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Abstract
Background. Gabapentin, as a structural analogue of γ-aminobutyric acid, has been investigated to provide 
pain relief in the early postoperative period following various surgical interventions.

Objectives. The objective of this study was to investigate whether preemptive oral administration of ga-
bapentin 800 mg can reduce postoperative pain and modulate the inflammatory cytokine response in com-
parison to placebo in patients undergoing total knee arthroplasty under general anesthesia.

Material and methods. Fifty-two patients were randomly divided into 2 groups before surgery, either 
to receive peroral gabapentin 800 mg or placebo drug, 1 h before surgery. All patients had general anesthesia 
with endotracheal intubation, in a standardized fashion, by the same anesthetist. Thirty min before completion 
of surgery, intramuscular diclofenac sodium 75 mg was administered. Following extubation, visual analogue 
pain scale (VAS) scores and additional analgesic requirements were recorded at 15 min at post-anesthesia 
care unit (PACU), and at 4th and 24th h postoperatively. Plasma levels of interleukin 6 (IL-6), and tumor necrosis 
factor R (TNF-R) were measured at predetermined time points (T0 1 h before administration of gabapentin, 
T1 at postoperative the 4th h mark, and T2 at postoperative at the 24th h mark).

Results. The VAS scores at postoperative 4th h were significantly higher in placebo and gabapentin groups 
compared with VAS scores at PACU and at 24th h. The groups did not differ in terms of additional analgesic 
requirements. In gabapentin group, IL-6 levels at T1 and T2 were significantly lower in comparison to values 
measured in placebo group at the same time points. This difference was not significant in TNF-R levels 
between the groups.

Conclusions. Though preemptive oral gabapentin administration did not reduce postoperative pain and 
analgesic requirements in total knee arthroplasty surgery, it attenuated IL-6 production on the first post-
operative day.
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Introduction

Osteoarthritis is the most commonly observed joint dis-
order affecting individuals aged 65 years and older. In these 
patients, total knee arthroplasty (TKA) is recommended 
due to joint destruction that results in severe daily pain. 
Although TKA is performed due to pain and the limitation 
of movement, joint replacement surgery itself is associated 
with significant postoperative pain that is also accompa-
nied by increased levels of proinflammatory cytokines, 
leading to delay in postoperative rehabilitation and dis-
charge from hospital.1 Consequently, strategies intended 
for the modulation of perioperative inflammatory response 
have great clinical significance for functional recovery.2 
Recent studies suggest that surgical damage is correlated 
mainly with serum IL-6 levels as a sensitive indicator of the 
degree of surgical stress.3 It has also been reported to be 
significantly increased with postoperative complications 
and mortality.4 On the other hand, sufficient postoperative 
analgesia has been reported to decelerate proinflammatory 
activation by inhibiting the migration of cytokines and 
accelerating wound healing.5

Gabapentin, as a structural analogue of γ-aminobutyric 
acid, has been investigated to provide pain relief in the 
early postoperative period following various surgical inter-
ventions.6 It has been reported to reduce pain and opioid 
consumption in the first 48 h following anterior cruci-
ate ligament repair.7 However, there is no clear data as 
to whether, in addition to its analgesic effects, gabapentin 
has an effect on acute phase response.

The aim of the present study was to evaluate the effects 
of a single dose of oral gabapentin (800 mg) administered 
before total knee arthroplasty, in preventing postoperative 
pain and reducing the effects of surgery on IL-6 and TNF-R.

The clinical study’s registration was received from the 
Ethics Committee of Turgut Özal University Medical Fac-
ulty (No 08.11.2013/26-99950669/1135).

Material and methods

A total of 52 patients with American Society of Anes-
thesiologists physical status I–II (ASA I–II), who were 
to undergo elective total knee arthroplasty, were informed 
about the procedure and included in a prospective, ran-
domized, double-blind, placebo-controlled study, and the 
approval from the Ethics Committee of Turgut Özal Uni-
versity Faculty of Medicine was obtained. The patients 
with drug or alcohol abuse, allergy to the study drug or 
non-steroid anti-inflammatory medications, patients with 
cardiac, respiratory, hepatic, and renal failure, patients 
with a history of peptic ulcer, and patients that had received 
steroids in the previous 7 days were excluded. During the 
preoperative visit, a 10-cm long visual analogue scale (VAS)  
was given to the patients (0 = no pain, 10 = intolerable 
pain). The patients were randomly divided into 2 groups 

before surgery, and another investigator administered 
peroral gabapentin (Neurontin®) (Pfizer, Istanbul, Tur-
key) 800 mg (group G) or saccharine (placebo) (group P) 
resembling the study drug 30 min before surgery. Fol-
lowing their arrival in the operating room, the patients 
underwent standard ASA monitorization (ECG, SpO2, 
non-invasive blood pressure measurement), and a 20 G  
intravenous cannula was inserted on the dorsum of the hand 
to commence saline infusion at a rate of 5 mL · kg−1 · h−1. 
Following preoxygenation, anesthesia was induced using 
propofol 2 mg · kg−1 and remifentanil 1 µg · kg−1 adminis-
tered as intravenous (iv.) bolus. After the administration 
of rocuronium bromide 0.6 mg · kg−1, the patients were 
intubated using an endotracheal tube of an appropriate 
size. The anesthesia was maintained with sevoflurane 
1–2%, 50% oxygen and 50% N2O using controlled ven-
tilation. Remifentanil infusion was continued at a rate 
of 0.25 µg · kg−1 · min−1 during surgery. Remifentanil infu-
sion rate was kept constant during surgery and sevoflurane 
concentration was titrated between 1 and 2% to maintain 
a mean arterial pressure (MAP) of 60–80 mm Hg. The ad-
ministration of beta-blocker (bolus, iv.) was scheduled when 
the measured values were above target mean arterial pres-
sure (MAP). Bradycardia was defined as a heart rate <50 
beats per minute (bpm), and the administration of atropine 
was planned for treatment. Decreasing sevoflurane concen-
tration and, should this fail, increasing fluid administration, 
were planned when MAP was below the target value.

All the patients were administered intramuscular di-
clofenac sodium 75 mg (Dikloron® 75 mg · 3 mL−1, Deva, 
Istanbul, Turkey) 30 min before the completion of sur-
gery. The inhalation agent and remifentanil infusion were 
stopped with the cessation of surgery. The neuromuscular 
block was reversed with the administration of iv. neostig-
mine 0.04 mg · kg−1 and atropine 0.02 mg · kg−1, and the 
patients were extubated. The Modified Aldrete Recovery 
Score was used as the criteria for the transfer of patients 
from the operating room to the post-anesthesia care unit 
(PACU) and in the follow-up of recovery. The patients with 
a Modified Aldrete Recovery Score ≥8 were transferred 
to the PACU from the operating room. The time to the first 
analgesic requirement was recorded. Another investiga-
tor, who was kept blind to the study protocol, repeated the 
pain assessment using visual analog scale (VAS) at 15 min 
in PACU, and at the 4th and 24th h marks. When the VAS 
pain score was >4, iv., tramadol 50 mg (Contramal® 100 mg) 
(Abdi İbrahim İlaç Sanayi ve Ticaret A.Ş. Istanbul, Turkey) 
was administered as iv. bolus. Any possible side effects (nau-
sea, vomiting, respiratory depression) were evaluated.

Blood samples were obtained at predetermined time 
points for the measurement of serum TNF-R (sTNF-R) and 
IL-6 (T0 1 h before oral administration of study drug, T1 
at postoperative 4th h mark, and T2 at postoperative 24th h 
mark). The blood samples were stored at +4ºC after col-
lection and then sent to the laboratory with a cold chain 
for the measurement of biochemical parameters.
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Blood sample collection

Venous blood samples (5 mL) were obtained from each 
patient via the antecubital vein 1 h before gabapentin ad-
ministration and 4 and 24 h postoperatively. Blood was 
collected into a normal 10 mL Vacutainer® tubes (Becton, 
Dickinson & Co., Franklin Lakes, USA). For cytokine mea-
surements, blood samples were centrifuged at 4000 g for 
10 min at 4°C and the plasma was stored at −80°C until 
analysis. Serum concentrations of IL-6 and sTNF-R were 
measured by platinum enzyme-linked immunosorbent 
assays (ELISA) for quantitative detection (Bender MedSys-
tems GmbH, Campus Vienna Biocenter 2, Vienna, Austria) 
according to the manufacturer’s instructions. Sensitivity 
was 0.10 ng/mL for sTNF-R, and 0.92 pg/mL for IL-6.

Statistical analysis

The study data was uploaded for analysis to the SPSS 
(Statistical Package for Social Sciences) for Windows 22.0 
(SPSS Inc., Chicago, USA) computer software. Descrip-
tive statistics included mean ±standard deviation, median 
(min–max), frequency distribution and percentage. Pear-
son’s c2 test and Fisher’s exact test were used to evaluate 
the categorical variables. The applicability of  the vari-
ables to normal distribution was evaluated using visual 
(histogram and probability graphs) and analytic meth-
ods (Shapiro-Wilk test). In case of a significant difference 
between 2 independent groups, the Student’s t-test was 
used for normally distributed variables. For variables not 
distributed normally, the Mann-Whitney U test was used 
to compare 2 independent groups and the Friedman test 
was used to compare 3 dependent groups. When a signifi-
cant difference was found between 3 dependent groups, 
Bonferroni correction was used to determine the source 
of the significant difference. The relationship between 
the variables was evaluated using Spearman’s correlation 
coefficient. The level of statistical significance was set at 
p < 0.05.

Results

In  terms of demographic features and surgery time, 
there was no statistically significant difference between 
the study patients (Table 1). Intraoperative MAP and heart 
rate values did not differ between the groups.

There was no statistically significant difference between 
the groups in terms of VAS scores (p > 0.05); however, 
VAS scores at the 4th h mark in group P and group G were 
significantly higher compared with VAS scores measured 
at PACU and at the 24th h mark (p < 0.05). The VAS score 
in group G at the 24th h mark was significantly higher 
than the VAS score at PACU (p < 0.05). The time to the 
first analgesic requirement was 78.6 ±35.2 min in group P  
and 87.2 ±20.8 min in group G (p > 0.05). There was no 
significant difference between the groups in terms of ad-
ditional analgesic requirement (p > 0.05).

Serum IL-6 and sTNF-R values at T0 in both groups were 
significantly lower compared with the values at T1 and T2. 
In group G, sTNF-R measured at T1 was significantly lower 
than measured at T2 (p < 0.05). In group G, serum IL-6 
values at T1 and T2 were significantly lower than the values 
at the same time points in group P (p = 0.048; p = 0.024, 
respectively). In group P, sTNF-R values at T0 were lower 
than those in group G (p < 0.05) (Fig. 1, 2).

Fig. 1. Changes in serum concentration of IL-6 values

P – group P; G – group G; T0 – 1 h before oral administration of study drug; 
T1 – at postoperative 4th h; T2 – at postoperative 24th h.
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Table 1. Patients' characteristics, anesthesia and operative data

Variables P (n = 26) G (n = 26) p-value

Age [year] 68.65 ±6.84 65.54 ±8.93 0.164a

Gender
male

female
6 (23.1%)

20 (76.9%)
5 (19.2%)

21 (80.8%)
0.734

BMI [kg/m2] 32.39 ±5.66 34.07 ±5.33 0.278a

ASA
I
II

0
26 (100%)

3 (11.5%)
23 (88.5%)

0.235b

Anesthesia time [min] 108.08 ±18.77 113.85 ±17.91 0.262a

Operation time [min] 95.00 ±18.17 102.69 ±18.61 0.138a

Continuous variables were expressed as mean ±standard deviation and categorical variables were expressed as number (column percentage);  
a Student’s t-test; b Fisher’s exact test ; ASA – American Society of Anesthesiologists physical status; P – placebo group; G – gabapentin group.

pg ∙ mL–1
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Discussion

The present study showed that preemptive oral gaba-
pentin had no effect on providing postoperative pain relief 
after TKA, but it significantly attenuated IL-6 levels in the 
first 24 h after the postoperative period, most prominently 
in the early hours following surgery.

The preemptive use of gabapentin in different doses and 
in different surgical interventions has been studied in terms 
of decreasing postoperative pain scores and analgesic con-
sumption.8 The studies about oral gabapentin differ from 
each other either by the usage of different doses of gaba-
pentin or the agents to which gabapentin was compared. 
Yet, there are contradictory reports about the ideal dose 
of preemptive gabapentin. Bang et al. performed a random-
ized, double-blind, placebo-controlled study on 46 patients 
undergoing arthroscopic rotator cuff repair, and evaluated 
oral gabapentin 300 mg vs placebo. Interestingly, the VAS 
scores in the gabapentin group 24 h after the postoperative 
period were significantly lower than in the control group.9 
In another study, the authors administered a higher dose 
of oral gabapentin, such as 1200 mg, 1 h before surgery, 
to evaluate postoperative pain following spinal surgery, 
and they reported that gabapentin reduced pain scores 
in the early postoperative period and morphine consump-
tion, monitored by a patient-controlled analgesia (PCA) 
pump and, therefore, reduced the side effects associated 
with morphine use.10 Similarly, this high dose of preopera-
tive gabapentin administered 1 h before surgery reduced 
postoperative morphine consumption after lower extrem-
ity orthopedic surgery without affecting pain scores.11 
The difference in the results of the above studies might 
be due to the varying doses of gabapentin and dissimilar 
pain levels in the surgeries. Pandey et al. suggested that 
600 mg and higher doses were better without side effects 
in patients undergoing lumbar discectomy procedure.12  
Although we used an intermediate dose (800 mg) consis-
tent with the doses studied in the literature, in our study we 
could not show any benefits of gabapentin over the control 

group in total knee arthroplasties. Another randomized, 
double-blind, placebo-controlled study evaluated differ-
ent doses of oral gabapentin (300 and 600 mg) vs placebo 
administered 1 h before surgery in patients undergoing 
caesarean section under spinal anesthesia. The evaluation 
of analgesic consumption at 6th, 12th, 24th and 48th h during 
the postoperative period revealed that gabapentin had no 
favorable effects on postoperative outcomes and did not 
reduce analgesic consumption.13 On the contrary, Clarke 
et al. supported the use of gabapentin in the acute postop-
erative period, after total knee arthroplasty with different 
doses of oral gabapentin administered 2 h before surgery 
preoperatively and postoperatively more than once and 
continuing for 4 days. Besides, their patients also received 
celecoxib 2 h before surgery.14 This study actually could 
not be compared with our study, because of the multiple 
use of gabapentin with another analgesic adjunct. As well 
as these studies, there are also other studies comparing 
gabapentin’s effects with other analgesic agents resulting 
in contradictory ideas.15

It is known that the increased severity of surgery and mag-
nitude of tissue injury are related with increases in the plas-
ma levels of proinflammatory cytokines.16 TNF-α and IL-6 
are 2 early important features of acute injury that play a role 
in persistent postoperative pain syndromes.17–19 Li et al.  
showed a positive correlation between dexmedetomidine 
administration, VAS scores and plasma TNF-α, IL-6 levels, 
in patients undergoing dental surgery.20 This supported 
the finding that acute inflammation and, thus, inflam-
matory cytokine release caused postoperative pain, which 
provided an alternative treatment for inflammatory pain 
as well.21 In another study, gabapentin was seen to play 
a role in the down-regulation of pro-inflammatory cyto-
kine TNF-α, IL-1β and IL-6 expression and up-regulation 
of anti-inflammatory cytokine IL-10 expression in  the 
rat spinal cord.22 Apart from that, in a rat model of neu-
ropathic pain, antinociception was observed as a result 
of inhibited expression of the pro-inflammatory cytokines 
TNF-α, IL-1β and IL-6 by gabapentin.23 Unfortunately, 
we could not find many studies showing a one-to-one 
correspondence with our study to compare our results. 
Some other analgesic agents have been tried in this aspect 
in a few other studies. In one study, Pandazi et al. showed 
a decrease in serum levels of IL-6 in patients undergoing 
colorectal surgery, provided by parecoxib administered 
preincisonally vs postincisionally.24 Similarly, Feng et al.  
observed a reduction in serum IL-6 levels by preincisional 
administration of rofecoxib in comparison with placebo.25 
However, Bao et al. could not show any change in the level 
of plasma TNF-α with either preincisional or postinci-
sional parecoxib administration after total hip replace-
ment.26 This was the same in other studies with other 
types of surgical procedures.27 Only one study showed 
a  significant increase in  the postoperative TNF-α lev-
els, but it was in wound and peritoneal fluid supporting 
TNF-α’s hypersensitivity for mechanical nociception.28 

Fig. 2. Changes in serum concentration of TNF-R values

P – group P; G – group G; T0 – 1 h before oral administration of study drug;
T1 – at postoperative 4th h; T2 – at postoperative 24th h.
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These examples are mainly about highly selective COX-2 
inhibitors. Furthermore, Pirbudak et al. could not show 
any difference in either the inflammation markers, mainly 
C-reactive protein, or pain intensity in patients treated 
with either tramadol or tramadol plus gabapentin after 
lumbar disc herniation transacted with epidural steroid 
injection.29 However, mainly in animal studies, gabapen-
tin’s antihyperalgesic effect in inflammatory pain models 
had been exerted.30,31

Although this paper is limited, as the sample size is small 
and postoperative analgesic consumption could not be stan-
dardized by PCA morphine, we still believe that this trial 
could be instrumental in demonstrating the importance 
of splitting the relationship between inflammatory response 
and acute postoperative pain for the patient’s comfort.

In conclusion, the present study found that oral gaba-
pentin administered in the preoperative period 1 h before 
surgery had no effect on providing postoperative pain relief 
after total knee arthroplasty; however, gabapentin signifi-
cantly decreased IL-6 levels in the first postoperative 24 h, 
most prominently in the early period.
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