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Abstract
Background: Multimodal perioperative analgesic regimens may decrease the incidence of persistent

post-surgical pain (PPSP) following surgery for breast cancer. We carried out a prospective, randomised,
controlled, single-blind trial to test the hypothesis that multimodal analgesic regimen of pregabalin,
paravertebral block and regular analgesics decreases the prevalence of PPSP compared to ‘standard’
analgesic regimen. Our secondary hypothesis was that associations exist between PPSP and genetic,
neurophysiological, psychological and clinical parameters measured perioperatively.

Methods: Fifty-one patients undergoing breast surgery were randomly allocated to either the control
group, receiving ‘as required’ oral analgesics and intravenous morphine, or the intervention group, receiving
a multimodal analgesic regimen consisting of perioperative pregabalin, paravertebral block and regular
acetaminophen and diclofenac sodium. Clinical measurements included visual analogue scale for pain,
area of hyperalgesia surrounding the surgical wound and pain catastrophising. Patients were interviewed
three months postoperatively to determine the presence of persistent pain.

Results: Twenty patients (20/51; 39.2%) developed PPSP. There was no difference in the incidence
of PPSP between patients in the control and intervention groups (11/26; 42.3% vs 9/25; 36.0%, p = 0.39).
Patients who developed PPSP and those who did not were similar in terms of perioperative clinical
measurements.

Conclusions: This study confirms the high prevalence (39%) of PPSP after surgery for breast cancer.
The most important finding of this study is the failure to identify a benefit of a multimodal analgesic
regimen consisting of perioperative pregabalin, paravertebral block and regular acetaminophen and
diclofenac sodium in decreasing the incidence of PPSP three months after breast surgery compared to
the ‘standard’ analgesic regimen described.
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Introduction
Persistent post-surgical pain (PPSP) is defined as

pain that develops after a surgical procedure and is of
at least two months’ duration. Alternative causes for
pain must be excluded, as must the possibility that pain
is continuing from a pre-existing problem [1].

The prevalence of PPSP three months after surgery
for breast cancer (lumpectomy with or without axillary
dissection, simple mastectomy or modified radical mas-
tectomy) is 48% [2]. The prevalence of PPSP three
months after mastectomy or breast tumour resection
with axillary clearance is between 58% [3] and 80% [4].

Certain clinical and psychological factors are
associated with the development of PPSP after breast
surgery. Younger age [2], involvement of regional lymph
nodes [5], the number of lymph nodes removed [6],
chemotherapy [7] and severe acute pain [2] are risk
factors for the development of PPSP. Preoperative
breast pain, malignant cancer status, radiation therapy
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and emotional function are not predictive for the
development of PPSP [2]. Greater preoperative ‘state’
scores on the Spielberger State-Trait Anxiety Index
(STAI), but neither Beck Depression Inventory (BDI)
scores nor Hamilton Depression and Anxiety Rating
Scale (HDARS) scores, predict increased risk of cli-
nically meaningful acute pain persisting from two to
30 days following breast surgery for cancer [8]. None
of the BDI, STAI, or HDARS scores are predictive of
PPSP at three months in these patients [2]. Catastro-
phizing is an exaggerated negative mental set brought
to bear during actual or anticipated painful experience.
The Pain Catastrophizing Scale (PCS) is a 13-item
instrument derived from definitions of catastrophising
described in the literature [9]. Preoperative PCS scores
correlate with VAS pain scores on the first and second
day after Caesarean section [10] and abdominal sur-
gery [11], and with the intensity of acute [12] but not
chronic [13] pain following laparoscopic cholecys-
tectomy.

Certain genetic polymorphisms are also associated
with clinical pain conditions. Genes encoding for
catecholamine-O-methyltransferase [14] (COMT), the
μ-opioid receptor [15] (μOR) and GTP cyclohydrolase
(GCH1) [16] have been linked to the development of
chronic pain states.

The gabapentinoid antiepileptic drug pregabalin is
effective in the treatment of neuropathic pain asso-
ciated with diabetic peripheral neuropathy [17] and
postherpetic neuralgia [18] and may have a role in
preventing central sensitization and PPSP [19].
Mapping the area of allodynia surrounding a surgical
wound allows an objective measurement of central
sensitization [20] and the extent of the area of punctuate
hyperalgesia surrounding the wound has been signi-
ficantly correlated with the likelihood of patients
experiencing PPSP six months after surgery [21].

Our primary hypothesis was that a multimodal
analgesic regimen of perioperative pregabalin, para-
vertebral block and regular acetaminophen and diclo-
fenac sodium decreases the prevalence of PPSP three
months after breast surgery compared to a pre-defined
‘standard’ analgesic.

Our secondary hypothesis was that associations exist
between PPSP following breast surgery and: i) seve-
rity of acute postoperative pain; ii) analgesic require-
ments; iii) the area of allodynia surrounding the surgical
wound; iv) anxiety; v) catastrophising; and vi) polymor-
phisms in the genes coding for COMT, μOR and
GCH1.

Methods
With institutional ethics committee approval, and

having obtained written informed consent from each,

51 ASA physical status I or II patients undergoing
breast surgery (mastectomy or breast tumour resection)
with axillary node clearance at a single hospital were
recruited. Exclusion criteria were pre-existing pain con-
ditions other than those due to breast lump biopsy, preg-
nancy, diabetes mellitus, psychiatric illness, neurological
disease, allergy to any study medication and patient
refusal.

Using a random numbers table, patients were
randomly allocated to one of two groups (C, control
and P, pregabalin and paravertebral). Patients assigned
to group C (n = 26) received a standard postoperative
analgesic regimen for 48 hours postoperatively: mor-
phine sulphate by patient controlled analgesia (PCA)
pump (Graseby PCA Pump 3300, Graseby Medical
Ltd., Sandyford, Dublin 18, Ireland) (1 mg bolus with
5-minute lockout time, no background infusion and a
maximum dose of 30 mg in 4 hours), diclofenac sodium
50 mg po/pr 8 hourly prn, paracetamol 1 g po/pr/iv 6
hourly prn. Those in group P (n = 25) received pre-
gabalin 300 mg po 1 hour preoperatively and 12 and
24 hours postoperatively, diclofenac sodium 50 mg po/
pr 8 hourly, paracetamol 1 g po/pr/iv 6 hourly and bolus
doses of bupivacaine 0.25% 10 ml via paravertebral
catheter 12 hourly for 48 hours postoperatively.

Patients assigned to group P had a paravertebral
catheter inserted in a sitting position prior to induction
of general anaesthesia. A 25-gauge needle was inserted
2.5 cm lateral to the cephalad edge of the third thoracic
vertebral spinal process on the operative side and the
skin, subcutaneous tissue and periosteum of the trans-
verse process were anaesthetised with 5 ml lignocaine
1%. An 18-G Tuohy needle was then advanced until
contact was made with the lateral process of the third
thoracic vertebra. A loss-of-resistance to air technique
was used to identify the paravertebral space, into which
10 ml bupivacaine 0.25% was injected with repeat
aspiration tests. The paravertebral catheter was then
inserted into the space, such that 1-2 cm were left in
situ [22]. Patients in both groups received diclofenac
sodium 75 mg i.v. and paracetamol 1 g i.v. intraopera-
tively. Patients assigned to group C received morphine
sulphate prn i.v. intraoperatively.

With standard monitoring in place (pulse oximetry,
electrocardiography, noninvasive arterial blood
pressure, and inspired and end-tidal partial pressures
of carbon dioxide, sevoflurane, nitrous oxide (N2O)
and oxygen (O2)) (Datex AS / 3 monitor; Datex Corp.,
Helsinki, Finland), fentanyl 1-2 µg/kg was administered.
General anaesthesia was induced using propofol 2-2.5
mg/kg and maintained using the clinically indicated
concentration of sevoflurane in an O2/N2O mixture
with a FiO2 of 0.30. Intermittent positive pressure ven-
tilation was used to maintain end-tidal carbon dioxide
(PETCO2) between 4.0 and 4.5 kPa. Muscle relaxation
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was achieved with 0.1 mg/kg vecuronium initially and
incremental doses as required, as monitored by a
transcutaneous nerve stimulator (Innervator 242, Fisher
& Paykel Healthcare Ltd, Auckland, New Zealand)
and reversed with neostigmine 50 µg/kg combined with
10 µg/kg of glycopyrrolate. Postoperatively patients
assigned to group C were given morphine 2 mg i.v. as
required in the post-anaesthesia care unit prior to
commencement of PCA. Patients assigned to group P
were given 10 ml bupivacaine 0.25% 4 hours following
surgery and 12 hourly thereafter for 48 hours. All
patients received 100 mg tramadol po as rescue medi-
cation if required.

All of the following assessments were performed
by a single investigator (PL). The McGill Pain
Questionnaire (short form) (SF-MPQ) [23] and Pain
Catastrophising Scale (PCS) [24] were administered
preoperatively. The Hospital Anxiety and Depression
(HAD) scale [25] and the Spielberger State-Trait
Anxiety Inventory (STAI) [26] were applied preope-
ratively and 72 hours postoperatively. Pain assessment
was carried out using a 100 mm horizontal visual
analogue scale for pain (VAS; 0 = no pain and 100 =
worst pain imaginable) at rest and on arm movement
(abduction to 90°) at 2, 4, 24, 48 and 72 hours postope-
ratively. Verbal rating scale (VRS) scores for nausea
and vomiting (0 = none, 1 = mild, 2 = moderate, 3 =
severe) and the presence of pruritus were recorded at
2, 4, 24, 48 and 72 hours postoperatively. Use of mor-
phine, paracetamol, diclofenac and tramadol was
recorded at each of these times. On discharge, patients
were provided with a pain diary in which they recorded
a VAS pain score at rest and with movement, analgesic
consumption and whether pain affected their regular
daily activities. This was completed daily until the
seventh postoperative day.

The area of allodynia to punctate stimulation applied
to the skin surrounding the wound was assessed by
application of a handheld von Frey hair (396 mN) as
described by Stubhaug [27]. Stimulation was started
from outside the hyperalgesic area, where no pain sen-
sation is experienced, and moved toward the incision
until the patient reported a distinct change in perception.
The point where a ‘sharp’ or ‘sore’ feeling occurred
was marked, and the distance to the incision was
measured. If no change in sensation occurred, the sti-
mulation was stopped 0.5 cm from the incision. The
area of allodynia surrounding the surgical wound was
determined by testing along radial lines at a distance
of 5 cm around the incision, and the observations were
translated to graph paper to calculate the surface area.
Each surface area measurement (cm2) was divided
by the length of the incision (cm) to account for
different incision lengths. These measurements were
recorded 24, 48 and 72 hours postoperatively.

A venous blood sample (6 ml) was withdrawn intra-
operatively, stored at -80°C and analysed by Gene-
service DNA Extraction Services (Source BioScience,
Nottingham, UK). Samples were processed in 4 µl
reactions using approximately 15 ng of DNA, 1 ×
Taqman Genotyping master mix (Applied Biosystems
Inc, Foster City, CA, USA) and 1 × Taqman SNP geno-
typing assay mix. Samples were placed on the thermo-
cycler using the following cycling parameters: 50°C
for 2 min, 95°C for 10 min then 40 cycles of 95°C for
15 sec and 60°C for 1 min. The post-PCR plate was
read using the Applied Biosystems 7900HT and
analysed using Applied Biosystems SDS software [28].

We genotyped patients for three single nucleotide
polymorphisms (SNPs) within the gene encoding GTP
cyclohydrase (GCH1) (rs8007267, rs10483639,
rs3783641) on the basis that a haplotype including the
SNPs rs8007267, rs3783641 and rs10483639 is asso-
ciated with low scores for persistent leg pain over the
first year following discectomy for lumbar root pain
caused by intervertebral disc herniation [16]. We
genotyped for 3 SNPs within the gene encoding for
catecholamine-O-methyltransferase (COMT) (rs4818,
rs6269, rs4680) on the basis that rs4680 was associated
with an increased intensity of pain evoked in an
experimental model with healthy volunteers [29] and
that rs4818 and rs4680 were associated with significant
differences in mean pain sensitivity in experimental
pain studies [14].We genotyped for one SNP within
the gene encoding for the µ-opioid receptor (OPRM1)
(rs1799971) on the basis that volunteers carrying a
G118 allele exhibited greater pressure pain thresholds
compared with A118 homozygotes [30]. This SNP has
also been shown to affect objective pain-related cortical
activity [31] and the presence of the G118 allele is
more common in patients with a variety of chronic
pain syndromes [15].

Patients were interviewed three months postope-
ratively (at the midpoint of the menstrual cycle if pre-
menopausal) by an investigator blinded to their group
assignment. PPSP was deemed to be present if the
answer to the question “have you had pain in the last
week which you attribute to your breast surgery?” was
“yes”. The SF-MPQ, HADS and PCS questionnaires
were also administered. The area of allodynia and the
area of hypoaesthesia surrounding the wound were
calculated using the method outlined above.

Based on an incidence of 48% PPSP after breast
surgery [2] and seeking a decrease to 16% in the inter-
vention group [4], with α = 0.05 and power = 0.8 and
the use of a one-sided chi-square test, a minimum
sample size of 25 per group was calculated.

Data were analysed using SPSS 15.0 (SPSS,
Chicago, Illinois, USA). Data were assessed for nor-
mality using the Kolmogorov-Smirnov test. Normally
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distributed data were analysed using Student’s inde-
pendent t-tests; non-parametric data were analysed
using the Mann-Whitney U-test, and for categorical
variables Chi-squared tests or Fisher’s Exact test were
applied as appropriate. Bonferroni correction was
applied for multiple comparisons. A value of p < 0.05
was considered statistically significant.

Results
Fifty-one patients were enrolled in the trial (Figure

1). All patients returned a completed pain diary and all
patients were successfully contacted and examined
three months after surgery. Patients in the two groups
were similar in terms of demographics, preoperative
psychological functioning, genotype for the SNPs
examined and surgery type (Tables 1, 2). There were
differences between Group C and group P in morphine
administered intraoperatively (6.29 ± 8.92 mg vs 1.56

± 3.10 mg, p < 0.001), in the post-anaesthesia care
unit (5.92 ± 4.98 mg vs 0.92  ± 3.21 mg, p < 0.001) and
in the first 72 h postoperatively (51.85 ± 42.92 mg vs
9.08 ± 42.77 mg, p < 0.001).

Genotype distributions for each SNP were in Hardy-
Weinberg equilibrium (chi-square for goodness-of-fit)
and were similar to previously published data for a
Caucasian population [32].

One patient allocated to group P (1/25; 4.0%) did
not receive the paravertebral block as the anaesthetist
involved in her care was unaware of the study protocol.
In four patients (4/25; 16.0%), the block was judged
to have failed and morphine was administered during
surgery; and in 4 other patients (4/25; 16.0%), the para-
vertebral catheter became dislodged following the first
postoperative top-up dose of local anaesthetic. Data
from all patients were analysed on an intention-to-treat
basis (Figure 1). Two patients (2/25; 8.0%) reported
blurred vision and two (2/25; 8.0%) reported drowsi-

* values are presented as mean ± SD
** values are presented as count [n] and percentage (%)
Group C = control group, Group P = intervention group
ASA = American Society of Anesthesiologists Physical Status
PCS-R pre = Pain Catastrophising Scale – Rumination preoperatively
PCS-M pre = Pain Catastrophising Scale – Magnification preoperatively
PCS-H pre = Pain Catastrophising Scale – Helplessness preoperatively
HADS-A pre = Hospital Anxiety and Depression Scale – Anxiety preoperatively
HADS-D pre = Hospital Anxiety and Depression Scale – Depression preoperatively
STAI-S pre = State and Trait Anxiety Index – State preoperatively
STAI-T pre = State and Trait Anxiety Index – Trait preoperatively
SF-MPQ 1a = Short Form McGill Pain Questionnaire Sensory Pain Rating Index
SF-MPQ 1b = Short Form McGill Pain Questionnaire Affective Pain Rating Index
SF-MPQ 1a+b = Short Form McGill Pain Questionnaire Total Pain Rating Index
SF-MPQ 2 = Short Form McGill Pain Questionnaire Present Pain Intensity – Visual Analog Scale
SF-MPQ 3 = Short Form McGill Pain Questionnaire Evaluative overall intensity of total pain
WLE = wide local excision

Variable Group C (n = 26) Group P (n = 25) p value 

Age (yr)* 57.8 ± 14.5 54.3± 11.5 0.30 
ASA I, n (%)** 16 (61.5) 15 (60) 1.00 
PCS-R pre* 2.7 ± 3.3 3.5 ± 3.8 0.40 
PCS-M pre* 1.5 ± 2.1 1.7 ± 1.7 0.44 
PCS-H pre* 2.8 ± 4.1 3.2 ± 3.6 0.45 
PCS-Total pre* 6.9 ± 9.1 8.4 ± 7.4 0.35 
HADS-A pre* 6.0 ± 6.4 5.9 ± 4.5 0.60 
HADS-D pre* 3.7 ± 3.6 4.1 ± 2.5 0.37 
STAI-S pre* 36.8 ± 12.7 38.8 ± 14.2 0.58 
STAI-T pre* 27.4 ± 7.0 30.9 ± 9.1 0.13 
SF-MPQ 1a* 0.8 ± 2.8 0.8 ± 1.4 0.26 
SF-MPQ1b* 0 0.2 ± 0.6 0.07 
SF-MPQ 1 a+b* 0.8 ± 2.8 1.0 ± 1.8 0.24 
SF-MPQ 2* 6.4 ± 15.8 7.6 ± 11.5 0.25 
SF-MPQ 3* 0.5 ± 0.9 0.6 ± 0.8 0.40 
Initial surgery: 
WLE/Mastectomy/ Mastectomy and reconstruction** 

16/9/1 
(61.5/34.6/3.8) 

13/11/1 
(52.0/44.0/4.0) 

0.76 

Chemotherapy, n (%)** 13 (50) 18 (72) 0.15 
Further surgery: 
None/WLE/ Mastectomy/WLE and mastectomy** 

18/4/1/3 
(69.2/15.4/3.8/11.5) 

18/3/2/2 
(72.0/12.0/8.0/8.0) 

0.14 

 

Table 1. Demographics, ASA physical status, psychological factors, type of surgery, adjuvant therapy, further surgery
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* values are presented as count [n] and percentage (%)
Group C = control group, Group P = intervention group
Unscored = genotype not obtained

Variable* Group C (n = 26) Group P (n = 25) p 

GCH1 rs8007267 
CC/CT/TT/unscored 

16/8/1/1 
(61.5/30.8/3.8/3.8) 

17/7/1/0 
(68.0/28.0/4.0/0) 

0.78 

GCH1 rs10483639 
GG/CG/CC  

14/11/1 
(53.8/42.3/3.8) 

17/7/1 
(68.0/28.0/4.0) 

0.33 

GCH1 rs3783641 
TT/TA/AA  

16/8/2 
(61.5/30.8/7.7) 

17/6/2 
(68.0/24.0/8.0) 

0.67 

Copies of pain protective haplotype 
0/1/2  

17/8/1 
(65.4/30.8/3.8) 

17/7/1 
(68.0/28.0/4.0) 

0.86 

COMT rs4818 
CG/CC/GG/unscored  

12/8/5/1 
(46.2/30.8/19.2/3.8) 

13/10/2/0 
(52.0/40.0/8.0) 

0.33 

COMT rs6269 
GA/AA/GG/unscored 

12/8/5/1 
(46.2/30.8/19.2/3.8) 

13/10/2/0 
(52.0/40.0/8.0) 

0.33 

COMT rs4680 
AG/GG/AA/unscored  

14/7/4/1 
(53.8/26.9/15.4/3.8) 

15/4/6/0 
(60.0/16.0/24.0/0) 

0.28 

OPRM1 rs1799971 
AA/AG/GG/unscored  

19/6/0/1 
(73.1/23.1/0/3.8) 

17/7/1/0 
(68.0/28.0/4.0/0) 

0.49 

 

                                           Table 2. Genotype

Fig. 1. CONSORT diagram showing flow of participants through each trial stage

ness following administration of pregabalin. These
adverse events were self-limiting. The time between

administration of pregabalin pre-operatively and skin
incision was 113 ± 62.3 minutes.
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There was no difference in the incidence of PPSP
between patients in the C and P groups (Table 3). In
view of the great number of patients (9/25; 36%)
assigned to the intervention group who did not receive
the intervention as per the protocol, a secondary ‘per
protocol’ analysis was performed. There was no
difference in the incidence of PPSP between patients
in group C and those patients who received the
intervention as per protocol (p = 0.66) (Table 4).

Table 3. Incidence of PPSP at three months

Variable* Group C (n = 26) Group P (n = 25) 

PPSP 11 (42.3%) 9 (36.0%) 
No PPSP 15 (57.7%) 16 (64.0%) 

 *values are presented as count [n] and percentage (%)
No significant difference, p = 0.39

Table 4. Incidence of PPSP at three months, as per protocol analysis

Variable* Group C (n = 26) Group P (n = 16) 

PPSP 11 (42.3%) 7 (43.8%) 
No PPSP 15 (57.7%) 9 (56.2%) 
Total 26 (100%) 16 (100%) 

 * values are presented as count [n] and percentage (%)
No significant difference, p = 0.66

Patients in the two groups were similar in terms of
reported pain intensity in the early postoperative period,
the first postoperative week and three months
postoperatively (Table 5). There was a non-significant
trend to greater hyperalgesic area in group C at 24 h,
48 h, 72 h and 3 months postoperatively (p = 0.25,
0.02, 0.02, 0.04 respectively). All t-tests carried out
were one-tailed and a Bonferroni correction was used
to adjust for multiple post hoc comparisons.

Twenty patients (20/51; 39.2%) reported PPSP
three months postoperatively. Three of those with
PPSP (3/20; 15.0%) reported the pain as disturbing
their daily lives ‘quite a lot’ and 5 patients (5/20; 25.0%)
reported the pain as disturbing their daily lives ‘a little’.
Five patients (5/20; 25.0%) were taking analgesics,
and three of them required opioids. Patients who deve-
loped PPSP and those who did not were similar in terms
of demographics, genotype and the preoperative psy-
chological, intraoperative and early postoperative
parameters studied (Table 6). All t-tests carried out
were two-tailed and a Bonferroni correction was used
to adjust for multiple post hoc comparisons.

Discussion
This study confirms the marked prevalence (39%)

of PPSP after surgery for breast cancer. The most

important finding of this study is a failure to identify a
benefit of a multimodal analgesic regimen consisting
of perioperative pregabalin, paravertebral block and
regular acetaminophen and diclofenac sodium in de-
creasing the incidence of PPSP three months after
breast surgery compared to the ‘standard’ analgesic re-
gimen described. Evidence of an antihyperalgesic effect
(lesser peri-incisional hyperalgesic area) was identified
at 48 h postoperatively in patients who received the
‘intervention’ regimen. A second important finding is
that there are no differences in demographic data, ge-
notype, preoperative psychological data, intraoperative
data, early postoperative data or first postoperative
week data between those patients who subsequently
developed PPSP and those who did not.

We elected to include all women undergoing breast
surgery with axillary clearance to ensure the sample
reflects clinical practice. This includes women who
had radiotherapy, chemotherapy or further surgery
during the three months following the initial surgery.
All patients who were recruited to the study returned
the pain diary for the first postoperative week and all
patients were interviewed and examined three months
after their initial surgery. Limitations of the study
included that it was not double-blind; it was not feasible
at our institution to safely conceal a PCA morphine
pump or the need to administer bupivacaine through
the paravertebral catheter. However, the investigators
assessing the patients three months postoperatively
were unaware of the group assignments. The nature
of the surgery (mastectomy and wide local excision)
was heterogeneous although all patients underwent
axillary node clearance and the procedures were per-
formed by the same surgical team. Another important
weakness was the large number of patients (9/25;
36.0%) in whom technical difficulties with the
paravertebral block caused a breach of protocol. This
may reflect important ‘real life’ aspects of insertion
and maintenance of a paravertebral catheter. Similarly,
the large number of patients who had further surgery
in the interval between the initial procedure and the
three-month follow-up (15/51; 29.4%) is a reflection
of regular clinical practice.

The use of bolus dosage rather than continuous
paravertebral infusion of bupivacaine is standard
practice at our institution. Sensory block following para-
vertebral blockade with 3-4 ml 0.5% bupivacaine with
1:400 000 epinephrine injected at C7-T6 levels for
patients undergoing major breast surgery lasted on
average 23 hours [33].

The failure to identify a difference between the
incidences of PPSP in groups P and C is in contrast to
studies which have reported a lesser prevalence of
PPSP after breast surgery in patients assigned to
multimodal techniques including topical application of
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                                   Table 5. Hyperalgesic area, pain indices, adverse effects*

Variable Group C (n = 26) Group P (n = 25) p value 

Hyperalgesic area 24 h (cm) 3.7 ± 7.0 1.2 ± 2.4 0.25 
Hyperalgesic area 48 h (cm) 4.0 ± 6.9 0.8 ± 1.9 0.02 
Hyperalgesic area 72 h (cm) 4.4 ± 8.9 0 0.02 
VAS-R 2 h 20.2 ± 24.5 15.7 ± 16.9 0.43 
VAS-M 2 h 26.9 ± 28.8 16.2 ± 16.0 0.12 
VAS-R 4 h 11.9 ± 17.4 14.1 ± 18.2 0.36 
VAS-M 4 h 17.1 ± 18.9 15.8 ± 18.8 0.33 
VAS-R 24 h 15.2 ± 24.4 8.1 ± 13.5 0.21   
VAS-M 24 h 21.5 ± 25.2 13.1 ± 16.8 0.11 
VAS-R 48 h 19.3 ± 27.4 9.6 ± 16.2 0.18 
VAS-M 48 h 24.4 ± 29.9 14.4 ± 22.4 0.07 
VAS-R 72 h 15.6 ± 21.8 8.92 ± 13.0 0.11 
VAS-M 72 h 20.2 ± 26.7 16.0 ± 20.5 0.19 
Days until pain free 5.4 ± 2.4 5.0 ± 2.8 0.39 
Days until analgesia not required 5.9 ± 2.1 6.1 ± 1.7 0.34 
Days until no functional impairment 2.1 ± 3.1 1.2 ± 2.4 0.19 
Episodes nausea or vomiting 0.5 ± 0.8 0.36 ± 0.7 0.15 
Episodes pruritus 0.3 ± 0.7 0.1 ± 0.4 0.05 
Greatest VAS pain at rest first week 34 ± 27.9 26.32 ± 22.6 0.16 
Greatest VAS pain on movement first week 43.0 ± 30.1 37.7 ± 24.2 0.37 
3 month SF-MPQ 1a 2.7 ± 3.7 2.6 ± 3.3 0.36 
3 month SF-MPQ 1b 0.5 ± 1.0 0.6 ± 1.0 0.26 
3 month SF-MPQ 1 a+b 3.1 ± 4.1 3.1 ± 3.7 0.48 
3 month SF-MPQ 2 15.8 ± 24.8 10.0 ± 16.7 0.31 
3 month SF-MPQ 3 0.9 ± 1.1 1.0 ± 1.2 0.47 
3 month HADS-A 3.5 ± 4.8 2.8 ± 3.1 0.39 
3 month HADS-D 3.2 ± 3.0 3.8 ± 3.1 0.20 
3 month PCS-R 1.4 ± 3.6 0.8 ± 1.8 0.40 
3 month PCS-M 1.2 ± 2.9 0.6 ± 1.3 0.40 
3 month PCS-H 1.9 ± 5.1 0.3 ± 1.1 0.05 
3 month PCS-Total 4.5 ± 11.6 1.7 ± 3.2 0.49 
3 month hyperalgesic area (cm) 1.0 ± 2.0 0.5 ± 1.7 0.04 
3 month hypoalgesic area (cm) 5.2 ± 6.5 5.5 ± 5.2 0.22 

 * values are presented as mean ± SD
VAS-R = Visual analogue scale for pain at rest
VAS-M = Visual analogue scale for pain with movement
SF-MPQ 1a = Short Form McGill Pain Questionnaire Sensory Pain Rating Index
SF-MPQ 1b = Short Form McGill Pain Questionnaire Affective Pain Rating Index
SF-MPQ 1a+b = Short Form McGill Pain Questionnaire Total Pain Rating Index
SF-MPQ 2 = Short Form McGill Pain Questionnaire Present Pain Intensity – Visual Analog Scale
SF-MPQ 3 = Short Form McGill Pain Questionnaire Evaluative overall intensity of total pain experience
HADS-A = Hospital Anxiety and Depression Scale – Anxiety
HADS-D = Hospital Anxiety and Depression Scale – Depression
PCS-R = Pain Catastrophising Scale – Rumination
PCS-M = Pain Catastrophising Scale – Magnification
PCS-H = Pain Catastrophising Scale – Helplessness

a eutectic mixture of lidocaine and prilocaine (EMLA)
cream [34], gabapentin and infiltration of local anaes-
thetic [35] and paravertebral block and regular simple
oral analgesics [4]. Single-dose preoperative para-
vertebral block decreased the prevalence and severity
of PPSP one year after breast tumour resection with
or without axillary dissection [36]. Although measures
of central sensitization (such as quantitative sensory
testing or hyperalgesia mapping) were not carried out
in these studies, neural blockade has been implicated
in diminishing central sensitization and the incidence

of PPSP. Mechanical hyperalgesia, both primary and
secondary, after experimental skin incision has been
demonstrated in human volunteers and is abolished by
preincision injection of local anaesthetic [37].

Both inflammatory pain (tissue damage) and neuro-
pathic pain (nervous system damage) are characterized
by hypersensitivity. Following surgery, this hyper-
sensitivity can be demonstrated as hyperalgesia or
allodynia in the area of tissue damage and inflammation
on the wound (primary hyperalgesia) and in nearby
non-injured, non-inflamed tissue (secondary hyperal-
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Table 6. Demographics, ASA physical status, type of surgery, genotype, psychological factors, type of
surgery, pain indices, hyperalgesic area, adjuvant therapy, further surgery

Variable No PPSP (n = 31) PPSP (n = 20) p 

Age* 57.6 ± 13.4 53.7 ± 12.6 0.31 
ASA 1** 20 (64.5) 11 (55.0) 0.35 
Intervention/ control** 16/15 

(51.6/48.4) 
9/11 
(45.0/55.0) 

0.78 

Initial surgery: 
WLE/Mastectomy/ Mastectomy and reconstruction** 

20/10/1 
(64.5/32.3/3.2) 

9/10/1 
(45.0/50.0/5.0) 

0.37 

GCH1 rs8007267 
CC/CT/TT/unscored** 

19/11/0/0 
(61.3/35.5/0/0) 

14/4/2 
(70.0/20.0/10.0/0) 

0.12 

GCH1 rs10483639 
GG/CG/CC** 

17/14/0 
(54.8/45.2/0) 

14/4/2 
(70.0/20.0/10.0) 

0.06 

GCH1 rs3783641 
TT/TA/AA** 

19/10/0 
(61.3/32.3/6.5) 

14/4/2 
(70.0/20.0/10.0) 

0.61 

Copies of pain protective haplotype 
0/1/2** 

20/11/0 
(64.5/35.5/0) 

14/4/2 
(70.0/20.0/10.0) 

0.13 

COMT rs4818 
CG/CC/GG/unscored** 

15/13/2/1 
(48.4/41.9/6.5/3.2) 

10/5/5/0 
(50.0/25.0/25.0/0) 

0.14 

COMT rs6269 
GA/AA/GG/unscored** 

15/13/2/1 
(48.4/41.9/6.5/3.2) 

10/5/5/0 
(50.0/25.0/25.0/0) 

0.14 

COMT rs4680 
AG/GG/AA/unscored** 

19/4/7/1 
(61.3/22.6/12.9/3.2) 

10/7/3/0 
(50.0/35.0/15.0/0) 

0.19 

OPRM1 rs1799971 
AA/AG/GG/unscored** 

22/7/1/1 
(71.0/22.6/3.2/3.2) 

14/6/0/0 
(70.0/30.0/0/0) 

0.64 

SF-MPQ 1a* 0.7 ± 2.5 1.0 ± 1.6 0.22 
SF-MPQ 1b* 0 0.3 ± 0.7 0.03 
SF-MPQ 1 a+b* 0.7 ± 2.5 1.2 ± 2.0 0.21 
SF-MPQ 2* 5.9 ± 14.6 8.6 ± 12.4 0.24 
SF-MPQ 3* 0.4 ± 0.8 0.7 ± 0.9 0.13 
HADS-A* 4.9 ± 4.8 7.6 ± 6.2 0.13 
HADS-D* 3.3 ± 2.6 4.8 ± 3.7 0.16 
STAI-S* 35.7 ± 13.7 41.0 ± 12.5 0.14 
STAI-T* 28.0 ± 8.1 30.8 ± 8.4 0.14 
PCS-R* 2.7 ± 3.6 3.6 ± 3.5 0.38 
PCS-M* 1.2 ± 1.7 2.2 ± 2.1 0.05 
PCS-H* 2.3 ± 3.2 4.1 ± 4.5 0.11 
PCS-Total* 6.2 ±7.3 9.9 ± 9.3 0.18 
Hyperalgesic area 24 h (cm) * 2.5 ± 6.1 2.4 ± 4.1 0.65 
Hyperalgesic area 48 h (cm) * 2.5 ± 6.1 1.9 ± 2.7 0.48 
Hyperalgesic area 72 h (cm) * 2.5 ± 6.7 0 0.59 
VAS-R 2 h* 15.9 ± 19.8 21.4 ± 23.0 0.49 
VAS-M 2 h* 18.3 ± 20.4 27.0 ± 28.0 0.35 
VAS-R 4 h* 8.6 ± 15.1 19.8 ± 19.5 0.83 
VAS-M 4 h* 11.8 ± 16.9 23.8 ± 19.3 0.03 
VAS-R 24 h* 10.3 ± 18.8 13.9  ± 21.9 0.17 
VAS-M 24 h* 16.3 ± 23.3 19.0 ± 19.0 0.15 
VAS-R 48 h* 14.3 ± 23.3 14.7 ± 22.6 0.95 
VAS-M 48 h* 14.3 ± 23.3 18.2 ± 25.7 0.85 
VAS-R 72 h* 11.4 ± 20.4 13.6 ± 14.0 0.12 
VAS-M 72 h* 18.1 ± 26.9 18.1 ± 17.9 0.49 
Days until pain free* 4.9 ± 2.8 5.7 ± 2.3 0.28 
Days until no analgesia required* 5.8 ± 2.0 6.3 ± 1.7 0.50 
Days until no functional impairment* 1.5 ± 2.7 1.9 ± 3.0 0.67 
Greatest VAS pain rest* 26.8 ± 25.4 35.6  ± 25.2 0.16 
Greatest VAS pain on movement* 37.7 ± 28.2 44.7 ± 25.4 0.29 
Chemotherapy** 20 (64.5) 11 (55.0) 0.57 
Further surgery: 
None/WLE/ Mastectomy/WLE and mastectomy** 

22/7/1/1 
(71.0/22.6/3.2/3.2) 

14/2/2/2 
(70.0/10.0/10.0/10.0) 

0.41 

 * values are presented mean ± SD; ** values are presented as numbers
(n) and proportions (%)
ASA = American Society of Anesthesiologists Physical Status
WLE = wide local excision
SF-MPQ 1a = Short Form McGill Pain Questionnaire Sensory Pain
Rating Index
SF-MPQ 1b = Short Form McGill Pain Questionnaire Affective Pain
Rating Index
SF-MPQ 1 a+b = Short Form McGill Pain Questionnaire Total Pain
Rating Index
SF-MPQ 2 = Short Form McGill Pain Questionnaire Present Pain
Intensity – Visual Analog Scale

SF-MPQ 3 = Short Form McGill Pain Questionnaire Evaluative overall
intensity of total pain experience
HADS-A = Hospital Anxiety and Depression Scale – Anxiety
HADS-D = Hospital Anxiety and Depression Scale – Depression
STAI-S = State and Trait Anxiety Index – State
STAI-T = State and Trait Anxiety Index – Trait
PCS-R = Pain Catastrophising Scale – Rumination
PCS-M = Pain Catastrophising Scale – Magnification
PCS-H = Pain Catastrophising Scale – Helplessness
VAS-R = Visual analogue scale for pain at rest
VAS-M = Visual analogue scale for pain with movement
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gesia). Mapping the area of allodynia and hyperalgesia
close to the surgical wound allows an objective
measurement of central sensitization. There was a
trend towards a lesser hyperalgesic area surrounding
the wound in the early postoperative period and at 3
months in patients who received pregabalin / para-
vertebral block / regular analgesia than in controls.

Failure to demonstrate an associated clinical benefit
(a lower incidence of PPSP in the intervention group)
may well be due to underpowering or confounding.
The antihyperalgesic effect may be due to the admi-
nistration of pregabalin. Pregabalin has been shown to
reduce the mechanical or thermal hypersensitivity asso-
ciated with rat models of nerve injury [38], incisional
injury [39], inflammatory injury [40] and formalin-
induced injury [41]. Volunteers who are given prega-
balin 300 mg once daily over six days have a smaller
area of punctuate mechanical hyperalgesia and
dynamic touch allodynia surrounding the stimulation
site than those who are administered placebo in an
experimental pain model [19]. This reduction of sen-
sitization, where allodynia and hyperalgesia are
independent of peripheral sensitization, indicates that
pregabalin is likely to act centrally. The antihyperalgesic
action of pregabalin likely results from its binding to
the alpha2delta subunit of voltage-dependent calcium
channels, which are upregulated in dorsal root ganglia
and spinal cord after peripheral nerve injury [42]. Like
gabapentin [43], pregabalin may inhibit central sen-
sitization by a pre- or postsynaptic inhibition of Ca2+

influx decreasing excitatory amino acid neurotrans-
mission, or by suppression of noxious-evoked release
of excitatory amino acids in the spinal cord [44].

The incidence of PPSP following breast surgery
was 39.2%. This is slightly less than that reported
following lumpectomy with or without axillary dissec-
tion, simple mastectomy or modified radical mastec-
tomy (48%) [2]. The intensity of acute postoperative
pain and the number of doses of postoperative analgesic
drugs has been shown to correlate with the development
of PPSP after breast surgery [5]. Although we
identified a trend towards greater VAS pain scores in
the early postoperative period in patients who sub-
sequently developed PPSP, this did not achieve
statistical significance.

We report similar pain measures from the first
postoperative week in those who did and those who
did not subsequently develop PPSP. There was a trend
to greater maximum VAS pain scores at rest (35.6 ±
25.2 vs 26.8 ± 25.4, p = 0.16) and on movement (44.7
± 25.4 vs 37.7 ± 28.2, p = 0.29) in those who sub-
sequently developed PPSP.

Patients who did and those who did not develop
PPSP were similar in terms of preoperative psycho-
logical variables. The pre-existing evidence regarding

this is conflicting. Preoperative ‘State’ scores on the
STAI, but neither Beck Depression Inventory (BDI)
scores nor Hamilton Depression and Anxiety Rating
Scale (HDARS) scores, predict increased risk of
clinically meaningful acute pain persisting from two to
30 days following breast surgery for cancer [8].
Neither BDI nor STAI nor HDARS scores preope-
ratively predict PPSP three months following breast
surgery for cancer [2].

Conclusion
Our results showed an overall incidence of PPSP

following breast surgery with axillary node dissection
of 39%. We failed to identify a difference in the
incidence of PPSP in patients receiving a multimodal
analgesic regimen consisting of perioperative prega-
balin, paravertebral block and regular oral analgesics
and patients receiving PCA morphine and ‘as required’
oral analgesics. These two groups were also similar in
terms of reported pain intensity in the early postope-
rative period and the first postoperative week. There
were no differences in demographic data, genotype,
preoperative psychological data, intraoperative data,
early postoperative data or first postoperative week
data between those patients who developed PPSP and
those who did not.
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Evaluarea comparativă a efectelor
produse de două regimuri de analgezie
asupra apariţiei durerii persistente
postoperatorii (PPSP) în chirurgia
sânului

Rezumat
Introducere: Regimurile multimodale de analgezie

postoperatorie pot reduce incidenţa durerii persistente
postoperatorii (PPSP). Am realizat un studiu prospec-
tiv, randomizat, caz-control, orb pentru a testa ipoteza
conform căreia un regim multimodal de analgezie
cuprinzând pregabalină, bloc paravertebral şi analge-
zice obişnuite poate reduce prevalenţa PPSP, în compa-
raţie cu regimul analgezic standard. Ipoteza secundară
a fost aceea că există asocieri între PPSP şi alţi para-
metri genetici, psihologici şi clinici, măsuraţi periope-
rator.

Metodă: Cincizeci şi unu pacienţi supuşi interven-
ţiilor chirurgicale la nivelul sânului au fost randomizaţi
în grupul control, căruia i s-a administrat un regim anal-
gezic stabilit cu analgezice orale şi morfină intravenos,
şi grupul de studiu, căruia i-a fost administrat un regim

multimodal de analgezie, perioperator, alcătuit din: pre-
gabalină, bloc paravertebral, diclofenac şi acetamino-
fen. Au fost urmăriţi următorii parametri clinici: scorul
durerii pe scala analog vizuală, aria de hiperalgezie din
jurul plăgii şi gradul catastrofal al durerii. Pacienţii au
fost apoi intervievaţi la un interval de trei luni pentru a
decela instalarea PPSP.

Rezultate: Douăzeci de pacienţi (20/51; 39,2%)
au dezvoltat PPSP. Nu au existat diferenţe privind inci-
denţa PPSP între pacienţii celor două grupuri: control
şi intervenţional (11/26; 42,3% vs 9/25; 36%), p = 0,39.
Atât pacienţii care au dezvoltat PPSP cât şi cei care
nu au prezentat dureri la 3 luni au avut valori similare
la determinările clinice perioperatorii efectuate.

Concluzii: Acest studiu confirmă prevalenţa ridicată
(39%) a PPSP după chirurgia sânului. Rezultatul cel
mai semnificativ al acestui studiu a constat în eviden-
ţierea faptului că regimul analgezic multimodal alcătuit
din pregabalină, bloc paravertebral, diclofenac şi aceta-
minofen nu a influenţat  semnificativ incidenţa PPSP
la trei luni după chirurgia sânului, comparativ cu re-
gimul standard descris.

Cuvinte cheie: durere persistentă postoperatorie,
chirurgia sânului, pregabalină, bloc paravertebral


