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Despite many advances in the provision of pain services,

acute pain after surgery remains a serious cause of severe

suffering that is often undermanaged despite our best

efforts.6 34 37 Acute pain teams have been introduced in

many hospitals, but recent evidence from a UK national

postal questionnaire suggests that they are struggling with

the problem of alleviating acute pain successfully.90 In a

review of published data of pooled pain scores from

nearly 20 000 surgical patients having intramuscular, patient

controlled analgesia (PCA) or extradural analgesia, the over-

all mean (95% confidence interval) incidence of moderate to

severe and severe pain was 29.7 (26.4–33.0)% and 10.9 (8.4–

13.4)%, respectively.37 Often the provision of effective post-

operative analgesia is limited by side-effects, and these have

been quantified in contemporary anaesthetic practice by

Cashman and Dolin with special attention to respiratory

depression and hypotension after intramuscular, PCA and

extradural analgesia,28 in a companion paper to their study

of analgesic efficacy.37 Cashman and Dolin concluded that

assuming an acute pain service uses a mixture of the three

analgesic techniques studied (intramuscular, PCA, and

extradural analgesia), then the expected incidence of respira-

tory depression (defined by a low ventilatory frequency)

should be less than 1%, and the expected incidence of hypo-

tension related to analgesic technique should be less than

5%. Interestingly, while the incidence of respiratory depres-

sion decreased over the period 1980–99, the incidence of

hypotension did not.28 The risk of side-effects from other

analgesics in use for acute postoperative pain therapy is well

defined. NSAIDs, for example, are effective analgesics, but

have potential adverse effects that may render them contra-

indicated in many patients having surgery.47 76

Acute pain can be persistent, the tissue damage of surgery

setting up pathophysiological processes in the peripheral and

central nervous systems that may produce chronicity.32 The

association between surgery, acute postoperative pain and

ongoing severe chronic pain is well defined,72 85 one paper

noting that the severity of acute pain was a predictive factor

for chronic ongoing pain.85 The significance of this associa-

tion has been reinforced by recent studies demonstrating that

it is a problem even in previously healthy young women

having Caesarian section,82 and is a source of long-term

pain and disability after the relatively minor procedure of

inguinal hernia repair.14

There is therefore a pressing need for advances in the

agents and techniques we can use to improve analgesia

efficacy, and perhaps reduce the incidence of chronic suffer-

ing after surgery. The methods that have been at our disposal

for some years for acute pain relief have been assessed

critically81 and are summarized in Table 1.

In this review of postoperative pain relief, consideration

will be given to advances in our understanding of the role

of non-pharmacological techniques, peripheral opioid

analgesia, selective cyclooxygenase 2 inhibitors, i.v. para-

cetamol and nitroxyparacetamol, and the diagnosis and

management of acute postsurgical neuropathic pain.

Non-pharmacological methods of
postoperative pain relief

Although the accepted definition of pain emphasizes the

cognitive, emotional response to tissue damage, the role

of psychological techniques in the relief of acute pain has

been minimized. An example of the importance of this is that

such factors affect recovery after acute sports injury. After

anterior cruciate ligament repair, ‘catastrophizing’ is dis-

played and is associated with higher pain scores.106 Perhaps

surprisingly, catastrophizing was a particularly strong factor

in postoperative pain differences between adolescents and

adults, being more pronounced in the younger patients.106

Over 10 yr ago a meta-analysis of 191 studies of surgical

patients demonstrated that ‘psychoeducational care’ has

beneficial effects on recovery, postoperative pain and psy-

chological distress after surgery.36 Psychoeducational care

was classed as health-care information (information in

preparation for surgery, timing of procedures, functions
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and roles of health-care providers, self-care actions, and pain

and discomfort information); skills teaching (coughing,

breathing and bed exercises, relaxation, hypnosis, cogni-

tive reappraisal); and psychosocial support (identifying

and alleviating concerns, reassurance, problem-solving,

encouraging questions, and increasing the frequency of sup-

port). Unfortunately, such non-pharmacological therapy is

seldom used for acute postoperative pain relief, although it is

beneficial and devoid of any significant adverse effects.

Well-designed clinical studies are required to investigate

the role of non-pharmacological techniques in relieving

postsurgical pain. An example of this is acupuncture,

which has been examined recently after shoulder surgery

in a randomized study and found to reduce pain, improve

movement and increase patient satisfaction.46 Moreover, in

another well-designed study acupuncture has been shown to

reduce somatosensory evoked potentials to noxious stimuli

in anaesthetized volunteers.75

Peripheral opioid analgesia

Traditionally, opioids are viewed as basic components of

postoperative analgesia given into the systemic circulation

by injection, but even their use is changing considerably.

The use of oral opioid immediate- and sustained-release

opioid preparations provides quick and effective analgesia

and can be used to bridge the analgesic gap that is often

apparent after patient-controlled or extradural analgesia has

been stopped and when the patient eventually attains com-

fort on simple analgesics.99 Indeed, prescriber confidence in

using effective doses of oral opioids may allow the delivery

of good analgesia without recourse to parental injections or

invasive procedures. In a similar manner, the development

of opioid nasal sprays may facilitate the delivery of effective

analgesia.60 84

Whilst opioidsare the mainstay for reliefof severepain, they

are far from perfect analgesics as they have many significant

adverseeffects.104 Thecommon opioid side-effectsof respira-

tory depression, sedation, depression of gastrointestinal moti-

lity, nausea and vomiting, and the potential risk of abuse

reflect the striking and generalized role endogenous opioids

play in general human physiology.19 The majority of opioid-

related side-effects are associated with their central nervous

system actions, so much recent work has concentrated instead

upon the presence and function of opioid receptors on peri-

pheral sensory nerves,101 112 endogenous opioid agonist pro-

duction by inflammatory leucocytes,24 27 79 reports of

effective peripheral opioid analgesia,56 66 87 92 100 and work

on the development of novel selectively peripherally acting

opioid agonists with more favourable safety and efficacy pro-

files.40 70 103 One group has paraphrased this new and exciting

focus on the peripheral effects of opioids at the site of tissue

damage as ‘attacking pain at its source’.103 The hope is that

drugs can be developed that activate peripheral opioids only,

thus avoiding centrally mediated actions and many adverse

effects.

The m, d and k opioid receptors (MOR, DOR, and KOR)

are found throughout the nervous system and produce anal-

gesia (KOR may have anti-analgesic effects in some circum-

stances). The cell bodies of sensory nerves in the dorsal root

ganglion produce MOR, DOR and KOR,102 and the receptors

are then transported peripherally in the nerve axons.101 103

When activated, opioid receptors in peripheral nerves

modulate nerve activity by inhibition of high-voltage cal-

cium channels102 and suppression of tetrodotoxin-resistant

selective sodium channels and non-selective cation currents

stimulated by inflammatory PGE2.103 In summary, when

activated, opioid receptors reduce the excitability of noci-

ceptors, afferent action potential propagation and inflamma-

tory peptide release from sensory nerve endings.

Inflammatory cells play a central role in peripheral opioid

analgesia by migrating to and delivering opioid peptides to

the receptors expressed by the sensory nerve terminals at

the very site of tissue damage. In injured tissue endorphin,

enkephalin and dynorphin production is increased in

lymphocytes, monocytes, macrophages and granulocytes,

and these peptides bind to all three opioid receptors. Various

stimuli, including cytokines, endotoxins, corticotropin

releasing hormone (CRH) and catecholamines, increase

the expression of opioids by inflammatory cells.17 71 79

White cells are attracted to injured tissue by selectins

(L selectin on leucocytes, and P and E selectin on endothelial

cells), adhere to endothelia via the action of intracellular

adhesion molecules, and migrate through the vessel wall

under the direction of platelet–endothelial cell adhesion

molecules.68 69 80 103 Having been attracted to injured,

inflamed tissue, the extravasated inflammatory cells’ pro-

duction of opioids is governed by CRH, interleukin-1b and

catecholamines.17 79 Interestingly, effective central afferent

nerve blockade modulates the recruitment of opioid-

producing inflammatory cells to damaged tissue.97

In conjunction with such advances in the understanding of

endogenous peripheral opioid analgesia, the development of

clinically useful peripherally acting opioid drugs has been

stimulated. The aim is to produce substances that activate

peripheral opioid receptors, but which do not cross the

blood–brain barrier,9 55 thus producing analgesia with less

central adverse effects.25 Asimadoline is a peripherally

active k opioid agonist that initially produces analgesia

then, unfortunately, delayed proinflammatory effects in

Table 1 Methods of acute pain relief assessed for by the NHMRC and ANZCA

Acute Pain Management: Scientific Evidence working party81

Non-pharmacological

Cognitive-behavioural approaches

Physical therapy

Pharmacological

Opioids

NSAIDs

Local anaesthetics

Paracetamol

Ketamine

Adjuvants
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animal models of chronic inflammation.8 70 Encouragingly,

new tetrapeptide k agonists with high peripheral selectivity

due to their poor central nervous system penetration have

been found to have potent analgesic and anti-inflammatory

actions.16 From preclinical studies it appears that peripheral

opioids are effective in various animal models of inflamma-

tory, visceral, bone and neuropathic pain.103

Clinical studies have demonstrated that small doses of

morphine applied peripherally to the site of tissue damage

can produce significant analgesia with minimal side-effects.

Intra-articular morphine gives analgesia after knee surgery

in a dose-dependent fashion,65 and 5 mg is effective for up to

24 h.56 Morphine injected at the site of iliac bone harvesting

for spinal grafting produced intense prolonged analgesia and

a reduction in persisting pain.92 Importantly, a number of

clinical studies have demonstrated that the analgesic effect

of peripheral morphine is only apparent in the presence of

inflammation. For example, in patients with a unilateral

corneal abrasion, topically applied morphine produces

effective analgesia in the injured eye only,87 and after dental

surgery 1 mg morphine injected locally into the submucosa

is an effective analgesic67 only when inflammation is present

around the tooth.66 The negative results found in some stu-

dies of peripheral opioids88 may in part be due to the opioid

application to normal peripheral nerves in the absence of any

inflammation, when the opioid may not have access to intra-

neuronal opioid receptors in transit to the periphery.

Early clinical trials with peripherally acting k opioid

receptor agonists gave disappointing results.15 Indeed, sys-

temic administration of asimadoline to patients after knee

surgery had a hyperalgesic effect, possibly because the drug

has a k agonist antinociceptive effect followed by a non-

opioid hyperalgesic and proinflammatory effect in experi-

mental animals.70 However, a recent clinical study using a

peripherally selective k opioid agonist given to patients with

chronic pancreatitis and pain demonstrated a significant

analgesic effect, supporting the hypothesis that human visc-

eral afferents express KOR, and that peripherally restricted

KOR agonists produce analgesia in patients with chronic

visceral pain.40

Cyclooxygenase-2-selective inhibitors
(COX-2 inhibitors)

New drugs have been developed that selectively inhibit the

inducible cyclooxygenase enzyme COX-2 and spare consti-

tutive COX-1. The COX-2 inhibitors available at present

include meloxicam, nimesulide, celecoxib, etoricoxib,

lumaricoxib, valdecoxib and parecoxib, the injectable pre-

cursor of valdecoxib (rofecoxib having been withdrawn

recently).5 By sparing physiological tissue prostaglandin

production whilst inhibiting inflammatory prostaglandin

release, COX-2 inhibitors offered the potential of effective

analgesia with fewer side effects than the NSAID, but this

desired outcome has been achieved only partially.

The COX enzyme was first isolated in 1976, but more

recently isoenzymes have been isolated. The two isolated

COX isoenzymes have 75% amino acid homology with

complete preservation of the catalytic sites for cyclooxygen-

ase and peroxidase activity, with almost identical enzyme

kinetics. COX-1 is a membrane-bound haemoglycoprotein

with a molecular weight of 71 kDa, found in the endoplasmic

reticulum of prostaglandin (PG)-producing cells. The

enzyme cyclizes arachidonic acid and then adds a 15-hydro-

peroxy group to form the endoperoxide PGG2, which is then

reduced to the hydroxy form of PGH2 by a peroxidase in

the same COX enzyme protein. The COX-1 isoenzyme

integrates into only a single leaflet of the lipid bilayer,

and this is described as a ‘monotopic’ arrangement. The

enzyme has three independent folding units: an epidermal

growth factor-like domain, a membrane-binding domain and

an enzymatic domain. The a-helices of the membrane-

binding domains form a channel entrance to the active

site, are inserted into the membrane, and thereby allow ara-

chidonic acid to gain access into the interior of the lipid

bilayer. The sites for COX and peroxidase activity are spa-

tially distinct but are adjacent to each other. The COX active

site is a long hydrophobic channel with tyrosine 385 and

serine 530 at the apex. NSAIDs block COX-1 halfway down

the channel by hydrogen bonding to the polar arginine at

position 120 (reversible). Aspirin acetylates serine 530, irre-

versibly preventing access for arachidonic acid.

COX-2 has a molecular weight of 70 kDa, with similar

sites to COX-1 for the attachment of arachidonic acid and a

similar three-dimensional structure to COX-1. However, its

active site has a greater volume, because it has a larger

central channel with a wider entrance and a secondary

internal pocket. Therefore, COX-2 can accommodate

larger drugs than COX-1. A single amino acid difference

at position 523 is critical for the COX-1 and COX-2 selec-

tivity of the NSAID. In COX-2 a valine molecule replaces

the isoleucine molecule present at position 523 in COX-1.

This valine molecule in COX-2 is smaller (by one methyl

group) and produces a gap in the wall of the channel, giving

access to a side pocket, which is the binding site of the COX-

2-selective inhibitors. The larger isoleucine at position 523

in COX-1 blocks access of drug molecules to the side

pocket.

The genes for the two isoenzymes are found on different

chromosomes: chromosome 9 for COX-1 and chromosome

1 for COX-2. Under physiological conditions COX-1 activ-

ity predominates to produce prostaglandins that regulate

rapid physiological responses, such as vascular homeostasis,

gastric function, platelet activity and renal function. The

concentration of the COX-1 isoenzyme is low but this

may increase two- to four-fold in response to stimulation

by hormones or growth factors. Low concentrations of

COX-2 can normally be detected in the brain, kidney and

gravid uterus. COX-2 mRNA expression by monocytes,

synovial cells and fibroblasts may be increased 10- to 80-

fold when stimulated by growth factors, cytokines, bacterial
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lipopolysaccharides or phorbol esters. These factors increase

COX-2 production and tissue PGE2 concentrations, result-

ing in pain and inflammation.

Prostaglandin inhibition

Prostaglandins have many physiological functions, includ-

ing gastric mucosal protection, renal tubular function and

vasodilation, bronchodilation, endothelial prostacyclin,

which produces vasodilation and prevents platelet adhesion,

and platelet thromboxane, which produces aggregation and

vessel spasm. Such physiological roles are mainly regulated

by COX-1 and are the basis for many of the adverse effects

associated with NSAID use. Tissue damage induces COX-2

production with the production of prostaglandins that pro-

duce pain and inflammation. COX-2 may be constitutive in

some tissues, including the kidney. NSAIDs, like aspirin, are

‘non-selective’ cyclooxygenase inhibitors that inhibit both

COX-1 and COX-2. Aspirin acetylates and inhibits cyclo-

oxygenase irreversibly, but NSAIDs are reversible inhibitors

of the enzymes. The COX-2 inhibitors have been developed

to inhibit selectively the inducible form.57

The analgesic efficacy of COX-2 inhibitors

Clinical studies have confirmed that COX-2 inhibitors can

produce analgesia similar to NSAIDs for moderate to severe

acute pain,1 10 11 13 29 39 and the number needed to treat

(NNTs) from such studies are comparable to those for con-

ventional NSAIDs: celecoxib 200 mg, 4.5; parecoxib 20 mg

i.v., 3.0; parecoxib 40 mg i.v., 2.2; valdecoxib 20 mg, 1.7.

Adverse effects

Gastrointestinal

Large outcome studies have demonstrated that COX-2 inhi-

bitorsproduce lessclinically significantpepticulceration than

NSAIDs.51 Both rofecoxib and celecoxib have been asso-

ciated with a substantial reduction in endoscopic ulcers com-

pared with NSAID comparators.20 98 In the VIGOR study,21

all upper gastrointestinal events were reduced from 4.5 per

100 patient years to 2.1 per 100 patient years with doses of

rofecoxib compared with naproxen. In the CLASS study,98

over a period of 3 days to 6 months, the incidence of ulcer

complications was 0.76% with celecoxib and 1.45% for ibu-

profen or diclofenac. The less substantial reduction in events

in the CLASS study compared with VIGOR may be because

a fifth of the patients were also on low-dose aspirin. There is

continuing debate on the role of COX-2 inhibitors in patients

who have other risk factors for ulcer disease: the elderly;

patients on aspirin or corticosteroids; patients who have a

previous ulcer; or patients who have Helicobacter pylori

infection. It has been estimated that the number of patients

needed to treat with COX-2 inhibitors in preference to

NSAIDs to avert one gastrointestinal clinical event in one

year is 40–100.64 In summary, peptic ulceration remains a

reducedbutsignificantadverseeffectof theCOX-2inhibitors.

Platelet function and thrombotic sequelae

Platelets produce only COX-1, not COX-2, and as a corol-

lary COX-2-selective inhibitors do not impair platelet

function. Clinical studies have confirmed the lack of

an antiplatelet effect of COX-2 inhibitors and a reduction

in surgical blood loss in comparison to NSAIDs.52 Whilst

reviews have concluded that NSAIDs need not increase

surgical blood loss,77 the lack of antiplatelet effects of

COX-2 inhibitors may be an advantage for the patient

with a bleeding diathesis, when anticoagulants are given,

where central neuraxial blockade is performed, or where

surgical blood loss is expected to be considerable.

The question has been raised of whether COX-2 inhibi-

tors can produce a tendency to thrombosis, because they

inhibit endothelial prostacyclin production whilst sparing

platelet thromboxane synthesis and aggregation. The

VIGOR study, in which patients on low-dose aspirin

were excluded, found an increased risk of myocardial

infarction for patients given rofecoxib compared with

naproxen.20 21 After coronary artery bypass graft surgery,

one acute pain study demonstrated a concerning increase in

cerebrovascular accidents (and renal dysfunction and ster-

nal wound problems) when parecoxib then valdecoxib was

used in patients for up to 2 weeks.83 A recent review found

that whilst the pharmacological evidence for a prothrom-

botic effect of COX-2 inhibitors is plausible, the published

data give a conflicting body of evidence on the clinical risk,

and that more clinical trials are needed to address this

concern.31 The authors suggested that ‘In view of the evi-

dence reviewed, it is recommended that selective COX-2

inhibitors should be prescribed with caution, only in

patients with conditions for which these drugs have proven

efficacy and with careful monitoring of outcomes and

adverse events. This is particularly important in the elderly,

in patients with cardiovascular/renal disease and in patients

with other risk factors that might predispose them to

adverse events’.31 Rofecoxib has recently been withdrawn

by the manufacturer for precisely such a reason.5

‘APPROVe’ was a randomized controlled study of the

effects of rofecoxib on recurrence of neoplastic bowel

polyps in 2600 patients who had a history of colonic ade-

noma. The study was stopped prematurely at 18 months

when it was realized that the group given rofecoxib

had twice the risk of myocardial infarction compared

with placebo treatment.5 Rofecoxib has been withdrawn

by the manufacturer in each of the 80 countries it was

marketed in.

Renal function

COX-2 is constitutively expressed in the kidney, is highly

regulated in response to alterations in intravascular volume,

and is important for normal renal development. COX-2

metabolites have been implicated in the maintenance of
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renal blood flow, the mediation of renin release and the

regulation of sodium excretion. In essence, COX-2 inhi-

bitors have similar adverse effects on renal function to

conventional NSAIDs.30 33 62

Aspirin-induced asthma

Investigations of patients with aspirin induced asthma has

provided encouraging evidence that COX-2-selective

inhibitors, when administered at analgesic doses, may not

produce bronchospasm in such individuals.74 105

Bone healing

At present, the effect of COX-2 inhibitors on bone healing

remains one that has been demonstrated under labora-

tory conditions, but with little evidence as yet of clinical

importance.45 50

COX-2-selective inhibitors are effective analgesics. Active

peptic ulceration and significant renal impairment remain

contraindications to COX-2-selective inhibitor administra-

tion. The potential prothrombotic effect may be a concern

for the class of drugs, and has led to the withdrawal

of rofecoxib.

Intravenous paracetamol and nitroxyparacetamol

The efficacy of single-dose paracetamol as a postoperative

analgesic has been confirmed by various studies, with the

following estimated NNTs: 325 mg, 3.8 (2.2–13.3); 500 mg,

3.5 (2.7–4.8); 600/650 mg, 4.6 (3.9–5.5); 975/1000 mg, 3.8

(3.4–4.4); and 1500 mg, 3.7 (2.3–9.5).12 The mechanism of

action remains unclear as, unlike opioids and NSAIDs

respectively, paracetamol has no known endogenous bind-

ing sites and does not inhibit peripheral cyclooxygenase

activity significantly. There is increasing evidence of a cen-

tral antinociceptive effect, and potential mechanisms for this

include inhibition of a central nervous system COX-2, inhi-

bition of a putative central cyclooxygenase ‘COX-3’ that is

selectively susceptible to paracetamol, and modulation of

inhibitory descending serotinergic pathways.22 23 61 109 Para-

cetamol has also been shown to prevent prostaglandin

production at the cellular transcriptional level, independent

of cyclooxygenase activity.73 Paracetamol is therefore an

effective postoperative analgesic, with potency slightly

less than a standard dose of morphine or the NSAIDs.12 59

The introduction of an i.v. preparation and reports of the

analgesic and anti-inflammatory properties and safety

advantages of a nitric oxide (NO)-releasing form may

represent significant advances in the use of this drug.

Intravenous paracetamol

The availability of i.v. paracetamol will enhance and

extend the use of this drug as a fundamental component

of multimodal analgesia after surgery.26 59 91 The injectable

prodrug propacetamol has been available in various countries

for some time, but has the disadvantage that it must be recon-

stituted before use (2 g propacetamol is equivalent to 1 g

paracetamol). Now a more convenient ready for use solution

(Perfalgan; Bristol Myers-Squibb) is available, and 1 g of

Perfalgan is equivalent in pharmacokinetic studies to 2 g of

propacetamol, with better injection site tolerance.42 The

increased cost implications of using new preparations of

old drugs are considerable, and efforts should be made to

ensure the use of oral rather than i.v. paracetamol when

appropriate.93 However, the i.v. formulation may have a

safety advantage over the oral by producing more predictable

plasma paracetamol concentrations in the immediate post-

operative period. One clinical study found oral administra-

tion of paracetamol given as part of multimodal pain

management immediately after surgery resulted in a huge

and unpredictable variation in plasma concentration com-

pared with i.v. administration.86 The availability of i.v.

paracetamol preparations may aid accurate administration

of paracetamol to patients at higher risk of dose-related hepa-

tic toxicity, including neonates,3 4 although overdosage has

already been reported in this group of patients.35 The efficacy

of i.v. paracetamol appears to be convincing. In volunteers

i.v. paracetamol has been shown to reduce central hyperal-

gesia, further evidence of a central action.61 In one recent

study performed after surgery for removal of impacted third

molar teeth, propacetamol administered i.v. in repeated doses

(2 g followed by 1 g) had a significant analgesic effect

indistinguishable from that of i.m. morphine (10 mg followed

by 5 mg), but with improved tolerability.107 Propacetamol

reduces PCA morphine requirements after spinal surgery53

and is effective after tonsillectomy.54 More research is

required as other studies have found either less impressive

opioid sparing with i.v. paracetamol7 63 or evidence of a

ceiling to the analgesia at lower doses than expected.49

Nitroxyparacetamol

Nitroxyparacetamol (or nitroacetaminophen) is a new,

potent NO-releasing version of paracetamol that has both

analgesic and also anti-inflammatory properties.58 78 The

described mechanism of action in the spinal cord may differ

from that of paracetamol,2 78 94 and there is evidence that

nitroxyparacetamol may be less hepatotoxic.43

In an animal model of tissue damage, nitroxyparacetamol

had a more potent antinociceptive effect than paracetamol,

and, unlike the parent drug, was also anti-inflammatory over

a similar dose range.2 It is estimated that nitroxyparacetamol

is 3–20 times more potent than paracetamol.78 Like

NSAIDs, nitroxyparacetamol has been shown, in an animal

model, to enhance opioid analgesia.44 In animal models of

arthritic pain, nitroxyparacetamol has been found to be an

effective antinociceptive drug in arthritic animals, reduces

wind-up, and has a mechanism of action located in the spinal

cord, perhaps different from that of paracetamol.94 95 In

models of liver damage nitroxyparacetamol does not

produce the damage associated with equimolar doses of

paracetamol, suggesting that nitroparacetamol represents a

safer alternative to paracetamol.43 78 NO appears to produce

these beneficial actions through several mechanisms,
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including the suppression of synthesis of several proinflam-

matory cytokines, and may be per se a useful therapy for

paracetamol-induced liver damage.108

Acute neuropathic pain in the
postoperative period

It is recognized that chronic pain after surgery is common

and can be severe.14 32 48 72 82 85 89 Recently emphasis has

been given to the development of neuropathic pain acutely

after surgery or trauma.41 Interestingly, much research is

still required even to determine how common acute neuro-

pathic pain is after different surgical procedures. Neverthe-

less, it is accepted that neuropathic pain can develop after

surgery, be persistent, and be the basis for ongoing suffering

for the patient.81 Therefore, it is now accepted that neuro-

pathic pain must be diagnosed promptly and managed

correctly after surgery to ensure the best outcome for the

patient.85 The diagnosis of neuropathic pain can be obtained

from the presenting features of burning, stinging or shooting

pain, increasing despite apparent tissue healing, with a rela-

tive lack of response to doses of opioids used in the post-

operative period (this does not imply that neuropathic pain is

unresponsive to opioids), and some or all of the features of

allodynia, hyperaesthesia and dysaesthesia.81

Treatment of neuropathic pain can be guided by high-

level evidence from large studies, reviews and meta-

analyses, although these studies are mostly of chronic

neuropathic pain states.38 81 96 110 In general, therapy should

be commenced with either an anticonvulsant or a tricyclic

antidepressant, but in the early postoperative period this may

not be possible if the patient cannot take oral medications. In

such a situation the antineuropathic effects of systemic low-

dose lidocaine or ketamine can be employed to help control

severe neuropathic pain quickly. A reasonable approach to

the control of postoperative neuropathic pain would be to

use initially a continuous subcutaneous infusion of either

lidocaine 1–1.5 mg�1 kg�1 h�1 or ketamine 5–15 mg�1 h�1,

followed by oral anticonvulsant or tricyclic antidepressant

maintenance therapy when this is possible.111 Of course,

surgical reasons for postoperative neuropathic pain should

be considered.18 Before they are discharged from hospital,

patients who have developed postoperative neuropathic pain

and require ongoing therapy should be advised of the poten-

tial adverse effects of the drugs prescribed, and arrange-

ments should be made for their ongoing review.

Conclusion

Acute postoperative pain remains difficult to treat and chroni-

city is a common problem after surgery. The advances

described here in the pharmacological and non-pharmacolo-

gical therapy of acute postoperative pain may improve patient

care significantly.
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