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Introduction

Post-thoracotomy pain syndrome (PTPS) is a well-
established, clinically important entity, with persistent pain 
reported in at 3 and 6 months (1). PTPS has been defined 
by the International Association for Study of Pain as “Pain 
that recurs or persists along a thoracotomy scar at least 2 months 

following a surgical procedure” (2). Several attempts (3) to 
reduce PTPS, including thoracic epidural, or paravertebral 
blocks (4), intercostal block (5), cryoanalgesia, as well as 
administration of nonsteroidal anti-inflammatory drugs 
(NSAIDs), morphine, ketamine, and gabapentinoids, have 
been demonstrated. Nevertheless, clinical evidence of 
prevention of PTPS is lacking. Uncontrolled PTPS can 
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lead to reduced physical function and quality of life as well 
as to increased healthcare costs.

Video-assisted thoracic surgery (VATS) is applied for 
almost all types of thoracic surgery because, compared with 
conventional thoracotomy, it is associated with reduced 
invasiveness and has equivalent or favourable surgical results (6).  
Thus, VATS is expected to decrease the prevalence of 
PTPS. In addition, our research team has evaluated 
damage to intercostal nerves using the current perception 
threshold to assess nerve function (7). We confirmed that 
VATS is a useful procedure to reduce PTPS without using 
metal retractors that may damage intercostal nerves (7). 
Nevertheless, we have often encountered patients who, 
even after VATS, suffer from continuous post-thoracotomy 
pain, especially around the location of insertion of the 
chest tube or the access wound. Our research team has also 
demonstrated damage to intercostal nerves by chest-tube 
insertion using the same method (8). In addition, Wildgaard 
and workers (9) investigated 47 patients undergoing VATS. 
They reported that about 30% of patients had some pain-
related functional impairment from the surgical site. Thus, 
PTPS remains a problem for patients even in the less-
invasive era of surgery.

Pregabalin is a derivative of γ-aminobutyric acid. It binds 
to Ca2+ channels in nerve presynapses and suppresses release 
of neural transmitters, thereby showing analgesic effects 
against neuropathic pain (10). Several reports have suggested 
the efficacy and safety of pregabalin against early post-
thoracotomy pain (11-14). However, some reports (15) have 
not revealed its efficacy or its abuse and dependence (16). 
Thus, use of pregabalin in the early phase of thoracic surgery 
is controversial. The purpose of this prospective study was to 
identify the efficacy of early postoperative administration of 
pregabalin for surgically treated non-small cell lung cancer 
(NSCLC) from different viewpoints of pain.

Methods

Study design

The study was a randomized control trial undertaken at 
Nagasaki University Hospital (Nagasaki, Japan) from 
January 2014 to December 2015. Approval from the local 
ethics committee was obtained before study commencement 
(approval number: 13093038). All patients provided written 
informed consent before enrolment. This study was 
registered with the Clinical Trial Registry of the University 
Hospital Medical Information Network (UMIN 000012386). 

Consecutive patients aged 45–75 years scheduled for 
surgery with primary NSCLC were assessed for study 
participation. Exclusion criteria were: pre-existing pain; current 
use of painkillers such as acetaminophen, NSAIDs, pregabalin 
or gabapentin; contraindication to epidural anaesthesia; 
chronic renal failure (creatinine clearance <50 mL/min);  
previous thoracotomy; unstable condition owing to 
postoperative complications (respiratory failure, re-intubation,  
re-insertion of chest tube, chemical pleurodesis).

Patients were randomized to the control group or 
pregabalin group using a random number table by Excel 
2010 (Microsoft, Redmond, WA, USA) before surgery. 
General anaesthesia was induced using propofol and 
rocuronium. For postoperative pain relief, an epidural 
catheter was placed according to the site of incision before 
induction of general anaesthesia. Ropivacaine (8 mg/h) 
was given for ≤5 days. The epidural catheter was removed 
simultaneously with the chest tube. All patients received 
celecoxib (200 mg, p.o., b.d.) for ≥1 week. If good relief 
from pain was not achieved, a suppository of diclofenac 
sodium (25 mg) was added without daily limitation (control 
group). In the pregabalin group, in addition to the analgesia 
mentioned above, pregabalin (75 mg, p.o., b.d.) was 
administered from when patients could tolerate oral intake 
during hospitalization. The diclofenac sodium suppository 
was added in the same manner of control group. 

Preoperative evaluation and surgical method for lung cancer

Routine preoperative staging was chest radiography, 
computed tomography of the chest, magnetic resonance 
imaging of the brain, and positron emission tomography/
computed tomography. Complete evaluation of cardiac 
and respiratory functions was done to ensure that patients 
could tolerate pulmonary resection. Extent of pulmonary 
resection and systemic dissection of mediastinal or hilar 
lymph nodes was determined according to clinical stage, 
performance status, and comorbidities.

VATS procedures were undertaken by visualization 
through a television monitor only and without metal 
retractors. Standardized one-access port (4 cm) and three-
port placements were used regardless of the resected lobe 
and segment. Once metal retractors were applied, or if 
metal retractors were not used but a skin incision >8 cm was 
made, the procedure was defined as “thoracotomy”. The 
one chest tube was removed if the total amount of pleural 
effusion was <250 mL/day, air leakage had not been seen for 
>24 h, and chylothorax was not apparent.
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Outcomes

Primary endpoint was the frequency of additional usage 
of a suppository of diclofenac sodium (25 mg) during 
hospitalization. Secondary endpoints were intensity of 
ongoing pain, frequency of neuropathic pain, and pain 
catastrophizing in both groups. We also recorded: patient 
characteristics; age; sex; body mass index (BMI); type 
of pulmonary resection (lobectomy/limited); type of 
thoracotomy (open: using metal retractors/VATS); type of 
lymph-node dissection (radical/limited); operation time; 
bleeding; duration of chest-tube insertion; postoperative 
stay in hospital.

Ongoing pain

Intensity of ongoing pain was demonstrated by a Numeric 
Rating Scale (NRS) (0: no pain; −10: worst possible pain). 
The NRS score was obtained 3 times a day from nurses 
blinded to the study protocol. The worst NRS score during 
the day was used in the present study. 

Neuropathic pain

Evaluation of neuropathic pain was conducted by the 
painDETECT questionnaire (PDQ), a screening tool for 
neuropathic pain devised by Freynhagen and colleagues (17).  
This questionnaire was translated into Japanese and its 
validity and reliability evaluated by Matsubayashi and 
workers (18). PDQ characteristics are shown elsewhere 
(17,18) but comprise three components. Main component 
is “pain gradation”, and the patient is asked to identify 
eight pathologic pain sensations: “burning”, “tingling”, or 
“pricking” sensations, “tactile” and “thermal” allodynia, 
“electric shock-like” sensations, “numbness”, and “pressure-
evoked pain” sensation (18). The patient grades each type 
of pain as 0= “none”, 1= “hardly noticed”, 2= “slightly”, 
3= “moderately”, 4= “strongly”, or 5= “very strongly”. 
Thus, this main component of PDQ yields scores from 
0 to 35 points. Second component is termed “pattern 
of pain course”. The patient grades each type of pain as  
0= “persistent pain with slight fluctuations”, −1= “persistent 
pain with pain attacks”, 1= “pain attacks without pain 
between them”, and 1= “pain attacks with pain between 
them”. Third component is termed “radiating pain”. The 
patient grades “2” or “0” as “pain that radiates to other 
regions of their body”. Thus, the PDQ score is calculated 
by addition of the score of the three components (maximum 

possible score =38, minimum possible score =−1). 

Pain catastrophizing

Evaluation of pain catastrophizing was conducted using the 
Pain Catastrophizing Scale (PCS), a screening tool for pain 
catastrophizing devised by Sullivan and colleagues (19).  
This questionnaire was translated into Japanese and its validity 
and reliability evaluated by Matsuoka and workers (20).  
PCS characteristics are shown elsewhere (19,21), but the PCS 
is a 13-item questionnaire related to three catastrophizing 
components when subjects are in pain: “rumination”, 
“magnification”, and “helplessness”. Rating is made on a 
five-point scale from 0= “not at all” to 4= “all the time”. 
Scores range from 0 (“no catastrophizing”) to 52 (“severe 
catastrophizing”) with no clear cutoff score used to 
distinguish “high” from “low” catastrophizing (21).

Follow-up

NRS was obtained prior to and every day following surgery 
and 1 and 3 months after discharged. PDQ was employed 
on postoperative day 7 (POD7) as well as 1 and 3 months 
after discharged. PCS was scored before surgery and on 
POD7 as well as 1 and 3 months after discharged. Patients 
visited outpatient clinics 1 and 3 months after discharged. 
If this schedule was not possible then questionnaire was 
posted to their home. 

Statistical analyses

The sample size was calculated based on how many times 
pregabalin administration could reduce the frequency use 
of additional NSAIDs. In our experience, 70% of surgical 
patients need a NSAID twice and 30% need it once. With 
regard to pregabalin use, it was anticipated that 70% of 
patients would need it once and 30% would need it twice. 
Sample sizes of 29 in the control group and 29 in the 
pregabalin group could achieve 80% power to detect a 
difference between the groups of 40%. The test statistic 
used was the two-sided Fisher’s exact test and P<0.05 
considered significant. Considering a dropout of 20%, we 
concluded that the target sample size was 74 patients.

Patients who underwent randomization and completed 
the study protocol were included in the analyses. Patient 
characteristics were compared between the control group 
and pregabalin group. Data are described as frequencies for 
categorical variables and as the median and interquartile 
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range (IQR) for quantitative variables. Associations between 
variables were assessed with the Fisher’s exact test for 
categorical variables and Wilcoxon’s rank-sum test for 
quantitative variables. 

A P value of 0.05 or less (two-sided) was considered to 
indicate statistical significance. JMP v11 (SAS Institute, 
Cary, NC, USA) was used for statistical analyses.

Results

A total of 220 cases of NSCLC surgery were undertaken 
from December 2013 to December 2015. A total of 148 cases  
were excluded for not meeting inclusion criteria. Of 72 cases,  
35 patients were randomized to the control group and 37 were  
in the pregabalin group. In the control group, one patient 
was excluded owing to postoperative respiratory failure. In 
the pregabalin group, four cases were excluded owing to 
bronchopleural fistulae after right middle lobectomy and 
fatal bleeding after right upper lobectomy; both resulted in 
hospital mortality, re-insertion of a chest tube, and dizziness 
that seemed to be an adverse effect of pregabalin. Finally,  
34 patients in the control group and 33 in the pregabalin 
group completed the study and were assessed (Figure 1). 

Table 1 shows patient characteristics. There were no 
significant differences between groups in terms of age (P=0.76), 
BMI (P=0.84), type of pulmonary resection (lobectomy/

limited; P=0.14), type of thoracotomy (open/VATS;  
P=0.70), type of lymph-node dissection (radical/limited; 
P=0.15), operation time (P=0.90), bleeding (P=0.43), 
duration of chest-tube insertion (P=0.59) or duration of 
postoperative stay in hospital (P=0.86).

Median number of additional NSAID analgesics used 
between the control group and pregabalin group was 
not significant [n=2 suppositories (IQR, 1.0–6.8), n=2 
suppositories (IQR, 1.0–4.0), P=0.78] (Figure 2). No 
significant difference between NRS scores in the control 
group and pregabalin group was recorded, respectively: 
3 and 3 on POD1 (P=0.72); 3 and 2 on POD3 (P=0.92); 
3 and 2 on POD5 (P=0.77); 2 and 2 on POD7 (P=0.28); 
3 and 2 at 1 month after surgery (P=0.99); 1 and 1 at  
3 months after surgery (P=0.13) (Figure 3). No significant 
difference between PDQ scores in the control group and 
pregabalin group was recorded, respectively: 9.4±5.4 and 
7.8±4.9 on POD7 (P=0.20); 9.9±5.1 and 9.5±3.9 at 1 month 
after surgery (P=0.77); 7.1±4.6 and 7.6±4.8 at 3 months 
(P=0.65) (Figure 4). A wide range of PDQ scores (0 to 28) 
was observed. No significant difference between PCS scores 
in the control group and pregabalin group was recorded, 
respectively: 24.2±10.9 and 24.6±12.6 before surgery (P=0.89); 
21.2±15.1 and 17.6±15.5 on POD7 (P=0.34); 16.0±15.4 and 
18.2±15.7 at 1 month after surgery (P=0.57); 12.6±14.9 and 
13.5±15.9 at 3 months after surgery (P=0.83) (Figure 5).

220 eligible

148 excluded 

for not meeting inclusion criteria

35 randomized 

to the control group

37 randomized 

to the pregabalin group

Excluded because of

respiratory failure =1

34 completed 

study protocol

33 completed

study protocol

33 completed study

0 lost to follow-up0 lost to follow-up

34 completed study

Excluded because of

Bronchopleural fistulae =1

Bleeding =1

Chest-tube insertion =1

Side effect =1

72 randomized 

Figure 1 CONSORT diagram of the study.
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Discussion

This randomized trial was based on the data of 72 patients 
who underwent pulmonary resection for NSCLC. We 
found that early administration of pregabalin was not 
beneficial in terms of reducing the intensity of ongoing 
pain, frequency of neuropathic pain, and PCS. 

Pregabalin has been shown to elicit analgesic effects 
and is noted for its efficacy and safety against early post-
thoracotomy pain (11-14). Moreover, the action of 

antidepressants has been reported to reduce anxiety and 
sleep quality in surgical patients, as well as to reduce 
pain and analgesic consumption (22). Identification and 
reduction of psychological factors can also help to optimize 
pain management in thoracic surgery. However, some 
reports (15) have not revealed the efficacy of pregabalin 
against neuropathic pain and raised the problem of its 
abuse and dependence (16). Thus, we wished to identify the 
efficacy of early postoperative administration of pregabalin 
for surgically treated patients with NSCLC from different 
viewpoints of pain expression.

In the present study, the NRS score decreased gradually 
after surgery, but post-thoracotomy pain was present  
3 months after surgery. This finding was compatible with 
data from our previous report (7) and other reports (1,3,9,23).  

Table 1 Patient characteristics

Characteristic Control (n=34) Pregabalin (n=33) P 

Age, median [IQR] (years) 69 [64–71] 66 [61–70] 0.76

Sex, male/female 22/12 15/18 0.11

BMI, median (IQR) (kg/m2) 22.9 (20.1–25.1) 22.2 (20.8–24.0) 0.84

Operation

Lobectomy/limited 28/6 31/2 0.14

Mediastinal/limited 33/1 29/4 0.15

VATS/thoracotomy 16/18 14/19 0.70

Operation time, median [IQR] (min) 224 [182–256] 223 [186–259] 0.90

Bleeding, median [IQR] (mL) 100 [51–172] 100 [55–250] 0.43

Duration of chest tube, median [IQR] (days) 3 [3–5] 4 [3–6] 0.59

Postoperative hospital stay, median [IQR] (days) 11 [10–13] 11 [10–12] 0.86

IQR, interquartile range; BMI, body mass index; VATS, video-assisted thoracic surgery.

Figure 2 Additional number of non-steroid inflammatory drugs 
administered during hospitalization. There was no significant 
difference between the control group and pregabalin group (n=2±4 vs.  
2±3 suppositories, P=0.62). Horizontal bars denote standard 
deviation and vertical bars denote median additional number of 
non-steroid inflammatory drugs administered.
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Figure 5 Pain Catastrophizing Scale (PCS). No significant 
differences were identified. Horizontal bars denote standard 
deviation. Pre, preoperative day; POD, postoperative day; M, 
postoperative month.

Early administration of pregabalin did not contribute to 
reducing acute and chronic pain compared with standard 
analgesia. We assumed that the reason was pain has been 
assessed subjectively by means of verbal/visual intensity 
scales and questionnaires. NRS is also a subjective 
assessment tool, and pain itself in each patient can be 
ambiguous. However, the way of pain is expressed can be 
affected by ethnicity, sex, age, and other factors. Using only 
NRS cannot be used to evaluate post-thoracotomy pain. 
In addition, the NRS score was relatively low immediately 
after surgery, thus a significant difference between the two 
groups could not been observed. 

For screening of neuropathic pain, two main cutoff points 
for scores have been found to be appropriate: <12 denotes  
that a neuropathic component is unlikely (<15%); score 
≥19 denotes that a neuropathic component is likely 
(>90%) (17). In our study, 4 (11.8%) of 34 subjects in the 
control group and 3 (9.1%) of 33 cases in the pregabalin 

group had a PDQ score ≥19, which were lower scores 
than we expected for neuropathic components during 
this period. For further evaluation, among patients with a 
high PDQ score (≥13) (n=10 in the pregabalin group and 
n=14 in the control group), no significant reduction of 
the PDQ score was found even in patients with possible 
neuropathic components. Thus, in the pain experienced 
in the early postoperative period, nociceptive pain (not 
neuropathic pain) comprised most of the post-thoracotomy 
pain. Steegers and colleagues (23) reported that only 
half of the chronic pain after thoracic surgery showed a 
neuropathic component, and that more extensive surgery 
and pleurectomy were predictive factors. They suggested 
that a visceral component was more important than nerve 
injury, and that the cause of neuropathic pain was not 
simply damage to a single nerve but involved multifactorial 
mechanisms. This phenomenon was the reason for lower 
scores for neuropathic components in contrast to NRS. We 
speculate that the daily regimen for pain management that 
we use (including epidural analgesia) might be effective, and 
that the efficacy of PDQ for thoracic surgery has not been 
established due to the limited number of reports that have 
used it.

Cognitive and psychological factors have been reported 
to have important roles in the severity of postoperative 
pain (9,20,21,24). High levels of pain catastrophizing are 
associated with heightened pain experience and appear 
to contribute to the development of chronic pain (24). 
However, Wildgaard and colleagues (9) reported that 
although pain-related functional impairment after VATS 
was lower, no psychological factors could be used to 
predict persistent postoperative pain. In addition, Khan 
and workers (24) reviewed pain catastrophizing and its 
association with postoperative pain and quality of life. They 
reported that there was no consensus on the relationship 
between pain catastrophizing and analgesic consumption. 
Data from those reports are compatible with our results in 
that the efficacy of pregabalin against pain catastrophizing 
could not be demonstrated, thereby making it difficult for 
clinicians to reduce PTPS using psychological intervention 
during perioperative periods. 

Results from our study suggest that we should not try 
early administration of pregabalin for patients with fewer 
neuropathic-pain components but that we should limit 
it to patients with obvious neuropathic components, and 
administer the appropriate dose of pregabalin.

The present study had three main limitations. First, 
the study cohort was small and obtained from a single 
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institution. Second, VATS patients and thoracotomy 
patients were included in both groups, thereby hampering 
evaluation. We should have limited our assessment to 
thoracotomy patients. Finally, the pregabalin dose was set 
150 mg per day and we did not allow dose increases because 
we wished to avoid adverse effects such as dizziness and 
drowsiness. As a result of this rigid limitation of dose, only 
1 (1.4%) patient withdrew from the trial owing to dizziness, 
and this clinical trial could be completed. Future studies are 
needed to address these limitations and to reduce PTPS. 

In conclusion, early postoperative administration of 
pregabalin was not beneficial for reducing the NRS score 
or neuropathic pain or improving pain catastrophizing in 
patients suffering from NSCLC.
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