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Abstract

Background

Persistent pain is a challenging clinical problem after breast cancer treatment. After surgery,

inflammatory pain and nociceptive input from nerve injury induce central sensitization which

may play a role in the genesis of persistent pain. Using quantitative sensory testing, we

tested the hypothesis that adding COX-2 inhibition to standard treatment reduces hyperal-

gesia after breast cancer surgery. A secondary hypothesis was that patients developing per-

sistent pain would exhibit more postoperative hyperalgesia.

Methods

138 women scheduled for lumpectomy/mastectomy under general anesthesia with paraver-

tebral block were randomized to COX-2 inhibition (2x40mg parecoxib on day of surgery,

thereafter 2x200mg celecoxib/day until day five) or placebo. Preoperatively and 1, 5, 15

days and 1, 3, 6, 12 months postoperatively, we determined electric and pressure pain toler-

ance thresholds in dermatomes C6/T4/L1 and a 100mm VAS score for pain. We calculated

the sum of pain tolerance thresholds and analyzed change in these versus preoperatively

using mixed models analysis with factor medication. To assess hyperalgesia in persistent

pain patients we performed an additional analysis on patients reporting VAS>30 at 12

months.

Results

48 COX-2 inhibition and 46 placebo patients were analyzed in a modified intention to treat

analysis. Contrary to our primary hypothesis, change in the sum of tolerance thresholds in

the COX-2 inhibition group was not different versus placebo. COX-2 inhibition had an effect

on pain on movement at postoperative day 5 (p<0.01). Consistent with our secondary
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hypothesis, change in sum of pressure pain tolerance thresholds in 11 patients that devel-

oped persistent pain was negative versus patients without pain (p<0.01) from day 5 to 1

year postoperatively.

Conclusions

Perioperative COX-2 inhibition has limited value in preventing sensitization and persistent

pain after breast cancer surgery. Central sensitization may play a role in the genesis of per-

sistent postsurgical pain.

Introduction

Persistent pain after surgery is a significant clinical problem which affects 10 to 50 percent of

patients [1]. Chronic pain treatments are effective in reducing pain in only about 30 percent of

patients with such persistent pain [2]. In breast cancer surgery similar outcomes are reported,

with around 40 percent of patients suffering from persistent pain one year after surgery [3, 4].

These results are not surprising in view of the complexity of persistent pain and current empir-

ical symptom-based pain management approaches. Further improvement in persistent and

chronic pain management will likely depend on the development of more mechanism-based

approaches [5, 6].

A key insight from fundamental pain research is that ongoing nociceptive input alters sub-

sequent sensory processing by the nervous system [7]. Surgical nociception results in postoper-

ative hyperalgesia via pronociceptive changes in central nervous system processing. Such

‘central sensitization’ occurs via two mechanisms, namely damage to tissues and to nerves,

with the former acting more via humoral biochemical products of tissue inflammation, and

the latter more via neuronal mechanisms [7]. Postoperative central sensitization and hyperal-

gesia not only lead to increased acute pain, they have also been linked to subsequent develop-

ment of chronic pain [8–13]. Preventing postoperative central sensitization may therefore

provide an attractive mechanism based approach to prevent persistent pain development, e.g.

by blocking nociceptive input or direct antihyperalgesic therapy [14–18].

Regional anesthesia is currently the best therapy to block surgical nociceptive input and may

protect partially against persistent pain development after surgery [19–21]. However, even with

paravertebral block around twenty-two percent of women undergoing breast cancer surgery

suffer from persistent pain six months after surgery [22, 23]. To further improve management

of surgical pain it would be useful to understand the effect of adding inhibition of the inflamma-

tory component of sensitization, e.g. by providing perioperative cyclooxygenase-2 (COX-2)

inhibition [24–26] in addition to blockade of neuronal nociceptive input. COX-2 inhibitors

interfere with prostaglandin production [27] and may counteract central sensitization develop-

ment by inhibiting peripheral sensitization [27] and reducing nociceptive input. Additionally,

COX-2 inhibitors may prevent central sensitization by a central mechanism [24, 27].

The primary aim of this study was to assess the value of perioperatively inhibiting the

inflammatory component of sensitization added to block of neuronal nociceptive input on

central sensitization after surgery. A secondary aim was to assess the relationship between

hyperalgesia and persistent pain development at 12 months postoperatively. We studied these

aims in a randomized prospective controlled trial in women undergoing breast cancer surgery

under paravertebral blockade combined with perioperative COX-2 inhibition or placebo. We

hypothesized that:
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1. Adding COX-2 inhibition to standard maximal antinociceptive treatment (paravertabral

blockade) perioperatively would result in less widespread hyperalgesia as a sign of central

sensitization–and therefore less persistent pain–following surgery compared to a placebo-

supplemented group.

2. Patients who complained of persistent pain 12 months postoperatively would exhibit more

widespread hyperalgesia following surgery, than patients not complaining of persisting

pain.

Materials and Methods

We conducted a prospective, randomized, double blind, placebo-controlled, clinical trial at the

Bernhoven Hospital in Uden, the Netherlands, approved by the Ethical Committee on March

16th 2005 (nr: 2004/239, CMO region Arnhem-Nijmegen, Nijmegen, The Netherlands). All

participants provided written informed consent; the trial was registered with the Netherlands

Trial Register (NTR1793). Trial registration was not complete when subject recruitment had

begun. However, this was rectified and our trial was registered on May 3rd 2009. The authors

confirm that all ongoing and related trials for this drug/intervention are registered. The proto-

col for this trial and supporting CONSORT checklist are available as supporting information;

see S1 Checklist and S1 Protocol.

Patients

We included women scheduled for breast cancer surgery. Two dedicated breast surgeons per-

formed all surgeries. Surgery was by lumpectomy, total simple mastectomy or modified radical

mastectomy. Exclusion criteria were: previous breast surgery, planned immediate breast

reconstruction, chronic pain syndromes (e.g. fibromyalgia, osteoarthritis), regular analgesic

medication for 2 weeks preceding surgery, pre-existing central nervous system pathology (e.g.

stroke, dementia), conditions predisposing to neuropathy (e.g. diabetes mellitus, alcohol

abuse), inability to comply with testing procedures or to give informed consent, presence of

contra-indications to COX-2 therapy (including untreated hypertension, active or recent gas-

trointestinal ulceration) and contraindications to paravertebral blockade.

Randomization and treatment

After obtaining informed consent during an outpatient anesthesia visit, eligible patients were

randomized in a one-to-one ratio to receive perioperative COX-2 inhibition or placebo. A

pseudo-random code was computer generated for the randomization blocks that had a size of

six. Stratified random sampling ensured equal distribution of axillary lymph node dissections

over groups. The hospital pharmacy held the randomization scheme for the trial and supplied

parecoxib and celecoxib (active treatment) or placebo in blinded packages. Parecoxib is cur-

rently not FDA approved, but is widely available worldwide, including in the European Union

as the only injectable COX-2 specific inhibitor. The morning of surgery, patients received oral

midazolam premedication (7.5 mg). In the operating theatre, COX-2 inhibition group patients

received parecoxib 40 mg i.v. 30 minutes before surgery start. This injection was repeated 6

hours later. The postoperative morning, patients started celecoxib 200mg, continued to the

morning of day five postoperatively. The placebo group received placebo injections and tablets

according to the same regime. Medication was blinded, neither observers nor persons involved

in patient management were aware of patient assignment.
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Anesthesia and analgesia

Paravertebral blockade was by standard technique (20 ml ropivacaine 0.75%). Before surgery,

local anaesthetic blockade was tested using pin-prick. Unsuccessful block, as defined by no

hypoalgesia to pinprick, led to patient exclusion. Patients received standardized general anaes-

thesia [28], (propofol 2–3 mg/kg, fentanyl 3 μg/kg, rocuronium 0.5 mg/kg, air/oxygen (40%),

sevoflurane) to achieve haemodynamic values within 20% of preoperative baseline. For proce-

dures longer than 45 minutes, further fentanyl supplementation (1 μg/kg) was permitted at 45

minutes and at further 45-minute intervals. No further myorelaxants were given and no antag-

onisation was performed. In the recovery room, initial analgesia consisted of piritramide as

soon as patients complained of pain, titrated to VAS�3 by the recovery room nurse using 3

mg intravenous increments. Thereafter, standard postoperative analgesia consisted of a fixed

acetaminophen scheme (4 X 1g /day) together with on-demand tramadol (drops, maximum

300 mg/day) up to day 5 postoperatively.

Measurement protocols

Trained research personnel performed all testing in a standardized fashion in a quiet room. All

subjects underwent familiarization training with sensory testing before the study. Pain was

assessed via 100 mm visual analogue scores at rest (lying quietly in bed) and on movement

(immediately after sitting up on bed). For all postoperative pain scores, the patient was explic-

itly asked to report pain associated with surgery at that moment. At several time points patients

were asked to complete a quality of life questionnaire assessing surgery-related symptoms and

functional impairment.

Postoperative changes in pain sensitivity (hyperalgesia) were quantified using electric and

pressure pain tolerance thresholds. Electricity stimulates mainly cutaneous nerve endings [29],

bypassing nociceptors; pressure reveals deep tissue sensitivity (e.g. muscle), with only minimal

cutaneous contributions [30]. Thus electric pain tolerance thresholds mainly reflect cutaneous

sensitivity and pressure pain tolerance thresholds mainly reflect deep tissue sensitivity. Thresh-

olds were measured close to the affected breast and distant from the site of surgery to obtain

measures of secondary (peri-incisional) and spreading (or generalizing) hyperalgesia, respec-

tively. Pain modulation was assessed preoperatively via conditioned pain modulation (CPM)

paradigm [31]. At no time were patients or treating personnel aware of results of pain process-

ing tests.

Baseline demographic data, electric pain tolerance thresholds, pressure pain tolerance

thresholds and CPM were collected the preoperative afternoon. Pain scores, electric pain toler-

ance thresholds and pressure pain tolerance thresholds were collected 1, 5 and 15 days after

surgery and at 1, 3, 6 and 12 months after surgery.

Electric and pressure pain tolerance thresholds

Electric pain tolerance threshold testing was performed using an electric stimulation device

(QST-3; JNI, Aalborg, Denmark), delivering electrical tetanic stimulation (100 Hz, 0.2-ms

square waves, 0.1mA/s ramping rate) via self-adhesive skin electrodes 3 cm apart. A trained

research assistant operated the device and documented the value at which stimulation became

intolerable and was discontinued. Pain tolerance thresholds were determined three times and

the mean value was used. Pressure pain tolerance thresholds were assessed using a pressure

algometer (Somedic Sales AB, Horby, Sweden) with a 1.0 cm2 probe and a ramping rate of 50

kPa/s[28] until the patient did not accept a higher stimulus intensity. The electric pain toler-

ance thresholds were measured at each of the following sites on both the affected body side

and the contralateral side: Radial upper arm (C6 dermatome), mid-axillary line (T4
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dermatome, 5–10 cm from incision, affected side) and iliac crest (L1 dermatome). The pressure

pain tolerance thresholds were measured bilaterally on the index finger (C6 dermatome), iliac

crest (L1 dermatome) and sternum in the midline (T4 dermatome). To avoid mass significance

and as a measure of central sensitization the sum of all the thresholds (SOT) across dermatomes

was calculated [14] for the electric thresholds and for the pressure thresholds. Postoperative

changes in SOTs were expressed as percentage changes compared to preoperative baseline.

Conditioned pain modulation (CPM) paradigm

The condition pain modulation paradigm tests the ability to generate descending inhibitory

modulation [31]. An electric pain threshold (test stimulus) was determined before and after a

cold pressor task (conditioning stimulus), and the CPM effect was determined as the relative

change (%) in electric pain threshold. For the cold pressor task the dominant hand was

immersed in ice-chilled water (1.0˚C ±0.3˚C) stirred by pump. The patient was told to remove

the hand from the water after two minutes of immersion–or sooner if the pain was considered

intolerable–and immersion time was noted. Immediately after the cold pressor task, the sub-

jects rated the pain experienced during the test by VAS for quality control purposes. Electric

pain thresholds were obtained in the L1 dermatome immediately before and after ice-water

immersion.

Quality of life

At baseline and 1, 3, 6, and 12 months post surgery patients filled out a quality of life question-

naire (Dutch version of the European Organization for Research and Treatment of Cancer

Quality of Life Questionnaire-C30). The EORTC QLQ-C30 is internationally validated for

evaluating quality of life in daily living and symptoms and side effects related to different treat-

ment modalities [32]. The individual functional, symptom and quality of life (QOL) scales

were summated to create general sum scores [33]. We calculated symptom, functioning and

QOL sum scores from the EORTC questionnaires.

Outcome measures

The primary study outcomes are change in electric and pressure SOT after surgery vs. baseline

values. Secondary outcomes are VAS pain and EORTC symptom, functional and QOL sum

scores.

Power-analysis

Based on data from previous postoperative quantitative sensory testing studies by our group

[28, 34] we can expect electric pain tolerance thresholds in thoracic dermatomes five days after

surgery to be 8.1 mA (SD = 4.5 mA). Sample size calculation based on these data for Type 1

error (alpha) of 0.05 and power (beta) of 80% predicts ability to detect a clinically relevant

change in pain tolerance thresholds of one third with a sample size per group of 45 patients.

Assuming a drop-out rate of 20–25%, a sample size of n = 55 per group should suffice to detect

clinically relevant reductions of one-third in the pain tolerance threshold (vs. the other group)

at 5 days postoperatively.

Data and statistical analysis

Data were analyzed with Statistica (version 12.0, Statsoft, Tulsa, OK, USA), p<0.05 was con-

sidered significant. Results are expressed as mean ± 95% confidence interval. Postoperative

sums of thresholds were expressed as percentage change compared to preoperative baseline.
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Chi-squared tests and t-tests were used to assess differences between the treatment groups

regarding axillary lymph node dissection, type of surgery, duration of surgery, surgical compli-

cations, size of specimen removed, baseline electric SOT, baseline pressure SOT, baseline

CPM, baseline QOL-score, baseline functioning score and baseline symptom score.

Our main analysis was aimed at testing our primary hypothesis that perioperative COX-2

inhibition would result in less hyperalgesia as a sign of central sensitization following surgery

compared to a placebo-supplemented group. We performed mixed model analyses on change

in electric and pressure SOT, and on secondary outcomes VAS scores and EORTC sum scores

with fixed factors medication (COX-2 inhibition vs. placebo) and time, and subjects were

included as random factor. Preoperative CPM is reported in the literature as a predictor for

persistent postsurgical pain development and was included as covariate [35]. We performed a

(modified) intention to treat analysis, which included all patients that received at least one

dose of study drug (COX-2 inhibition or placebo) [36–39]. Post-hoc tests with Bonferroni cor-

rection were used to identify significant differences between medication groups or time levels

when a main or interaction effect for the factors was found. A two-sided p-value <0.05 was

considered significant for all tests.

To test our secondary hypothesis that patients developing persistent pain 12 months postop-

eratively would exhibit more hyperalgesia following surgery than patients not complaining of

persisting pain two groups were formed post hoc: patients with persistent pain 12 months post-

operatively (answering “yes” to the question:” do you have persistent pain due to your surgery”,

plus reporting pain at rest or on movement of>30 mm on VAS) or those without persistent

pain. The chosen cutoff score>30 mm VAS is widely used in the pain literature [40, 41], corre-

sponds to moderate or severe pain [42], and a 30 mm VAS difference is a relevant treatment dif-

ference [43, 44]. We performed additional mixed model analyses on SOTs, pain scores and

QOL scores to assess differences between these two groups. Post-hoc tests with Bonferroni cor-

rection were used to identify significant differences between patients with and without persis-

tent pain or time levels when a main or interaction effect for the factors was found.

Results

From October 2006 to December 2010 a total of 327 patients were screened for eligibility and

138 patients were randomized (Fig 1). There was relatively high exclusion rate due to treat-

ment failure (unsuccessful paravertebral block) in 5 patients and failure of the hospital phar-

macy to deliver study drugs to the operating room on time in 30 patients. 6 patients were

excluded because they were found not to be suffering from malignant disease after pathological

examination. 94 patients were analyzed in the modified intention to treat analyses. When we

compared demographics of excluded patients for mastectomy rate (32 vs. 28%, chi-squared

test p = 0.59) and age (56 ± 14 vs. 53 ± 10, unpaired t-test p = 0.27) we found them to be com-

parable to the analyzed groups.

There were no differences in baseline and demographic data between the placebo and

COX-2 inhibition group (Table 1). Surgical complications occurred in 5 patients in the placebo

group, consisting of hematomas that had to be drained in 3 patients, an abscess that had to be

drained, and a nipple granuloma that had to be removed operatively. One patient in the COX-

2 inhibition group developed an infected seroma that had to be drained. Because immediate

reconstruction was an exclusion criterion, there was only one patient (in the COX-2 inhibition

group) that underwent reconstruction by insertion of a tissue expander and subpectoral pros-

thesis implantation (495 cc, Mentor©, Minneapolis, MN, USA) in the year following the initial

breast cancer surgery. There were no harmful or unintended effects associated with COX-2

inhibition.
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Primary hypothesis: hyperalgesia and COX-2 inhibition

Electric and pressure SOT. Perioperative treatment with COX-2 inhibition was not asso-

ciated with postoperative differences in tolerance to electric or pressure stimulation (Fig 2 and

Table 2).

VAS scores. COX-2 inhibition did not affect VAS scores at rest but influenced VAS scores

on movement (Time x Medication: p = 0.02)–Fig 2 and Table 2. Post-hoc testing revealed that

COX-2 inhibition led to lower postoperative VAS score on movement only on postoperative

day 5.

Preoperative CPM. Covariate preoperative CPM significantly affected electric SOT

(p = 0.04), and showed a trend towards significance on pressure SOT (p = 0.06)–Table 2.

Impaired preoperative CPM was related to more negative postoperative change in sensitivity.

Of note, preoperative CPM did not influence postoperative VAS scores at rest or on movement.

EORTC sum scores. EORTC functioning, symptom and QOL score were comparable

between treatment groups (Fig 3 and Table 2).

Secondary hypothesis: persistent pain and hyperalgesia

Persistent postsurgical pain. Twelve months postoperatively 11 patients (13%) com-

plained of persistent pain with VAS>30 mm. Characteristics of patients that eventually would

develop persistent pain and patients free of pain are displayed in Table 3. Patients that would

eventually develop persistent pain had higher baseline pressure SOT and electric SOT.

Fig 1. Study enrollment and randomization.

doi:10.1371/journal.pone.0166601.g001
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Electric and pressure SOT. Patients in the persistent postsurgical pain group did not

exhibit postoperative hyperalgesia to electric stimulation, but were significantly more hyperal-

gesic postoperatively to pressure stimulation (Persistent pain: p<0.01)–Fig 4 and Table 2.

Post-hoc analysis revealed that persistent pain patients were hyperalgesic to pressure stimula-

tion versus patients not developing pain on day 5 and throughout the rest of the postoperative

year.

VAS scores. Persistent pain patients had significantly higher postoperative pain VAS

scores at rest (Persistent pain: p<0.01, Time x Persistent pain: p<0.01) and on movement

(Persistent pain: p =<0.01, Time x Persistent pain: p<0.01)–Fig 4 and Table 2. These differ-

ences existed at all early and late postoperative timepoints, except for VAS at rest on day 5.

Paravertebral blockade provided excellent postoperative pain relief in the patients not develop-

ing persistent postsurgical pain.

Preoperative CPM. Covariate preoperative CPM significantly affected electric SOT

(p = 0.03) and showed a trend towards significance on pressure SOT (p = 0.07)–Table 2.

Impaired preoperative CPM was related to more negative postoperative change in sensitivity.

Preoperative CPM did not influence postoperative VAS scores at rest or on movement.

EORTC sum scores. Patients in the persistent postsurgical pain group reported lower

functioning score (Persistent pain: p<0.01) and total QOL (Persistent pain: p<0.01), and

higher symptom score (Persistent pain: p<0.01, Time x Persistent pain: p<0.01)–Fig 5 and

Table 2. Lower functioning score was present at 3, 6 and 12 months postoperatively for persis-

tent pain patients. Persistent pain was associated with higher symptom score and lower total

QOL score at 1, 3, 6 and 12 months postoperatively.

Discussion

We assessed the value of inhibiting the inflammatory component of sensitization added to

blockade of neuronal nociceptive input (paravertebral blockade) on central sensitization

Table 1. Demographic data of patients receiving COX-2 inhibition and placebo medication.

COX-2 inhibition (n = 48) Placebo (n = 46) P-value

Age in years 51 ± 9 55 ± 11 0.09

Body Mass Index in kg/m2 26 ± 5 25 ± 4 0.46

All mastectomies in % 25 30 0.56

Modified radical mastectomy in % 15 9 0.57

Axillary lymph node dissection in % 35 39 0.71

Duration of surgery in minutes 48 ± 25 44 ± 20 0.39

Size of specimen removed in cm3 435 ± 747 437 ± 695 0.99

Surgical complications in % 2 11 0.08

Chemotherapy in % 35 43 0.42

Radiotherapy in % 67 50 0.10

Electric SOT in mA 59 ± 29 58 ± 20 0.86

Pressure SOT in kPa 3167 ± 1397 2797 ± 1102 0.16

CPM in % 40 ± 43 29 ± 35 0.19

Functioning score 82 ± 14 86 ± 12 0.14

Symptom score 11 ± 12 9 ± 7 0.34

QOL score 70 ± 23 76 ± 18 0.23

Data are mean ± sd, continuous data were compared using unpaired t-tests, binomial data using chi-squared tests. SOT, sum of thresholds, CPM,

conditioned pain modulation, QOL, quality of life.

doi:10.1371/journal.pone.0166601.t001
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(expressed as widespread hyperalgesia) and persistent pain after surgery in women undergoing

surgery for breast malignancy. Adding perioperative COX-2 inhibition to maximal anti-noci-

ceptive therapy had no impact on change in electric or pressure pain tolerance thresholds as a

measure of central sensitization after breast cancer surgery. COX-2 inhibition did lead to

lower pain scores on movement at postoperative day 5, but had no effect on later time points

and did not affect quality of life scores. Thus, our primary hypothesis was rejected.

We found that patients developing persistent postsurgical pain were significantly more

hyperalgesic to pressure both early after surgery (5 days) and throughout the rest of the year

(15 days to 12 months). Thus, our secondary hypothesis was confirmed. There was no differ-

ence in sensitivity to electric quantitative sensory testing. Patients with persisting pain 12

months postoperatively had more pain in the acute postoperative period (1, 5 and 15 days) and

Fig 2. Effect of medication on electric and pressure SOT and VAS scores. Panels A + B show mean change ± 95% CI of SOT versus baseline, panels C

+ D show the mean ± 95 CI of VAS scores at the different time points. *Different vs. baseline (Bonferroni adjusted p<0.05); †Different vs. COX-2 inhibition

(Bonferroni adjusted p<0.05). SOT, sum of thresholds, VAS, Visual Analogue Score.

doi:10.1371/journal.pone.0166601.g002
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Table 2. Results of the main and secondary analyses.

Main Analysis Secondary Analysis

Factor Medication Time x Medication CPM Persistent pain Time x Persistent pain CPM

Effect on electric SOT (P-value, effect size) 0.74, 4.42 0.52, N/A 0.04, 0.11 0.88, -9.56 0.37, N/A 0.03, 0.14

Pairwise comparisons (P-value, effect-size)

Day 1 N/A N/A

Day 5 N/A N/A

Day 15 N/A N/A

Month 1 N/A N/A

Month 3 N/A N/A

Month 6 N/A N/A

Month 12 N/A N/A

Effect on pressure SOT (P-value, effect size) 0.12, -7.93 0.99, N/A 0.06, 0.16 <0.01, -30.51 0.36, N/A 0.07, 0.17

Pairwise comparisons (P-value, effect-size)

Day 1 N/A 0.35, -12.68

Day 5 N/A 0.02, -30,96

Day 15 N/A <0.01, -34.97

Month 1 N/A <0.01, -47.09

Month 3 N/A 0.02, -30.95

Month 6 N/A <0.01, -41.47

Month 12 N/A 0.03, -30.51

Effect on VAS at rest (P-value, effect size) 0.47, -0.18 0.31, N/A 0.61, -0.01 <0.01, 18.97 <0.01, N/A 0.14, -0.03

Pairwise comparisons(P-value, effect-size)

Baseline N/A 0.57, 2.00

Day 1 N/A <0.01, 22.10

Day 5 N/A 0.05, 6.75

Day 15 N/A 0.03, 7.74

Month 1 N/A 0.02, 7.98

Month 3 N/A <0.01, 12.89

Month 6 N/A <0.01, 14.75

Month 12 N/A <0.01, 18.97

Effect on VAS on movement (P-value, effect size) 0.44, -0.28 0.02, N/A 0.70, 0.01 <0.01, 47.20 <0.01, N/A 0.73, 0.01

Pairwise comparisons (P-value, effect-size)

Baseline 0.92, -0.39 0.29, 5.34

Day 1 <0.01, -11.09 <0.01, 29.41

Day 5 0.75, -1.24 <0.01, 18.71

Day 15 0.35, 3.70 <0.01, 17.03

Month 1 0.12, -6.19 <0.01, 17.66

Month 3 0.98, -0.12 <0.01, 28.83

Month 6 0.71, -1.50 <0.01, 27.22

Month 12 0.95, -0.28 <0.01, 47.20

Effect on function score (P-value, effect size) 0.31, -0.52 0.48, N/A 0.39, 0.03 <0.01, -12.59 0.38, N/A 0.34, 0.04

Pairwise comparisons (P-value, effect-size)

Baseline N/A 0.19, -6.52

Month 1 N/A 0.06, -9.47

Month 3 N/A <0.01, -15.91

Month 6 N/A <0.01, -13.29

Month 12 N/A 0.02, -12.59

Effect on symptom score (P-value, effect size) 0.30, -0.25 0.21, N/A 0.73, -0.01 <0.01, 16.69 <0.01, N/A 0.41, -0.02

(Continued )
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the rest of the year (1, 3 and 6 months). Total QOL and functioning scores were lower in per-

sistent pain patients and symptom score was higher vs. patients not developing persisting pain.

Our study describes the effects of perioperative COX-2 inhibition on postoperative sensiti-

zation of pain processing in a long-term prospective and longitudinal trial. Regarding persis-

tent pain (but not hyperalgesia) after breast surgery some data are available regarding

perioperative COX-2 inhibition. Romundstad et al. [45] found no difference versus placebo of

a single peri-operative dose of 40 mg parecoxib on persistent pain one year after surgery in

patients undergoing augmentation mammaplasty. Another trial [46] reported no impact on

pain six months postoperatively of ibuprofen 400 mg before mastectomy plus four additional

doses afterwards.

Surgical tissue damage is associated with prostanoid production [47]. This release, involv-

ing COX-2 induction, occurs peripherally and in the central nervous system [24]. Peripheral

release of prostanoids (PGE-2, PGI-2) sensitizes peripheral nociceptors. Centrally synthesized

PGE-2, by increased COX-2-expression, leads directly to central sensitization of the pain sys-

tem [24, 48, 49]. COX-2 inhibitors interfere with both the peripheral and the central prosta-

glandin production [27]. Therefore, perioperative inhibition of COX-2 was expected to

ameliorate central sensitization and to increase pain thresholds, by both inhibiting peripheral

nociceptive input and by inhibiting direct central sensitization under influence of prostaglan-

dins. We did not observe this expected difference, suggesting that perioperative COX-2 induc-

tion and inflammation subsequent to tissue damage may be of little importance in inducing

postoperative central sensitization. Interestingly, a small recent trial with parecoxib failed to

induce a difference in pressure pain tolerance thresholds in CPRS patients outside the surgical

context [50].

The generalized pressure hyperalgesia detected in this study suggests that persistent central

sensitization is an important process in persisting pain development after surgery. Other quan-

titative sensory testing studies have assessed pain processing in women with persistent pain at

single time-points after breast cancer surgery. These studies confirm the widespread mechani-

cal hyperalgesia we observed [51, 52]. Others have demonstrated enhanced sensitivity to

Table 2. (Continued)

Main Analysis Secondary Analysis

Factor Medication Time x Medication CPM Persistent pain Time x Persistent pain CPM

Pairwise comparisons (P-value, effect-size)

Baseline N/A 0.24, 4.08

Month 1 N/A <0.01, 9.56

Month 3 N/A <0.01, 16.37

Month 6 N/A <0.01, 13.05

Month 12 N/A <0.01, 16.69

Effect on QOL score (P-value, effect size) 0.28, 0.04 0.57, N/A 0.53, 0.02 <0.01, -14.14 0.14, N/A 0.34, 0.03

Pairwise comparisons (P-value, effect-size)

Baseline N/A 0.14, -6.13

Month 1 N/A 0.02, -9.56

Month 3 N/A <0.01, -15.55

Month 6 N/A <0.01, -12.28

Month 12 N/A <0.01, -14.14

SOT, sum of thresholds, VAS, vusual analogue scale, QOL, quality of life. P-values for post-hoc test were adjusted for multiple testing using Bonferroni

correction.

doi:10.1371/journal.pone.0166601.t002

Hyperalgesia and Persistent Pain after Breast Cancer Surgery

PLOS ONE | DOI:10.1371/journal.pone.0166601 December 9, 2016 11 / 21



Hyperalgesia and Persistent Pain after Breast Cancer Surgery

PLOS ONE | DOI:10.1371/journal.pone.0166601 December 9, 2016 12 / 21



electrical and thermal stimulation [53, 54], further supporting the presence of central sensitiza-

tion in persistent pain after breast cancer treatment. Recently, Andersen et al. found a relation-

ship between sensory disturbances and pain one week after surgery for breast cancer [55].

Hyperalgesia has also been reported 5 days after back surgery [56] and early postoperative

hyperalgesia has been linked to persistent pain development in smaller studies after abdominal

surgery [57, 58]. Hyperalgesia in the postoperative period is likely to be expressed as increased

pain experience, which we found for both VAS at rest and on movement. A significant rela-

tionship between early postoperative pain and persistent pain has previously been reported for

breast cancer surgery [13] and other interventions including cholecystectomy [8, 9], groin her-

nia repair [10] and thoracic surgery [12].

We observed a relatively low incidence of persistent postsurgical pain following surgery

(13%) compared to other less recent studies (25 to 60%)[59]. Maximal peri-operative blockade

of neuronal nociceptive input (paravertebral blockade), but also identification and attention to

sparing intercostobrachial and other nerves during lymph node dissection in the present study

[22], may explain the low incidence of persistent pain.

Implications

Our results indicate that the role of COX-2 and inflammation in the genesis of postoperative

hyperalgesia may be less important than that of neuronally mediated nociceptive input. Add-

ing perioperative COX-2 inhibition to maximal neuronal anti-nociceptive therapy (paraver-

tebral blockade) appears of limited clinical value in preventing postoperative hyperalgesia or

persistent pain.

Fig 3. Effects of medication on EORTC function, symptom and QOL sum scores. Panels A-C show the

mean ± 95% CI at the different time points. No difference between treatment groups at any time (all p>0.05).

QOL, quality of life.

doi:10.1371/journal.pone.0166601.g003

Table 3. Baseline characteristics of patients that eventually developed persistent and patients without pain.

With/Without persistent postsurgical pain With persistent pain (n = 11) Without persistent pain (n = 83) P-value

Age in years 53 ± 7 54 ± 10 0.79

Body mass index in kg/m2 27 ± 7 26 ± 4 0.37

All mastectomies in % 36 27 0.53

Modified radical mastectomy in % 27 8 0.17

Axillary lymph node dissection in % 54 36 0.23

Duration of surgery in minutes 46 ± 22 53 ± 27 0.34

Size of specimen removed in cm3 508 ± 872 459 ± 741 0.84

Surgical complications in % 9 6 0.70

Chemotherapy in % 45 39 0.66

Radiotherapy in % 64 60 0.82

Electric SOT in mA 81 ± 37 56 ± 22 <0.01

Pressure SOT in kPa 4114 ± 1416 2821 ± 1224 <0.01

CPM in % 28 ± 56 33 ± 33 0.65

Functioning score 78 ± 16 85 ± 13 0.12

Symptom score 14 ± 12 9 ± 9 0.20

QOL score 80 ± 13 87± 11 0.09

Data are mean ± sd, continuous data were compared using unpaired t-tests, binomial data using chi-squared tests. SOT, sum of thresholds, QOL, quality of

life, CPM, conditioned pain modulation.

doi:10.1371/journal.pone.0166601.t003
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Despite all patients receiving maximal neuronal anti-nociceptive therapy in the form of

paravertebral blockade, 13% of patients still developed persistent pain postoperatively. These

patients showed widespread hyperalgesia to pressure in the acute postoperative period and the

rest of the year and would seem to be relatively resistant to current therapeutic interventions.

Future studies should further explore causes of developing early and persistent postoperative

hyperalgesia, possibly an important process during persistent pain development.

Clinically, the fact that persistent pain patients showed more widespread hyperalgesia to

pressure in the acute postoperative period means that peri-operative monitoring using quanti-

tative sensory testing should be able to identify patients at risk of developing persistent post-

surgical pain, possibly allowing for targeted antihyperalgesic treatment.

There is increasing interest in the potential for perioperative quantitative sensory testing to

predict persistent postsurgical pain. A relationship between peri-operative quantitative sensory

Fig 4. Electric and pressure SOT and VAS scores in persistent pain patients versus women without pain. Panels A + B show mean change ± 95% CI

of SOT versus baseline, panels C + D show the mean ± 95% CI of VAS scores at the different time points. *Different vs. baseline (Bonferroni adjusted

p<0.05); † Different vs. No persistent pain (Bonferroni adjusted p<0.05). SOT, sum of thresholds, VAS, Visual Analogue Score.

doi:10.1371/journal.pone.0166601.g004
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testing measures and persistent pain has thus far been shown in only a limited number of stud-

ies. These studies demonstrated an association between persistent postsurgical pain and preop-

erative measures of widespread pain sensitization, such as pressure pain thresholds [60–63].

However most of these studies were conducted in the context of orthopedic joint surgery and

represent a very different patient population. In the orthopedic population patients have often

suffered from ongoing pain and nociceptive input for a prolonged time preoperatively, which

may have lead to sensitized central pain processing even before surgery. Conversely, patients

undergoing surgery for breast cancer are highly unlikely to have suffered from significant pain

preoperatively and are thus unlikely to express centrally sensitized pain processing preopera-

tively. Future studies should clarify which quantitative sensory measurement at which time

point can best predict persistent pain in the breast cancer population.

Prediction and possible interventions targeting persistent pain after breast cancer surgery

are especially relevant given the poorer function scores and QOL we found with persistent

pain after breast cancer surgery. Furthermore, persistent pain after breast cancer surgery is

increasing in prevalence due to increased survival after breast cancer [59].

Methods and limitations

We chose quantitative sensory testing measures as the main outcome measures because we

intended to conduct a study investigating relations between COX-2 inhibition, hyperalgesia

development and persistent pain after surgery. Pressure quantitative sensory testing detects

hyperalgesia of deep tissues such as muscle as a manifestation of central sensitization [30], and

is considered a clinically robust and reliable measurement [64]. Electric quantitative sensory

testing stimulates peripheral cutaneous nerve endings bypassing peripheral nociceptors in skin

and is sensitive to local and descending modulation [29]. These characteristics may explain

why we found differences in pressure tolerance thresholds–but not in electric tolerance thresh-

olds–in persistent pain patients.

We measured electric and pressure pain tolerance thresholds at multiple topographic sites.

Others have advocated extensive multimodal quantitative sensory testing protocols [65]. These

protocols permit quantification of several different aspects of hyperalgesia, without, however,

achieving testing altered sensitivity at multiple sites, and are time-consuming. We chose our

battery of tests for its suitability for implementation into clinical practice. This testing protocol

generally lasts about 30 minutes and is well-accepted by patients with good reproducibility

(within 20%)[66].

Two limitations pertain to this study. First, we were unable to include some patients in the

modified intention to treat analysis due to treatment failure, and had to exclude some patients

due to an incorrect initial diagnosis. However, we achieved the group size we calculated

beforehand to deliver sufficient power to detect a 30% difference from baseline and the ana-

lyzed treatment groups were comparable for baseline characteristics. A second limitation was

the small number of patients developing pain 12 months postoperatively. A larger study popu-

lation and thus a larger group of pain patients might have provided more insight into the def-

erential characteristics of persistent pain patients vs. patients not suffering from pain, even

though we were able to detect several significant differences between the groups that we

analyzed.

Fig 5. EORTC function, symptom and QOL sum scores in persistent pain patients versus patients

with no pain. Panels A-C show the mean ± 95 CI at the different time points. *Different vs. baseline

(Bonferroni adjusted p<0.05); † Different vs. No persistent pain (Bonferroni adjusted p<0.05). QOL, quality of

life.

doi:10.1371/journal.pone.0166601.g005
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Conclusions

In conclusion, we found that adding perioperative COX-2 inhibition to current maximal anti-

nociceptive therapy (paravertebral blockade) has no significant impact on central sensitization,

persistent pain and QOL in the year following breast cancer surgery. Patients that developed

persistent pain after breast cancer surgery were significantly more hyperalgesic, had higher

pain scores and lower QOL throughout the year following surgery. Sensitization early after

surgery may play a role in the genesis of persistent pain after breast cancer surgery and periop-

erative monitoring using quantitative sensory testing may be able to identify patients at risk of

developing persistent pain.

Supporting Information

S1 Checklist.

(DOC)

S1 Protocol.

(DOC)

Acknowledgments

We extend our gratitude to all the patients who were willing to participate in this study.

Author Contributions

Conceptualization: OWS KV MS.

Data curation: GF NVH.

Formal analysis: OWS NVH.

Funding acquisition: OWS KV.

Investigation: GF MS.

Methodology: OWS KV MS.

Project administration: OWS GF MS.

Resources: OWS KV.

Software: OWS.

Supervision: OWS KV MS.

Visualization: NVH.

Writing – original draft: NVH.

Writing – review & editing: NVH GF OWS MS KV.

References
1. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors and prevention. Lancet. 2006;

367(9522):1618–25. Epub 2006/05/16. doi: 10.1016/S0140-6736(06)68700-X PMID: 16698416

2. Turk DC, Wilson HD, Cahana A. Treatment of chronic non-cancer pain. Lancet. 2011; 377(9784):2226–

35. Epub 2011/06/28. doi: 10.1016/S0140-6736(11)60402-9 PMID: 21704872

3. Tasmuth T, Blomqvist C, Kalso E. Chronic post-treatment symptoms in patients with breast cancer

operated in different surgical units. European journal of surgical oncology: the journal of the European

Hyperalgesia and Persistent Pain after Breast Cancer Surgery

PLOS ONE | DOI:10.1371/journal.pone.0166601 December 9, 2016 17 / 21

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166601.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166601.s002
http://dx.doi.org/10.1016/S0140-6736(06)68700-X
http://www.ncbi.nlm.nih.gov/pubmed/16698416
http://dx.doi.org/10.1016/S0140-6736(11)60402-9
http://www.ncbi.nlm.nih.gov/pubmed/21704872


Society of Surgical Oncology and the British Association of Surgical Oncology. 1999; 25(1):38–43.

Epub 1999/04/03.

4. Gartner R, Jensen MB, Nielsen J, Ewertz M, Kroman N, Kehlet H. Prevalence of and factors associated

with persistent pain following breast cancer surgery. Jama. 2009; 302(18):1985–92. Epub 2009/11/12.

doi: 10.1001/jama.2009.1568 PMID: 19903919

5. Woolf CJ, Max MB. Mechanism-based pain diagnosis: issues for analgesic drug development. Anes-

thesiology. 2001; 95(1):241–9. Epub 2001/07/24. PMID: 11465563

6. Woolf CJ. Dissecting out mechanisms responsible for peripheral neuropathic pain: implications for diag-

nosis and therapy. Life sciences. 2004; 74(21):2605–10. Epub 2004/03/26. doi: 10.1016/j.lfs.2004.01.

003 PMID: 15041442

7. Woolf CJ, Salter MW. Neuronal plasticity: increasing the gain in pain. Science (New York, NY). 2000;

288(5472):1765–9. Epub 2000/06/10.

8. Bisgaard T, Rosenberg J, Kehlet H. From acute to chronic pain after laparoscopic cholecystectomy: a

prospective follow-up analysis. Scandinavian journal of gastroenterology. 2005; 40(11):1358–64. Epub

2005/12/13. PMID: 16334446

9. Blichfeldt-Eckhardt MR, Ording H, Andersen C, Licht PB, Toft P. Early visceral pain predicts chronic

pain after laparoscopic cholecystectomy. Pain. 2014; 155(11):2400–7. Epub 2014/09/25. doi: 10.1016/

j.pain.2014.09.019 PMID: 25250720

10. Callesen T, Bech K, Kehlet H. Prospective study of chronic pain after groin hernia repair. The British

journal of surgery. 1999; 86(12):1528–31. Epub 1999/12/14. doi: 10.1046/j.1365-2168.1999.01320.x

PMID: 10594500

11. Hickey OT, Burke SM, Hafeez P, Mudrakouski AL, Hayes ID, Shorten GD. Severity of acute pain after

breast surgery is associated with the likelihood of subsequently developing persistent pain. Clin J Pain.

2010; 26(7):556–60. Epub 2010/07/20. doi: 10.1097/AJP.0b013e3181dee988 PMID: 20639740

12. Katz J, Jackson M, Kavanagh BP, Sandler AN. Acute pain after thoracic surgery predicts long-term

post-thoracotomy pain. The Clinical journal of pain. 1996; 12(1):50–5. Epub 1996/03/01. PMID:

8722735

13. Tasmuth T, Kataja M, Blomqvist C, von Smitten K, Kalso E. Treatment-related factors predisposing to

chronic pain in patients with breast cancer—a multivariate approach. Acta oncologica (Stockholm, Swe-

den). 1997; 36(6):625–30. Epub 1997/01/01.

14. Bouwense SA, Buscher HC, van Goor H, Wilder-Smith OH. S-ketamine modulates hyperalgesia in

patients with chronic pancreatitis pain. Reg Anesth Pain Med. 2011; 36(3):303–7. Epub 2011/04/15.

doi: 10.1097/AAP.0b013e3182177022 PMID: 21490522

15. Olesen SS, Bouwense SA, Wilder-Smith OH, van Goor H, Drewes AM. Pregabalin reduces pain in

patients with chronic pancreatitis in a randomized, controlled trial. Gastroenterology. 2011; 141(2):536–

43. Epub 2011/06/21. doi: 10.1053/j.gastro.2011.04.003 PMID: 21683078

16. Eichenberger U, Neff F, Sveticic G, Bjorgo S, Petersen-Felix S, Arendt-Nielsen L, et al. Chronic phan-

tom limb pain: the effects of calcitonin, ketamine, and their combination on pain and sensory thresholds.

Anesth Analg. 2008; 106(4):1265–73, table of contents. Epub 2008/03/20. doi: 10.1213/ane.

0b013e3181685014 PMID: 18349204

17. Lavand’homme P, De Kock M. The use of intraoperative epidural or spinal analgesia modulates postop-

erative hyperalgesia and reduces residual pain after major abdominal surgery. Acta Anaesthesiol Belg.

2006; 57(4):373–9. Epub 2007/01/24. PMID: 17236639

18. Bouwense SA, Olesen SS, Drewes AM, Poley JW, van Goor H, Wilder-Smith OH. Effects of pregabalin

on central sensitization in patients with chronic pancreatitis in a randomized, controlled trial. PLoS One.

2012; 7(8):e42096. Epub 2012/08/11. PubMed Central PMCID: PMCPMC3412837. doi: 10.1371/

journal.pone.0042096 PMID: 22879908

19. Andreae MH, Andreae DA. Regional anaesthesia to prevent chronic pain after surgery: a Cochrane sys-

tematic review and meta-analysis. British journal of anaesthesia. 2013; 111(5):711–20. Epub 2013/07/

03. PubMed Central PMCID: PMCPMC3793661. doi: 10.1093/bja/aet213 PMID: 23811426

20. Karmakar MK, Samy W, Li JW, Lee A, Chan WC, Chen PP, et al. Thoracic paravertebral block and its

effects on chronic pain and health-related quality of life after modified radical mastectomy. Reg Anesth

Pain Med. 2014; 39(4):289–98. Epub 2014/06/24. doi: 10.1097/AAP.0000000000000113 PMID:

24956453

21. Ilfeld BM, Madison SJ, Suresh PJ, Sandhu NS, Kormylo NJ, Malhotra N, et al. Persistent postmastec-

tomy pain and pain-related physical and emotional functioning with and without a continuous paraver-

tebral nerve block: a prospective 1-year follow-up assessment of a randomized, triple-masked,

placebo-controlled study. Annals of surgical oncology. 2015; 22(6):2017–25. Epub 2014/11/22. doi: 10.

1245/s10434-014-4248-7 PMID: 25413267

Hyperalgesia and Persistent Pain after Breast Cancer Surgery

PLOS ONE | DOI:10.1371/journal.pone.0166601 December 9, 2016 18 / 21

http://dx.doi.org/10.1001/jama.2009.1568
http://www.ncbi.nlm.nih.gov/pubmed/19903919
http://www.ncbi.nlm.nih.gov/pubmed/11465563
http://dx.doi.org/10.1016/j.lfs.2004.01.003
http://dx.doi.org/10.1016/j.lfs.2004.01.003
http://www.ncbi.nlm.nih.gov/pubmed/15041442
http://www.ncbi.nlm.nih.gov/pubmed/16334446
http://dx.doi.org/10.1016/j.pain.2014.09.019
http://dx.doi.org/10.1016/j.pain.2014.09.019
http://www.ncbi.nlm.nih.gov/pubmed/25250720
http://dx.doi.org/10.1046/j.1365-2168.1999.01320.x
http://www.ncbi.nlm.nih.gov/pubmed/10594500
http://dx.doi.org/10.1097/AJP.0b013e3181dee988
http://www.ncbi.nlm.nih.gov/pubmed/20639740
http://www.ncbi.nlm.nih.gov/pubmed/8722735
http://dx.doi.org/10.1097/AAP.0b013e3182177022
http://www.ncbi.nlm.nih.gov/pubmed/21490522
http://dx.doi.org/10.1053/j.gastro.2011.04.003
http://www.ncbi.nlm.nih.gov/pubmed/21683078
http://dx.doi.org/10.1213/ane.0b013e3181685014
http://dx.doi.org/10.1213/ane.0b013e3181685014
http://www.ncbi.nlm.nih.gov/pubmed/18349204
http://www.ncbi.nlm.nih.gov/pubmed/17236639
http://dx.doi.org/10.1371/journal.pone.0042096
http://dx.doi.org/10.1371/journal.pone.0042096
http://www.ncbi.nlm.nih.gov/pubmed/22879908
http://dx.doi.org/10.1093/bja/aet213
http://www.ncbi.nlm.nih.gov/pubmed/23811426
http://dx.doi.org/10.1097/AAP.0000000000000113
http://www.ncbi.nlm.nih.gov/pubmed/24956453
http://dx.doi.org/10.1245/s10434-014-4248-7
http://dx.doi.org/10.1245/s10434-014-4248-7
http://www.ncbi.nlm.nih.gov/pubmed/25413267


22. Kairaluoma PM, Bachmann MS, Rosenberg PH, Pere PJ. Preincisional paravertebral block reduces the

prevalence of chronic pain after breast surgery. Anesth Analg. 2006; 103(3):703–8. Epub 2006/08/26.

doi: 10.1213/01.ane.0000230603.92574.4e PMID: 16931684

23. Ibarra MM, GC SC, Vicente GU, Cuartero del Pozo A, Lopez Rincon R, Fajardo del Castillo MJ.

[Chronic postoperative pain after general anesthesia with or without a single-dose preincisional paraver-

tebral nerve block in radical breast cancer surgery]. Revista espanola de anestesiologia y reanimacion.

2011; 58(5):290–4. Epub 2011/06/23. PMID: 21692253

24. Samad TA, Moore KA, Sapirstein A, Billet S, Allchorne A, Poole S, et al. Interleukin-1beta-mediated

induction of Cox-2 in the CNS contributes to inflammatory pain hypersensitivity. Nature. 2001; 410

(6827):471–5. Epub 2001/03/22. doi: 10.1038/35068566 PMID: 11260714

25. Svensson CI, Yaksh TL. The spinal phospholipase-cyclooxygenase-prostanoid cascade in nociceptive

processing. Annual review of pharmacology and toxicology. 2002; 42:553–83. Epub 2002/01/25. doi:

10.1146/annurev.pharmtox.42.092401.143905 PMID: 11807183

26. Sycha T, Anzenhofer S, Lehr S, Schmetterer L, Chizh B, Eichler HG, et al. Rofecoxib attenuates both

primary and secondary inflammatory hyperalgesia: a randomized, double blinded, placebo controlled

crossover trial in the UV-B pain model. Pain. 2005; 113(3):316–22. Epub 2005/01/22. doi: 10.1016/j.

pain.2004.11.002 PMID: 15661439

27. McMahon SB, Tracey I, Koltzenburg M, Turk DC. Wall and Melzack’s Textbook of Pain. 6 ed. Philadel-

phia: Elsevier; 2016.

28. Wilder-Smith OH, Tassonyi E, Senly C, Otten P, Arendt-Nielsen L. Surgical pain is followed not only by

spinal sensitization but also by supraspinal antinociception. British journal of anaesthesia. 1996; 76

(6):816–21. Epub 1996/06/01. PMID: 8679356

29. Treede RD, Meyer RA, Raja SN, Campbell JN. Peripheral and central mechanisms of cutaneous hyper-

algesia. Prog Neurobiol. 1992; 38(4):397–421. Epub 1992/01/01. PMID: 1574584

30. Treede RD, Rolke R, Andrews K, Magerl W. Pain elicited by blunt pressure: neurobiological basis and

clinical relevance. Pain. 2002; 98(3):235–40. Epub 2002/07/20. PMID: 12127024

31. Nir RR, Granovsky Y, Yarnitsky D, Sprecher E, Granot M. A psychophysical study of endogenous anal-

gesia: the role of the conditioning pain in the induction and magnitude of conditioned pain modulation.

Eur J Pain. 2011; 15(5):491–7. Epub 2010/11/03. doi: 10.1016/j.ejpain.2010.10.001 PMID: 21035364

32. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European Organization

for Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clin-

ical trials in oncology. Journal of the National Cancer Institute. 1993; 85(5):365–76. Epub 1993/03/03.

PMID: 8433390

33. Hinz A, Einenkel J, Briest S, Stolzenburg JU, Papsdorf K, Singer S. Is it useful to calculate sum scores

of the quality of life questionnaire EORTC QLQ-C30? European journal of cancer care. 2012; 21

(5):677–83. Epub 2012/05/26. doi: 10.1111/j.1365-2354.2012.01367.x PMID: 22624663

34. Wilder-Smith OH, Arendt-Nielsen L, Gaumann D, Tassonyi E, Rifat KR. Sensory changes and pain

after abdominal hysterectomy: a comparison of anesthetic supplementation with fentanyl versus mag-

nesium or ketamine. Anesthesia and analgesia. 1998; 86(1):95–101. Epub 1998/01/16. PMID:

9428859

35. Yarnitsky D. Conditioned pain modulation (the diffuse noxious inhibitory control-like effect): its relevance

for acute and chronic pain states. Current opinion in anaesthesiology. 2010; 23(5):611–5. Epub 2010/

06/15. doi: 10.1097/ACO.0b013e32833c348b PMID: 20543676

36. Walsh TJ, Finberg RW, Arndt C, Hiemenz J, Schwartz C, Bodensteiner D, et al. Liposomal amphotericin

B for empirical therapy in patients with persistent fever and neutropenia. National Institute of Allergy and

Infectious Diseases Mycoses Study Group. The New England journal of medicine. 1999; 340(10):764–

71. Epub 1999/03/11. doi: 10.1056/NEJM199903113401004 PMID: 10072411

37. Solomkin JS, Wilson SE, Christou NV, Rotstein OD, Dellinger EP, Bennion RS, et al. Results of a clini-

cal trial of clinafloxacin versus imipenem/cilastatin for intraabdominal infections. Annals of surgery.

2001; 233(1):79–87. Epub 2001/01/05. PubMed Central PMCID: PMCPMC1421170. PMID: 11141229

38. Vahdat LT, Pruitt B, Fabian CJ, Rivera RR, Smith DA, Tan-Chiu E, et al. Phase II study of eribulin mesy-

late, a halichondrin B analog, in patients with metastatic breast cancer previously treated with an anthra-

cycline and a taxane. Journal of clinical oncology: official journal of the American Society of Clinical

Oncology. 2009; 27(18):2954–61. Epub 2009/04/08.

39. Caraceni A, Zecca E, Bonezzi C, Arcuri E, Yaya Tur R, Maltoni M, et al. Gabapentin for neuropathic

cancer pain: a randomized controlled trial from the Gabapentin Cancer Pain Study Group. Journal of

clinical oncology: official journal of the American Society of Clinical Oncology. 2004; 22(14):2909–17.

Epub 2004/07/16.

Hyperalgesia and Persistent Pain after Breast Cancer Surgery

PLOS ONE | DOI:10.1371/journal.pone.0166601 December 9, 2016 19 / 21

http://dx.doi.org/10.1213/01.ane.0000230603.92574.4e
http://www.ncbi.nlm.nih.gov/pubmed/16931684
http://www.ncbi.nlm.nih.gov/pubmed/21692253
http://dx.doi.org/10.1038/35068566
http://www.ncbi.nlm.nih.gov/pubmed/11260714
http://dx.doi.org/10.1146/annurev.pharmtox.42.092401.143905
http://www.ncbi.nlm.nih.gov/pubmed/11807183
http://dx.doi.org/10.1016/j.pain.2004.11.002
http://dx.doi.org/10.1016/j.pain.2004.11.002
http://www.ncbi.nlm.nih.gov/pubmed/15661439
http://www.ncbi.nlm.nih.gov/pubmed/8679356
http://www.ncbi.nlm.nih.gov/pubmed/1574584
http://www.ncbi.nlm.nih.gov/pubmed/12127024
http://dx.doi.org/10.1016/j.ejpain.2010.10.001
http://www.ncbi.nlm.nih.gov/pubmed/21035364
http://www.ncbi.nlm.nih.gov/pubmed/8433390
http://dx.doi.org/10.1111/j.1365-2354.2012.01367.x
http://www.ncbi.nlm.nih.gov/pubmed/22624663
http://www.ncbi.nlm.nih.gov/pubmed/9428859
http://dx.doi.org/10.1097/ACO.0b013e32833c348b
http://www.ncbi.nlm.nih.gov/pubmed/20543676
http://dx.doi.org/10.1056/NEJM199903113401004
http://www.ncbi.nlm.nih.gov/pubmed/10072411
http://www.ncbi.nlm.nih.gov/pubmed/11141229


40. Lee JS, Hobden E, Stiell IG, Wells GA. Clinically important change in the visual analog scale after ade-

quate pain control. Academic emergency medicine: official journal of the Society for Academic Emer-

gency Medicine. 2003; 10(10):1128–30. Epub 2003/10/04.

41. Moore RA, Straube S, Aldington D. Pain measures and cut-offs—’no worse than mild pain’ as a simple,

universal outcome. Anaesthesia. 2013; 68(4):400–12. Epub 2013/01/26. doi: 10.1111/anae.12148

PMID: 23347230

42. Collins SL, Moore RA, McQuay HJ. The visual analogue pain intensity scale: what is moderate pain in

millimetres? Pain. 1997; 72(1–2):95–7. Epub 1997/08/01. PMID: 9272792

43. Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT, et al. Interpreting the clinical

importance of treatment outcomes in chronic pain clinical trials: IMMPACT recommendations. The jour-

nal of pain: official journal of the American Pain Society. 2008; 9(2):105–21. Epub 2007/12/07.

44. Farrar JT, Young JP Jr., LaMoreaux L, Werth JL, Poole RM. Clinical importance of changes in chronic

pain intensity measured on an 11-point numerical pain rating scale. Pain. 2001; 94(2):149–58. Epub

2001/11/03. PMID: 11690728

45. Romundstad L, Breivik H, Roald H, Skolleborg K, Romundstad PR, Stubhaug A. Chronic pain and sen-

sory changes after augmentation mammoplasty: long term effects of preincisional administration of

methylprednisolone. Pain. 2006; 124(1–2):92–9. Epub 2006/05/03. doi: 10.1016/j.pain.2006.03.020

PMID: 16650580

46. Lakdja F, Dixmerias F, Bussieres E, Fonrouge JM, Lobera A. [Preventive analgesic effect of intraopera-

tive administration of ibuprofen-arginine on postmastectomy pain syndrome]. Bulletin du cancer. 1997;

84(3):259–63. Epub 1997/03/01. PMID: 9207871

47. Samad TA, Sapirstein A, Woolf CJ. Prostanoids and pain: unraveling mechanisms and revealing thera-

peutic targets. Trends in molecular medicine. 2002; 8(8):390–6. Epub 2002/07/20. PMID: 12127725

48. Ma W, Du W, Eisenach JC. Role for both spinal cord COX-1 and COX-2 in maintenance of mechanical

hypersensitivity following peripheral nerve injury. Brain research. 2002; 937(1–2):94–9. Epub 2002/05/

22. PMID: 12020867

49. Koppert W, Wehrfritz A, Korber N, Sittl R, Albrecht S, Schuttler J, et al. The cyclooxygenase isozyme

inhibitors parecoxib and paracetamol reduce central hyperalgesia in humans. Pain. 2004; 108(1–

2):148–53. Epub 2004/04/28. doi: 10.1016/j.pain.2003.12.017 PMID: 15109518

50. Breuer AJ, Mainka T, Hansel N, Maier C, Krumova EK. Short-term treatment with parecoxib for complex

regional pain syndrome: a randomized, placebo-controlled double-blind trial. Pain physician. 2014; 17

(2):127–37. Epub 2014/03/25. PMID: 24658473

51. Fernandez-Lao C, Cantarero-Villanueva I, Fernandez-de-las-Penas C, Del-Moral-Avila R, Menjon-Bel-

tran S, Arroyo-Morales M. Widespread mechanical pain hypersensitivity as a sign of central sensitiza-

tion after breast cancer surgery: comparison between mastectomy and lumpectomy. Pain medicine

(Malden, Mass). 2011; 12(1):72–8. Epub 2010/12/15.

52. Schreiber KL, Martel MO, Shnol H, Shaffer JR, Greco C, Viray N, et al. Persistent pain in postmastec-

tomy patients: comparison of psychophysical, medical, surgical, and psychosocial characteristics

between patients with and without pain. Pain. 2013; 154(5):660–8. Epub 2013/01/08. PubMed Central

PMCID: PMCPMC3863788. doi: 10.1016/j.pain.2012.11.015 PMID: 23290256

53. Gottrup H, Andersen J, Arendt-Nielsen L, Jensen TS. Psychophysical examination in patients with

post-mastectomy pain. Pain. 2000; 87(3):275–84. Epub 2000/08/30. PMID: 10963907

54. Vilholm OJ, Cold S, Rasmussen L, Sindrup SH. Sensory function and pain in a population of patients

treated for breast cancer. Acta anaesthesiologica Scandinavica. 2009; 53(6):800–6. Epub 2009/04/29.

doi: 10.1111/j.1399-6576.2009.01938.x PMID: 19397505

55. Andersen KG, Duriaud HM, Aasvang EK, Kehlet H. Association between sensory dysfunction and pain

1 week after breast cancer surgery: a psychophysical study. Acta anaesthesiologica Scandinavica.

2015. Epub 2015/10/09.

56. Wilder-Smith OH, Tassonyi E, Crul BJ, Arendt-Nielsen L. Quantitative sensory testing and human sur-

gery: effects of analgesic management on postoperative neuroplasticity. Anesthesiology. 2003; 98

(5):1214–22. Epub 2003/04/30. PMID: 12717144

57. Wilder-Smith OH, Schreyer T, Scheffer GJ, Arendt-Nielsen L. Patients with chronic pain after abdominal

surgery show less preoperative endogenous pain inhibition and more postoperative hyperalgesia: a

pilot study. J Pain Palliat Care Pharmacother. 2010; 24(2):119–28. Epub 2010/05/28. doi: 10.3109/

15360281003706069 PMID: 20504133

58. Lavand’homme P, De Kock M, Waterloos H. Intraoperative epidural analgesia combined with ketamine

provides effective preventive analgesia in patients undergoing major digestive surgery. Anesthesiology.

2005; 103(4):813–20. Epub 2005/09/30. PMID: 16192774

Hyperalgesia and Persistent Pain after Breast Cancer Surgery

PLOS ONE | DOI:10.1371/journal.pone.0166601 December 9, 2016 20 / 21

http://dx.doi.org/10.1111/anae.12148
http://www.ncbi.nlm.nih.gov/pubmed/23347230
http://www.ncbi.nlm.nih.gov/pubmed/9272792
http://www.ncbi.nlm.nih.gov/pubmed/11690728
http://dx.doi.org/10.1016/j.pain.2006.03.020
http://www.ncbi.nlm.nih.gov/pubmed/16650580
http://www.ncbi.nlm.nih.gov/pubmed/9207871
http://www.ncbi.nlm.nih.gov/pubmed/12127725
http://www.ncbi.nlm.nih.gov/pubmed/12020867
http://dx.doi.org/10.1016/j.pain.2003.12.017
http://www.ncbi.nlm.nih.gov/pubmed/15109518
http://www.ncbi.nlm.nih.gov/pubmed/24658473
http://dx.doi.org/10.1016/j.pain.2012.11.015
http://www.ncbi.nlm.nih.gov/pubmed/23290256
http://www.ncbi.nlm.nih.gov/pubmed/10963907
http://dx.doi.org/10.1111/j.1399-6576.2009.01938.x
http://www.ncbi.nlm.nih.gov/pubmed/19397505
http://www.ncbi.nlm.nih.gov/pubmed/12717144
http://dx.doi.org/10.3109/15360281003706069
http://dx.doi.org/10.3109/15360281003706069
http://www.ncbi.nlm.nih.gov/pubmed/20504133
http://www.ncbi.nlm.nih.gov/pubmed/16192774


59. Andersen KG, Kehlet H. Persistent pain after breast cancer treatment: a critical review of risk factors

and strategies for prevention. The journal of pain: official journal of the American Pain Society. 2011; 12

(7):725–46. Epub 2011/03/26.

60. Wylde V, Sayers A, Lenguerrand E, Gooberman-Hill R, Pyke M, Beswick AD, et al. Preoperative wide-

spread pain sensitization and chronic pain after hip and knee replacement: a cohort analysis. Pain.

2015; 156(1):47–54. Epub 2015/01/20. PubMed Central PMCID: PMCPMC4280282. doi: 10.1016/j.

pain.0000000000000002 PMID: 25599300

61. Yarnitsky D, Crispel Y, Eisenberg E, Granovsky Y, Ben-Nun A, Sprecher E, et al. Prediction of chronic

post-operative pain: pre-operative DNIC testing identifies patients at risk. Pain. 2008; 138(1):22–8.

Epub 2007/12/15. doi: 10.1016/j.pain.2007.10.033 PMID: 18079062

62. Lundblad H, Kreicbergs A, Jansson KA. Prediction of persistent pain after total knee replacement for

osteoarthritis. J Bone Joint Surg Br. 2008; 90(2):166–71. Epub 2008/02/08. doi: 10.1302/0301-620X.

90B2.19640 PMID: 18256082

63. Gwilym SE, Oag HC, Tracey I, Carr AJ. Evidence that central sensitisation is present in patients with

shoulder impingement syndrome and influences the outcome after surgery. J Bone Joint Surg Br. 2011;

93(4):498–502. Epub 2011/04/06. doi: 10.1302/0301-620X.93B4.25054 PMID: 21464489

64. Geber C, Klein T, Azad S, Birklein F, Gierthmuhlen J, Huge V, et al. Test-retest and interobserver reli-

ability of quantitative sensory testing according to the protocol of the German Research Network on

Neuropathic Pain (DFNS): a multi-centre study. Pain. 2011; 152(3):548–56. Epub 2011/01/18. doi: 10.

1016/j.pain.2010.11.013 PMID: 21237569

65. Rolke R, Baron R, Maier C, Tolle TR, Treede RD, Beyer A, et al. Quantitative sensory testing in the Ger-

man Research Network on Neuropathic Pain (DFNS): standardized protocol and reference values.

Pain. 2006; 123(3):231–43. Epub 2006/05/16. doi: 10.1016/j.pain.2006.01.041 PMID: 16697110

66. Wilder-Smith OH. A Paradigm-Shift in Pain Medicine: Implementing a Systematic Approach to Altered

Pain Processing in Everyday Clinical Practice. Based on Quantitative Sensory Testing. Aalborg, Den-

mark: Aalborg Univesity; 2013.

Hyperalgesia and Persistent Pain after Breast Cancer Surgery

PLOS ONE | DOI:10.1371/journal.pone.0166601 December 9, 2016 21 / 21

http://dx.doi.org/10.1016/j.pain.0000000000000002
http://dx.doi.org/10.1016/j.pain.0000000000000002
http://www.ncbi.nlm.nih.gov/pubmed/25599300
http://dx.doi.org/10.1016/j.pain.2007.10.033
http://www.ncbi.nlm.nih.gov/pubmed/18079062
http://dx.doi.org/10.1302/0301-620X.90B2.19640
http://dx.doi.org/10.1302/0301-620X.90B2.19640
http://www.ncbi.nlm.nih.gov/pubmed/18256082
http://dx.doi.org/10.1302/0301-620X.93B4.25054
http://www.ncbi.nlm.nih.gov/pubmed/21464489
http://dx.doi.org/10.1016/j.pain.2010.11.013
http://dx.doi.org/10.1016/j.pain.2010.11.013
http://www.ncbi.nlm.nih.gov/pubmed/21237569
http://dx.doi.org/10.1016/j.pain.2006.01.041
http://www.ncbi.nlm.nih.gov/pubmed/16697110

