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1.5 Pre-emptive and preventive analgesia
The terms “pre-emptive” and “preventive” analgesia have a highly specific meaning with respect to pain neurophysiology and sensitisation. The understanding of pre-emptive analgesia has evolved since the term was first coined in early 1988 (Wall 1988 NR). In laboratory studies, administration of an analgesic prior to an acute nociceptive stimulus more effectively minimised dorsal horn changes associated with central sensitisation than the same analgesic given after the pain state was established (see Section 1.1) (Woolf 1983 BS). This led to the hypothesis that pain relief prior to surgery may enhance postoperative pain management when compared with the same analgesia administered during or following surgery; that is, “pre-emptive preoperative analgesia” (Wall 1988 NR). However, individual clinical studies have reported conflicting outcomes when comparing “preincisional” with “postincisional” interventions. In part this relates to variability in definitions, deficiencies in clinical trial design and differences in the outcomes available to laboratory and clinical investigators (Rosero 2014a NR; Katz 2002 NR; Kissin 1994 NR).
Central and peripheral sensitisation affects both the intensity of acute pain and the persistence of pain well into the postoperative period and beyond (see also Section 1.4). This is complex and relates not only to the skin incision but also to the extent of intraoperative tissue and nerve injury, postoperative inflammation and the nervous system’s response. The research focus has shifted from the “timing” of a single analgesic intervention to the concept of modifying sensitisation and thus having a longer-term impact on pain relief. This is termed “preventive” analgesia (Kissin 1994 NR) rather than pre-emptive analgesia. The differences between these two terms relate to the timing and outcomes being described, because both aim to minimise sensitisation. “Pre-emptive” analgesia, as described above, relates to the timing of administration of the analgesic intervention prior to the insult and is measured in terms of pain intensity or related outcomes. “Preventive” analgesia is the persistence of analgesic treatment efficacy beyond its expected duration of effect (see Supplementary Table 1). This had been defined as analgesia that persists for >5.5 half-lives of a medicine, to ensure complete washout of any direct pharmacological effect (Katz 2011 NR). A useful summary of medicines and their criterion value of 5.5 half-lives has been published (Katz 2008b NR). In clinical practice, preventive analgesia appears to be the most relevant and, of pharmacological options, holds the most hope for minimising chronic pain after surgery or trauma because it decreases central sensitisation and “wind-up”. An important consideration to maximise the benefit of any analgesic strategy is that the active intervention should be continued for as long as the sensitising stimulus persists (i.e., well into the postoperative period) (Pogatzki-Zahn 2006 NR; Dahl 2004 NR). However, from a “preventive” perspective, the critical aspect is that the effect of the intervention is sufficient to modify sensitisation and hence longer-term outcomes; the timing and duration for specific interventions still require clarification.
Supplementary Table 1. Definitions of pre-emptive and preventive analgesia.
	Type of analgesia
	 Characteristics

	Pre-emptive analgesia
	Preoperative treatment is more effective than the identical treatment administered after incision or during surgery. The key clarification point is the timing of administration “pre” insult/surgery. A treatment given pre- emptively can also be preventive if it satisfies the below definition.

	Preventive analgesia
	Postoperative pain and/or analgesic consumption is reduced relative to another treatment, a placebo treatment or no treatment with the effect observed at a point in time beyond the expected duration of action of the intervention (e.g., 5.5 half-lives of the medicine). The intervention may or may not be initiated before surgery.


Sources: Moiniche 2002; Katz 2002; Katz 2011; Rosero 2014b.


1.5.1 Pre-emptive analgesia
[bookmark: OLE_LINK31][bookmark: OLE_LINK38][bookmark: OLE_LINK64][bookmark: OLE_LINK62]The benefits of pre-emptive analgesia have been questioned (Katz 2008b Level I, 27 Randomized Controlled Trials (RCTs), n unspecified; Moiniche 2002 Level I, 80 RCTs, n = 3761; Dahl 2004 NR). However, one meta-analysis provided support for pre-emptive analgesia (Ong 2005 Level I, 66 RCTs, n = 3261). The efficacy of different pre-emptive analgesic interventions (epidural analgesia, local anaesthetic wound infiltration, systemic N-methyl-D-aspartate receptor (NMDA) antagonists, systemic opioids and systemic NSAIDs) was analysed in relation to different analgesic outcomes (pain intensity scores, supplemental analgesic consumption, time to first analgesic). The effect size is most marked for epidural analgesia, with improvements found in all outcomes (13 RCTs, n = 653) (overall effect size 0.38; 95% CI 0.28 to 0.47). Pre-emptive effects of local anaesthetic wound infiltration and NSAID administration were also suggested but reanalysis is required as one of the positive studies for each of these treatments has subsequently been withdrawn (White 2011 NR). As a result of this withdrawal, evidence supporting the pre-emptive effects of nonselective NSAIDS (nsNSAIDs) and COX-2 inhibitors is equivocal (White 2009 NR). Reductions in analgesic consumption ranged from 44–58%, which the authors regarded as clinically significant, but associated changes in adverse effects were not analysed. Pain score results were equivocal for systemic NMDA antagonists (effect size (ES) 0.00; 95% CI −0.19 to 0.20) (7 RCTs, n = 418) and there was no clear evidence for a pre-emptive effect of opioids (ES −0.24; 95% CI −0.46 to −0.01) (7 RCTs, n = 324).
Following thoracotomy, pre-emptive thoracic epidural analgesia (local anaesthetic  opioid prior to surgery) reduces the severity of acute pain on coughing for up to 48 h, with a marginal effect on pain at rest compared with the same therapy initiated postoperatively (Bong 2005 Level I, 6 RCTs, n = 458). Acute pain intensity was a predictor of chronic pain at 6 mth in two studies but there was no statistically significant difference in the incidence of chronic pain between the pre-emptive epidural (39.6%) vs. control epidural (48.6%) groups. Pre-emptive analgesia with epidural use in thoracotomy identified lower postoperative pain scores, reduced pro- inflammatory biomarkers and shortened hospital LOS (Yang 2015 Level II, n = 90, JS 3).
In single-stage TKA, pre-emptive epidural analgesia was associated with lower postoperative pain scores, fewer days with pain following surgery (mean ± SD 64.3 d ± 21.3 vs. 142.4 d ± 80.0) and less CPSP at 3 mth (24 vs. 56.5%) (Rao 2020 Level II, n = 50, JS 3); there were no differences in morphine consumption or LOS.
A Cochrane review investigated opioids commenced prior to incision compared to those commenced following incision; this review uses the term “preventive” to indicate the continued use of opioids into the postoperative period and so its findings are actually more in line with the above definition of “pre-emptive” (Doleman 2018 Level I (Cochrane), 20 RCTs, n = 1343). There were no differences in 6 h or 24 to 48 h pain score outcomes, but a small reduction was found in 24 h morphine consumption in the pre-incision group (MD −4.9 mg; 95% CI −9.4 to −0.4).
Across a range of procedures, IV paracetamol given before incision is more effective than post incision in reducing pain at 1 h (MD −0.50/10; 95% CI −0.98 to −0.02) and 2 h (MD −0.34/10; 95% CI −0.67 to −0.01), 24 h opioid consumption (SMD 0.52; 95% CI −0.98 to −0.06) and postoperative vomiting (RR 0.50; 95% CI 0.31 to 0.83) (Doleman 2015 Level I (PRISMA), 7 RCTs, n = 544). IV paracetamol reduces PONV when administered before recovery from anaesthesia (Apfel 2013 Level I (PRISMA), 30 RCTs, n = 2364). This effect is correlated to pain relief achieved but not to reduced opioid consumption.
In total abdominal hysterectomy, gabapentin given only prior to surgery compared to gabapentin given pre- and postoperatively found both interventions decreased 24 h morphine requirements compared to placebo (preoperatively only SMD −0.69; 95% CI −1.20 to −0.07; pre and postoperatively −1.45; 95% CI −1.79 to −1.11) (Alayed 2014 Level I SR, 14 RCTs, n = 891); the effect of gabapentin in reducing morphine consumption was stronger in the preoperative only group than in the preoperative and postoperative group. The design of the studies in this meta-analysis did not allow for evaluation of a true pre-emptive effect because all active treatments were given preoperatively.
Dexketoprofen administered 30 min pre- vs. 10 min post-incision in patients having abdominal hysterectomy resulted in lower pain scores for up to 4 h postoperatively and reduced morphine consumption for up to 24 h (Gelir 2016 Level II, n = 50, JS 3); all patients received intraoperative ketamine infusions and there was no difference in time to first analgesic request.
A combination of paracetamol, ketoprofen and pregabalin administered 4 h pre-surgery vs. control, with all drugs being then given to both groups post-incision for at least 48 h, resulted in improved pain scores for up to 48 h and reduced PCA opioid requirements (Raja 2019 Level II, n = 97, JS 4).
The reason for there being a limited number of valid clinical studies investigating “pre- emptive” analgesia is that investigators often fail to compare the same technique pre- and post- incision or they apply the intervention after sensitisation has occurred, e.g., in trauma or injury. The variability in clinical trial design coupled with the complexity of clinical pain management means that, with the exception of epidural analgesia, benefits remain unclear regarding pre- emptive analgesia in a clinical setting.
1.5.2 Preventive analgesia
A true preventive analgesic effect needs to be assessed many days or even months after the analgesic intervention has ceased. A large number of studies published use the term “preventive” where the investigation often simply compares the addition of a preoperative dose of an analgesic to a preoperative placebo (possibly continuing the medications postoperatively) with analgesic outcomes assessed for a relatively short period—this is not “preventive” in the neurophysiological sense and such studies are not discussed here.
A systematic review analysed dichotomous trial outcomes (overall positive or negative outcomes) (Katz 2008b Level I, 39 RCTs, n unspecified) and identified overall beneficial acute preventive effects following the use of a range of different medicines (28 positive RCTs, 11 negative RCTs). Again, results of this meta-analysis might be affected by the subsequent withdrawal of some of the studies included (White 2011 NR). The methodology was unable to identify specific therapeutic techniques that may be of benefit.
The use of local anaesthetics (neuraxial, perineural or systemic) demonstrates a preventive analgesic effect in the perioperative period whether given pre- or postincision (Weinstein 2018 Level I (Cochrane), 63 RCTs, n = 3027; Barreveld 2013 Level I, 89 RCTs, n unspecified). Meta-analysis on the prevention of CPSP by regional anaesthesia found benefits for three procedure types: thoracotomy, breast cancer surgery and Caesarean section (Weinstein 2018 Level I (Cochrane), 63 RCTs, n = 3027). IV lidocaine versus placebo provides a significant benefit in prevention of CPSP at 3 mth across a range of surgeries (Bailey 2018 Level I, 6 RCTs, n = 420) (2 RCTs overlap with Weinstein 2018 Level I (Cochrane)) 2 RCTs, n = 97 (IV lidocaine)) (see Section 1.4 for details).
Activation of the NMDA receptor plays an important role in central sensitisation and many studies have focussed on the ability of NMDA-receptor antagonists to produce pre-emptive or preventive analgesic effects. A medicine which, when used perioperatively, reduces CPSP has by definition a preventive analgesic effect (see Section 1.4). The preventive effects of perioperative ketamine, dextromethorphan and magnesium on CPSP are described in Sections 1.4 and 4.6. Analgesic benefit is seen in the acute postoperative period with ketamine following a range of doses, timings and procedures (Laskowski 2011 Level I (PRISMA), 70 RCTS, n = 4701) supported by a network meta-analysis investigating multiple pharmacological interventions to reduce CPSP which identified ketamine as the highest ranked in terms of efficacy and safety (Ning 2018 Level I (NMA), 24 RCTs, n unspecified) (see also Section 4.6.1). However, in the immediate postoperative period, it is difficult to separate persistence of direct pharmacological effects from preventive actions, as many studies continued treatment for over 24 h. Expanding potential indications for ketamine in depression have led to exploration of its potential “metaplastic” effects on synaptic transmission whereby a brief exposure may result in persisting changes in neuronal long term potentiation (Izumi 2014 BS); this may explain in part its effect in CPSP.
The alpha-2-delta ligands, gabapentin and pregabalin, reduce opioid requirements and improve analgesia when given perioperatively (see Section 4.8). However, even though some of these studies used only single-dose therapy, the range of doses, duration of follow-up and long half-life of gabapentin (6 to 7 h) means that an early preventive benefit is difficult to discern from a direct pharmacological effect. Longer term preventive effects on CPSP are discussed in Sections 1.4 and 4.8.
In a study of multimodal epidural analgesia (local anaesthetic, opioid, ketamine and clonidine) in four groups of patients having colonic resection, a clear preventive effect on the development of residual pain up to 1 y after surgery was demonstrated with continuous perioperative epidural analgesia (Lavand’homme 2005 Level II, n = 85, JS 5). Residual pain at 1 y was lowest in patients who received intraoperative vs. postoperative epidural analgesia. Epidural analgesia commenced pre-incision versus post-incision for TKA resulted in less CPSP at 3 mth (24 vs. 56.5%) (Rao 2020 Level II, n = 50, JS 3) indicating a possible preventive effect (see Section 1.5.1 above for other details).
Epidural calcitonin, bupivacaine and fentanyl versus epidural bupivacaine and fentanyl alone reduced phantom pain, allodynia and hyperalgesia at 6 and 12 mth following proximal or distal amputation in the lower limb (Yousef 2017 Level II, n = 60, JS 3).


Key messages
Pre-emptive analgesia
1. The timing of opioid administration (preincision rather than postincision) may reduce further opioid consumption over 24 h, but has no effect on pain scores (N) (Level I (Cochrane Review))
2. Pre-emptive use of paracetamol across a range of procedures reduces pain scores up to 2 h, opioid consumption for up to 24 h and postoperative nausea and vomiting (N) (Level I (PRISMA)).
3. Pre-emptive epidural analgesia has a significant effect on postoperative pain relief (S) (Level I).
Preventive analgesia
4. Epidural, regional and systemic local anaesthetic administration shows preventive analgesic effects in reducing chronic postsurgical pain (S) (Level I (Cochrane Review))
5. NMDA-receptor antagonists (ketamine) reduce the incidence of chronic postsurgical pain in selected procedures (S) (Level I (Cochrane Review)).
The following tick box represents conclusions based on clinical experience and expert opinion:
 In clinical trials assessing acute postoperative pain for many systemic medicines, the range of doses administered, the variable durations of follow-up and variable half-lives following infusion or repeated dosing means that “early” preventive effects, although possible, are difficult to discern from persistence of direct pharmacological effects (U).
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