
Journal of 
Anesthesia and Surgery

J Anesth Surg     |     volume 3: issue 1

Introduction

 Thoracotomy is one of the surgical procedures associated with most severe acute postoperative pain and it has a high inci-

dence of eliciting persistent post-surgical pain, often lasting months or years[1,2]. Pain is not localized only in the site of surgery but 

can be experienced anywhere in the hemithorax involved[3].  More than half of the cases (35 – 80%) comprise a neuropathic compo-

nent[4,5] including allodynia, dysaesthesia, and burning. It has been demonstrated that the development of chronic pain is associated 

with duration and severity of immediate postoperative pain and extent of surgery. Efective block of neural aferents reduces acute 
post-thoracotomy pain and may thereby blunt the development of pain memory[6].

 Gabapentinoids (pregabalin and gabapentin) have been efectively used to treat acute postoperative pain and reduce the 
incidence of chronic post-surgical pain[7,/8]. Gabapentin has not been of analgesic beneit in the particular setting of post-thoracoto-
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Abstract
Background: Pregabalin is efective both at controlling postoperative pain and 
preventing chronic neuropathic pain. Local anaesthetic iniltration is a simple and 
inexpensive method to provide postoperative analgesia. In this study we tested 

the hypothesis that pregabalin administered perioperatively combined with con-

tinuous wound infusion will aid better the post-thoracotomy pain management 

compared to pregabalin monotherapy.

Methods: Forty ive patients received either placebo (PLCB), pregabalin (PRG) 
or pregabalin and continuous wound infusion (PRG + CWI) of local anaesthetics. 
Postoperative data collection included opioid consumption, VAS scores at rest 

and during cough. At 1 and 3 months from surgery patients were assessed with 

the DN4 questionnaire for neuropathic pain.

Results: VAS scores were signiicantly lower in the PRG+CWI group (p < 0.05) 
at rest while during cough the placebo group had higher scores than both treat-

ment groups (p < 0.001 or p < 0.05). Morphine consumption measured at 48 hr 
PO revealed a signiicant diference in total morphine; PLCB:  49 ±11mg, PRG: 
33 ±10mg and PRG+CWI: 28 ±11mg (p < 0.001 between placebo and the other 
two groups). The incidence of neuropathic pain was more frequent in the placebo 

group (1-month:  PLCB: 10 pt, PRG: 0 pt and PRG+ CWI: 0 pt (p < 0.001), 3 
months: PLCB: 10 pts, PRG: 0 pt and PRG+ CWI: 0 pt (p < 0.001)).
Conclusions: Perioperative administration of pregabalin signiicantly reduces 
pain scores, opioid consumption and incidence of neuropathic pain in post-thora-

cotomy patients. The addition of continuous wound iniltration of local anaesthet-
ics although improved immediate postoperative analgesia at rest did not afect 
diferently the development of neuropathic pain. 
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my patients as a single preoperative dose[9,10] or if administered 

pre and postoperatively[11]. Pregabalin has a more reliable phar-

macokinetic proile ( ≥ 90% bioavailability of a single dose) and 
may have a more promising and efective role in the prevention 
of chronic post-surgical pain[12,13] while being safer in the elder-

ly[12]. However in the thoracic surgery setting, data regarding its 
use are limited and conlicting[14,15]

 Central blocks are the common practice for thoracic 
surgery perioperative management, in the absence of any con-

traindication.  As an alternative, would iniltrations have shown 
to be an efective technique for management of surgical pain, 
since they were correlated with less pain in diferent clinical 
settings[16,17]. In addition to providing good analgesia, local an-

aesthetic wound iniltration is simple, safe and inexpensive. A 
systematic review found that continuous wound instillation was 

efective in reducing pain scores and had opioid-sparing efects 
for most surgical subgroups[18]. However, the beneit of this tech-

nique remains controversial after thoracic surgery[19-21], mainly 

because of its limited use. Thus, taking into consideration that 
many thoracotomies are performed under general anesthesia 

alone, it is deemed that an optimal pain management method 

should be addressed for those patients.

 In this study we aimed to determine the eicacy of 
perioperative pregabalin, with or without the addition of a local 

anaesthetic continuous wound infusion, in the control of post-

operative pain and the prevention of chronic post-thoracotomy 

pain in patients undergoing thoracotomy under general anesthe-

sia alone.

Methods

 This randomised controlled double-blind study ob-

tained approval from the Institutional Ethics Committee and 

Scientiic Council of the Attikon Hospital and Sismanoglion 
Hospital (protocol No 318/15.09.10 and 0591/08.02.08 respec-

tively). Τhe trial was registered in clinicaltrials.gov (registration 
number: NCT01726205). During the time period between Octo-

ber 2008 and May 2012, 63 eligible patients undergoing elective 

thoracotomy under general anaesthesia alone were identiied. 
Twelve patients refused to participate, while six were excluded 

for logistical reasons (emergency surgery, placement of epidural 

catheter, other) (see Figure. 1). Therefore 45 patients were con-

secutively enrolled in the study after written informed consent 

was obtained. Subsequently they were randomly allocated (with 

a computer generated list of random numbers) in one of three 

groups and received placebo drug and saline infusion (group 

PLCB), pregabalin and saline wound infusion (group PRG), or 
pregabalin and ropivacaine wound infusion (PRG + CWI). 

 

Figure 1: Flow Diagram  of the study.

 Exclusion criteria from the study were age >70 years, 

BMI > 30, pre existent chronic pain, neurologic disease, alcohol 
or opioid abuse, pre existing treatment with analgesics, anxio-

lytics, sedatives, antidepressants, calcium channel inhibitors,  or 

any contraindication for the use of patient controlled analgesia 

(PCA). The placebo drug was manufactured identical in size and 

colour to pregabalin in our hospital pharmacy. A hospital nurse, 

in charge of the study randomisation administered the med-

ication to the patients. The medication (drug or placebo) was 

packed in sealed envelopes where only the patient number was 
visible and the name of the study. The same person prepared the 

postoperative wound infusions (normal saline or local anaesthet-

ic) and was not otherwise involved in the study. Patients were 

advised to take pregabalin 75 mg (group PRG and PRG+CWI) 
or placebo (group PLCB) every 12 hours, starting the afternoon 
before surgery (8.00 pm) and continuing for the irst 5 postop-

erative days (POD#5). At the same time, the PCA device and 

Visual Analogue Scale (0–10) were shown and explained to all 

patients, in order to familiarize themselves with the usage of de-

vice and method of assessment, respectively. 

 Patients were not premedicated. Intraoperatively, an-

aesthesia was induced with propofol (2 - 2.5 mg/kg) and fentan-

yl (5μg/kg) and tracheal intubation was facilitated with cis-atra-

curium (0.15 - 0.20 mg/kg). Anaesthesia was maintained with 
sevolurane in an O

2
/air mixture. All patients received the same 

anaesthetic drugs; however modiications in drug dosage were 
at the discretion of the anaesthesist in charge. A left double lu-

men tube was placed in all patients. Standard monitoring with 

invasive blood pressure measurement was applied in all patients. 

To monitor the depth of anaesthesia, a Bispectral Index (BIS) 
sensor was attached to the patient’s forehead and connected to a 

BIS monitor (BIS A-2000, Aspect Medical Systems Inc., USA). 
Thirty minutes before the end of surgery all patients received on-

dasetron 4 mg and paracetamol 1 g intravenously. Before wound 
closure the surgeon placed a 20-gauge multi-oriice catheter 
(PAIN fusor Catheter Baxter, France) just above the sutured lat-
tisimus dorsi muscle layer. The catheter had a distribution length 

for local anaesthetics of 15 cm. The catheter was attached to the 

postoperative infusion via an elastomeric pump (SV2 Infusor, 

Baxter, France) which distributed either normal saline (PLCB 
or PRG group) or ropivacaine 0.75% (PRG+CWI group) for the 
irst 48 hours postoperatively with a low rate of 5 ml/hr. After 
this period the catheter was removed aseptically. For the irst 
48 postoperative hours all patients received patient-controlled 

analgesia via a PCA device (RythmicTM Plus - Medical De-

vices, Greece) with morphine 1 mg/mL set at boluses of 1 mg 

each with a lockout period of 7 min was granted in all patients 
and systematic administration of paracetamol 1g intravenous-

ly every 6 hours. Maximum morphine consumption at 4 h was 

set at 16 mg. In the third postoperative day (POD#3) the PCA 

device and intravenous paracetamol were discontinued and pa-

tients were transitioned to oral Lonalgal® tablets (paracetamol 

500 mg and codeine 30 mg) (Boehringer Ingelheim, Germany) 
until POD#5. The tablets were given as needed for adequate pain 

control every time the patient complained of pain (VAS ≥ 3 cm) 
up to a maximum of 4 tablets daily. 

 Pain levels were assessed at rest and during cough 

with a visual analogue scale (0 - 100 mm) together with poten-

tial side-efects such as sedation, nausea, vomiting, dizziness, 
postoperative headache, stipsis, urinary retention, vertigo, and 
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blurred vision. Data were collected at 2, 4, 8 hours postoper-

atively and then each day from POD#1 to POD#5. Morphine 

consumption was collected via the device’s internal memory at 

the same time periods as VAS scores. Sedation levels were doc-

umented by using an in-house score (0, awake; 1, sleeping, but 
easily arousable; 2, sleeping, hardly arousable; 3, not arousable). 
At POD#5 a patient satisfaction score for the analgesic eicacy 
was also collected (1-insuicient, 2-suicient, 3-good, 4-very 
good). Subsequently patients were interviewed at one and three 

months after surgery in a regular surgical visit regarding the 

presence of persistent pain, the development of neuropathic pain 

and analgesic consumption. These time points mark the transi-
tion from acute, late pain to chronic pain. Investigators used a 4 

point verbal score for pain (0-no pain to 3-severe pain) and the 

Douleur Neuropathique 4 (DN4) questionnaire, to determine the 

presence of neuropathic pain in the operated side[22]. The DN4 

questionnaire has been translated and validated in the greek lan-

guage[23]. It consists of 4 questions (10 items) regarding neuro-

pathic pain with a maximum score of 10. A DN4 score of 4 or 

more is positive for the presence of neuropathic pain. Patients 

who had persistent post-thoracotomy pain 3 months after sur-

gery were referred to our ambulatory Pain Service for follow up.

The hypothesis tested in this study was that, in patients undergo-

ing thoracotomy under general anesthesia alone, the addition of 

continuous wound infusion to pregabalin administered periop-

eratively will aid better the post-thoracotomy pain management 

compared to pregabalin monotherapy in terms of the eicacy of 
provided postoperative analgesia and the prevention of chronic 

post-thoracotomy pain. Sample size calculation was based on 

the null hypothesis of no pain diference across all groups. As-

suming a baseline pain intensity of 5 on a 0 - 100mm VAS scale 

and a standard deviation of 2 we calculated that a sample of 14 

patients per group would provide an 80% chance of detecting 

a mean diference of 2 among treatment groups (our primary 
endpoint). To account for three treatment groups we used the 

Bonferroni inequality to calculate sample size (where the level 
of signiicance is divided by the number of groups α/3 = 0.0167). 
We enrolled 15 patients per group to allow for dropouts. Sec-

ondary endpoints included opioid consumption, sedation rate, 

incidence of side efects, patient satisfaction, and persistance of 
post-thoracotomy pain and neuropathic pain at 1 and 3 months 

postoperatively (verbal rating score, DN4).

 Demographic, intraoperative and postoperative contin-

uous data were analyzed with the Kruscal-Wallis test for k sam-

ples (a non parametric analysis of variance for data measured at 

one single point). If a signiicant result was found we performed 
pairwise comparisons with the Mann Whitney-U test. Nominal 
and ordinal data were analyzed using the Pearson’s chi square 

test and conirmed with exact probability tests because of the 
small sample size. Repeated measures such as pain, morphine 
consumption, oral analgesics and sedation scores were anal-

ysed using a linear mixed model with treatment, time and their 

interaction as ixed efects. If a signiicant result was obtained 
then the treatment groups were compared at each time point in 

pair wise comparisons. The Bonferroni correction was applied 
for multiple comparisons. Descriptive statistics are reported as 

mean and SD for continuous variables, median (range) for or-

dinal variables, and count and/or percentages (%) for dichoto-

mous variables. Statistics were performed using the SPSS v17.0 

(SPSS Inc, Chicago, USA).
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Results

 Forty-ive patients completed the study (Figure 1). One 
patient from the pregabalin (PRG) group developed severe but 
transient diplopia during the second postoperative day and there-

fore pregabalin administration was discontinued. However this 
patient continued to receive opioid analgesia and postoperative 

data were collected and included in the analysis (intention to 

treat). 

 There were no signiicant diferences in patient demo-

graphic and intra operative data (Table 1). A signiicant efect 
of time and treatment was found in visual analogue scale (VAS) 

scores at rest (time: p < 0.001, treatment: p = 0.015) and after 
cough (time: p < 0.001, treatment: p < 0.001) but their interaction 
(treatment*time) was not signiicant in any instance. Subsequent 
pair wise analysis revealed that VAS scores were signiicantly 
lower in the PRG+CWI group at rest while during cough the 
placebo group had higher scores than both treatment groups (Ta-

ble 2). The same model used for morphine consumption resulted 

in a signiicant efect of time and treatment (p < 0.001 and p < 
0.001 respectively) but not their interaction (Figure 2). Cumula-

tive morphine consumption measured at 48 hr postoperatively 

revealed a signiicant diference in total morphine between the 
three groups; PLCB:  49.2 ± 11.4 mg, PRG: 32.9 ± 10mg and 
PRG+CWI: 28.5 ± 10.8mg (p < 0.001 between placebo and the 
other two groups). Lonalgal® consumption (codeine and parac-

etamol) analysis revealed a signiicant efect of treatment (p < 
0.001). The pregabalin group was administered less codeine and 

paracetamol tablets than the other two groups during the 3rd (p = 
0.004), 4th (p = 0.044) and 5th (p = 0.010) postoperative day. 
 

Table 1: Demographic and intraoperative data.
PLCB PRG PRG+CWI p

Age (ys) 59 ± 14 57 ± 7 56 ± 14 0.778†

Body Mass Index 
(kg/m2)

25.4 ± 3.0 24.8 ± 2.8 23.3 ± 3.2 0.155†

Sex (M/F) 11/4 13/2 12/3 0.655‡

ASA (I/II/III) 1/12/2 4/9/2 2/10/3 0.603

Thoracotomy 

(Right/Left) 12/3 10/5 9/6 0.484‡

Type of Surgery

Pneumonectomy 0 4 4

Lobectomy 10 10 9 0.106‡

Wedge Resection 3 0 0

Open pleurectomy 2 2 1

Duration of surgery 

(min)
148 ± 24 157 ± 45 156 ± 31 0.713†

PLCB: placebo group; PRG: pregabalin group, PRG + CWI: pregabalin 
and continuous wound infusion group

†: analysis of Variance, 
‡: chi-square test
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Table 2: Visual Analogue Scale scores. Numbers represent mean 

(95% conidence intervals)
PLCB PRG PRG+CWI

VAS 2h

at rest 42 (36 - 48) 36 (31 - 43) 29 (25 - 32)*
during 
cough

70 (67 - 73) 62 (57 - 67)** 48 (43 - 52)*

VAS 4h

at rest 40 (35 - 45) 33 (27 - 39) 27 (23 - 30)*

during 
cough

67 (63 - 71) 55 (50 - 59)* 50 (45 - 57)*

VAS 8h

at rest 39 (35 - 44) 33 (28 - 39) 25 (25 - 28)*

during 
cough

65 (61 - 69) 53 (49 - 56)* 51 (48 - 55)*

VAS 24h

at rest 39 (34 - 45) 31 (26 - 37) 26 (23 - 30)*

during 
cough

67 (62 - 72) 52 (46 - 58)* 54 (48 - 60)**

VAS 2d

at rest 41 (35 -46) 31 (23 - 39) 27 (20 - 35)**

during 
cough

67 (63 - 72) 51 (46 - 56)* 55 (47 -62)**

VAS 3d

at rest 36 (31 - 41) 27 (20 - 34) 24 (18 - 31)**

during 
cough

57 (53 - 62) 43 (37 - 48)* 48 (42 - 55)

VAS 4d

at rest 33 (29 - 38) 26 (19 -33) 21 (14 - 27)**

during 
cough

56 (53 - 59) 41 (35 - 46)* 43 (37 - 50)**

VAS 5d

at rest 31 (28 - 35) 25 (18 - 31) 20 (14 - 26)**

during 
cough

51 (47 - 55) 39 (34 - 44)* 40 (35 - 45)**

PLCB: placebo group; PRG: pregabalin group, PRG + CWI: pregab-

alin and continuous wound infusion group. *p < 0.001, ** p < 0.05 vs. 
the placebo group.

Figure 2:  Morphine consumption (mg) at 2, 4, 8, 24 and 48 h post-

operatively in the placebo and treatment groups. 2-hour: no diference 
between groups. 4-hour: PLCB p < 0.01 vs. other groups, 8-hour: PLCB 
vs. PRG+CWI p < 0.05, 24-hour: PLCB vs. PRG p < 0.05 and 48-hour: 
PLCB p < 0.001 vs. other groups.

 Incidence of side efects was similar among groups 
with the exception of nausea and vomit us which were lower in 

the treatment groups (Table 3). No diferences were observed 
in sedation scores throughout the study period. Patients in the 

placebo group were less satisied than patients in the treatment 
groups (Table 3).

 

Table 3: Incidence of side efects and patient satisfaction.
PLCB PRG PRG+CWI p*

Nausea 11 (73%) 6 (40%) 0 (0%) < 0.001

Vomitus 4 (27%) 0 (0%) 0 (0%) 0.027

Pruritus 0 (0%) 0 (0%) 1

Constipation 3 (20%) 3 (20%) 0 (0%) 0.33

Urinary Retention 1 (7%) 0 (0%) 0 (0%) 1

Vertigo 12 (80%) 13 (87%) 8 (57) 0.191

Headache 0 (0%) 0 (0%) 2 (14%) 0.096
Confusion 0 (0%) 0 (0%) 1 (7%) 0.318

Blurred vision 0 (0%) 0 (0%) 1 (7%) 0.318

Patient Satisfaction

insuicient 11 1 0

suicient 4 0 0 < 0.001
good 0 8 9
excellent 0 6 6

Numbers represent incidence of efect (percentage within group).
PLCB: placebo group; PRG: pregabalin group, PRG + CWI: pregabalin 
and continuous wound infusion group.

* Two-sided exact signiicance test.

 The presence of pain at 1- and 3-months postoperative-

ly was more frequent in the placebo group than the PRG or the 
PRG+CWI group. At 1-month all patients in the placebo group 
complained of light (n = 4) or moderate (n = 11) pain whereas in 
the PRG group 2 patients complained of light and 2 of moderate 
pain. In the PRG+CWI group 3 patients complained of light pain 
and one of moderate pain (p < 0.001). At the 3 month interview 7 
patients in the placebo group complained of light and 5 of mod-

erate pain while only one patient in the PRG group complained 
of light pain and none in the PRG+CWI group (p < 0.001).
 Accordingly, incidence of neuropathic pain (DN4 > 4) 

was more frequent in the placebo group (placebo: 10 (66%) pa-

tients versus none (0%) in the PRG group and the PRG + CWI 
group (p < 0.001). At 3-months 10 (66%) patients in the placebo 
group complained of symptoms of neuropathic pain versus none 

(0%) in the PRG and PRG + CWI group (p < 0.001).  There was 
a signiicant correlation between verbal pain and DN4 scores (p 
< 0.001).

Discussion

 In this study we found a signiicant efect of periopera-

tive pregabalin administration in reducing pain scores and opioid 

consumption after thoracotomy. Accordingly nausea and vomit-

ing were decreased in the pregabalin groups. In addition patient 

satisfaction was higher in the treatment groups. Pregabalin was 

also efective in preventing long term pain development and the 
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development of neuropathic pain, hyperalgesia and allodynia 

as measured at 1 and 3 months postoperatively with the DN4 

score. The addition of continuous wound iniltration although 
improved postoperative analgesia (lower VAS scores both at rest 

and during cough compared to placebo group) in the immediate 

postoperative period did not provide superior pain control with 

respect to the incidence of persistent post-thoracotomy pain and 

the development of neuropathic pain. 

 In the present study persistent post thoracotomy pain 

was assessed using the verbal rating scale. In the pregabalin 

groups a minimal percentage of patients referred light or mod-

erate pain at 1 month that was not present at 3 months post-

operatively while no patient developed neuropathic pain. Con-

versely in the placebo group 67% pts presented persistent pain 

at 1 month and neuropathic pain at 3 months. The presence of 

pain and neuropathic pain correlated in our study. This is in ac-

cordance with previous data indicating that while a neuropath-

ic component is not always present in patients sufering from 
chronic post-thoracotomy pain[24,25], more severe pain is associ-

ated with neuropathic pain and the consumption of oral opioid 

analgesics. 

 Recently, two published studies have also investigat-
ed the use of pregabalin in thoracotomy pts and yielded con-

tradictory results[14,15]. Both studies included an epidural tech-

nique for anesthesia and postoperative analgesia. In the study 

by Matsutani et al a similar dosage with ours of pregabalin was 

used but was continued for a longer postoperative period (15 

days)[15]. Similar to our results this study has documented better 

postoperative analgesia in the pregabalin group and no compo-

nent of neuropathic pain in the pregabalin group at 2 months 

postoperatively. However, the reported incidence of neuropathic 
pain in the non pregabalin group was lower comparing to our 

results (26% vs. 67%), a diference which might be owed to the 
protective efect of epidural anaesthesia. Brulotte et al, did not 
document a protective efect of gabapentin in both immediate 
and long term pain management, although they used a doubled 

daily dose (300 mg) with respect to the one used in our study. 

However they reported a similar percentage of patients (66%) 
with signs and symptoms suggestive of neuropathic pain, which 

is in accordance with our indings[14]. 

 A distinct, clear efect of continuous infusion of local 
anaesthetics was not evident from this study. Except from pain at 

rest, where PRG+CWI group achieved lower scores, pain scores 
at cough, opioid consumption and incidence of post thoracotomy 

neuropathic pain were comparable between the two treatment 

groups. There is paucity of randomised controlled trials regard-

ing local anaesthetic wound iniltration in patients undergoing 
thoracotomy. A study which involved retrospective analysis of 

110 patients revealed lower pain scores in the wound iniltration 
group compared with a continuous thoracic epidural infusion[20]. 

Nevertheless not all patients in the epidural group received the 

same amount of local anaesthetic or opioid via their epidural 

catheter, making the comparison questionable. In another study 
of post thoracotomy patients, lower pain scores and narcotic 

use were registered in the continuous wound iniltration group 
when compared to a historical group[19]. Conversely in patients 

undergoing cardiac surgery a continuous bupivacaine iniltration 
in the sternotomy site did not improve postoperative pain con-

trol[21]. In this study we failed to observe an additional analgesic 

efect of the wound infusion in the pregabalin and continuous 

infusion group. 

 Nausea and vomiting was lower as expected in the 

pregabalin groups. Pregabalin is associated with increased in-

cidence of somnolence and dizziness[26,27]. In this study, we did 

not ind a signiicant diference in sedation, or dizziness in the 
treatment groups. We documented a severe case of diplopia in 
the pregabalin group which receded after discontinuation of the 

drug. Noticeably this patient did not develop chronic neuropath-

ic pain at 1 and 3 month visit. We suggest that pregabalin can be 
a valid alternative for pain management in thoracotomy patients 

that receive general anesthesia alone and this is also document-

ed from the higher patient satisfaction scores in the treatment 

groups.

 Although a preventive efect of pregabalin on post-tho-

racotomy pain and neuropathic pain was evidenced by our study, 

we should note that this study was powered in the immediate 

postoperative VAS  scores and not on the development of neu-

ropathic pain. Another potential limitation of our study, is the 

fact that we did not involve a group receiving only wound Inil-
tration, in order to investigate its impact as a sole treatment on 

immediate and long term post-thoracotomy pain. Nevertheless 

pain scores and morphine consumption were similar between the 

2 treatment groups.

Conclusion

 In conclusion this study has shown that in patients un-

dergoing thoracic surgery under general anaesthesia alone, the 

perioperative administration of pregabalin signiicantly reduces 
pain scores and opioid consumption in post-thoracotomy pa-

tients. Moreover pregabalin reduced the incidence of hyperal-

gesia, allodynia and the development of neuropathic pain. Con-

tinuous wound instillation of local anaesthetics though slightly 

improved immediate postoperative analgesia at rest failed to 

demonstrate any additional analgesic beneit regarding the pre-

vention of neuropathic pain in this study population. Further in-

vestigation to conirm the results of the present study as well as 
to elucidate the mechanisms of the analgesic efect of pregabalin 
in the diferent aspects of post-thoracotomy pain is needed.
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