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Preventing chronic postoperative pain
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Summary
Chronic postoperative pain is common. Nerve injury and inflammation promote chronic pain, the risk of which is

influenced by patient factors, including psychological characteristics. Interventional trials to prevent chronic postop-

erative pain have been underpowered with inadequate patient follow-up. Ketamine may reduce chronic postoperative

pain, although the optimum treatment duration and dose for different operations have yet to be identified. The evi-

dence for gabapentin and pregabalin is encouraging but weak; further work is needed before these drugs can be rec-

ommended for the prevention of chronic pain. Regional techniques reduce the rates of chronic pain after

thoracotomy and breast cancer surgery. Nerve-sparing surgical techniques may be of benefit, although nerve injury is

not necessary or sufficient for chronic pain to develop.
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Introduction
Approximately one in four patients identifies surgery as

the cause of their chronic pain [1]. The rate of chronic

postoperative pain varies with the type of operation.

Chronic pain develops in one in two patients who have

leg amputations, breast cancer surgery and thoracotomy

[2–4]. The chronic pain rate is 1 in 2.5 after coronary

artery bypass surgery, 1 in 5 after total knee arthro-

plasty, 1 in 6 after inguinal hernia repair and 1 in 10

after caesarean section [5–8]. The scale of this problem

is considerable: for instance, each year approximately

100 000 hernias are repaired in the UK, causing chronic

pain in about 17 000 patients. The pain is severe and

disabling for 1 in 10 patients with chronic pain [9].

Chronic postoperative pain often makes life worse,

impairing function and causing distress. Chronic pain is

difficult to treat and is often permanent. For this reason,

efforts to prevent the development of chronic pain after

surgery are vital [10].

The following criteria have been suggested for the

diagnosis of chronic postoperative pain [11]:

� The pain developed after a surgical procedure

� The pain is of at least two months’ duration,

although this has been criticised as too short a time

for postoperative inflammation to have resolved [12]

� Other causes of pain have been excluded, such as

malignancy or chronic infection

This review will discuss the pathogenic mechanisms

thought to contribute to persistent postoperative pain,

peri-operative preventative strategies with the potential

to reduce the risk of chronic pain, the impact of psy-

chosocial factors and the potential value of genetic anal-

ysis to stratify risk and treatment for the individual.

Pathophysiology
Acute postoperative pain is a result of noxious stim-

ulation of skin, subcutaneous tissues, viscera and
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neural structures [13]. Nociception is a protective

process that helps prevent further tissue damage by

triggering reflex withdrawal responses and modifica-

tion of behaviour to avoid injury [14]. Inflammatory

mediators released at the site of tissue injury cause a

reduction in the threshold of afferent nerve endings

(peripheral sensitisation) so that a lesser stimulus is

required to activate nociceptors, hence producing

hypersensitivity at the site of inflammation [9]. The

rates of ectopic discharges increase from injured and

nearby uninjured nerves, possibly due to increased

expression of voltage-gated sodium channels [15].

The barrage of afferent input from the injury site

causes central neurons to become hyperexcitable,

leading to an exaggerated response by these to nor-

mal sensory inputs [14]. These are usually short-

lived, activity-dependent processes, mediated largely

by glutamate via the N-methyl-D-aspartate (NMDA)

receptor, that resolve with injury resolution. Patients

experience spontaneous pain, allodynia and hyperal-

gesia at, and adjacent to, the site of injury [13].

The mechanisms that mediate the transition from

this acute, adaptive postoperative pain to chronic, mal-

adaptive pain are not fully understood, although nerve

injury and ongoing inflammation play important roles

[9]. Persistent pain following surgery can have

neuropathic characteristics [16, 17], and many of the

operations associated with persistent pain, such as

thoracotomy, breast surgery and amputation, involve

major nerves in the surgical field. Major nerve injury

accompanies stretching or crushing as well as transec-

tion [18]. However, intra-operative nerve transection

does not inevitably result in neuropathic pain, and

avoiding nerve transection does not necessarily prevent

chronic pain [19]. Risk factors for persistent postopera-

tive pain, other than nerve injury and ongoing inflam-

mation, include pre-operative pain, younger age, female

sex, genetic factors and psychological vulnerability [18].

Acute pain management and
preventive analgesia
The risk of chronic pain has been consistently associ-

ated with the severity of acute postoperative pain [8,

17, 20], possibly because of a shared predisposition to

both. However, the relationship may be causal, leading

to the hypothesis that reducing acute postoperative

pain reduces the risk of chronic pain [18]. Indeed,

peri-operative analgesics that have ‘antihyperalgesic’

actions appear to reduce central sensitisation and

hence the progression to chronic pain [13].

The site, timing and intensity of surgical damage

are predictable. An analgesic regimen can be designed

to anticipate, prevent or modify the nociceptive bar-

rage, thereby preventing central sensitisation. Pre-emp-

tive analgesia, defined as analgesia administered before

the surgical incision, is intended to attenuate the phys-

iological sequelae of nociception [13]. However, there

is a lack of evidence for the benefit of pre-emptive

regional or systemic analgesia on acute postoperative

pain, and there are insufficient data to draw conclu-

sions on the impact of pre-incisional or postincisional

analgesia on chronic pain [21].

While pre-emptive analgesia is administered before

the surgical incision to target the immediate peri-

operative period, the intention with ‘preventive’ anal-

gesia is to block nociceptive signals from the time of

the initial surgical stimulus until final wound healing,

so blocking central sensitisation [13]. Preventive anal-

gesia provides analgesia beyond the expected duration

for that agent, which has been defined as more than

5.5 half-lives [18]. The emphasis with preventive anal-

gesia is on adequacy and duration of the analgesic

intervention [13]. Drugs such as ketamine, gabapentin

and pregabalin have been investigated as anti-hyperal-

gesics, because they have mechanisms of action affect-

ing the central nervous system.

Factors influencing chronic
postoperative pain
Drugs
Ketamine

The mechanisms of ketamine’s anti-nociceptive actions

includes activation of descending inhibitory monoami-

nergic pain pathways and antagonism of NMDA

receptors [22], its action on the latter having originally

stimulated interest in its anti-hyperalgesic properties.

Ketamine may prevent hyperalgesia at subanaes-

thetic doses [23]. A 0.5 mg.kg�1 ketamine bolus,

followed by an intra-operative infusion at

0.25 mg.kg�1.h�1, reduced surgical site pain two weeks

after anterior resection and at one and six postopera-

tive months, compared with those receiving a lower
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dose of intravenous or epidural ketamine [23]. Early

postoperative analgesia was also better, and the area of

mechanical hyperalgesia around the wound was

reduced.

Systematic review and meta-analysis of ran-

domised controlled trials suggest that systemically

administered ketamine reduces chronic postoperative

pain [24]. Trials were undertaken in a range of surg-

eries and ketamine was administered using a variety of

regimens, but the majority involved a pre-incisional

loading dose of 0.15–1.00 mg.kg�1, with additional

intra-operative infusions. Further large-scale studies

are required to confirm these findings, as well as to

determine which subgroups benefit and the optimum

dose and duration of therapy [24].

Gabapentinoids

Gabapentin and pregabalin are structurally similar to

gamma-aminobutyric acid (GABA), although neither

has any activity at GABA receptors. These drugs bind

to the alpha-2-delta subunit of pre-synaptic voltage-

gated calcium channels, inhibiting calcium influx and

attenuating glutamate release in the nociceptive

pathways, so reducing pain transmission and central

sensitisation [25].

Gabapentin and pregabalin reduce immediate

postoperative pain and opioid consumption [25, 26].

Long-term effects on postoperative pain are equivocal

[24, 26, 27] (Table 1). One systematic review

concluded that gabapentin and pregabalin reduced pain

3–6 months after surgery [27]. Of eight gabapentin tri-

als examined, four reported a reduction in pain or

analgesic use at long-term follow-up [29–31, 42], and

four found no benefit [28, 32, 33, 43]. In one study,

the combination of gabapentin with a topical and infil-

trated local anaesthetic reduced pain, therefore the con-

tribution of gabapentin alone was unknown [42]. A

Cochrane review of 10 trials of gabapentin [2, 28–35,

43], including one excluded by the other systematic

review, and five trials of pregabalin [36–39, 41] con-

cluded there was no evidence of benefit for either [24].

The most recent systematic review suggested that

pregabalin reduced neuropathic pain [26]. Evidence of

benefit was largely restricted to one well-conducted trial

of pregabalin for total knee arthroplasty [28]: prega-

balin 300 mg was given 1–2 h before surgery and

150 mg was given twice daily for 10 postoperative

days, after which 50 mg was given twice daily for four

more days. Pregabalin reduced the rates of neuropathic

pain at three and six postoperative months compared

with placebo, but increased sedation and confusion for

the first postoperative day, without affecting hospital

stay.

The sample sizes in the majority of trials of gaba-

pentin, pregabalin and ketamine have been small, pow-

ered to detect differences in outcomes other than

chronic pain: future trials need to recruit sufficient

participants to detect statistically significant, clinically

important effects of drugs on chronic pain [24]. Future

trials should compare the effects of the different doses

and durations of therapy used in published trials. For

example, reported pre-operative doses of gabapentin

have ranged from 300 to 1200 mg.day�1 and have

been administered as single doses or for courses lasting

up to 30 postoperative days. The effects and side-

effects of these drugs and their interactions should be

assessed using standardised measures of pain at agreed

time points [24]. Gabapentin and pregabalin can cause

sedation, dizziness and visual disturbance [26]. Keta-

mine can cause psychotropic effects and might only

benefit patients with the highest risk of developing

chronic postoperative pain.

It is unlikely that a single drug will be sufficient to

block central sensitisation. Prolonged multimodal ther-

apy, involving anti-hyperalgesic drugs with effects on

central sensitisation, combined with regional anaesthe-

sia and nerve-sparing surgical techniques are likely to

be most beneficial [13].

Blockade
Effective regional anaesthesia may prevent central

sensitisation by blocking nociceptive input into the

spinal cord [19]. Systematic reviews of regional anaes-

thesia have concluded that epidural anaesthesia and

paravertebral blocks reduce the risk of persistent pain

six months after open thoracotomy and breast cancer

surgery, respectively, preventing persistent pain for

one in four patients treated [44]. These findings are

interesting also in view of the apparent beneficial effect

of regional anaesthesia in reducing tumour recurrence

[45]. Data for paravertebral blockade were pooled from

two breast cancer studies of 89 women in whom
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pre-incisional, single shot paravertebral blocks were

combined with general anaesthesia [46, 47]. Hetero-

geneity of the other studies in the systematic review

precluded further meta-analyses by surgical subgroup

[44], but randomised controlled trials have shown long-

term analgesic benefits of regional anaesthesia following

laparotomy [48], caesarean section [49, 50] and cardiac

surgery [51], but not gynaecological laparotomy,

Table 1 Randomised, double-blind, placebo-controlled trials examining the chronic postoperative analgesic effects of
gabapentin and pregabalin.

Study Intervention N Operation Anaesthetic Outcome

Fassoulaki
et al. [28]

Gabapentin 400 mg or
mexiletine 200 mg pre-op’
then postop’ tds for 10 days

75 Modified radical
mastectomy or
lumpectomy with
axillary dissection

General No effect on pain or analgesic
use at 3 months for either
intervention, but more burning
pain in control group

Nikolajsen
et al. [2]

Gabapentin titrated to
2400 mg.day�1 postop’
30 days

46 Lower limb
amputation

Epidural,
with or
without
general or
spinal

No effect on stump or phantom
pain at 3 and 6 months

Brogly et al.
[29]

Gabapentin 1200 mg pre-op’ 50 Total or partial
thyroidectomy

General +
superficial
cervical
plexus
block

Less neuropathic pain at
6 months

Sen et al. [30] Gabapentin 1200 mg pre-op’ or
intravenous ketamine
0.3 mg.kg�1 pre-op’ plus
0.05 mg.kg�1.h�1 intra-op’

60 Abdominal
hysterectomy

General Less incisional pain at 1, 3 and
6 months compared with
ketamine and control

Sen et al. [31] Gabapentin 1200 mg pre-op’ 60 Inguinal
herniorraphy

Spinal Less pain at 1, 3 and 6 months

Amr et al.
[32]

Gabapentin 300 mg or
venlafaxine 37.5 mg pre-op’
then postop’ for 10 days

150 Partial or radical
mastectomy with
axillary dissection

General Venlafaxine reduced pain at
6 months but more burning
pain in control group

Moore et al.
[33]

Gabapentin 600 mg pre-op’ 46 Caesarean section Spinal No difference in pain or
abnormal sensation at
3 months

Ucak et al.
[34]

Gabapentin 1200 mg pre-op’
then postop’ for 2 days

40 Coronary artery
bypass grafting

General No difference in pain at
3 months

Kinney et al.
[35]

Gabapentin 600 mg pre-op’ 120 Thoracotomy Epidural +
general

No difference in pain at
3 months

Kim et al.
[36]

Pregabalin 150 mg pre-op’ then
12 h later

99 Endoscopic
thyroidectomy

General No difference in pain at
3 months

Burke et al.
[37]

Pregabalin 300 mg pre-op’ then
150 mg postop’ at 12 h and
24 h

40 Lumbar discectomy General Less pain at 3 months

Buvanendran
et al. [38]

Pregabalin 300 mg pre-op’ then
postop’ 50-150 mg bd for
14 days

240 Total knee
arthroplasty

Combined
spinal
epidural +
sedation

Decreased neuropathic pain at 3
and 6 months

Pesonen
et al. [39]

Pregabalin 150 mg pre-op’ then
postop’ 75 mg bd for 5 days

70 Coronary artery
bypass grafting or
single valve repair
or replacement

General Less pain on movement at
3 months

Fassoulaki
et al. [40]

Pregabalin 150 mg pre-op’ then
postop’ for 5 days

80 Abdominal
hysterectomy or
myomectomy

General No effect on incidence of pain at
3 months

Giansello
et al. [41]

Pregabalin 300 mg pre-op’ then
postop’ 150 mg bd for 2 days

60 Decompressive
lumbar
laminectomy with
spinal fusion

General No difference in pain at
3 months and 1 year
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herniorrhaphy and breast cancer surgery (wound infil-

tration and intercostal nerve block) [52–54].

Surgery
Techniques that reduce intra-operative nerve injury

might reduce chronic postoperative pain. For example,

the rates of persistent pain and numbness after hernia

repair are less after laparoscopic than open surgery,

which is thought to be due to less nerve damage

occurring during the former [7, 9]. The high rate of

chronic pain after thoracotomy may be due to inter-

costal nerve injury caused by rib retractors. However,

trials have not shown that pain is less after video-

assisted thoracic surgery compared with open surgery,

even though the former should cause less nerve trauma

[16]. The surgeon performing the operation has been

shown to significantly influence the likelihood of a

patient developing chronic postoperative pain. Fewer

women whose surgeons operate in high volume units

have chronic pain after breast surgery, possibly due to

less damage of the intercostobrachial nerve [55]. This

may relate to the surgical technique, anaesthesia, peri-

operative analgesia or psychological factors [16]. Neu-

rophysiological studies have demonstrated that nerves

are injured in patients with and without post-thoraco-

tomy pain, indicating that factors other than nerve

injury are important [56]. Operations longer than

three hours are associated with an increased rate of

chronic pain, although this association may be caused

by more complex pathology and intra-operative tissue

damage [57].

Psychology
Two systematic reviews have found that catastrophising

pain, anxiety, depression, stress and late return to work

are associated with chronic postsurgical pain [58, 59].

Fear of the long-term consequences of surgery is asso-

ciated with impaired long-term physical function [60].

Chronic pain develops more often in people who

catastrophise, whilst general anxiety is an inconsistent

factor [58]. ‘Catastrophising’ pain is characterised by

magnification of the value of its threat, rumination on

pain, and/or feelings of helplessness in the context of

pain [61]. Catastrophising is more marked among

patients undergoing musculoskeletal surgery [58] and

is the strongest predictor of persistent pain in patients

undergoing total knee arthroplasty, an operation after

which one in five patients suffers persistent pain [6].

Pre-operative screening may identify patients at

increased risk of chronic pain and could facilitate tar-

geted peri-operative interventions to reduce pain and

to increase patients’ abilities to cope with pain. It is

also important that patients are educated about the

procedure and expected outcomes, enabling patient

participation in the decision-making process [6]. When

patients are given information about what they should

expect to feel after surgery, in addition to procedural

information, they experience less pain and distress

than if either type of information is given alone [62].

Ensuring consistency of information may be a key fac-

tor in reducing catastrophising behaviours [6]. Further

research into the peri-operative use of psychoactive

medications, such as anxiolytics, may also reveal long-

term benefits of a pharmacological strategy to reduce

the rate of chronic pain [63].

Genes
It is likely that genetic variation contributes to the

phenotypic variation in acute and chronic postopera-

tive pain after the same operation [64]. Animal and

human studies suggest that genes account for 30–70%

of the variation in chronic pain [65].

Genes have been identified that are responsible for

inherited abnormalities in pain processing [65]. The

hereditary sensory and autonomic neuropathies

(HSAN 1-4), for example, are a group of syndromes

resulting from single gene mutations. Pain perception

and responses are markedly diminished or absent and

affected individuals often accumulate painless injuries

[65]. There are also conditions associated with

enhanced pain sensitivity. For example, the neuro-

pathic pain condition, erythromelalgia, is associated

with a mutation in the SCN9A gene that reduces the

electrical activation threshold of the Nav1.7 voltage-

gated sodium channel [65]. The association of patho-

logical conditions with genetic abnormalities con-

tributes to our understanding of pain processing.

However, this knowledge has yet to benefit patients

with chronic pain [65].

No single gene is responsible for chronic pain after

surgery, but the interaction of multiple genes and the

environment is likely to be important [64]. It is possible
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that there are different genes that confer specific vul-

nerability to different aspects of pain, for example fre-

quency of painful episodes, type of pain (e.g. burning,

electric shock-like) or spread of pain around the surgi-

cal site [18]. Recent studies have identified a few candi-

date genes for chronic postoperative pain [64].

Susceptibility to chronic pain following nerve injury

during breast surgery is associated with polymorphisms

in CACNG2, which encodes the protein ‘stargazin’ that

traffics glutamatergic a-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid (AMPA) receptors [66].

Genes are also responsible for many aspects of

analgesic efficacy. Polymorphisms in the CYP2D6 gene

affect the O-demethylation of codeine and other weak

opioids to more potent metabolites – poor metabolis-

ers experience less analgesia. Similarly, single nucleo-

tide polymorphisms in the mu-receptor are associated

with increased morphine requirements [67]. It might

be hoped that our understanding of pharmacoge-

nomics will develop sufficiently to allow the formula-

tion of patient-specific analgesic regimens for those at

high risk of persistent postoperative pain or to treat

those with established chronic pain. It is clear that

there is still a long way to go before it will be possible

to use a patient’s genetic fingerprint to identify their

risk of chronic pain after surgery. Nevertheless, this

remains an essential line of investigation if we are to

achieve the goal of individualised peri-operative care.

Research
Future studies should thoroughly report known factors

associated with chronic pain, whether patient, surgical,

anaesthetic or analgesic. The long-term physical, psy-

chological and functional outcomes should be detailed.

Patient blood samples should be stored for genetic

analyses: large data sets may identify genes that make

patients susceptible or resistant to persistent postopera-

tive pain. A better understanding of the natural history

and consequences of chronic postoperative pain would

facilitate effective strategies for its prevention and

treatment. Patients should be made aware of the risk

of chronic postsurgical pain, particularly where there is

a high risk due to the type of surgery or known

patient risk factors. This will allow patients to make

better informed decisions about whether to proceed

with surgery and to understand that surgery may alle-

viate an existing, intermittent pain but in exchange for

a different lifelong pain.

References
1. Crombie IK, Davies HT, Macrae WA. Cut and thrust: antecedent

surgery and trauma among patients attending a chronic pain
clinic. Pain 1998; 76: 167–71.

2. Nikolajsen L, Finnerup NB, Kramp S, Vimtrup AS, Keller J, Jen-
sen TS. A randomized study of the effects of gabapentin on
postamputation pain. Anesthesiology 2006; 105: 1008–15.

3. G€artner R, Jensen MB, Nielsen J, Ewertz M, Kroman N, Kehlet
H. Prevalence of and factors associated with persistent pain
following breast cancer surgery. Journal of the American Med-
ical Association 2009; 302: 1985–92.

4. Bayman EO, Brennan TJ. Incidence and severity of chronic pain
at 3 and 6 months after thoracotomy: meta-Analyses. Journal
of Pain 2014; 15: 887–97.

5. Bruce J, Drury N, Poobalan AS, Jeffrey RR, Smith WC, Cham-
bers WA. The prevalence of chronic chest and leg pain follow-
ing cardiac surgery: a historical cohort study. Pain 2003; 104:
265–73.

6. Lewis GN, Rice DA, McNair PJ, Kluger M. Predictors of persis-
tent pain after total knee arthroplasty: a systematic review
and meta-analysis. British Journal of Anaesthesia 2015; 114:
551–61.

7. McCormack K, Scott NW, Go PM, Ross S, Grant AM; EU Hernia
Trialists Collaboration. Laparoscopic techniques versus open
techniques for inguinal hernia repair. Cochrane Database of
Systematic Reviews 2003; 1: CD001785.

8. Nikolajsen L, Sørensen HC, Jensen TS, Kehlet H. Chronic pain
following Caesarean section. Acta Anaethesiologica Scandi-
navica 2004; 48: 111–6.

9. Kehlet H, Jensen TS, Woolf CJ. Persistent postoperative pain:
risk factors and prevention. Lancet 2006; 367: 1618–25.

10. Dworkin RH, McDermott MP, Raja SN. Preventing chronic post-
operative pain: how much of a difference makes a difference?
Anesthesiology 2010; 112: 516–8.

11. Macrae WA, Davies HTO. Chronic postoperative pain. In: Crom-
bie IK, Linton S, Croft P, Von Korff M, LeResche L, eds. Epi-
demiology of pain. Seattle: IASP Press, 1999: 125–42.

12. Kehlet H, Rathmell JP. Persistent postsurgical pain: the path
forward through better design of clinical studies. Anesthesiol-
ogy 2010; 112: 514–5.

13. Dahl JB, Kehlet H. Preventive analgesia. Current Opinion in
Anaesthesiology 2011; 24: 331–8.

14. Latremoliere A, Woolf CJ. Central sensitization: a generator of
pain hypersensitivity by central neural plasticity. The Journal
of Pain 2009; 10: 895–926.

15. Baron R, Binder A, Wasner G. Neuropathic pain: diagnosis,
pathophysiological mechanisms, and treatment. Lancet Neu-
rology 2010; 9: 807–19.

16. Maguire MF, Ravenscroft A, Beggs D, Duffy JP. A questionnaire
study investigating the prevalence of the neuropathic compo-
nent of chronic pain after thoracic surgery. European Journal
of Cardiothoracic Surgery 2006; 29: 800–5.

17. Bruce J, Thornton AJ, Powell R, et al. Psychological, surgical,
and sociodemographic predictors of pain outcomes after
breast cancer surgery: a population-based cohort study. Pain
2014; 155: 232–43.

18. Katz J, Seltzer Z. Transition from acute to chronic postopera-
tive pain: risk factors and protective factors. Expert Review of
Neurotherapeutics 2009; 9: 723–44.

© 2015 The Association of Anaesthetists of Great Britain and Ireland 69

Reddi | Preventing chronic postoperative pain Anaesthesia 2016, 71 (Suppl. 1), 64–71



19. Macrae WA. Chronic post-surgical pain: 10 years on. British
Journal of Anaesthesia 2008; 101: 77–86.

20. Gotoda Y, Kambara N, Sakai T, Kishi Y, Kodama K, Koyama T.
The morbidity, time course and predictive factors for persis-
tent post-thoracotomy pain. European Journal of Pain 2001;
5: 89–96.

21. Møiniche S, Kehlet H, Dahl JB. A qualitative and quantitative
systematic review of preemptive analgesia for postoperative
pain relief. Anesthesiology 2002; 96: 725–41.

22. Hirota K, Lambert DG. Ketamine: new uses for an old drug?
British Journal of Anaesthesia 2011; 107: 123–6.

23. De Kock M, Lavand’homme P, Waterloos H. ‘Balanced analge-
sia’ in the perioperative period: is there a place for ketamine?
Pain 2001; 92: 373–80.

24. Chaparro LE, Smith SA, Moore RA, Wiffen PJ, Gilron I. Pharma-
cotherapy for the prevention of chronic pain after surgery in
adults. Cochrane Database of Systematic Reviews 2013; 7:
CD008307.

25. Schmidt PC, Ruchelli G, Mackey SC, Carroll IR. Perioperative
gabapentinoids: choice of agent, dose, timing, and effects on
chronic postoperative pain. Anesthesiology 2013; 119: 1215–
21.

26. Mishriky BM, Waldron NH, Habib AS. Impact of pregabalin on
acute and persistent postoperative pain: a systematic review
and meta-analysis. British Journal of Anaesthesia 2015; 114:
10–31.

27. Clarke H, Bonin RP, Orser BA, Englesakis M, Wijeysundera DN,
Katz J. The prevention of chronic postoperative pain using
gabapentin and pregabalin: a combined systematic review
and meta-analysis. Anesthesia and Analgesia 2012; 115:
428–42.

28. Fassoulaki A, Patris K, Sarantopoulos C, Hogan Q. The anal-
gesic effect of gabapentin and mexiletine after breast surgery
for cancer. Anesthesia and Analgesia 2002; 95: 985–91.

29. Brogly N, Wattier JM, Andrieu G, et al. Gabapentin attenuates
late but not early postoperative pain after thyroidectomy with
superficial cervical plexus block. Anesthesia and Analgesia
2008; 107: 1720–5.

30. Sen H, Sizlan A, Yanarates O, et al. A comparison of gabapen-
tin and ketamine in acute and chronic pain after hysterec-
tomy. Anesthesia and Analgesia 2009; 109: 1645–50.

31. Sen H, Sizlan A, Yanarates� O, et al. The effects of gabapentin
on acute and chronic pain after inguinal herniorrhaphy. Euro-
pean Journal of Anaesthesiology 2009; 26: 772–6.

32. Amr YM, Yousef AA. Evaluation of efficacy of the periopera-
tive administration of Venlafaxine or gabapentin on acute and
chronic postmastectomy pain. Clinical Journal of Pain 2010;
26: 381–5.

33. Moore A, Costello J, Wieczorek P, Shah V, Taddio A, Carvalho
JC. Gabapentin improves postcesarean delivery pain manage-
ment: a randomized, placebo-controlled trial. Anesthesia and
Analgesia 2011; 112: 167–73.

34. Ucak A, Onan B, Selcuk I, Turan A, Yimaz AT. The effects of
gabapentin on acute and chronic postoperative pain after
coronary artery bypass graft surgery. Journal of Cardiothoracic
and Vascular Anesthesia 2011; 25: 824–9.

35. Kinney MA, Mantilla CB, Carns PE, et al. Preoperative gaba-
pentin for acute post-thoracotomy analgesia: a randomized,
double-blinded, active placebo-controlled study. Pain Practice
2012; 12: 175–83.

36. Kim SY, Jeong JJ, Chung WY, Kim HJ, Nam KH, Shim YH. Periop-
erative administration of pregabalin for pain after robot-
assisted endoscopic thyroidectomy: a randomized clinical trial.
Surgical Endoscopy 2010; 24: 2776–81.

37. Burke SM, Shorten GD. Perioperative pregabalin improves
pain and functional outcomes 3 months after lumbar discec-
tomy. Anesthesia and Analgesia 2010; 110: 1180–5.

38. Buvanendran A, Kroin JS, Della Valle CJ, Kari M, Moric M,
Tuman KJ. Perioperative oral pregabalin reduces chronic pain
after total knee arthroplasty: a prospective, randomized, con-
trolled trial. Anesthesia and Analgesia 2010; 110: 199–207.

39. Pesonen A, Suojaranta-Ylinen R, Hammarn E, et al. Pregabalin
has an opioid-sparing effect in elderly patients after cardiac
surgery: a randomized placebo-controlled trial. British Journal
of Anaesthesia 2011; 106: 873–81.

40. Fassoulaki A, Melemeni A, Tsaroucha A, Paraskeva A. Peri-
operative pregabalin for acute and chronic pain after abdomi-
nal hysterectomy or myomectomy. European Journal of
Anaesthesiology 2012; 29: 531–6.

41. Gianesello L, Pavoni V, Barboni E, Galeotti I, Nella A. Perioper-
ative pregabalin for postoperative pain control and quality of
life after major spinal surgery. Journal of Neurosurgical Anes-
thesiology 2012; 24: 121–6.

42. Fassoulaki A, Triga A, Melemeni A, Sarantopoulos C. Multi-
modal analgesia with gabapentin and local anesthetics pre-
vents acute and chronic pain after breast surgery for cancer.
Anesthesia and Analgesia 2005; 101: 1427–32.

43. Clarke H, Pereira S, Kennedy D, et al. Adding gabapentin to a
multimodal regimen does not reduce acute pain, opioid con-
sumption or chronic pain after total hip arthroplasty. Acta
Anaethesiologica Scandinavica 2009; 53: 1073–83.

44. Andreae MH, Andreae DA. Regional anaesthesia to prevent
chronic pain after surgery: a cochrane systematic review and
meta-analysis. British Journal of Anaesthesia 2013; 111: 711–
20.

45. Snyder GL, Greenberg S. Effect of anaesthetic technique and
other peri-operative factors on cancer recurrence. British Jour-
nal of Anaesthesia 2010; 105: 106–15.

46. Kairaluoma PM, Bachmann MS, Rosenberg PH, Pere PJ. Prein-
cisional paravertebral block reduces the prevalence of chronic
pain after breast surgery. Anesthesia and Analgesia 2006;
103: 703–8.

47. Ibarra MM, S-Carralero GC, Vicente GU, Cuartero del Pozo A,
L�opez Rinc�on R, Fajardo del Castillo MJ. [Chronic postoperative
pain after general anesthesia with or without a single-dose
preincisional paravertebral nerve block in radical breast cancer
surgery]. Revista Espa~nola de Anestesiolog�̌a y Reanimaci�on
2011; 58: 290–4.

48. 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: 813–20.

49. Shahin AY, Osman AM. Intraperitoneal lidocaine instillation
and postcesarean pain after parietal peritoneal closure: a ran-
domized double blind placebo-controlled trial. Clinical Journal
of Pain 2010; 26: 121–7.

50. Lavand’homme PM, Roelants F, Waterloos H, De Kock MF.
Postoperative analgesic effects of continuous wound infiltra-
tion with diclofenac after elective cesarean delivery. Anesthe-
siology 2007; 106: 1220–5.

51. Chiu KM, Wu CC, Wang MJ, et al. Local infusion of bupivacaine
combined with intravenous patient-controlled analgesia pro-
vides better pain relief than intravenous patient-controlled
analgesia alone in patients undergoing minimally invasive
cardiac surgery. Journal of Thoracic and Cardiovascular Surgery
2008; 135: 1348–52.

52. Katz J, Cohen L. Preventive analgesia is associated with
reduced pain disability 3 weeks but not 6 months after major

70 © 2015 The Association of Anaesthetists of Great Britain and Ireland

Anaesthesia 2015, 71, 64–71 Reddi | Preventing chronic postoperative pain



gynecologic surgery by laparotomy. Anesthesiology 2004;
101: 169–74.

53. Albi-Feldzer A, Mouret-Fourme EE, Hamouda S, et al. A dou-
ble-blind randomized trial of wound and intercostal space
infiltration with ropivacaine during breast cancer surgery.
Anesthesiology 2013; 118: 318–26.

54. Kurmann A, Fischer H, Dell-Kuster S, et al. Effect of intraoper-
ative infiltration with local anesthesia on the development of
chronic pain after inguinal hernia repair: a randomized, triple-
blinded, placebo-controlled trial. Surgery 2015; 157: 144–54.

55. Tasmuth T, Blomqvist C, Kalso E. Chronic post-treatment symp-
toms in patients with breast cancer operated in different surgical
units. European Journal of Surgical Oncology 1999; 25: 38–43.

56. Wildgaard K, Ringsted TK, Hansen HJ, Petersen RH, Werner
MU, Kehlet H. Quantitative sensory testing of persistent pain
after video-assisted thoracic surgery lobectomy. British Journal
of Anaesthesia 2012; 108: 126–33.

57. Peters ML, Sommer M, de Rijke JM, et al. Somatic and psy-
chologic predictors of long-term unfavorable outcome after
surgical intervention. Annals of Surgery 2007; 245: 487–94.

58. Theunissen M, Peters ML, Bruce J, Gramke HF, Marcus MA.
Preoperative anxiety and catastrophizing: a systematic review
and meta-analysis of the association with chronic postsurgical
pain. Clinical Journal of Pain 2012; 28: 819–41.

59. Hinrichs-Rocker A, Schulz K, J€arvinen I, Lefering R, Simanski C,
Neugebauer EA. Psychosocial predictors and correlates for
chronic post-surgical pain (CPSP) - a systematic review. Euro-
pean Journal of Pain 2009; 13: 719–30.

60. Peters ML, Sommer M, Van Kleef M, Marcus MA. Predic-
tors of physical and emotional recovery 6 and 12 months
after surgery. British Journal of Surgery 2010; 97: 1518–27.

61. Quartana PJ, Campbell CM, Edwards RR. Pain catastrophizing:
a critical review. Expert Review of Neurotherapeutics 2009; 9:
745–58.

62. Suls J, Wan CK. Effects of sensory and procedural information
on coping with stressful medical procedures and pain: a
meta-analysis. Journal of Consulting and Clinical Psychology
1989; 57: 372–9.

63. Caumo W, Levandovski R, Hidalgo MP. Preoperative anxiolytic
effect of melatonin and clonidine on postoperative pain and
morphine consumption in patients undergoing abdominal hys-
terectomy: a double-blind, randomized, placebo-controlled
study. Journal of Pain 2009; 10: 100–8.

64. Clarke H, Katz J, Flor H, Rietschel M, Diehl SR, Seltzer Z.
Genetics of chronic post-surgical pain: a crucial step toward
personal pain medicine. Canadian Journal of Anesthesia
2014; 62: 294–303.

65. Young EE, Lariviere WR, Belfer I. Genetic basis of pain variabil-
ity: recent advances. Journal of Medical Genetics 2012; 49:
1–9.

66. Nissenbaum J, Devor M, Seltzer Z, et al. Susceptibility to
chronic pain following nerve injury is genetically affected by
CACNG2. Genome Research 2010; 15: 1180–90.

67. Somogyi AA, Barratt DT, Coller JK. Pharmacogenetics of opi-
oids. Clinical Pharmacology and Therapeutics 2007; 81: 429–
44.

© 2015 The Association of Anaesthetists of Great Britain and Ireland 71

Reddi | Preventing chronic postoperative pain Anaesthesia 2016, 71 (Suppl. 1), 64–71


