4 3.2±0.4 2±0.2
BRS 2±0.2 3.2±0.5 4.1±0.4 3.8±0.4 3.2±0.4 2±0.2
ADRs Nausea = 2 Vomiting = 8 * p < 0.05 compared to control. † p < 0.05 compared to Lamotrigine. 

ADR = Adverse drug reaction.

Table 2.  Effect on postoperative vital parameters (pulse, BP, MAP, RR and SpO2), mean ± SD

Drugs group 
(n = 90)

 Time in hours

base line 0 1 2 4 6

Control group (Diclofenac 100 mg)
Pulse 72.9±1.4 76.1±1.9 74±1.7 72.8±1.3 72±1.1 72.6±0.8
SBP 121.8±2.4 126.7±2.6 122.8±3.8 121.5±1.8 121.3±1.9 121.4±1.9
DBP 81.4±1.9 82.9±2.4 82.8±0.9 80.7±0.9 80.7±0.9 80.6±2
MAP 94.8±1.9 97.3±2.5 96.2±2.1 94.3±1.3 94.2±1.3 94.2±1.3
RR 16±0.6 18.6±1 16.6±1 16±0.8 16±0.4 16±0.6
SpO2 99±0.6 96±1 98±0.5 99±0.4 99±0.3 99±0.4

Test group 1 (Topiramate 200 mg)
Pulse 72.9±1 75.9±1.9 73.7±1.9 72.9±1 72±0.8 72.9±1
SBP 121.8±2 126.7±3 123.6±4 121.8±2 121.8±2 121.8±2
DBP 81.8±2 83.8±2 84±0.3 80.9±1 80.9±1 80.9±1
MAP 95.1±2 97.4±1.3 97.2±1.3 94.5±1.3 94.5±1.3 94.5±1.3
RR 16±0.4 18.9±1 16.9±1 16±0.8 16±0.6 16±0.7
SpO2 99±0.7 97±1 98±0.4 99±0.5 99±0.8 99±0.3

Test group 2 (Lamotrigine 100 mg)
Pulse 75.4±3.2 76.7±1.7 74.5±1.5 73.6±2 73±1.8 72.5±1
SBP 125.4±4.8 128.5±2.7 125.4±5.2 124.7±4.8 124.7±4.8 124.7±4.8
DBP 80±0.8 80.1±1.5 81.5±2 80±0.6 80±0.4 80±0.8
MAP 95.1±1.6 96.2±1.47 96.1±0.9 94.9±1.6 94.9±1.6 94.9±0.4
RR 16±0.4 18±0.8 15.2±1 16±0.6 16±0.4 16±0.3
SpO2 99±0.4 96.4±0.8 98.2±0.4 99±0.4 99±0.3 99±0.4

SBP = Systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure; RR = respi-
ratory rate.
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which then activate postsynaptic receptors on neurons 
of the spinothalamic tract. These nerve projections to 
the thalamus allow the pain perception  [18] . Descending 
pathways from the cortex to the spinal cord modulate 
pain responses  [17] . The propagation, processing of 
pain signals, and initial action potential generation are 
dependent on, and modulated by, a congregation of dif-
ferent ion channels and receptors, among these specifi-
cally, voltage gated sodium channels (VGSCs)  [19]  and 
T-type voltage gated calcium channels (VGCCs); ex-
pressed in cell bodies and nerve endings of afferent fi-
bres contribute to the regulation of neuronal excitability 
by the initiation of action potential trains. They can low-
er the threshold for action potentials, promote bursting 
activity and synaptic excitation, and all actions that fa-
vor the development of enhanced pain. On the contrary, 
N-type VGCCs are highly expressed at presynaptic 
nerve terminals where they open in response to incom-
ing action potentials and mediate calcium entry into the 
synapse. This in turn triggers synaptic vesicle release 
and the activation of spinothalamic neurons. Further-
more, N-type VGCCs are a key target for the inhibition 
by opioid receptor pathways and descending norepi-
nephrine activation of adrenergic pathways. Interest-
ingly, other VGCC subtypes do not appear to play a ma-
jor role in pain signaling in primary afferent fibres  [20] . 
As a result, VGSCs, N-type and T-type VGCCs are con-
sidered prime targets for the development of novel an-
algesics ( fig. 3 ).

  Pre-emptive analgesia is a treatment that is initiated 
before the surgical procedure to ‘pre-empt’ or prevent 
neurophysiological and biochemical consequences of a 
noxious input to the CNS provoked by the procedure  [4] . 
It means the concept of pre-emptive analgesia is not to 
prevent pain but to prevent CNS alterations leading to 
pain amplification following first pain experience and de-
velopment of chronic pain syndromes  [21] . Considering 
this ‘protective’ effect on the nociceptive pathways, pre-
emptive analgesia has the potential to be more effective 
than a similar analgesic treatment initiated after surgery. 
Consequently, immediate postoperative pain may be re-
duced and the development of chronic pain may be pre-
vented  [22] .

  Diclofenac sodium is an established pre-emptive anal-
gesic with extensively studied pre-emptive analgesic ef-
ficacy in earlier studies  [6, 7, 23] . In this study, pre-emp-
tive analgesic efficacy of Lamotrigine and Topiramate 
was studied and compared with Diclofenac sodium. Re-
sults of this study are strongly suggestive of pre-emptive 
analgesic efficacy of Lamotrigine but not the Topiramate; 
as patients were more comfortable throughout the study, 
which is evident from significantly lesser pain score, 
PACU stay, and postoperative analgesic requirement in 
Lamotrigine-treated group. These results are in agree-
ment with few clinical studies that mention novel anti-
epileptic like Gabapentin impart pre-emptive analgesic 
effect  [8–10] . However, we could not come across any 
study with Lamotrigine and Topiramate pre-emptive an-

Table 4.  Postoperative rescue analgesic requirement and PACU stay in study subjects

Drug group (n = 90) Analgesic needed in
24 h (Diclofenac), mg

Per patient requirement, 
median (IQR)

PACU stay, min, 
mean ± SD

Control group (Diclofenac 100 mg) 5,200 150 (150–200) 51±13.9
Test group 1 (Topiramate 200 mg) 5,400 200 (150–200) 56.5±3.2†
Test group 2 (Lamotrigine 100 mg) 3,350 100 (100–100)†, * 40.6±11.7†, **

 Time of rescue analgesic administration, mg

0–4  h 4–12 h 12–24 h

Control group (Diclofenac 100 mg) 1,050 1,950 2,200
Test group 1 (Topiramate 200 mg) 1,500 1,850 2,350
Test group 2 (Lamotrigine 100 mg) 0 1,400 1,950

 IQR = Interquartile range.† p < 0.05 compared to control.* p < 0.05 compared to Topiramate.** p < 0.01 compared to Topiramate.
p values by Mann–Whitney U test for per patient analgesic requirement and Student’s t test for PACU stay.
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algesia. Hence, results of this study may be a fruitful ac-
cumulation in the data favoring use of novel antiepilep-
tics for pre-emptive analgesia.

  Postoperative pain is mostly nociceptive, involves 
neurophysio-chemical chain of events that cause neu-
rotransmitter release such as glutamate and aspartate 
present in dorsal horn laminae. They bind and activate 
amino-3-hydroxyl-5-methyl-4-proprionic acid (AMPA) 
and kainate receptors (KARs) that regulate Na+ and K+ 
ion influx. Activated AMPA and KAR receptors, cause 
priming of NMDA receptors, which is voltage sensitive 
and glutamate, aspartate gated. AMPA-induced mem-
brane depolarization dislodges a magnesium plug from 
the ion channel of the NMDA receptor, causing entry 
and accumulation of calcium ions into the spinal neuron 
and leading to the rapid impulse transmission and inde-
pendent firing  [24] . Topiramate acts by a complex mech-
anism of action involving inhibition of sodium and cal-
cium channels, increasing the activity of chloride chan-
nels in neurons, thus reducing the excitability of neuronal 
circuits by inhibiting synaptic neurotransmitters release, 
which in turn cause inhibition of AMPA-induced NMDA 
receptor sensitization and hence inhibition of spinal and 
supraspinal sensitization  [25] . Peripheral antinocicep-
tive effect of Topiramate is observed at low doses; how-
ever, for spinal and supraspinal effects higher doses need 
to be given. In this study, we used a single low dose of 

Topiramate. Lack of pre-emptive analgesic efficacy of 
Topiramate observed may be due to an inadequate dose 
 [26] .

  Lamotrigine belongs to the sodium channel blocking 
class of antiepileptic drugs  [27] . It inhibits voltage-sensi-
tive sodium channels and also blocks N-type calcium 
channels, densely expressed in the superficial laminae 
(I, II) of the dorsal horn, the site of synapse for first-or-
der primary afferent neurons  [19] . It stabilizes the pre-
synaptic neuronal membrane, thus preventing the re-
lease of excitatory neurotransmitters such as glutamate 
and inhibits sustained repetitive neuronal firing  [11] . 
 Lamotrigine has weak 5-hydroxytryptamine-3 (5-HT3) 
receptor inhibitory action as well  [28] . Supraspinal 
5-HT3  receptors in spinal descending pronociceptive 
pathway play a role in nociception  [29].  Lamotrigine-me-
diated blockade may also have contributed to its antino-
ciceptive potential. Superior pre-emptive analgesic effi-
cacy of Lamotrigine compared to Diclofenac and Topira-
mate can be explained on the basis of these multimodal 
actions.

  The limitation of this study is that the pre-emptive an-
algesic efficacy was studied only in patients operated un-
der spinal anesthesia; patients operated under general an-
esthesia were not included in the study. Furthermore, the 
pre-emptive analgesic efficacy of a single oral dose of 
newer antiepileptics was evaluated. The single highest 
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  Fig. 3.  Role of VGSCs and VGCCs in the 
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safe dose of Lamotrigine needs to be evaluated to offer 
maximal postoperative pain control through practicing 
pre-emptive analgesia. To rule out pre-emptive analgesic 
efficacy of Topiramate, higher permissible doses need to 
be studied.

  Conclusions 

 Novel antiepileptic Lamotrigine is strongly recom-
mended to prevent CNS sensitization leading to pain 
amplification by the incisional and inflammatory inju-
ries occurring during surgery as became evident from 
results. However, Topiramate, though proved to be effec-
tive in neuropathic pain was found to be ineffective in 
pre-emptive analgesic efficacy. To strengthen our find-
ings and to evaluate the diverse pre-emptive mechanisms 
of newer antiepileptics, more studies need to be carried 
out.
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