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4.1 | Paracetamol 

Paracetamol and its intravenous prodrug propacetamol are the only remaining aniline derived 
drugs used in clinical practice; it is an effective analgesic (see below) and antipyretic. It is 
absorbed rapidly and well from the small intestine after oral administration with a bioavailability 
of between 63 and 89% (Oscier 2009 NR). It can also be given rectally and IV (see below and 
Chapter 5).  

4.1.1 | Mechanism of action 

Despite extensive use since its discovery in the 19th century the mechanism of action of 
paracetamol is still not fully understood. In contrast to opioids, paracetamol has no known 
endogenous binding sites and, unlike NSAIDs, causes only weak inhibition of peripheral 
cyclooxygenase (COX) activity, with apparent selectivity for COX-2 (Graham 2013a NR). Given its 
limited peripheral actions the most likely mechanism is a central effect and may involve multiple 
pathways:  

• When paracetamol is de-acetylated to p-aminophenol it can undergo conjugation with 
arachidonic acid by fatty acid amide hydrolase to AM404 in the CNS (Ghanem 2016 NR). 
AM404 has multiple potential mechanisms of action in the CNS. Firstly, it is a weak 
cannabinoid receptor agonist as well as a reuptake inhibitor of the endocannabinoid 
anandamide. Secondly, it is a potent TRPV1 receptor agonist and a TRPV1 mutation is 
associated with paracetamol non-responsiveness in healthy humans volunteers (Pickering 

2020 Level II EH, n=47, JS 4) 
• Paracetamol has been shown to prevent prostaglandin production at the cellular 

transcriptional level predominantly in the CNS, independent of COX activity (Mancini 2003 
BS). This may also be AM404 mediated as AM404 reduces PGE-2 release from activated 
microglia (Saliba 2017 BS). This effect is independent of cannabinoid and TRPV1 receptor 
effects. 

• Indirect effects on the serotonergic system appears to be important. In volunteers, 
coadministration of tropisetron or granisetron blocked the analgesic effects of 
paracetamol (Pickering 2008 EH; Pickering 2006 EH). In children undergoing tonsillectomy 
who all received paracetamol, a fixed dose of morphine and betamethasone, 
administration of ondansetron was associated with significantly more morphine in 
recovery vs droperidol but no change in codeine over the first 24 h (Ramirez 2015 Level II, 

n=69, JS 4) 

4.1.2 | Efficacy 

For paediatric specific information see 10.4.1.1 
Single doses of paracetamol are effective in the treatment of postoperative pain. The NNTs 

for a variety of doses, as well as combinations of paracetamol with other analgesic medicines 
such as codeine, are discussed and in Chapter 5 and listed in Table 5.1. 

There is no good evidence for a dose-dependent analgesic effect of oral paracetamol; the 
effects of 500 mg (NNT 3.5; 95%CI 2.7 to 4.8), 600/650 mg (NNT 4.6; 95%CI 3.9 to 5.5) and 
1,000 mg (NNT 3.6; 95%CI 3.2 to 4.1) show no statistically significant difference (Moore 2015b 

Level I [Cochrane], 53 RCTs, n=5,679). Paracetamol by all routes of administration has an opioid-
sparing effect on PCA-morphine consumption (MD over 24 h -6.3 mg; 95%CI -9.0 to -3.7), 
although this effect is inferior to nsNSAIDs and coxibs (Maund 2011 Level I, 60 RCTs,  

n unspecified).  
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Oral paracetamol 500 mg and 1,000 mg given 1 h prior to surgery reduced the pain intensity 
of propofol injection for 500 mg (median NRS of 2/10; IQR 0 to 3] and for 1,000 mg (4/10; 2 to 5) 
vs placebo (8/10; 7 to 10) (Nimmaanrat 2019 Level II, n=324, JS 5). 

IV Paracetamol is also an effective analgesic after surgery with an NNT of 4.0 (95%CI 3.5 to 
4.8) over 4 h and an NNT of 5.3 (95%CI 4.2 to 6.7) over 6 h (Tzortzopoulou 2011 Level I [Cochrane], 

36 RCTs, n=3,896). When paracetamol is used as an adjunct to opioid analgesia, opioid 
requirements are reduced by 30% over 4 h after a single IV dose. For hip and knee arthroplasty, 
there is a reduction in pain scores for each of the first 3 PODs (POD 1: WMD -0.95; 95%CI -1.2 to 
-0.7) and opioid consumption (POD 1: WMD -3.1; 95%CI -4.1 to -2.1) (Yang 2017a Level I [PRISMA], 

4 RCTs, n=865). 
IV paracetamol given perioperatively reduces PONV when administered before recovery 

from anaesthesia (Apfel 2013 Level I [PRISMA], 30 RCTs, n=2,364). This effect is correlated to pain 
relief achieved but not to reduced opioid consumption. IV paracetamol given before incision is 
more effective than post incision in reducing pain at 1 h (MD -0.50; 95%CI -0.98 to -0.02) and  
2 h (MD -0.34; 95%CI - 0.67 to -0.01), 24 h opioid consumption (SMD 0.52; 95%CI -0.98 to -0.06) 
and PONV (RR 0.50; 95%CI 0.31 to 0.83) (Doleman 2015b Level I [PRISMA], 7 RCTs, n=544).  

Paracetamol is superior to placebo for migraine (NNT 12 for pain-free response at 2 h) and 
reaches the efficacy of sumatriptan when combined with 10 mg metoclopramide (Derry 2013a 
Level I [Cochrane], 11 RCTs, n=2,942). In episodic tension-type headache (TTH), paracetamol is 
mildly effective at 2 h (NNT for mild pain or pain free 10; 95%CI 7.9 to 14) (Stephens 2016 Level I 

[Cochrane], 23 RCTs, n=8,079). Paracetamol is also superior to placebo for postpartum perineal pain 
(OR 2.14; 95%CI 1.59 to 2.89) (Chou 2013 Level I, 10 RCTs, n=1,377) but less effective than NSAIDs 
(Wuytack 2016 Level I [Cochrane], 3 RCTs, n=342).  Paracetamol does not appear to be effective for 
acute low back pain (Saragiotto 2016 Level I [Cochrane], 3 RCTs, n=1,825). 

The combination of paracetamol and NSAIDs is more effective than either paracetamol or 
NSAID alone (Martinez 2017 Level I [NMA], 2 RCTs, n=85 [paracetamol/NSAID]; 60 RCTs, n=3,259 

[NSAIDs]; 20 RCTs, n=699 [paracetamol]; Ong 2010 Level I, 21 RCTs, n=1,909). This in particular is shown 
for the combination of paracetamol and ibuprofen in the setting of wisdom tooth removal (Bailey 

2013 Level I [Cochrane], 7 RCTs, n=2,241).  
A combination of 1,000 mg paracetamol with 130 mg caffeine is more effective than 

paracetamol alone (OR 1.12; 95%CI 1.05 to 1.19) in a range of painful conditions with no safety 
concerns (Palmer 2010 Level I [QUOROM], 8 RCTs, n=2,510). 

Combinations of paracetamol with opioids such as codeine, tramadol or hydrocodone show 
increased efficacy (see Section 5.1.3.1.). 

4.1.3 | Adverse effects 

For paediatric specific information see 10.4.1.3 
Paracetamol has fewer adverse effects than NSAIDs and can be used when the latter are 

contraindicated (eg patients with a history of renal impairment, asthma or peptic ulcers).  

4.1.3.1 | Hepatic effects 

The risk of hepatotoxicity from therapeutic doses (maximum 4 g/24 h) is not supported by 
current data (Dart 2007 Level IV SR, 791 studies, n=40,202). The higher number of findings in the 
retrospective vs the prospective studies suggests that some of these cases may be inadvertent 
overdoses. Similar safety has also been shown in a paediatric population with no cases of liver 
disease, need for antidote or transplantation, or death (95%CI 0.000 to 0.009) and only 0.031% 
of cases (95%CI 0.015 to 0.057) with major or minor hepatic adverse effects (Lavonas 2010  
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Level IV SR, 62 studies, n=32,414). In conclusion, hepatotoxicity from therapeutic doses of 
paracetamol is extremely rare (Caparrotta 2018 NR; Graham 2013a NR).  

Guidelines based on individual case reports only recommend that paracetamol should be 
used with caution or in reduced doses in patients with low body weight (< 50 kg), active liver 
disease, history of heavy alcohol intake, older age, malnutrition, Gilbert’s syndrome and glucose-
6-phosphate dehydrogenase deficiency (NPS MedicineWise 2015 GL; Queensland Health 2014 GL; 
NSW TAG 2008 GL); however, consistent evidence of increased risk in these settings is lacking 
(Caparrotta 2018 NR; Graham 2013a NR). Therapeutic doses of paracetamol are an unlikely cause of 
hepatotoxicity in patients who ingest moderate to large amounts of alcohol. In subjects who 
consume alcohol, no elevation of alanine aminotransferase levels was noted with up to 4 g/d of 
paracetamol for at least 4 d (Rumack 2012 Level I [PRISMA], 5 RCTs, n=551); no cases of hepatic 
failure or death were observed in any published prospective trial of moderate to heavy drinkers. 
In patients newly abstinent after abusing alcohol, therapeutic doses of paracetamol had no effect 
on parameters of liver function (Dart 2010 Level II, n=142, JS 5).   

There is no evidence that patients who have depleted glutathione stores (eg patients who 
are malnourished or who have cirrhosis, hepatitis C or HIV) are at increased risk of liver 
dysfunction when exposed to therapeutic doses of paracetamol (Caparrotta 2018 NR; Graham 

2013a NR). However, there is a potential association between acute liver failure and therapeutic 
paracetamol doses in paediatric patients with myopathies (Ceelie 2011 Level IV, n=2).  

Paracetamol overdose is a common cause of acute liver failure (Caparrotta 2018 NR; Graham 

2013a NR); in the USA 30,000 patients are hospitalised every year for paracetamol overdose, of 
which >50% are unintentional and 17% result in hepatotoxicity (Blieden 2014 NR). In a multiethnic 
Asian population, the hepatotoxicity rate was lower at 7.3% (Marzilawati 2012 Level IV, n=1,024). 
Treatment should be with acetylcysteine; there is no obvious advantage of IV over oral 
administration (Green 2013 Level III-3 SR, 16 studies, n=5,164). Treatment delays increase the 
incidence of hepatotoxicity; a detailed systematic review on interventions for treatment of 
paracetamol poisoning (Chiew 2018 Level I [Cochrane], 11 RCTs, n=700) and treatment guidelines 
have been published (Chiew 2020 GL).    

4.1.3.2 | Renal effects 

Newly diagnosed chronic kidney disease patients had an increased risk of end-stage renal disease 
with paracetamol use (OR 2.92; 95%CI 2.47 to 3.45) and higher risk with increasing dose exposure 
(Kuo 2010 Level III-2, n=19,163).  

4.1.3.3 | Cardiovascular effects 

Paracetamol may interact with warfarin to increase the International Normalised Ratio (INR) 
(with doses >2 g/d over several d) (Hughes 2011 Level IV SR, 5 studies, n unspecified).  

There is also a potential association between premature closure of ductus arteriosus and 
maternal paracetamol use in pregnancy (Allegaert 2019 Level IV SR, 12 studies, n=25). Given 
paracetamol has been shown to be as effective as ibuprofen for closure of a patent ductus 
arteriosus in preterm neonates (Ohlsson 2018 Level I [Cochrane], 8 RCTs, n=916), it seems reasonable 
to recommend that (as with all medications) use should be limited to the minimum dose and 
duration that is clinically necessary.  

The overall effect of oral paracetamol on long term blood pressure remains unclear; 
observational studies (4 studies, n=155,910) show a variable association between paracetamol use 
and increased hypertension but RCTs (6 RCTS, n=152) have inconsistent results (Turtle 2013  
Level III-3 SR, 6 RCTs and 4 studies, n=156,062).  

For information on IV paracetamol and hypotension of see Section 5.2.1. 
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4.1.3.4 | Respiratory effects 

In children, exposure to paracetamol was associated with an increased incidence of asthma 
(pooled OR 1.63; 95%CI 1.46 to 1.77) (Etminan 2009 Level III-3 SR, 19 studies, n=425,140). There are 
also claimed associations between the use of paracetamol in pregnancy and subsequent asthma 
in childhood (OR 1.19; 95%CI 1.12 to 1.27) (Fan 2017 Level III-3 SR, 13 studies, n=1,043,109). For 
details see Section 10.4.1.3. 

4.1.3.5 | Carcinogenic effects 

A review of epidemiological studies of paracetamol and cancer found mixed studies with respect 
to renal cell carcinoma and very limited positive studies with plasma cell disorders and leukaemia 
and otherwise a null effect on other types of cancer (Weiss 2016 NR).  

4.1.3.6 | Neurodevelopmental effects 

Epidemiological studies show an association between paracetamol usage in pregnancy and 
ADHD, use of paracetamol >29 d (HR 2.2; 95%CI 1.50 to 3.24), but not use for <8 d (HR  0.90; 
95%CI 0.81 to 1.00) (Ystrom 2017 Level III-3, n=112,973). For details see Section 9.1.1.1. 

Caution should be used with interpretation of all these retrospective analyses because of the 
possible effect of unknown or unmeasured confounding factors; the relevance to use limited to 
an acute situation is also unclear.   

 

KEY MESSAGES 

1. Paracetamol is an effective analgesic for acute pain; the incidence of adverse effects is 
comparable to placebo (U) (Level I [Cochrane Review]).  

2. Paracetamol given in addition to PCA opioids reduces opioid consumption but does not 
result in a decrease in opioid-related adverse effects (U) (Level I). 

3. Hepatotoxicity with therapeutic doses of paracetamol is extremely rare (U) (Level IV) 
and not associated with alcohol consumption (U) (Level I [PRISMA]).  

The following tick boxes represent conclusions based on clinical experience and expert 
opinion: 

 Emerging evidence suggests that maternal paracetamol use may influence premature 
closure of the fetal ductus arteriosus (N). 
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4.2 | Nonselective NSAIDs and coxibs 

4.2.1 | Systemic nonselective nonsteroidal anti-inflammatory drugs 

The term NSAIDs refers to both nonselective NSAIDs (nsNSAIDs) and coxibs (COX-2 selective 
inhibitors). NSAIDs have a spectrum of analgesic, anti-inflammatory and antipyretic effects and 
are effective analgesics in a variety of acute pain states. Many effects of NSAIDs can be 
explained by inhibition of prostaglandin synthesis in peripheral tissues, nerves and the CNS 
(Botting 2006 NR). However, NSAIDs and aspirin may have other mechanisms of action 
independent of any effect on prostaglandins, including effects on basic cellular and neuronal 
processes. Prostaglandins are produced by the enzyme prostaglandin endoperoxide synthase, 
which has both COX and hydroperoxidase sites. Subtypes of the COX enzyme have been 
identified; the “constitutive” COX-1 and the “inducible” COX-2; COX-3 does not appear to play 
a significant role in fever or inflammation in humans (Kam 2009 NR; Botting 2006 NR; Gajraj 2005 

NR; Simmons 2004 NR). 
Prostaglandins regulate many physiological functions including gastric mucosal 

protection, bronchodilation, renal tubular function and intrarenal vasodilation. Production 
of endothelial prostacyclin leads to vasodilation and prevents platelet adhesion, whereas 
thromboxane, produced from platelets by COX, results in platelet aggregation and 
vasoconstriction. With the exception of prostacyclin synthesis (mediated largely through 
COX-2), such physiological roles are mainly regulated by COX-1 and this is the basis for many 
of the adverse effects associated with nsNSAID use. Tissue damage induces COX -2 
production leading to synthesis of prostaglandins that result in inflammation, peripheral 
sensitisation of nociceptors and consequently increased pain perception. COX -2 induction 
within the spinal cord plays a role in central sensitisation. COX-2 may also be “constitutive” 
in some tissues, including the kidney, cardiovascular system and brain and is overexpressed 
in some cancers (Kam 2009 NR).  

NSAIDs are reversible COX inhibitors with the exception of aspirin, which binds covalently 
and acetylates the enzyme irreversibly. In platelets, the enzyme cannot be replenished leading 
to prolonged inhibition of platelet function with minimal inhibition of endothelial prostacyclin; 
this confers cardiovascular protection at low dosages of aspirin. NsNSAIDs are “nonselective” 
COX inhibitors that inhibit both COX-1 and COX-2. The coxibs have been developed to inhibit 
selectively, but not specifically, COX-2 (Botting 2006 NR; Gajraj 2005 NR; Simmons 2004 NR). 

 4.2.1.1 | Efficacy 

Single doses of oral nsNSAIDs are effective in the treatment of pain after surgery (Moore 2015b 

Level I [Cochrane], RCTs ≈460, n≈50,000). For a list of NNTs for each medicine see  
Table 5.1. However, while useful analgesic adjuvants, they are often inadequate as the sole 
analgesic agent in the treatment of severe postoperative pain (Cepeda 2005 Level II, n=1,003,  

JS 5).  
They are also effective analgesics in chronic low-back pain (Enthoven 2016 Level I [Cochrane],  

13 RCTs, n= 4,807), renal colic (Afshar 2015 Level I [Cochrane], 50 RCTs, n=5,734), primary 
dysmenorrhoea (Marjoribanks 2015 Level I [Cochrane], 80 RCTs, n=5,820), migraine (Rabbie 2013  
Level I [Cochrane], 9 RCTs, n=4,473); Derry 2013b Level I [Cochrane], 5 RCTs, n=1,356), acute ankle 
sprains (van den Bekerom 2015 Level I, 28 RCTs, n unspecified), biliary colic (Colli 2012 Level I, 11 RCTs, 

n=1,076) and acute muscle injury (Morelli 2018 Level I [PRISMA], 41 RCTs, n= 5,343).  
For more information on use in migraine see Section 8.6.5.2 and in paediatrics Section 10.9.3. 
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Nonselective NSAIDs are integral components of multimodal analgesia (Young 2012 NR; 
Buvanendran 2009 NR; Kehlet 1997 NR). When given in combination with IV PCA morphine after 
surgery, nsNSAIDs result in better analgesia, reduced opioid consumption (MD over 24 h -10.2 
mg; 95%CI -11.7 to -8.7) and a lower incidence of PONV (OR 0.70; 95%CI 0.53 to 0.88) (Maund 

2011 Level I, 60 RCTs, n unspecified). Similar findings were made in the paediatric setting (Michelet 

2012 Level I, 27 RCTs, n=985). 
The combination of paracetamol and NSAIDs is more effective than paracetamol or NSAID 

alone (Martinez 2017 Level I [NMA], 2 RCTs, n=85 [Paracetamol/NSAID]; 60 RCTs, n=3,259 [NSAIDs]; 20 

RCTs, n=699 [paracetamol]; Ong 2010 Level I, 21 RCTs, n=1,909). This is particularly well documented 
for the combination of paracetamol and ibuprofen in the setting of wisdom tooth removal (Bailey 

2013 Level I [Cochrane], 7 RCTs, n=2,241).  
Administration of ketorolac to patients with rib fractures reduced the incidence of 

pneumonia (OR 0.14; 95%CI 0.04 to 0.46) and reduced requirements for ICU admission and 
ventilation (Yang 2014 Level III-2, n=619). The perioperative use of nsNSAIDs, predominantly rectal 
diclofenac and indomethacin, for endoscopic retrograde cholangiopancreatography (ERCP) 
reduces the risk of post-ERCP pancreatitis  vs placebo (RR 0.54; 95%CI 0.45 to 0.64) (Liu 2019 Level I 

[PRISMA], 19 RCTs, n=5,031). 
In cancer surgery, initial data suggested benefits of intraoperative use of nsNSAIDs in 

breast cancer patients (reduced recurrence rate and lower mortality) and in lung cancer 
patients (lower metastases risk and longer survival) (Forget 2013 Level III-2, n=720). In breast 
cancer surgery, intraoperative administration of nsNSAIDs (ketorolac or diclofenac) was 
associated with an improved disease-free survival (HR 0.57; 95%CI 0.37 to 0.89) and better 
overall survival (HR 0.35; 95%CI 0.17 to 0.70) (Forget 2014 Level III-2, n=720). However, a more 
recent case control study found an effect with ketorolac, but not diclofenac (Desmedt 2018 Level 

III-2, n=1,834). Despite epidemiological associations with NSAIDs reducing prostate cancer risk, 
pre-operative courses of celecoxib 400mg BD did not appear to increase tumor cell apoptosis 
in surgical specimens (Flamiatos 2017 Level II, n=28, JS 5). NSAID administration (primarily 
ibuprofen) after colorectal surgery was associated with a reduced recurrence in a historical 
case series (aHR 0.84; 95%CI 0.72 to 0.99) (Schack 2019 Level III-3, n=2,308). 

4.2.1.2 | Adverse effects 

Adverse effects of nsNSAID are more common with long-term use; the major concerns relate to 
the gastrointestinal, renal and cardiovascular systems. In the perioperative and acute period, the 
main concerns are renal impairment, interference with platelet function, wound and bone 
healing and peptic ulceration or bronchospasm in individuals at risk. Certain risks are 
accentuated in the perioperative period because of pre-existing comorbidities, concurrent 
medications, haemodynamic disturbances, fluid shifts, activation of the neurohumoral stress 
response and deficient enteral feeding.  

In general, the risk and severity of nsNSAID-associated adverse effects is increased in elderly 
people (Juhlin 2005 Level II, n=14, JS 4; Pilotto 2003 Level III-2, n=2,251). For this reason, opioids are 
sometimes used in preference to NSAIDs. A cohort study of elderly patients with arthritis (mean 
age 80 y) started on nsNSAIDs, coxibs or opioids challenges the assumption that opioids are safer 
in that population, showing increased rates of fracture, hospital admission and all-cause 
mortality in the opioid cohort and similar or higher rates of cardiovascular, renal and 
gastrointestinal adverse effects (Solomon 2010 Level III-2; n=12,840). Overall the nsNSAID cohort 
appeared to have the lowest risk for adverse effects. 
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Gastrointestinal effects 

Chronic nsNSAID use is associated with peptic ulceration and bleeding and the latter may be 
exacerbated by the antiplatelet effect (Bhala 2013 Level I, 754 RCTs, n=353,809). All long-term 
nsNSAID regimens increase the risk of upper gastrointestinal complications (diclofenac RR 1.89; 
95%CI 1.16 to 3.09; ibuprofen RR 3.97; 95%CI 2.22 to 7.10; naproxen RR 4.22; 95%CI 2.71 to 
6.56). The combination of an nsNSAID with an SSRI further increases the risk of upper 
gastrointestinal bleeding (Anglin 2014 Level III-2 SR, 19 studies, n>393,268). In patients with 
rheumatoid arthritis, steroids and NSAIDs appear to be additive in increasing gastric ulceration 
(Tsujimoto 2018 Level III-2, n=1,704). 

Acute gastroduodenal damage and bleeding can also occur with short-term nsNSAID use; the 
risk is increased with higher doses, a history of peptic ulceration, use for >5 d and in elderly 
people (Strom 1996 Level III-3, n=10,272 [uses of parenteral ketorolac]). After 5 d of naproxen and 
ketorolac use in healthy elderly subjects, ulcers were found on gastroscopy in 20 and 31% of 
cases respectively (Goldstein 2003 Level II, n=168, JS 4; Stoltz 2002 Level II, n=94, JS 4; Harris 2001  
Level II, n=17 [terminated due to high incidence of gastrointestinal ulcers in both nsNSAID groups], JS 4). 

Importantly, such endoscopic findings do not correlate with dyspeptic symptoms; these 
consequently cannot be relied upon as an indicator of potential harm (Dib 2014 Level III-2, 

n=1,231). 
The relative risk of hospital admission for perforations, ulcers and bleeds associated with 

nsNSAIDs is estimated as 5.3 vs people not consuming nsNSAIDs (Lanas 2003 Level III-2, n=3,532). 
Use of ketorolac and piroxicam carried the highest risk. Concurrent use of a proton-pump 
inhibitor (PPI) significantly reduced the incidence of nsNSAID-related peptic ulcer disease 
(Targownik 2008 Level III-2, n=35,339). However, concurrent use of a PPI and nsNSAID (diclofenac) 
was still associated with an increased risk of clinically significant upper or lower gastrointestinal 
adverse effects vs coxib alone (RR 4.3; 95%CI 2.6 to 7.0) (Chan 2010b Level II, n=4,484, JS 5). 
Suppression of gastric acid by PPI to reduce nsNSAID-induced gastropathy may increase the risk 
of enteropathy lower in the gastrointestinal tract (Blackler 2014 NR), possibly from changes in gut 
flora (Minalyan 2017 NR). 

Colonic diverticular bleeding is also increased by aspirin (RR 1.73; 95%CI 1.31 to 2.30) and 
other nsNSAIDs (RR 2.24; 95%CI 1.63 to 3.09) (Yuhara 2014 Level III-2 SR, 6 studies, n 52,000). 

Renal effects 

Renal prostaglandins regulate tubular electrolyte handling, modulate the actions of renal 
hormones and maintain renal blood flow and glomerular filtration rate in the presence of 
circulating vasoconstrictors. The adverse renal effects of chronic nsNSAID use are common and 
well recognised. In some clinical conditions, including hypovolaemia, dehydration and major 
surgery, high circulating concentrations of the vasoconstrictors angiotensin II, noradrenaline and 
vasopressin increase production of intrarenal vasodilators including prostacyclin; maintenance 
of renal function may then depend on prostaglandin synthesis and thus can be sensitive even to 
brief nsNSAID administration (McDowell 2014 NR). 

In patients with normal preoperative renal function, NSAIDs vs placebo may slightly increase 
serum creatinine (MD 3.23 micmol/L; 95%CI -0.80 to 7.26), however effects on acute kidney 
injury and need for renal replacement therapy are uncertain (Bell 2018 Level I [Cochrane], 26 RCTs, 

n=8,943). The risk of adverse renal effects of nsNSAIDs and coxibs is increased in the presence of 
factors such as pre-existing renal impairment, hypovolaemia, hypotension, use of other 
nephrotoxic agents including angiotensin-converting enzyme (ACE) inhibitors (Juhlin 2005 Level II, 

n=14, JS 4), IV contrast media and aminoglycosides (RCA 1998 Level IV). Of note, a trial of naproxen 
following cardiac surgery was stopped because of an increased rate of renal failure (7.3 vs 1.3%) 
(Horbach 2011 Level II, n=161, JS 5). This is confirmed by an analysis of a French pharmacovigilance 
database, which showed that acute renal failure caused by drug interactions between NSAIDs 
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and ACE inhibitors, angiotensin-receptor blockers or diuretics was a common issue (Fournier 2014 
Level IV, n=11,442 [notifications of adverse drug reactions]).     

After nephrectomies, evidence is limited and contradictory with a continuous infusion of 
ketorolac for 24 h after laparoscopic donor nephrectomy having no significant effect on renal 
function for up to 18 mth postoperatively (Grimsby 2014 Level II, n=111, JS 3), but a retrospective 
case series of donor nephrectomies found a reduction in renal function at 12 mth despite less 
pain and a shorter LOS (Takahashi 2017 Level III-2, n=251). Another retrospective case series found 
no associations at 1 wk, 1 y or 5 y (Tabrizian 2019 Level III-2, n=862). 

In the PRECISION trial, long-term use of ibuprofen for treatment of arthritis was associated 
with significantly more serious renal events than celecoxib (HR 0.61; 95%CI 0.44 to 0.85), but not 
naproxen (HR 0.79; 95% CI, 0.56 to 1.12) (Nissen 2016 Level II, n=24,081, JS 5). 

Overall in the general population, NSAID (including coxib) usage is associated with an 
increased risk of AKI (OR 1.73; 95%CI 1.44 to 2.07) as well as exacerbation in patients with CKD 
(OR 1.63; 95%CI 1.22 to 2.19) (Zhang 2017a Level III-3 SR, 10 studies, n=1,609,163).  

For more information on paediatric effects see Section 10.4.2.3. 

Cardiovascular effects 

Most publications looking at the risk of cardiovascular adverse effects associated with nsNSAID 
use also include information relating to risks with coxibs (see the more detailed discussion under 
Section 4.3.2 below).  

For some years it has been known that ibuprofen may impede access of aspirin to platelet 
COX-1 and may abrogate the protective effect of aspirin (Hudson 2005 Level III-2, n=18,503; 

MacDonald 2003 Level III-2, n=7,107). Subsequent research indicates that a degree of inhibition may 
occur with most nsNSAIDs and even some coxibs; while not blocking COX-1, they may block 
aspirin from reaching it (Nalamachu 2014 NR). This is backed up by an ad hoc analysis of data from 
the PRECISION trial which showed worse cardiovascular outcomes of aspirin/ibuprofen vs 
aspirin/celecoxib (HR 1.27; 95%CI 1.06 to 1.51) (Reed 2018 Level III-2, n=23,953). Impaired aspirin 
inhibition of platelet function is described in multiple studies for ibuprofen, flufenamic acid, 
mefenamic acid, piroxicam, nimesulide and dipyrone, while there is conflicting evidence with 
respect to naproxen, celecoxib, rofecoxib and sulindac, and no inhibition was seen with 
diclofenac, etoricoxib, ketorolac, ketoprofen, meloxicam or paracetamol (Polzin 2013 Level III-2; 

Meek 2013 EH; Saxena 2013 EH). The FDA issued a caution specifically about the concomitant use 
of aspirin and ibuprofen, which states that ibuprofen should be “given at least 8 hours before or 
at least 30 minutes after immediate release aspirin” (FDA 2006 GL). 

Platelet effects and bleeding 

Nonselective NSAIDs inhibit platelet function on aggregometry with naproxen and ibuprofen 
showing a mild antiplatelet effect for up to 72 and 48 h respectively where meloxicam and 
celecoxib show essentially no antiplatelet activity (Scott 2014 BS).  

More recent studies and meta-analyses seem to show less impact of nsNSAIDs on bleeding 
compared to older ones, perhaps reflecting improvements in surgical technique and reduced 
total blood loss. A recent meta-analysis found no increased haematoma risk in plastic surgery 
(OR 1.39; 95%CI 0.82 to 2.37) (Walker 2019 Level I [PRISMA] 15 studies, n=3,064) and in another meta-
analysis perioperative ketorolac did not increase the rate of postoperative bleeding (OR 1.1; 
95%CI 0.61 to 2.06) (Gobble 2014 Level I, 27 RCTs, n=2,314). In a cohort study in paediatric 
neurosurgery, ketorolac was not associated with an increase in clinically significant bleeding 
events (OR 0.69; 95%CI 0.15 to 3.1) or radiographic haemorrhage (OR 0.81; 95%CI 0.43 to 1.51) 

(Richardson 2016 Level III-2, n=1,451). In contrast, in a previous meta-analysis the rate of surgery-
related bleeding was 2.4% after nsNSAIDs vs 0.4% with placebo (Maund 2011 Level I, 6 RCTs 

[bleeding], n=695). In another meta-analysis the use of nsNSAIDs showed a significant increase in 
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risk of severe bleeding from 0 to 1.7% vs placebo (NNH 59) (Elia 2005 Level I, 52 RCTs, n=4,893). A 
retrospective analysis using data from 2003 to 2016 looking at transfusion risk for hip fractures 
found a small increase in risk of transfusion with preoperative nsNSAID use within 90 d of surgery 
(RR 1.07; 95%CI 1.04 to 1.10) (Glassou 2019 Level III-2, n=74,791). Other older evidence showing an 
increased risk of bleeding includes ibuprofen in total hip arthroplasty (THA) (Fransen 2006 Level II, 

n=902, JS 5), tenoxicam in otorhinolaryngological surgery (Merry 2004 Level II, n=1,001, JS 5) and  
diclofenac vs rofecoxib in gynaecological and breast surgery (Hegi 2004 Level II, n=50, JS 5). 

Bleeding after tonsillectomy is of clinical significance but occurs infrequently; nsNSAID use 
and post tonsillectomy bleeding remains controversial and the evidence conflicting. The most 
recent meta-analysis found no statistically significant increase of any outcome related to 
bleeding with the perioperative use of nsNSAIDs in tonsillectomy (Riggin 2013 Level I, 36 RCTs, 

n=3,193). This was found for most severe bleeding outcome (OR 1.30; 95%CI 0.90 to 1.88), 
bleeding requiring reoperation (OR 1.32; 95%CI 0.59 to 2.95), bleeding requiring readmission (OR 
1.08; 95%CI 0.54 to 2.15), bleeding managed conservatively (OR 1.56; 95%CI 0.91 to 2.66) and 
secondary haemorrhage (OR 0.90; 95%CI 0.40 to 2.01). There is also no increased bleeding 
outcome in the paediatric subgroup of this meta-analysis (19 RCTs, n=1,747), which is in line with 
another meta-analysis in children only (OR 1.69; 95%CI 0.71 to 4.01) (Lewis 2013 Level I [Cochrane], 

15 RCTs, n=1,101) (see also Section 10.4.2.3 for details). However, neither of these meta-analyses 
include a subsequent multicentre RCT which was unable to show non-inferiority of ibuprofen to 
paracetamol with respect to bleeding requiring surgery in paediatric patients (1.2% vs 2.9%; 
p=0.12 for noninferiority) (Diercks 2019 Level II, n=741, JS 5).   The above meta-analysis (Riggin 2013 
Level I, 46 RCTs, n=4,878) could not identify a specific risk for any nsNSAID including aspirin (OR 
4.23; 95%CI 0.64 to 27.66) (3 RCTs, n=1,610)  and ketorolac (OR 2.01; 95%CI 0.62 to 6.54) (8 RCTs; 

n=579). These findings are contradicted by a previous larger meta-analysis on aspirin (OR 1.94; 
95%CI 1.09 to 3.42) (Krishna 2003 Level I, 7 RCTs, n=1,368) and a systematic review on ketorolac 
(Chan 2014 Level III-2 SR [PRISMA], 10 studies, n=1,357). The latter found an overall increased risk of 
bleeding post tonsillectomy with ketorolac (RR 2.04; 95%CI 1.32 to 3.15), which was also found 
in adults (RR 5.64; 95%CI 2.08 to 15.27) (3 studies, n=246) but not in children (RR 1.39; 95%CI 0.84 
to 2.30) (7 studies, n=1,111).  

For more information on paediatric effects see Section 10.4.2.3 and on post-tonsillectomy 
pain see Sectioin 8.6.7.3.  

Hypersensitivity and NSAID-exacerbated respiratory disease (NSAID-ERD) 

NSAIDs, especially nsNSAIDs, are one of the most common causes of drug-induced 
hypersensitivity reactions. Acute reactions include rhinitis, asthma, urticaria, angioedema and 
anaphylaxis, while delayed reactions include fixed drug eruptions, Stevens-Johnson syndrome, 
toxic epidermal necrolysis, maculopapular reactions, pneumonitis, nephritis or aseptic 
meningitis (Kowalski 2019 GL). This guideline advises on classification, diagnosis and management.  

NSAID-ERD has a community prevalence of 1.8% and affects 10-20% of adults with asthma 
and 5% of children with asthma (Kowalski 2019 GL). Bronchospasm usually occurs within 1 to 2 h 
of exposure and precipitation is related to COX-1 activity with both COX-2 selective NSAIDs  
(eg celecoxib and etoricoxib) and COX-2 preferential inhibitors (eg nimesulide and meloxicam) 
being usually well tolerated. See also Section 4.2.2.2  below. 

Bone and ligament healing 

Ever since the first study in 1976 showed impaired osteoblastic activity with indomethacin in 
rodent bone models of fracture there has been concern about the effect of NSAIDs on bone 
healing. The most recent meta-analysis of cohort studies shows an association between long-
term NSAID usage and delayed union or disunion (OR 2.07; 95%CI 1.19 to 3.61), but not with low 
dose or short duration (<2 wk) (OR 1.68; 95%CI 0.63 to 4.46) or in paediatric populations (OR 
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0.58; 95%CI 0.27 to 1.21) (Wheatley 2019 Level III-2 SR, 19 studies, n=15,242 bones). Given the non-
randomised cohort nature of this evidence it may well be that patients are taking NSAIDs for 
longer for a painful non-healing fracture rather than NSAIDs being a causative agent and a firm 
conclusion is unlikely without a large and well-designed randomised control trial.   

In a meta-analysis which included primarily anterior cruciate ligament (ACL) reconstructions 
(93%) no difference in surgical failure was seen (3.6 vs 3.7%) (Constantinescu 2019 Level III-2 SR,  

4 studies, n=4,451) 

Anastomotic leakage and colorectal surgery 

Rodent models of anastamotic leakage have for some time shown reduced collagen formation 
in rodents given diclofenac leading to concerns about the effect of NSAIDs on anastamotic leak 
rate in humans (Klein 2012 BS). The two most recent meta-analyses of primarily cohort studies 
(Modasi 2019 Level III-2 SR [PRISMA], 8 studies, n=9,835; Huang 2018 Level III-2 SR, 17 studies, n=26,098) 
(overlap 4 studies) show an increased anastamotic leak rate with nsNSAIDs (OR 2.02; 95%CI 1.62 
to 2.50 respectively OR 1.79; 95%CI 1.47 to 2.18). Subgroup analysis was unable to show any 
increase with either selective COX-2 inhibitors (OR 1.17; 95%CI 0.50 to 2.74) or ketorolac (OR 
1.36; 95%CI 0.89 to 2.06)). A high risk of publication bias was detected.  

NSAIDs do, however, improve recovery of gastrointestinal function with evidence for faster 
return of flatus (MD -17.73 h; 95%CI -21.26 to -14.19), stool (MD -9.52 h; 95%CI -14.74 to -4.79), 
and oral feeding tolerance (MD -12.00 h; 95%CI -18.01 to -5.99 h) (Chapman 2019 Level I [PRISMA], 

6 RCTs, n=563). NSAIDs also reduce the recurrence rate of colorectal adenomas after endoscopic 
resection (RR 0.68; 95%CI 0.63 to 0.73) (Wang 2015a Level I, 9 RCTs, n=8,521).  

Central nervous system effects 

CNS effects of NSAIDs are poorly defined, but range from symptomatic adverse effects such as 
headache or dizziness through to possible disease modification in conditions such as Parkinson’s 
disease and dementia (Auriel 2014 NR). Evidence on effects on cognitive decline is conflicting with 
long-term NSAID use showing a small protective effect in one metanalysis of cohort studies (RR 
0.87; 95 %CI 0.81 to 0.94) (Wang 2016b Level III-2 SR [PRISMA], 11 studies, n=36,165), but no 
protective effect in another looking at low dose aspirin (Veronese 2017 Level III-2 SR [PRISMA],  

3 RCTs & 5 studies, n=36,196). 

4.2.2 | Systemic cyclooxygenase-2 selective inhibitors (Coxibs) 

Coxibs selectively inhibit the inducible COX enzyme, COX-2, and relatively spare constitutive  

COX-1 (see above). The coxibs available at present are celecoxib, etoricoxib, polmacoxib and 

parecoxib (the injectable prodrug of valdecoxib). By sparing physiological tissue prostaglandin 

production while inhibiting inflammatory prostaglandin release, coxibs offer the potential for 

effective analgesia with fewer adverse effects than nsNSAIDs. However, as noted above, some 

constitutive physiological synthesis of prostaglandins is also mediated through COX-2, and 

coxibs may still inhibit COX-1 to some extent. 

4.2.2.1 | Efficacy 

Coxibs are as effective as nsNSAIDs for postoperative pain (Moore 2015b Level I [Cochrane], ≈460 

RCTs, n≈50,000), osteoarthritis (Smith 2016 Level I [PRISMA], 9 RCTs, n= 2,937) and chronic low-back 
pain (Chung 2013 Level I [PRISMA], 25 RCTs, n=5,935). NNTs are comparable to those for nsNSAIDs 
for the treatment of moderate to severe acute pain. For a list of NNTs for each medicine see 
Table 5.1.  
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When given in combination with opioids after surgery, coxibs show reduced opioid 
consumption similar to nsNSAIDs (MD over 24 h -10.9 mg; 95%CI -12.8 to -9.1) but no significant 
reductions in pain scores or opioid-related adverse effects (Maund 2011 Level I, 60 RCTs,  

n unspecified). When given as a single dose preoperatively, coxibs provide a reduction in mean 
postoperative analgesic requirements at 24 h (MD -0.68; 95%CI -0.95 to -0.33) (Nir 2016 Level I 
[PRISMA], 13 RCTs, n=1,079).  

After total knee arthroplasty (TKA), use of coxibs in the perioperative period reduces pain 
scores, opioid consumption, PONV and pruritus and improves range of motion without increased 
blood loss (Lin 2013 Level I, 8 RCTs, n=571). Continuation of coxibs for 6 wk postoperatively resulted 
in ongoing improved analgesia and reduced opioid consumption with improved rehabilitation 
conveying benefits on knee flexion for up to 1 y (Schroer 2011 Level II, n=107, JS 5). The risk-benefit 
ratio for coxibs as a discharge medication after orthopaedic surgery is superior to that for 
nsNSAIDs (Roberts 2012 Level I [PRISMA], 23 RCTs, n unspecified). 

Pain relief at rest and on movement and satisfaction were improved when oral celecoxib  
was added to thoracic PCEA using local anaesthetic and opioid (Senard 2010 Level II, n=40, JS 5). 

Celecoxib given pre-operatively is effective at reducing 24 h parenteral MED consumption 
(MD 4.13 mg; 95%Cl 5.58 to 2.67), pain scores at 24 h (MD -1.02/10; 95%CI -1.54 to -0.50) and 
reducing postoperative nausea and vomiting by 44% and 38% respectively (Khan 2016 Level I,  

14 RCTs, n=994). 
A meta-analysis of parecoxib in orthopaedic surgery in elderly patients shows a reduction in 

perioperative cognitive dysfunction up to 7 d (RR 0.32; 95%CI 0.16 to 0.63), but not at 3 mth (RR 
0.40; 95%CI 0.16 to 1.02) (Huang 2019 Level I [PRISMA], 2 RCTs, n=200); these results should be 
viewed with caution as outcome measures were not robust. A similar effect was shown with 
celecoxib after arthroplasty (Zhu 2018b Level II, n=178, J 5). 

4.2.2.2 | Adverse effects 

Gastrointestinal effects 

In the PRECISION trial celecoxib/esomeprazole was associated with significantly less 
gastrointestinal events than ibuprofen/esomeprazole (HR 0.43; 95%CI 0.27 to 0.68) and 
naproxen/esomeprazole (HR 0.51; 95%CI 0.32 to 0.81) (Yeomans 2018 Level II, n=24,081, JS 5). 
Despite a possible dosing inequality this is supported by a trial of naproxen 500 mg BD + PPI vs 
Celecoxib 100 mg BD + PPI in patients with a recent GI bleed (Chan 2017 Level II, n=514, JS 5). 
Rebleed rates were 5.6% (95%CI 3.3 to 9.2) in the celecoxib group and 12.3% (95%CI 8.8 to 17.1) 
in the naproxen group (HR 0.44; 95%CI 0.23 to 0.82). Etoricoxib in osteoarthritis similarly shows 
superiority to nsNSAIDs in terms of GI event rates (RR 0.67; 95%CI 0.59 to 0.76) (Feng 2018 Level I 

[PRISMA], 9 RCTs, n=39,442). 
Short-term use of parecoxib/valdecoxib, as required to treat acute pain, results in 

gastroscopic ulcer rates similar to placebo in elderly patients at increased risk (Goldstein 2003 
Level II, n=168, JS 4; Stoltz 2002 Level II, n=94, JS 4; Harris 2001 Level II, n=17 [terminated due to high 

incidence of gastrointestinal ulcers in both nsNSAID groups], JS 4). This contrasts with increased rates 
of ulceration with nsNSAIDs in the same setting.  

Despite relative safety in comparison to nsNSAIDs, long term usage of COX-2 inhibitors is still 
associated with an increased GI event rate in cohort studies of non-use versus etoricoxib (RR 
4.85; 95%CI 2.64 to 8.93), rofecoxib (RR 2.02; 95%CI 1.56 to 2.61) and celecoxib (RR 1.53; 95%CI 
1.19 to 1.97) (Martin Arias 2019 Level III-2 SR [PRISMA], 28 studies, n=1,255,401). These results might 
be unexpected given that both rofecoxib and etoricoxib are more COX-2 selective than celecoxib, 
however current understanding of gastrointestinal injury includes multiple mechanisms such as 
mitochondrial uncoupling and ion-trapping that may be unrelated to COX inhibition (Bjarnason 

2018 NR). In a pooled analysis of COX-2 inhibitor use in osteoarthritis an increase in 
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gastrointestinal events is seen vs placebo (RR 1.19, 95% CI 1.03 to 1.38) (Curtis 2019 Level I 
[PRISMA], 40 RCTs, n unspecified).  

Renal effects 

COX-2 is constitutively expressed in the kidney and is highly regulated in response to alterations 
in intravascular volume. COX-2 has been implicated in maintenance of renal blood flow, 
mediation of renin release and regulation of sodium excretion (Cheng 2004 NR; Kramer 2004 NR).  

A meta-analysis of perioperative parecoxib found no increase in renal failure vs placebo 
((Schug 2017 Level I, 26 RCTs, n=9,282). In contrast (and as with nsNSAIDs), a statistically significant 
increased risk of renal failure was reported following administration of coxibs in cardiac surgery 
patients (NNH 73) (Elia 2005 Level I, 3 RCTs [cardiac surgery], n=803). 

In the PRECISION trial long-term ibuprofen was associated with significantly more serious 
renal events than celecoxib (HR 0.61; 95%CI 0.44 to 0.85), but naproxen was not worse than 
celecoxib (HR 0.79; 95%CI 0.56 to 1.12) (Nissen 2016 Level II, n=24,081, JS 5). 

Analysis of the effects of different coxibs on renal function showed heterogeneity within the 
class as rofecoxib was associated with increased risk of renal dysfunction, while celecoxib was 
not (Zhang 2006 Level I, 114 RCTs, n=116,094). 

A subsequent meta-analysis of cohort studies of the general population showed a non-
statistically significant trend to a lower AKI incidence with COX-2 selectivity (OR 1.84; 95%CI 
1.54 to 2.19 [no COX-2 selectivity] vs OR 1.41; 95%CI 1.07 to 1.87 [COX-2 selectivity]) (Zhang 

2017a Level III-2, 10 studies, n=1,609,163).  

Cardiovascular effects 

Cardiovascular risk with coxibs seems very dependent on the coxib in question. This may reflect 
non-COX dependent effects that NSAIDs may have on the cardiovascular system (Walker 2018 NR). 

In acute pain management, short-term use of parecoxib after noncardiac surgery does not 
increase the risk of cardiovascular adverse effects (Schug 2017 Level I, 26 RCTs, n=9,282). Similarly, 
short-term use of other NSAIDs (meloxicam, ketorolac, celecoxib for a mean of 3 d) after lower 
limb total joint replacement did not increase the risk of myocardial infarction postoperatively vs 
nonuse (aOR 0.95; 95%CI 0.5 to 1.8) (Liu 2012 Level III-2, n=10,873). However, an increase in the 
incidence of cerebrovascular and cardiovascular events has been reported in patients given 
parecoxib, then valdecoxib, after CABG surgery (Furberg 2005 Level I, 2 RCTs, n=2,098). The FDA has 
contraindicated the use of all NSAIDs in the immediate postoperative period following CABG 
surgery (FDA 2007 GL). A subsequently performed retrospective observational study with 
ketorolac has not confirmed these concerns (Oliveri 2014 Level III-2, n=1,309).  

Absolute long-term cardiovascular risk with chronic usage of NSAIDs remains unclear as the 
recent large prospective studies were non-inferiority trials without a placebo arm. Studies are 
conflicting as to cardiovascular risk with individual drugs. 

In a review of epidemiological data, rofecoxib showed increased cardiovascular risks vs other 
coxibs and nsNSAIDs (Gunter 2017 Level III-2 SR, 26 studies, n=228,389). In the PRECISION trial in 
patients with arthritis, there was no difference in cardiovascular event rates between long-term 
celecoxib and ibuprofen or naproxen (HR [celecoxib vs. naproxen] 0.90; 95%CI 0.71 to 1.15; HR 
[celecoxib vs. ibuprofen] 0.81; 95%CI 0.65 to 1.02) (Nissen 2016 Level II, n=24,081, JS 5). The SCOT 
trial randomised patients over 60 y with arthritis to either continue their current NSAID or be 
changed to celecoxib found no difference in cardiovascular risk (HR 1.1; 95%CI 0.81 to 1.55) 

(MacDonald 2017, Level II, n=7,297, JS 3). 
A Bayesian meta-analysis found odds ratios for myocardial infarction of 1.24 (95%CI 0.91 to 

1.82) for celecoxib, 1.48 (95%CI 1.00 to 2.26) for ibuprofen, 1.50 (95%CI 1.06 to 2.04) for 
diclofenac, 1.53 (95%CI 1.07 to 2.33) for naproxen, and 1.58 (95%CI 1.07 to 2.17) for rofecoxib 
(Bally 2017 Level III-2, n=446,763 [61 460 myocardial infarctions]). This data directly conflicts with a 
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previous meta-analysis that found no increased cardiovascular risk with naproxen, diclofenac or 
etoricoxib (Trelle 2011 Level I, 31 RCTs, n=116,429). 

Once daily administration of celecoxib eg 400 mg (RR 1.1; 95%CI 0.6 to 2.0) was associated 
with a lower cardiovascular risk than giving 400 mg as divided doses of 200 mg twice daily (RR 
1.8; 95%CI 1.1 to 3.1) (Solomon 2008 Level I, 6 RCTS, n=7,950). 

All NSAIDs approximately double the risk of congestive heart failure (Bhala 2013 Level I, 54 RCTs, 

n=353,809). However, this analysis pooled all coxib data so that data from rofecoxib and celecoxib 
was not differentiated. A subsequent meta-analysis of coxibs which looked at heart failure in 
osteoarthritis found no increase in congestive heart failure (RR 1.18; 95%CI 0.24 to 5.71), but 
increased risk of peripheral oedema (RR 1.61; 95%CI 1.09 to 2.40) and generalized oedema (RR 
1.91; 95%CI 1.08 to 3.39) (Curtis 2019 Level I [PRISMA], 40 RCTs, n unspecified). In a nested cohort study 
which matched 92,163 heart failure admissions with 8,246,403 controls, all  
NSAIDs except celecoxib were associated with an increased risk of heart failure (Arfe 2016 Level III-2, 

n=8,566,955).  
A small increase in the risk of atrial fibrillation with NSAID usage (RR 1.12; 95%CI 1.06 to 1.18) 

has been documented (Krijthe 2014, Level III-2, n=8,423).  
In comparison with a historical cohort, the use over a 10 mth period of parecoxib and 

valdecoxib 40 mg daily for 2–3 wk was associated with an increase in the rate of vascular free 
flap failure from 7–29%, then falling to 4% after these medicines were no longer used (Al-Sukhun 

2006 Level III-3, n=180). These retrospective data, which are subject to potential confounding 
factors, are supported by one study in rats showing a harmful effect of parecoxib on flap survival 
(Ren 2013 BS), which did not occur with celecoxib (Wax 2007 BS). A retrospective cohort study 
using ketorolac after head and neck free flaps found no bleeding complications and no increased 
risk of free flap failure (Schleiffarth 2014 Level III-2, n=138 [free flaps]).  

Platelet effects and bleeding 

Platelets express only COX-1, not COX-2, and as a consequence, coxibs do not impair platelet 
function (Munsterhjelm 2006 Level II EH, n=18, JS 4). This is consistent with a study on platelet 
aggregometry with meloxicam and celecoxib show essentially no antiplatelet activity (Scott 2014 

BS). COX-2 selective NSAIDs show no difference in the risk of postoperative bleeding events (RR 
0.92; 95%CI 0.63 to 1.33), intraoperative blood loss (WMD -4.38 ml; 95%CI -14.69 to 5.92), 
postoperative blood loss (WMD -13.89 ml; 95%CI -30.24 to 2.47), and 24 h postoperative 
haemoglobin loss (WMD 0.47 g/dL; 95%CI 0.14 to 1.09) vs nsNSAIDs, other analgesics, or placebo 
(Teerawattananon 2017 Level I, 16 RCTs, n=1,704).  

Allergic reactions and NSAID-exacerbated respiratory disease  

Patients with anaphylactoid reactions to dipyrone and nsNSAIDs (mainly propyphenazone and 
diclofenac) tolerated oral challenges with rofecoxib and celecoxib (Quiralte 2004 Level IV, n=33). 

Coxibs, administered at analgesic doses, do not produce bronchospasm in patients with 
NSAID-exacerbated respiratory disease (Morales 2013 Level I [PRISMA], 14 RCTs, n=426).  

Bone and ligament healing 

At present, data on the effect of coxibs on bone healing are mainly restricted to animal models, 
where they undoubtedly affect bone remodelling (Kurmis 2012 NR BS). Celecoxib after THA 
reduced the frequency and severity of heterotopic bone formation (Lavernia 2014 Level III-2, n=170; 
Oni 2014 Level III-2, n=214). There is no good evidence of any clinically significant inhibitory effect 
of coxibs on bone healing (Kurmis 2012 NR; Gerstenfeld 2004 NR; Bandolier 2004 NR).   

In a small single centre trial of celecoxib, ibuprofen or tramadol for rotator cuff repairs 
celecoxib was associated with an increased rate of re-tears (11/30 [37%]) vs ibuprofen (2/27 
[7%]) and tramadol (1/25 [4%]) groups (Oh 2018 Level II, n=180, JS 5). This matches animal model 
data from rabbits (Lu 2015 BS). 
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Anastomotic leakage 

There is no increased leakage rate with perioperative coxibs (Modasi 2019 Level III-2 SR [PRISMA], 

8 studies, n=9,835; Huang 2018 Level III-2 SR,17 studies, n=26,098) (overlap 4 studies). See 4.2.1.2 for 
more detail. 

 

KEY MESSAGES 

Efficacy of systemic NSAIDs 
1. Nonselective NSAIDs are effective in the treatment of acute postoperative pain, renal 

colic, migraine, primary dysmenorrhoea (S) (Level I [Cochrane Review]), acute muscle 
injury (N) (Level I [PRISMA]) and chronic low-back pain (U) (Level I [PRISMA]) and acute 
ankle sprain (U) (Level I). 

2. Coxibs are as effective as nonselective NSAIDs in the treatment of acute pain (including 
postoperative pain) (S) (Level I [Cochrane Review]), chronic low-back pain (U) (Level I 
[PRISMA]) and osteoarthritis (N) (Level I [PRISMA]). 

3. Nonselective NSAIDs given in addition to paracetamol improve analgesia compared with   
either medicine given alone (S) (Level I), in particular ibuprofen combined with 
paracetamol (U) (Level I [Cochrane Review]). 

4. The risk-benefit ratio for coxibs as a discharge medication after orthopaedic surgery is 
superior to that for nonselective NSAIDs (U) (Level I [PRISMA]).  

5. Nonselective NSAIDs given in addition to PCA opioids reduce opioid consumption and 
the incidence of nausea and vomiting (U) (Level I). 

6. Coxibs given in addition to PCA opioids reduce opioid consumption but do not result in a 
decrease in opioid-related adverse effects (U) (Level I), except after total knee 
arthroplasty, where they reduce pain scores and adverse effects and improve outcomes 
(U) (Level I). 

7. Celecoxib given as a single pre-operative dose is effective at reducing opioid usage, pain 
scores at 24 hours and postoperative nausea and vomiting (N) (Level I). 

Adverse effects of systemic NSAIDs 
8. In patients with normal preoperative renal function nonselective NSAIDs slightly increase 

serum creatinine, but effects on acute kidney injury and need for renal replacement 
therapy are uncertain due to lack of evidence (W) (Level I [Cochrane Review]).  

9. Nonselective NSAIDs may increase the risk of any bleeding-related outcome after 
tonsillectomy in adults (U) (Level I); however, not in paediatric patients (U) (Level I 
[Cochrane Review]) except in a large non-inferiority RCT where need for surgical 
intervention was increased with ibuprofen versus paracetamol (Q) (Level II). There is an 
increase in bleeding complications with aspirin in adults and children (U) (Level I) and 
with ketorolac in adults only (U) (Level III-2 [PRISMA]).   

10. Nonselective NSAIDS, but not coxibs may cause bronchospasm in individuals known to 
have NSAID-exacerbated respiratory disease (U) (Level I [PRISMA]). 

11. Coxibs and nonselective NSAIDs exert individual and non-class effects on the 
cardiovascular system with rofecoxib appearing to be worse than other coxibs and 
nonselective NSAIDs (N) (Level I). Celecoxib is no worse than naproxen or ibuprofen (N) 
(Level II) and better than ibuprofen when combined with aspirin (N) (Level II).  
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12. Short-term use of parecoxib (S) (Level I) and other NSAIDs (U) (Level III-2) compared 
with placebo does not increase the risk of cardiovascular adverse effects after 
noncardiac surgery.  

13. Use of parecoxib followed by valdecoxib after coronary artery bypass graft surgery 
increases the incidence of cardiovascular and cerebrovascular effects and is therefore 
contraindicated (U) (Level I).  

14. Perioperative nonselective NSAIDs may increase the risk of minor and major bleeding 
after surgery compared with placebo (W) (Level I). 

15. Coxibs do not impair platelet function and are not associated with increased 
perioperative blood loss (S) (Level I). 

16. In patients with normal renal function, parecoxib perioperatively does not increase renal 
failure (N) (Level I).   

17. NSAIDs hasten bowel recovery after colorectal surgery (N) (Level I). 

18. With regard to renal function, celecoxib is safer than ibuprofen with long-term use (N) 
(Level II).  

19. Short-term use (5–7 days) of coxibs results in gastric ulceration rates similar to placebo 
and lower than nonselective NSAIDs (U) (Level II). 

20. The protective effects of low-dose aspirin are reduced by concomitant administration of 
some NSAIDs, in particular ibuprofen (S) (Level II). 

21. Nonselective NSAIDs, but not coxibs increase the risk of anastomotic leak after colorectal 
surgery (N) (Level III-2).  

22. NSAIDs taken for less than 2 weeks or in low dose or in paediatrics do not increase the 
risk of malunion after fracture (N) (Level III-2).  

23. Chronic administration of both nsNSAIDs and coxibs is associated with an increased risk 
of renal impairment (N) (Level III-3 SR). 

The following tick box represents conclusions based on clinical experience and expert 
opinion: 

 The risk of adverse renal effects of nonselective NSAIDs and coxibs may be increased in 
the presence of factors such as pre-existing renal impairment, hypovolaemia, 
hypotension and use of other nephrotoxic agents including angiotensin-converting 
enzyme inhibitors (W). 
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4.2.3 | Nonsystemic nonsteroidal anti-inflammatory drugs 

Local NSAIDs by any route (transdermal patch or gel, wound infiltration) for non-ophthalmic 
surgery as part of multimodal analgesic regimens may improve pain control and postoperative 
function  placebo or systemic administration based on low to moderate quality evidence 
(Brubaker 2016 Level I [PRISMA], 9 RCTs, n=532). 

4.2.3.1 | Intra-articular 

Following arthroscopy, intra-articular (IA) nsNSAIDs such as tenoxicam and ketorolac result in 
improved pain relief after surgery (Romsing 2000 Level I, 16 RCTs, n=844 [7 RCTs IA]). Compared with 
systemic administration, IA nsNSAIDs (4 RCTs) showed a pain reduction of 20/100 (95%CI 13 to 
26) and a 50 to 65% reduction in supplementary analgesic requirements over 24 h. In contrast, 
when IA nsNSAIDs were compared with IA placebo, two of three RCTs showed no significant 
analgesic benefit. More recent studies do not permit differentiation of the effect of IA NSAIDs 
from other components in the injected solution.  

In human chondrocytes single-dose equivalent concentrations of ketorolac caused significant 
chondrotoxicity (Abrams 2017 BS). Intraarticular ketorolac for THJR showed no increased risk of 
loosening, even with long-term follow-up (mean 7.3 y) (Nizam 2015 Level IV, n=100). 

4.2.3.2 | Wound infiltration 

Infiltration of the surgical wound with local anaesthetic/nsNSAID vs local anaesthetic and IV 
nsNSAID showed no difference in analgesia in three of five RCTs (overall WMD -6/100; 95%CI        
-19 to 6); similarly, wound infiltration with local anaesthetic/nsNSAID vs local 
anaesthetic/placebo showed no analgesic benefit in four of five studies (Romsing 2000 Level I,  

16 RCTs, n=844 [10 RCTs wound]). This lack of a local effect was confirmed in more recent studies, 
eg with lornoxicam after thyroidectomy (Kilbas 2015 Level II, n=80, JS 4). 

4.2.3.3 | Local infiltration analgesia 

Local infiltration analgesia (LIA) involves the intraoperative periarticular infiltration of large 
volumes of local anaesthetic combined with a variety of adjuvants typically including an alpha-2 
agonist/vasoconstrictor, an opioid and/or an anti-inflammatory agent. The majority of 
investigations into the effectiveness of LIA in acute pain management following hip or knee 
arthroplasty fail to separate out the components of the mixture and some protocols also use 
catheter-based “top-up” regimens of varying composition. The lack of appropriate systemic 
comparators further complicates analysis of the role of the individual components. Ketorolac is 
the most frequently used nsNSAID in the LIA mixture. A systematic review identified no RCTs 
enabling a comparison of the efficacy of systemic vs periarticular administration of nsNSAIDs as 
a component of LIA in THA (Andersen 2014a Level I [PRISMA], 27 RCTs [hip], n=756).  

The peak plasma concentrations of ketorolac after use of 30 mg as a component of LIA were 
comparable to those of similar doses administered IM (0.3-2.2 mg/L) (Affas 2014 PK). 

4.2.3.4 | Intravenous regional analgesia 

Ketorolac 60 mg in combination with local anaesthetic for IV regional analgesia (IVRA) 
demonstrated longer time to first analgesia request vs local anaesthetic IVRA with either IV 
ketorolac or IV placebo following minor upper limb procedures (Reuben 1995 Level II, n=60, JS 2). 
However, pain scores were low overall and this study was not blinded. Ketorolac 60 mg added 
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to local anaesthetic for IVRA or infiltrated into the wound provided superior analgesia for up to 
2 h following tourniquet release vs no ketorolac use (Reuben 1996 Level II, n=60, JS 3). Again, pain 
scores were low for all groups and there was no separate parenteral dose of ketorolac. When 
varying doses of ketorolac were added to IVRA for hand surgery, a linear dose-response 
relationship from 5 to 20 mg was found; between 20 and 60 mg, there appeared to be no 
additional analgesic benefit (Steinberg 1998 Level II, n=75, JS 3). With IVRA doses of ≥20 mg vs doses 
<20 mg, time to first analgesia was prolonged and pain scores were significantly lower for up to 
2 h following tourniquet release. There was no comparison with ketorolac administered as a 
separate parenteral dose. 

Overall, no conclusion can be drawn regarding a specific benefit of adding ketorolac to IVRA 
over parenteral administration by a separate route. 

4.2.3.5 | Nerve block 

Parecoxib/ropivacaine improved quality and duration of brachial plexus block vs 
placebo/ropivacaine and ropivacaine/IV parecoxib (Liu 2013 Level II, n=150, JS 5). 

4.2.3.6 | Topical 

Application to skin 

In adult patients with acute pain resulting from strains, sprains or sports injuries, topical 
diclofenac, ibuprofen, ketoprofen, piroxicam and indomethacin are effective vs placebo, 
whereas benzydamine is not significantly better than placebo (Derry 2015a Level I [Cochrane]  

61 RCTs, n=8,386). Topical compounds with good efficacy are diclofenac with an NNT (for 50% pain 
reduction over placebo) of 3.7 (95%CI 3.2 to 4.3), ketoprofen of 3.9 (95%CI 3.0 to 5.3), piroxicam 
of 4.4 (95%CI 3.2 to 6.9) and ibuprofen of 4.6 (95%CI 3.3 to 8.0). Different formulations may differ 
in efficacy; gels seem to be superior to creams with a diclofenac gel preparation having the 
lowest NNT of 1.8 (95%CI 1.5 to 2.1) and ketoprofen gel one of 2.5 (95%CI 2.0 to 3.4). The rate 
of systemic adverse effects with the topical NSAIDs is low and does not differ from placebo. The 
rate was also lower than with the same oral NSAID although there was limited data on direct 
comparison. 

Topical NSAIDs were of limited efficacy in lateral elbow pain, providing short-term functional 
improvement for up to 2 wk (Pattanittum 2013 Level I [Cochrane], 8 RCTs, n=301). The overall quality 
of included studies was poor and findings heterogeneous. No comparisons with oral NSAIDs were 
included.  

There is insufficient evidence to differentiate between routes of administration of NSAIDs in 
the treatment of acute low back pain (Roelofs 2008 Level I [Cochrane], 65 RCTs, n=11,237).   

Topical application of diclofenac results in tissue levels that are higher and plasma levels that 
are lower vs oral administration (Zacher 2008 Level I, 19 RCTs, n>3,000). Topical NSAIDs were 
associated with fewer gastrointestinal adverse effects but more local skin irritation than systemic 
NSAIDs (Klinge 2013 Level I, 6 RCTs, n=600). 

Ophthalmological applications 

There is no strong evidence for pain reduction with topical NSAIDs for traumatic corneal 
abrasions, but some evidence for a reduced requirement for rescue analgesia at 24 h as a proxy 
for pain reduction (RR 0.46; 95%CI 0.34 to 0.61) (Wakai 2017 Level I [Cochrane], 9 RCTs, n=637).  After 
cataract surgery, topical NSAIDs reduce anterior chamber inflammation and thereby provide 
postoperative analgesia (Duan 2017 Level I [PRISMA], 19 RCTs, n=7,234); diclofenac, nepafenac, 
ketorolac, and bromfenac are in particular effective. After a number of other ophthalmological 
procedures, multiple studies show contradictory results with topical NSAIDs. 
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Mucosal applications  

Microgranules containing flurbiprofen 8.75 mg provided better pain relief and reductions in 
difficulty in swallowing for sore throat than placebo with fast onset (1 min) and long duration  
(6 h) (Russo 2013 Level II, n=373, JS 5). Flurbiprofen spray (8.75 mg) rapidly reduced symptoms of 
sore throat and provided significantly more relief for up to six h vs placebo, with no difference in 
adverse effects vs placebo over 3 d (de Looze 2016 Level II, n=505, JS 5); similar results (non-inferior 
to the spay) were found with use of a 8.75 mg flurbiprofen lozenge (Radkova 2017 Level II, n=440, 

JS 5). Flurbiprofen was also useful in post-tonsillectomy pain with reduction in pain scores and 
reduced requirement for additional analgesia (Muderris 2016 Level II, n=84, JS 4). 
 

KEY MESSAGES 

1. Topical NSAIDs are effective in treating acute strains, sprains or sports injuries with 
systemic adverse effects comparable to placebo; gel formulations show superior efficacy 
over creams (S) (Level I [Cochrane Review]). 

2. Topical NSAIDs are of limited analgesic efficacy for traumatic corneal abrasions, but 
reduce rescue analgesia requirements (W) (Level I [Cochrane Review]).   

3. Topical NSAIDs reduce anterior chamber inflammation and thereby pain after cataract 
surgery (N) (Level I [PRISMA]). 

4. The efficacy of NSAIDs for peri- or intra-articular injection as a component of local 
infiltration analgesia compared with systemic administration remains unclear (U) (Level I 
[PRISMA]). 

5. Intra-articular nonselective NSAIDs may provide more effective analgesia following 
arthroscopy than IV administration (U) (Level I). 

6. Flurbiprofen spray (or lozenges) provide long-lasting pain relief for sore throat after 
upper respiratory tract infection (N) (Level II).  
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4.3 | Opioids 

Opioids can bind to receptors in the brain, spinal cord and periphery, and can be administered 
systemically or locally (eg intrathecal, intra-articular). 

4.3.1 | Systemic opioids 

Opioids remain the mainstay of systemic analgesia for the treatment of moderate to severe 
acute pain.  

While opioids are conventionally regarded as acting on opioid receptors, some opioids 
achieve analgesic effects by additional mechanisms or via alternate interactions with opioid 
receptors (Raffa 2014a NR). The first of this class to be labelled as an “atypical opioid” was 
tramadol with its effects on noradrenergic and serotonergic inhibitory systems on top of a weak 
mu-agonism (by an active metabolite) (Raffa 1992 BS). The term atypical opioids (although 
another term “multigesics” has also been suggested) (Pergolizzi Jr 2017 NR) is increasingly used for 
buprenorphine, cebranopadol, tapentadol and tramadol (Schug 2019 NR); of these cebranopadol 
is undergoing early clinical investigations (Lambert 2015 NR BS), while the other three are 
approved in many countries.   

4.3.1.1 | Choice of systemic opioid 

All full conventional opioid agonists given in equianalgesic doses produce the same analgesic 
effect (McQuay 1991 NR), although accurate determination of equianalgesic doses is difficult due 
to interindividual variabilities in kinetics and dynamics (Gammaitoni 2003 NR). Equianalgesic 
conversion dose tables are often used to assist in the change from one opioid to another. 
However, such tables are based largely on single-dose studies in opioid-naïve subjects and may 
not be as relevant when conversions are made after repeated doses of an opioid have been given 
(either in the acute or chronic pain setting) and do not consider incomplete cross-tolerance and 
patient-specific factors (Weschules 2008a NR). Care must be taken when opioid rotations are 
undertaken based on such tables alone without consideration of clinical factors because this 
carries a significant risk of toxicity and even fatality (Webster 2012 NR). When healthcare 
professionals (physicians, pharmacists, and nurse practitioners/physician assistants) were 
surveyed, there was a large variation in mean opioid conversions (Rennick 2016 Level IV, n=319). A 
detailed analysis of equianalgesic doses and suggestions for opioid rotations based on these 
calculations has been published (Treillet 2018 Level IV SR, 20 studies, n unspecified). FPMANZCA 
provides an opioid calculator including references and background material on a website 
(FPMANZCA 2019a GL), which is also available as an app (“Opioid Calculator”) for smartphones. 
Opioid rotations to methadone require particular care due to the risk of accumulation and 
subsequent toxicity (McLean 2015 Level IV SR, 25 studies, n=1,229).  

In general, there is little evidence, on a population basis, to suggest that there are any major 
differences in efficacy or the incidence of adverse effects between any of the pure agonist 
opioids, although the results of individual studies are inconsistent. However, for 
pharmacokinetic and other reasons, some opioids may be better in some patients (Woodhouse 

1999 Level II, n=82, JS 4). Comparisons of the different opioids are commonly done in patients using 
PCA (see Section 6.3.1 for these comparisons).  

While the data to support the concept of opioid rotation originate from cancer pain 
(Mercadante 2011 Level III-2 SR, 31 studies, n unspecified; Quigley 2004 Level IV SR [Cochrane], 52 studies, 

n unspecified), it may be a useful strategy in the management of acute pain in patients with 
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intolerable opioid-related adverse effects who are unresponsive to treatment and in opioid-
tolerant patients (see also Section 9.7).  

The efficacy of various opioids administered by the different routes used in the management 
of acute pain is discussed in detail in Chapter 5. The following sections describe other relevant 
aspects of selected atypical and conventional opioids.  

4.3.1.2 | Conventional opioids 

Codeine 

Codeine is classified as a weak opioid. However, it is only a very weak mu-receptor agonist and 
its analgesic action depends on the metabolism of about 10% of the dose to morphine, via the 
CYP2D6 cytochrome P450 isoenzyme (Lotsch 2005 NR).  

Over 100 allelic variants of CYP2D6 have been identified, resulting in wide variability in 
enzyme activity (Somogyi 2007 NR). Individuals carrying two wild-type alleles display normal 
enzyme activity and are known as extensive metabolisers; intermediate metabolisers are 
heterozygotes with two variant alleles known to decrease enzymatic capacity; and poor 
metabolisers have no functionally active alleles and have minimal or no enzyme activity (Stamer 

2007a NR). In Caucasian populations, 8–10% of people are poor metabolisers; however, 3 to 5% 
are ultrarapid metabolisers (Madadi 2009 Level III-2, n=72; Stamer 2007a NR). Those who are 
ultrarapid metabolisers (carriers of the CYP2D6 gene duplication) have significantly higher levels 
of morphine and morphine metabolites after the same dose of codeine (Kirchheiner 2007 Level IV, 

n=23). 
There are large interethnic differences in the frequencies of the variant alleles. For example, 

the proportion of ultrarapid metabolisers is higher (up to 29%) in Middle Eastern and Northern 
African populations and lower (0.5%) in Asians (Stamer 2007b NR); the proportion of poor 
metabolisers is lower in Asians and African Americans (Yee 2013b Level IV, n=75; Holmquist  

2009 NR). 
A case‐control study including a case of a newborn dying while breastfed by a mother taking 

codeine  has highlighted that breastfed infants of mothers who are ultrarapid metabolisers are 
at increased risk of life‐threatening CNS depression (Madadi 2009 Level III‐2, n=72). A number  
of similar cases have been reported and health professionals and mothers of breastfeeding 
infants should be aware of this risk (Madadi 2008 Level IV, n=35). CYP2D6 genotyping predicts 
subjects with reduced or increased metabolism to morphine but must be combined with 
additional phenotyping to accurately predict patients at risk of morphine toxicity (Lotsch 2009 

Level III‐2, n=57). 
Death or OIVI has occurred after codeine treatment. Although rare, the risk is highest in 

children  who are ultrarapid metabolisers, after they have undergone tonsillectomy, 
adenoidectomy, or both, as many of these have sleep-disordered breathing and are therefore 
more sensitive to opioids (Friedrichsdorf 2013 Level IV, n=3; Kelly 2012 Level IV, n=4; Racoosin 2013 

NR). The USA Food and Drug Administration (FDA) now requires a boxed warning of the risk 
posed by codeine after a child has undergone tonsillectomy or adenoidectomy (FDA 2013 GL). 
The European Medicines Agency has responded similarly (EMA 2013 GL); as has the WHO in 
removing codeine from its tiered analgesic ladder for treatment of (persistent) pain in children 
(WHO 2012 GL). Guidelines on this issue have been published (Crews 2014 GL). See also Sections 
1.7.3.2 and 10.4.4.5. 

The principal metabolite of codeine is codeine-6-glucuronide, which has a similar low potency 
to the parent medicine and is renally excreted (Lotsch 2005 NR).  
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Dextropropoxyphene 

Oral dextropropoxyphene 65 mg alone is a poorly effective analgesic in postoperative pain (NNT 
7.7) (Collins 2000 Level I [Cochrane], 6 RCTs [dextropropoxyphene only], n=440). Dextropropoxyphene 
is often used in combination with paracetamol but this combination does not lead to better pain 
relief vs paracetamol alone and increases the incidence of dizziness (Li Wan Po 1997 Level I,  

26 RCTs, n=2,231).  
The use of this compound is discouraged, not only because of its low efficacy but also because 

of a number of risks related to its use (Barkin 2006 NR). These include QT-interval prolongation 
and possibility of Torsades des Pointes (TdP) and cardiogenic death. This is exacerbated by 
complex pharmacokinetics (particularly in the elderly) with the risk of accumulation of 
dextropropoxyphene and its metabolite nordextropropoxyphene, leading to CNS, respiratory 
and cardiac depression (Davies 1996 NR). However, in therapeutic doses (125±25 mg) no 
prolongation of the QT-interval >500 ms was observed (Keller 2018 Level IV, n=92).  

In line with many other developed countries including New Zealand, the Therapeutics Goods 
Administration (TGA) in Australia decided in November 2011 to remove the registration of 
dextropropoxyphene (Buckley 2013 NR). Despite a number of appeals by the manufacturer, the 
medication has since been withdrawn from sale in Australia.  

Diamorphine 

Diamorphine (diacetylmorphine, heroin) is rapidly hydrolysed to monoacetylmorphine (MAM) 
and morphine (Miyoshi 2001 NR); diamorphine and MAM are more lipid-soluble than morphine 
and penetrate the CNS more rapidly. It is MAM and morphine that are thought to be responsible 
for the analgesic effects of diamorphine.  

There was no difference between parenteral diamorphine and morphine in terms of 
analgesia and adverse effects after hip surgery (Robinson 1991 Level II, n=40, JS 4) and between 
parenteral diamorphine and pethidine for labour analgesia (Wee 2014 Level II, n=484, JS 4). 
Epidurally administered diamorphine resulted in a longer time to first PCA use and lower total 
24 h morphine requirements vs the same dose given by intramuscular (IM) injection (Green 2007 

Level II, n=60, JS 4). Intranasal (IN) diamorphine has been used as an analgesic for acute pain in 
children attending EDs (Kendall 2015 Level IV, n=226). Here peak morphine plasma concentrations 
were higher and occurred earlier when diamorphine was administered IV vs IN (Kidd 2009  

Level III-1, n=24). 

Dihydrocodeine  

Dihydrocodeine is a semisynthetic derivative of codeine and has similar mu-opioid agonist activity. 
However, unlike codeine, inhibition of CYP2D6 by quinine does not alter its analgesic effect, even 
though the CYP2D6-dependant active metabolite, dihydromorphine, has a much higher mu-opioid 
receptor affinity than the parent medicine (Lotsch 2005 NR). Orally administered, it has around twice 
the potency of codeine and one-sixth the potency of morphine (Leppert 2010 NR). 

Fentanyl 

Fentanyl is a highly potent phenylpiperidine derivative, structurally related to pethidine. It is 
metabolised almost exclusively in the liver to minimally active metabolites. Less than 10% of 
unmetabolised fentanyl is renally excreted. Fentanyl is commonly used in the treatment of acute 
pain, especially when its lack of active metabolites and fast onset of action may be of clinical 
benefit (Grape 2010 NR). The fast onset is the result in particular of its high lipophilicity 
(octanol:water partition coefficient >700); this leads to a transfer half-life of 4.7 to 6.6 min 
between plasma and CNS (Lotsch 2013 NR) (see also Section 5.4.1). The pharmacokinetics of 
fentanyl are influenced by impaired liver function and CYP3A4 inhibitor and inducer use (Kuip 

2017 NR). Data on fentanyl causing opioid-induced hyperalgesia (OIH) are limited and conflicting 
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with 4 RCTs supporting the induction and 2 RCTs opposing it (Lyons 2015 Level I, 6 RCT,  
n unspecified). 

There is insufficient evidence to judge the efficacy of fentanyl in neuropathic pain (Derry 2016b 
Level I [Cochrane], 1 RCT, n=163). 

There is an increasing rate of fentanyl (and its analogues) abuse, primarily in the USA, but 
also now seen in other countries (Jannetto 2019 NR). This is paralleled by an increase in fentanyl 
overdose deaths; in the USA there was a 72% increase from 2014 to 2015 reaching 9,580 deaths 
caused by synthetic opioids, primarily fentanyl (including illicitly manufactured/non-
pharmaceutical). The high mortality is partially due to admixture of fentanyl with other drugs of 
abuse, in particular heroin; sources are illegal importation and diversion of fentanyl-containing 
medication (Kuczynska 2018 NR). In 2015, a cluster of fentanyl-laced heroin deaths was reported 
in Melbourne, Australia, the first report of this nature outside North America (Rodda 2017  
Level IV, n=9 [fentanyl related deaths out of  4,000 deaths investigated]). 

Hydromorphone 

Hydromorphone is a derivative of morphine that is approximately five times as potent as 
morphine. The main metabolite of hydromorphone is hydromorphone-3-glucuronide (H3G), a 
structural analogue of morphine-3-glucuronide (M3G). Like M3G (see below), H3G is dependent 
on the kidney for excretion, has no analgesic action and can lead to dose-dependent neurotoxic 
effects (Smith 2000 NR; Wright 2001 NR; Murray 2005 NR).  

Hydromorphone is an effective strong opioid analgesic with similar efficacy and adverse 
effects as other strong opioids (Quigley 2002 Level I [Cochrane], 36 RCTs [acute pain], n=2,521). It 
provides slightly better clinical analgesia than morphine with similar adverse effects (Felden 2011 

Level I, 8 RCTs, n=1,004). In cancer pain, its efficacy was similar to oxycodone and morphine (Bao 

2016 Level I [Cochrane], 4 RCTs, n=504). There is insufficient evidence to judge the efficacy of 
hydromorphone in neuropathic pain (Stannard 2016 Level I [Cochrane], 4 RCT, n=604). 

Methadone 

Methadone is a synthetic opioid commonly used for the maintenance treatment of patients 
with an addiction to opioids and in patients with chronic pain. It is commercially  available as a 
racemic mixture of R- and L-enantiomers but it is the R-enantiomer that is responsible for 
most, if not all, its mu-opioid receptor-mediated analgesic effects (Fredheim 2008 NR; Lugo  

2005 NR). 
It has good oral bioavailability (70 tot 80%), high potency and long duration of action and a lack 

of active metabolites (Lugo 2005 NR). It is also a weak NMDA-receptor antagonist and monoamine 
(5HT and noradrenaline [norepinephrine]) reuptake inhibitor and has a long and unpredictable 
half-life (mean of 22 h; range 4 to 190 h) leading to an increased risk of accumulation (Weschules 

2008b NR). Therefore, it is of limited use for acute pain treatment. Its use as an analgesic in general 
requires caution and guidelines have been published (ACMT 2016 GL). Recommendations include 
that it should not be prescribed on an as-needed basis, that the risk of overdose during the initial 
induction period for chronic use is high and that titration should be very slow. A baseline ECG and 
a follow-up ECG at 30 d should be obtained in patients at risk for QT prolongation (eg on other 
medications that prolong QT interval, with structural heart disease or a history of arrhythmias). 
Patients need extra education on potential risks of methadone treatment. 

Dose conversion is complex and depends on many factors including absolute doses of other 
opioids and duration of treatment (McLean 2015 Level IV SR, 25 studies, n=1,229). In cancer pain 
management, methadone has similar analgesic effects to morphine (Nicholson 2017 Level I 
[Cochrane], 6 RCTs, n=388) (see also 10.4.4.9). There is very limited, very low-quality evidence 
supporting the efficacy and safety of methadone for chronic neuropathic pain (McNicol 2017 Level I 
[Cochrane], 3 RCTs, n=105). 
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Methadone is metabolised primarily by the cytochrome P450 group of enzymes, in particular 
3A4 and to a lesser extent by CYP 1A2, 2D6, 2D8, 2C9/2C8, 2C19 and 2B6 (Kapur 2011 NR). Over 
50 drug-drug interactions with methadone are described. Concurrent administration of other 
medicines that are CYP450 inducers may increase methadone metabolism and lower methadone 
blood levels (eg carbamazepine, rifampicin, phenytoin, St John’s wort [Hypericum perforatum] 
and some antiretroviral agents) leading to potential reduced efficacy or even withdrawal. 
Conversely, medicines that inhibit CYP450 (eg other antiretroviral agents, some selective 
serotonin-reuptake inhibitors [SSRIs], grapefruit juice and antifungal agents) may lead to raised 
methadone levels and an increase in adverse effects or overdose (Fredheim 2008 NR) See also 
Section 8.6.8.2 for interactions in patients with human immunodeficiency virus (HIV). 

Methadone use, but not use of other opioids, was associated with an increased incidence of 
hypoglycaemia in a dose-dependent fashion (for doses > 80 mg/d OR 3.1; 95%CI 2.5 to 3.6) (Flory 

2016 Level III-2, n=641). This was also found in an analysis of reports from the USA’s Food and Drug 
Administration Adverse Event Reporting System, which showed an association between 
methadone use and hypoglycaemia in comparison to all other opioids except tramadol (Makunts 

2019 Level IV, n=12,004,552). 
High-dose methadone has been associated with prolonged QT intervals and other cardiac 

complications (Torsade de pointes, changes in QT dispersion, pathological U waves, Taku-Tsubo 
syndrome (stress cardiomyopathy), Brugada-like syndrome, and coronary artery diseases) 
(Alinejad 2015 NR) (see below). 

In the setting of postoperative pain, methadone was associated with high rates of 
postoperative complications with the use of a mean dose of 0.14 ± 0.07 mg/kg (Dunn 2018  
Level IV, n=1,478). Respiratory depression was recorded in 36.8%, hypoxemia in 79.8% and 1.5% 
required reintubation. QTc prolongation occurred in 58.8% and arrhythmias in 29.9% as well as 
two in-hospital deaths (0.14%).  

Morphine 

Morphine remains the standard against which other opioids are compared. Morphine-6-
glucuronide (M6G) and M3G, the main metabolites of morphine, are formed by morphine 
glucuronidation, primarily in the liver. M6G is a mu-opioid receptor agonist that crosses the 
blood-brain barrier more slowly than morphine (De Gregori 2012 NR). It contributes such a large 
extent to morphine analgesia in patients with both normal (85% of the effect after parenteral 
and up to 95% after oral administration) and impaired (98% of the effect) renal function, that 
morphine could be regarded as a prodrug to M6G (Klimas 2014 NR). M6G also has other morphine-
like effects including respiratory depression (van Dorp 2006b NR; Dahan 2008b NR). M3G has very 
low affinity for opioid receptors, has no analgesic activity and animal studies have shown that it 
may be responsible for the neurotoxic symptoms (not mediated via opioid receptors), such as 
hyperalgesia, allodynia and myoclonus, sometimes associated with high doses of morphine 
(Lotsch 2005 NR).  

Clinical trials have investigated M6G as an analgesic agent after a variety of different types of 
surgery. It was more effective than placebo (Smith 2009 Level II, n=201, JS 4; Romberg 2007 Level II, 

n=42, JS 3) and in some trials as effective as morphine (Cann 2002 Level II, n=144, JS 4; Hanna 2005 

Level II, n=100, JS 3), although withdrawal due to insufficient analgesia was higher in another 
(Binning 2011 Level II, n=249, JS 5); this is possibly due to a slower onset of effect of M6G. However, 
in the clinical setting of titration of IV morphine to postoperative analgesia, the kinetics of 
morphine and its metabolites had only limited value in explaining the analgesic effects of 
morphine (Hammoud 2011 Level IV, n=214), which is an effective approach to early postoperative 
pain (Aubrun 2012 NR). 
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Excellent pain relief was also obtained after IT administration of 100 or 125 mcg M6G in 
patients after hip replacement surgery, but there was a high incidence (10%) of late respiratory 
depression (9 to 12 h after the dose was given) requiring treatment with naloxone, and a high 
incidence of nausea (76–88%) and vomiting (60–64%) (Grace 1996 Level II, n=75, JS 5). 

The incidence and severity of nausea and vomiting as well as the need for antiemetics was 
less with M6G than with morphine (Binning 2011 Level II, n=249, JS 5; Cann 2002 Level II, n=144, JS 4). 
In healthy volunteers, morphine 0.15 mg/kg and M6G 0.2 mg/kg resulted in similar reductions in 
ventilatory response to carbon dioxide (CO2) (Romberg 2003 Level III-1 EH). 

Both M6G and M3G are dependent on the kidney for excretion. Impaired renal function, the 
oral route of administration (first-pass metabolism), higher doses and increased patient age are 
predictors of higher M3G and M6G concentrations (Faura 1998 Level IV PK SR, 57 studies, n=1,232; 

Klepstad 2003 Level IV, n=300) with the potential risk of severe long-lasting sedation and respiratory 
depression. 

There is insufficient evidence to judge the efficacy of morphine in neuropathic pain (Cooper 

2017 Level I [Cochrane], 5 RCTs, n=236). Oral morphine is effective in treating cancer pain with 
similar efficacy vs other opioids (Wiffen 2016 Level I [Cochrane], 62 RCTs, n=4,241). 

Oxycodone 

Oxycodone is a semisynthetic opioid and directly contributes the majority of drug effect itself 
while being metabolised primarily to noroxycodone by CYP3A4 (≈45%) and by CYP2D6 to 
oxymorphone (≈19%) (Kinnunen 2019 NR PK). Oxymorphone is more potent than oxycodone as a 
mu-receptor agonist (14 times) and has a higher receptor affinity (40 times) and may contribute 
to the overall analgesic effect of oxycodone (Samer 2010b Level II EH, n=10 [5-arm cross over], JS 5); 
noroxycodone, the major metabolite, is only a weak mu-receptor agonist (Lalovic 2006 NR; Coluzzi 

2005 NR). 
The dependence of oxymorphone concentrations on CYP2D6 activity and its high potency 

explains the impact of CYP2D6 polymorphism on oxycodone’s pharmacodynamics and 
pharmacokinetics (Samer 2010b Level II EH, n=10 [5-arm cross over], JS 5). Ultrafast metabolisers 
experience better analgesic effects and higher toxicity, while poor metabolisers experience less 
analgesic effect. However, in acute postoperative pain, CYP2D6 genotype had no influence on 
oxycodone requirements (Zwisler 2010 Level III-3; Crews 2014 GL). 

These findings mean also that drug-drug interactions can influence the efficacy of oxycodone 
(Samer 2010a Level II EH, n=10 [cross over], JS 5). This is particularly true for CYP2D6 ultrafast 
metabolisers but also can be influenced by CYP3A inhibitors such as ketoconazole, which 
increases the efficacy and toxicity of oxycodone. Therefore, use of a CYP3A inhibitor in an 
ultrafast CYP2D6 metaboliser is a potentially dangerous combination. 

Animal studies have shown that oxycodone is actively taken up into the brain, resulting in a 
brain concentration that is up to six times that of free plasma levels (Bostrom 2008 PK); this may 
explain the discrepancies between its poorer mu-receptor affinity compared to morphine but its 
higher potency (Olkkola 2013 NR). In general anaesthesia, oxycodone showed a significant dose-
dependent respiratory depressant effect measured by reduced minute ventilation, which was 
significantly more than that of comparable doses of morphine (Chang 2010 Level II, n=54, JS 4). 

Overall oxycodone has a faster onset of action than morphine, better oral bioavailability, 
longer duration of action, fewer concerns about metabolites and a lower rate of adverse effects 
(Olkkola 2013 NR). There is increasing use of oxycodone in the perioperative setting based on 
these pharmacological properties (Kokki 2012 NR). With regard to analgesic efficacy in acute pain, 
IV oxycodone seems superior to fentanyl (6 RCTs) and sufentanil (2 RCTs) and comparable to 
morphine (3 RCTs), but these results may partially reflect use of doses which were not 
equianalgesic (Raff 2019 Level I, 11 RCTs, n=721). The incidence of adverse effects was lower with 
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oxycodone vs fentanyl (possibly also a reflection of non-equianalgesic doses) and comparable 
for oxycodone vs morphine and sufentanil. Patient satisfaction was comparable for all opioids 
except for sufentanil, which showed consistently lower patient satisfaction vs oxycodone. Similar 
results are reported by a parallel systematic review which also acknowledges similar limitations 
(Tan 2018 Level I, 8 RCTs, n=506) (6 RCTs overlap). In cancer pain management, oxycodone is 
comparable in efficacy and adverse effects to other strong opioids; very low-level evidence 
suggests lower risk of hallucinations with oxycodone vs morphine (Schmidt-Hansen 2018 Level I 
[Cochrane], 23 RCTs, n=2,144). With regard to adverse effects in the setting of cancer pain 
treatment, there were no differences between oxycodone vs other opioids except for less 
sleepiness with oxycodone vs morphine (Ma 2016a Level I [PRISMA], 11 RCTs, n=1,211) (5 RCTs 

overlap). In neuropathic pain, there is very low-quality evidence that oxycodone is effective in the 
treatment of painful diabetic neuropathy (4 RCTs, n=637) and postherpetic neuralgia (1 RCT, n=50) 
(Gaskell 2016b Level I [Cochrane], 5 RCTs, n=687). 

Pethidine 

Pethidine (meperidine) is a synthetic opioid with decreasing use worldwide due to multiple 
disadvantages compared to other opioids, and equally effective analgesic alternatives. Despite a 
common belief that it is the most effective opioid in the treatment of renal colic, it was no better 
than morphine (O'Connor 2000 Level II, n=103, JS 5) or hydromorphone (Jasani 1994 Level II, n=73, JS 4). 
Pethidine and morphine also had similar effects on the sphincter of Oddi and biliary tract and 
there was no evidence that pethidine was better in the treatment of biliary colic (Latta 2002 NR). 

Pethidine induced more nausea and vomiting than morphine when used parenterally in the 
ED (Silverman 2004 Level III-3, n=193) and in the first 2 h after gynaecological surgery (Ezri 2002  

Level II, n=200, JS4). Pethidine use postoperatively was associated with an increased risk of 
delirium in the postoperative period in comparison to other opioids (Swart 2017 Level III-2 SR,  

3 studies [pethidine], n=877). 
Accumulation of its active metabolite, norpethidine (normeperidine), is associated with 

neuroexcitatory effects that range from nervousness to tremors, twitches, multifocal myoclonus 
and seizures (Simopoulos 2002 Level IV, n=355). Impaired renal function increases the half-life of 
norpethidine; therefore, patients with poor renal function are at increased risk of norpethidine 
toxicity. Naloxone does not reverse and may increase the problems related to norpethidine 
toxicity.  

Overall, the use of pethidine should be discouraged in favour of other opioids in adults (Latta 

2002 NR) and in the paediatric setting (Benner 2011 NR). 

Remifentanil 

Remifentanil is an unusual opioid with a very fast onset of effect (<1 min) and an extremely short 
duration of action due to rapid metabolism by nonspecific esterases (Parashchanka 2014 NR). It is 
mainly used as a component of anaesthesia and carries a high risk of OIH; its use as an analgesic 
has primarily been studied in the setting of labour analgesia (Devabhakthuni 2013 NR) (see Section 
9.1.3.1). 

Sufentanil 

Sufentanil (a derivative of fentanyl with rapid onset, short duration of action and no active 
metabolites) was originally used in the anaesthetic setting; its use has been introduced into the 
postoperative acute pain setting by the development of SL PCA (Frampton 2016 NR) (see Section 
6.5.3). 
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4.3.1.3 | Atypical opioids 

Buprenorphine 

Buprenorphine is a semisynthetic derivative of thebaine, an alkaloid of opium and a potent, but 
in vitro partial, mu-opioid receptor agonist (Raffa 2014b NR) with high receptor affinity and slow 
dissociation from the mu-receptor and different downstream effects (G protein and 
adenylcyclase activation) than conventional opioids (Ehrlich 2019 NR; Davis 2012 NR; Pergolizzi 2010 

NR). Furthermore, buprenorphine is a potent kappa-opioid receptor antagonist, an agonist at the 
nociceptin or opioid-receptor-like 1 (ORL-1) receptor and binds to the delta-opioid receptor. 
Buprenorphine, in particular the SL formulation, is increasingly used in the setting of acute pain 
management (Macintyre 2017 NR). 

Buprenorphine shows biphasic pharmacokinetics with an initial distribution half-life of 
around 2–3 h and a terminal half-life of around 24 h; two-thirds of the medicine is excreted 
unchanged, mainly in faeces, while the remaining one-third is metabolised predominantly in the 
liver and gut wall via glucuronidation to an inactive metabolite, buprenorphine-3-glucuronide, 
and via CYP3A4 to norbuprenorphine, which has 40 times less analgesic effect than 
buprenorphine (Kress 2009 NR). However, in line with findings in animal experiments, an 
exploratory clinical investigation found respiratory depression more strongly associated with 
norbuprenorphine than with buprenorphine (Strang 2018 EH PK, n=11). Onset of effect is slower 
than for many other opioids; using experimental pain stimuli, the time to peak effect after 
administration of an IV bolus dose of buprenorphine was 70–90 min (Yassen 2006 Level III-3 EH).  

The debate on buprenorphine being a partial or full mu-opioid receptor agonist in clinical 
practice continues (Holyoak 2019 NR) and is complicated by its multiple mechanism of action. 
While in-vitro experiments have characterised buprenorphine as a partial agonist, clinically it 
behaves like a full mu-receptor agonist; in 23 of 24 studies identified in a systematic review, 
buprenorphine achieved analgesia comparable to full mu-opioid agonists (morphine, fentanyl, 
sufentanil and oxycodone) (Raffa 2014b Level I, 24 studies, n unspecified). The authors conclude that 
in clinically relevant doses, buprenorphine behaves like a full mu-opioid receptor agonist in-vivo. 
A subsequent systematic review found SL buprenorphine comparable to IM or IV morphine in 
acute pain management without any differences in pain control achieved, need for rescue 
analgesia or secondary outcomes (Vlok 2019 Level I [PRISMA], 9 RCTs, n=826). This is confirmed in a 
paediatric population with IV buprenorphine vs IV morphine showing similar analgesic effects, 
but a longer duration of analgesia with buprenorphine (Murray 2018 Level I, 4 RCTs, n=193). An 
overarching meta-analysis of buprenorphine vs morphine by any route of administration in any 
population finds no difference in pain intensity at <1 h (WMD 0.18; 95%CI -0.45 to 0.81), 
conflicting evidence for other points of time (1 to 48 h) and no difference overall at all time points 
combined (WMD 0.29; 95%CI -0.62 to 0.03) (White 2018 Level I [PRISMA], 28 RCTs, n=2,210) (all 9 

RCTs overlap with Vlok 2019 and all 4 RCTs with Murray 2018). All other outcomes for analgesia and 
adverse effects (including respiratory depression) are not different except for less pruritus with 
buprenorphine (OR.0.31; 95%CI 0.12 to 0.84).   

In animals as well as humans, in therapeutic doses there also appears to be no antagonism 
of other concurrently administered mu-agonist medicines and combined use should be effective 
(van Niel 2016 NR; Pergolizzi 2010 NR). In patients on opioid substitution therapy (OST) with daily 
SL buprenorphine (12 to 16 mg), high doses of IV hydromorphone (16 and 32 mg) and to a lesser 
extent IV buprenorphine (32 mg) achieved analgesic effects in an acute pain model (cold pressor 
test) (Huhn 2019 Level II EH, n=17, JS 4). In contrast, patients on OST with SL buprenorphine (2 to 
22 mg/d) achieved no relief of experimental pain (cold pressor or electrical stimulation) with IV 
Morphine (55 mg achieving plasma concentrations of 92 to 201 ng/mL), but reduced respiratory 
rates (Athanasos 2019 Level II EH, n=12, JS 2). 
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There is a ceiling effect for respiratory depression but not for analgesia in healthy volunteers 
(in the dose range tested of 200 to 400 mcg) (Dahan 2006 Level III-2 EH; Dahan 2005 Level III-2 EH). 
In clinical practice, transdermal (TD) buprenorphine has not been associated with any fatality in 
the National Poison Data System of the USA (Coplan 2017 Level IV). When used for OST, 
methadone use increased the risk of overdose death vs buprenorphine (RR 6.23; 95%CI 4.79 to 
8.10) (Marteau 2015 Level III-2, n=2,418 [overdose deaths] in n=19,935,537 [prescriptions]). However, 
even with buprenorphine the overdose death rate was not zero, but 0.022/1000 prescriptions 
(vs 0.137/1000 prescriptions of methadone). In an analysis of overdose deaths, buprenorphine 
alone can cause fatal respiratory depression, although in most cases (90%) other medications, in 
particular benzodiazepines and other sedatives, were found (Selden 2012 Level IV, n=97). Similarly, 
in elderly opioid-naïve patients acute pain treatment with titration of SL buprenorphine (200 
mcg steps with total doses of 200 to 3,000 mcg) resulted in cases of OIVI without a fatal outcome; 
all patients had risk factors such as advanced age, concurrent comorbidities, or the ingestion of 
other potential central nervous system depressants (Richards 2017 Level IV, n=6). A meta-analysis 
comparing buprenorphine with morphine finds no difference in the incidence of respiratory 
depression (defined as respiratory rate <8 to 12/min) (OR.2.07; 95%CI 0.78 to 5.51) or sedation 
(OR.1.44; 95%CI.0.76 to 2.74) (White 2018 Level I [PRISMA], 28 RCTs, n=2,210). 

Should buprenorphine-induced respiratory depression occur, then complete reversal with 
naloxone is possible (Pergolizzi 2010 NR), although higher than usual doses and a longer duration 
infusion of naloxone are required (van Dorp 2006a Level III-2 EH; Yassen 2006 Level III-3 EH; Boom 

2012 NR). This is confirmed in the case series referred to above, were naloxone bolus doses up 
to 2.2 mg and infusions for up to 20 h were used (Richards 2017 Level IV, n=6). 

In animal models of pain, buprenorphine appears to have good efficacy for neuropathic pain 
(Hans 2007 NR). In the clinical setting, case reports have suggested that buprenorphine is effective 
in peripheral (Licina 2013 Level IV, n=4) and central neuropathic pain (Guetti 2011 Level IV). 
However, a specific effect cannot be supported or refuted based on current evidence (Wiffen 

2015 Level I [Cochrane], 0 RCTs, n=0). 
Buprenorphine may also have a reduced tendency to cause opioid-induced hyperalgesia 

(OIH) (Lee 2011 NR). In patients in opioid-substitution programs, buprenorphine reduced pain 
thresholds less than methadone (Compton 2001 Level III-2 EH, n=54). Using experimental pain 
stimuli in humans, buprenorphine, unlike conventional mu-opioid agonists, has been shown 
to be antihyperalgesic, which may be related in part to its kappa-opioid antagonist activity 
(Koppert 2005 Level II EH, n=15, JS 4). During major lung surgery under remifentanil infusion, 
perioperative buprenorphine infusion (25 mcg/h for 24 h) vs equianalgesic morphine infusion 
resulted in less hyperalgesia and allodynia around the incision and longer time until rescue 
analgesia requirements with no long-term benefits at 3 mth (Mercieri 2017 Level II, n=64, JS 5). 
However, in healthy volunteers, IV infusions of buprenorphine (0.3 mg) and morphine (10 and 
20 mg) showed no differences in antihyperalgesic or analgesic effects; only IV buprenorphine 
(0.6 mg) enhanced the descending nociceptive inhibitory control (Ravn 2013 Level II EH, n=32,   

JS 5). Similarly, patients on OST with SL buprenorphine (2 to 22 mg/d) were hyperalgesic in the 

cold pressor test vs controls (buprenorphine 17 2 s vs control 34 6 s) (Athanasos 2019 Level II 

EH, n=12, JS 2).  
Withdrawal symptoms, which may be seen if the medicine is ceased after long-term 

treatment, are milder and more delayed in onset (≥72 h) than other opioids (Kress 2009 NR). In a 
direct comparison of buprenorphine vs morphine withdrawal, withdrawal symptoms were far 
less with buprenorphine (subjectively and objectively) (Tompkins 2014 Level III-1, n=7). There is also 
less neonatal abstinence syndrome (NAS) in babies of mothers under buprenorphine vs 
methadone substitution (Jones 2012 NR). In the USA National Poison Data System, calls describing 
intentional abuse of an opioid were lower for TD buprenorphine than any conventional opioid; 
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specifically, prescription adjusted rates for abuse were much higher for TD fentanyl vs TD 
buprenorphine (aRR 10.8; 95%CI 4.46 to 25.9) (Coplan 2017 Level IV, n= 2,687 [calls]). 

Buprenorphine can be safely used in patients with renal impairment and has less 
immunosuppressive effect in animal experiments than pure mu-opioid agonists (Davis 2012 NR; 
Pergolizzi 2010 NR). However, buprenorphine has the potential to prolong the QT interval (Klivinyi 2018 
NR). High doses of buprenorphine patch (above 40mcg/h) may cause QT wave prolongation that is 
reversible with MOR antagonist; clinical significance of this is unclear (Merivirta 2015 Level III-1, n=110). 

For use in OST and implications for perioperative management see Section 9.8.3.2 

Tapentadol 

Tapentadol is a combined mu-agonist and noradrenaline-reuptake inhibitor (Tzschentke 

2014 NR). In contrast to tramadol, it has no relevant functional serotonin-reuptake inhibition 
and no active metabolites (Raffa 2012 NR). Therefore, serotonin syndrome with its use alone 
has not been reported in 2 systematic reviews (Channell 2018 Level IV SR, 13 RCTs & 3 studies &  

8 CRs, n unspecified; Gressler 2017 Level IV SR, 13 RCTs & 9 studies, n=12,138) (significant overlap). 
However, in spontaneous adverse drug event (ADE) reporting to the TGA 16 cases consistent 
with serotonin syndrome were reported (14 with coadministration of serotonergic 
medications) (Abeyaratne 2018 Level IV, n=104 [reports for tapentadol]). A probable serotonin 
syndrome in the setting of tapentadol overdose in combination with amitriptyline and 
duloxetine has also been published (Walczyk 2016 CR). There is no effect on heart rate or blood 
pressure due to noradrenaline-reuptake inhibition in doses up to the maximum recommended 
500 mg/d, even in patients with hypertension and/or on antihypertensives (Biondi 2014 Level I, 

3 RCTs [post hoc analysis], n=1,464).  
Elimination is by glucuronidation; severely impaired hepatic function may require dose 

adjustment (Xu 2010 PK).  
Although in humans tapentadol has 18-fold lower affinity for the mu-receptor than morphine, 

it is only three times less potent as an analgesic due to its dual mechanism of action with synergy 
shown in site-specific administration studies (Christoph 2013 BS). With regard to tapentadol, the 
concept of “mu-load” (the % contribution of the opioid component to the adverse effect magnitude 
relative to a pure/classical mu-opioid at equianalgesic doses) has been discussed, suggesting that 
while conventional opioids have by definition a mu-load of 100%, atypical opioids have a mu-load 
<100%; for tapentadol using respiratory depression and constipation the mu-load is 
calculated ≤ 40% (Raffa 2018 NR). 

The effect of tapentadol as a noradrenaline-uptake inhibitor on descending pathways of pain 
inhibition has been confirmed in diabetic neuropathy, where tapentadol use increased 
conditioned pain modulation (Niesters 2014b Level II, n=24, JS 5). This mechanism of action suggests 
benefits in neuropathic pain (Vinik 2014 Level II, n=318, JS 5; Freo 2019 NR), but tapentadol also 
showed efficacy in nociceptive and inflammatory-pain models (Schiene 2011 NR) including 
postoperative pain (Lee 2014b Level II, n=352, JS 5) and cancer pain (Mercadante 2017 Level IV SR,  
8 studies, n=792). In the setting of acute pain, tapentadol IR achieves similar analgesia to 
oxycodone IR, mostly in a 5:1 dose ratio, but with oxycodone resulting in an increased incidence 
of the gastrointestinal adverse effects nausea (OR 2.23; 95%CI 1.72 to 2.90), vomiting (OR 2.19; 
95%CI 1.09 to 4.42) and constipation (OR 3.16; 95%CI 1.42 to 7.01) (each in 3 RCTs) (Hartrick 2010 
Level I, 5 RCTs, n=2,831). A subsequent systematic review confirmed these results; tapentadol IR 
in doses of 50, 75 and 100 mg (with 75 mg being superior to 50 mg) provides similar analgesia to 
oxycodone IR 10 mg (Xiao 2017 Level I [PRISMA}, 9 RCTs, n=3,961) (4 RCTS overlap). The rate of nausea 
(RR 0.64; 95%CI 0.48 to 0.85), vomiting (RR 0.37; 95%CI 0.24 to 0.56) and constipation (RR 0.44; 
95%CI 0.32 to 0.62) was lower with tapentadol IR 50 mg and nausea (RR 0.41; 95%CI 0.41 to 0.93) 
and constipation (RR 0.38; 95%CI 0.25 to 0.54) with 75 mg.  
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Data in the setting of a number of chronic pain conditions show similar or superior efficacy 
to conventional opioids with reduced rates of gastrointestinal adverse effects such as nausea, 
vomiting and constipation leading to reduced rates of treatment discontinuation (Riemsma 2011 

Level I, 42 RCTs, n unspecified). In a network meta-analysis of opioids for chronic pain treatment, 
tapentadol was identified as top-ranking due to low rates of overall adverse effects, in particular 
constipation, and lowest withdrawal rate for adverse effects (Meng 2017 Level I [PRISMA] [NMA], 

32 RCTs, n unspecified). 
Despite increasing use of this analgesic in many countries of the world (in particular the USA 

[approved 2008], Australia [2010] and Europe [2011]), only 4 (possibly 5 as double reporting of 
one case could not be excluded) single drug tapentadol overdose deaths could be identified 
(Channell 2018 Level IV SR, 13 RCTs, 3 studies & 8 CRs, n unspecified). Relative safety of tapentadol vs 
conventional opioids has been confirmed by data from the USA Researched Abuse, Diversion and 

Addiction-Related Surveillance (RADARS ) System Poison Center Program; there was no reported 

death due to tapentadol between 2010 and 2016 and it had the lowest rate of overdose deaths, 
major medical effects, serious adverse events and hospitalisations (data corrected for amounts 
dispensed) (Murphy 2018 Level IV, n=64,538 [reports]). Post-marketing surveillance by the 
manufacturer could also not identify any overdoses with fatal outcomes (Stollenwerk 2018  
Level IV, n=10,758 [case reports]). In an experimental setting, tapentadol (100 mg) vs oxycodone 
(20 mg) (equianalgesic doses) had less respiratory depressant effects, but not 150 mg (van der 

Schrier 2017 Level II EH, n=18, JS 5).  
Although a controlled medicine in all countries, tapentadol shows a lower rate of abuse and 

diversion than oxycodone and hydrocodone and a rate comparable to tramadol (Dart 2012  

Level IV). Diversion rates of tapentadol in the USA corrected for use (monitored by RADARS ) were 

lower for tapentadol IR (0.03/1,000 prescriptions) and tapentadol CR (0.016) than scheduled oral 
opioids (0.172) (Dart 2016 Level III-2, n=38,388 [cases of diversion]). A subsequent analysis by the 
same system (adjusted for dosing units dispensed) confirms the lowest rate of diversion 
(comparable to tramadol) and lower, but not the lowest, rate of intentional abuse in reports to 
poison centres (tramadol and hydrocodone being lower) (Vosburg 2018 Level III-3, n multiple 

denominators).  Rates of doctor shopping were higher for oxycodone vs tapentadol (OR 3.5; 95%CI 
2.8 to 4.4) (Cepeda 2013b Level III-2) and rates of abuse lower for tapentadol vs oxycodone (OR 
0.35; 95%CI 0.21 to 0.58) (Cepeda 2013a Level III-2). 

Tramadol 

Tramadol is commonly referred to as an atypical centrally acting analgesic because of its 
combined effects as an opioid agonist and a serotonin- and noradrenaline-reuptake inhibitor 
(Bravo 2017 NR; Raffa 2012 NR; Raffa 1992 NR). Although an effective analgesic, it may not provide 
adequate pain relief if used as the sole agent for the management of moderate to severe acute 
pain at the currently recommended doses (Thevenin 2008 Level III-1). However, compared to a 
variety of strong opioids (morphine, fentanyl, oxycodone, pethidine) when administered by PCA, 
tramadol had comparable analgesic efficacy (Murphy 2010 Level I, 12 RCTs, n=782). As discharge 
medication after surgery, the risk of prolonged tramadol use was similar, if not slightly higher 
than other short acting opioids (Thiels 2019 Level III-2, n= 444,764). 

Limited low-quality evidence supports tramadol’s analgesic effect in cancer pain, although it 
is not as effective as morphine in this indication (Wiffen 2017b Level I [Cochrane], 10 RCTs, n=958). 
Tramadol is an effective treatment for neuropathic pain with NNT of 4.4 (95%CI 2.9 to 8.8) 
(Duehmke 2017 Level I [Cochrane], 6 RCTs, n=438).  

IV tramadol/IV morphine vs IV morphine has a minor opioid-sparing effect (WMD 6.9 mg; 
95%CI 211.3 to 22.5), but does not reduce pain intensity (WMD -0.9/100; 95%CI (-7.2 to 5.2) nor 
adverse effects (nausea, vomiting, sedation) (Martinez 2015 Level I [PRISMA], 14 RCTs, n=713). 
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The (+) enantiomer of tramadol is the stronger inhibitor of serotonin reuptake and the (-) 
enantiomer the more potent inhibitor of noradrenaline reuptake; tramadol is metabolised by 
CYP2D6 and the resultant active metabolite O-desmethyltramadol (M1) is a more potent mu-
opioid receptor agonist than the parent drug (Lee 1993 NR). Patients who are poor metabolisers 
get less analgesic effect from tramadol (Stamer 2003 Level III-2), while ultrarapid metabolisers may 
be at increased risk of opioid-induced adverse effects including OIVI (Desmeules 1996 Level II, n=10, 

JS 3; Stamer 2008 CR). See also Section 1.7.3.2.  
Coadministration with other medicines that inhibit CYP2D6 may also influence the 

effectiveness of tramadol. For example, pretreatment with paroxetine in healthy extensive 
metabolisers reduced the hypoalgesic effect of tramadol in an experimental pain model 
(Laugesen 2005 Level II EH, n=16 [4-way cross over], JS 5). Inhibition of 5HT3 receptors by ondansetron 
also decreased the analgesic effect of tramadol, as measured by increased tramadol 
requirements, in particular early after ondansetron administration (Stevens 2015 Level I [PRISMA] 

6 RCTs, n=340), although this may also be a pharmacokinetic interaction (Hammonds 2003 NR). This 
has been confirmed in a subsequent RCT in hemithyroidectomy patients; here co-administration 
of IV tramadol (1.5 mg/kg) with ondansetron (0.1 mg/kg) vs tramadol alone reduced time to 
request for rescue analgesia (76.3 min vs 164.1) and analgesic efficacy at 0 to 60 min 
postoperatively (at 60 min: 2.51/10 (SD ± 0.66) vs 1.16/10 (± 0.68), but improved PONV scores 
(Murmu 2015 Level II, n=134, JS 4)  

Tramadol’s adverse-effect profile is different from other opioids. In the RADARS  System 

Poison Center Program, tramadol had the second-lowest rates of overdose deaths, major 
medical effects, serious adverse events and hospitalisations (data corrected for amounts 
dispensed) (Murphy 2018 Level IV, n=64,538 [reports]). The risk of respiratory depression is lower 
than with conventional opioids at equianalgesic doses (Mildh 1999 Level II EH, n=8 [cross over], JS 5; 

Tarkkila 1998 Level II, n=36, JS 4; Tarkkila 1997 Level II, n=36, JS 4) and it does not depress the hypoxic 
ventilatory response (Warren 2000 Level II EH, n=20 [cross over], JS 5). However, in a large series of 
tramadol overdoses in Iran, mainly due to deliberate self-harm or abuse, 3.6% experienced 
apnoea and required respiratory support or naloxone use (Hassanian-Moghaddam 2013 Level IV, 

n=525 [overdoses]). The mean time to presentation was 7.7 h (range 1 to 24 h); the mean dose 
causing apnoea was 2,125 mg (range 200 to 4,600 mg), significantly higher than in those not 
experiencing apnoea (1,383 mg; range 100 to 6,000 mg). One death in each group was reported. 
A further series of tramadol overdoses reported hypertension (38.4%), tachycardia (24.8%), 
respiratory depression (20%) (median dose 2,750 mg), seizure (14.5%) and no serotonin toxicity 
(Habibollahi 2019 Level IV, n=359 [overdoses]). Similar findings are reported from the USA; 
respiratory depression with relative higher doses than other symptoms (median dose 2,500 mg) 
and seizures, tachycardia, mild hypertension, but no serotonin toxicity (Ryan 2015 Level IV, n=71).  
Significant respiratory depression has also been described in a patient with severe renal failure, 
most likely due to accumulation of the metabolite M1 (Barnung 1997 CR).  

There is a risk of inducing serotonin toxicity when tramadol is combined with other 
serotonergic medicines, in particular SSRIs (Nelson 2012 Level IV SR, 1 study & 9 CR, n=14). However, 
despite the widespread use of both medicines, there are only very few case reports (14 cases in 
above SR) on this interaction. The interaction might be complex, as SSRIs are often CYP2D6 
inhibitors (eg sertraline, paroxetine and fluoxetine) and can thereby increase tramadol 
concentrations (Miotto 2017 NR). This might also mean that poor CYP2D6 metabolisers are at an 
increased risk of this interaction (Nelson 2012 Level IV SR, 1 study & 9 CR, n=14). Furthermore, 
administration of tramadol to elderly patients in the postoperative period was a risk factor for 
delirium (Swart 2017 Level III-2 SR, 1 study [tramadol]: Brouquet 2010 Level IV, n=133). 

Tramadol has less effect on gastrointestinal motor function than morphine (Lim 2001 Level II, 

n=101, JS 5; Wilder-Smith 1999b Level II, n=62, JS 5; Wilder-Smith 1999a Level II, n=30, JS 5; Wilder-Smith 
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1997 Level II, n=10 [cross over], JS 5). Nausea and vomiting are the most common adverse effects 
and occur at rates similar to morphine (Lim 2001 Level II, n=101, JS 5; Radbruch 1996 NR), although 
an increased rate in comparison to a variety of strong opioids (morphine, fentanyl, oxycodone, 
pethidine) occurs with PCA use (OR 1.52; 95%CI 1.07 to 2.14) (Murphy 2010 Level I, 12 RCTs, n=782). 
The incidence of pruritus was reduced with tramadol (OR 0.43; 95%CI 0.19 to 0.98).  

Tramadol did not increase the incidence of seizures compared with other analgesic agents in 
two observational studies (Gasse 2000 Level III-2, n=11,383; Jick 1998 Level III-2, n=10,916). Seizures 
were reported in tramadol intoxication, mainly due to deliberate self-harm or abuse, with recurrent 
seizures in 7 and 11.7% of patients (Hassanian-Moghaddam 2013 Level IV, n=525; Shadnia 2012 Level IV, 

n=100). Potential risk factors for seizure, other than overdose, were a history of traumatic brain 
injury, seizure activity secondary to hypoxia and combination with medications that lower seizure 
threshold (Miotto 2017 NR). Calls to the National Poison Data System of the American Association 
of Poison Control Centers were more likely to report seizures with tramadol vs tapentadol (RR 7.94; 
95%CI 2.99 to 20.91) (Tsutaoka 2015 Level III-2, n=8,783 [calls]). The low rate of recurrence does not 
justify the prophylactic use of an anticonvulsant after an initial seizure (Shadnia 2012 Level IV, n=100). 

An analysis of reports from United States Food and Drug Administration Adverse Event 
Reporting System showed an association between tramadol use and hypoglycaemia in 
comparison to all other opioids except methadone (Makunts 2019 Level IV, n=12,004,552). 

Although withdrawal from tramadol is uncommon, abrupt cessation can lead to withdrawal 
symptoms, which can have features of classical opioid withdrawal or atypical withdrawal seen with 
SNRI antidepressants (similar to those described with venlafaxine withdrawal); gradual tapering is 
recommended and treatment with lorazepam and clonidine if necessary (Miotto 2017 NR). 

Finally, tramadol has a lower abuse and misuse potential than conventional opioids, as 
reconfirmed by an expert committee on drug abuse of the German government (Radbruch 2013 
GL); this is in line with previous findings and tramadol’s status as a noncontrolled drug in most 
countries. However, in countries with low availability of conventional opioids, tramadol has a 
higher rate of abuse. This has been reported from China (Wang 2018b Level III-2 SR, 80 studies, n= 

118,904) and Africa (Salm-Reifferscheidt 2018 NR) (eg Egypt [Bassiony 2018 Level IV, n=1,135], Ghana 
[Fuseini 2019 NR] and Nigeria [Idowu 2018 Level IV, n=249]). A detailed assessment of issues related 
to tramadol use and abuse internationally has been released by the WHO (WHO 2018 NR). 

4.3.1.4 | Determinants of opioid dose 

Interpatient opioid requirements vary greatly (Macintyre 1996 Level IV) and opioid doses therefore 
need to be titrated to suit each patient. Reasons for variation include patient age and gender, 
genetic differences and psychological factors as well as opioid tolerance. 

Patient age 

Age, rather than patient weight, appears to be a better determinant of the amount of opioid an 
adult is likely to require for effective management of acute pain. There is clinical and 
experimental evidence of a two-fold to four-fold decrease in opioid requirements as patient age 
increases (Gagliese 2008 Level IV, n=246; Coulbault 2006 Level IV, n=74; Gagliese 2000 Level IV, n=99; 

Macintyre 1996 Level IV, n=1,010; Burns 1989 Level IV, n=100). The decrease in opioid requirement is 
not associated with reports of increased pain (Macintyre 1996 Level IV, n=1,010; Burns 1989 Level IV, 

n=100).  
This age-related decrease in opioid requirement appears mainly due to differences in 

pharmacodynamics or brain penetration rather than systemic pharmacokinetic factors (Minto 

1997 Level IV, n=65; Scott 1987 Level IV PK; Macintyre 2008b NR). See also Section 9.2.3.  
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Gender 

In general, females report more severe pain than males with similar disease processes or in 
response to experimental-pain stimuli (Hurley 2008 NR). This is more complicated than initially 
thought; in experimental-pain settings, women have lower pressure pain thresholds than men 
with no difference for cold and ischaemic pain (Racine 2012a Level IV SR, 122 studies, n unspecified). 
Temporal summation, allodynia and secondary hyperalgesia may be more pronounced in women 
than in men (Racine 2012b Level IV SR, 129 studies, n unspecified). In acute pain, there is more a 
difference in pain perception than pain sensitivity (Ravn 2012 Level IV EH, n=100).  

Evidence for differences of opioid responses in the acute pain setting varies. Across all studies 
in acute clinical pain with mu-opioids there is no association between gender and opioid response, 
however with PCA use there is greater analgesic effect in women (ES 0.22; 95%CI 0.02 to 0.42) 
(Niesters 2010 Level I, 25 RCTs, n unspecified). The effect is even more pronounced with morphine PCA 
(ES 0.36; 95%CI 0.17 to 0.56) and is similar in experimental-pain settings (ES 0.35; 95%CI 0.01 to 
0.69). Likely explanations are interactions between oestrogen and opioid receptors (Lee 2013b NR). 
This is supported by preclinical data which show that hormones interact with the opioid system 
and that these interactions may produce meaningful sex-based differences in the subjective 
experience of opioids, but the direction of effect is variable and inconsistent (Huhn 2018 BS SR).  

While response to opioids may differ, both the degree and direction of variation depend on 
many variables (Campesi 2012 NR; Dahan 2008a NR). This variation as well as other known and 
unknown factors involved in the very large interpatient differences in opioid requirements seen 
clinically, means that gender cannot be used as a basis for opioid-dose alteration and confirms 
the need to titrate doses to effect for each patient. 

Genetics 

Genetic variability may also affect a patient’s response to opioids (see Section 1.7.3).  

Psychological factors 

The effect of psychological factors such as anxiety on opioid requirements is contradictory (see 
Section 1.2). Behavioural and psychological aspects associated with opioid tolerance and 
addiction are discussed in Sections 9.7 and 9.8. 

4.3.1.5 | Adverse effects of opioids 

Common opioid-related adverse effects are sedation, pruritus, nausea, vomiting, slowing of 
gastrointestinal function and urinary retention. Meta-analyses have shown that the risk of 
adverse effects from opioids administered by PCA is similar to the risks from traditional methods 
of systemic opioid administration, with the exception of pruritus, which is increased in patients 
using PCA (Hudcova 2006 Level I [Cochrane] 55 RCTs, n=3,861).  

However, there may be differences in the routine clinical setting (Dolin 2005 Level IV SR, 165 

studies, n≈20,000; Cashman 2004 Level IV SR, 165 studies, n≈20,000). The following incidences (means) 
were associated with the use of PCA opioids: respiratory depression 1.2 to 11.5% (using 
decreased respiratory rate and oxygen desaturation, respectively, as indicators), nausea 32%, 
vomiting 20.7%, pruritus 13.8% and excessive sedation 5.3%. The incidences reported for IM 
opioid analgesia were: respiratory depression 0.8 to 37% (using the same indicators), nausea 
17%, vomiting 21.9%, pruritus 3.4% and excessive sedation 5.2%.  

Clinically meaningful opioid-related adverse effects are dose-related. There was an increased 
risk of 0.9% for nausea and 0.3% for vomiting for every 1 mg increase in PCA-morphine 
consumption after surgery (Marret 2005 Level I, 22 RCTs, n=2,307). In a later prospective evaluation 
of the incidence of nausea and vomiting in elderly surgical inpatients (requiring a length of stay 
(LOS) >2 d and no PONV prophylaxis), there was also a direct correlation between increasing 
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opioid dose and the incidence of both nausea and vomiting (Roberts 2005 Level IV, n=193). In 
patients after laparoscopic cholecystectomy, once a threshold dose was reached (≈10 mg 
MED/d), every further 3–4 mg increase of MED/d was associated with one additional meaningful 
adverse effect or patient-day with such an event (Zhao 2004 Level II, n=193, JS 5). 

Opioid-related adverse effects in surgical patients were associated with increased LOS in 
hospital and total hospital costs; the use of opioid-sparing techniques can be cost-effective 
(Oderda 2007 Level III-2; Barletta 2012 NR; Philip 2002 NR). Postsurgical patients who experienced an 
opioid-related adverse effect had a 55% longer LOS, 47% higher costs, 36% increased risk of 
readmission and 3.4 times higher risk of inpatient mortality (Kessler 2013 Level III-2, n=37,031). 
Similar results were found in the analysis of a large national hospital database (Oderda 2013      

Level III-2, n=319,898). More specific information was found in a subsequent study; 10.6% of 
surgical patients experienced an opioid-related adverse event (Shafi 2018 Level III-2, n=135,379). 
Risk factors were higher opioid doses (MED 46.8 mg vs 30.0 mg) and opioid use for a longer 
duration (median 3.0 d vs 2.0 d). Opioid-related adverse events were associated with increased 
inpatient mortality (OR 28.8; 95%CI 24.0 to 34.5 [2.9% increase in absolute mortality]), prolonged 
LOS (OR 3.1; 95%CI 2.8 to 3.4), high cost of hospitalization (OR 2.7; 95% CI 2.4 to 3.0), higher rate 
of 30 d readmission (OR 1.3; 95%CI 1.2 to 1.4) and US$ 8,225 per event increase in cost. Similarly, 
in previously opioid-naive patients receiving opioids after surgery 9.1% experienced opioid-
related adverse effects with an increased risk with prolonged IV administration and resulted in 
29% higher costs of hospitalization, 55% longer postoperative LOS, 29% lower odds of discharge 
home and 2.9 times the odds of death (Urman 2019 Level III-2, n= 12,218 [patients receiving opioids]). 

Identifying patients at high risk of opioid-related adverse effects using clinical and 
demographic parameters is possible (Minkowitz 2014a Level III-2, n=6,285; Minkowitz 2014b Level III-

3, n=3,697); identification of such high-risk patients enabled reduction of adverse effects and 
hospital costs. 

Opioid-induced ventilatory impairment 

OIVI is a more appropriate term to describe the effects of opioids on ventilation than respiratory 
depression alone (Macintyre 2011 NR). It encompasses the respiratory depression caused by 
opioids (decreased central CO2 responsiveness resulting in hypoventilation) and elevated partial 
pressure of carbon dioxide in arterial blood [PaCO2]) (Boom 2012 NR) but also the depressed 
consciousness (decreased arousal and protection) and the subsequent upper airway obstruction 
(associated with lower airway motor tone) resulting from excessive opioid use. This combination 
is the most feared adverse effect of opioids, potentially with fatal consequences. 

The most frequently reported risk factors for OIVI were older age, female gender, sleep-
disordered breathing, obesity, renal impairment, pulmonary disease (in particular COPD), cardiac 
disease, diabetes, hypertension, neurologic disease, two or more comorbidities, opioid 
dependence, concomitant administration of sedatives, different routes of opioid administration 
and CYP450 enzyme polymorphisms, but patients without such risk factors can also develop OIVI 
(Gupta 2018b Level IV SR, 13 studies, n=871,912; Overdyk 2014 Level IV, n=134 [case reports]). 
Postoperative OIVI occurred in 5/1,000 cases with 85% in the first 24 h (95% CI 4.8 to 5.1) (Gupta 

2018a Level IV SR [PRISMA], 12 studies, n=841,424). Increased risk is linked to cardiac disease (OR 
1.7; 95%CI 1.2 to 2.5), pulmonary disease (OR 2.2; 95%CI 1.3 to 3.6), OSA (OR 1.4; 95%CI 1.2 to 
1.7) and higher daily MED (24.7±14 mg vs 18.9±13.0 mg). Age, gender, BMI and ASA status are 
not identified as risk factors in this systematic review. In a closed claims study of postoperative 
OIVI, 88% of events occurred within 24 h postoperatively; risk factors included multiple 
prescribers (33%), concurrent administration of sedating medications (34%), and inadequate 
nursing assessments or response (31%) (Lee 2015b Level IV, n=92 [episodes of OIVI]). Other studies 
confirm that most postoperative events of OIVI occur in the first 24 h: within 24 h 88% (within 
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12 h 58%) (Weingarten 2015 Level III-2, n=134 [naloxone administrations]), 81% (34% within 6 h) 
(Ramachandran 2011 Level IV, n=33 [episodes of OIVI]) and 78% (57% within 12 h) (Taylor 2005  
Level III-2, n=62 [episodes of OIVI]). 

OIVI can usually be avoided by careful titration of the dose against effect and careful 
observation and monitoring. A variety of clinical indicators have been used to indicate OIVI 
caused by opioids; not all may be appropriate or sensitive. 

A number of studies investigating hypoxia in the postoperative period in patients receiving 
opioids for pain relief have found that measurement of respiratory rate as an indicator of 
respiratory depression may be of limited value and that hypoxaemic episodes often occur in 
the absence of a low respiratory rate (Kluger 1992 Level III-2, n=40; Wheatley 1990 Level III-2, n=30; 

Catley 1985 Level III-2, n=32; Jones 1990 NR). As respiratory depression is almost always preceded 
by sedation, the best early clinical indicator is increasing sedation (Jungquist 2017 NR; Macintyre 

2011 NR; Vila 2005 NR; Ready 1988 NR). This has also been acknowledged in recommendations of 
current guidelines (Jungquist 2020 GL; Chou 2016 GL).   

Introduction of a numerical pain treatment algorithm in a cancer setting was followed by a 
review of opioid-related adverse effects (Vila 2005 Level III-3, n=25). Use of this algorithm, in which 
opioids were given to patients in order to achieve satisfactory pain scores, resulted in a two-fold 
increase in the risk of respiratory depression. Importantly, the authors noted that respiratory 
depression was usually not accompanied by a decrease in respiratory rate. Of the 29 patients 
who developed respiratory depression (either before or after the introduction of the algorithm), 
only 3 had a respiratory rate of <12 breaths/min but 27 (94%) had a documented decrease in 
their level of consciousness (Vila 2005 Level III-3, n=29). This study highlights the risk of titrating 
opioids to achieve a desirable pain score without appropriate patient monitoring. 

In a review of PCA, case reports of respiratory depression in patients with obstructive sleep 
apnoea (OSA) were examined (Macintyre 2008a NR). It would appear that the development of 
respiratory depression might have been missed because of an apparent over-reliance on the use 
of respiratory rate as an indicator of respiratory depression; the significance of excessive 
sedation was not recognised. 

In an audit of 700 acute pain patients who received PCA for postoperative pain relief, 
respiratory depression was defined as a respiratory rate of <10 breaths/min and/or a sedation 
score of 2 (defined as “asleep but easily roused”) or more. Of the 13 patients (1.86%) reported 
with respiratory depression, 11 had sedation scores of at least 2 and, in contrast to the 
statements above, all had respiratory rates of <10 breaths/min (Shapiro 2005 Level IV, n=700). In a 
closed claims report, 62% of patients with postoperative OIVI (with 77% fatality or severe brain 
injury) experienced somnolence before the event (Lee 2015b Level IV, n=92 [events of OIVI]): the 
authors emphasise that assessment of sedation levels by nurses needs to be improved; 97% were 
judged preventable with better monitoring and response. These studies confirm that assessment 
of sedation is a more reliable way of detecting opioid-induced respiratory depression, although 
monitoring respiratory rate is still important. 

Oxygen saturation levels may not be a reliable method of detecting respiratory depression in 
the postoperative setting. In addition to the use of supplemental oxygen delaying OIVI diagnosis, 
there may be reasons other than opioids for hypoxaemia. For example, when measurement of 
oxygen saturation was used as an indicator of respiratory depression, the incidence was reported 
to be 11.5% in patients receiving PCA and 37% in those given IM opioids (Cashman 2004 Level IV 

SR, 165 studies, n≈20,000). However, the same authors showed that patients given IM opioids 
reported significantly more pain (moderate to severe pain in 67.2% and severe pain in 29.1% 
compared with 35.8% and 10.4% respectively in PCA patients), suggesting that these patients 
received much lower doses of opioids (Dolin 2002 Level IV SR, 165 studies, n≈20,000). Continuous 
pulse oximetry (1 RCT, 3 studies) improves recognition of desaturations (< 90%) (OR 15.7; 95% CI 
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10.6 to 23.2), with a non-significant decrease in transfers to the ICU (RR 0.66; 95%CI 0.42 to 1.01) 
(Lam 2017 Level IV SR [PRISMA}, 2 RCTs, 7 studies, n unspecified). 

Increases in PaCO2 are the most reliable way of detecting respiratory depression. Continuous 
monitoring of transcutaneous CO2 for 24 h after major abdominal surgery showed that patients 
given IV PCA morphine had significantly higher CO2 levels than those receiving epidural local 
anaesthetic/fentanyl infusions (McCormack 2008 Level III-2, n=30; Kopka 2007 Level III-2, n=28). 
Continuous capnography vs continuous pulse oximetry (1 RCT & 2 studies) identifies more events 
of respiratory depression (OR 5.83; 95%CI 3.54 to 9.63) (11.5% vs 2.8%) (Lam 2017 Level IV SR 
[PRISMA}, 2 RCTs & 7 studies, n unspecified). 

Alternative monitors include continuous non-invasive respiratory-volume monitoring, which 
was described as identifying at-risk patients with a significant drop in minute ventilation or 
apnoeic/hypopnoeic episodes with high sensitivity (93%) and specificity (86%) (Voscopoulos 2014 

Level IV, n=132).   
Pharmacological strategies to reduce OIVI without affecting analgesia, eg by respiratory 

stimulants, have been investigated (Kimura 2014 NR; van der Schier 2014 NR). 

Cardiac effects 

The use of methadone has been linked to the development of prolonged QT interval with a risk 
of TdP and cardiac arrest (Alinejad 2015 NR; Mujtaba 2013 NR). Methadone has this effect due to 
inhibition of the cardiac-ion channel KCNH226 and the effect is dose-dependent. Most case 
reports of TdP in patients taking methadone have identified the presence of at least one other 
risk factor in addition to methadone (Justo 2006 Level IV, n=40 [TdP cases in 14 reports]; Fredheim 

2008 NR). Risk factors include female gender, heart disease, other medicines with effects on the 
QT interval (eg tricyclic antidepressants [TCAs], antipsychotics, diuretics) or methadone 
metabolism, congenital or acquired prolonged QT syndromes, liver impairment and 
hypokalaemia (Mujtaba 2013 NR; Fredheim 2008 NR). 

Of patients under substitution therapy receiving 60–100 mg/d methadone, 23% developed 
prolonged QT intervals during treatment vs none of the buprenorphine patients taking 16 to 
32 mg 3 times/wk (Wedam 2007 Level II, n=165, JS 5). In the methadone group, the QT interval 
continued to increase over time, even with stable doses.  

There is as yet no consensus regarding the benefits or otherwise of obtaining an 
electrocardiogram (ECG) in patients prior to starting methadone, although it may be that the 
threshold for doing so should be lower in patients with other concomitant risk factors, including 
those receiving higher doses of methadone (Cruciani 2008 NR). Overall, guidelines targeting  the 
prevention of death from methadone can only offer weak recommendations due to lack of good 
data (Chou 2014 GL); a Cochrane review was unable to identify any studies suitable for inclusion 
(Pani 2013 Level I [Cochrane] 0 RCTs, n=0). 

The use of dextropropoxyphene also carries a risk of TdP (Barkin 2006 NR) (see above). 
Similarly, higher doses of oxycodone were linked to prolonged QT intervals (Fanoe 2009                

Level III-2). Beside these opioids, buprenorphine and pethidine have also been associated with 
prolonged QT intervals (Klivinyi 2018 NR). 

Nausea and vomiting 

Nausea and vomiting are frequent adverse effects of opioid analgesia in a range of settings. PONV 
and its prevention have been studied the most extensively; hence the following discussion will 
focus on this data. PONV is common and related to opioid administration in a dose-dependent 
manner (Marret 2005 Level I, 22 RCTs, n=2,307; Roberts 2005 Level IV, n=193), although many other more 
relevant risk factors for PONV have also been identified (Apfel 2012 Level IV SR, 22 studies, n=95,154). 
Opioids are a risk factor for PONV (OR 1.39; 95%CI 1.20 to 1.60) but less so than female gender, 
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history of previous PONV or motion sickness, inhalational anaesthesia and nonsmoking status. The 
biological mechanisms of PONV have not yet been completely unravelled (Horn 2014 NR). 

Guidelines on the prevention and management of PONV have been published (Gan 2014 GL). 
Medicines used as components of multimodal analgesia and that are opioid-sparing may also 

reduce PONV. Opioid-sparing and a reduction in PONV has been shown with concurrent 
administration of gabapentin (Grant 2016b Level I [PRISMA], 44 RCTs, n=3,489) and pregabalin (Grant 

2016a Level I [PRISMA], 23 RCTs, n=1,693), nsNSAIDs (Maund 2011 Level I, 43 RCTs [PONV], 

n unspecified), ketamine (Assouline 2016 Level I [PRISMA], 19 RCTS, n=1,453) and lidocaine (Weibel 

2018 Level I [Cochrane], 68 RCTs, n=4,525). See also sections covering these medications.  
Opioid-sparing with no decrease in PONV is reported for paracetamol and coxibs (Maund 2011 

Level I, 43 RCTs [PONV], n unspecified). However, paracetamol given IV preoperatively or 
intraoperatively reduces PONV; this effect is associated with improved analgesia, not reduced 
opioid requirements (Apfel 2013 Level I [PRISMA], 30 RCTs, n=2,364). Preoperative vs postoperative 
paracetamol reduces postoperative vomiting (RR 0.50; 95%CI 0.31 to 0.83) (Doleman 2015b  
Level I [PRISMA], 7 RCTs, n=544) (see also Section 4.1). 

Eight medicines effectively prevent PONV vs placebo: droperidol, metoclopramide, 
ondansetron, tropisetron, dolasetron, dexamethasone, cyclizine and granisetron (Carlisle 2006 

Level I [Cochrane], 737 RCTs, n=103,237). The authors conclude that evidence for differences 
between the medicines was unreliable due to publication bias. Despite limited data to compare 
adverse effects, droperidol was more sedative and headache more common after ondansetron. 

Scientific fraud by Yoshitaka Fujii has influenced this meta-analysis on the efficacy of 
antiemetics, in particular the efficacy of granisetron and ramosetron is overestimated by 
inclusion of 168 fraudulent RCTs by his group (Carlisle 2012 Level I, 534 RCTs, n unspecified). 
Ramosetron remains effective vs placebo (but less than reported previously) and maintains a 
statistical, but clinically questionable, advantage over ondansetron (Mihara 2013 Level I, 12 RCTs, 

n=1,372). 
The efficacy of various single compounds in reducing incidence of PONV in the first 24 h has 

been confirmed in updated meta-analyses; dexamethasone 4–5 mg IV (NNT 3.7), 8–10 mg IV (NNT 
3.8) (De Oliveira 2013b Level I [PRISMA], 60 RCTs, n=6,696); droperidol ≤1 mg IV (NNT 3.5 to 5 for high-
risk patients) (Schaub 2012 Level I, 25 RCTs, n=2,957); metoclopramide 10 mg IV (NNT 7.8) (De Oliveira 

2012b Level I [PRISMA], 30 RCTs, n=3,328); perphenazine (Schnabel 2010 Level I, 11 RCTs, n=2,081); 5HT3-
antagonists ondansetron, granisetron, tropisetron and dolasetron (Tang 2012 Level I, 85 RCTs, 

n=15,269), palonosetron (Singh 2016a Level I [PRISMA], 22 RCTs, n unspecified) and TD hyoscine 
(scopolamine) (Apfel 2010 Level I, 25 RCTs, n=3,298). All 5-HT3 antagonists are superior to placebo in 
reducing incidence of PONV (125 RCTs, n=16,667 patients) (Tricco 2015a Level I [NMA], 450 RCTs, 

n=80,410).  
NK1 receptor antagonists are also used in treatment and prophylaxis of PONV (George 2010 

NR). Aprepitant (80 mg) reduces the incidence of nausea vs placebo (pooled RR 0.60; 95%CI 
0.47 to 0.75) (3 RCTs, n=224) and vomiting (pooled RR 0.13; 95%CI 0.04 to 0.37) (3 RCTs, n=224) 
(Liu 2015 Level I [PRISMA], 14 RCTs, n unspecified). However, neither 40 mg (3 RCTs, n=1,171) nor 
125 mg (2 RCTs, n=1,085) are superior to ondansetron (4 mg). After craniotomy, IV fosaprepitant 
(150 mg) was significantly more effective than IV ondansetron (4 mg) (6 vs 50% vomiting) 
(Tsutsumi 2014 Level II, n=64, JS 5) and more effective than IV droperidol (1.25 mg) (Atsuta 2017 
Level II, n=200, JS 5). 

Propofol (1 mg/kg) close to the end of surgery reduced PONV significantly vs placebo (Kim 

2014a Level II, n=107, JS 4). Caffeine (500 mg IV) was ineffective in preventing PONV and increased 
rates of nausea (Steinbrook 2013 Level II, n=136, JS 3). 

Combinations of antiemetics may be more effective than one medicine given alone. 
Prophylaxis with the combination of a 5HT3-receptor antagonist and dexamethasone was 
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associated with lower use of rescue antiemetics than 5HT3-receptor antagonist or 
dexamethasone alone (Tricco 2015a Level I [NMA], 450 RCTs, n=80,410; Kovac 2006 Level I, 49 RCTs, 

n=12,752), also after strabismus surgery in children (Shen 2014 Level I, 13 RCTs, n=2,006). Similarly, 
the combination of droperidol and ondansetron was additive (Chan 2006 Level II, n=400, JS 5). 
Other combinations that were more effective than either medicine given alone were cyclizine 
and granisetron (Johns 2006 Level II, n=960, JS 5), dexamethasone and haloperidol (Chu 2008 Level 

II, n=400, JS 5) and dexamethasone and dolasetron (Rusch 2007 Level II, n=242, JS 5). The addition of 
metoclopramide to dexamethasone also led to better PONV prophylaxis but, compared with 
dexamethasone 8 mg alone, only if doses of 25 mg and 50 mg metoclopramide were used, not 
10 mg (Wallenborn 2006 Level II, n=3,140, JS 4). Oral aprepitant 80 mg added to ondansetron 
reduced the rate of postoperative vomiting in bariatric surgery patients for 72 h (Sinha 2014  

Level II, n=125, JS 5). 
Droperidol and, to a lesser extent, ondansetron may lead to prolonged QT intervals. Concerns 

about the potential for serious cardiac arrhythmias secondary to QT prolongation associated 
with administration of droperidol led to a “black box” warning by the USA FDA in 2001. Following 
this there has been a significant reduction in the use of this medicine, even though the warning 
was felt by many to be unwarranted (Habib 2008b NR). Mild QT prolongation can occur with 
anaesthesia and surgery. Saline and 0.625 and 1.25 mg IV droperidol were associated with similar 
QT prolongation in the postoperative period (White 2005 Level II, n=120, JS 5). Similarly, 1.25 mg 
droperidol did not prolong QT interval (Toyoda 2013 Level II, n=72, JS 3). A large review (Nuttall 2007 

Level III-3) of surgical patients in the periods 3 y before (n=139,932) and 3 y after (n=151,256) the 
FDA black box warning merged anaesthesia database information with information from ECG 
and other databases as well as patients’ case notes, and recorded all patients who had 
documented prolonged QT intervals, TdP or death within 48 h of their surgery. Despite a 
reduction in the use of droperidol from 12 to 0% of patients following the warning, there was no 
difference in the incidence of QT prolongation, ventricular tachycardia, or death within 48 h of 
surgery and no clearly identified case of TdP related to use of droperidol (Nuttall 2007 Level III-3). 
The authors concluded that for low-dose droperidol, the black box warning was “excessive and 
unnecessary”. The scientific basis of the decision in favour of a black box warning has been 
questioned as a range of data show that the incidence of QT prolongation and TdP development 
is similar for low-dose droperidol and other compounds used to treat PONV (Halloran 2010 NR). 
The authors of guidelines for the management of PONV also express concerns about the FDA 
caution and state “due to the 2001 black box warning, droperidol is not the first choice for PONV 
prophylaxis in many countries” (Gan 2014 GL). 

Haloperidol has also been associated with QT prolongation and TdP (Habib 2008a NR). Using 
data from studies published up until 1988, a meta-analysis showed that haloperidol is also an 
effective antiemetic (Buttner 2004 Level I, 23 RCTs, n=1,468). Subsequent studies have confirmed its 
effectiveness vs placebo (Aouad 2007 Level II, n=93, JS 4), ondansetron (no differences in efficacy, 
adverse effects or QT intervals) (Rosow 2008 Level II, n=244, JS 2; Aouad 2007 Level II, n=93, JS 4; Lee 

2007 Level II, n=90, JS 5) and droperidol (equally effective) (Wang 2008 Level II, n=150, JS 5). 
Haloperidol/ondansetron was more effective than ondansetron alone (Grecu 2008 Level II, n=268, 

JS 3) and haloperidol/dexamethasone was also more effective than either medicine given alone 
(Wang 2012 Level II, n=135, JS 3; Chu 2008 Level II, n=400, JS 5), again with no difference in adverse 
effects or QT intervals. Compared with droperidol, the only advantage of haloperidol may be 
“that there is no black box warning” (Ludwin 2008 NR). 

Dolasetron (IV and oral formulations) is contraindicated by the Canadian authorities for any 
therapeutic use in children and adolescents aged <18 y and the prevention or treatment of PONV 
in adults because of the risk of QT prolongation (Health Canada 2006 GL). This age restriction is not 
limited to Canada but applies in a number of other countries including the UK. The effect of 
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therapeutic doses of dolasetron (and ondansetron) on QT prolongation is, however, minimal (6% 
from baseline) (n=1,429) (Obal 2014 Level III-3, n=1,429); a case of prolonged QT interval has been 
reported after overdose (Rochford 2007 CR). More patients receiving granisetron/dexamethasone 
experience an arrhythmia vs placebo (OR 2.96; 95 %CI 1.11 to 7.94), ondansetron (OR 3.23; 95 
%CI 1.17 to 8.95), dolasetron (OR 4.37; 95% CI 1.51 to 12.62), tropisetron (OR 3.27; 95 %CI 1.02 
to 10.43), and ondansetron/dexamethasone (OR 5.75; 95% CI 1.71-19.34) (Tricco 2015b Level I 
[NMA], 31 RCTs, n=6,623). 

Low-dose naloxone (  1 mcg/kg/h) reduces opioid-related postoperative nausea (RR 0.80; 

95%CI 0.67 to 0.95), but has no effect on vomiting (RR 0.83; 95%CI 0.63 to 1.09) (Barrons 2017 
Level I [PRISMA], 9 RCTs, n=946).  

Mirtazapine vs placebo reduces PONV (RR 0.44; 95%CI 0.32 to 0.62) (3 RCTs) and has similar 
effects to ondansetron (1 RCT), while it also reduces anxiety (Bhattacharjee 2019 Level I [PRISMA],  

7 RCTs, n=581). 
Supplemental IV crystalloid infusions reduce the risk of PONV and the need for rescue 

antiemetics (Jewer 2019 Level I [Cochrane], 41 RCTs, n=4,424). IV dextrose perioperatively vs control 
does not reduce the risk of PONV, but does reduce the need for rescue antiemetics (Kim 2018 
Level I [PRISMA], 7 RCTs, n=701). 

Supplemental oxygen (FiO2 80%) in the postoperative period does not reduce PONV (Orhan-

Sungur 2008 Level I, 10 RCTs, n=1,729), but high inspired oxygen concentrations intraoperatively 
reduce PONV in patients receiving inhalational anaesthetics without prophylactic antiemetics 
(Hovaguimian 2013 Level I, 22 RCTs, n=7,001). 

PC6 acupoint stimulation (by any means: acupuncture, electro-acupuncture, transcutaneous 
electrical acupoint stimulation, transcutaneous nerve stimulation, laser stimulation, capsicum 
plaster, acu-stimulation device, and acupressure) reduces the incidence of nausea (RR 0.68; 
95%CI 0.60 to 0.77) (40 RCTs, n=4,742), vomiting (RR 0.60; 95%CI 0.51 to 0.71) (45 RCTs, n=5,147) 
and rescue antiemetic requirements (RR 0.64; 95%CI 0.55 to 0.73) (39 RCTs, n=4,622) based on 
low quality evidence (Lee 2015a Level I [Cochrane], 59 RCTs, n=7,667). Compared to antiemetics 
(metoclopramide, cyclizine, prochlorperazine, droperidol, ondansetron and dexamethasone) the 
effects on all three above outcomes were similar. Acupuncture/acupressure is the only 
nonpharmacological intervention included in the PONV management guideline developed by the 
Society for Ambulatory Anesthesiology, endorsed by ANZCA (Gan 2014 GL).  

Ginger (Zingiber officinale) reduces the severity (SMD −0.25; 95%CI −0.46 to −0.04), but not 
the incidence of PONV (Toth 2018 Level I [PRISMA], 10 RCTs, n=918). 

Aromatherapy vs placebo has no effect on incidence of PONV, but may reduce need for 
rescue antiemetic requirements; both statements are based on low-quality evidence (Hines 2018 

Level III-1 SR [Cochrane], 16 RCTs and CCTs, n=1,036).  

Impairment of gastrointestinal motility 

Opioids are well described as inducing constipation with chronic use (Ahmedzai 2006 NR). Opioids 
impair return of bowel function after surgery (Barletta 2012 NR). A daily dose of hydromorphone 
IV >2 mg was the most obvious risk factor for postoperative ileus (Barletta 2011 Level IV, n=279). 
Other risk factors were longer IV opioid use and postoperative ileus was a risk factor for 
prolonged hospital LOS. After laparotomy and laparoscopic cholecystectomy and colectomy, 
patients with postoperative ileus received higher opioid doses (median MED 285 mg vs. 95 mg); 
in postoperative patients with an ileus, opioid doses above the median were associated with 
increased LOS (3.8 d to 7.1 d), total costs (US$ 8,458 to 19,562), and readmission after 
laparoscopic surgeries (4.8% to 5.2%) (Gan 2015 Level III-3, n= 138,068). 

Overall, treatment of opioid-induced constipation due to chronic intake with opioid 
antagonists (methylnaltrexone, naloxone, naloxegol, alvimopan, axelopran, or naldemedine) 
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(NNT 3.4 to 7) (23 RCTs) is more effective than laxatives (lubiprostone [NNT 15] or prucalopride) 
(4 RCTs) (Nee 2018 Level I [PRISMA], 27 RCTs, n=8,881); the effects of the various opioid antagonists 
are similar, while the two laxatives are only slightly better than placebo. A network meta-analysis 
identified SC methylnaltrexone as the most effective opioid antagonist to treat opioid-induced 
constipation (Sridharan 2018 Level I [NMA], 23 RCTs, n unspecified) (17  RCTs overlap).  

The peripheral-acting opioid antagonists alvimopan and methylnaltrexone are effective in 
reversing opioid-induced slowing of gastrointestinal transit time and constipation and alvimopan 
is an effective treatment for postoperative ileus (McNicol 2008 Level I [QUOROM], 22 RCTs, n=2,358) 
(4 RCTs overlap with Nee 2018); insufficient evidence exists about the efficacy or safety of naloxone 
or nalbuphine. The efficacy of alvimopan has been confirmed in subsequent studies summarised 
in a review (Kraft 2010 NR). After radical cystectomy in an RCT not included in any of the above 
systematic reviews, alvimopan resulted in faster gastrointestinal recovery, shorter hospital LOS 
and reduced incidence of postoperative ileus (7 vs 26%) with reduced resulting morbidity (8.4 vs 
29.1%) without increased adverse effects (Lee 2014a Level II, n=280, JS 3).  

A combined formulation of controlled-release (CR) oxycodone and naloxone is available in 
many jurisdictions. Compared with CR oxycodone alone in patients with chronic nonmalignant 
pain, the combination formulation resulted in similar analgesic efficacy but less bowel 
dysfunction (Lowenstein 2010 Level II [pooled analysis of 2 RCTs], n=578, JS 5). It has been suggested 
that these benefits were transferable to acute pain settings (Kuusniemi 2012 NR). This was not 
confirmed after laparoscopic hysterectomy where oxycodone/naloxone CR had no beneficial 
effect on constipation or other opioid adverse effects vs oxycodone CR (Comelon 2013 Level II, 

n=85, JS 5). IV administration of the crushed combination resulted in reduced drug liking and other 
subjective effects (Colucci 2014 Level II EH, n=24, JS 3).  

Urinary retention 

Opioids cause urinary retention due to presumed central and peripheral mechanisms. Opioid 
antagonists reverse this effect; naloxone reversed opioid-induced urinary retention in 100% of 
patients, while the peripheral opioid antagonist methylnaltrexone IV was effective in 42% of 
study participants (Rosow 2007 Level III-1 EH, n=13). These data suggest that at least part of the 
bladder dysfunction caused by opioids is peripherally mediated. 

Premedication with gabapentin reduces urinary retention caused by opioids (NNT 7) (Tiippana 

2007 Level I [QUOROM], 22 RCTs, n=1,909). This effect is most likely related to the opioid-sparing 
effect of gabapentin. 

Pruritus 

The mechanism of opioid-induced pruritus, which is particularly common after neuraxial opioid 
administration, is not fully understood but central mu-opioid receptor-mediated mechanisms 
are thought to be the primary cause (Ganesh 2007 NR). However, a serotonergic mechanism has 
also been suggested (Aly 2018 Level II, n=40, JS 4) (see also Section 4.3.1.5).  

Naloxone, naltrexone, nalbuphine and droperidol are effective in the treatment of opioid-
induced pruritus, although minimum effective doses remain unknown (Kjellberg 2001 Level I, 

22 RCTs, n=1,477 patients); doses >2 mcg/kg/h of naloxone are more likely to lead to reversal of 
analgesic effects. Low-dose continuous naloxone (0.25–1 mcg/kg/h) has the best evidence (Miller 

2011 NR). Nalbuphine specifically is more effective than placebo (3 RCTs), control (3 RCTs) and 
diphenhydramine (1 RCT) in reducing pruritus (Jannuzzi 2016 Level I, 9 RCTs, n=1,128). Furthermore, 
ondansetron reduces the incidence of opioid-induced pruritus after neuraxial administration 
only in non-obstetric patients (RR 0.63; 95%CI 0.45 to 0.89) (3 RCTs, n=235), but not in obstetric 
patients (RR 0.84; 95%CI 0.69 to 1.03) (7 RCTs, n=576) (Wang 2017b Level I [PRISMA], 10 RCTs, n=811). 
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Cognitive function and confusion 

While opioids can be the cause of cognitive dysfunction, confusion and delirium, it is surprising 
that, after cardiac surgery, IM morphine 5 mg was superior to IM haloperidol 5 mg in treating 
delirium (Atalan 2013 Level II, n=53, JS 2). This suggests that undertreated pain is a relevant 
consideration. Similarly, in elderly patients after hip fracture repair, opioids were not an 
important predictor of postoperative delirium (Sieber 2011 Level IV, n=236). 

The risk of delirium and/or changes in cognitive function has been compared in patients 
receiving different PCA opioids. There was no statistically significant difference in the rates of 
confusion between morphine and fentanyl (14.3 vs 14.3%) but there was less depression of 
cognitive function with fentanyl (Herrick 1996 Level II, n=96, JS 2). No differences in cognitive 
function were reported in patients receiving tramadol vs morphine (Silvasti 2000 Level II, n=60, JS 4) 
or fentanyl (Ng 2006 Level II, n=30, JS 5) but cognition has been found to be poorer with 
hydromorphone vs morphine (Rapp 1996 Level II, n=61, JS 4).  

Pethidine use postoperatively was associated with an increased risk of delirium in the 
postoperative period in comparison to other opioids (Swart 2017 Level III-2 SR, 3 studies [pethidine], 

n=877). Tramadol has been identified as a risk factor for postoperative delirium in the elderly 
following abdominal surgery (Swart 2017 Level III-2 SR, 1 study [tramadol]: Brouquet 2010 Level III-2, 

n=118).  

Tolerance and hyperalgesia 

In the absence of disease progression, a decrease in the effectiveness of opioid analgesia has 
traditionally been attributed to opioid tolerance. It is now known that administration of opioids 
can lead to both opioid-tolerance (a desensitisation of antinociceptive pathways to opioids) and, 
paradoxically, to OIH (a sensitisation of pronociceptive pathways leading to pain hyper-
sensitivity) and that both these phenomena can significantly reduce the analgesic effect of 
opioids (Mao 2015 NR; Low 2012 NR; Lee 2011 NR). The mechanisms underlying the development 
of tolerance and OIH are still not fully understood but, as with neuropathic pain, are thought to 
include activation of the glutaminergic system via the NMDA receptor, GABA receptors and 
possibly the innate neuroimmune system (Arout 2015 BS NR) as well as peripheral mu-opioid 
receptors (Weber 2017 NR).   

It may be useful here to distinguish “pharmacological tolerance” (ie tolerance, as defined in 
Section 9.7.1 “the predictable and physiological decrease in the effect of a drug over time”) and 
“apparent tolerance”, where both tolerance and OIH contribute to a decrease in the 
effectiveness of opioids (Chang 2007 NR; Mao 2008 NR). The clinical significance of this mix, and 
the relevant contribution of pharmacological tolerance and OIH to apparent tolerance in any 
particular patient is difficult, if not impossible, to determine (Low 2012 NR). However, inadequate 
pain relief because of pharmacological tolerance may improve with opioid dose escalation, while 
improvements in analgesia in the presence of OIH may follow a reduction in opioid dose (Mao 

2008 NR; Chu 2008 NR; Chang 2007 NR).  
A formal diagnosis of hyperalgesia may require QST, that is, serial assessment of the 

responses to varying intensities of a nociceptive stimulus, in order to determine pain thresholds 
(Mitra 2008 NR). QST before and after starting chronic opioid therapy may assist in the 
differentiation between OIH and pharmacological tolerance (Chu 2008 NR) but this is unlikely to 
become common practice in the acute pain setting. OIH is identified by reduced pain tolerance 
to noxious thermal (hot and cold) stimuli, but not electrical stimuli, in patients with chronic 
opioid exposure for pain management and for opioid use disorder treatment (here more evident) 
(Higgins 2019 Level III-3 EH SR [PRISMA], 26 studies, n=2,706); pain detection thresholds remain 
unchanged. However, an attempt to identify a QST method to detect hyperalgesia in chronic pain 
patients on long-term opioids failed, as none of the measures could be used as a definitive 
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standard (Katz 2015 Level IV EH SR, 14 studies, n unspecified). The pain types investigated include 
cold, heat, pressure, electrical, ischaemic and injection; only heat pain sensitivity showed 
promise. 

Studies of OIH are confounded by factors such as pain modality tested, route of 
administration and type of opioid (Weber 2017 NR). Psychological factors such as pain-related 
distress and catastrophising might also affect pain sensitivity in those taking opioids for chronic 
pain (Edwards 2011 Level III-2, n=276; Eyler 2013 NR). Illicit substance use, affective characteristics, 
or coping styles may also play a role here (Higgins 2019 Level III-3 EH SR [PRISMA], 26 studies, 

n=2,706). Additionally, increasing opioid dose will worsen OIH (Colvin 2019 NR). Practical clinical 
challenges include lack of consensus on “the” diagnostic test, and overlap with tolerance, drug 
withdrawal and neuropathic pain. 

It is probable that the degree of OIH varies between opioids. Remifentanil in particular 
(Fletcher 2014 Level I [PRISMA], 27 RCTs, n=1,494; Kim 2014b Level IV EH SR, number of studies 

unspecified, n unspecified; Rivosecchi 2014 Level IV SR, 35 studies, n unspecified) (significant overlap 

between all three SRs), but also morphine, in high doses, may be more likely to result in OIH than 
some other opioids; experimental data and a very limited number of case reports have shown 
an improvement when morphine doses were reduced or a change to methadone, fentanyl or 
sufentanil was made (Angst 2006 NR). Similarly, it appears that opioids differ in their ability to 
induce tolerance. Medicines such as methadone, fentanyl and sufentanil promote receptor 
internalisation and thereby receptor recycling; in contrast, the activation of opioid receptors by 
morphine leads to little or no receptor internalisation and thereby increased risk of development 
of tolerance (Joo 2007 NR). The difference between opioids is one reason why opioid-rotation 
may be a useful strategy in the clinical setting in attempts to improve pain relief (see Section 
9.7.6.4).  

In the setting of postoperative pain, high intraoperative doses of opioids resulted in higher 
postoperative pain intensity than controls at 1 h (MD 9.4/100; 95%CI 4.4 to 14.5), 4 h 
(MD 7.1/100; 95%CI 2.8 to 11.3) and 24 h (MD 3/100; 95%CI 0.4 to 5.6) and higher postoperative 
morphine use over 24 h (SMD 0.7; 95%CI 0.37 to 1.02) (Fletcher 2014 Level I [PRISMA], 27 RCTs, 

n=1,494). These results are mainly influenced by remifentanil due to limited data with other 
opioids. Overall, the effect of remifentanil is dose dependent (Angst 2015 NR).  

From a target concentration 2.5 ng/ml of a remifentanil infusion for 30 min, gradual 
withdrawal (by 0.6 ng/ml target concentration every 5 min) induced no OIH (pain similar to 
placebo) vs abrupt cessation measured with the heat pain test, but not the cold pressor test 
(Comelon 2016 Level II EH, n=19, JS 5). This was confirmed in a clinical setting of thyroidectomy, 
where gradual tapering of a remifentanil infusion (from 0.3 to 0.1 mcg/kg/min over at least  
30 min) reduced postoperative pain at 1 and 2 h and rescue analgesia requirements (Han 2015 
Level II, n=62, JS 5). 

NMDA-receptor antagonists (mainly ketamine [8 RCTs] but also magnesium [5 RCTs] and 
amantadine [1 RCT]) reduce the development of acute tolerance/OIH associated with 
remifentanil use (Wu 2015 Level I [QUOROM], 14 RCTs, n=729). Pregabalin had an attenuating effect 
(Lee 2013a Level II, n=93, JS 5; Jo 2011 Level II, n=60, JS 5) as did propofol in a subgroup analysis  
(6 RCTs, n=341) of a systematic review (Fletcher 2014 Level I [PRISMA], 27 RCTs, n=1,494) and N2O 
(Wehrfritz 2016 Level II EH, n=21, JS 5; Echevarria 2011 Level II, n=50, JS 4). Low-dose naloxone (0.25 
mcg/kg/h intraoperatively) also reduced postoperative opioid requirements when combined 
with high dose remifentanil (and improved time to bowel recovery) (Xiao 2015 Level II, n=75, JS 5). 
In an experimental setting, propranolol infusion reduced the size of area of secondary 
hyperalgesia induced by remifentanil to being not significantly different from control (Chu 2012 
Level II EH, n=10 [cross over], JS 4). In animal experiments, the effects of gabapentin and ketamine 
on fentanyl-induced hyperalgesia were supra-additive (Van Elstraete 2011 BS).  
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The challenge faced by the health professional is that if inadequate pain relief is due to OIH, 
a reduction in opioid dose may help; if it is due to opioid tolerance, increased doses may provide 
better pain relief (Colvin 2019 NR; Huxtable 2011 NR; Mao 2008 NR). There are case reports of 
patients with cancer and chronic noncancer pain taking high doses of opioid who developed OIH 
and whose pain relief improved following reduction of their opioid dose (Chang 2007 CR; Angst 

2006 CR); there are no data in the acute pain setting.  
When a patient who has been taking opioids for a while (either legally prescribed or illicitly 

obtained) has new and ongoing tissue injury with resultant acute pain, a reasonable initial 
response to inadequate opioid analgesia, after an evaluation of the patient and in the absence 
of evidence to the contrary, is a trial of higher opioid doses (Huxtable 2011 NR; Chang 2007 NR). If 
the pain improves, this would suggest that the inadequate analgesia resulted from tolerance; if 
pain worsens, or fails to respond to dose escalation, it could be a result of OIH (Chang 2007 NR). 
Fortunately, some of the strategies that may be tried in an attempt to attenuate opioid tolerance 
in the acute pain setting may also moderate OIH (see below). 

Other reasons for increased pain and/or increased opioid requirements should also be 
considered. These include acute neuropathic pain, pain due to other causes including 
postoperative complications, major psychological distress and aberrant drug-seeking behaviours 
(see Sections 9.7 and 9.8) (Edwards 2011 Level III-2; Macintyre 2015 NR; Gourlay 2008 NR). 

The clinical relevance of the phenomena of opioid tolerance and OIH in the setting of 
perioperative analgesia remains under discussion (Colvin 2019 NR) (See also Section 9.7.2 and 
9.8.1). 

Tolerance to adverse effects of opioids 

Tolerance to the adverse effects of opioids also occurs; tolerance to sedation, cognitive effects, 
nausea and respiratory depression can occur reasonably rapidly but there is little, if any, change 
in miosis or constipation (Chang 2007 NR).  
 

KEY MESSAGES 

1. Dextropropoxyphene has low analgesic efficacy (U) (Level I [Cochrane Review]). 

2. Tramadol is an effective treatment for neuropathic pain (S) (Level I [Cochrane Review]).  

3. Droperidol, metoclopramide, ondansetron, tropisetron, dolasetron, dexamethasone, 
cyclizine, granisetron (U) (Level I [Cochrane Review]), supplemental crystalloid 
infusions (N) (Level I [Cochrane Review]), palonosetron and mirtazapine (N) (Level I 
[PRISMA]) are effective in the prevention of postoperative nausea and vomiting.  

4. PC6 acupoint stimulation by multiple techniques reduces postoperative nausea and 
vomiting (S) (Level I [Cochrane Review]). 

5. Neurokinin-1 receptor antagonists aprepitant (S) (Level I [PRISMA]) and fosaprepitant 
(U) (Level II) are effective in the prevention of postoperative nausea and vomiting. 

6. Opioids in high doses, in particular remifentanil, can induce hyperalgesia and/or acute 
tolerance (S) (Level I [PRISMA]). 

7. Propofol (U) (Level I [PRISMA]), NMDA-receptor antagonists (U) (Level I [QUOROM]), 
pregabalin (U) (Level II), nitrous oxide (N) (Level II) and gradual tapering of remifentanil 
dose (N) (Level II) attenuate acute tolerance and/or hyperalgesia induced by 
remifentanil. 
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8. NSAIDs, gabapentin, pregabalin, systemic lidocaine and ketamine are opioid-sparing 
medications and reduce opioid-related adverse effects (S) (Level I [PRISMA]). 

9. Paracetamol given preoperatively and intraoperatively reduces postoperative nausea 
and vomiting; this effect is associated with improved analgesia, not reduced opioid 
requirements (S) (Level I [PRISMA]). 

10. Opioid antagonists (methylnaltrexone, naloxone, naloxegol, alvimopan, axelopran, or 
naldemedine) are effective (more so than laxatives) and safe to treat opioid-induced 
constipation (S) (Level I [PRISMA]). 

11. Alvimopan is an effective treatment for postoperative ileus (U) (Level I [QUOROM]).  

12. Haloperidol, perphenazine and transdermal scopolamine are effective in the 
prevention of postoperative nausea and vomiting (U) (Level I). 

13. The incidence of clinically meaningful adverse effects (nausea, vomiting) of opioids is 
dose-related (U) (Level I). 

14. Paired combinations of 5HT3 antagonists, droperidol or dexamethasone provide 
superior prophylaxis of postoperative nausea and vomiting than either compound 
alone (U) (Level I). 

15. Naloxone, naltrexone, nalbuphine and droperidol are effective treatments for opioid-
induced pruritus (U) (Level I). 

16. Opioids administered by PCA, in particular morphine, show higher analgesic efficacy in 
females than in males (U) (Level I). 

17. Tapentadol has similar efficacy to conventional opioids with a reduced rate of 
gastrointestinal adverse effects (nausea, vomiting, constipation) (S) (Level I). 

18. Tramadol has a lower risk of respiratory depression and impairs gastrointestinal motor 
function less than other opioids at equianalgesic doses (U) (Level II). 

19. Pethidine is not superior to morphine or hydromorphone in treatment of pain of renal 
colic (U) (Level II).  

20. Morphine-6-glucuronide is an effective analgesic (U) (Level II). 

21. In the management of acute pain, one opioid is not superior to others but some 
opioids are better in some patients (U) (Level II). 

22. High doses of methadone can lead to prolonged QT interval (U) (Level II). 

23. Opioid antagonists are effective treatments for opioid-induced urinary retention (U) 
(Level III-1). 

24. Pethidine use is associated with an increased risk of delirium in the postoperative 
period compared to other opioids (S) (Level III-2 SR). 

25. In clinically relevant doses, there is a ceiling effect for respiratory depression with 
buprenorphine but not for analgesia (U) (Level III-2). 

26. Tapentadol has lower rates of abuse and doctor shopping than oxycodone (S) (Level III-2). 
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27. Opioid-related adverse effects in the postoperative period are associated with 
increased inpatient mortality, length of hospital stay, costs and rates of readmission (S) 
(Level III-2).  

28. Assessment of sedation is a more reliable way of detecting early opioid-induced 
ventilatory impairment than a decreased respiratory rate (S) (Level III-3). 

29. The evidence for significant QT prolongation and risk of cardiac arrhythmias following 
low-dose droperidol, haloperidol and dolasetron is weak (U) (Level III-3). 

30. Opioid-induced ventilatory impairment occurs in particular in the first 24 h after 
surgery and important risk factors are cardiac and pulmonary disease, obstructive sleep 
apnoea and use of higher opioid doses (N) (Level IV SR [PRISMA]). 

31. Continuous pulse oximetry in patients receiving opioids postoperatively increases 
detection rate of desaturation, but continuous capnography is superior in identifying 
episodes of opioid-induced ventilatory impairment (N) (Level IV SR [PRISMA]). 

32. In adults, patient age rather than weight is a better predictor of opioid requirements, 
although there is a large interpatient variation (U) (Level IV).  

33. Impaired renal function and the oral route of administration result in higher levels of 
the morphine metabolites morphine-3-glucuronide and morphine-6-glucuronide with 
increased risk of sedation and respiratory depression (U) (Level IV).  

34. CYP2D6 ultrarapid metabolisers are at increased risk of codeine toxicity (N) (Level IV). 

The following tick boxes represent conclusions based on clinical experience and expert 
opinion: 

 Opioid-induced ventilatory impairment is a more appropriate term to describe the 
effects of opioids on ventilation as it encompasses the central respiratory depression 
caused by opioids and also the depressed consciousness and the subsequent upper 
airway obstruction resulting from excessive opioid use (U). 

 The use of pethidine and dextropropoxyphene should be discouraged in favour of other 
opioids (S). 

4.3.2 | Neuraxial opioids 

Opioid receptors were described in the spinal cord of the rat in 1976 (Pert 1976 BS) and the same 
year a potent analgesic effect of directly applied IT morphine was reported in these animals 
(Kontinen 2019 NR; Yaksh 1976 BS). Opioid analgesia is spinally mediated via presynaptic and 
postsynaptic receptors in the substantia gelatinosa in the dorsal horn (Yaksh 1981 BS). Spinal 
opioid receptors are 70% mu, 24% delta and 6% kappa (Treman 2001 NR); with 70% of all mu and 
delta receptors being presynaptic (predominantly small primary afferents) and commonly co-
located, with kappa being more commonly postsynaptic. Opioid-mediated antinociception may 
be further augmented by descending inhibition from mu-opioid-receptor activation in the 
periaqueductal area of the brain, which may be potentiated by neuraxial opioids. In addition to 
this, a local anaesthetic action has been described for pethidine (meperidine) that may 
contribute to the clinical effect when administered IT (Jaffe 1996 BS). The first clinical use of IT 
morphine was for analgesia in cancer patients (Wang 1979 Level IV).  
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The use of neuraxial opioids has been reviewed in paediatric patients (Berger 2019 NR) (see 
sections 10.6.4 for use in paediatric cardiac and general surgery and section 10.6.6 for use in 
paediatric scoliosis surgery) and obstetric populations (Armstrong 2016 NR). Its use is widespread 
in the obstetric and gynaecological setting for provision of analgesia in labour, Caesarean section 
and hysterectomy (Hein 2017 Level IV, n=32 [obstetric units in Sweden]). See also Section 9.1.3.3. 

Although dose-response analyses are not always clear, it is suggested that neuraxial opioids 
have a ceiling effect for analgesia, with optimal single-injection morphine doses (balancing risk-
benefit) of 50 to 150 mcg IT and 2.5 to 3.75 mg via epidural route (Saltan 2011 NR). 

4.3.2.1 | Efficacy of intrathecal opioids 

IT opioids have been used for surgical procedures ranging from lower limb orthopaedic surgery 
to CABG surgery because of their ability to provide prolonged postoperative analgesia following 
a single dose vs systemic administration. IT opioids may be given alone or in conjunction with a 
local anaesthetic. In acute pain, the use of continuous subarachnoid infusions of opioids for 
postoperative analgesia is uncommon.  

The lipid solubility of opioids largely determines the speed of onset and duration of IT 
analgesia; hydrophilic opioids (eg oxycodone, morphine, hydromorphone) have a slower onset 
of action and longer half-lives in CSF with greater dorsal horn bioavailability and greater cephalad 
migration vs lipophilic opioids (eg fentanyl) (Bujedo 2014 NR; Bernards 2003 NR). 

Single injection IT opioids 

Early clinical studies used very high IT morphine doses (ie ≥500 mcg). However adequate 
postoperative analgesia with fewer adverse effects may be obtained with significantly less 
morphine; although at lower doses there is not a clear dose-response relationship for pain relief 
or some adverse effects (see below) (Meylan 2009 Level I, 27 RCTs, n=1,205).  

Low doses of IT morphine are effective in prolonging local anaesthetic block or reducing the 
dose of local anaesthetic required for spinal anaesthesia with reduced adverse effects and 
improved recovery (Popping 2013 Level I [PRISMA], 28 RCTs; n=1,393; Popping 2012 Level I [PRISMA],  
55 RCTs; n=3,338) 

When combined with low-dose bupivacaine for Caesarean section, 100 mcg IT morphine 
produced analgesia comparable with doses as high as 400 mcg, with significantly less pruritus 
(Girgin 2008 Level II, n=100, JS 4). A single dose of IT morphine (100 mcg) added to a spinal 
anaesthetic for Caesarean section prolongs the time to first postoperative analgesic 
administration by 16 to 20 h (Dahl 1999 Level I, 15 RCTs, n=535). Sufentanil (2 RCTs) and fentanyl  
(8 RCTs) showed little or no analgesic benefit in doses of 25 mcg or less. No differences in pain 
reported or analgesia use was detected when comparing 100 mcg to 50 mcg IT morphine for 
Caesarean section, although pruritus was more common in the higher-dose group (Carvalho 2013 

Level II, n=130, JS 4). 
IT morphine added to bupivacaine for postoperative analgesia following abdominal 

hysterectomy reduced IV PCA morphine consumption vs placebo, with no benefit of 300 mcg vs 
200 mcg (Hein 2012 Level II, n=144, JS 5). 

The addition of IT fentanyl 25 mcg to low-dose spinal bupivacaine for anorectal surgery 
resulted in more pruritus but lower mean recovery and discharge times, with fewer analgesic 
requests in the fentanyl group (Gurbet 2008 Level II, n=40, JS 3). Tramadol (10 and 25 mg) 
administered IT with bupivacaine produces extension of spinal analgesia and prolonged 
postoperative analgesia similar to comparative doses of fentanyl (10 and 25 mcg) for Caesarean 
section (Subedi 2013 Level II, n=80, JS 5) and appendectomy (Afolayan 2014 Level III-1, n=186).  

IT sufentanil dose provided shorter postoperative analgesia (mean 6.3 h) than IT morphine 
dose (mean 19.5 h) with no difference in adverse effects (Karaman 2006 Level II, n=54, JS4).  
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In a non-blinded comparison of IT morphine 100 mcg and IT pethidine 10 mg for analgesia 
following Caesarean section, patients receiving morphine had longer analgesia and fewer 
intraoperative adverse effects than the pethidine group but experienced more pruritus (Kumar 

2007 Level II, n=60, JS 2). IT pethidine 25 mg added to lidocaine with adrenaline for spinal 
anaesthesia had quicker onset with higher sensory block and more prolonged time to significant 
pain (≥4/10) (9.6 h) vs IT fentanyl 25 mcg (6.3 h) or placebo (2.1 h) (Farzi 2014 Level II, n=195, JS 5). 

Combination IT opioids 

The addition of 10 mcg sufentanil to 400 mcg IT morphine did not potentiate postoperative 
analgesia or reduce intraoperative opioid requirements in patients undergoing major colorectal 
surgery (Culebras 2007 Level II, n=80, JS 5). 

IT opioid infusions 

In the ICU, IT infusion of morphine has been reported as a method to control burns pain and 
thereby avoiding the adverse effects of systemic opioids (Zuehl 2018 CR). IT morphine has also 
been administered in bolus doses via a 22-G IT catheter placed at L 3/4 to provide analgesia after 

thoracotomy (mean dose over 48 h 2.56 mg (  SD 0.88) with no serious complications or sequelae 

at 6 mth follow-up (Ward 2014 Level IV, n=84).  
For further details on effectiveness and adverse effects related to the use of IT opioids see 

Section 4.3.2.3 below and 5.7.1.2. 

4.3.2.2 | Efficacy of epidural opioids 

The behaviour of epidural opioids is also governed largely by their lipid solubility. The greater 
sequestration of lipid soluble opioids into epidural fat and slow rerelease back into the epidural 
space means that elimination from the epidural space is prolonged, resulting in relatively smaller 
fractions of medicine reaching the CSF (Bernards 2003 NR). Lipophilic opioids (eg fentanyl) have a 
faster onset but shorter duration of action vs hydrophilic opioids (eg morphine) (Bujedo 2014 NR; 

Bernards 2004 NR; de Leon-Casasola 1996 NR).  
A meta-analysis of randomised studies involving epidural opioids, mostly in combination with 

local anaesthetics, found no differences in VAS pain scores at any time after surgery between 
opioids, although there was a higher rate of nausea and vomiting (OR 1.95; 95%CI 1.14 to 3.18) 
with morphine vs fentanyl (Youssef 2014 Level I [PRISMA], 24 RCTs, n=1,513). No studies directly 
compare epidural morphine and fentanyl alone for postoperative analgesia.   

Epidural diamorphine 

Diamorphine (diacetylmorphine, heroin) is rapidly hydrolysed to MAM and morphine. 

Diamorphine and MAM are more lipid soluble than morphine and penetrate the CNS more 

rapidly, although it is MAM and morphine that are thought to be responsible for the analgesic 

effects of diamorphine (Miyoshi 2001 NR). Epidural administration of diamorphine is common in 

the UK and is effective whether administered by intermittent bolus dose or infusion (McLeod 2005 

Level II, n=62, JS 5).  

Epidural fentanyl 

The evidence that epidural fentanyl acts via a spinal rather than systemic effect is conflicting and 
it has been suggested that any benefit when comparing epidural with systemic fentanyl alone is 
marginal (Bernards 2004 NR; Wheatley 2001 NR). However, the conflicting results may be due to 
differing techniques of administration. A lumbar epidural infusion of fentanyl appears to produce 
analgesia by uptake into the systemic circulation, whereas a bolus dose of fentanyl produces 
analgesia by a selective spinal mechanism (Ginosar 2003 Level IV EH, n=10). Thoracic epidural 
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administration does appear to produce greater spinal analgesia, an effect more pronounced with 
coadministration with adrenaline, which provides a supra-additive effect possibly via both 
pharmacokinetic (via vasoconstriction, increasing amount of epidural fentanyl available to spinal 
cord site of action) and pharmacodynamic (via apha-2 adrenoceptor antinociceptive) 
mechanisms (Niemi 2013 NR). Less intraoperative fentanyl is required when administered via a 
thoracic epidural catheter vs IV administration for colon surgery, with longer time to first 
postoperative analgesia request (Sadurni 2013 Level II, n=30, JS 4). There is no evidence of benefit 
of epidural vs systemic administration of alfentanil or sufentanil (Bernards 2004 NR). 

Epidural hydromorphone 

The quality of epidural analgesia with hydromorphone is similar to morphine (Chaplan 1992  

Level II, n=55, JS 5). In a comparison of epidural and IV hydromorphone, patients required twice 
as much IV hydromorphone to obtain the same degree of analgesia (Liu 1995 Level II, n=16, JS 3). 

Epidural morphine 

Morphine is the least lipid soluble of the opioids administered epidurally; it has the slowest onset 
and offset of action (Cousins 1984 NR) and the highest bioavailability in the spinal cord after 
epidural administration (Bernards 2004 NR). As morphine has a prolonged analgesic effect, it can 
be given by intermittent bolus dose or infusion; the risk of respiratory depression may be higher 
and analgesia less effective with bolus dose regimens (de Leon-Casasola 1996 NR). The low lipid 
solubility makes level of administration of epidural morphine less relevant after blunt chest wall 
trauma with no difference in any outcome between thoracic and lumbar epidural morphine 
administration (Hakim 2012 Level II, n=55, JS 3). 

Extended-release epidural morphine 

An extended-release (ER) suspension of morphine has been developed for epidural use 
(Depodur™) consisting of morphine molecules suspended in liposome complexes (lipofoam).  
ER epidural morphine (EREM) has been shown to be effective vs placebo after THA (Martin 2006 

Level II, n=126, JS 5; Viscusi 2005 Level II, n=200, JS 5) and, using doses of ≥10 mg, to lead to better 
pain relief vs standard epidural morphine (4 or 5 mg) and a reduction in the need for 
supplemental analgesics up to 48 h after THA (Viscusi 2006 Level III-1, n=39), lower abdominal 
surgery (Gambling 2005 Level II, n=541, JS 4) and Caesarean section (Carvalho 2007 Level II, n=70, JS 5; 

Carvalho 2005 Level II, n=79, JS 3). A pooled analysis of six clinical studies described consistent 
prolonged pharmacokinetics vs standard epidural morphine, with 25% higher peak plasma 
concentrations in women, mainly explained by differences in body weight (Viscusi 2009 PK).  

EREM has provided superior analgesia vs continuous femoral nerve block (FNB) after TKA; 
however, only at rest at 24 h (Johnson 2011 Level II, n=65, JS 3). There were no differences in 
functional outcomes and adverse effects except for more pruritus with EREM but patients 
reported greater satisfaction with EREM. In two patients, EREM was used successfully after 
multiple rib fractures (Ford 2012 Level IV). After lumbar spinal surgery, EREM provided similar 
analgesia with fewer adverse effects than epidural morphine (Vineyard 2014 Level II, n=60, JS 3). IT 
morphine (7.5 mcg/kg) vs EREM (150 mcg/kg) had similar time to first PCA use and similar 
postoperative morphine IV use 0 to 48 h in children (8 to 17 y) undergoing posterior spinal fusion 
for scoliosis repair (Cohen 2017 Level II, n=71, JS 4). Pain scores differed relating to the kinetics of 
the epidural preparation and were lower with IT morphine from 0 to 4 h, similar from 8 to 24 h, 
and lower with extended release epidural morphine from 28 to 36 h.  

OIVI is more likely with EREM than IV PCA opioids (OR 5.74; 95%CI 1.08 to 30.5) (Sumida 2009 

Level I, 3 RCTs, n=464). It has been recommended that the liposome preparation of Depodur™ not 
be administered while local anaesthetics are present in the epidural space as this may cause 
early release of the morphine (Viscusi 2009 PK). When Depodur™ was administered within 3 to 
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15 min of a 3 mL test dose of 1.5% lidocaine with adrenaline, higher maximum serum 
concentration (Cmax) values for morphine were reported compared with Cmax values when no 
lidocaine was administered; there was no difference in morphine Cmax if the interval was >30 min. 
The Cmax of morphine was unchanged when Depodur™ doses were given 15, 30 and 60 min after 
an anaesthetic dose of epidural bupivacaine (20 mL of 0.25%) (Gambling 2009 PK) although, in a 
later study, peak plasma morphine concentrations were increased when administered 1 h post 
a high volume anaesthetic dose (20 to 35 mL 2% lidocaine with adrenaline) after Caesarean 
section, with associated increased morphine-related adverse effects (Atkinson Rallis 2011 Level II, 

n=30, JS 3).  

Epidural oxycodone 

There is limited safety data for neuraxial oxycodone (Lamminsalo 2019 Level III-1 PK, n=30; Olczak 

2017 Level IV, n=11; Kokki 2016 BS). After Caesarean section, patients given epidural oxycodone  
3 mg vs epidural morphine 3 mg had higher pain scores up to 24 h with slightly less pruritus  
(Sng 2016 Level II, n=100, JS 4). Epidural oxycodone was superior to IV oxycodone in gynaecological 
laparotomy, resulting in less rescue analgesia up to 4 h (Piirainen 2018 Level II, n=30, JS 5).  
The addition of epidural oxycodone to ropivacaine in labour analgesia was superior to 
ropivacaine alone, with lower pain scores for 4 h and longer duration of analgesia (Zhong 2020 
Level II, n=80, JS 5). 

Epidural pethidine 

Pethidine is effective when administered epidurally by bolus dose, continuous infusion and by 
patient-controlled epidural analgesia (PCEA). It is more lipid soluble than morphine (but less than 
fentanyl and its analogues); thus its onset and offset of epidural analgesic action is more rapid 
than morphine (Ngan Kee 1998 NR). The analgesic effect of smaller doses appears to be spinally 
mediated but systemic effects are likely after larger doses; in the smaller doses it is not known 
whether the local anaesthetic properties of pethidine contribute significantly to pain relief (Ngan 

Kee 1998 NR). Epidural pethidine has been used predominantly in the obstetric setting. After 
Caesarean section epidural pethidine resulted in better pain relief and less sedation than IV 
pethidine (Paech 1994 Level II, n=45, JS 5) but inferior analgesia vs IT morphine, albeit with less 
pruritus, nausea and drowsiness (Paech 2000 Level II, n=144, JS 5).  

Epidural sufentanil 

Epidural sufentanil has been mainly used in labour analgesia; for details see Section 9.1.3.3. 

Epidural buprenorphine 

Epidural buprenorphine has been used in a limited number of studies in the past with no recent 
publications; a detailed review of the neuraxial use of buprenorphine has been published (Kosel 

2016 NR). 

Epidural tramadol 

For lumbar epidural analgesia after thoracotomy, tramadol 100 mg vs morphine 4 mg resulted 
in comparable quality of analgesia of shorter duration with less sedation and arterial oxygenation 
(Turker 2005 Level II, n=40, JS 4). For epidural analgesia in labour, tramadol 5 mg/mL vs fentanyl  
3 mcg/mL added to 0.125% ropivacaine had similar efficacy and adverse effects (Fan 2011 Level 

II, n=61, JS 5).  
For paediatric use see Section 10.4.4.12. 
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4.3.2.3 | Adverse effects of neuraxial opioids in general 

Opioid-induced ventilatory impairment 

The prevalence of OIVI (author-reported) with use of neuraxial diamorphine and morphine after 
Caesarean section is 61/10,000 (95%CI 51 to 74) (Sharawi 2018 Level IV SR, 78 studies [54 RCTs,  

21 studies & 3 case reports], n=18,455). However, when classified as clinically significant OIVI, 
highest prevalence with all doses of neuraxial opioids was 8.67/10,000 (95%CI 4.20 to 15.16) and 
lowest was 5.96/10,000 (95%CI 2.23 to 11.28). These rates dropped even further with the use of 
lower but clinically relevant doses of neuraxial morphine: IT dose ≤150 mcg 1.63/10,000 (95%CI 
0.62 to 8.77) (31 RCTs [IT]) or epidural dose ≤3 mg 1.08/10,000 (95%CI 0.24 to 7.22) (32 RCTs 

[epidural]). No cases were reported for IT diamorphine ≤400 mcg or epidural diamorphine  
≤5 mg. 

Practice guidelines for the prevention, detection and management of respiratory depression 
caused by neuraxial opioids have been published (ASA 2016 GL). 

Nausea and vomiting 

IV dexamethasone reduces the need for rescue antiemetics for PONV caused by long-acting 
neuraxial opioids (RR 0.44; 95%CI 0.35 to 0.56) (Grape 2018 Level I [PRISMA], 13 RCTs, n=1,111).  

4.3.2.4 | Adverse effects of intrathecal opioids    

Depending on type and dose of the opioid, a combination of spinal and systemic (supraspinal) 
mechanisms may be responsible for adverse effects associated with intrathecal opioids. Many of 
these effects are more frequent with morphine and are to some extent dose-related (Dahl 1999 

Level I, 15 RCTs, n=535; Cole 2000 Level II, n=38, JS 4).  

Opioid-induced ventilatory impairment 

Late onset respiratory depression (>2 h after administration), which is believed to be a result of 
the cephalad spread of opioids to the medulla within the cerebrospinal fluid (CSF), is also seen 
more commonly with hydrophilic opioids such as morphine and hydromorphone and appears to 
match the time taken for trigeminal analgesia, which is approximately 612 h after administration 
(Bujedo 2014 NR; Saltan 2011 NR; Cousins 1984 NR).  

A single dose of IT morphine (100 mcg) added to a spinal anaesthetic for Caesarean section was 
associated with low rate of respiratory depression (Dahl 1999 Level I, 15 RCTs [12 respiratory 

depression], n=535). A meta-analysis comparing IT morphine doses <300 mcg, ≥300 mcg and placebo 
reported a greater risk of respiratory depression with the higher vs the lower doses of morphine 
(Gehling 2009 Level I, 28 RCTs, n=1,314). In combination with bupivacaine, IT morphine (50 to  
2,000 mcg) was associated with more respiratory depression than IT fentanyl (10 to 50 mcg) (3.4% 
vs 0.4%) (Popping 2013 Level I [PRISMA], 28 RCTs; n=1,393; Popping 2012 Level I [PRISMA], 55 RCTs; n=3,338). 

The incidence of respiratory depression with the lipophilic opioid fentanyl given via the 
epidural route has been reported to be 1.4% (with 0.4% requiring naloxone) (Scott 1995a Level IV, 

n=1,297) but, given IT, fentanyl or sufentanil are likely to be lower risk than the hydrophilic opioids 
morphine and hydromorphone (Horlocker 2009 GL).  

Risk factors for respiratory depression include higher doses (>300 mcg morphine), increasing 
age, obesity and coadministration of systemic opioids or sedatives (Saltan 2011 NR).  A detailed 
analysis of sustained hypercapnia events (transdermal CO2 >50 mm Hg for ≥2 min) after IT 
administration of hyperbaric bupivacaine 12 mg , fentanyl 15 mcg and morphine 150 mcg for 
Caesarean section revealed an incidence of 32% (Bauchat 2017 Level IV, n=120). Events occurred 
at a median of 300 min after IT administration with a median number of 3 events and longest 
duration of 26 min. 
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Nausea and vomiting 

A meta-analysis comparing IT morphine doses <300 mcg vs ≥300 mcg and placebo reports 
increased nausea (RR 1.4; 95%CI 1.1 to 1.7) and vomiting (RR 3.1; 95%CI 1.5 to 6.4) in the higher 
dose group (Gehling 2009 Level I, 28 RCTs, n=1,314). A single dose of morphine (100 mcg) added to 
a spinal anaesthetic for Caesarean section was associated with nausea (10%) and vomiting (12%) 
(Dahl 1999 Level I, 15 RCTs [11 nausea & 8 vomiting], n=535).  

Pruritus 

A meta-analysis comparing IT morphine doses <300 mcg vs ≥300 mcg and placebo reports 
increased pruritus (RR 1.8; 95%CI 1.4 to 2.2) in the higher dose group (Gehling 2009 Level I, 28 RCTs, 

n=1,314). A single dose of morphine (100 mcg) added to a spinal anaesthetic for Caesarean 
section was associated with pruritus (43%) (Dahl 1999 Level I, 15 RCTs [11 pruritus], n=535). For 
Caesarean section, IT morphine 50 mcg vs IT morphine 100 mcg resulted in a lower rate of 
pruritus (70% vs 87%) (Carvalho 2013 Level II, n=130, JS 4). 

Neurotoxicity 

Clinical experience with morphine, fentanyl and sufentanil has shown no neurotoxicity or 
behavioural changes at clinically used IT doses (Hodgson 1999 Level IV). Other opioid agonists or 
partial agonists do not have animal or human safety data. 

Tolerance 

Tolerance to spinal opioid analgesia can develop rapidly. Low-dose mu and delta opioid 
antagonists can prevent tolerance development and restore morphine IT analgesia in animals 
(Abul-Husn 2007 BS). In an animal model, bolus doses increased nociceptive thresholds for 3 to 5 
h followed by delayed hyperalgesia with a lower threshold lasting 1 to 2 d, an effect prevented 
by coadministration of ketamine (Van Elstraete 2005 BS). The clinical implications of single-dose 
neuraxial opioid administration in regard to the potential development of OIH or tolerance is 
uncertain. IT fentanyl added to bupivacaine and morphine for Caesarean section was associated 
with higher pain scores (the authors suggesting acute tolerance) but no difference in 24 h 
morphine consumption (Carvalho 2012 Level II, n=40, JS 5). Adding fentanyl to IT local anaesthesia 
for Caesarean section improved anaesthesia conditions but was associated with a 60% increase 
in morphine consumption between 6 and 24 h (Cooper 1997 Level II, n=60, JS 2). IT sufentanil was 
associated with wound hyperalgesia (at 48 h), with a preventive effect demonstrated by addition 
of 150 mcg IT clonidine (Lavand'homme 2008 Level II, n=96, JS 5). Ondansetron is assumed to 
ameliorate opioid-induced hyperalgesia and tolerance in animal studies; however, IV 
ondansetron 8 mg vs placebo administered before spinal anaesthesia for Caesarean section (IT 
bupivacaine 15 mg, IT fentanyl 20 mcg and IT morphine 100 mcg) had no effect on postoperative 
pain scores or opioid consumption (Greer 2017 Level II, n=86, JS 5). 

For more details on epidural opioid use see Section 5.6. and in particular 5.6.2.2 and 5.6.2.3 
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KEY MESSAGES 

Intrathecal opioids 
1. Intrathecal morphine and intrathecal fentanyl prolong spinal local anaesthetic block, 

with fentanyl being associated with fewer adverse effects (U) (Level I [PRISMA]). 

2. Intrathecal morphine produces better postoperative analgesia than intrathecal fentanyl 
or sufentanil after Caesarean section (U) (Level I). 

3. Intrathecal morphine doses of 300 mcg or more increase the risk of respiratory 
depression (U) (Level I). 

Epidural opioids 
4. Epidural morphine provides similar analgesia to epidural fentanyl when combined with 

local anaesthetic, although the incidence of nausea is greater with morphine (U) (Level I 
[PRISMA]). 

5. Extended-release epidural morphine provides analgesia for up to 48 hours (U) (Level II), 
however it is associated with more respiratory depression than IV PCA following 
abdominal surgery (U) (Level I)  

6. Epidural pethidine produces better pain relief and less sedation than IV pethidine after 
Caesarean section (U) (Level II). 

The following tick boxes represent conclusions based on clinical experience and expert 
opinion: 

 No neurotoxicity has been shown at normal clinical intrathecal doses of morphine, 
fentanyl and sufentanil (U). 

 Neuraxial administration of bolus doses of hydrophilic opioids carries an increased risk 
of delayed sedation and respiratory depression compared with lipophilic opioids (U). 

4.3.3 | Peripheral opioids 

Opioid receptors are expressed in peripheral sensory neurons in both animals and humans (Stein 

2013 NR; Stein 2011 NR).  Multiple mechanisms have been proposed to explain the clinical 
observation that peripheral opioids are more effective in the presence of tissue injury or 
inflammation.  Further research into the role of peripheral opioids in clinical models of 
inflammatory pain is recommended; the acute postoperative period may not allow sufficient 
time for the upregulation of peripheral opioid receptors.  

Peripherally applied opioids (excluding IA, perineural and mucosal administration) for post-
operative pain relief vs placebo or systemic administration do not have any clinically relevant 
effects (Nielsen 2015a Level I [PRISMA], 26 RCTs, n=1,531).  

However, peripherally applied opioids had an analgesic effect, when injected into areas with 
preoperative inflammation (Stein 2013 NR; Stein 2011 NR). Consequently, submucosal injection of 
morphine (2 mg) into inflamed tissue after tooth extraction (under a standard local anaesthesia) 
resulted in lower pain on swallowing and prolonged post-operative analgesia vs IM injection  
and vs injection into non-inflamed tissue of the same dose of morphine (Akural 2016 Level II, n=81, 

JS 5).  
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4.3.3.1 | Intra-articular 

Morphine 

IA administration is the most extensively examined clinical application of peripheral opioid 
therapy (Stein 2013 NR). In experimentally induced synovitis in horses, IA morphine reduced 
clinical and biological signs of inflammation vs IV administration (Lindegaard 2010 BS).  

IA bupivacaine was less effective than morphine in providing analgesia in patients having 
“high inflammatory arthroscopic knee surgery”, whereas bupivacaine was more effective than 
morphine in those having “low inflammatory surgery” (Marchal 2003 Level II, n=53, JS 5).  

IA morphine in a dose of 1 mg is not better than placebo at reducing pain at early, medium 
or late stages post arthroscopy (7 RCTs, n=297) (Zou 2016 Level I [Cochrane], 28 RCTs, n=2,564). One 
mg morphine IA was not more effective than IA bupivacaine, NSAIDs, sufentanil, fentanyl and 
pethidine. There was no difference in pain relief between IM morphine vs IA morphine at any 
time point (2 RCTs, n=73); the latter results are in line with another RCT not included in the meta-
analysis (Cepeda 1997 Level II, n=112, JS 5).   

Morphine/bupivacaine vs bupivacaine alone leads to reduced pain scores (WMD −1.15/10; 
95% CI −1.67 to −0.63) without an effect on time to first analgesic request and requirements for 
supplementary analgesia and with no increase in side effects (Yang 2017b Level I [PRISMA], 29 RCTs, 

n=1,116). However, morphine/bupivacaine vs tenoxicam/bupivacaine following arthroscopy 
showed increased postoperative analgesia requirements and side effects (Sanel 2016, Level II, 

n=240, JS 5). 

Other opioids 

IA tramadol (50-100 mg) administered as an adjunct to bupivacaine reduces postoperative pain 
and increases time to breakthrough analgesia requirements without increasing side effects after 
arthroscopy (Ryan 2019 Level I, 6 RCTs, n=334). The combination of IA pethidine 
(meperidine)/bupivacaine was found to have synergistic analgesic effect vs either medication 
alone (Imani 2015 Level II, n=60, JS 5).  IA fentanyl/bupivacaine demonstrated a trend towards a 
greater reduction in reported pain scores and postoperative analgesia requirement vs 
bupivacaine alone or midazolam/bupivacaine (Nahravani 2017, Level II, n=45, JS 5).                                    
IA administration of morphine/levobupivacaine/tenoxicam provided superior analgesia to a 
combination of tramadol/levobupivacaine/tenoxicam or saline placebo (Oral 2015 Level II, n=90, 

JS 5). Levobupivacaine 0.25% for arthroscopic knee surgery combined with either fentanyl or 
tramadol provided superior analgesia vs levobupivacaine alone for day case arthroscopic knee 
surgery (Sayin 2015 Level II, n=80, JS 4). The addition of IA sufentanil to a mixture of ropivacaine 
and clonidine following anterior cruciate ligament repair provided no additional analgesic 
benefits (Armellin 2008 Level II, n=120, JS 5).  

The evidence for IA morphine, tramadol, buprenorphine, fentanyl and NSAIDs was 
inconclusive due to a small number of low-quality studies for temporomandibular joint 
arthrocentesis (Gopalakrishnan 2018 Level I [PRISMA], 3 RCTs, n=91 [and 3 other studies]).  

There are no comparisons between IA and systemic administration of these opioids alone.  
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4.3.3.2 | Perineural 

An initial meta-analysis found no evidence for analgesic efficacy of peripheral opioids with 
perineural block by local anaesthetics (Picard 1997 Level I, 26 RCTs, n=952).  Since its publication, 
more research has been conducted.  

Buprenorphine 

The addition of perineural buprenorphine (0.1 to 0.3 mg) to local anaesthetics prolongs the 
duration of analgesia provided by nerve blocks vs placebo (MD 8.64 h; 95%CI 6.44 to 10.85)  
(9 RCTs, n= 510), but is associated with significant increases in PONV (RR 5.0; 95%CI 1.12 to 22.27) 
(3 RCTs, n=210) (Schnabel 2017 Level I [PRISMA], 13 RCTS, n=685). In comparison to systemic (IM) 
administration of buprenorphine, perineural administration prolongs duration of analgesia (MD 
6.87 h, 95%CI 4.02 to 9.71) (5 RCTs, n=294) without increasing PONV. The findings are qualified by 
the description of high risk of publication bias and heterogeneity in the results obtained. A 
subsequent RCT found no difference in time to first rescue analgesia comparing a femoral nerve 
block for TKA with either perineural or SC buprenorphine (0.3 mg) (van Beek 2017 Level II, n=65,    

JS 5). Adjuvant buprenorphine (0.3 mg) vs adjuvant dexamethasone (4 mg) and saline in a 20 ml 
0.25% levobupivacaine by transverse abdominis plane block (TAPB) for inguinal hernia repair 
demonstrated a longer time to rescue analgesia and lower mean postoperative tramadol 
consumption in the first 24 h (Seervi 2019 Level II, n=93, JS 4). Perineural administration of 
buprenorphine (0.15 mg) and dexamethasone (4 mg) vs IV administration of the same doses in 
conjunction with sciatic and adductor canal blocks for foot and ankle surgery resulted in longer 
block duration, lower scores for ‘worst pain’ and less nausea, but no difference in pain scores at 
24 h (YaDeau 2015 Level II, n=90, JS 5). 

Sufentanil 

The addition of sufentanil (10 mcg) to bupivacaine for ultrasound guided brachial plexus block 
for upper limb procedures prolonged the duration of both sensory and motor block in chronic 
opioid users and non-users (Azimaraghi 2015 Level II, n=120, JS 5).  No statistically significant 
difference was found in postoperative pain scores or supplemental analgesic requirements when 
100 mcg fentanyl was administered with 0.75% ropivacaine in a femoral nerve block and then 
per perineural catheter infusion (3 mcg/ml fentanyl in 0.75% ropivacaine, basal infusion rate  
10 ml/h) vs ropivacaine alone (Heo 2016 Level II, n=82, JS 5).       

Tramadol 

Tramadol (100 mg) as an adjuvant to brachial plexus block vs placebo prolonged analgesia (MD 
125.5 min; 95% CI 73.3 to 175.8), but also sensory and motor block (Shin 2017 Level I [PRISMA],  

16 RCTS, n=751); there were no comparisons to systemic administration.  
Preoperative femoral nerve block for TKA with 20 ml 0.375% ropivacaine and adjuvant tramadol 

100 mg was superior in terms of analgesic effect (lower pain scores from 8 to 72 h), longer sensory 
and motor blockade and reduced requirement for postoperative PCA vs no femoral nerve block, 
femoral nerve block with ropivacaine only or femoral nerve block with ropivacaine and adjuvant 
tramadol 50 mg (Tang 2016 Level II, n=60, JS 1).  

4.3.3.3 | Topical 

While opioid receptors have been identified in the cornea and skin, topically applied opioids have 
not consistently demonstrated efficacy in pain states such as corneal ulceration (fentanyl) (Zollner 

2008 Level II, n=40, JS 4), partial thickness burns (morphine) (Welling 2007 Level II, n=49, JS 5) or chronic 
skin ulceration (morphine) (Vernassiere 2005 Level II, n=18, JS 4).  
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The clinical use of topical opioids in palliative care for pain control in cutaneous lesions is 
reported as beneficial in three of six RCTs (Graham 2013b Level IV SR, 26 studies, n unspecified).  
A greater benefit was reported with inflammatory lesions than with vascular ulcers, suggesting 
an anti-inflammatory role of topical opioids may be as important as a peripheral analgesic 
benefit. Topical morphine (0.2% gel) and ointment for mucosal and skin lesions in palliative 
cancer patients reduced base line pain after 7 d of treatment (NNT50% 1.67)  with minimal side 
effects (Cialkowska-Rysz 2019, Level II, n=35, JS 4).   

In chemotherapy-induced mucositis an analgesic dose-dependent effect was seen in a small 
pilot study using 1 mg/mL and 2 mg/mL morphine mouthwash (Cerchietti 2003 Level III-1). Benefit 
was also evident for morphine mouthwash 30 mg every 3 h, with a local anaesthetic-based 
solution, in mucositis associated with chemoradiotherapy in head and neck cancer patients 
(Cerchietti 2002 Level II, n=26, JS 3). With oral morphine mouthwash (30 mg in 15 mL) for the 
treatment of mucositis pain, the act of mouth washing was beneficial, with a trend to more 
benefit with morphine (Vayne-Bossert 2010 Level II, n=11, JS 5). Recruitment difficulties meant this 
trial was concluded before enough subjects were recruited based on the power analysis. Topical 
morphine mouthwash (2%) for patients with severe mucositis associated with treatment for 
head and neck cancer was more effective than mouthwash containing viscous lidocaine, 
magnesium aluminium hydroxide and diphenhydramine, both being administered in 10 ml 
aliquots every 3 h (Sarvizadeh 2015 Level II, n=30, JS 5).  There was also a statistically significant 
reduction in WHO grading scores for mucositis after 6 d of treatment and patients reported 
increased satisfaction with their treatment. See also Section 8.6.7.7 and 8.9.8.2. 

 

KEY MESSAGES 

1. Intra-articular morphine (1 mg) following knee arthroscopy does not improve analgesia 
compared with placebo (S) (Level I [Cochrane Review]).  

2. Intra-articular morphine/bupivacaine following knee arthroscopy compared to 
bupivacaine alone improves analgesia without increasing adverse effects (N) (Level I 
[PRISMA]).  

3. Perineural buprenorphine/local anaesthetic for peripheral nerve blocks compared to 
local anaesthetic and to systemic buprenorphine/local anaesthetic prolongs duration of 
analgesia (N) (Level I [PRISMA]). 

4. Perineural tramadol/local anaesthetic for brachial plexus block compared to local 
anaesthetic alone prolongs duration of analgesia (N) (Level I [PRISMA]).   

5. Peripherally applied opioids (excluding intra-articular, perineural and mucosal 
administration) show no clinically relevant analgesic effect (N) (Level I [PRISMA]). 

6. Intra-articular tramadol/bupivacaine following knee arthroscopy compared to 
bupivacaine alone improves analgesia without increasing adverse effects (N) (Level I). 

7. Morphine mouthwash has analgesic effects in chemotherapy-induced mucositis (N) 
(Level II). 
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4.4 | Local anaesthetics and other membrane stabilisers  

Local anaesthetics (LA) act primarily by reversibly blocking neuronal voltage-gated sodium 
channels (VGSC) and thereby temporarily interrupting nerve impulse propagation. LA also have 
additional systemic effects which may be independent of action on the VGSC due to interaction 
with potassium channels, calcium channels, N-methyl-D-aspartate (NMDA) receptors, and  
G-protein coupled receptors (van der Wal 2016 NR BS; Lirk 2014 BS). The latter, via the Gq/11 
subfamily, may contribute to the anti-inflammatory effects of Las (Hollmann 2000 NR). Thus, the 
use of LAs beyond perineural applications is expanding. 

Both amide and ester local anaesthetics have been found to have antimicrobial activity in 
concentrations used in clinical practice, with tetracaine, bupivacaine and lidocaine having the 
most marked activity (Razavi 2019 NR BS); these are not primary effects and are modified by a 
range of factors including the admixture of other drugs. 

4.4.1 | Systemic local anaesthetics and other membrane stabilisers 

IV lidocaine has analgesic, anti-inflammatory and antihyperalgesic properties and attenuates the 
neuroinflammatory response in perioperative pain and chronic neuropathic pain (van der Wal 

2016 Level IV SR, 36 in vitro studies & 31 animal studies & 21 clinical studies [3 SRs & 7 RCTs in acute pain; 

1 SR & 6 RCTs & 4 studies in chronic pain]). The safe dose and duration of perioperative IV lidocaine 
infusions has not been clearly established, with only limited total patient numbers and few 
adverse reactions having been reported in the literature to date (Bailey 2018 Level I, 6 RCTs, n=420; 

Masic 2018 Level IV SR, 13 studies, n= 512).  

4.4.1.1 | Acute pain 

A Cochrane review on IV lidocaine and analgesia (Kranke 2015 Level I [Cochrane], 45 RCTs, n=2,802) 
has been updated with a further 23 RCTs ( Weibel 2018 Level I [Cochrane], 68 RCTs [66 vs placebo/no 

comparator; 2 vs epidural], n=4,525) finding small effects and uncertain outcomes. Lidocaine 
infusions at varying doses (1-5 mg/kg/h) for varying duration in various surgery types (open  

[22 RCTs] or laparoscopic [20 RCTs] abdominal and others [26 RCTs]) vs placebo or no treatment) 
reduces pain intensity to a limited extent 1 to 4 h postoperatively (SMD −0.50; 95%CI −0.72 to 
−0.28; 0.37/10 to 2.48/10) (29 RCTs, n=1,656), at 24 h (SMD −0.14; 95%CI −0.25 to −0.04) (33 RCTs, 

n=1,847) and at 48 h (SMD −0.11; 95%CI −0.25 to 0.04) (24 RCTs, n=1,404), noting that the results 
for these later time points represent less than a 1 point reduction in a 10 point pain scale. There 
is also a reduction of postoperative ileus (RR 0.37; 95%CI 0.15 to 0.87) (4 RCTs, n=273), time to 
first defaecation (MD −7.92 h; 95%CI −12.71 to −3.13) (12 RCTs, n=684), postoperative nausea  
0 to 2 h (RR 0.78; 95%CI 0.67 to 0.91) (35 RCTs, n=1,903), opioid requirements (MD −4.52 MME; 
95%CI −6.25 to −2.79) (40 RCTs, n=2,201) and LOS (MD −0.37 d; 95%CI −0.60 to −0.15) (32 RCTs, 

n=2,077). IV lidocaine vs TEA has no effect on pain intensity and other outcomes (2 RCTS, n=102). 
The authors describe all these results as “uncertain” due to the quality of the evidence being 
limited by inconsistency, imprecision, and study quality.  

In breast surgery, IV lidocaine administered intraoperatively and continued for up to 2 h is 
not associated with improved pain scores up to 72 h versus placebo controls, but opioid 
requirements were lower in the lidocaine group (Chang 2017 Level I [PRISMA], 3 RCTs, n=167); 

however, benefit was found in chronic postsurgical pain prevention. See Section 4.4.1.2 below. 
After colonic surgery, IV lidocaine was associated with improved pain relief vs controls and 

also with decreases in proinflammatory cytokines, including interleukin‐6 (IL‐6), IL‐8 and IL‐1RA 
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(a competitive inhibitor of IL‐1β) (Kuo 2006 Level II, n=60, JS 5). For radical prostatectomy, a 
combination of intraoperative IV and postoperative SC lidocaine for up to 24 h vs saline reduced 
pain, morphine consumption and LOS (Weinberg 2016 Level II, n=76, JS 5). Following open 
nephrectomy, intraoperative IV lidocaine or IV ketamine continued for 24 h were both superior 
to placebo in reducing pain scores and 24 h opioid consumption (lidocaine 27.8 mg ± 5.5 and 
ketamine 32 mg ± 7.0 vs placebo 47.6 mg ± 5.0) (Jendoubi 2017 Level II, n=60, JS 4); IV lidocaine was 
associated with significantly lower pain scores at rest and with movement over 24 h vs IV 
ketamine. In radical cystectomy patients, the addition of perioperative IV lidocaine infusion for 
6 h resulted in lower pain scores for up to 18 h (Moeen 2019 Level II, n=111, JS 5); recovery of bowel 
function was also improved.  

Perioperative IV administration of lidocaine also has a preventive analgesic effect (extending 
beyond 5.5 half-lives of lidocaine, ie >8 h after cessation of administration) after a wide range of 
operations (Barreveld 2013a Level I, 16 RCTs, n=678) (15 RCTs overlap with Weibel 2018). See also 
Sections 1.4 and 1.5. 

In the emergency department (ED), the efficacy of IV lidocaine in the treatment of nonsurgical 
acute pain has been reviewed, noting that dosing was not standardised and individual studies 
were small (Silva 2018 Level IV SR, 6 RCTs & 2 studies, n=536; Masic 2018 Level IV SR 4 RCTs & 9 studies, 

n= 512) (4 RCTs overlap); analgesic benefit was superior to placebo or comparable to active 
controls in renal colic (2 RCTs) and limb ischemia (1 RCT), but inconsistently in acute migraine  
(2 RCTs) and not in acute radicular low back pain (1 RCT). Although most non-randomised studies 
demonstrated improved analgesia with IV lidocaine, certainty with these findings is low. Safety 
data is limited with 20 adverse events (rate 8.9%; 95%CI 5.5% to 13.4%) (6 studies, n=225) reported 
with use of IV lidocaine in the ED (19 nonserious and 1 classified as serious) (Silva 2018 Level IV SR, 

6 RCTs and 2 studies, n=536).   
IV lidocaine has a potentially analgesic effect in procedural pain in burns (Wasiak 2012 Level I 

[Cochrane], 1 RCT: Wasiak 2011 Level II, n=45, JS 5), however its role in this indication requires further 
investigation. 

The use of IV lidocaine in an obese population undergoing laparoscopic gastric reduction 
surgery reduced pain scores, opioid consumption and improved quality of recovery (Sherif 2017 
Level II, n=150, JS 5; De Oliveira 2014a Level II, n=50, JS 5). 

Results for IN lidocaine are conflicting showing significant benefit (Maizels 1996 Level II, n=53, 

JS 2) and no effect (Blanda 2001 Level II, n=49, JS 4).  
Mexiletine improved pain relief and reduced analgesic requirements after breast surgery 

(Fassoulaki 2002 Level II, n=75, JS 3).  

4.4.1.2 | Chronic pain and transition to chronic pain 

A meta-analysis found that IV lidocaine reduces chronic postsurgical pain at 3 mth vs placebo 
(OR 0.29; 95%CI 0.18 - 0.48) (Bailey 2018 Level I [PRISMA], 6 RCTs, n=420). In breast surgery patients, 
IV lidocaine administered intraoperatively and continued for up to  
2 h had a lower risk for the development of chronic pain at 3 to 6 mth (RR 0.33; 95%CI 0.14 to 
0.78) (Chang 2017 Level I [PRISMA], 2 RCTs, n=97) (2 RCTs overlap). See also Sections 1.4 and 1.5.  

The membrane stabilisers IV lidocaine and mexiletine have a similar analgesic effect on 
neuropathic pain of various origins, which is superior to placebo (WMD 10.6; 95%CI -14.5 to -6.7) 
(Tremont-Lukats 2005 Level I, 19 RCTs, n=706) and similar to various comparators (Challapalli 2005 
Level I [Cochrane], 30 RCTs, n=1,142). There was strong evidence of benefit for use of membrane 
stabilisers in pain due to peripheral nerve trauma (Kalso 1998 Level I, 17 RCTs, n=450). However, in 
the guidelines for pharmacotherapy for neuropathic pain by the Special Interest Group on 
Neuropathic Pain (NeuPSIG) of the IASP, there is a strong recommendation against the use of 
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mexiletine because of negative trials on efficacy and safety concerns (Finnerup 2015 GL Level I 

[PRISMA], 229 RCTs, n unspecified). 
Currently, the use of membrane stabilisers for acute neuropathic pain can only be based on 

extrapolation of the above data. 
 

KEY MESSAGES 

1. Perioperative intravenous lidocaine reduces pain and opioid requirements to a limited 
extent following a range of surgery types, as well as nausea, vomiting, incidence and 
duration of ileus and length of hospital stay (W) (Level I [Cochrane Review]).  

2. In breast surgery, perioperative lidocaine infusion does not improve pain scores for up 
to 72 h, but is associated with lower acute opioid requirements and less chronic 
postsurgical pain at 3 to 6 months (N) (Level I [PRISMA]) 

3. Perioperative intravenous lidocaine has a preventive analgesic effect (extending 
beyond 5.5 half-lives of lidocaine, ie > 8 hrs after cessation of administration) after a 
wide range of operations (U) (Level I). 

Chronic neuropathic pain and transition to chronic postsurgical pain 
4. Both intravenous lidocaine and mexiletine are effective in the treatment of chronic 

neuropathic pain (U) (Level I [Cochrane Review]); however, guidelines advise against 
the use of mexiletine in this indication (N) (GL Level I [PRISMA]).  

5. Perioperative IV lidocaine reduces chronic postsurgical pain at 3 months compared to 
placebo (N) (Level I [PRISMA]). 

The following tick box represents conclusions based on clinical experience and expert 
opinion: 

 The optimal and safe dose and duration of perioperative intravenous lidocaine 
infusions has yet to be clearly established (N). 

 Based on the experience in chronic neuropathic pain states, it would seem reasonable 
to use membrane stabilisers including systemic lidocaine in the management of acute 
neuropathic pain (U). 

 The role and safety of IV lidocaine for analgesia in the emergency department still 
requires clarification (N). 

4.4.2 | Regional local anaesthetics 

LAs exert their effect as analgesics by blocking sodium channels and hence impeding neuronal 
excitation and/or conduction. LAs differ predominantly by potency, duration of action and 
systemic toxicity.  

4.4.2.1 | Short-duration local anaesthetics 

Lidocaine is the most widely used short-duration LA in acute pain management. Although the 
plasma half-life is approximately 90 min, the duration of the LA effect depends very much on site 
of administration, dose administered and the presence or absence of vasoconstrictors. Although 
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lidocaine is hydrophilic, it is delivered in high concentrations and therefore usually diffuses well 
into nerve bundles, resulting in little separation of sensory and motor blocking actions (Covino 

1998 NR). 
The use of lidocaine in ongoing acute pain management is usually restricted to the short-term 

re-establishment of a LA infusion block. It is generally considered unsuited to long-term (ie days) 
use because of the development of tachyphylaxis or acute tolerance, although the existing 
literature documenting the phenomenon of tachyphylaxis with neuraxial use of local anaesthetics 
is scarce and the mechanisms behind this phenomenon should it occur, is unclear. (Kongsgaard 2016 

Level III-3 [PRISMA], 6 RCTs & 7 studies, n unspecified). Continuous perineural infusions of lidocaine for 
24 h resulted in less effective analgesia and more motor block than infusions of the long-acting LA 
ropivacaine (Casati 2003c Level II, n=40, JS 4).  

Mepivacaine is a short- to intermediate-duration LA agent, structurally related to bupivacaine 
and ropivacaine. Its use is largely restricted to intraoperative anaesthesia. 

4.4.2.2 | Long-duration local anaesthetics 

The three commonly used long-duration LAs, bupivacaine, levobupivacaine and ropivacaine, are 
structurally related (McLeod 2001 NR; Markham 1996 NR). Whereas bupivacaine is a racemic 
mixture of S- and R-enantiomers, levobupivacaine is the S-(or levo-) enantiomer of bupivacaine; 
ropivacaine is likewise an S-enantiomer.  

The issue with relative potency emerges with lower doses and concentrations of LAs. When 
doses are carefully titrated, a minimum local anaesthetic concentration (MLAC) can be found at 
which 50% of patients will achieve a satisfactory analgesic block. In obstetric epidural analgesia, 
two separate studies found the MLAC of bupivacaine was 0.6 times that of ropivacaine (Capogna 

1999 Level II, n=87, JS 4; Polley 1999 Level II, n=83, JS 4). The motor-blocking potency showed a similar 
ratio of 0.66 (Lacassie 2003 Level II, n=60, JS 4).  

When comparing bupivacaine with levobupivacaine, the “percentage” bupivacaine solution is 
by weight of bupivacaine hydrochloride, whereas the percentage levobupivacaine solution is for 
the active molecule alone. This means that the molar dose of equal “percentage concentration” is 
13% higher for levobupivacaine (Schug 2001 NR). The sensory MLAC potency ratio of 
levobupivacaine to bupivacaine is 0.98, although if correction is made for molar concentrations this 
falls to 0.87 (neither value being significantly different from unity) (Lyons 1998 Level II, n=60, JS 3). 
Levobupivacaine has been shown to have slightly less motor-blocking capacity than bupivacaine 
with a levobupivacaine/bupivacaine potency ratio for epidural motor block of 0.87 (95%CI 0.77 to 
0.98) (Lacassie 2003 Level II, n=60, JS 4). Another labour epidural analgesia study has found no 
difference in MLAC between levobupivacaine and ropivacaine with a ropivacaine/levobupivacaine 
potency ratio of 0.98 (95%CI 0.80 to 1.20) (Polley 2003 Level II, n=83, JS 4). 

4.4.2.3 | Epidural local anaesthetics 

For postoperative analgesia using epidural infusions, dose-ranging studies established that 0.2% 
ropivacaine was a suitable concentration (Schug 1996 Level II, n=36, JS 5; Scott 1995b Level II, n=30, 

JS 5). Therefore, most investigators compare infusions of bupivacaine or levobupivacaine at 0.1% 
or 0.125% with ropivacaine 0.2%, which removes any imbalance in comparative potency. In 
obstetric epidural analgesia, lower concentrations of epidural ropivacaine, typically 0.1%, are 
used in labour to avoid dense sensory and motor block (Zhang 2018 SR Level IV, 30 studies, n=2,851). 

The majority of studies find similar analgesic outcomes with postoperative epidural infusions 
based on these strengths (Casati 2003b Level II, n=45, JS 5; Macias 2002 Level II, n=80, JS 5; Jorgensen 

2000 Level II, n=60, JS 3). Motor block is of clinical relevance in low-thoracic or lumbar epidural 
infusions and has been reported to be less intense with epidural ropivacaine than with 
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bupivacaine (Merson 2001 Level II, n=68, JS 4; Muldoon 1998 Level II, n=52, JS 4; Zaric 1996 Level II, n=37, 

JS 3). However, this finding has not been supported by another study (Casati 2003b Level II, n=45, 

JS 5).  
The relevance of dose, not concentration or volume of LA infused, was confirmed in two 

trials. The same dose of a mixture of levobupivacaine in three different concentrations (0.5%, 
0.25% and 0.15%) and sufentanil administered during continuous thoracic epidural infusion for 
thoracotomy resulted in similar efficacy and adverse effects (Mendola 2009 Level II, n=138, JS 3) as 
did two concentrations (0.15 and 0.5%) of levobupivacaine in another RCT (Dernedde 2006  

Level II, n=82, JS 4). Neither infusions of bupivacaine 0.125% nor ropivacaine 0.2% interfered with 
neurophysiological assessments after scoliosis surgery (Pham Dang 2008 Level II, n=18, JS 4). At 
concentrations of ≥0.5%, there were no significant differences in onset time and intensity or 
duration of sensory block between bupivacaine, levobupivacaine or ropivacaine used for 
epidural analgesia (Casati 2003b Level II, n=45, JS 5; Cheng 2002 Level II, n=45, JS 3). 

Local anaesthetic/opioid combinations 

The quality of pain relief from low‐dose epidural infusions of plain LA consistently benefits from 
the addition of opioids, most commonly fentanyl (Walker 2002 Level I, 4 RCTs [epidural local 

anaesthetic/opioid combinations], n=226; Curatolo 1998 Level I, 18 RCTs [fentanyl/local anaesthetic],  

n unspecified); this was confirmed by additional RCTs (Senard 2002 Level II, n=60, JS 3; Hubler 2001 

Level II, n=109, JS 4; Crews 1999 Level II, n=64, JS 3; Scott 1999 Level II, n=182, JS 5;). For addition of 
other adjuvants see Sections 4.9, 4.12.2 and 4.13. 

Potential dose‐sparing benefits are more obvious for LA adverse effects (hypotension and 
motor block) than for opioid‐related adverse effects (Walker 2002 Level I, 4 RCTs [epidural LA/opioid 

combinations], n=226).  
Comparisons of PCEA using ropivacaine 0.2%, ropivacaine 0.125% and levobupivacaine 0.125%, 

all with sufentanil 1 mcg/mL (6 mL background plus 2 mL bolus), showed no differences in pain 
relief or motor block; patients given 0.2% ropivacaine used similar volumes, thus receiving more 
total dose of local anaesthetic and the same amount of sufentanil (Sitsen 2007 Level II, n=63, JS 4). 
Similarly, there was no difference in analgesia and no motor block reported in a PCEA comparison 
of ropivacaine 0.05%, 0.075% and 0.1%, with fentanyl 4 mcg/mL and droperidol 25 mcg/mL added 
to all solutions (Iijima 2007 Level II, n=272, JS 4). In another comparison of PCEA 0.625% bupivacaine 
with fentanyl 3 mcg/mL and 0.15% ropivacaine alone, there was no difference in pain relief; patient 
satisfaction was lower with PCEA ropivacaine, even though it led to fewer opioid‐related adverse 
effects (Pitimana-aree 2005 Level II, n=70, JS 3).  

No studies directly compare fentanyl to morphine when added to LA epidural infusions, 
although a single retrospective audit of the use of high-thoracic epidural following cardiac 
surgery suggested improved pain control and lowered infusion rate using ropivacaine 0.2% with 
morphine 20 mcg/mL vs fentanyl 2 mcg/mL (Royse 2005 Level III‐3, n=200). For information relating 
to the use of epidural LA or LA/opioid combinations for postoperative pain see Section 5.6.2 and 
for labour pain see Section 9.1.3.3. 

4.4.2.4 | Peripheral local anaesthetics 

A number of studies have compared different LAs or doses of LAs used for peripheral nerve block 
(PNB) and continuous peripheral nerve block (CPNB). Specific regional and local anaesthetic 
techniques are discussed in Section 5.8 

In a meta-analysis comparing ropivacaine to levobupivacaine for peripheral nerve block, 
there was no difference in time to onset of anaesthesia or patient satisfaction, but 
levobupivacaine was found to provide longer block (WMD -2.94 h; 95%CI -5.56 to -0.32) and a 
lower incidence of postoperative rescue analgesia (OR 2.11; 95%CI 1.18 to 3.74) (Li 2017a Level I 
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[PRISMA], 12 RCTs, n=556); concentrations included ranged from 0.5% to 1.0% and non-equipotent 
comparisons were included. 

At concentrations of 0.5% or greater, there were no significant differences in onset time and 
intensity or duration of sensory block between bupivacaine, levobupivacaine or ropivacaine in 
sciatic (Casati 2002 Level II, n=50, JS 4), interscalene (Casati 2003a Level II, n=47, JS 5) or axillary 
brachial plexus blocks (McGlade 1998 Level II, n=61, JS 5). A comparison of three concentrations 
(0.1%, 0.2%, 0.3%) of ropivacaine for continuous FNB following TKA found that infusions of 0.2% 
and 0.3% ropivacaine had equivalent quality of postoperative analgesia (Brodner 2007 Level II, 

n=102, JS 4). After similar surgery, there was no difference in pain relief or motor block between 
patient-controlled FNB with 0.125% levobupivacaine and 0.2% ropivacaine (Heid 2008 Level II, 

n=60, JS 4). 
Comparisons of two different patient‐controlled CPNB regimens found different results 

depending on the location of the block; the regimens were ropivacaine at 4 mL/h 0.4% (bolus  
2 mL) or 8 mL/h 0.2% (bolus 4 mL). For continuous popliteal nerve block, the larger volumes of 
the dilute LA were more likely to cause an insensate limb (Ilfeld 2008 Level II, n=50, JS 3); for 
continuous interscalene nerve block there was no difference between the two solutions (Le 2008 

Level II, n=50, JS 2) and for continuous infraclavicular nerve block the smaller volumes of the more 
concentrated LA were more likely to cause an insensate limb (Ilfeld 2009 Level II, n=50, JS 3). 

Another comparison of patient‐controlled continuous interscalene block using 0.25% 
levobupivacaine, 0.25% ropivacaine and 0.4% ropivacaine reported less effective pain relief with 
the lower concentration of ropivacaine (Borghi 2006 Level II, n=72, JS 5).  

Continuous popliteal sciatic nerve block using 0.2% ropivacaine, 0.2% levobupivacaine and 
0.125% levobupivacaine resulted in similar pain relief after foot surgery but fewer patients had 
complete recovery of motor function at 24 and 48 h with 0.2% levobupivacaine (Casati 2004  

Level II, n=60, JS 5). Many continuous perineural infusion techniques now use low concentrations 
of ropivacaine (approx. 0.1%) in order to minimize motor block while still providing effective 
analgesia (see Section 5.8). 

Skin infiltration 

Increasing the pH of commercial lidocaine (to ≥7.35 by the addition of sodium bicarbonate prior 
to injection) reduces pain scores on injection for invasive procedures in cross-over studies (WMD 
-2/10; 95%CI -2.6 to -1.3) (10 RCTs) and in parallel design studies (WMD -1/10; 95%CI -1.4 to -0.4) 
(7 RCTs) (Cepeda 2010 Level I [Cochrane], 23 RCTs, n=1,067). The magnitude of the decrease in pain is 
larger when the solution contains adrenaline (WMD -2.5/10; 95%CI -3.2 to -1.7) (6 RCTs, n=232). 

Warming the solution (to 37–43oC), assessed mostly in adults, reduces pain on SC or 
intradermal injection overall (WMD -11/100; 95%CI -14 to -7) (18 RCTs, n=831) and when the local 
anaesthetic is buffered (WMD -7/100; 95%CI -12 to -3) (8 RCTs, n=412) (Hogan 2011 Level I [PRISMA], 

18 RCTs, n=831). 

Local infiltration analgesia  

Two main strategies using large volume, low concentration local anaesthetic infiltration 
techniques are described: tumescent local anaesthesia and local infiltration analgesia (LIA). 
Tumescent local anaesthesia has been described for soft-tissue surgery such as varicose vein 
sclerosis, liposuction or cosmetic breast surgery.  

The term LIA typically refers to the systematic intraoperative injection of LAs in the 
periarticular and intra-articular regions. LIA may also be referred to as periarticular infiltration.  
A “cocktail” is most commonly used for periarticular LIA comprising a local anaesthetic, an alpha-
2 agonist/vasoconstrictor, an opioid and an anti-inflammatory agent. The majority of 
investigations into the effectiveness of LIA in acute pain management following hip or knee 
arthroplasty fail to separate out the components of the mixture and some protocols use “top-
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up” regimes of varying composition (Andersen 2014a Level I [PRISMA], 27 RCTs, n=1,644). In THA 
(n=756), multimodal systemic analgesia or neuraxial techniques (IT morphine or epidural 
analgesia) have similar analgesic efficacy vs LIA; however, in TKA LIA provided superior analgesia 
to placebo (n=328). Compared with FNB, epidural analgesia or IT morphine, LIA provided similar 
or improved analgesia in the early postoperative period, but most trials had a high risk of bias 
due to different systemic analgesia regimens between groups. Overall, the use of wound 
catheters for postoperative administration of local anaesthetic following LIA was not supported 
in the included trials.  

Despite the many studies of LIA, final interpretation is hindered by methodological 
insufficiencies in most studies, especially because of differences in use of systemic analgesia 
between groups. For more detail see also Section 5.8.7.1. 

There is limited data regarding local anaesthetic systemic toxicity (LAST) in patients receiving 
LIA with hip and knee joint surgery. In a case series of 39 patients receiving up to 300 mg 
ropivacaine as LIA, there was no clinical toxicity and peak plasma values did not exceed                  
1.7 mcg/mL; peak levels occurred at approximately 6 h post administration (Affas 2016 Level IV, 

n=39). 
In volunteers receiving 41 exposures to tumescent subcutaneous infiltration of lidocaine with 

epinephrine, recommendations were made for up to 28 mg/kg lidocaine without liposuction and 
45 mg/kg with liposuction with peak levels occurring 8 to 16 h after infiltration (Klein 2016  
Level IV EH, n=14) 

Slow-release preparations of local anaesthetics 

Encapsulation of bupivacaine within liposomes in clusters of <100 microns diameter (liposomal 
bupivacaine) results in drug release into adjacent tissues for a number of days following injection, 
with peak plasma levels occurring 12–36 h after injection (Skolnik 2014 NR). Current indications 
from trial data have not raised any specific safety concerns (Viscusi 2014 Level I, 10 RCTs, n=823).  

A limited number of RCTs have been conducted with wound infiltration, periarticular 
infiltration, perineural block and epidural administration (see Section 4.3.2.2 for ER epidural 
opioid preparations); most RCTs have demonstrated analgesic superiority over placebo for up to 
72 h, however benefit over normal formulations of bupivacaine has not been shown (Tong 2014  

Level III-2 SR, 5 studies, n unspecified). When comparing wound infiltration with liposomal 
bupivacaine to either ropivacaine or plain bupivacaine, no difference was seen with analgesic 
outcomes up to 48 h (Kendall 2018 Level I [PRISMA], 9 RCTs, n=779). 

A systematic review of liposomal bupivacaine use in TKA found (Yayac 2019 Level IV SR 
[PRISMA], 6 SRs & 17 RCTs & 25 studies, n unspecified):  

• For liposomal bupivacaine by periarticular infiltration vs conventional LA single injection 
PNB (3 RCTs, n=555), pain relief is better with PNB (SMD 0.45, 95%CI 0.08 to 0.82), largely 
driven by benefits on POD 0 and 1; there is no difference in opioid consumption. 
Differences in complication rates, including falls, are mixed. 

• For liposomal bupivacaine by periarticular infiltration vs conventional LA LIA (13 RCTs, 

n=1,155), slightly lower pain scores are found using AUC over 5 d (SMD = -0.08, 95%CI -
0.14 to -0.03), but not using pain scores by time-point up to 3 d (-5.21/100; 95%CI -12.1 
to 1.65). There are no differences in opioid consumption nor functional recovery. 

• For liposomal bupivacaine by periarticular infiltration vs conventional LA IA infiltration  
(2 RCTs, n=345), only one study included a direct comparison and found no difference in 
pain outcomes. 

Also in TKA, two overlapping meta-analyses compared liposomal bupivacaine by periarticular 
infiltration to conventional LA FNB (Liu 2017a Level III-2 SR [PRISMA], 1 RCT & 7 studies, n=2,407; Ma 

2016b Level III-2 SR, 1 RCT & 5 studies, n=1,289) (all 6 studies overlap); 2 FNB studies used continuous 
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infusions. There is no difference between groups in pain scores to 72 h, PONV or range of motion, 
but liposomal bupivacaine is associated with decreased LOS (MD -0.43 d; 95%CI -0.60 to -0.27) 
and reduced total morphine requirements (MD -29.3 mg; 95% CI -57.6 to -1.1) (Liu 2017a  

Level III-2 [PRISMA], 1 RCT & 7 studies, n=2,407).  
In THA, LIA with liposomal bupivacaine vs conventional bupivacaine showed no difference up 

to 72 h in postoperative opioid consumption, pain scores, opioid-related side effects, time to 
first ambulation, or LOS (Perets 2018 Level II, n=107, JS 4). 

Following day-case retropubic sling placement, pain scores were low but liposomal 
bupivacaine infiltration vs saline improved scores slightly at 4 h post-discharge and the following 
morning (Mazloomdoost 2017 Level II, n=109, JS 4). 

4.4.3 | Local anaesthetic toxicity 

4.4.3.1 | Direct toxicity 

Nerve injury following perineural LA injection may be a consequence of many factors including 
needle trauma, haematoma, pressure injury, or direct local anaesthetic toxicity (Verlinde 2016 

NR). In clinical practice it is difficult, if not impossible to separate out these elements, and the 
likely contribution of direct neurotoxicity is small. All local anaesthetics exhibit neurotoxicity if 
nerves are exposed to sufficiently high concentrations for a sufficiently long period (Verlinde 2016 

NR BS). Lidocaine (5%) infused via lumbar subarachnoid microcatheters has been associated with 
case reports of cauda equina syndrome (Rigler 1991 Level IV, n=4; Schell 1991 Level IV, n=2). This 
suggested that high local concentrations of lidocaine were potentially neurotoxic and led to the 
technique falling into disfavour. The precise mechanisms of direct LA neurotoxicity remain 
unclear, but are concentration-dependent, and may involve the intrinsic caspase-pathway, PI3k-
pathway, and MAPK-pathways (Verlinde 2016 NR BS).  

Transient neurological symptoms (TNS) is a clinical syndrome associated with spinal (IT) 
anaesthesia. Patients experience pain or muscle spasms in the buttocks or lower limbs following 
initial recovery from the spinal anaesthetic. The onset of symptoms is usually within 24 h of the 
procedure and it fully resolves spontaneously within a few days. Despite its name, there is no 
evidence that this condition is associated with actual neurologic pathology. A network meta-
analysis showed that, compared to lidocaine, the risk ratio (RR) of TNS was lower for bupivacaine, 
levobupivacaine, prilocaine, procaine, and ropivacaine with RRs in the range of 0.10 to 0.23, 
while 2-chloroprocaine and mepivacaine did not differ in terms of RR of TNS development vs 
lidocaine (Forget 2019 Level I [Cochrane] [NMA], 24 RCTs, n=2,226); the quality of evidence was 
considered moderate to low, and the overall incidence of TNS was 10.7%.  

Other tissues are susceptible to direct toxicity from local anaesthetics. Myotoxicity has been 
described clinically (Zink 2004 NR) and reproduced experimentally (Yildiz 2011 BS), especially for 
bupivacaine, but is rare and reversible. Local anaesthetics have chondrotoxic effects on articular 
cartilage, which are worsened by coadministration of corticosteroids (Jayaram 2019 Level I 

[PRISMA], 16 RCTs, n unspecified); ropivacaine at concentrations of 0.5% or less was found to be the 
least chondrotoxic LA. 

4.4.3.2 | Systemic toxicity 

There is consistent laboratory data showing that the S-enantiomers of the long-acting amide 
LAs exhibit less CNS or cardiac toxicity than the R-enantiomers or the racemic mixtures for 
doses resulting in equivalent sensory nerve conduction block. Defining relative toxicities for 
these agents is complex because it depends on the parameters measured (eg cardiac, CNS), 



 

64 5th Edition | Acute Pain Management: Scientific Evidence 

 

the dose, route and species studied. There is lack of scientific data available to determine a 
safe maximal dose of local anaesthetic. However, the upper limit of a dose should take into 
account patient weight, age and comorbidities. There is a pharmacokinetic rationale to 
support fractional dosing by incremental injection of local anaesthetic in addition to 
identifying unintended intravascular injection.  

The incidence of local anaesthetic systemic toxicity (LAST) has been quantified using registry 
databases at 0.03% or 0.27/1,000 PNBS (95%CI 0.21 to 0.35) (Gitman 2018 Level IV, n=251,325); the 
most common presenting feature was seizure (53% and 61%; from case reports and registries 
respectively). The use of ultrasound (US) was associated with a reduced incidence of LAST (OR 
0.23; 95%CI 0.088 to 0.59) (Barrington 2013 Level IV, n=25,336 [PNBS] in n=20,021 [patients]); this may 
be due to increased precision of needle placement with US guidance (minimising intravascular 
placement) (Neal 2016 Level IV SR, 27 studies, n=1,867), or the use of lower doses of local 
anaesthetic. A meta-analysis identifies a significantly decreased risk of vascular puncture using 
US (RR 0.16; 95%CI 0.05 to 0.47) (Abrahams 2008 Level I, 13 RCTs, n=946). These data form the basis 
for the current Class I-B ASRA recommendations for the use of US to reduce LAST (Neal 2018 GL). 
It should be noted that LAST episodes continue to occur despite precautionary measures, 
including US use (Gitman 2018 Level IV SR, n=47 [episodes of LAST]). Factors associated with 
increased LAST events were paravertebral (OR 9.20; 95%CI 2.24 to 37.8) and upper limb blocks 
(OR 4.80; 95%CI 1.23 to 18.7), the use of lidocaine vs ropivacaine (OR 5.64; 95%CI 2.02 to 15.7) 
and larger doses of local anaesthetic (Barrington 2013 Level IV, n=25,336 [PNBS in n=20,021 patients]). 

In blinded human-volunteer studies, CNS symptoms were detected at IV doses and plasma 
levels that were 25% higher for ropivacaine vs bupivacaine (Scott 1989 Level II EH, n=12, JS 2) and 
16% higher for levobupivacaine than bupivacaine (Bardsley 1998 Level II EH, n=14, JS 3). Although 
these data show that CNS toxicity might occur less frequently or be less severe with the  
S-enantiomers, all local anaesthetics are toxic. A rapid IV bolus of any of these agents may 
overwhelm any of the more subtle differences found at lower plasma concentrations. 

Severe myocardial depression and refractory ventricular fibrillation have been described as the 
hallmark of accidental IV administration of moderately large doses of bupivacaine. This has been 
attributed to the slow dissociation of bupivacaine from the myocardial sodium channel, which is 
less marked with levobupivacaine and ropivacaine (Mather 2001 NR). Animal studies confirm that 
higher systemic doses of ropivacaine and levobupivacaine are required to induce ventricular 
arrhythmias, circulatory collapse or asystole (Ohmura 2001 BS), with the ranking of toxicity risk being 
bupivacaine > levobupivacaine > ropivacaine (Groban 2001 NR).  

Controlled human studies are only possible when looking at surrogate endpoints such as ECG 
changes or myocardial depression and suggest a similar ranking of adverse effects (Bardsley 1998 

Level II EH, n=14, JS 5; Knudsen 1997 Level II EH, n=12, JS 5; Scott 1989 Level II EH, n=12, JS 5), with 
bupivacaine being the most toxic and levobupivacaine being less toxic and similar to ropivacaine 
(Stewart 2003 Level II EH, n=14, JS 5). 

Successful resuscitation from a massive overdose is of greater relevance in clinical practice. 
A canine study investigating resuscitation (not using lipid emulsion) and survival following local 
anaesthetic‐induced circulatory collapse showed survival rates of 50%, 70% and 90% with 
bupivacaine, levobupivacaine and ropivacaine respectively (Groban 2001 BS).  

Case reports of accidental toxic overdose with ropivacaine suggest that outcomes are more 
favourable and resuscitation more straightforward (in particular requiring less cardiovascular 
support) than with racemic bupivacaine (Weiss 2014 CR; Hubler 2010 CR; Kimura 2007 CR; Khoo 2006 

CR; Soltesz 2003 CR; Chazalon 2003 CR; Huet 2003 CR; Klein 2003 CR; Pham-Dang 2000 CR). This data is 
prior to the widespread use of guidelines and lipid emulsion therapy, and a review of case-series 
and registry data over 33 mth from March 2014 identified only 2 reported deaths out of 47 
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events, one case having delayed therapy and the other related to lidocaine (Gitman 2018 Level IV 

SR, n=47 [episodes of LAST]). 
Total plasma levels of LAs tend to rise during the first 48 h of postoperative infusion, although 

free levels remain relatively low (Scott 1997 Level IV, n=11; Emanuelsson 1995 EH PK). Thus, in 
published studies, toxicity due to systemic absorption from epidural or perineural infusions has 
not been a problem. However, the risk of accidental absolute overdose with postoperative 
infusions and the increasing use of fascial plane infusions, suggests that the less toxic agents 
should be used in preference and that the doses administered should be the minimum needed 
for efficacy. 

Lipid emulsion therapy 

Lipid emulsion therapy is advocated for the treatment of LAST. The ASRA Practice Advisory on 
Local Anesthetic Systemic Toxicity recommends the administration of IV lipid emulsion therapy 
at the first signs of LAST but following airway management (Class I-B recommendation) (Neal 2018 

GL).  Animal experimental data (Weinberg 2003 BS; Weinberg 1998 BS) has been supported by case 
reports of successful resuscitation following bupivacaine (Rosenblatt 2006 CR), ropivacaine (Litz 

2006 CR), levobupivacaine (Foxall 2007 CR) mepivacaine/prilocaine (Litz 2008 CR) and mepivacaine/ 
bupivacaine (Warren 2008 CR) toxicity and published case series of use of IV lipid emulsion therapy 
(Gitman 2018 Level IV SR, n=47 [LAST episodes]; Cave 2014 Level IV, n=10 (LAST episodes]; Felice 2008 

Level IV, n=4).  
The mechanism of action of the lipid emulsion may be due to partitioning of local anaesthetic 

within the emulsion itself (acting as a “lipid sink” or “shuttling”) (Fettiplace 2018 NR), 
mitochondrial substrate enhancement in the myocardium (Weinberg 2000 BS) and/or a direct 
inotropic effect (Fettiplace 2014 BS). Uncertainties relating to dosage, efficacy and adverse effects 
(Cave 2014 Level IV, n=10 (LAST episodes]) still remain, however, lipid administration appears safe 
and therefore it is recommended to administer lipid emulsion immediately after airway support 
has commenced and ventilation is controlled in suspected LAST (convulsions may or may not 
need control at this point in order to ventilate) (Neal 2018 GL); this prevents hypoxia, hypercapnia, 
and acidosis which are known to potentiate LAST. Guidelines have been established to facilitate 
management of local anaesthetic toxicity, which include use of lipid emulsion therapy (Neal 2018 

GL; AAGBI 2010 GL). It should be noted that local anaesthetic toxicity might recur following 
successful initial resuscitation, suggesting a need for continued intensive observation if a large 
dose of local anaesthetic has been administered (Marwick 2009 GL).  

LAST is also discussed in Section 5.8.11.3 and in paediatric patients in Section 10.6.3.5 
(including adverse effects of lipid emulsion use).  

 

KEY MESSAGES  

1. Lidocaine intrathecal is more likely to cause transient neurologic symptoms than 
bupivacaine, prilocaine and procaine (S) (Level I [Cochrane Review NMA]). 

2. Local anaesthetics have chondrotoxic effects on articular cartilage, with ropivacaine the 
least toxic (N) (Level I [PRISMA]) 

3. Wound infiltration with liposomal preparations of bupivacaine is no more effective than 
ropivacaine or plain bupivacaine for analgesic outcomes up to 48 hours (N) (Level I 
[PRISMA]) 

4. The quality of epidural analgesia with local anaesthetics is improved with the addition of 
opioids (U) (Level I). 
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5. Ultrasound guidance reduces the risk of vascular puncture during the performance of 
regional blocks (S) (Level I).  

6. Local anaesthetic systemic toxicity is reduced by the use of ultrasound guidance for 
regional anaesthesia (S) (Level I). 

7. Continuous perineural infusions of lidocaine result in less effective analgesia and more 
motor block than long‐acting local anaesthetic agents (U) (Level II). 

8. There are no consistent differences between ropivacaine, levobupivacaine and 
bupivacaine in terms of quality of analgesia or motor block, when given in low doses for 
regional analgesia (epidural and peripheral nerve block) (U) (Level II). 

9. Cardiovascular and central nervous system toxicity of the stereospecific isomers 
ropivacaine and levobupivacaine is less severe than with racemic bupivacaine (U) (Level II). 

10. Local anaesthetic systemic toxicity is increased in paravertebral and upper limb blocks, 
with the use of lidocaine and higher doses of local anaesthetics (U) (Level IV). 

11. Lipid emulsion is effective in resuscitation of circulatory collapse due to local anaesthetic 
toxicity (S) (Level IV SR); however, uncertainties relating to dosage, efficacy and adverse 
effects still remain; therefore, it is appropriate to administer lipid emulsion only once 
ventilatory support has begun and convulsions are controlled (S) (Level IV). 

The following tick box represents conclusions based on clinical experience and expert 
opinion: 

 Case reports following accidental overdose with ropivacaine, levobupivacaine and 
bupivacaine suggest that resuscitation is less likely to be successful with bupivacaine (U). 
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4.5 | Inhalational agents 

4.5.1 | Nitrous oxide 

N2O has been used since the inception of anaesthesia for its modest analgesic and sedative 
properties. It has minimal respiratory and cardiovascular depression. In many countries it is 
available as a 50% N2O /50% oxygen mixture called Entonox®. While it has a long history of use, 
there is a paucity of good studies examining its effectiveness in comparison with other analgesics 
(Buhre 2019 NR).  

In a meta-analysis of inhaled analgesics in labour, subgroup analysis of N2O shows minimal 
analgesic difference vs placebo (RR 0.06; 95%CI 0.01 to 0.34) (MD 3.5/100; 95%CI -3.75 to -3.25) 
(Klomp 2012 (Level I [Cochrane], 3 RCTs [N2O], n=819). A systematic review shows that N2O in oxygen 
has some analgesic efficacy in labour (Likis 2014 Level IV SR, 58 studies, n=20,266). Only two studies 
were of good quality. N2O provides less analgesia than epidural analgesia but more than 
pethidine, or bath and shower. Maternal satisfaction with the birth experience using N2O for 
analgesia is higher than for pethidine or epidural analgesia. The reports of maternal adverse 
effects in this review are nausea, vomiting, dizziness and drowsiness. Apgar scores are no 
different for N2O vs no analgesia. A subsequent systematic review vs multiple comparators, was 
overall of low quality and did not add to the previous information (Sheyklo 2017 Level I [PRISMA], 

14 RCTs, n unspecified) (See also Section 9.1.3.2). 
N2O was effective during painful procedures such as venous cannulation (Gerhardt 2001 

Level II, n=10, JS 5), sigmoidoscopy (Harding 2000 Level II, n=77, JS 5), dermatological procedures 
(Brotzman 2018 Level IV SR, 8 studies, n unspecified), extraction of gauze packing strips after 
Caldwell-Luc operation (Dong 2017 Level II, n=47, JS 4), lumbar puncture (Moisset 2017 Level II, 

n=66, JS 5), transrectal prostate biopsy (Cazarim 2018 Level II, n=84, JS 4), liver biopsy (Castera 2001 

Level II, n=100, JS 5) and in relieving acute ischaemic chest pain (O'Leary 1987 Level II, n=12, JS 2) 
and in trauma patients in the prehospital setting (Ducasse 2013 Level II, n=60, JS 4). In elderly 
patients (median age 84 y), N2O provided better analgesia than morphine during bed sore and 
ulcer care (Paris 2008b Level II, n=34, JS 3). For colonoscopy, there was no difference in  
pain intensity between continuous and as-required 50% N2O use (Ball 2015 Level II, n=108, JS 5). 

While a previous study reported benefits in bone marrow aspiration (Gudgin 2008 Level III-3, 

n=16), a subsequent RCT found no difference in pain and anxiety scores between 50% N 2O in 
oxygen and an oxygen/air mixture (Kuivalainen 2015 Level II, n=60, JS 3). Similarly, for intrauterine 
device insertion, there was no analgesic effect of 50% N2O vs oxygen (Singh 2016b Level II, n=80, 

JS 5) and there was no pain relieving or opioid-sparing effect of 65% N2O vs oxygen for burns 
dressing changes (do Vale 2016 Level III-1, n=15).  

For lower gastrointestinal endoscopy, there is no difference in pain scores between N2O and 
IV opioid/midazolam, or the ability to successfully complete the procedure (Welchman 2010,  
Level I, 11 RCTs, n=623). The N2O group has a shorter time to achieve fitness for discharge. Self-
administration of 50% N2O combined with PO morphine vs the same dose of PO morphine alone 
resulted in better pain control of breakthrough pain in cancer patients at 5 and 15 min (Liu 2018 
Level II, n=240, JS 5). 

As no RCTs compare N2O and methoxyflurane, an indirect comparison for pain relief in the 
ED showed no significant differences in efficacy between the two agents (Porter 2018b Level I 

[NMA], 2 RCTs, n=263).  
For use in paediatrics see Section 10.7.2 and 10.7.4. 

In an experimental setting, a study measuring changes in detection and pain thresholds to 
electrical tooth stimulation reported the development of acute and chronic tolerance in 
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response to single and repeated administration of N2O (38% or 35%) for 30 min (Ramsay 2005 EH). 
The significance of this finding in the clinical setting is unknown. 

A post-hoc analysis of an RCT (ENIGMA) using telephone interviews at a median of 4.5 y 
following (mostly abdominal) surgery found that the intraoperative use of N2O reduced the risk 
of chronic postsurgical pain in an Asian population (OR 0.48; 95%CI 0.33 to 0.93) (Chan 2011 
Level II, n=423, JS 5); factors increasing risk included severity of acute postoperative pain, wound 
length, wound infection and anxiety. These findings were confirmed in a planned subgroup 
analysis in Asian vs non-Asian patients (RR 0.70; 95%CI 0.50 to 0.98) of a subsequent RCT 
(ENIGMA II) (Chan 2016 Level II, n=2,924 [phone interviews at 12 mth postop], JS 5). 

N2O attenuated remifentanil induced tolerance/hyperalgesia (Wehrfritz 2016 Level II EH, n=21, 

JS 5; Echevarria 2011 Level II, n=50, JS 4). 
N2O diffuses more rapidly than nitrogen and can expand enclosed air-containing spaces 

within the body. Its use is therefore contraindicated in the presence of a pneumothorax, 
obstruction of middle ear and sinus cavities, recent vitreoretinal surgery, pneumocephalus, 
bowel obstruction and gas embolism (Shaw 1998 NR).  

4.5.1.1 | Toxicity 

N2O oxidises the cobalt ion of cobalamin (vitamin B12) preventing it from acting as a coenzyme 
for methionine synthetase; methionine synthetase also requires 5-methyltetrahydrofolate as a 
coenzyme (Sanders 2008 NR). Methionine synthetase is required for the synthesis of 
deoxyribonucleic acid and ribonucleic acid and therefore the production of cells in rapidly 
dividing tissues such as bone marrow and gastrointestinal mucosa, as well as the synthesis of 
myelin (Sanders 2008 NR). Exposure of young children (median age 11 mth) to N2O anaesthesia 
for more than 2 h leads to a statistically significant but small increase in total homocysteine 
plasma concentrations on the first postoperative morning with unclear clinical relevance 
(Pichardo 2012 Level IV, n=32). 

Bone marrow and neurological complications have been reported in patients exposed to N2O. 
A systematic review identified 100 cases of neurological toxicity, of which 57% resulted from 
recreational use (Oussalah 2019 Level IV SR, 85 studies, n=100 [cases]). Other reasons for exposure 
were surgery in 25%, occupational exposure in 9%, pain control in 6% and procedural sedation 
in 1%. Clinical symptoms included paraesthesia in 80%, unsteady gait in 58% and weakness in 
43%. The most common diagnoses were subacute combined degeneration (SACD) of the spinal 
cord in 28%, myelopathy in 26% and generalized demyelinating polyneuropathy in 23%; a T2 
signal hyperintensity in the MRI of the spinal cord was seen in 68%. Pathological haematological 
findings occurred in 72%. The most relevant factor was possible or probable vitamin B12 
deficiency (diagnosed on the combined indicator of vitamin B12 status (cB12) scoring system 
[Fedosov 2015 BS) in 85%. In a univariate risk analysis, the following risk factors were identified: 

age 40 y (OR 23.3; 95%CI 6.8 to 79.6), vitamin B12 level 74 pmol/L (OR 6.06; 95%CI 2.05 to 17.9) 
and MCV >100 fL (OR 9.8; 95%CI 1.9 to 49.1). Amount of N2O was not associated with any 
outcome. 

A parallel systematic review of specifically cases of SACD of the spinal cord excluded 
recreational users (Patel 2018 Level IV SR, 32 studies, n=39 [cases]) (significant overlap). Again in 84% 
of cases vitamin B12 malabsorption secondary to a gastrointestinal disorder is the underlying 
causation. Classical symptoms were proprioceptive and vibratory sensation loss in 67% and 
burning or tingling paraesthesia in 59%. Again, there was no association to exposure duration. 
Most notably, supplementation with vitamin B12 resulted in complete recovery in 33% and partial 
improvement in 64%. Mean time to complete resolution was 37 wk (4 wk to 3 y). 

The risk may be greater in critically ill patients with increased metabolic demands or poor 
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nutrition (Amos 1982 Level IV, n=70). N2O-induced bone marrow toxicity leading to megaloblastic 
anaemia is usually progressive but reversible. The bone marrow changes were almost completely 
prevented by administration of folinic acid (Amos 1982 Level IV, n=70).  

The following case reports are included in the systematic reviews above, but highlight specific 
risk factors: Those at risk of vitamin B12 deficiency include some vegetarians (in particular vegans) 
(Rosener 1996 CR), the newborns of vegetarian mothers (McNeely 2000 CR), patients with 
gastrointestinal pathology (Schilling 1986 Level IV) or phenylketonuria (Walter 2011 NR), elderly 
people (Nilsson-Ehle 1998 NR), patients taking PPIs (Schenk 1999 Level IV) or H2 blockers and 
alcoholics (Sanders 2008 NR; Carmel 2000 NR). Cases have also been reported in those abusing the 
drug (eg obtained from whipped cream chargers) or being exposed to N2O for medical purposes 
after longer periods of abuse (Lin 2011 Level IV, n=3; Rheinboldt 2014 CR; Hu 2014 CR; Chiang 2013 CR; 

Cheng 2013 CR; Ghobrial 2012 CR; Sanders 2008 NR).  
The neuropathy appears to be the result of decreased methionine and subsequent defective 

myelin formation. Involvement of peripheral, autonomic and central nervous systems may also 
lead to incontinence, diplopia, confusion or impaired cognitive function (Weimann 2003 NR). 
Despite the lack of any good data assessing efficacy in humans, and even though the bone 
marrow changes are usually reversible, it may be reasonable to give patients repeatedly exposed 
to N2O, vitamin B12 and folic or folinic acid supplements (Weimann 2003 NR). 

Another consequence of N2O-induced inactivation of methionine synthetase is elevation of 
plasma homocysteine (a known risk factor for coronary artery and cerebrovascular disease), the 
levels of which rise after anaesthesia using N2O (Myles 2008 Level II, n=59, JS 3; Badner 1998 Level II, 

n=20, JS 2; Nagele 2008 Level III-3, n=140). Patients who are homozygous for polymorphisms in the 
gene encoding the enzyme that is an antecedent to methionine synthetase are at a higher risk 
of developing abnormal plasma homocysteine concentrations after N2O anaesthesia (Nagele 2008 

Level III-3, n=140). However, the large ENIGMA II study, comparing oxygen 30% with or without 
N2O (70%) in patients with known or risk factors for ischaemic heart disease, found no difference 
in serious adverse effects in the N2O group vs the non-N2O group (Myles 2014 Level II, n=7,112, JS 

3). However, as this study examined patients who were undergoing major surgery that lasted for 
at least 2 h, the applicability to the setting of analgesia may be limited.  

Methionine given preoperatively to patients undergoing N2O anaesthesia improved the rate 
of recovery of methionine synthetase and prevented the prolonged postoperative rise in plasma 
homocysteine concentrations (Christensen 1994 Level IV, n=14). Preoperative administration of 
oral B vitamins (folate, B6 and B12) (Badner 2001 Level II, n=53, JS 3) and of vitamin B12 infusions 
(Kiasari 2014 Level II, n=60, JS 5) also prevented the postoperative increase in homocysteine 
following N2O anaesthesia.  

The information about the complications of N2O derives from case reports only. There are 
no controlled studies that evaluate the safety of repeated intermittent exposure to N2O in 
humans and no data to guide the appropriate maximum duration or number of times a patient 
can safely be exposed to N2O. Nevertheless, the potential problems require highlighting. The 
suggestions for the use of N2O outlined below are extrapolations only from the information 
above. 

4.5.1.2 | Suggestions for the use of nitrous oxide as an analgesic 

When N2O is to be used repeatedly for painful short procedures, it may be reasonable to: 
• Exclude patients with persistent vitamin B12 deficiency; 
• Screen patients at risk of vitamin B12 deficiency by examination of the blood picture and 

serum B12 concentrations before using N2O repeatedly; 
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• Exclude asymptomatic patients with macrocytic anaemia or hypersegmentation of 
neutrophils until it is established that vitamin B12 or folate deficiency is not the cause; 

• Exclude females who may be in the early stages of pregnancy, although this will depend 
on the relative harm of any alternative methods; 

• Limit exposure to N2O to the briefest possible time — restricting the duration of exposure 
may require strict supervision and limited access to the gas; 

• Administer methionine, vitamin B12 (both with a good safety profile) and possibly folic or 
folinic acid to patients repeatedly exposed to N2O (doses that may prevent the 
complications of exposure to N2O have not been established); 

• Monitor for clinical signs and symptoms of neuropathy on a regular basis and start 
treatment with vitamin B12 early. 

4.5.2 | Methoxyflurane 

Methoxyflurane is a volatile anaesthetic agent with analgesic properties. It was first marketed in 
1962 and later withdrawn from sale in 2001. The FDA withdrew the medicine because of the risk 
of nephrotoxicity and hepatotoxicity and stated that it would not consider reintroduction into 
the market until new clinical trials were undertaken (FDA 2005). Methoxyflurane is no longer 
licensed for anaesthesia in humans.  

Although no longer used as an anaesthetic, methoxyflurane has been registered in 
Australia and New Zealand (as well as now a number of other countries) for use as an 
analgesic in low doses since 1975 for relief of trauma-associated acute pain as well as 
procedural pain (Porter 2018a NR; Jephcott 2018 NR; Medical Devices International 2009). It is 
available as a self-‐administered “Penthrox®” inhaler, which dispenses 0.2 to 0.4% 
methoxyflurane (Medical Devices International 2009). 

As an analgesic in prehospital and ED settings methoxyflurane has been reported as 
effective (Yeung 2018 Level III-2 SR [PRISMA], 2 SRs & 2 studies, n unspecified; Grindlay 2009 Level IV 

SR, 6 studies [analgesia], n unspecified). Methoxyflurane provided inferior analgesia to IV 
morphine and IN fentanyl in the prehospital setting with minimal adverse effects (Yeung 2018 
Level III-2 SR, 2 SRs & 2 studies, n unspecified). In ED patients aged ≥12 y it was significantly more 
analgesic than placebo, with only mild transient adverse effects such as dizziness and 
headache (Wells 2018 Level I [PRISMA, 1 RCT: Coffey 2014 Level II, n=300, JS 4). The median time to 
onset of analgesia was rapid at 4 min and time to peak analgesia was 15 min. Safety was 
assessed over 14 d following administration and no significant adverse effects were found, 
including no renal impairment. Use of the Penthrox® inhaler in children reduced pain 
associated with extremity injuries (Babl 2006 Level IV, n=15) but did not provide adequate 
analgesia for subsequent fracture manipulation (Babl 2007 Level IV, n=14). It also provided 
effective pain relief for adult patients in the prehospital setting, as shown in adults travelling 
by ambulance to an urban teaching hospital (Buntine 2007 Level IV, n=83). Adverse effects 
included hallucinations, vomiting, confusion and dizziness, and sedation/drowsiness was 
common (26%) in children (Buntine 2007 Level IV, n=83; Babl 2006 Level IV, n=15). 

As an analgesic for painful procedures outside of the ED, methoxyflurane was first 
described for obstetric analgesia in 1966 (Bodley 1966 Level IV, n=62) and then used as an analgesic 
for burns dressing (Marshall 1972 Level IV, n=60 [procedures in 10 patients]; Firn 1972 Level IV, n=94 

[procedures in 36 children]; Packer 1969 Level IV, n=60 [procedures in 11 patients]). Methoxyflurane was 
effective for prostate biopsies achieving a low pain score (median 3), mild adverse effects and 
high patient acceptance (Grummet 2012 Level IV, n=42). However, methoxyflurane combined with 
periprostatic infiltration of local analgesia provided superior analgesia vs methoxyflurane alone 
(Huang 2016 Level III-1, n=72). In patients having colonoscopies, methoxyflurane vs IV 
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fentanyl/midazolam resulted in similar pain scores but shorter recovery and fitness for discharge 
times, no respiratory depression, and high degree of patient satisfaction (Nguyen 2013 Level II 

n=250, JS 3). Ten patients in the methoxyflurane group required supplementation with  
IV sedation.  

In patients having bone-marrow biopsies, local anaesthetic infiltration plus methoxyflurane 
vs placebo inhaler resulted in lower worst pain scores (4.9 vs 6.0) (Spruyt 2014 Level II, n=97, JS 4). 
Adverse effects were mild and of short duration. The overall efficacy was also confirmed in an 
audit of methoxyflurane use for procedural analgesia in a variety of procedures with reported 
success in 97% and minimal adverse effects (Gaskell 2016a Level IV, n=173 [procedures in  

123 patients]).  
As no RCTs compare methoxyflurane and N2O, an indirect comparison for pain relief in the 

ED showed no significant differences in efficacy between the two agents (Porter 2018b Level I 

[NMA], 2 RCTs, n=263). In an unblinded comparison between self-administered methoxyflurane 
and IV PCA ketamine/midazolam for burns dressing both achieved similar analgesia with patient 
preference for methoxyflurane (Gaskell 2016a Level II, n= 8 [cross over], JS 3). 

4.5.2.1 | Toxicity 

Methoxyflurane causes dose-dependent renal toxicity and, as noted above, renal failure was a 
key reason behind the withdrawal of the medicine from use. Use of an analgesic device delivering 
higher concentrations of methoxyflurane was reported to have led to two fatalities from renal 
toxicity (Toomath 1987 Level IV). However, the amount of methoxyflurane delivered using the 
Penthrox® inhaler is said to be significantly less than the dose that has been associated with 
subclinical nephrotoxicity (Grindlay 2009 NR). There have been no reports of toxicity (Grindlay 2009 

NR) with dosing limited to 6 mL/d or 15 mL/wk (Medical Devices International 2009). A large 
population database study found no long-term (up to 14 y) adverse effects (heart disease, renal 
disease, hepatic disease, diabetes, or cancer) in patients who had been given methoxyflurane 
by an ambulance service (Jacobs 2010 Level IV; n=17,629). The maximum dose approved (6 mL/d 
and 15 mL/wk) is calculated to achieve a minimum alveolar concentration (MAC) of 0.59 MAC-h 
(Dayan 2016 NR). Methoxyflurane ≤2.0 MAC-h results in serum fluoride ≤40 micmol/L, which has 
not been associated with renal tubular toxicity, thereby suggesting a safety margin of at least 2.7 
to 8-fold of the approved dose limits. 

There has been one documented case report of acute hepatitis following three 
administrations of methoxyflurane in an otherwise healthy woman for procedural analgesia 
(O'Rourke 2011 CR). 

Methoxyflurane is contraindicated in patients with known or at genetic risk of malignant 
hyperpyrexia as well as in patients renal impairment (Medical Devices International 2009). 
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KEY MESSAGES 

1. Nitrous oxide has some analgesic efficacy in labour pain (U), increases maternal adverse 
effects (nausea, vomiting, dizziness) (U), with no adverse effects on the newborn (U) 
(Level I [Cochrane Review]) and increases maternal satisfaction compared to pethidine 
and epidural analgesia (U) (Level IV SR). 

2. Nitrous oxide has equivalent effectiveness and more rapid recovery compared with 
intravenous sedation in patients having lower gastrointestinal endoscopy (U) (Level I). 

3. Methoxyflurane, in low doses, is an effective analgesic with rapid onset in the 
prehospital setting, and a range of procedures in the hospital setting (U) (Level II) with 
good safety data (S) (Level IV); it may have comparable efficacy to nitrous oxide (N) 
(Level I [NMA]), but is inferior to IV morphine and IN fentanyl (N) (Level III-2 SR).   

4. Nitrous oxide is an effective analgesic agent in a variety of other acute pain situations  
(U) (Level II). 

5. Intraoperative use of nitrous oxide reduces the incidence of chronic postsurgical pain in 
Asian populations (N) (Level II). 

6. Subacute combined degeneration of the spinal cord, myelopathy and generalized 
demyelinating polyneuropathy are rare but potentially serious complications of nitrous 
oxide use including in those abusing nitrous oxide (S) (Level IV SR).  

7. Vitamin B12 deficiency (identified by vitamin B12 level 74 pmol/L and MCV >100 fL) and 

age 40 years are relevant risk factors in nitrous oxide neurotoxicity; total nitrous oxide 

exposure may not be a risk factor (N) (Level IV SR). 

8. Early supplementation with Vitamin B12 in subacute combined degeneration of the spinal 
cord exacerbated by nitrous oxide use improves neurological recovery (N) (Level IV SR). 

The following tick boxes represent conclusions based on clinical experience and expert 
opinion: 

 In patients receiving nitrous oxide repeatedly, supplementation with vitamin B12, 
methionine and folic or folinic acid is a consideration, in particular in those with risk 
factors (Q). 

 If nitrous oxide is used with other sedative or analgesic agents, appropriate clinical 
monitoring should be used (U). 
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4.6 | NMDA-receptor antagonists 

NMDA-receptor/ion-channel complexes are located peripherally and centrally within the 
nervous system (Gonda 2012 NR). These ionotropic receptors are an important component of 
glutamergic neurotransmission and thereby involved in multiple functions within the nervous 
system including learning and memory, cognitive functions, neural development, 
neuroplasticity, excitotoxicity, addiction, psychiatric disorders and nociception (Li 2016a NR).  

At the spinal level, NMDA-receptor activation results in the development of central 
sensitisation manifested clinically as hyperalgesia and allodynia (Petrenko 2014 NR; Hocking 2007 

NR). Activation of NMDA receptors via glutamate release from excitatory synapses augments the 
propagation of nociceptive information and is therefore linked to acute and chronic pain states 
as well as opioid-induced tolerance and hyperalgesia.  

The NMDA-receptor antagonists ketamine, dextromethorphan, amantadine, memantine and 
magnesium have been investigated for the management of acute pain (Kreutzwiser 2019 NR; 
Jonkman 2017 NR).  

4.6.1 | Systemic NMDA-receptor antagonists 

4.6.1.1 | Ketamine 

In low (subanaesthetic) doses, ketamine acts primarily as a noncompetitive antagonist of the 
NMDA receptor, although it also binds to many other sites in the peripheral and central 
nervous systems (Petrenko 2014 NR; Sleigh 2014 NR; Mion 2013 NR). In more detail it is a “high-
trapping” antagonist with a slow off-rate, causing a prolonged tonic block; therefore it has 
higher adverse effect rates than “low-trapping” antagonists with a fast off-rate such as 
memantine (Sleigh 2014 NR). Consequently, ketamine’s main role is as an adjuvant in the 
treatment of pain associated with central sensitisation (Persson 2013 NR), such as in severe 
acute pain, neuropathic pain (Zhou 2011 NR) (see Section 8.1.4) and “opioid-resistant” pain 
(Kreutzwiser 2019 NR; Tawfic 2013 NR). See also Section 9.7 and for paediatric use Section 10.4.7. 

In experimental pain, low-dose ketamine (<1 mg/kg) reduces the area of hyperalgesia (SMD 
0.54; 95% CI 0.34 to 0.74) and pain intensity (MD -1.2/10; 95%CI -0.88 to -1.44) (54 RCTs 

[ketamine]; 43 RCTs [IV administration]) (Thompson 2019 Level I EH (PRISMA), 70 RCTs, n=1,069). 
In Australia and New Zealand, ketamine is supplied as a racemic mixture (S- and  

R- enantiomers), although a number of other countries have the more potent pure S-ketamine 
enantiomeric form available which has twice the analgesic potency, and slightly less adverse 
cognitive effects in adults (Mion 2013 NR). 

Perioperative use   

Perioperative IV ketamine (IV bolus pooled with IV infusion) used in a large number of operations 
performed under general anaesthesia versus placebo reduces postoperative opioid consumption 
over 24 h by 19 % (MD 8 mg morphine equivalents; 95%CI 6 to 9) (65 RCTs, n=4,004) and over        
48 h by 19 % (MD 13 mg; 95%CI 10 to 15) (37 RCTs, n=2,449) (Brinck 2018 Level I [Cochrane], 130 RCTs, 

n=8,341). Pain at rest is reduced by 19% at 24 h (MD -5/100; 95%CI -4 to -7) (82 RCTs; n=5,004) and 
at 48 h by 22 % (MD -5/100; 95%CI -3 to -7) (49 RCTs, n=2,962). Pain during movement is reduced 
in a similar way. Furthermore, PONV is reduced to a minor degree (23 % vs 27 %; RR 0.88; 95%CI 
0.81 to 0.96) (NNT 24; 95%CI 16 to 54) (95 RCTs, n=5,965). The incidence of adverse events with 
ketamine (5%) versus placebo (4%) is similar (RR 1.2; 95%CI 0.95 to 1.4) (105 RCTs, n=6,538).  
A dose-dependent analgesic effect is not apparent.  
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Multiple further systematic reviews in subgroups have been performed with significant 
overlap of RCTs included. 

Adding ketamine to an opioid in the PCA pump has similar benefits to the pooled data above 
on pain at rest at 24 h (WMD 21.1/100; 98%CI 21.8 to 20.39) (9 RCTs, n=595) and opioid 
consumption (-28%) (7 RCTs, n=495) and PONV (-44%) (7 RCTs, n=435) (Assouline 2016 Level I 
[PRISMA], 19 RCTS, n=1,453). Respiratory depression (RR 0.31; 98%CI 0.06 to 1.51) (9 RCTs, n=871) 
and hallucinations (OR 1.16; 98%CI 0.47 to 2.79) (7 RCTs, n=690) are not increased. A parallel 
meta-analysis on ketamine added to morphine or hydromorphone PCA confirms these results 
(Wang 2016a Level I [PRISMA], 36 RCTs, n=2,502) (12 RCTs overlap).  

Morphine/ketamine vs higher doses of morphine alone improves analgesia (MD 2.19/10; 
95%CI 1.24 to 3.13) and wakefulness (MD -1.53/10; 95%CI -2.67 to -0.40) and reduces PONV (OR 
3.71; 95%CI 2.37 to 5.80) and need for nonopioid rescue analgesia (Ding 2014 Level I, 7 RCTS, 

n=492). 
Subanaesthetic doses of IM ketamine (escalating from 5 to 25 mg) injected two to three times 

17 h to 4 h before cancer surgery reduced postoperative pain and morphine consumption in 
comparison to a single injection 4 h before surgery and placebo (Rakhman 2011 Level II, n=120, JS 5). 

Results with regard to specific types of surgery: 
• After thoracotomy, addition of ketamine to IV morphine PCA is opioid-sparing and 

improved analgesia in all RCTs and increases patient satisfaction in one (Mathews 2012 

Level I, 5 RCTs, n=243). Improved respiratory outcomes (oxygen saturations and PaCO2) are 
found in the RCTs assessing these parameters (2 RCTs, n=89). IV ketamine/fentanyl PCA 
resulted in comparable analgesia to thoracic epidural analgesia (Tseng 2019 Level II, n=70, 

JS 3). 
• After knee arthroscopy, IV ketamine reduces pain intensity and opioid requirements as 

well as malonaldehyde levels as a measure of reperfusion injury (SMD -0.63; 95%CI -1.05 
to -0.2) (2 RCTs, n=90), but not PONV (Pan 2019 Level I [PRISMA], 7 RCTs, n=300).  

• After laparoscopic cholecystectomy, IV ketamine reduces pain intensity and opioid 
requirements at all time points up to 48 h, while reducing the incidence of PONV, pruritus 
and ileus (Zhu 2018a Level I, 6 RCTs, n=294); Ye 2017 Level I, 5 RCTs, n=212) (5 RCTs overlap).   

• After Caesarean section under spinal anaesthesia (7 RCTs, n=562), but not under general 
anaesthesia (5 RCTs, n=391), parenteral ketamine improves pain intensity at 2 h, prolongs 
time to first analgesic request and reduces opioid requirements without increasing 
adverse effects except for diplopia in one RCT and nystagmus in 2 RCTs (Heesen 2015  
Level I [PRISMA], 12 RCTs, n=953). 

• After spinal surgery, ketamine reduces pain intensity and opioid requirements for 24 h 
without increased adverse effects (Pendi 2018 Level I, 14 RCTs, n=649). After spinal fusion 
surgery, perioperative IV ketamine bolus and infusion vs placebo resulted in improved 
long-term outcomes 1 y after surgery with reduced oral morphine (0 mg vs 20 mg) and 
other analgesic use, better pain relief at rest and on mobilisation (MD -17/100; 95%CI −30 
to −3) and higher rate of return to work (43% vs 28%) (Nielsen 2019 Level II, n=147, JS 4). 

• After laparoscopic gastric banding in obese patients, intraoperative ketamine infusion 
reduced pain and PCA opioid requirements (Andersen 2014b Level I, 1 RCT, n=60). 

Subsequent to these meta-analyses, multiple further RCTs studying the same issue have been 
performed; overall the outcomes from these studies do not affect the existing conclusions and 
they are therefore not referenced here. 

Low-dose parenteral ketamine may also improve analgesia in patients with opioid-induced 
tolerance or hyperalgesia. After spinal fusion in opioid-tolerant patients, use of a continuous 
ketamine infusion resulted in significantly less pain but did not reduce PCA opioid requirements 
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in one RCT (Urban 2008 Level II, n=24, JS 4), however its use reduced opioid requirements and pain 
scores in the early postoperative period and at 6 wk in another (Loftus 2010 Level II, n=101, JS 4). 
Another trial in the same setting found reduced morphine requirements over 24 h (MD -42 mg; 
95%CI -59 to -25), reduced sedation and improved function and disability at 6 mth (Nielsen 2017 
Level II, n=150, JS 5). Similar results were found after noncancer surgery (Barreveld 2013b Level II, 

n=64, JS 5). A preoperative ketamine bolus for extracorporeal shock-wave lithotripsy reduced 
opioid requirements in chronic opioid users on low and high doses (Gharaei 2013 Level II, n=190,  

JS 4). However, when opioid-tolerant patients had epidural analgesia and IV PCA after spinal 
surgery, the addition of ketamine bolus and 24 h infusion conveyed no further benefit vs placebo 
(Subramaniam 2011 Level II, n=30, JS 5); the patients in this study also received gabapentin and 
antidepressants. 

After remifentanil based anaesthesia, perioperative systemic ketamine reduces the 
development of acute tolerance/OIH associated with remifentanil use (Garcia-Henares 2018  
Level I [PRISMA], 12 RCTs, n=569). This assessment is based on reduced postoperative pain scores 
and opioid requirements and increased time to first analgesic request and satisfaction scores in 
the NMDA-receptor antagonist vs the placebo groups but not on QST.  

Use of a low-dose (0.05 mg/kg/h) IV ketamine infusion 24 h postoperatively significantly 
reduced pain scores (over 48 h) in patients receiving epidural ropivacaine and morphine 
analgesia following thoracotomy (Suzuki 2006 Level II, n=49, JS 5). However, this was not confirmed 
by a subsequent study, where the addition of IV infusion of ketamine 0.09 mg/kg/h for 48 h to 
epidural analgesia added no benefit (Joseph 2012 Level II, n=60, JS 5). 

Perioperative ketamine vs placebo significantly reduces the incidence of CPSP at 3 mth (5 RCTs, 

n unspecified) but only when administered for >24 h (OR 0.37; 95%CI 0.14 to 0.98) (Chaparro 2013 

Level I [Cochrane] 14 RCTs [ketamine], n=1,388). At 6 mth (10 RCTs, n=516), perioperative ketamine 
reduces CPSP (OR 0.63; 95%CI 0.47 to 0.83), which remains significant when infused for <24 h 
(OR 0.45; 95 %CI 0.26 to 0.78). These effects were predominantly in abdominal surgery. Another 
meta-analysis found a benefit of perioperative IV ketamine vs placebo in reducing the incidence 
of CPSP at 3 mth  (RR 0.74; 95%CI 0.60 to 0.93) (NNT 12), 6 mth (RR 0.70; 95%CI 0.50 to 0.98) 
(NNT 14) but not at 12 mth postoperatively (McNicol 2014 Level I, 14 RCTs [IV route], n=1,586) 
(11 RCTs overlap); such beneficial effects were not found with epidural administration of ketamine 
(3 RCTs, n=302). A subsequent meta-analysis found a benefit only at one mth, but is based on a 
much smaller number of included RCTs and speculates about the potential benefits of ketamine 
infusion >72 h and the role of epidural administration (Klatt 2015 Level I [PRISMA], 10 RCTs, n=784) 
(6 RCTs overlap with Chaparro 2013, all 10 RCTs overlap with McNicol 2014). 

Ketamine has an effect on the regulation of inflammation by inhibiting inflammatory cell 
recruitment, cytokine production and downregulating inflammatory mediators (Loix 2011 NR). 
Intraoperative administration of ketamine has an inhibitory effect on the early postoperative IL-6 
inflammatory response (MD -71 pg/mL; 95%CI -101 to -41) (Dale 2012 Level I [PRISMA], 6 RCTs, n=331). 

Other acute pain indications  

IV ketamine pretreatment reduces pain from propofol injection vs no pretreatment (OR 0.52; 
95%CI 0.46 to 0.57) (Jalota 2011 Level I, 7 RCTs, n=910). 

Ketamine has also some analgesic efficacy in burns patients (McGuinness 2011 Level I, 4 RCTs, 

n=67) (see also Section 8.5). 
In the ICU, ketamine acts as a potent analgesic, sedative agent and bronchodilator with 

positive effects on haemodynamics (Patanwala 2017 Level IV SR [PRISMA], 6 RCTs, n=223 & 6 studies) 
(see also 8.10.5.5). 

Low dose ketamine 0.1 to 0.3 mg/kg IV is considered a safe and efficacious analgesic in the 
ED either as single therapy or in combination with IV morphine 0.1 mg/kg (Karlow 2018 Level I 
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[PRISMA], 3 RCTs, n=261; Ghate 2018 Level IV SR [PRISMA], 6 RCTs, n=544 and 2 studies, n=65) (2 RCTs 

overlap). See also Section 8.11.1.4.   
Ketamine is also a safe and effective analgesic for pain due to trauma in the prehospital 

setting (Jennings 2011 Level IV SR, 2 RCTs & 4 studies, n=340). See also Section 8.12.2.4. 
Guidelines for the use of ketamine infusions in acute pain support its use in painful surgery, 

for opioid-dependent or opioid-tolerant patients undergoing surgery or with acute or chronic 
sickle cell pain and possibly for patients with sleep apnoea to limit opioid use (Schwenk 2018 GL).  

Adverse effects with short-term systemic administration of ketamine  

Overall, CNS adverse events (eg hallucinations and nightmares) were increased vs placebo in 52 
studies, while 53 studies reported no increase (Brinck 2018 Level I [Cochrane], 130 RCTs, n=8,341). 
Pooled incidence of CNS adverse effects is not increased (RR 1.2; 95%CI 0.95 to 1.4) (105 RCTs, 

n=6,538). The incidence of hallucinations is reported as not increased when ketamine is combined 
with the opioid in a PCA pump (OR 1.16; 98%CI 0.47 to 2.79) (7 RCTs, n=690) (Assouline 2016  
Level I [PRISMA], 19 RCTS, n=1,453).  

The incidence can be reduced with a gradual dose increase (Okamoto 2013 Level IV, n=46). For IV 
administration, slow IV infusion of 0.3 mg/kg ketamine resulted in lower rates of CNS adverse 
effects than IV bolus injection (Clattenburg 2018 Level II, n=62, JS 5; Motov 2017 Level II, n=48, JS 5). 

Contrary to common beliefs, IV ketamine does not increase intracranial pressure or reduce 
cranial perfusion pressure vs opioids (Wang 2014 Level I, 5 RCTs, n=198). This is also true for patients 
with nontraumatic neurological diseases (Zeiler 2014 Level IV SR, 16 studies, n=127 [adult] & n=87 

[children]). 

Chronic pain 

Ketamine has efficacy in treatment of chronic neuropathic pain (15 of 23 RCTs positive [ketamine]) 
(Aiyer 2018 Level I [PRISMA], 58 RCTs, n unspecified). 

IV ketamine is superior to placebo and comparable to IV lidocaine and IV alfentanil in the 
treatment of pain after SCI (Teasell 2010 Level I, 2 RCTs [ketamine], n=19). See also Section 8.2.1. 

IV ketamine reduces phantom limb pain short-term with some possible long-term benefit 
(Alviar 2016 Level I [Cochrane], 2 RCTs [ketamine], n=31; McCormick 2014 Level I, 4 RCTs, n=107) (2 RCTs 

overlap). See also Section 8.1.5.2. 
Ketamine by various routes of administration (IV, oral, topical) is also a successful treatment 

for Complex Regional Pain Syndrome (CRPS) based on limited evidence (Zhao 2018 Level III-2 SR,  

1 RCT & 14 studies, n=258; Azari 2012 Level IV SR, 3 RCTS & 16 studies, n unspecified). 
In view of the risks described below, current use of ketamine to treat chronic pain should be 

restricted to therapy-resistant severe neuropathic pain (Niesters 2014a NR; Tawfic 2013 NR); recent 
evidence-based guidelines outline a cautious approach with possibly best indications in spinal 
cord injury pain and CRPS (Cohen 2018 GL). A draft of a practice guideline has been published by 
FPMANZCA (FPMANZCA 2020 GL). 

Cancer pain 

Ketamine is a viable therapeutic option in treating refractory cancer pain despite limitations in 
the data available (Bredlau 2013 Level IV SR, 5 RCTs and 6 studies, n=483); however, the largest RCT 
included showed no clinical benefit when ketamine was added to opioids for cancer-pain 
treatment (Hardy 2012 Level II, n=187, JS 5). A subsequent Cochrane review of ketamine as an 
adjunct to opioids in cancer pain excluded most of the RCTs considered above and regards the 
current evidence as insufficient to assess the benefits and harms of ketamine as an adjuvant to 
opioids for the relief of refractory cancer pain (Bell 2017 Level I [Cochrane] 3 RCTs, n=217). See also 
Section 8.9.3.3. 
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Adverse effects with long-term systemic administration of ketamine 

Ketamine has an abuse potential (Morgan 2012 NR) with highest abuse rates in South-East Asia 
and China (Liu 2016 NR; Kalsi 2011 NR). Heavy use of ketamine has consequences on cognitive and 
emotional function (Morgan 2010 NR) and there are increasing consequences including traffic 
accidents under its influence (Liu 2016 NR).  Acute toxicity leads to confusion, drowsiness, or 
transient loss of consciousness, while symptoms of chronic toxicity are “ketamine cystitis” and 
chronic abdominal pain (Yiu-Cheung 2012 NR) as well as hepatotoxicity. The latter issues need to 
be considered when using ketamine in a chronic setting therapeutically (Bell 2012 NR) and may 
limit its indications (Cohen 2018 GL; Niesters 2014a NR). 

Other routes of systemic administration and bioavailability 

Ketamine is most commonly administered as a continuous low-dose IV infusion, however SC 
infusion is also used, especially in palliative care, with a bioavailability (similar to IM) of 
approximately 90% (Clements 1982 PK). Sublingual (SL), IN and TD routes have also been used for 
acute pain management (Peltoniemi 2016 NR PK) (see Chapter 5). 

A pharmacokinetic study in healthy volunteers calculated the bioavailability of oral ketamine 
as 20%, SL 30% and IN 45%; the pharmacodynamic effects of the active metabolite norketamine 
were thought to be of potential significance (Yanagihara 2003 PK). The bioavailability of a 25 mg 
ketamine lozenge was 24% when given by both SL and oral routes; peak plasma levels were seen 
at 30 min and 120 min respectively and terminal half-lives were similar at around 5 h (Chong 2009 

PK). For both routes, norketamine concentrations exceeded the concentrations of ketamine and, 
given its pharmacological activity profile, norketamine is therefore likely to be a major 
contributor to the overall analgesic effect. A SL ketamine wafer achieved rapid absorption with 
a bioavailability of 29% (Rolan 2014 PK).  

4.6.1.2 | Dextromethorphan 

In a meta-analysis of experimental studies (oral administration 11 RCTs; IV administration 1 RCT)  
(mean dose 0.92 mg/kg [range 0.17 to 2.71 mg/kg]), dextromethorphan has no effect on area of 
hyperalgesia (4 RCTs) nor on pain intensity (SMD 0.07; 95%CI -0.21 to 0.34) (10 RCTs, n=132) 
(Thompson 2019 Level I EH (PRISMA), 70 RCTs, n=1,069). However, dextromethorphan (30 mg oral) 
in a model of primary and secondary hyperalgesia (freeze-injury pain model) had 
antihyperalgesic effects on both phenomena, while it has no anti-nociceptive effect in areas of 
healthy skin (Martin 2019a Level II EH, n=20, JS 5).  

In postoperative pain, dextromethorphan reduces pain at 1 h (MD -1.60/10; 95%CI -1.89 to -
1.31) (13 RCTs, n=884), 4 to 6 h and 24 h as well as opioid requirements (IV MED MD -10.51 mg; 
95%CI -16.48 to -4.53) (14 RCTs, n=848) (King 2016 Level I, 21 RCTs, n unspecified). 

As dextromethorphan is metabolised by CYP2D6 to the inactive metabolite dextrorphan, the 
effect of the CYP2D6 inhibitor quinidine before dextromethorphan 50 mg oral administration has 
been assessed in knee ligament surgery (Ehret 2013 Level II, n=48, JS 4). Dextromethorphan 
concentrations were higher after quinidine than after placebo and resulted in lower rescue 
analgesia requirements. Oral dextromethorphan/quinidine provided superior pain relief vs 
placebo in diabetic polyneuropathy (Shaibani 2012 Level II, n=379, JS 3).  

Dextromethorphan (120 to 180 mg oral administration) reduces chronic phantom limb pain 
vs placebo (Alviar 2016 Level I [Cochrane], 1 RCT [dextromethorphan]: Ben Abraham 2003 Level II, n=10 

[triple phase cross over], JS 3). 
Dextromethorphan may have efficacy in chronic neuropathic pain (4 of 6 RCTs), possibly with 

less benefit in PHN (Aiyer 2018 Level I [PRISMA], 58 RCTs, n unspecified). After IV ketamine treatment 
of neuropathic pain, oral dextromethorphan extended treatment effects for one mth vs placebo 
(Martin 2019b Level II, n=60, JS 4). 
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Dextromethorphan oral therapy (titrated to 480 mg/d) for 5 wk was not effective in reversing 
methadone-induced hyperalgesia (Compton 2008 Level III-1).  

4.6.1.3 | Magnesium 

Magnesium is regarded as an NMDA-receptor antagonist as its primary mechanism of action; 
however, magnesium also blocks calcium channels and modulates potassium channels and may 
have an antinociceptive effect through the activation of the nitric oxide (NO) pathway (Srebro 

2016 NR). It has also anti-inflammatory effects by reducing IL-6 and TNF-alpha plasma levels in 
the postoperative setting, which might contribute to the effects described here (Aryana 2014  

Level II, n=90, JS 4).  
Magnesium IV as an adjunct to morphine IV analgesia has an opioid-sparing effect (MED 

WMD -7.4 mg; 95%CI -9.4 to -5.4) without reducing PONV but with improved pain scores at 4–6 
h (Murphy 2013 Level I, 22 RCTs, n=1,177). This is in line with a parallel meta-analysis, which also 
describes an opioid-sparing effect (MED WMD -10.52 mg; 99%CI -13.50 to -7.54) and reduction 
of pain at rest (4 and 24 h) and on movement (24 h) (De Oliveira 2013c Level I [PRISMA], 20 RCTs, 

n=1,257) (most RCTs overlap). Another meta-analysis published in the same year  comes to similar 
conclusions and found no significant adverse effects (Albrecht 2013 Level I, 25 RCTs, n=1,461) (most 

RCTs overlap).  
Subsequent to these three meta-analyses, multiple further meta-analyses and RCTs exploring 

the same issues after different types of surgery or anaesthesia have been performed with 
significant overlap of RCTs included: 

• After orthopaedic surgery, IV magnesium reduces postoperative analgesic consumption, 
PONV and shivering (Peng 2018 Level I [PRISMA], 11 RCTs, n=535). Pain intensity is reduced 
in 6 of 11 RCTs;  

• After laparoscopic cholecystectomy, IV magnesium reduces pain intensity at 2 and 8 h 
and analgesic consumption (Chen 2018a Level I, 4 RCTs, n=463); 

• After Caesarean section, a qualitative systematic review showed that IV magnesium may 
reduce postoperative pain intensity (McKeown 2017 Level I, 7 RCTs, n=530); 

• In paediatric tonsillectomy, magnesium administered by local infiltration or IV (bolus  

infusion) has analgesic effects (Xie 2017 Level I [PRISMA], 10 RCTs n=665; Cho 2018 Level I 
[PRISMA], 10 RCTs, n=615) (9 RCTs overlap). See also Section 10.4.7.2; 

• After spinal anaesthesia, IV magnesium prolonged the duration of sensory block for 
abdominal hysterectomy and reduced postoperative pain scores in the first 4 h after 
surgery (Kahraman 2014 Level II, n=40, JS 5). After spinal anaesthesia for umbilical hernia 
repair, IV magnesium prolonged time to first rescue analgesia and was opioid-sparing in 
the first 24 h after surgery (Kumar 2013 Level II, n=60, JS 5). This was also found after spinal 
anaesthesia for THA, where IV magnesium reduced postoperative pain scores and opioid 
requirements for 48 h, while increasing serum magnesium concentrations (Hwang 2010 
Level II, n=40, JS 5). However, IV magnesium did not change magnesium concentrations in 
the CSF (Mercieri 2012 Level II, n=45, JS 3). 

Subsequent to these meta-analyses, multiple further RCTs studying the same issue have been 
performed; overall the outcomes from these studies do not affect the existing conclusions and 
they are therefore not referenced here. 

Magnesium reduces the development of acute tolerance/OIH associated with remifentanil 
use (Wu 2015 Level I [QUOROM], 5 RCTs [magnesium], n=729)  
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Combining ketamine with IV magnesium reduced 48 h morphine consumption by 30% vs 
ketamine alone after scoliosis surgery (Jabbour 2014 Level II, n=50, JS 5). While pain scores were 
not different, sleep quality and patient satisfaction were improved with the combination 
treatment. 

IV magnesium may also have other beneficial effects on postoperative recovery; after 
segmental mastectomy in an outpatient setting, patients receiving IV magnesium had better 
quality of recovery (QoR) scores at 24 h vs saline (MD 24/40; 99%CI 3 to 33) and reduced opioid 
requirements after discharge (De Oliveira 2013a Level II, n=50, JS 5). There were significant linear 
relationships between the postoperative systemic magnesium concentrations and 24 h 
postoperative QoR scores as well as with pain burden (inverse). 

IV magnesium sulphate 4 g attenuated tourniquet pain in healthy volunteers (Satsumae 2013 
Level II EH, n=24, JS 5).  

IV magnesium in treatment of acute migraine attacks vs placebo or active comparators is 
superior at time points 15-45 min (OR 0.23; 95%CI 0.09 to 0.58) (6 RCTs), 2 h (OR 0.20; 95%CI 0.10 
to 0.40) [5 RCTs] and 24 h (OR 0.25; 95%CI 0.10 to 0.60) [4 RCTs] (Chiu 2016 Level I [PRISMA], 11 RCTs, 

n=948).  
IV magnesium was non-inferior to IV dexamethasone for the prevention of postoperative 

sore throat after lumbar spinal surgery in the prone position (Park 2015 Level II,  

n=146, JS 5).  
IV magnesium has only at best anecdotal evidence for an effect on any outcome of Irukandji 

syndrome, caused by jellyfish sting in Northern Queensland (Rathbone 2017 Level IV SR 1 RCT & 8 

studies, n unspecified); the only RCT included showed no beneficial effect (McCullagh 2012 Level II, 

n=39, JS 5).  
Oral magnesium daily for 4 wk had no beneficial effect in the treatment of neuropathic pain 

(Pickering 2011 Level II, n=45, JS 5). IV or oral magnesium therapy has been shown to have no effect 
on reducing painful crisis and hospital LOS in treating sickle cell disease (Than 2019 Level I 
[Cochrane], 5 RCTs, n=386). Oral magnesium (65 mg elemental/d) was also not improving analgesia 
when added in cancer pain patients treated with oral morphine (Baaklini 2017 Level II, n=43, JS 5). 

IV magnesium vs IV lidocaine provided inferior analgesia for propofol injection pain; IV 
magnesium/IV lidocaine offered no advantage over IV lidocaine alone (Galgon 2015 Level II, n=200, 

JS 5). 
See Section 5.7.1.4 for magnesium use via the IT route and Section 10.4.7.2 for paediatric use. 

4.6.1.4 | Amantadine and memantine  

A bolus dose of IV amantadine had no effect on postoperative analgesia after abdominal 
hysterectomy (Gottschalk 2001 Level II, n=30, JS 4). However, after radical prostatectomy, 
perioperative oral amantadine reduced morphine consumption, wound pain on palpation and 
bladder spasms (Snijdelaar 2004 Level II, n=24, JS 4). After spinal surgery, premedication with oral 
amantadine reduced not only intraoperative fentanyl requirements but also postoperative pain 
intensity and opioid requirements in the first 48 h by 25% (Bujak-Gizycka 2012 Level II, n=60, JS 5). 

Oral memantine shows analgesic effects in acute [4 studies], but not in chronic phantom limb 
pain [4 RCTs] (Loy 2016 Level IV SR, 5 RCTs, 2 case series & 1 case report, n unspecified). 

Memantine administered perioperatively was not effective in reducing the incidence of 
postmastectomy pain syndrome (Eisenberg 2007 Level II, n=22, JS 5); however, a subsequent trial 
showed a reduction in postmastectomy pain, analgesic consumption and better emotional state 
at 3 mths (Morel 2016 Level II, n=43, JS 5).  

Memantine may have some benefits in neuropathic pain (Pickering 2018 NR). 
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KEY MESSAGES 

1. Perioperative IV ketamine reduces opioid consumption, pain intensity and 
postoperative nausea and vomiting compared to placebo (S) (Level I [Cochrane 
Review]); similar outcomes are achieved when ketamine is added to an opioid in a PCA 
pump (S) (Level I [PRISMA]). 

2. Perioperative IV ketamine reduces the incidence of chronic postsurgical pain in selected 
procedures (S) (Level I [Cochrane Review]). 

3. NMDA-receptor antagonists reduce the development of acute tolerance/opioid-
induced hyperalgesia associated with remifentanil use (S) (Level I [PRISMA]). 

4. IV ketamine reduces ischaemic pain intensity in critical limb ischaemia (N) (Level I 
[PRISMA]). 

5. IV magnesium as an adjunct to morphine analgesia has an opioid-sparing effect and 
improves pain scores (S) (Level I [PRISMA]). 

6. IV magnesium is effective in treatment of acute migraine attacks (N) (Level I [PRISMA]). 

7. IV ketamine is effective in the treatment of neuropathic pain following spinal cord 
injury (U) (Level I). 

8. Morphine/ketamine compared with higher doses of morphine alone improves analgesia 
and reduces sedation and postoperative nausea and vomiting in postoperative patients 
(U) (Level I). 

9. IV ketamine does not increase intracranial pressure or reduce cranial perfusion 
pressure compared to opioids (U) (Level I). 

10. Perioperative dextromethorphan reduces opioid consumption and pain intensity 
compared to placebo (N) (Level I) 

11. Ketamine is a safe and effective analgesic in the prehospital setting (U) (Level II). 

12. Ketamine reduces postoperative pain and opioid requirements in opioid-tolerant 
patients (S) (Level II). 

13. IV magnesium extends the duration of sensory block with spinal anaesthesia and 
reduces subsequent postoperative pain (N) (Level II). 

The following tick box represents conclusions based on clinical experience and expert 
opinion: 

 Increasing rates of ketamine abuse are reported, in particular from South-East Asia and 
China (S). 

 Ketamine toxicity leads to cognitive impairment and abuse to chronic organ toxicity 
(bladder, liver) (U). 
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4.6.2 | Regional NMDA-receptor antagonists 

4.6.2.1 | Ketamine  

Neuraxial 

Some commercially available preparations of ketamine have a low pH (3.5 to 5.5) and contain an 
untested preservative (benzethonium chloride) and thus cannot be recommended for IT use in 
humans (de Lima 2000 NR; Hodgson 1999 NR). Subarachnoid administration of S(+)-ketamine 
without preservative caused histological lesions on the spinal cord and meninges in dogs (Gomes 

2011 BS). Concerns of local neurotoxicity in vitro continue to limit the use of neuraxial ketamine, 
in particular when combined with lidocaine (Werdehausen 2011 NR). 

The addition of IT racemic ketamine to bupivacaine did not prolong postoperative analgesia 
or reduce analgesic requirements but led to significantly more nausea and vomiting, sedation, 
dizziness, nystagmus and “strange feelings” (Kathirvel 2000 Level II, n=30, JS 2). IT S(+)-ketamine 
with bupivacaine for Caesarean section decreased time to onset and increased spread of the 
block but did not prolong duration vs fentanyl (Unlugenc 2006 Level II, n=90, JS 5). However, IT 
ketamine/morphine was superior to morphine or ketamine alone added to IT bupivacaine for 
major abdominal cancer surgery with regard to pain intensity, opioid requirements and time to 
rescue analgesia (Abd El-Rahman 2018b Level II, n=90, JS 3).  

The combination of epidural ketamine with epidural opioid-based (  local anaesthetic) 

solutions improves pain relief and may reduce overall opioid requirements without increasing 
the incidence of adverse effects (Subramaniam 2004 Level I, 8 RCTs [epidural], n=513; Walker 2002 

Level I, 4 RCTs [epidural], n=211). Ketamine IV may be as effective as epidural ketamine in reducing 
hyperalgesia. Epidural racemic ketamine improved early postoperative analgesia when used with 
bupivacaine for lower limb amputations, although pain at 1 y was not different; perioperative 
opioids were not used (Wilson 2008 Level II, n=47, JS 5).  

Ketamine 0.25 to 0.5 mg/kg added to caudal local anaesthetic prolongs time to first analgesic 
request by a median difference of 5.6 h without prolonged motor block (Schnabel 2011 Level I 

[PRISMA], 13 RCTs, n=884). Although many adverse effects were more frequent in the ketamine 
group, there was no significant difference to placebo. Caudal ketamine prolonged analgesia 
when administered with caudal bupivacaine but was less effective than midazolam or 
neostigmine as caudal adjuvants (Kumar 2005 Level II, n=80, JS 5). See also Section 10.4.7.1. 

Peripheral sites 

Use of ketamine alone or with local anaesthesia for PNB or local infiltration shows contradictory 
results, possibly due systemic effects. Systemic comparators are not included in most RCTs.  

No analgesic benefit for PNB was shown in brachial plexus block for arm surgery (Lee 2002 

Level II, n=51,  JS 4), IA injection (where IV ketamine provided better analgesia) (Rosseland 2003 

Level II, n=77, JS 5) or wound infiltration such as following Caesarean section (Zohar 2002 Level II, 

n=50, JS 5) or inguinal hernia repair (Clerc 2005 Level II, n=36, JS 2). Adding ketamine to lidocaine 
IVRA did not result in better pain relief vs IV ketamine (Viscomi 2009 Level II, n=36, JS 4). When 
added to lidocaine for axillary brachial plexus block, ketamine (50 mg) only modestly increased 

duration of sensory and motor block vs placebo (114.8  12.5 min v. 106.2  7.9 min), much less 

than dexamethasone (174.4  13.1 min) (Zaman 2017 Level II, n=78, JS 5). Significant nystagmus, 
increased heart rate and blood pressure were observed in the ketamine group. 

However, in pectoral block for mastectomy, ketamine 1 mg/kg added to 30 ml 0.25% 
bupivacaine vs bupivacaine alone prolonged time to first analgesic request and reduced opioid 
requirements (Othman 2016 Level II, n=60, JS 3). IA ketamine 1 mg/kg provided analgesia superior 
to placebo, but inferior to IA ketamine 0.5 mg/kg in 20 ml 0.25% levobupivacaine after 
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arthroscopic meniscectomy (Isik 2015 Level II, n=6, JS 3). In circumcision pain scores were lower 
with preincisional ketamine vs saline (Tan 2007 Level II, n=40, JS 4). Adding 2 mg/kg ketamine to  
40 ml bupivacaine 0.25% resulted in comparable analgesia to adding 2 mcg/kg dexmedetomidine 
to local wound infiltration after abdominal hysterectomy; both mixtures were superior to 
bupivacaine alone (Mohamed 2018 Level II, n=90, JS 5). Following thyroidectomy, wound infiltration 
with ketamine 1 mg/kg provided superior analgesia to IM ketamine 1 mg/kg and both groups 
were superior to placebo (Abd El-Rahman 2018a Level II, n=90, JS 5). After rhinoplasty, the addition 
of ketamine 0.5 mg/kg to lidocaine for submucosal infiltration provided superior analgesia to 
lidocaine alone with both being superior to placebo (Sanli 2016 Level II, n=90, JS 4).  

Topical administration  

Ketamine gargle versus placebo or no treatment reduces the incidence of postoperative sore 
throat up to 24 h postoperatively (RR 0.42 to 0.52 over time points 0 to 24 h) based on high-
quality evidence (Mayhood 2015 Level I [PRISMA], 5 RCTs, n=291); systemic absorption is an unknown 
factor. 

After mandibular molar extraction, topical administration (to the extraction sockets on 
resorbable gelatin sponges) of ketamine 0.5 mg/kg vs tramadol 1 mg/kg and vs saline achieved 
the lowest pain scores and rescue analgesic use for the first 24 h after surgery (Gonul 2015 Level 

II, n=90, JS 2). In a similar setting, the addition of 0.3 mg/kg ketamine to lidocaine 2% for the local 
anaesthesia (Inferior alveolar, lingual and buccal nerve blocks) reduced pain at 1 and 4 h and 
facial swelling at 1 d, while improving mouth opening up to 7 d (Kumar 2015 Level II, n=60, JS 1). 

Topical ketamine-amitriptyline did not reduce chemotherapy-induced peripheral 
neuropathic pain (Gewandter 2014 Level II, n=462, JS 5). 

4.6.2.2 | Magnesium  

Magnesium influences neuronal calcium influx and may exert an analgesic effect on NMDA 
receptors in the spinal cord (Bailard 2014 NR). The long-term effects of perineural or neuraxial 
magnesium have not been clarified.  

Neuraxial magnesium for Caesarean section prolongs duration of sensory and motor block, 
time to first rescue analgesic requirement and reduces pain intensity and analgesic requirements 
without an effect on PONV, pruritus, hypotension, shivering or sedation (Wang 2017a Level I 
[PRISMA], 9 RCTs, n=827).  

IT magnesium combined with lipophilic opioid, with or without local anaesthetic, prolongs 
the duration of spinal analgesia in nonobstetric populations, too (SMD 1.38; 95%CI 0.6 to 2.11) 
(Morrison 2013 Level I, 15 RCTs, n=980).  There is no increase in adverse effects. There was a high 
degree of heterogeneity, including magnesium dose, making any firm conclusion difficult.  
This was supported by a parallel meta-analysis (Pascual-Ramirez 2013 Level I, 12 RCTs, n=817)  
(9 RCTs overlap). 

Epidural magnesium (50 mg) added to bupivacaine/morphine (2 mg) improved analgesia 
after thoracotomy for the first 4 h and reduced rescue analgesia requirements (Farzanegan 2018 
Level III-1, n=80). 

Magnesium added to perineural block prolongs analgesia (MD 125 min; 95%CI 65 to 184), 
sensory and motor block (Li 2016b Level I [PRISMA], 7 RCTs, n=493). Subsequent RCTs have 
confirmed these findings in femoral nerve block in the prehospital setting (Jebali 2018 Level II, 

n=48, JS 4), TAPB after abdominal hysterectomy (Abd-Elsalam 2017 Level II, n=60, JS 4) and sciatic 
nerve block for toe amputation (Sun 2017a Level II, n=70, JS 5),  The mechanism of action of 
magnesium at perineural sites is uncertain and safety and outcome data are limited suggesting 
caution should be exercised (Bailard 2014 NR). 
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Oral topical magnesium reduces the incidence (RR 0.22; 95%CI 0.12 to 0.39 [at 24 h 
postoperatively]) and severity of postoperative sore throat after orotracheal intubation (Singh 

2019 Level I [PRISMA] 7 RCTs, n=726). 
Intra-articular (IA) magnesium versus placebo after arthroscopic surgery improves pain 

control [5 RCTs] and prolongs time to first analgesic request [4 RCTs] (Zeng 2016 Level I [PRISMA], 8 

RCTs, n=513). The combination magnesium/bupivacaine versus bupivacaine only prolongs only 
time to first analgesic request [4 RCTs]. Magnesium vs bupivacaine results in similar analgesia [3 

RCTs]. No relevant adverse effects were described in any study. Magnesium/levobupivacaine vs 
levobupivacaine alone and vs placebo after arthroscopic meniscectomy reduced pain intensity 
and rescue analgesic requirements (Kizilcik 2017 Level II, n=96, JS 4). 

Magnesium added to lidocaine IVRA improved intra and postoperative analgesia and tourniquet 
tolerance (Kashefi 2008 Level II, n=40, JS 4; Turan 2005 Level II, n=30, JS 4).  

 

KEY MESSAGES 

1. Neuraxial magnesium reduces pain intensity and analgesic requirements after 
Caesarean section (N) (Level I [PRISMA]. 

2. Oral topical magnesium or ketamine (as gargle or lozenge) reduce the incidence of 
postoperative sore throat (N) (Level I [PRISMA]. 

3. Intra-articular magnesium improves analgesia after arthroscopic surgery compared to 
placebo (N) (Level I [PRISMA]. 

4. Magnesium added to local anaesthetics in peripheral nerve blocks prolongs sensory 
block and analgesic effects (N) (Level I [PRISMA]. 

5. Epidural ketamine (without preservative) added to opioid-based epidural analgesia 
regimens improves pain relief without reducing adverse effects (U) (Level I). 

6. Caudal ketamine in children, in combination with local anaesthetic or as the sole 
medicine, improved and prolonged analgesia with few adverse effects (U) (Level I). 

The following tick box represents conclusions based on clinical experience and expert 
opinion: 

 Variable results on regional and topical administration of ketamine and magnesium 
may reflect systemic effects (N). 
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4.7 | Antidepressant medicines 

4.7.1 | Acute pain 

There are limited published data on the use of antidepressants in the management of acute 
nociceptive and neuropathic pain.  

4.7.1.1 | Tricyclic antidepressants  

Amitriptyline given to patients with acute herpes zoster reduced the incidence of postherpetic 
neuralgia at 6 mth (Bowsher 1997 Level II, n=80, JS 5). 

Desipramine, but not amitriptyline, given prior to dental surgery increased and prolonged the 
analgesic effect of a single dose of morphine but both had no analgesic effect on their own (Levine 

1986 Level II, n=30, JS 3). When used for a fortnight in experimental pain, desipramine had no 
effect on pain or hyperalgesia (Wallace 2002 Level II EH, n=13, JS 4). Amitriptyline given after 
orthopaedic surgery did not improve opioid analgesia vs placebo (Kerrick 1993 Level II, n=28, JS 5).  

4.7.1.2 | Serotonin–norepinephrine-reuptake inhibitors  

After total knee joint replacement duloxetine (60 mg preoperative and on POD 1) had an opioid-
sparing effect (35%) (Ho 2010 Level II, n=50, JS 5). In patients with an increased Central Sensitisation 
Inventory (CSI), duloxetine (30 mg before surgery and for 6 wk thereafter) improved pain control, 
physical and emotional functioning and patient satisfaction with analgesia for 2 to 12 wk after TKA  
(Koh 2019 Level II, n=40, JS 5). However, duloxetine (60 mg for 2 wk) had no effect on subacute pain 
with ambulation after TKA, when used as a component of a multimodal analgesia regimen (YaDeau 

2016 Level II, n=106, JS 5). Venlafaxine (37.5 mg) was as effective as gabapentin (300 mg) in reducing 
pain at rest and analgesic requirements, when given perioperatively for 10 d in mastectomy (Amr 

2010 Level II, n=150, JS 4). Venlafaxine was inferior to gabapentin in reducing pain on movement; 
however, at 6 mth postoperatively, fewer patients in the venlafaxine group reported chronic pain 
or analgesic use.  

4.7.1.3 | Selective serotonin-reuptake inhibitors    

In patients with high preoperative pain catastrophising scale (PCS) scores, escitalopram (10 mg 
preoperatively and for 6 d postoperatively) did not reduce pain on mobilisation at 24 h after total 
knee replacement (Lunn 2015 Level II, n=120, JS 5). On POD 2 to 6, pain at rest and mobilisation 
was lower in the treatment group. 

4.7.2 | Chronic pain 

Treatment guidelines for chronic neuropathic pain recommend TCAs and SNRIs, but not SSRIs, 
as first-line treatment in this indication (Finnerup 2015 GL Level I [PRISMA], 229 RCTs,  

n unspecified). 

4.7.2.1 | Tricyclic antidepressants  

While TCAs are seen as the first-line therapy in neuropathic pain treatment, data are of 
disappointing quality. None of the supportive studies are of high quality and low risk of bias 
(Moore 2015a Level I [Cochrane], 17 RCTs, n=1,342). Adverse events were increased with 
amitriptyline (RR 1.5; 95%CI 1.3 to 1.8) (NNH 5.2; 95%CI 3.6 to 9.1). Similarly, imipramine 
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(Hearn 2014 Level I [Cochrane], 5 RCTs, n=168) and nortriptyline are supported only  
by very low-quality evidence in this indication (Derry 2015b Level I [Cochrane],  

6 RCTs, n=310). 
In elderly patients, TCAs should possibly be avoided as the use of medications with 

anticholinergic activity increases risk of cognitive impairment and even mortality in this patient 
group (Fox 2011 Level III-2, n=13,004). 

4.7.2.2 | Serotonin–norepinephrine-reuptake inhibitors   

Duloxetine (60 to 120 mg/d) provides analgesia for diabetic neuropathy (Lunn 2014 Level I 

[Cochrane], 8 RCTs, n=2,728; Hossain 2016 Level I [PRISMA], 8 RCTs, n=4,084) (7 RCTs overlap). RCTs 
supporting the use of venlafaxine in neuropathic pain have a high risk of bias (Gallagher 2015  
Level I [Cochrane], 6 RCTs, n=460; Aiyer 2017 Level I [PRISMA], 13 RCTs, n=851) (6 RCTs overlap). There is 
no evidence for an effect of milnacipran in neuropathic pain (Derry 2015b Level I [Cochrane],  

1 unpublished RCT: [NCT01225068], n=40).  
SNRIs also have limited analgesic effects in fibromyalgia (Welsch 2018 Level I [Cochrane],  

18 RCTs, n=7,903). This has been confirmed specifically for milnacipran (Cording 2015 Level I 
[Cochrane], 6 RCTs, n=4,238). Duloxetine and milnacipran have comparable efficacy in this 
indication (Lee 2016 Level I [NMA], 9 RCTs, n=5,140). 

4.7.2.3 | Selective serotonin-reuptake inhibitors 

There is only limited evidence for the effectiveness of SSRIs in neuropathic pain (Saarto 2007  
Level I [Cochrane] 61 RCTs, n=3,293). Similarly, there is no unbiased evidence that SSRIs are superior 
to placebo in treating the key symptoms of fibromyalgia: namely pain, fatigue and sleep 
problems (Walitt 2015 Level I [Cochrane], 7 RCTs, n=383). 

4.7.3 | Specific pain conditions 

In postherpetic neuralgia, TCAs are less effective than pregabalin and 5% lidocaine medicated 
plaster (Snedecor 2014 Level I, 28 RCTs, n=4,317). In diabetic polyneuropathy, amitriptyline is the 
least effective of the medications studied with the worst benefit-risk balance, while venlafaxine 
and duloxetine were the superior antidepressants here (Rudroju 2013 Level I, 21 RCTs, n=4,219). 

In fibromyalgia, amitriptyline (NNT 4.9) and the serotonin–norepinephrine-reuptake 
inhibitors (SNRIs) duloxetine and milnacipran (NNT 10) were the most effective antidepressants 
(Hauser 2012 Level I, 35 RCTs, n=6,766). 

In chronic headaches, antidepressants are effective in treatment and prophylaxis with better 
efficacy of TCAs than SSRIs (Jackson 2017 Level I [PRISMA], 21 RCTs, n=2,751; Jackson 2010 Level I 
[PRISMA], 37 RCTs, n=3,176). Use of SSRIs and SNRIs for migraine prophylaxis (Banzi 2015 Level I 
[Cochrane], 12 RCTs, n=585) and prevention of chronic tension type headache is not supported by 
evidence (Banzi 2015 Level I [Cochrane], 8 RCTs, n=412). 

In chronic low-back pain, antidepressants neither improve pain nor depression (Urquhart 2008 
Level I [Cochrane], 10 RCTs, n=706); this was confirmed in a subsequent systematic review of 
pharmacological interventions in this indication (Kuijpers 2011 Level I, 5 RCTs, n=303). However, 
these results are challenged as they did not differentiate between different antidepressants; 
SNRIs like duloxetine (Williamson 2014 Level I, 3 RCTs, n=982) and TCAs may be effective, while SSRIs 
are not (Staiger 2003 Level I, 7 RCTs, n=440).  

There is only poor evidence for an analgesic effect of antidepressants in orofacial pain 
disorders (Martin 2012 Level I, 6 RCTs, n=208) and for an analgesic effect of TCAs or SSRIs in 
rheumatoid arthritis (Richards 2011 Level I [Cochrane], 8 RCTs, n=652). 
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Duloxetine improves WOMAC scores in osteoarthritis to an extent comparable to other first-
line treatments for osteoarthritis (eg NSAIDs) (Myers 2014 Level I, 3 RCTs, n=775). Duloxetine results 
in a greater reduction in pain, improved function and patient rated impression of improvement 
for treatment of osteoarthritis of the knee after 10 to 13 wk of treatment (Wang 2015b Level I,  

3 RCTs, n=1,011) (2 RCTs overlap). Therefore, duloxetine is a recommended treatment in updated 
guidelines for osteoarthritis (eg McAlindon 2014 GL). 

Currently the use of antidepressants for acute neuropathic pain is mainly based on 
extrapolation of the above data. Clinical experience in chronic pain suggests that TCAs should be 
started at low doses (eg amitriptyline 5 to 10 mg at night) and subsequent doses increased slowly 
if needed, in order to minimise the incidence of adverse effects. 

 

KEY MESSAGES 

1. In chronic neuropathic pain and fibromyalgia, tricyclic antidepressants and serotonin–
noradrenaline-reuptake inhibitor are effective analgesics (W) and more effective than 
selective serotonin-reuptake inhibitors (U) (Level I [Cochrane Review]).  

2. Tricyclic antidepressants are effective in the treatment of chronic headaches (U)  
(Level I [PRISMA]). 

3. Duloxetine is as effective as other first-line treatments for pain and disability of 
osteoarthritis (U) (Level I). 

4. Some antidepressants, in particular duloxetine, may be effective in the treatment of 
chronic low-back pain (U) (Level I). 

5. Perioperative serotonin-noradrenaline reuptake inhibitors reduce acute pain and 
opioid requirements in a limited number of studies (U) (Level II).  

The following tick boxes represent conclusions based on clinical experience and expert 
opinion: 

 Based on the experience in chronic neuropathic pain states, it would seem reasonable 
to use tricyclic antidepressants and serotonin–noradrenaline-reuptake inhibitors in the 
management of acute neuropathic pain (U). 

 To minimise adverse effects, it is advisable to initiate treatment with tricyclic 
antidepressants at low doses (U). 
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4.8 | Anticonvulsant medicines 

4.8.1 | Acute pain 

4.8.1.1 | Alpha-2-delta ligands (gabapentinoids) 

Efficacy 

Gabapentin (250 mg) as the sole analgesic reduces the intensity of postoperative pain (NNT 11; 
95%CI 6.4 to 35) and requirements for rescue analgesia (NNT 5.8) vs placebo (Straube 2010  
Level I [Cochrane], 4 RCTs, n=387). This is only anticonvulsant which has been shown to be 
effective in acute postoperative pain on its own; the high NNT, inferior to most analgesics used 
in this setting, suggests that gabapentin is clinically not useful as sole analgesic for 
postoperative analgesia. 

Gabapentin shows a lower reduction of 24 h opioid consumption in RCTs with low risk of bias 
(MD -3.1 mg; 95%CI -5.6 to -0.5) than in all RCTs (MD -7.31 mg; 95%CI -9.74 to -5.98), similar to 
pregabalin in a meta-analysis by the same group (Fabritius 2016 Level I [PRISMA], 132 RCTs, n=9,498). 
The opioid-sparing effect is not significant as an add-on to other non-opioids in trials with low risk of 
bias; in these the risk of serious adverse events is not significantly increased (RR 1.61; 95%CI 0.91 to 
2.86). Similar results were found in an earlier meta-analysis of all RCTs of prophylactic gabapentin 
with an opioid-sparing effect in the first 24 h of 8.44 mg (95%CI 7.26 to 9.62) and reduced 
postoperative pain scores at multiple time points between 1 and 24 h by 0.71/10 to 1.68/10 (Doleman 

2015a Level I, 133 RCTs, n=8,655) (significant overlap). These effects increased with increasing pain scores 
in the control group suggesting more benefit in more painful surgeries. The analysis identified also 
reduced pre-operative anxiety, postoperative nausea, vomiting and pruritus, and increased patient 
satisfaction, but also increased sedation. The authors acknowledge that the absolute effects may be 
overestimated by publication bias and small study effects. 

Single and multiple doses of pregabalin for postoperative analgesia reduces 24 h IV 
morphine consumption by 10.8 mg (95%CI –13.19 to –8.46) (37 RCTS, n=2,423) across all RCTs 
assessing this outcome, but only by 5.8 mg (95%CI -8.5 to -3.2) (11 RCTs, n=705) in RCTS with 
low risk of bias (Fabritius 2017 Level I [PRISMA], 97 RCT, n=7,201). Other results for low risk of bias 
studies are that the opioid sparing effect is more pronounced when no other non-opioids are 
used (MD -13.7 mg; 95%CI -9.6 to -17.8) (2 RCTs, n=120) and the effects are more pronounced 
with use of a single dose (MD -10.1mg; 95% CI -2.4 to -18.0) (6 RCTs, n=399) than with multiple 
dosing (MD 2.4mg; 95%CI -0.5 to -4.9) (5 RCTs, n=306). Serious adverse events (SAEs) in the 
studies with low risk of bias were rare (22/730) and occurred more with pregabalin than 
placebo (RR 2.9; 95%CI: 1.2 to 6.8); nausea, sedation and headache were not significantly 
different between the groups. 

In a preceding meta-analysis, operations were classified by the authors according to 
association with ‘pronociceptive’ mechanisms (acute hyperalgesia) (eg spine surgery, joint 
arthroplasty, amputations) and those without such mechanisms (eg abdominal laparoscopic 
surgery, gynaecological procedures) (Eipe 2015 Level I [PRISMA], 43 RCTs, n=3,378) (39 RCTs overlap). 
Pregabalin (150 to 300 mg) reduces pain at rest and on movement more in the first than in the 
second group (MD -1.09/10; 95%CI -0.37 to -1.80 vs MD -0.45/10; 95%CI 0.13 to -1.03 and MD -
0.94/10; 95%CI -0.65 to -1.23 vs MD -0.31/10; 95%CI 0.15 to -0.77). Across all RCTs, there is a 
reduction of mean analgesic consumption by 16% (pooled ratio of means 0.84; 95%CI 0.79 to 
0.91). PONV is reduced with an NNT of 11 (95%CI 7 to 28). Adverse effects include somnolence 
(RR 1.72; 95%CI 1.08 to 2.72), sedation (RR 1.51; 95%CI 1.16 to 1.96; absolute risk 41/1,000) and 
visual disturbances (RR 3.08; 95%CI 1.91 to 4.96; absolute risk 10/1,000). 
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Multiple meta-analyses have looked at perioperative gabapentin and pregabalin (single and 
multiple doses) in specific types of surgery with significant overlap with the overarching meta-
analyses described above: 

• In breast cancer surgery, preoperative use of gabapentin or pregabalin reduces acute 
postoperative pain and opioid consumption with low to very low quality of evidence of 
no effect on the rate of CPSP (Rai 2017 Level I [PRISMA], 12 RCTs, n=516); 

• After open hysterectomy, gabapentin reduces postoperative opioid consumption and 
pain scores (Li 2017d Level I [PRISMA], 14 RCTs, n=879);  

• After Caesarean section, gabapentin improves pain scores on movement at 24 h ((MD -
11.58/100; 95%CI -23.04 to -0.12) and satisfaction scores increased with no other benefits 
(Felder 2019 Level I [PRISMA], 6 RCTs, n=656);  

• After spinal surgery, gabapentin reduces pain scores and morphine consumption over the 
first 24 h (Han 2017a Level I [PRISMA], 10 RCTs, n=827);  

• After laparoscopic cholecystectomy, gabapentin decreases analgesic requirements, pain 
scores and PONV (Sun 2016 Level I [PRISMA] 12 RCTs, n=1,192); pregabalin in the same setting 
has similar effects except no effect on PONV (Zhang 2017c Level I [PRISMA], 6 RCTs, n=434); 

• After TKA and THA a number of meta-analyses with significant overlap have been 
performed. Pregabalin reduces pain scores, opioid consumption and PONV after TKA and 
THA (Li 2017b Level I [PRISMA], 7 RCTs, n=823). Specific meta-analyses identify similar 
benefits with pregabalin in TKA (reduced opioid requirements and PONV and pruritus, but 
not pain scores) (Han 2017b Level I [PRISMA], 7 RCTs, n=962) and gabapentin in TKA (reduced 
opioid requirements and pruritus) (Han 2016 Level I [PRISMA], 6 RCTs , n=859) and THA 
(reduced pain scores and opioid requirements, but no effect on any adverse effect) (Han 

2016 Level I [PRISMA] 5 RCTs, n=573). A combined meta-analysis on the effects of pregabalin 
and gabapentin after TKA found only clinically insignificant reductions of pain (pregabalin 
only) with 0.5/10 (95%CI 0 to 1.0) at 24 h and 0.3/10 (95%CI 0 to 0.6) at 48 h and a 
reduction in cumulative opioid consumption at 48 h (MD -23.2mg; 95%CI -40.9 to -5.4mg); 
the latter effect was only significant with pregabalin (MD -33.14 mg; 95%CI -53.98 to -
12.29mg) There was no difference in knee flexion at 48 h, but a reduction in the incidence 
of PONV (RR 0.7; 95%CI 0.6 to 0.9) and an increase in the risk of sedation (only with 
pregabalin) (RR 1.4; 95% CI 1.1 to 1.9) (NNH 8.7) (Hamilton 2016 Level I [PRISMA], 12 RCTs, 

n=1,493) (4 RCTs [gabapentin] overlap with Han 2016 and all 7 RCTs [pregabalin] overlap with Han 

2017b). In THA, pregabalin 150 mg preoperatively and 75 mg BD postoperatively for 7 d 
reduced pain and opioid requirements for 7 d with no effects on pain or physical function 
at 6 wk or 3 mth (Clarke 2015 Level II, n=184, JS 5). 

A network meta-analysis reports a dose-dependent effect of single-dose preoperative 
pregabalin and gabapentin on reduction of pain scores and opioid consumption vs placebo (Hu 

2018a Level I [NMA], 79 RCTs, n=6,201). With regard to pain reduction, pregabalin in a dose ≥150mg 
and gabapentin ≥900 mg are more effective. 

In RCTs designed with PONV as a primary endpoint (8 RCTs, n=838), preoperative gabapentin 
reduces PONV (RR 0.60; 99%CI 0.50 to 0.72), nausea (RR 0.34; 99%CI 0.20 to 0.56), and vomiting 
(RR 0.34; 99%CI 0.19 to 0.61) at 24 h (Grant 2016b Level I [PRISMA], 44 RCTs, n=3,489). These findings 
are similar in an analysis of all 44 RCTs; this is accompanied by an increased rate of sedation (RR 
1.22; 95%CI 1.02 to 1.47). 

In RCTs designed to report PONV, preoperative pregabalin reduces PONV (RR 0.53; 95%CI 0.39 to 
0.73), nausea (RR 0.62; 95%CI 0.46 to 0.83), and vomiting (RR 0.68; 95%CI 0.52 to 0.88) at 24 h (Grant 

2016a Level I [PRISMA], 23 RCTs, n=1,693). There is no increased sedation reported (RR 0.97; 95%CI 0.71 
to 1.33), but an increase of postoperative visual disturbance (RR 3.11; 95%CI 1.34 to 7.21). 
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Used as an adjunct to epidural analgesia, perioperative gabapentin reduced pain scores and 
epidural analgesic requirements and improved patient satisfaction, despite an increase in 
dizziness (Turan 2006 Level II, n=54, JS 5) but these benefits were not confirmed with thoracic 
epidural analgesia for thoracotomy (Kinney 2012 Level II, n=120, JS 5). 

Alpha-2-delta ligands were also studied in the setting of acute burns pain (see Section 8.5.2), 
acute herpes zoster pain (see Section 8.6.2.2) and acute pain due to Guillain-Barre Syndrome 
(see Section 8.10.6.7).  

The effects of alpha-2-delta ligands on the prevention of CPSP are presented in Section 
1.4.6.3. 

Abuse potential and toxicity 

Alpha-2-delta ligands have a potential for misuse, abuse and toxicity in overdose (Evoy 2017  
Level IV SR [PRISMA], 59 studies [24 epidemiological, 3 clinical abuse liability, 16 case series or reports of 

abuse or misuse or dependence, 17 case series or reports of acute overdose]; Bonnet 2017 Level IV 
SR [PRISMA], 106 studies [17 rewarding behaviour, 14 clinical, 38 case series or reports on abuse and 
dependence, 37 on overdose toxicity or fatalities]; Schjerning 2016 Level IV SR [PRISMA], 76 studies 

[pregabalin only] [17 preclinical, 19 clinical, 13 epidemiological, 27 case series or reports]) (all with 

significant overlap of studies). Preclinical studies suggest that modulation of the GABA and 
glutamate systems, with resulting anxiolysis and in particular euphoria, underpin the abuse 
potential. The prevalence of abuse in the UK general population is 1.1% for gabapentin and 0.5% 
for pregabalin; consistently patients with opioid use disorder have higher rates: gabapentin 15 
to 22% and pregabalin 3 to 68%. Substance use disorder and psychiatric comorbidities are the 
most important risk factors. Abuse typically involves the intake of supratherapeutic doses to 
achieve euphoria, with pregabalin appearing more addictive than gabapentin. 

Overdose toxicity from gabapentin or pregabalin alone is rarely fatal, but the risk increases 
in combination with sedatives, particularly opioids. Another contributing factor may be that 
pregabalin reversed the tolerance to opioids (Lyndon 2017 BS). Data from many countries (USA, 
UK, Germany, Finland, India, South Africa and France) show that over 75% of deaths 
attributable to alpha-2-delta ligands also involve opioids (Smith 2016 Level IV SR, 34 studies, n 

unspecified). This is in line with findings that the combination of gabapentin and opioid vs 
opioid alone increased the risk of opioid overdose death (OR 1.99; 95%CI 1.61 to 2.47) (Gomes 

2017 Level III-2, n=5,875). Mixed adverse outcome data have been reported in hospitalised 
patients and the postoperative period; as a component of multimodal analges ia, gabapentin 
increased the risk of respiratory depression (OR 1.47; 95%CI 1.22 to 1.76) (Cavalcante 2017 Level 

III-3, n=8,567) and continuation of alpha-2-delta ligands into the postoperative period was 
associated with increased need for naloxone administration (RR 6.30; 95%CI 2.4 to 16.7) 
(Deljou 2018 Level III-2, n=128 [naloxone administrations] in n=110,019). On the other hand, in 
hospitalised patients (only 17% had surgery in the preceding 24 h, but >60% received the 
opioid for acute pain treatment), alpha-2-delta ligand use vs non-use did not increase 
frequency of naloxone requirement (Savelloni, 2017 #14922} Level III-2, n=153 [naloxone 

administrations]). 

4.8.1.2 | Sodium valproate 

Sodium valproate did not improve acute nociceptive pain after surgery (Martin 1988 Level II, n=39, 

JS 3). There are conflicting results on IV sodium valproate in treating acute migraine; it was 
ineffective in one study (Tanen 2003 Level II, n=40, JS 2) and superior to metoclopramide plus 
sumatriptan in another (Bakhshayesh 2013 Level II, n=60, JS 3). 
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4.8.2 | Chronic pain 

Among all anticonvulsants, there is good evidence only for the use of alpha-2-delta ligands in 
chronic pain conditions including neuropathic pain states such as diabetic polyneuropathy, 
postherpetic neuralgia and central neuropathic pain as well as fibromyalgia (Wiffen 2013b Level I 

[Cochrane], 91 RCTs, n=17,995). For most other anticonvulsants, the evidence was non-existent, so 
little or of so low quality that conclusions were not permitted or of reasonable quality showing 
no or very little effect. This is in line with treatment guidelines for chronic neuropathic pain which 
recommend alpha-2-delta ligands, but no other anticonvulsants, as first-line treatment in this 
indication (Finnerup 2015 GL Level I [PRISMA], 229 RCTs, n unspecified). 

4.8.2.1 | Alpha-2-delta ligands (gabapentin/pregabalin) 

Gabapentin  

At doses of 1,800 mg to 3,600 mg, gabapentin is effective in treating neuropathic pain, in 
particular caused by postherpetic neuralgia (NNT 6.7; 95%CI 5.4 to 8.7) (8 RCTs, n= 2,260) and 
diabetic polyneuropathy (NNT 5.9; 95% CI 4.6 to 8.3) (6 RCTs, n=1,277)  (Wiffen 2017a  Level I 
[Cochrane], 37 RCTs, n=5,914). Withdrawals due to adverse events were more common with 
gabapentin (NNH 30; 95%CI 20 to 65) (22 RCTs, n=4,346), while serious adverse events were not 
more common with gabapentin than with placebo. Pain relief in 20 to 40% of patients is 
accompanied by improvement of sleep, fatigue, depression, quality of life and function.  

Gabapentin was also effective for the treatment of neuropathic pain caused by traumatic or 
postsurgical nerve injury (Gordh 2008 Level II, n=120, JS 5). 

Pregabalin 

Pregabalin is effective in a dose-dependent fashion in postherpetic neuralgia, painful diabetic 
neuropathy, central neuropathic pain due to spinal cord injury (SCI) and mixed or unclassified 
post-traumatic neuropathic pain, but only with limited evidence in neuropathic back pain or 
sciatica, neuropathic cancer pain or polyneuropathy and no effect in HIV neuropathy (2 RCTs, 

n=674) (Derry 2019 Level I [Cochrane], RCTs=45, n=11,906): 
• Postherpetic neuralgia: 300 mg/d pregabalin (NNT 5.3; 95%CI 3.9 to 8.1) (4 RCTs, n=713) 

and 600 mg/d (NNT 3.9; 95%CI 3.1 to 5.5) (4 RCTs, n=732); 
• Painful diabetic neuropathy: 600 mg/d pregabalin (NNT 7.8; 95% CI 5.4 to 14) (5 RCTs, 

n=1,015); 
• Mixed or unclassified post-traumatic neuropathic pain: 600 mg/d pregabalin (NNT 7.2; 

95%CI 5.4 to 11) (4 RCTs, n=1,367);  
• Central neuropathic pain (mainly SCI): 600 mg/d pregabalin (NNT 9.8; 95%CI 6.0 to 28)  

(3 RCTs, n=562). 

In all studies, somnolence and dizziness occurred more in pregabalin than placebo arms in a 
dose-dependent pattern, but serious adverse events were not different between arms: 
pregabalin 300 mg (RR 1.2; 95%CI 0.8 to 1.7) (17 RCTs, n=4,112) and pregabalin 600 mg (RR 1.1; 
95%CI 0.8 to 1.5) (16 RCTs, n=3,995). 

Pregabalin 300 to 600 mg has also beneficial effects in fibromyalgia; substantial pain relief is 
achieved over 12 to 26 wk of treatment in about 10% more patients than in the placebo arm, 
accompanied by improvements of other symptoms, quality of life and function (Derry 2016a  
Level I [Cochrane], 8 RCTs, n=3,283). 

Alpha-2-delta ligands are also used in chronic pain due to SCI (see Section 8.2.2.5), phantom 
limb pain (see Section 8.1.5.2) and in patients who are opioid-tolerant (see Section 9.7) or have 
a substance use disorder (see Section 9.8).  
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4.8.2.2 | Carbamazepine 

Carbamazepine for the treatment of chronic neuropathic pain has possibly some analgesic 
efficacy in some patients, but the quality of data is insufficient to draw meaningful conclusions 
or make comparisons (Wiffen 2014 Level I [Cochrane], 10 RCTs, n=480).  

4.8.2.3 | Oxcarbazepine 

Only very-low level evidence supports limited effectiveness of oxcarbazepine in painful diabetic 

neuropathy, neuropathic pain from radiculopathy and a mixture of neuropathies (Zhou 2017 

Level I [Cochrane], 5 RCTs, n=862).  

4.8.2.4 | Phenytoin 

A meta-analysis could not identify any quality studies to support the use of phenytoin in chronic 
neuropathic pain or fibromyalgia (Birse 2012 Level I [Cochrane], 0 RCTs, n=0). 

4.8.2.5 | Valproate 

Valproate may affect pain in diabetic polyneuropathy based on very small RCTs of poor quality 
(Gill 2011 Level I [Cochrane] 2 RCTs, n=84).  

Valproate is effective for the prevention of episodic migraine (Linde 2013 Level I [Cochrane], 

10 RCTs, n=652).   

4.8.2.6 | Lamotrigine 

Lamotrigine shows no analgesic benefit in neuropathic pain in large, high-quality, long-duration 
RCTs (Wiffen 2013a Level I [Cochrane] 12 RCTs, n=1,511). 

4.8.2.7 | Lacosamide 

Lacosamide is not beneficial for the treatment of neuropathic pain and fibromyalgia (Hearn 2012 

Level I [Cochrane] 6 RCTs, n=2,022). 
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KEY MESSAGES  

1. Alpha-2-delta ligands (gabapentinoids) are the only anticonvulsants with well-proven 
efficacy in the treatment of chronic neuropathic pain (S) (Level I [Cochrane Review]). 

2. Pregabalin is the only anticonvulsant with proven but limited efficacy in chronic pain 
due to fibromyalgia (S) (Level I [Cochrane Review]). 

3. Perioperative alpha-2-delta ligands (gabapentinoids) reduce postoperative pain and 
opioid requirements, in particular after more painful surgery (Q) and reduce the 
incidence of postoperative nausea and vomiting (S) as well as pruritus (S), but increase 
the risk of sedation (S) (Level I [PRISMA]).  

4. Alpha-2-delta ligands have the potential for misuse and abuse, in particular in patients 
with opioid use disorder or psychiatric comorbidity (N) (Level IV SR). 

5.  Overdose toxicity of alpha-2-delta ligands is increased when taken in combination with 
other agents that cause sedation, particularly opioids (N) (Level IV SR). 

The following tick box represents conclusions based on clinical experience and expert 
opinion: 

 Based on the experience in chronic neuropathic pain states, it would seem reasonable 
to use alpha-2-delta ligands (gabapentin, pregabalin) in the management of acute 
neuropathic pain (U). 
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4.9 | Alpha-2 agonists 

4.9.1 | Systemic alpha-2 agonists  

4.9.1.1 | Clonidine 

Clonidine is a selective alpha-2 agonist with an alpha-2 to alpha-1 ratio of 200:1 (Chan 2010a NR). 
Systemic perioperative administration of clonidine vs placebo does not reduce pain scores, but 
has an opioid sparing effect at 24 h (MD 24%; 95%CI 16 to 32) (4 RCTs, n=313) and reduces 
incidence of PONV (RR 0.35; 95%CI 0.25 to 0.51]) (6 RCTs, n=412) (Sanchez Munoz 2017 Level I 
[PRISMA], 57 RCTs, n=14,790 [PO 29 arms, IM 4 arms, IV 24 arms, TD 2 arms]).  

After non-cardiac surgery, 0.2 mg oral clonidine given preoperatively and continued as          
0.2 mg/d transdermal clonidine patch for 72 h did not reduce pain scores or opioid consumption 
vs placebo over these 72 h (Turan 2016 Level II, n=624, JS 5). An updated meta-analysis adding this 
and two further RCTs to a preceding one (Blaudszun 2012 Level I [PRISMA], 30 RCTs [clonidine                  

19 RCTs], n=1,792 [clonidine n=1,156]) confirms no effect of clonidine versus placebo on pain scores 
at 24 h (7 RCTs, n=802) or 48 h (4 RCTs, n=562) (Turan 2016 Level I, 7 RCTs, n=802).  

Alpha-2 agonists such as clonidine are more effective than placebo in the management of 
opioid-withdrawal symptoms (Gowing 2014 Level I [Cochrane], 25 RCTs, n=1,668). 

4.9.1.2 | Dexmedetomidine 

Dexmedetomidine is a highly selective alpha-2 adrenoceptor agonist with an alpha-2 to alpha-1 
ratio of 1,620:1 (Chan 2010a NR). Systemic intraoperative only administration of dexmedetomidine 
vs placebo reduces pain intensity at 6 h [WMD −0.93/10; 95%CI −1.34 to −0.53) and at 24 h 
(WMD=−0.47/10; 95%CI −0.83 to −0.11) as well as opioid consumption (WMD −6.76 mg; 95% CI 
−10.16 to −3.35) (Wang 2018c Level I [PRISMA], 40 RCTs, n=2,401). Dexmedetomidine also reduces the 
need for rescue analgesia and extends the time to first rescue analgesia. Dexmedetomidine used 
perioperatively (12 RCTs [intraoperative use only]) in spinal surgery reduces postoperative pain at 2 h 
postoperatively and reduces analgesic requirement at 12 h (2 RCTs) and 48 h (3 RCTs), but not 24 h 
(3 RCTs) (Tsaousi 2018 Level I [PRISMA], 15 RCTs, n=913) (4 RCTs overlap). 

4.9.1.3 | Effects of systemic dexmedetomidine on neuraxial and peripheral blocks 

The use of IV dexmedetomidine in patients receiving spinal anaesthesia prolongs time to first 
analgesic request by at least 60% as well as duration of sensory and motor block by 34% 
respectively 17% (Abdallah 2013 Level I [PRISMA], 7 RCTs, n=364). These results were in principle 
confirmed by a subsequent systematic review, which analysed separately 8 RCTs published since 
the previous review (Johnson 2016 Level I, 8 RCTs, n=480) and by one subsequent RCT (Kumari 2017 
Level II, n=60, JS 5). Most of the RCTs utilised an initial bolus dose and a subsequent maintenance 
infusion for the duration of surgery (11 of the overall 16 RCTs). IN dexmedetomidine had a 
significant opioid sparing effect after THA (Uusalo 2019 Level III-3, n=120). 

IV dexmedetomidine (0.5 mcg/kg) but not IV midazolam prolonged spinal bupivacaine 
sensory block and also provided sedation and additional analgesia in patients undergoing 
transurethral resection of the prostate (Kaya 2010 Level II, n=75, JS 2). 

IV dexmedetomidine (2.0 mcg/kg) significantly prolonged analgesia and reduced postoperative 
opioid requirements after single-shot interscalene brachial plexus block vs placebo and lower doses 
of dexmedetomidine (0.5 and 1.0 mcg/kg) (Kang 2018a Level II, n=72, JS 5). 

See also Sections 4.9.2.1 and 4.9.2.2 below. 
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KEY MESSAGE 

1. Alpha-2 agonists such as clonidine are more effective than placebo in the management 
of opioid-withdrawal symptoms (U) (Level I [Cochrane Review]) 

2. The perioperative use of the alpha-2-agonist clonidine systemically (excluding 
transdermal administration) reduces nausea/vomiting and opioid consumption (Q) 
(Level I [PRISMA]) 

3. The perioperative use of the systemic alpha-2-agonist dexmedetomidine reduces 
postoperative pain intensity, opioid consumption and requirements for rescue 
analgesia (S) (Level I [PRISMA]). 

4. The IV administration of dexmedetomidine combined with intrathecal local anaesthetic 
prolongs time to first analgesic request (N) (Level I [PRISMA]). 

5. The perioperative use of the systemic alpha-2-agonist clonidine for 48 h does not 
reduce pain intensity (Q) (Level I). 

4.9.2 | Regional alpha-2 agonists 

Alpha-2 adrenoceptor agonists act as an analgesic at the level of the dorsal horn of the spinal 
cord, although there may be peripheral effects as well (Chan 2010a NR). Systemic adverse effects 
are predominantly centrally mediated sedation and hypotension. 

4.9.2.1 | Neuraxial 

Clonidine 

There is no human or animal evidence of neurotoxicity when preservative-free clonidine is 
administered IT (Hodgson 1999 NR). Epidural clonidine is approved by the FDA for relief of chronic 
cancer pain.  

In volunteers, significant analgesia to experimental heat pain was detected with IT doses 
>25 mcg clonidine, with 50 mcg having similar effects on heat threshold to 5 mg bupivacaine 
(Ginosar 2013 Level II EH, n=11, JS 4). IT clonidine given in doses from 15 to 150 mcg, combined with 
IT local anaesthetic does not affect the rate of onset of a local anaesthetic block, but significantly 
prolongs the time to two-segment block regression and prolongs the time to first analgesic 
request (median 101 min, range 35–310 min) (Elia 2008 Level I, 22 RCTs, n=1,445). Treatment effects 
were noted to be heterogeneous and dose responsiveness could not be demonstrated.                    
IT clonidine also reduces intraoperative pain, but hypotension was more frequent (RR 1.8; 95%CI 
1.4 to 2.3) (Elia 2008 Level I, 22 RCTs, n=1,445).  

The addition of clonidine to IT morphine causes a small increase in duration of analgesia by 
1.63 h (95%CI 0.93 to 2.33) and reduced the amount of systemic morphine consumption over  
24 h by 4.45 mg (95%CI -1.40 to -7.49) (Engelman 2013 Level I, [PRISMA], 7 RCTs, n=503). Hypotension 
is also increased (OR 1.78; 95%CI 1.02 to 3.12). 

IT clonidine (30 to 150 mcg) as an adjuvant to neuraxial anaesthesia during Caesarean section 
prolongs the duration of sensory block by 128 min (95%CI 82 to 175) and motor block by 45 min 
(95%CI 9 to 81) (Crespo 2017 Level I [PRISMA], 12 RCTs, n=1,254). IT clonidine increases sedation    
(RR 3.92; 95%CI 1.17 to 13.14), but does not increase the risk of hypotension, pruritus or PONV.  
Neuraxial clonidine (epidural and IT) modestly enhances postoperative analgesia in women 
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having Caesarean section under neuraxial anaesthesia (Allen 2018 Level I [PRISMA], 12 RCTs                  

[IT administration] [complete overlap with Crespo 2017] & 6 RCTs [epidural administration; 2 RCTs bolus 

followed by infusion, 2 RCTs repeated bolus, 2 RCTs single bolus], n unspecified). Neuraxial clonidine 
reduces morphine consumption (MD -8.7 mg; 95% CI: -15.3 to -2.0); this effect is less with IT 
administration (MD -4.3 mg; 95%CI -7.0 to -1.5) than with epidural administration (MD -18.9 mg; 
95%CI -34.8 to -3.0). It also increases the time to first analgesic request (MD 150 min; 95%CI 110 
to 190) vs placebo, but does not improve pain scores on movement at 0 to 6 h. Neuraxial 
clonidine increases the risk of intraoperative hypotension (49%) vs placebo (33%) and of 
intraoperative sedation. Risks for bradycardia, nausea/vomiting and pruritus are inconclusive. 
There was no case of respiratory depression and neonatal outcome was not different in control 
and study group. 

In obstetrics patients, the time to achieve highest sensory and complete motor block was less 
and duration of analgesia was longer when clonidine and hyperbaric bupivacaine were 
administered sequentially, compared to the mixing the two medicines in a single syringe (Sachan 

2014 Level II, n=60, JS 4). 
Low-dose infusion of clonidine alone via thoracic epidural catheters after spinal surgery 

reduced systemic opioid requirements and nausea without causing significant sedation or 
hypotension (Farmery 2009 Level II, n=65, JS 5). The addition of clonidine to PCEA with ropivacaine 
and morphine after TKA decreased opioid requirements and improved analgesia without 
increasing adverse effects (Huang 2007 Level II, n=80, JS 3). The addition of clonidine to epidural 
anaesthesia with ropivacaine after haemorrhoidectomy improved analgesia without causing 
adverse effects (Baptista 2014 Level III-2, n=80).  

See also Section 5.7.1.4, for obstetric use Section 9.1.3.3 and for paediatric use Section 
10.4.8.1.  

Dexmedetomidine 

Dexmedetomidine is not approved for epidural or IT administration and animal studies on its 
neurotoxicity via these routes are contradictory (Ozdamar 2018 BS; Konakci 2008 BS).  

Epidural single-shot dexmedetomidine (0.5 to 1.5 mcg/kg) as an adjuvant to epidural 
analgesia prolongs analgesia (SMD 3.50 h; 95%CI 1.86 to 5.13) (8 RCTs) and reduces rescue 
analgesia requirements (SMD -2.00; 95% CI -2.80 to -1.21) (6 RCTs) and pain scores (SMD -0.76; 
95%CI -1.46 to -0.06) (4 RCTs) (Zhang 2017b Level I [PRISMA]; 12 RCTs, n=660). It increases sedation 
scores and reduces heart rate minimally with no other significant adverse effects, but reduces 
postoperative shivering. Pain relief was improved with 0.5 mcg/kg epidural dexmedetomidine 
versus 0.5 mcg/kg IV administration for open thoracotomy (Zeng 2017 Level II, n=73, JS 5). 

IT dexmedetomidine in comparison to IT clonidine as adjuvants for IT local anaesthetics 
results in a minor prolongation of the sensory block (WMD 24.2 min; 95%CI 12.8 to 35.6) and a 
prolongation of time to first analgesic request (WMD 65.8 min; 95%CI 14.7 to 116.9) with no 
statistically significant difference in incidence of adverse effects (Zhang 2016 Level I [QUOROM],  

7 RCTs, n=354).  
IT dexmedetomidine vs IT fentanyl prolongs the pain free period (SMD 2.98 h; 95%CI 1.69 to 

4.27) without increasing the incidence of adverse events including hypotension and bradycardia 
(Sun 2017b Level I, 9 RCTs, n=639). Similarly, after lower limb orthopaedic surgery, the addition of 
IT dexmedetomidine vs IT fentanyl to IT bupivacaine significantly prolonged duration of sensory, 
motor block and postoperative analgesia (Rahimzadeh 2018 Level II, n=90, JS 4). In patients 
undergoing lower limb surgery, IT dexmedetomidine was associated with prolonged motor and 
sensory block, haemodynamic stability and reduced demand of rescue analgesics at 24 h vs           
IT clonidine, fentanyl, or saline with bupivacaine (Mahendru 2013 Level II, n=60, JS 4).  
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In patients having lower abdominal surgery using spinal 0.5% bupivacaine,                                          
IT dexmedetomidine (5 mcg) vs IT buprenorphine (60 mcg) resulted in a significant prolongation 
of anaesthesia and analgesia with a reduced need for sedation and rescue analgesics (Gupta 2014 
Level II, n=60, JS 5). Similarly, in patients undergoing lower abdominal surgery, the quality of 
anaesthesia was superior with low-dose bupivacaine/dexmedetomidine vs bupivacaine/fentanyl 
(Nayagam 2014 Level II, n=150, JS 4).  Dexmedetomidine facilitated the spread of the block and 
prolonged postoperative analgesia. For major abdominal cancer surgery, the addition of IT 
dexmedetomidine (5 mcg) to IT morphine (500 mcg)/bupivacaine did not improve analgesia vs 
IT morphine/bupivacaine (Abdel-Ghaffar 2016 Level II, n=90, JS 5). Both groups with adjuncts 
experienced better analgesia than bupivacaine alone.  

Adrenaline (epinephrine) 

Adding IT adrenaline to IT local anaesthetics (27 RCTs, n=1,660) prolongs motor block (WMD  
64 min; 99%CI 37 to 91), analgesia (WMD 34 min; 99%CI 6 to 62) and time to 2 segments 
regression (WMD 20 min; 99%CI 11 to 28) (Tschopp 2018 Level I [PRISMA] [trial sequential analysis], 

70 RCTs, n=3,644). For epidural analgesia (37 RCTs, n=1,781), no effects can be identified either due 
to lack of an effect (pain intensity, hypotension) or insufficient numbers (motor block, urinary 
retention). These findings are in line with those of a preceding meta-analysis which also 
presented dose dependent effects of IT adrenaline (de Oliveira 2012a Level I [PRISMA], 24 RCTs, 

n=1,271) (significant overlap). Doses of ≤100 mcg prolong sensory and motor block duration but 
also cause more hypotension and PONV than higher doses. IT adrenaline at doses >100 mcg 
prolongs sensory and motor block more than the lower dose but is not associated with a greater 
incidence of hypotension and PONV vs IT local anaesthetic alone. The effect of IT adrenaline in 
prolonging analgesia duration was not seen when added to IT local anaesthetic/opioid 
combinations (de Oliveira 2012a Level I [PRISMA], 24 RCTs, n=1,271). 

The influence of caudal adrenaline and/or clonidine on the absorption characteristics of 
caudal levobupivacaine were evaluated in 240 paediatric patients (Chalkiadis 2013 PK). Adrenaline 
(5 mcg/mL) decreased the rate of levobupivacaine systemic absorption, reducing peak 
concentrations by half. Clonidine (2 mcg/mL) resulted in faster systemic absorption of 
levobupivacaine and a similar concentration time profile to levobupivacaine alone.  

In postoperative thoracic epidural infusion, the addition of adrenaline to fentanyl and 
ropivacaine or bupivacaine improved analgesia (Niemi 2003 Level II, n=33, JS 5; Niemi 2002 Level II, 
n=12, JS 5; Sakaguchi 2000 Level II, n=77, JS 2). The efficacy of thoracic epidural pethidine infusions 
after thoracotomy was not improved by addition of adrenaline (Bryson 2007 Level II, n=50, JS 5).  

With lumbar epidural infusions, no analgesic benefit was seen with added adrenaline at 
2 mcg/mL or 4 mcg/mL (Forster 2008 Level II, n=63, JS 3; Forster 2003 Level II, n=46, JS 5).  

In labour epidural analgesia, adrenaline (5 mcg/mL) added to low-dose bupivacaine infusions 
decreased pain scores and resulted in longer redosing intervals with no change in labour duration 
(Connelly 2011 Level II, n=60, JS 4). 

4.9.2.2 | Peripheral nerve block  

Clonidine 

A meta-analysis evaluated the benefits of clonidine as an adjuvant to local anaesthetics for 
various peripheral nerve and plexus blocks (Popping 2009 Level I, 20 RCTs, n=1,054). Clonidine doses 
ranged from 30 to 300 mcg with most patients receiving 150 mcg. Clonidine prolongs the 
duration of postoperative analgesia (WMD 122 min; 95%CI 74 to 169), sensory block (WMD 
74 min; 95%CI 37 to 111) and also prolongs motor block. However, clonidine increases the risk 
of hypotension (OR 3.61; 95%CI 1.52 to 8.55), bradycardia (OR 3.09; 95%CI 1.10 to 8.64) and 
sedation (OR 2.28; 95%CI 1.15 to 4.51). There was a lack of evidence of dose-responsiveness for 
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beneficial or harmful effects. Subsequent studies in supraclavicular blocks report similar findings 
(Nasir 2017 Level II, n=97, JS 4; Chakraborty 2010 Level II, n=70, JS 4; Singh 2010 Level II, n=50, JS 4). 
However, the addition of 150 mcg clonidine to 20 mL of levobupivacaine 0.5% in posterior gluteal 
(Labat) sciatic nerve block did not prolong the duration of analgesia and resulted in more 
hypotension vs the control group (Fournier 2012 Level II, n=60, JS 4).  

In an experimental setting controlling for systemic effects of clonidine using bilateral 
adductor canal blocks, the addition of 150 mcg clonidine to ropivacaine for one side resulted in 
no difference in block characteristics (quality and duration) on either side (Andersen 2017 Level II 
EH, n=21, JS 5). 

Evidence is lacking for the use of clonidine as an adjunct to local anaesthetics for continuous 
catheter techniques, with no studies showing benefit (McCartney 2007 Level I, 3 RCTs [continuous], 

n=110).  

Dexmedetomidine 

Animal studies suggest potential dose-dependent neurotoxic effects when dexmedetomidine is 
combined with ropivacaine for 48 h of continuous FNB in rabbits (Wang 2019 BS) and for brachial 
plexus in high doses in rats (Kang 2018b BS). 

Dexmedetomidine added to local anaesthetics for various peripheral nerve and plexus blocks 
increases duration of postoperative analgesia (MD 4.87 h; 95%CI 4.02 to 5.73) (Schnabel 2018 
Level I [PRISMA], 46 RCTs, n=3,149). Dexmedetomidine increases the risk of intraoperative 
bradycardia (RR 2.83; 95%CI 1.50 to 5.33) and hypotension (RR 3.42; 95%CI 1.24 to 9.48). 
Perineural and IV administration of dexmedetomidine results in a similar prolongation of 
duration of analgesia (MD 0.98 h; 95%CI -0.12 to 2.08) (2 RCTs, n=107). However, for ulnar nerve 
blocks perineural administration was superior to systemic dexmedetomidine in prolonging block 
duration (without dexmedetomidine 7.1 h [95%CI 6.6 to 7.6], systemic administration 9.2 h 
[95%CI 8.6 to 9.8], perineural 14.4 h [95%CI 13.1 to 15.6]) (Andersen 2019 Level II EH, n=22, JS 5).  

Meta-analyses of data on specific blocks have significant overlap with the overarching meta-
analysis (Schnabel 2018 Level I [PRISMA], 46 RCTs, n=3,149) and show similar results.  

• For thoracic paravertebral blocks (PVB) dexmedetomidine combined with local 
anaesthetics reduces pain at rest and with movement; for the latter the results were  
(SMD -1.63/10; 95%CI -2.92 to -0.34) and at 24 h (SMD -1.78/10; 95% CI -2.66 to -0.90) 
(Wang 2018a Level I [QUORUM], 7 RCTs [2 RCTs infusion, 5 RCTs single shot 1 mcg/kg], n=350). It 
extends duration of analgesia by 202 min (95% CI 33.5 to 369.6) and reduces 
postoperative analgesic consumption, while increasing the incidence of hypotension     
(OR 4.40; 95% CI 1.37 to 14.17).  

• For TAPB, dexmedetomidine as an adjuvant increases duration and quality of analgesia, 
while being opioid sparing ((WMD −13.71; 95%CI −17.8 to −9.6) without increasing 
adverse effects (Sun 2019 Level I [PRISMA], 20 RCTs, n=1,212).  

• As part of a brachial plexus block perineural dexmedetomidine reduces time to onset of 
sensory and motor block, prolongs sensory and motor block and prolongs analgesia by at 
least 63% respectively 266 min (95%CI 191 to 343) (Vorobeichik 2017 Level I [PRISMA],  

32 RCTs, n=2,007; Hussain 2017 Level I, 18 RCTs, n=1,092 [17 RCTs overlap]; Ping 2017 Level I 
[QUOROM], 18 RCTs, n=1,014 [10 RCTs overlap]). In addition, dexmedetomidine has an opioid 
sparing effect of 10.2 mg (95%CI -15.3 to -5.2) MED in the first 24 h, improves pain control 
and enhances patient satisfaction, but increases the incidence of bradycardia and 
hypotension.  

A dose-finding study for dexmedetomidine as an adjunct to interscalene brachial plexus block 
identified 2 mcg/kg as superior over 1 and 1.5 mcg/kg with regard to duration of analgesia 
(placebo: 808 min ± 180; 1mcg/kg: 1033 min ± 288; 1.5 mcg/kg: 1,042 min ± 188; 2 mcg/kg:   
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1,224 min ± 238 min), but with an increased risk of hypotension for the two highest dose groups 
(Jung 2018 Level II, n=100, JS 5). 

Compared with clonidine the perineural application of dexmedetomidine as a local 
anaesthetic adjunct in single-injection supraclavicular block produces significant prolongation of 
sensory block, motor block, and postoperative analgesia (on average by factor 1.2), while 
increasing the incidence of transient bradycardia (OR 7.4; 95%CI 1.3 to 40.8) and postoperative 
sedation (OR 11.8; 95%CI 1.9 to 73.6) (El-Boghdadly 2017 Level I [PRISMA], 14 RCTs, n=868).  

Compared with dexamethasone, dexmedetomidine as a perineural adjunct for 
supraclavicular plexus block was inferior with regard to duration of analgesia (MD -148 min; 
95%CI -259 to -37), while causing more hypotension (RR 6.3; 95%CI 1.5 to 27.5) and sedation 
(Albrecht 2019 Level I [PRISMA], 49 RCTs, n=3,019).   

Adrenaline 

Adrenaline added to local anaesthetics for locoregional anaesthesia (6 RCTs, n=203) prolongs 
analgesia (WMD 66 min; 98%CI 32 to 100) (Tschopp 2018 Level I [PRISMA] [trial sequential analysis], 

70 RCTs, n=3,644).  

4.9.2.3 | Intravenous regional anaesthesia  

Clonidine 

Magnesium sulphate (1.5 g of 50% MgSO4) vs clonidine (150 mcg) as an adjunct to IVRA resulted 
in longer time to first analgesic request (193.9 ± 38.4 min vs 169.5 ± 33.3 min) and less 
requirements for rescue analgesia (1.6 ± 0.7 vs 2.1 ± 0.8) (Kaur 2017 Level II, n=40, JS 5).   

Dexmedetomidine 

Addition of dexmedetomidine (typically 0.5 mcg/kg) to lidocaine or prilocaine IVRA increased 
duration and quality of analgesia (Subramanya 2017 Level II, n=60, JS 5; Kumar 2012 Level II, n=72,  

JS 5; Kol 2009 Level II, n=75, JS 5; Esmaoglu 2005 Level II, n=40, JS 4; Memis 2004 Level II, n=30, JS 4). 
These findings were not supported by a dose-finding study with clonidine (0 to 1.5 mcg/kg) 
added to IVRA, where no analgesic benefit was found (Ivie 2011 Level II, n=52, JS 5).  

In patients having carpal tunnel repairs under IVRA, dexmedetomidine IV was compared with 
dexmedetomidine added to the local anaesthetic for IVRA and with placebo. Both routes of 
dexmedetomidine had similar effects, with improved postoperative pain scores up to 30 min 
(Mizrak 2010 Level II, n=45, JS 5).  

Dexmedetomidine (1 mcg/kg) vs midazolam (50 mcg/kg) as an adjunct to IVRA resulted in 
similar duration of analgesia (Subramanya 2017 Level II, n=60, JS 4). 

4.9.2.4 | Intra-articular 

Clonidine 

Intra-articular (IA) clonidine vs placebo after arthroscopic knee surgery reduces pain scores for  
4 hrs, the need for rescue analgesia and postoperative nausea, but increases the risk of 
hypotension (Sun 2014 Level I [PRISMA] 7 RCTs, n=230). Combined femoral-sciatic nerve block 
offered better analgesia with fewer adverse effects than IA infiltration with 
bupivacaine/clonidine/morphine in children undergoing anterior cruciate ligament 
reconstruction (Tran 2005 Level II, n=36, JS 2).  

Dexmedetomidine 

IA dexmedetomidine when added to ropivacaine resulted in a longer time to analgesic request 
than ropivacaine alone (mean 10.8 h [SD 2.6] vs 5.4 h [SD 1.4]) (Paul 2010 Level II, n=30, JS 5). 
Compared with IV dexmedetomidine, IA dexmedetomidine resulted in a longer time to first 
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analgesia (dexmedetomidine 312.0 min [SD 120.7]; IV group 102.1 min [SD 54.4]; placebo group 
71.0 min [SD 50.1]) (Al-Metwalli 2008 Level II, n=60, JS 5). When IA dexmedetomidine, fentanyl and 
ropivacaine each alone were compared following knee arthroscopy, time to first analgesia was 
longest with ropivacaine, followed by fentanyl and then dexmedetomidine (mean: 380 min  
[SD 22], 327 min [SD 17] and 244 min [SD 20] respectively) (Manuar 2014 Level II, n=99, JS 2).  
IA dexmedetomidine (1 mcg/kg) resulted in similar prolongation and quality of analgesia as  
IA dexamethasone (8 mg) vs bupivacaine alone after meniscal surgery (Moeen 2017 Level II,  

n=60, JS 5). 
 

KEY MESSAGES 

1. Neuraxial clonidine improves duration and quality of analgesia and is opioid sparing 
when used as an adjunct to neuraxial local anaesthetics (in particular after Caesarean 
section) (S) (Level I) or to morphine (U) (Level I [PRISMA]), but increases the risk of 
hypotension and sedation (N) (Level I [PRISMA]). 

2. Neuraxial dexmedetomidine improves duration and quality of analgesia when used as 
an adjunct to neuraxial local anaesthetics (S) (Level I [PRISMA]). 

3. Intrathecal adrenaline (epinephrine) when combined with local anaesthetic, but not 
with intrathecal opioids, prolongs analgesia duration (U) (Level I [PRISMA]).  

4. Dexmedetomidine when added to local anaesthetics for peripheral nerve blocks 
improves duration and quality of analgesia, but is associated with increased 
hypotension and bradycardia (S) (Level I [PRISMA]). 

5. Intra-articular clonidine reduces pain scores for 4 hours, need for rescue analgesia and 
incidence of nausea, but increases hypotension (N) (Level I [PRISMA]) 

6. Clonidine improves duration of analgesia and anaesthesia when used as an adjunct to 
local anaesthetics for peribulbar, peripheral nerve and plexus blocks but is associated 
with increased hypotension and bradycardia (U) (Level I). 

7. Dexmedetomidine added to intravenous regional anaesthesia improves and prolongs 
analgesia (U) (Level II). 

8.  Epidural adrenaline (epinephrine) in combination with a local anaesthetic improves the 
quality of postoperative thoracic epidural analgesia (U) (Level II). 

The following tick boxes represent conclusions based on clinical experience and expert 
opinion: 

 The benefits of perineural adjunctive administration of alpha-2-agonists over systemic 
administration remains unclear (N). 
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4.10 | Salmon calcitonin and bisphosphonates 

4.10.1 | Calcitonin 

Calcitonin is a 32-amino acid peptide hormone that regulates calcium homeostasis in 
vertebrates. It also has analgesic properties, primarily through receptor-mediated modulation of 
serotonergic activity in pain pathways of the CNS (Visser 2005 NR). Salmon calcitonin has a greater 
potency than mammalian forms of the hormone and is therefore reproduced as a synthetic 
medicine for pharmaceutical use. The adverse effects of calcitonin therapy such as sedation, 
nausea, skin flushing and diarrhoea may reflect increased serotonergic activity. In rodents, the 
5HT3 antagonist tropisetron reduced its analgesic efficacy, which may be relevant in humans 
during the treatment of its adverse effects, nausea and vomiting (Visser 2005 NR).  

In patients with osteoporotic vertebral compression fractures, salmon calcitonin (IV, SC, IM, 
IN or rectal) administered within <10 d reduces acute pain at rest and on movement within 1 wk 
and improves mobilisation (in 7 to 28 d); adverse effects are usually minor and mainly 
gastrointestinal (Knopp-Sihota 2012 Level I [PRISMA], 13 RCTs, n=589). Weekly IM injections of eel 
calcitonin (elcatonin 20 Units) were more effective than NSAIDs in controlling pain and improving 
mobility in new (<2 wk) thoracolumbar osteoporotic fractures (Endo 2017 Level II, n=228, JS 3). In 
chronic pain (>3 mth) from pre-existing osteoporotic vertebral compression fractures, the effect 
was minimal and only statistically significant on movement at 6 mth. In a case series IN salmon 
calcitonin reduced pain due to fracture of the coccyx (Foye 2014 Level IV, n=8).  

In acute phantom limb pain, IV (and likely SC) salmon calcitonin was more effective than 

placebo (Jaeger 1992 Level II, n=21 (cross over), JS 3; Turek 2012 CR; Bornemann-Cimenti 2017 CR). 

However, it was not effective for chronic phantom limb pain (Eichenberger 2008 Level II, n=20 [cross 

over], JS 5). Epidurally administered calcitonin was found to reduce the incidence of chronic 
phantom limb pain, allodynia and hyperalgesia at 6 and 12 mth in diabetic patients undergoing 
lower limb amputation (Yousef 2017 Level II, n=60, JS 5). 

In CRPS, a meta-analysis concluded that salmon calcitonin (IN, IV) is beneficial (Perez 2001 Level I, 

5 RCTs [calcitonin], n unspecified). However, the only two placebo-controlled RCTs in this meta-
analysis produced conflicting results. A subsequent RCT found that calcitonin was no more effective 
than paracetamol in improving pain and function in CRPS over a 2 mth period in patients already 
receiving physical therapy following upper limb trauma (Sahin 2006 Level II, n=35, JS 2). A network 
meta-analysis recommended short term (<2 mth) calcitonin by all routes of administration in CRPS 
over 12 mth in duration (Wertli 2014 Level I [NMA], 3 RCTs [calcitonin], n=116); the RCTs included did 
not use IASP or Budapest diagnostic criteria for CRPS and the quality of the data have been 
questioned by other authors (Benzon 2016 NR). 

Neuropathic pain after SCI was responsive to SC salmon calcitonin (Humble 2011 Level IV, n=3). 
In lumbar spinal stenosis, salmon calcitonin (IN, IM, SC) has no effect on pain or walking 

distance vs placebo or paracetamol regardless of method of administration (Peng 2015 Level I,        

6 RCTS, n=232).   
The limited evidence available does not support the effectiveness of SC salmon calcitonin in 

the treatment of acute and persistent metastatic bone pain (Martinez-Zapata 2006 Level I 

[Cochrane], 2 RCTs, n=90). 
With long-term use of salmon calcitonin for treatment of chronic osteoporosis (with 

unproven efficacy), there is a suggested association with increased cancer incidence; however, 
this is based on studies with poor-quality cancer assessment methodology (Overman 2013 NR). A 
subsequent meta-analysis further weakened the association and found little biological 
plausibility linking cancer risk and long-term calcitonin use (Wells 2016 Level I, 22 RCTs, n= 11,489). 
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The FDA has decided to continue the registration of salmon calcitonin, including for chronic use 
(FDA 2014b). 

4.10.2 | Bisphosphonates  

IV pamidronate (30 mg daily for 3 d) vs placebo, rapidly reduced pain associated with acute 
osteoporotic vertebral compression fractures (<21 d after incident) for up to 30 d post treatment 
(Armingeat 2006 Level II, n=35, JS 5). Pamidronate IV was as effective as IV human synthetic 
calcitonin for this indication (Laroche 2006 Level II, n=27, JS 3).  

Bisphosphonates reduce subacute and chronic bone pain associated with metastatic 
carcinoma of the breast (Wong 2012 Level I [Cochrane], 9 RCTs, n=2,810). In multiple myeloma there 
is high quality evidence for benefit in reduction of vertebral fractures and skeletal related events, 
and low-quality evidence for pain reduction (Mhaskar 2017 Level I [Cochrane], 24 RCTs, n=7,293). In 
advanced prostate cancer, there is no clear benefit to the use of bisphosphonates for reducing 
pain, but they may prevent further skeletal related events (Macherey 2017 Level I [Cochrane],  

18 RCTs, n=4,843). Bisphosphonates improve pain control in patients with metastatic bone disease 
from lung cancer (Lopez-Olivo 2012 Level I, 12 RCTs, n=1,767). Zoledronate specifically reduces the 
likelihood of experiencing a bone pain event in metastatic bone disease in comparison to placebo 
(RR 0.83; 95%CI 0.76 to 0.89) (Zhu 2013 Level I, 12 RCTs, n=4,450). See also Section 8.9.7.7.  

There is poor quality evidence for the use of bisphosphonates outside of the aforementioned 
cancer states (breast, multiple myeloma, prostate, lung), nor is it warranted in patients with 
short life expectancy (<3 mth) (Porta-Sales 2017 Level I, 40 RCTs, n = 16,105).  

Bisphosphonates reduce pain in patients with CRPS Type 1, in particular in the early phases 
of the syndrome (<12 mth) (Chevreau 2017 Level I, 4 RCTs, n=181). 

In Paget’s disease, bisphosphonate use tripled the proportion (31% versus 9%) of participants 
whose bone pain disappeared (RR 3.42; 95%CI 1.31 to 8.90) (NNT 5) (2 RCTs, n=205) (Corral-Gudino 

2017 Level I [Cochrane], 20 RCTs [pain], n=3,168). The evidence was limited regarding benefit of 
specific bisphosphonates, but zoledronate appeared to have marginally better efficacy vs 
pamidronate and risedronate (2 RCTs, n=436). 

In acute pain due to osteoarthritis of the knee, there is no effect on pain, function and 
radiological progress (Vaysbrot 2018 Level I, 7 RCTs, n=3,013). 

 

KEY MESSAGES 

1. Bisphosphonates reduce bone pain associated with metastatic breast cancer (U), 
multiple myeloma (S) and Paget’s disease (N) (Level I [Cochrane Review]). 

2. Salmon calcitonin reduces pain and improves mobilisation in the acute phase after 
osteoporosis-related vertebral compression fractures (U) (Level I [PRISMA]). 

3. Bisphosphonates reduce pain in patients with CRPS Type 1 in the early phase of the 
disease (N) (Level I). 

4. Salmon calcitonin reduces acute, but not chronic, phantom limb pain (U) (Level II). 

5. Pamidronate reduces pain associated with acute osteoporotic vertebral compression 
fractures (U) (Level II). 
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4.11 | Cannabis, cannabinoids and cannabimimetics  

4.11.1 | Pharmacology 

Medicinal preparations made from the cannabis plant contain several hundred chemical 
substances, which occur in varying concentrations in different plant strains and growth 
environments. Cannabis plants and their extracts are uniquely rich in phytocannabinoids (Russo 

2011 NR), of which delta9-tetrahydrocannabinol (Δ9-THC) is the best characterised substance and 
induces most of the psychogenic effects attributed to cannabis. Tetrahydrocannabinolic acid is 
the nonpsychotropic phytochemical precursor of THC and is of therapeutic interest for the 
prevention of nausea (Rock 2013 BS) and the selective inhibition of COX-2 (Takeda 2008 BS). Other 
prominent THC congeners include cannabidiol and cannabinol. Cannabidiol (CBD) is of interest 
because it opposes the psychotropic activity of THC and is currently being developed for 
anticonvulsant therapy (Schubart 2011 Level IV, n=1,877; Devinsky 2014 NR; Borgelt 2013 NR). 
Cannabinol is also of interest for possible antitumour actions (Guindon 2011 NR). 

“Cannabinoids” refers to both the phytocannabinoid congeners of Δ9-THC and to a wide range 
of synthetic substances that act on a family of G-protein coupled receptors, which are presently 
designated subtypes CB1 and CB2. CB1 receptors are predominantly distributed throughout the 
central and peripheral nervous system, where they mediate inhibition of neurochemical 
transmitter release and are associated with analgesic and mood modifying effects. CB2 receptors 
predominantly occur on immune cells, including microglia, and are associated with modulation of 
cytokine release and have an anti-inflammatory effect (Mackie 2006 NR).  

The endogenous cannabinoid system can be considered complementary to the endogenous 
opioid system (Wilson-Poe 2013 BS). Endogenous cannabinoid ligands (endocannabinoids) are 
derived from arachidonic acid. It is postulated that some (chemically noncannabinoid) analgesic 
agents (including paracetamol and various NSAIDs) may act, at least in part, via cannabinoid 
receptor mediation, either directly or indirectly via modulation of endocannabinoid metabolism 
(Graham 2013a NR; Manzanares 2006 NR) although much of this evidence is from pre-clinical data 
and some effects may be species-specific (McPartland 2014 BS SR). 

It is difficult to group together cannabis-derived preparations and other cannabinoids. This is 
because plant-extract formulations comprise a mixture of active ingredients (eg the oral mucosal 
metered-dose spray nabiximols [Sativex®; containing THC:CBD≈1:1] in comparison to pure single 
ingredient cannabinoid preparations, such as dronabinol [Marinol®, synthetic THC, oral capsules] 
and nabilone [Cesamet®, synthetic analogue of THC, oral capsules]). Nabiximols is registered in 
Australia and New Zealand among other countries for treatment of spasticity associated with 
multiple sclerosis (MS). 

The acute toxicity of phytocannabinoids is extremely low; nevertheless, clinical studies of the 
effect-adverse effect profile of cannabis and cannabinoids have demonstrated that desirable 
actions may be limited in a proportion of patients due to adverse effects, including dysphoria, 
sedation and impaired psychomotor performance, memory and concentration (Robson 2011 NR).  

Many patients self-administer cannabis by smoking; the traditional route popularised by 
nonmedical users (Wilsey 2013 Level II, n=39, JS 4; McQuay 2010 NR). Transpulmonary administered 
phytocannabinoids are rapidly and efficiently absorbed; however, newer vaporising delivery 
techniques are supplanting smoking with its attendant health risks (Zuurman 2008 Level II, n=12,  

JS 4; Eisenberg 2014 Level IV PK; Hazekamp 2006 EH) including emerging concerns regarding severe 
pulmonary toxicity and ‘vaping’ (Schier 2019 GL). Oral cannabis and cannabinoid preparations 
have a poor and highly variable systemic bioavailability (Huestis 2007 NR). Likewise the 
oromucosal spray (of nabiximols) does not achieve a rapid systemic absorption, with a profile 
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resembling oral administration (Karschner 2011a Level II PK, n=9, JS 3; Karschner 2011b Level II EH, 

n=22, JS 3; Zuurman 2008 Level II EH, n=12, JS 4; Hazekamp 2006 EH).  

4.11.2 | Efficacy 

4.11.2.1 | Acute Pain 

A volunteer study considering acute pain used electrical and heat stimuli in healthy young adult 
female volunteers found 20 mg oral standardised cannabis extract to be no different to 5 mg oral 
diazepam (active placebo) in a variety of endpoint measures (Kraft 2008 Level II EH, n=18, JS 4). The 
authors concluded that “cannabinoids are not effective analgesics for the treatment of acute 
nociceptive pain in humans”. The authors determined the plasma concentrations of the Δ9-THC 
and cannabidiol components and found that they varied more than seven-fold between subjects. 

Similarly, in the clinical setting, there is no evidence for a role of synthetic or purified 
cannabinoids in the management of acute pain (Stevens 2017 Level I [PRISMA], 7 RCTs, n=310). Five 
RCTs found cannabinoids to be equivalent to placebo, one inferior and one superior. There were 
no synergistic or additive analgesic effects when used in combination with opioids.   

4.11.2.2 | Chronic Pain 

In a variety of chronic pain conditions, including neuropathic pain, fibromyalgia, arthritis and 
other/mixed groups the efficacy of all commercially available cannabinoids in all study designs 
and considering all IMMPACT recommended outcomes were analysed (Stockings 2018 Level IV SR 
[PRISMA], 47 RCTs & 57 studies, n=9,958). Across the RCTs, the pooled event rate for 30% pain 
reduction is 29.0% for cannabinoids vs 25.9% for placebo (OR 1.46; 95%CI 1.16 to 1.84) (NNT30% 
24; 95%CI 15 to 61) (8 RCTs, n=1,734); this outcome is achieved in 72% of patients (95%CI 66%-
78%) in observational studies with no comparison group. Across the RCTs the pooled event rate 
for 50% pain reduction is 18.2% vs 14.4% (OR 1.43; 95%CI 0.97 to 2.11) (5 RCTs, n=753). With 
regard to other outcomes in RCTs, there were no effects on physical functioning, quality of life, 
overall emotional functioning or depressive or anxiety symptoms, but some low level evidence 
for reduction in sleep problems (moderate level evidence with nabiximols only) and an improved 
Global Impression of Change (GIC) (perceived “much” to “very much” improved 18.9% vs 11.8% 
(OR 1.62; 95%CI 1.34 to 1.96) (NNT 38; 95%CI 27 to 62) (13 RCTs, n unspecified). There is moderate- 
to high-grade evidence supporting use of nabiximols to achieve modest reductions in pain as 
adjunctive therapy in MS-related pain. Adverse events occurred in 81.2% of cannabinoid-treated 
patients vs 66.2% of placebo treated patients (OR 2.33; 95%CI 1.88 to 2.89) (NNH 6 (95%CI 5 to 
8) (10 RCTs, n=1,959); severe adverse events resulting in study withdrawal occurred in 15.8% vs 
4.6% (OR 3.47; 95%CI 2.64 to 4.56) (NNH 40; 95%CI 35 to 49) (19 RCTs, n=3,265). 

These findings are largely consistent with a preceding meta-analysis with significant overlap 
of RCTs included (Aviram 2017 Level I [PRISMA], 43 RCTs, n= 2,437) and an overview of systematic 
reviews not including the above meta-analyses (Hauser 2018 Level I [PRISMA], 10 SRs, unspecified 

number of RCTs).  
In addition to these meta-analyses of effects on all chronic pain conditions, there are also 

assessments of specific conditions published (with significant overlap of included RCTs): 
• In neuropathic pain there is no high-quality evidence for the efficacy of any cannabis-

based medicine (Mucke 2018a Level I [Cochrane], 16 RCTs, n=1,750). Low quality evidence 
shows a 50% or greater pain reduction versus placebo in 21% vs 17% (RD 0.05; 95%CI 0.00 
to 0.09) (NNT50% 20; 95%CI 11 to 100) (8 RCTs, n=1,001). Moderate quality evidence shows 
a 30% or greater pain reduction in 39 vs 33% (RD 0.09; 95%CI 0.03 to 0.15) (NNT30% 11; 
95%CI 7 to 33) (10 RCTs, n=1,586). For adverse events, evidence is of low quality and shows 
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an increase in nervous system adverse events 61% versus 29% (RD 0.38; 95%CI 0.18 to 
0.58) (NNH 3; 95%CI 2 to 6) (9 RCTs, n=1,304) and psychiatric disorders 17% vs 5% (RD 0.10; 
95%CI 0.06 to 0.15) (NNH 10; 95% CI 7 to 16) (9 RCTs, n=1,314).  

• In fibromyalgia, there is no convincing evidence that nabilone (the only cannabinoid in both 
RCTs) is of any value in treating this condition (Walitt 2016 Level I [Cochrane], 2 RCTs, n=72). 

• In cancer pain, very low-quality evidence shows no benefit of nabiximols or THC (the only 
cannabinoids in the included RCTs) on any outcome including pain, sleep problems and 
opioid consumption with increased adverse events (GI and nervous system) (Hauser 2019 
Level I [PRISMA], 5 RCTs, n=1,534). Even for improvement of anorexia or cachexia in a 
palliative care setting, there is no convincing, unbiased, high quality evidence for an effect 
of cannabinoids (Mucke 2018b Level I [PRISMA], 9 RCTs, n=1,561). 

• In MS, cannabinoids may have modest effects for pain or spasticity based on high quality 
evidence (Nielsen 2018 Level III-3 SR [PRISMA], 11 SRs based on 32 studies). 

Smoking cannabis has only short-term effects in studies with potential bias (Phillips 2010  
Level I [PRISMA], 14 RCTs, n=1,764). With regard to smoked cannabis, the authors caution that there 
is a risk of bias due to difficulties in blinding patient exposure; in one trial 92% guessed treatment 
allocation correctly.  

A 4 y prospective cohort study looking at the effect of non-prescribed cannabis use in 
people with chronic non-cancer pain using opioids identified that its use increased pain 
severity, pain interference and generalized anxiety disorder scores and decreased pain self-
efficacy scores (Campbell 2018 Level III-2, n=1,514). Cannabis use did not have an opioid sparing 
or opioid cessation effect. 

4.11.3 | Adverse effects  

Transient adverse effects of cannabis and cannabinoids are variable and include impaired 
cognition, dizziness and sedation. In short-term exposure (mean treatment duration of 2 wk) 
medical cannabis was not associated with a higher incidence of serious adverse effects vs control 
(RR 1.04; 95%CI 0.78 to 1.39), with dizziness being reported as the most commonly reported 
nonserious event in cannabinoid-treated patients (15.5%) (Wang 2008a Level I, 23 RCTs, n=3,141). 

Longer-term studies in patients with MS have indicated no new safety concerns after several 
years of administration. Nabiximols (Sativex®) treatment in patients with MS was not associated 
with psychopathology or impaired cognition (Aragona 2009 Level II, n=17, JS 5). Similarly, its adverse 
effects were assessed in an open-label study following a trial for treating spasticity in 146 
patients having MS for a mean duration of 334 d (Serpell 2013 Level IV). Adverse effects typically 
reported as “dizziness”, “fatigue” and “headache” caused treatment withdrawal in 14% of 
patients and were serious (eg psychosis) in 4.3%. A further 9% of these patients withdrew due 
to lack of efficacy.  

There is widespread concern about chronic exposure to cannabis and the development of 
psychosis in susceptible individuals. Whilst a causal link is yet to be established, one meta-analysis 
concluded that there is a dose-response relationship between the level of cannabis use and the risk 
for psychosis (Marconi 2016 Level III-3 [PRISMA], 10 studies, n=66,816). The risk for schizophrenia and 
other psychosis-related symptoms is highest in the heaviest cannabis users vs non-users (OR 3.90; 
95%CI 2.84 to 5.34). Others have argued that there is little evidence that, at a population level, 
cannabis use is a primary contributing factor in the development of psychiatric illness (Hamilton 2014 

Level III-3; Gage 2013 NR; Macleod 2010 NR).  
Rapidly absorbed cannabis (eg by smoking) produces a tachycardia by a beta-adrenergic 

mechanism (Beaconsfield 1972 NR). A detailed literature review identifies an increased risk of 
acute coronary syndrome and chronic cardiovascular disease associated with cannabis use 
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through other mechanisms postulated as vascular inflammation, platelet activation and 
carboxyhaemoglobin formation (Richards 2019 Level IV SR [PRISMA], 85 studies, n=541,518). 
However, in patients surviving acute myocardial infarction there was no statistically significant 
association between cannabis use and mortality (Frost 2013 Level IV, n=519). There are emerging 
concerns regarding severe pulmonary toxicity related to “vaping”, with unclear trigger factors 
but many reports involve cannabinoids (Schier 2019 GL). Overall, cardiovascular and pulmonary 
effects of cannabinoids need to be considered (Pacher 2018 NR). 

Acute cannabis intake impairs driving, but the increase in accident risk is of low to medium 
magnitude (increase in accident risk pooled OR 1.28; 95%CI 1.16 to 1.40, in culpable accident risk 
pooled OR 1.42; 95%CI 1.11 to 1.75) (Rogeberg 2019 Level III-3 SR, 13 studies [culpability], n unspecified). 

After trauma, marijuana use, in particular chronic use, leads to higher pain scores and higher 
opioid requirements (Salottolo 2018 Level III-2, n=261). 

Epidemiological evidence of harms is typically derived from “recreational” users where the 
“cannabis” is defined neither chemically nor posologically and its relevance to the medical use, 
particularly of pharmaceutical grade cannabis, in supervised patients, is questionable.  

4.11.4 | General considerations 

It should be noted that all clinical studies to date have various design limitations, most involving 
small numbers of patients and most using only nonselective highly lipophilic cannabinoids, often 
of unknown composition. It should also be noted that several RCTs with negative results are yet 
to be published. The possible benefits from more selective agonists have yet to be investigated 
in the clinical setting, along with more innovative or reliable modes of administration.  

Many leading stakeholder institutions world-wide, which hold either scientific, best practice 
or regulatory interests in the use of pharmacological agents for the treatment of pain, express a 
universal concern for the proliferation of cannabis related products for the indications of acute 
or chronic pain (FPMANZCA 2019b GL). This concern is largely underpinned by the current lack of 
quality and robust evidence for its efficacy and concerns over significant adverse effects both in 
the short and long terms. These same institutions welcome further dialogue within the 
framework of well-designed clinical studies to better determine usefulness of cannabinoids and 
their side-effect profile. 

 

KEY MESSAGES 

1. Adverse effects including dizziness, cognitive changes and psychiatric symptoms  
(eg psychosis) may limit the usefulness of cannabinoids in pain treatment (S) (Level I 
[Cochrane Review]).  

2. Current evidence does not support the use of cannabinoids in acute pain management 
(S) (Level I [PRISMA]).    

3. Smoking cannabis has short-term efficacy in treating neuropathic pain in patients with 
HIV/AIDS, although potential study bias means that this is not recommended as routine 
treatment (Q) (Level I [PRISMA]). 

4. Cannabinoids appear to be mildly effective when used in the treatment of pain and 
spasticity associated with multiple sclerosis and HIV (W) (Level III-2 SR [PRISMA]).   

5. Smoked cannabis increases the risk of acute coronary syndrome and chronic 
cardiovascular disease (N) (Level IV SR) 
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4.12 | Corticosteroids  

4.12.1 | Systemic corticosteroids 

Surgical tissue trauma leads to the conversion of arachidonic acid to prostaglandins and 
leukotrienes. NSAIDs inhibit the formation of prostaglandins, whereas corticosteroids also inhibit 
the production of leukotrienes and cytokines (Royse 2017 NR; Gilron 2004 NR). The anti-
inflammatory effects of corticosteroids account for some, but not all, of the antinociceptive 
effects of corticosteroids seen in clinical practice. It is likely that the analgesic actions of 
systemically administered corticosteroids are attributable predominantly to rapid-onset 
nongenomic mechanisms. However, the well-documented anti-inflammatory actions may 
contribute to a more delayed analgesic effect and may be due to genomic effects (Rijsdijk 2014 
NR; Lowenberg 2008 NR). 

4.12.1.1 | Efficacy 

Perioperative administration of corticosteroids reduces the severity of postoperative pain and 
decreases analgesic requirements as discussed below. However, corticosteroids are not only 
administered in the perioperative setting for their analgesic effects but also for other reasons. 
These include (but are not limited to) a reduction of PONV (De Oliveira 2013b Level I [PRISMA], 

60 RCTs, n=6,696), decreased swelling in dental and maxillofacial surgery (Dan 2010 Level I,  

12 RCTs, n=574) and an improvement in quality of recovery and decreased postoperative fatigue 
(Yue 2017 Level I, 11 RCTs, n=774; Murphy 2014 Level II, n=200, JS 5; Murphy 2011a Level II, n=120,  

JS 5; Murphy 2011b Level II, n=117, JS 5) with facilitation of earlier hospital discharge (Murphy 

2011a Level II, n=120, JS 5).  
Corticosteroids have also been shown to have antihyperalgesic effects in animals and humans 

(Romundstad 2007 NR; Brandsborg 2007 NR). In experimental burn injury pain, both 
methylprednisolone and ketorolac reduced secondary hyperalgesia and increased pain pressure 
tolerance threshold vs placebo, although the increase in pain pressure tolerance threshold was 
greater with ketorolac (Romundstad 2007 Level II EH, n=12, JS 4). In surgical patients, preoperative 
administration of methylprednisolone resulted in significantly less hyperalgesia compared with 
parecoxib and placebo but there was no reduction in persistent spontaneous or evoked pain 
(Romundstad 2006 Level II, n=204, JS 4). 

Dexamethasone administration to surgical patients decreases postoperative pain scores, 
opioid consumption, time to first analgesia, requirements for rescue analgesia and PACU LOS 
(Waldron 2013 Level I [PRISMA], 45 RCTs, n=5,796). However, the differences are small and, while 
statistically significant, unlikely to confer clinically relevant analgesic benefit (eg 13% reduction 
in postoperative opioid consumption equals 3 mg morphine equivalent over the first 24 h). 
Preoperative dexamethasone administration is superior to later administration. When steroid 
doses were classified into three levels, an optimal dose of 0.1 to 0.2 mg/kg dexamethasone was 
identified (De Oliveira 2011 Level I [PRISMA], 24 RCTs, n=2,751); however, a subsequent 
metaregression did not identify any dose-response relationship for an opioid-sparing effect 
(Waldron 2013 Level I [PRISMA], 45 RCTs, n=5,796).  

Systemic dexamethasone improves quality of analgesia after spinal anaesthesia, with 
reduced 24 h morphine consumption (6 RCTs, n=326) and prolonged time to first analgesia request 
(Heesen 2019 Level I [PRISMA], 17 RCTs, n=1,133). Systemic and caudal dexamethasone doubles to 
triples the duration of analgesia from caudal blockade after paediatric surgery to a similar extent 
(Chong 2018 Level I [PRISMA], 14 RCTs, n=1,315). 
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Orthopaedic surgery 

After THA and TKA, glucocorticoids in a dose greater than 0.1 mg/kg dexamethasone equivalent 
seem to be required to achieve reduction of PONV and pain severity within the first 24 h only 
(Yue 2017 Level I, 11 RCTs, n=774); in addition, systemic steroids are associated with faster 
functional rehabilitation and greater inflammation control. This is supported by another parallel 
meta-analysis of elective primary THA with perioperative glucocorticoid administration 
(dexamethasone 8 to 40 mg, methylprednisolone 125 mg or hydrocortisone 200 mg) (Li 2017c 

Level I, 6 RCTs, n=449).  
In patients undergoing elective TKA, perioperative dexamethasone administration 

decreases postoperative pain scores at 12, 24, and 48 h, and decreases opioid consumption 
up to 12 h only (Zhou 2018 Level I, 6 RCTs, n=576). Similar effects are achieved with 
dexamethasone in THA (Fan 2018 Level I [PRISMA] 3 RCTs, n=207).  

High-dose methylprednisolone (dexamethasone equivalent >10 mg), but not low-dose 
systemic perioperative corticosteroid administration improves analgesia in patients undergoing 
elective knee or hip surgery (Lunn 2013 Level I [PRISMA], 17 RCTs, n=1,081). After orthopaedic 
surgery, there was no difference in the analgesic effect of IV methylprednisolone 125 mg vs IV 
ketorolac 30 mg, with both being better than placebo; IV methylprednisolone led to greater 
opioid-sparing but there was no difference in the incidence of adverse effects (Romundstad 2004 
Level II, n=75, JS 5). 

Tonsillectomy 

Dexamethasone in doses >10 mg over 24 h given to adults undergoing tonsillectomy appears 
to decrease postoperative pain, an effect further improved by repeated administration in 
the postoperative period (Diakos 2011 Level I, 7 RCTs, n=580). This has been confirmed by a 
subsequent meta-analysis, which shows pain reduction by 23% at 4 h (MD -1.4/10; 95% CI   
-1.6 to -1.2) (Tolska 2019 Level I [PRISMA], 10 RCTs [dexamethasone], n=590) (6 RCTs overlap).  

In a mixed meta-analysis of tonsillectomy in adults and children, all steroids reduce pain 
severity at all time points up to 7 d with a peak benefit on POD 1 (SMD -0.99/10; 95%CI -1.32 to 
-0.67) (41 RCTs, n=3,477) (Titirungruang 2019 Level I [PRISMA], 64 RCTs, n=6,327) (8 RCTs overlap with 

Tolska 2019). These effects are similar for systemic vs local steroid administration. Furthermore, 
steroids reduce PONV (OR 0.31; 95%CI 0.24 to 0.40) (46 RCTs, n=4,784), while not increasing the 
risk of primary (OR 0.96; 95%CI 0.55 to 1.67) (15 RCTs, n=1,736) or secondary haemorrhage (OR 
1.05; 95%CI 0.74 to 1.51) (23 RCTs, n=2,440).   

Thyroidectomy 

Dexamethasone in adults undergoing thyroidectomy reduces postoperative pain scores and 
analgesic requirements (Chen 2012 Level I [PRISMA], 5 RCTs, n=497) and the need for rescue 
analgesia (Zou 2014 Level I, 13 RCTs, n=2,180). Only higher dose dexamethasone (8 to 10 mg) 
appeared to confer this analgesic benefit. 

Maxillofacial surgery 

Similarly, after maxillofacial surgery, the perioperative administration of corticosteroids 
(dexamethasone equivalent >5 mg) results in significant analgesic effects vs placebo in addition 
to decreased swelling (Dan 2010 Level I, 12 RCTs, n=574).  

In rhinoplasty surgery, the combination of dexamethasone/pregabalin showed significant 
analgesic benefits up to 24 h (Demirhan 2013 Level II, n=60, JS 3). 
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Other surgery 

In lumbar disc surgery, 16 mg dexamethasone administered orally preoperatively was associated 
with a reduction on pain with mobilisation in the first 24 h postoperatively (Nielsen 2015b Level II, 

n=160, JS 5).  
After mixed ambulatory surgery, ketorolac provided better pain relief than either 

dexamethasone or betamethasone in the immediate postoperative period but there were no 
differences in pain relief or analgesic use in the 4 to 72 h period after surgery (Thagaard 2007  
Level II, n=179, JS 5). 

A combination of dexamethasone/gabapentin provided better pain relief and led to less 
PONV than either medicine given alone after varicocoele surgery; both the combination and the 
individual medicines were more effective than placebo (Koç 2007 Level II, n=80, JS 5). In contrast, 
there was no difference in pain scores or PCA-morphine requirements during the first 24 h 
postoperatively in patients given pregabalin, dexamethasone/pregabalin or placebo after 
hysterectomy (Mathiesen 2009 Level II, n=116, JS 5). 

Nonetheless, not all of the procedure-specific trials demonstrate benefit. Dexamethasone  
(0.1 mg/kg) did not decrease the severity of pain nor opioid consumption up to 72 h in patients 
undergoing thoracotomy (Joung 2018 Level II, n=40, JS 4). Likewise, in patients undergoing elective 
bowel surgery, dexamethasone 8 mg did not improve the quality of recovery, fatigue nor pain 
severity at 120 h postoperatively (Collaborators 2017 Level II, n=1,350, JS 5). When added to a 
multimodal analgesic combination including intrathecal morphine for Caesarean section under 
spinal anaesthesia, dexamethasone 8 mg did not decrease opioid consumption up to 24 h 
postoperatively (Ituk 2018 Level II, n=52, JS 4).  

After breast augmentation, IV methylprednisolone 125 mg and IV parecoxib 40 mg 
provided comparable analgesia; however, PONV and fatigue scores were lower in the patients 
given methylprednisolone (Romundstad 2006 Level II, n=204, JS 4). In cardiac surgery, 250 mg 
methylprednisolone at induction and repeated immediately prior to cardiopulmonary bypass 
did not reduce the incidence of delirium nor improve the quality of recovery (Royse 2017  
Level II, n=555, JS 5). Oral prednisolone (50 mg) preoperatively did not improve pain, fatigue, 
nausea or vomiting in patients undergoing laparoscopic cholecystectomy vs placebo (Bisgaard 

2008 Level II, n=200, JS 3). In total abdominal hysterectomy, 125 mg of methylprednisolone did 
not confer analgesic benefit (Aabakke 2014 Level II, n=49, JS 4).  

Sore throat 

Corticosteroids administered in a single dose (most commonly 10 mg dexamethasone orally) 
provide pain relief for sore throat including pharyngitis more effectively and faster than placebo 
(Sadeghirad 2017 Level I, 10 RCTs, n=1,426).  

Dexamethasone decreases incidence and severity of sore throat after extubation when 
administered IV at induction (Kuriyama 2019 Level I, 15 RCTs, n=1,849). 

Acute gout 

In acute gout, corticosteroids provide similar analgesic effects to non-corticosteroid treatments 
(Liu 2017b Level I [PRISMA], 7 RCTs, n=929). 

4.12.1.2 | Adverse effects 

The principal safety concerns of perioperative corticosteroid administration relate to the 
development of hyperglycaemia, increased infection and bleeding risk and the risk of recurrence 
of malignancy (Ali Khan 2013 NR; Yee 2013a NR; Turan 2011 NR; Ho 2011 NR). 

Two meta-analyses have examined these safety issues with similar conclusions, although 
with significant methodological differences and including all corticosteroids (Toner 2017 Level I, 
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11 RCTs [hyperglycaemia], n=685; Polderman 2018 Level I [Cochrane], 38 RCTs, n=4,931) (17 RCTs 

overlap). However, the RCTs summarised in these meta-analyses are essentially efficacy studies 
of the antiemetic and anti-inflammatory effects of dexamethasone. Few trials have examined 
long-term effects or patient outcomes and those that have, were not adequately powered to do 
so. In consequence, a large RCT (PADDI) has completed recruitment, the results of which will 
address many of the safety issues relating to the administration of intraoperative 
dexamethasone (Corcoran 2019 Trial Protocol, n=8,880).  

Hyperglycaemia 

In non-cardiac surgical patients, glucocorticoids increase blood glucose concentrations (WMD 
1.1mmol/L; 95%CI 0.6 to 1.6) up to 12 h postoperatively (Toner 2017 Level I, 11 RCTs 

[hyperglycaemia], n=685). When only trials which excluded patients with diabetes were 
examined, the observed increase in blood glucose is smaller (WMD 0.7 mmol/L). These findings 
are confirmed by the subsequent meta-analysis of dexamethasone only, which finds a similar 
increase in non-diabetic patients (10 RCTs, n=595) and a more pronounced increase  
(1.8 mmol/L) (2 RCTs, n=74) in diabetic patients (Polderman 2018 Level I [Cochrane], 38 RCTs, 

n=4,931).  
A large dose of dexamethasone (1 mg/kg at induction) in cardiac surgery patients not 

excluding diabetic patients resulted in a higher maximum postoperative blood-glucose 
concentration (MD 0.9 mmol/L) vs placebo (Dieleman 2012 Level II, n=4,494, JS 5). As all patients 
received glucose-lowering therapy in the ICU postoperatively, the dexamethasone effect may 
have been mitigated.  

Infection risk 

The administration of dexamethasone to patients undergoing surgery is not associated with an 
increase in the risk of any infection (OR 1.01; 95%CI 0.80 to 1.27) (Polderman 2018 Level I [Cochrane] 

(27 RCTs [infection], n=4,931]). This is also shown for all glucocorticoids (OR 0.9; 95%CI, 0.6 to 1.3) 
(Toner 2017 (Level I [PRISMA], 18 RCTs [infection], n=2,138).There is also no increase in impaired 
wound healing or anastomotic leakage. 

In cardiac surgery, a single intraoperative high dose of dexamethasone (1 mg/kg) did not 
significantly increase the incidence of postoperative wound infection; there was actually a 
reduction in total infection complications, due mainly to a reduction in pneumonia (Dieleman 2012 

Level II, n=4,494, JS 5).  

Bleeding risk  

Perioperative glucocorticoids do not increase the risk of postoperative haemorrhage in non-
cardiac surgery (OR, 1.4; CI, 0.7 to 2.7) (Toner 2017 (Level I [PRISMA], 18 RCTs [bleeding], n=2,138). 

Specifically, in paediatric tonsillectomy dexamethasone does not increase the overall 
bleeding risk; however, its use increases the need for operative intervention for bleeding (Plante 

2012 Level I, 29 RCTs, n=2,674).  
See paediatric section 10.4.10.3 for details of corticosteroid effects on bleeding risk. 

Malignancy recurrence 

There are limited and contradictory results on recurrence of malignancy; after colorectal surgery 
there was an increase in one small RCT (Singh 2014 Level II, n=43, JS 4), while a propensity-matched 
study failed to confirm such an association in ovarian cancer (De Oliveira 2014b Level III-2, n=260).  
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KEY MESSAGES 

1. Mild increase in blood glucose concentration follows perioperative administration of 
dexamethasone (S) (Level I [Cochrane Review]) and all corticosteroids (S) (Level I 
[PRISMA), particularly in patients with diabetes mellitus.  

2. Perioperative administration of dexamethasone (N) (Level I [Cochrane Review]) and all 
corticosteroids (N) (Level I [PRISMA]) does not increase the risk of infection. 

3. Perioperative administration of dexamethasone reduces postoperative pain and opioid 
requirements to a limited extent but also reduces nausea and vomiting, fatigue, and 
improves the quality of recovery compared with placebo (U) (Level I [PRISMA]).  

4. Preoperative dexamethasone appears to be more effective than intraoperative or 
postoperative administration (U) (Level I [PRISMA]). 

5. Perioperative glucocorticoids do not increase the risk of impaired wound healing, 
anastomotic leakage or postoperative haemorrhage (N) (Level I [PRISMA]). 

6. A single dose of corticosteroids provides more effective and faster relief of pain from 
sore throat than placebo (N) (Level I) and decreases incidence and severity of sore 
throat after extubation when administered at induction (N) (Level I [PRISMA]). 

7.  Systemic dexamethasone reduces pain intensity and opioid requirements after spinal 
anaesthesia (N) (Level I [PRISMA]. 

The following tick box represents conclusions based on clinical experience and expert 
opinion: 

 As all safety data on the risks of using corticosteroids in surgical populations are based 
on analysis of efficacy trials only, the safety remains to be evaluated (N). 

4.12.2  | Regional corticosteroids 

4.12.2.1 | Neuraxial 

Caudal and IV dexamethasone doubles to triples the duration of analgesia from caudal blockade 
after paediatric surgery to a similar extent (Chong 2018 Level I [PRISMA], 14 RCTs, n=1,315). 

Dexamethasone when added to bupivacaine/fentanyl solution in epidural analgesia 
prolonged duration of analgesia in abdominal or thoracic surgery (372 min ± 58.1 vs 234.6 min ± 
24.3 ) and decreased opioid requirements in the first 24 h (Naghipour 2013 Level II, n=72, JS 5). In 
patients having lower abdominal surgery, single-dose epidural bupivacaine/dexamethasone had 
similar prolongation of time to first analgesia, opioid-sparing and antiemetic effects as 
bupivacaine/fentanyl when compared with epidural bupivacaine alone (Khafagy 2010 Level II, 

n=90, JS 5). Preoperative single-dose epidural administration of dexamethasone, with or without 
bupivacaine, reduced postoperative pain and morphine consumption following laparoscopic 
cholecystectomy (Thomas 2006 Level II, n=94, JS 5). Epidural dexamethasone/ropivacaine reduced 
postoperative pain in patients undergoing gastrectomy under epidural analgesia vs ropivacaine 
alone in a dose-dependent way with 10 mg superior to 5 mg (Hong 2017 Level II, n=120, JS 5). Use 
of epidural methylprednisolone resulted in no difference in morphine requirements or pain 
scores following thoracotomy vs epidural saline (Blanloeil 2001 Level II, n=24, JS 4).  
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Epidural corticosteroids (triamcinolone, methylprednisolone or dexamethasone) applied by 
the surgeons intraoperatively for microdiscectomy or laminectomy reduce pain at 24 h and  
1 mth postoperatively as well as opioid requirements and hospital LOS vs placebo (Wilson-Smith 

2018 Level I [PRISMA], 17 RCTs, n=1,727; Arirachakaran 2018 Level I [PRISMA], 12 RCTs, n=1,006) (10 RCTs 

overlap). There is no difference in complications; a meta-analysis looking specifically for 
complications found no significant difference in overall complications (RR 1.94; 95%CI 0.72 to 
5.26) nor infectious complications (RR 4.58; 95%CI 0.75 to 27.95) (Akinduro 2015 Level III-2 SR, 16 

RCTs & 1 study, n=1,933). 
Lumbar epidural steroid injections (ESI) for acute sciatica provide small but significant short-

term relief (≤3 mth) from acute radicular pain (MD -6.2/100; 95%CI -3.0 to -9.4) and reduce 
disability but do not provide significant longer-term benefits beyond this time (Pinto 2012 Level I, 

23 RCTs, n=2,334). Results specifically for transforaminal ESI vs saline or local anaesthetic are 
similar, with modest but significant pain reduction at 3 mth (MD−0.97/10; 95% CI −1.42 to −0.51) 
but no benefit on disability or need for later surgery (Bhatia 2016 Level I [PRISMA] 8 RCTs, n=771)  
(4 RCTs overlap). 

Several meta-analyses overlapping for multiple studies with each other and the above have 
analysed specific questions. ESI is superior to saline (6 RCTs) with regard to improved function 
and pain control and superior to local anaesthetic with regard to improved pain control (2 RCTs), 
but these findings are only maintained at 1 mth with no significant long-term advantage (Lee 

2018a Level I, 14 RCTS, n unspecified). Fluoroscopically guided lumbar ESI provide significant short-
term improvement of radicular pain caused by lumbar disc herniation and stenosis, but not for 
axial back pain, based on low-quality evidence (Sharma 2017 Level IV SR, 41 studies, n unspecified). 
Non-image guided ESI provide inferior short-term improvement based on low-quality evidence 
and should only be performed if image-guidance is not available (Vorobeychik 2016 Level IV SR,  

39 studies, n unspecified). Transforaminal ESI compared to interlaminar ones result in better short-
term pain control (2 to 4 wk) based on weak evidence with no other significant benefits (Lee 

2018c Level III-2 SR, 10 RCTs & 2 studies, n unspecified). There is no significant difference between 
transforaminal and caudal ESI based on very weak evidence (Lee 2018b Level III-2 SR, 4 RCTs &  

2 studies, n unspecified). Preganglionic (supraneural, retrodiscal) ESI increases the chance of 
effectiveness vs postganglionic injection (Pairuchvej 2018 Level III-2 SR, 3 RCTs & 1 study, n=412). 
Particulate steroids compared to non-particulate ones result in statistically significant, but 
clinically questionable improved pain control (MD -0.53/10; 95%CI -0.14 to -0.92) (Makkar 2016 
Level III-2 SR, 4 RCTs & 3 studies, n=4,398). For fluoroscopically guided cervical transforaminal 
epidural steroid injections the response rate for <50% pain reduction is 48% (95%CI 34 to 61%) 
at 1 mth and 55% (95%CI 45 to 64%) at 3 mth, based on very low-quality studies with no control 
group comparison (Conger 2020 Level IV SR [PRISMA], 17 studies, n unspecified). 

The FDA issued a warning in April 2014 that injection of corticosteroids into the epidural 
space of the spine may result in rare but serious adverse effects, including loss of vision, stroke, 
paralysis and death (FDA 2014a GL). These concerns have been subsequently addressed in a 
number of consensus statements by multiple organisations (Rathmell 2015 GL; Kennedy 2015 GL). 
Recommendations are in particular addressing image-guidance and use of particulate vs. non-
particulate steroids and have led to subsequent discussions in the literature.  

Furthermore, repeat ESI (mean 1 to 14.7 injections with cumulative methyl-prednisolone 
equivalent doses of 80 to 8,130 mg) are associated with reduced bone mineral density and 
increased risk of vertebral fractures (Kerezoudis 2018 Level IV SR, 8 studies, n=7,233). 
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4.12.2.2 | Perineural sites 

When compared with local anaesthetic alone, the addition of dexamethasone to local 
anaesthetic prolongs the duration of sensory block of peripheral nerve block techniques            
(MD 6.70 h; 95%CI 5.54 to 7.85), and reduces postoperative pain intensity at 12 h (MD -2.08/10; 
95%CI -2.63 to -1.53) and 24 h (MD -1.63/10; 95%CI -2.34 to -0.93) (Pehora 2017 Level I [Cochrane], 

35 RCTs, n=2,702). Similar findings re analgesia are reported in another meta-analysis, which also 
finds a decrease in PONV (RR 0.36; 95%CI 0.19 to 0.70) (Huynh 2015 Level I [PRISMA], 12 RCTs, 

n=1,054) (9 RCTs overlap). Specifically in brachial plexus block, there were similar findings, with low 
quality evidence of a ceiling effect of dexamethasone at 4 mg (Kirkham 2018 Level I [PRISMA],  

33 RCTs, n=2,138) (23 RCTs overlap with Pehora 2017). The effect on duration of sensory block is more 
pronounced with bupivacaine (MD 4.0 h; 95%CI 2.8 to 5.2) (4 RCTs, n=429) than with ropivacaine 
(MD 2.0 h; 95%CI -0.5 to 4.5 h) (5 RCTs, n=357) (Baeriswyl 2017 Level I [PRISMA], 11 RCTs, n=914) (10 

RCTs overlap with Pehora 2017). 
IV dexamethasone vs placebo (8 RCTs, n=499) increases the duration of sensory block (MD 

6.21 h; 95%CI 3.53 to 8.88) and reduces postoperative pain intensity at 12 h (MD -1.24/10; 95%CI 
-2.44 to -0.04) and 24 h (MD -1.26/10; 95% CI -2.23 to -0.29) as well as postoperative opioid 
consumption to 24 h (MD -6.58 mg; 95% CI -10.56 to -2.60) (Pehora 2017 Level I [Cochrane], 35 RCTs, 

n=2,702).  
Perineural vs IV dexamethasone (9 RCTs, n=720) increases the duration of sensory block (MD 

3.14 h; 95%CI 1.68 to 4.59), but improves analgesia only in a clinically insignificant way and has 
no opioid-sparing effect (Pehora 2017 Level I [Cochrane], 35 RCTs, n=2,702). However, a subsequent 
meta-analysis using the Hartung-Knapp-Sidik-Jonkman (HKSJ) methodology, which the authors 
claim to provide a more conservative estimate of effect, could not even confirm the extended 
duration of sensory block with perineural vs IV dexamethasone (Hussain 2018 Level I, 14 RCTs, 

n=1,007) (9 RCTs overlap).  
Adding dexamethasone perineurally as an adjunct to saphenous nerve block increased the 

duration of analgesia vs placebo (Bjorn 2017 Level II, n=40, JS 5). However, time to first rescue 
analgesia was similar with dexamethasone perineurally for an ankle block vs IV administration 
(Marty 2018 Level II, n=100, JS 5). Dexamethasone/bupivacaine versus IV dexamethasone for sciatic 
and ankle blocks improved pain scores at 24 h in the sciatic group only, but conferred no other 
analgesic benefits in either group (Fredrickson 2013 Level II, n=126, JS 5). 

Perineural dexamethasone for TAPB prolongs sensory block duration (MD 2.98 h; 95%CI 2.19 
to 3.78) and reduces pain scores at 2, 6 and 12 h postoperatively (Chen 2018b  

Level I [PRISMA] 9 RCTs, n=575). It also reduces systemic analgesic consumption (SMD -1.29; 95%CI 
-1.88 to -0.70) and the incidence of PONV (OR 0.28; 95%CI 0.16 to 0.49) on POD 1.  

Dexamethasone/bupivacaine vs bupivacaine alone for thoracic paravertebral block improved 
analgesia and duration of analgesia in patients undergoing nephrectomy (Tomar 2017 Level II, 

n=60, JS 4). 

Further addition of dexamethasone to local anaesthetics for scalp nerve blocks in the setting 
of perioperative systemic dexamethasone therapy did not prolong duration of the block (Jose 

2017 Level II, n=90, JS 5). 
Although perineural dexamethasone has been shown to prolong sensory and motor block of 

perineural local anaesthetics, there is little safety data to support its use. Animal data to date are 
reassuring, with dexamethasone not increasing ropivacaine-induced sensory nerve toxicity at 
clinically relevant concentrations (Williams 2011 BS) and dexamethasone attenuating 
bupivacaine-induced neuronal injury (Ma 2010 BS). In a meta-analysis, although underpowered 
for complications, there is no difference in complications or nerve injury (10 RCTs, n=763) (Hussain 

2018 Level I, 14 RCTs, n=1,007). However, given the lack of human safety data, the practice of 
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perineural dexamethasone administration needs to be further evaluated (Rahangdale 2014 NR). 
Furthermore, mixtures of ropivacaine and nonparticulate dexamethasone sodium phosphate 
demonstrated a pH-dependent crystallisation and the use of such combinations may be not 
advisable (Watkins 2015 BS). 

4.12.2.3 | Peripheral sites 

Periarticular injection of combinations of local anaesthetic, opioid and anti-inflammatory agents 
including steroids have been studied (LIA), however the range of mixtures makes determination 
of the effect of individual components difficult. In patients having simultaneous bilateral knee 
joint arthroplasties, bupivacaine/fentanyl/methylprednisolone were infiltrated by the surgeon 
around one knee but not the other (Mullaji 2010 Level II, n=40, JS 4). Pain scores on the infiltrated 
side were significantly lower and the joint had greater active flexion up to 4 wk and superior 
quadriceps recovery up to 2 wk after surgery when vs the noninfiltrated knee. Periarticular 
injection of a mixture of bupivacaine/morphine/adrenaline/clonidine showed a reduced hospital 
LOS by 24 h without any significant effect on pain relief, motion or function following TKA, when 
methylprednisolone was added (Christensen 2009 Level II, n=76, JS 4). In comparing 
ropivacaine/adrenaline in three groups with no added steroid, 40 mg and 80 mg triamcinolone, 
the addition of corticosteroid to periarticular injection of local anaesthetic did not improve pain 
relief or range of movement outcomes for up to 12 wk of follow-up (Chia 2013 Level II, n=126,           

JS  5). 
Intra-articular (IA) corticosteroid injections would be expected to have a direct analgesic 

effect in inflammatory arthropathies. Following knee joint arthroscopy, IA steroids were more 
effective than placebo in reducing pain, analgesic consumption and duration of immobilisation 
either alone (Wang 1998 Level II, n=60, JS 4) or in conjunction with opioids (Kizilkaya 2005 Level II, 

n=72, JS 4; Kizilkaya 2004 Level II, n=60, JS 2) and/or local anaesthetics (Moeen 2017, Level II, n= 60,     

JS 5; Rasmussen 2002 Level II, n=60, JS 3). Dexamethasone on its own was less effective than 
pethidine or fentanyl (Saryazdi 2006 Level II, n=48, JS 3). A single IA injection of methylprednisolone 
one wk before TKA did not reduce acute postoperative pain (Luna 2017 Level II, n=48, JS 4). There 
may be a higher risk of septic arthritis with IA steroids (Armstrong 1992 Level IV, n=4,256).  

Subacromial injections of corticosteroids have been shown to be effective in treating rotator 
cuff tendonitis for up to 9 mth vs placebo (NNT 3.3; 95%CI 1.8 to 7.7) and are superior to oral 
NSAIDs (NNT 2.5; 95%CI 1 to 9) (Arroll 2005 Level I [QUOROM], 7 RCTs, n=347). In patients with 
tendonitis of the shoulder or elbow, steroid injections show similar benefits to NSAIDs for early 
(up to 1 wk) pain relief (Gaujoux-Viala 2009 Level I, 20 RCTs, n=1,731). 

In patients having hand surgery, IVRA using a combination of lidocaine/dexamethasone 
resulted in lower pain scores and lower analgesic requirements for 24 h vs lidocaine alone or 
lidocaine IVRA with dexamethasone in the nonoperative arm (Bigat 2006 Level II, n=75, JS 2). The 
addition of dexamethasone to lidocaine/ketorolac IVRA for hand surgery improved 
intraoperative tourniquet tolerance and postoperative analgesia vs lidocaine IVRA alone (Jankovic 

2008 Level II, n=45, JS 3). 
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KEY MESSAGES 

1. For brachial plexus blocks, addition of dexamethasone to local anaesthetic prolongs the 
duration of sensory and motor block and improves postoperative analgesia with only 
very limited benefits over systemic administration (S) (Level I [Cochrane Review]). 

2. For transverse abdominis plane blocks, addition of dexamethasone to local 
anaesthetics prolongs the duration of sensory block, improves postoperative analgesia 
and PONV with no comparison to systemic administration (N) (Level I [PRISMA]).  

3. After spinal surgery, epidural steroid application intraoperatively by the surgeon 
provides analgesic benefit up to 24 hours and reduces length of stay (N) (Level I 
[PRISMA]). 

4. For acute radicular pain, lumbar epidural corticosteroid administration is effective for 
short-term relief (S) (Level I [PRISMA]). 

5. Subacromial injections of corticosteroids are superior to oral NSAIDs in treating rotator 
cuff tendonitis (U) (Level I [QUOROM]) 

6. For peripheral nerve blocks, addition of dexamethasone to local anaesthetics prolongs 
the duration of sensory block and improves postoperative analgesia with only limited 
benefits over systemic administration (N) (Level II). 

7. For epidural analgesia, addition of dexamethasone improves postoperative analgesia 
and reduces opioid requirements (N) (Level II).  

8. Addition of dexamethasone to intravenous regional anaesthesia with lidoocaine 
improves analgesia for up to 24 hours (U) (Level II). 

9. Addition of corticosteroid to periarticular injection of local anaesthetic does not improve 
pain relief or range of movement following total knee arthroplasty (U) (Level II). 

10. Following knee joint arthroscopy, intra-articular steroids in combination with either 
local anaesthetic or opioids reduce pain, analgesic consumption and duration of 
immobilisation (U) (Level II). 

12. There is a risk of septic arthritis with intra-articular steroids (U) (Level IV). 

The following tick boxes represent conclusions based on clinical experience and expert 
opinion: 

 Concerns have been raised regarding the safety of epidural steroids (U); these include 
epidural steroid injections being associated with osteoporosis (N). 

 There is little data in humans regarding the neurotoxicity of perineural corticosteroids (N). 
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4.13 | Other regional analgesic medicines 

4.13.1 | Midazolam 

Preservative-free midazolam has been proposed as a spinal analgesic due to its action on GABAA 
receptors. Robust safety data for the use of intrathecal (IT) midazolam in humans is lacking (Yaksh 

2017 NR), consequently midazolam is currently not licenced for IT use. Several studies in animal 
models have raised concern about IT midazolam toxicity (Williams 2011 BS; Lavand'homme 2006 NR; 

Yaksh 2004 NR; Erdine 1999 BS; Malinovsky 1991 NR). However, cumulative experience with IT 

midazolam in human trials confirms beneficial analgesic activity with no demonstrable 
irreversible side effects in comparison to placebo (Ho 2008 Level I, 13 RCTs, n=672; Yaksh 2017 NR; 

Staikou 2014 NR).  There is insufficient long-term data to unequivocally exclude long-term 
neurological complications, although none have yet been reported.  

IT midazolam added to IT local anaesthetic in perioperative and peripartum patients in 
comparison with IT local anaesthetic alone shows a reduced incidence of nausea and vomiting 
and delayed time to request for rescue analgesia (WMD 99 min; 95%CI 76 to 121), but did not 
affect the duration of motor block (Ho 2008 Level I, 13 RCTs, n=672). Multiple subsequent RCTs have 
confirmed these findings as well as earlier onset and better quality of analgesia for addition of IT 
midazolam to IT local anaesthetics vs IT local anaesthetic alone (Abdollahpour 2015 Level II, n=75, 
JS 4; Selvaraj 2015 Level II, n=100, JS 3; Chattopadhyay 2013 Level II, n=90, JS 5; Shadangi 2011 Level II, 

n=100, JS 4), compared to addition of IT dexmedetomidine (Shukla 2016 Level II, n=80, JS 3; 

Samantaray 2015 Level II, n=60, JS 4) or IT fentanyl (Codero 2016 Level II, n=40, JS 3; Safari 2012 Level II, 

n=90, JS 3) and also when added to IT fentanyl (Gupta 2015 Level II, 75 patients, JS 4) or IT sufentanil  
(Salimi 2014 Level II, n=80, JS2). In addition, IT midazolam decreased the incidence of transient 
neurologic symptoms with IT lidocaine (Selvaraj 2015 Level II, n=100, JS 3). Overall, an optimum 
dose of IT midazolam has not been clearly determined; doses less than 1 mg probably have no 
effect on prolongation of spinal blockade or analgesia, and the commonly effective doses 
administered in clinical trials range between 1 to 2 mg (Staikou 2014 NR). On the basis of the above 
meta-analyses, reviews and trials, IT midazolam may cause mild, but not excessive sedation, no 
additional cardio-respiratory adverse effects or urinary retention.  

Specific to the obstetric population, IT midazolam does not seem have any deleterious effect 
on infants' Apgar scores (Abdollahpour 2015 Level II, n=75, JS 4). IT midazolam (1 mg) as a part of 
combined spinal epidural technique in pre-eclamptic parturients undergoing elective Caesarean 
section is inferior to IT preservative free magnesium sulphate (50 mg) with regard to 
prolongation of analgesia (Paleti 2018 Level II, n=50, JS 4; Sapna 2013 Level III-2, n=124). 

A single preoperative epidural dose of midazolam combined with ketamine in patients having 
a gastrectomy improved analgesia and prolonged the time to rescue analgesia vs epidural 
ketamine or placebo, with no significant adverse effects (Wang 2006 Level II, n=44, JS 4). Midazolam 
added to bupivacaine for epidural infusion improved analgesia but increased sedation (Nishiyama 

2002 Level II, n=100, JS 1).  
Midazolam has been added to caudal epidural analgesia in paediatric surgery although age-

related toxicity issues have not been addressed. In combination with bupivacaine it prolongs 
postoperative analgesia (Kumar 2005 Level II, n=80, JS 5; Ansermino 2003 Level I, 2 RCTs [midazolam], 

n=60). In infants having hernia repairs, neither midazolam nor fentanyl added to bupivacaine for 
caudal anaesthesia improved postoperative analgesia or recovery (Baris 2003 Level II, n=75, JS 4). 
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4.13.2 | Neostigmine 

Neostigmine acts as a spinal analgesic by potentiation of muscarinic cholinergic activity. In a 
literature review of animal and human studies, there was no evidence of neurotoxicity with 
spinal neostigmine (Hodgson 1999 NR).  

4.13.2.1 | Neuraxial 

Adding neostigmine to local anaesthetics (bupivacaine or ropivacaine) plus/minus opioid for 
neuraxial administration in labour analgesia and postoperative analgesia after Caesarean section 
permits reduction of local anaesthetic doses (MD -4.08 mg/h; 95% CI -6.7 to -1.5) (Cossu 2015 

Level I, 16 RCTs, n= 1,186). Only IT neostigmine (5 RCTs), but not epidural neostigmine (11 RCTs), 
increases risk of nausea (OR 9; 95%CI 4.7 to 17.1). Neuraxial neostigmine reduces risk of pruritus 
(OR 0.4; 95%CI 0.2 to 0.7) (6 RCTs), but does not increase hypotension, sedation or affect fetal 
outcome.  

4.13.2.2 | Intrathecal 

IT neostigmine for perioperative and peripartum analgesia prolongs the time to first analgesia 
request and results in a slight improvement in pain scores and a reduced need for rescue 
medication, however, it increases nausea and vomiting (OR 5.0; 95%CI 3.4 to 7.3), bradycardia 
requiring atropine (OR 2.7; 95%CI 1.4 to 5.4) and anxiety, agitation and restlessness (OR 10.3; 
95%CI 3.7 to 28.9) (Ho 2005 Level I, 19 RCTs, n=1,019) (4 RCTs overlap with Cossu 2015). The authors 
conclude that the significant adverse effects outweighed any clinical benefit, a conclusion 
supported by another systematic review, where a lack of a clear dose-response is also identified 
(Habib 2006 Level I, 17 RCTs [IT neostigmine], n unspecified) (15 RCTs overlap).  

Subsequent RCTs not included in these meta-analyses support their findings in principle. In 
patients having various types of surgery under spinal anaesthesia, IT neostigmine prolonged time 
to first analgesic request (Kayalha 2015 Level II n=68, JS 4; Akinwale 2012 Level II, n=60, JS 4) and/or 
effective postoperative analgesia (Kumari Vasantha 2018 Level II n=100, JS 4)  and/or reduced 
analgesic consumption (Jain 2012 Level II, n=45, JS 4).  

 In patients having spinal anaesthesia, a comparison of IT clonidine (75 mcg) to IT neostigmine 
(50 mcg) found the clonidine group to have a longer time to first analgesic request (MD 62 min) 
but more hypotension during surgery (Yoganarasimha 2014 Level II, n=50, JS 3).  Both, IT clonidine 
(30 mcg) and IT neostigmine (75 mcg) increased the duration spinal analgesia, but neostigmine 
caused more nausea and vomiting (Bhar 2016 Level II, n=150, JS 4). In patients undergoing 
orthopaedic surgery under spinal anaesthesia,  IT dexmedetomidine (5 mcg) is superior to IT 
neostigmine (50 mcg) due to faster onset of anaesthesia, better intra- and postoperative 
analgesia, and prolonged duration of motor and sensory blockade without significant increases 
in adverse effects (Singh 2017 Level II n=75, JS 4). After elective gynaecological surgery under spinal 
anaesthesia, IT neostigmine extended postoperative analgesia more than IT magnesium (Joshi-

Khadke 2015 Level II, n=75, JS 4). After surgery for tibial fracture under spinal anaesthesia, IT 
neostigmine 150 mcg vs IT fentanyl 25 mcg and IT magnesium 50 mg increased the incidence of 
hypotension, bradycardia, and nausea and vomiting, and failed to prolong duration of analgesia 
(Mokaram Dori 2016 Level II, n=210, JS 4). 

Adverse events of IT neostigmine seem to be dose-dependent. In patients undergoing lower 
abdominal and lower limb surgery, the administration of IT neostigmine 150 mcg vs IT 
neostigmine 50 mcg as an adjuvant to bupivacaine 12.5 mg caused more nausea and vomiting 
(Pandey 2016 Level II, n=75, JS 4). IT neostigmine 75 mcg caused less nausea and vomiting than IT 
neostigmine 150 mcg when added to spinal anaesthesia for Caesarean section (Hye 2010 Level II, 
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n=90, JS 4). Very low-dose IT neostigmine 1 mcg increased the duration of analgesia and 
decreased the analgesic consumption over 24 h postoperatively in patients undergoing total 
knee replacement with no increase in the incidence of adverse effects including nausea or 
vomiting. (Jain 2012 Level II, n=45, JS 4). 

4.13.2.3 | Epidural 

Epidural neostigmine in the general surgical and obstetric populations improves postoperative 
analgesia in most studies without increasing the incidence of adverse effects (Habib 2006 Level I, 
7 RCTs [epidural neostigmine], n unspecified). Epidural neostigmine combined with an opioid reduces 
epidural opioid requirements but may not decrease opioid-related adverse effects vs the opioid 
alone (Walker 2002 Level I, 6 RCTs [neostigmine], n=370).  

See Section 10.6.3.1 for use of neostigmine in paediatric caudal epidural analgesia. 

4.13.2.4 | Other 

Intra-articular administration of neostigmine produces a useful analgesic effect in the 
postoperative period and is not associated with an increase in the incidence of adverse effects 
(Habib 2006 Level I, 4 RCTs [intra-articular neostigmine], n unspecified).   

Studies investigating the efficacy of adding neostigmine to the local anaesthetics used for 
brachial plexus block and IVRA report conflicting results (Habib 2006 Level I, 4 RCTs [perineural 

neostigmine], n unspecified).  

4.13.3 | Botulinum toxin A  

Botulinum toxin (botox) A is an exotoxin produced from clostridium botulinum (Sandrini 2017 NR; 

Shilpa 2014 NR). Following direct IM injection, botulinum toxin A irreversibly binds to the 
acetylcholine receptor inducing chemical denervation with resultant dose-dependent muscular 
paralysis. The extent and duration of paralysis depends on the dose administered. Systemic 
weakness may follow high cumulative doses. Reinnervation occurs over weeks to months. 
Botulinum toxin A does not interfere with acute pain perception, nor does it cause local 
anaesthesia. The use of botulinum toxin in the treatment of chronic painful conditions is beyond 
the scope of this section. 

In treating pain and related muscle spasm in a range of conditions, botulinum toxin A is 
effective in reducing limb spasm (Son 2019 Level I, 27 RCTs, n=2,793; Dong 2017 Level I, 22 RCTs, 

n=1,804), but evidence relating to spasticity-related pain remains uncertain (Baker 2013 Level I,  

10 RCTs [in pain], n=971). In a range of neuropathic pain conditions (eg trigeminal neuralgia), 
Botulinum toxin A reduces pain at 4 wk (MD -1.6/10; 95%CI -3.2 to -0.1), 12 wk (MD -1.5/10; 
95%CI -2.1 to -0.9) and 24 wk (MD -1.6/10; 95%CI -2.8 to -0.4) (Meng 2018 Level I, 12 RCTs, n=495). 

In subacute and chronic neck disorders with or without associated cervicogenic headache, 
IM botulinum toxin A injections provide no clear benefit (Langevin 2011 Level I [Cochrane], 9 RCTs, 

n=503). There is insufficient evidence for the use botulinum toxin A for the treatment of rare 
head and neck pain syndromes (cluster headache, chronic paroxysmal hemicrania, trigeminal 
neuralgia) with varying results from only a few small sized trials (cervicogenic headache, chronic 
neck pain, temporomandibular disorders) (Sycha 2004 Level I, 15 RCTs, n=721).  
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KEY MESSAGES 

1. Intrathecal midazolam combined with a local anaesthetic improves and prolongs 
analgesia and reduces postoperative nausea and vomiting (U) (Level I). 

2. Intrathecal neostigmine improves perioperative and peripartum analgesia in 
combination with other intrathecal medications (S) (Level I) but is associated with 
dose-dependent significant adverse effects, in particular nausea and vomiting (Q) 
(Level I). 

3. Epidural neostigmine combined with local anaesthetics improves postoperative and 
peripartum analgesia without increasing the incidence of adverse effects (U) (Level I). 

4. Epidural neostigmine combined with an opioid reduces the dose of epidural opioid that 
is required for analgesia (U) (Level I). 
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4.14 | Complementary and alternative medicine 

Complementary and alternative medicine (CAM) is defined as healthcare practices outside the 
conventional dominant “orthodox” health system of Western industrialised society (Belgrade 2008 

NR). The boundary between CAM and conventional medicine overlaps and changes with time. In 
some cultures, these therapies may be considered conventional mainstream practices. 

CAM may be classified into two groups; on the one hand are natural products, including but 
not limited to herbs, vitamins, minerals and probiotics, and on the other are mind and body 
practices such as yoga, meditation, massage, acupuncture, tai chi, qi gong, chiropractic and 
osteopathic manipulation, hypnotherapy and others (NCCIH 2018 GL).  Ayurvedic medicine, 
traditional Chinese medicine, homeopathy and naturopathy are considered CAM.  CAM 
approaches are usually termed “alternative” when used in place of conventional medical 
treatments and “complementary” when used together. This section covers the use of natural 
products administered as analgesic medicines for treatment of acute pain only; good data on 
their use in this indication are limited.  

4.14.1 | Vitamins 

Several mechanisms have been described to explain the analgesic effect of Vitamin C (Carr 2017 NR).   
Vitamin C reduces acute postoperative pain (Chaitanya 2018 Level IV SR [PRISMA], 4 RCTs &  

3 studies, n=12,395) and has moderate evidence for a reduction of postoperative morphine 
consumption (Chen 2016 Level I [PRISMA], 7 RCTs [postoperative], n=854). In subsequent RCTs, oral 
Vitamin C (1 g/d) decreased postoperative pain score and rescue analgesia requirements after 
foot and ankle surgery (Jain 2019 Level II, n=60, JS 5) and after major abdominal surgery vs placebo; 
here Vitamin C (2 g) was comparable to melatonin (6 mg) (Lafli Tunay 2020 Level II, n=165, JS 5). In 
acute herpes zoster, concomitant Vitamin C infusion (5 g) did not improve pain relief (Kim 2016 
Level II, n=87, JS 2).  

Vitamin B complex (comprising of thiamine [B1], riboflavin [B2], pyridoxine [B6] and 
nicotinamide) reduced pain intensity and analgesic consumption after Caesarean section when 
combined with gabapentin vs gabapentin alone (Khezri 2017 Level II, n=128, JS 4).  Vitamin B 
complex (thiamine, pyridoxine and hydroxo- or cyanocobalamin) when combined with ketorolac 
15 mg was as effective as ketorolac 30 mg monotherapy after Caesarean section (Beltran-Montoya 

2012 Level II, n=100, JS 3) or more effective when combined with diclofenac 50 mg in acute 
lumbago relief than diclofenac monotherapy (Mibielli 2009 Level II, n=372, JS 5). A combination 
therapy of diclofenac/vitamin B complex TPC (thiamine, pyridoxine, and cyanocobalamin) 
provides greater analgesia vs diclofenac monotherapy in acute low back pain (OR 2.23; 95%CI 
1.59 to 3.13) (Calderon-Ospina 2020 Level I, 4 RCTs, n=1,108). In patients with acute ophthalmic 
zoster, Vitamin B 12 1,000 mcg/lidocaine 20 mg SC  daily for 12 d into the regions of the affected 
innervations of V1 achieved better pain relief vs controls (IM vitamin B 12, local lidocaine) (Xu 

2016a Level II, n=98, JS 3; Xu 2016b Level II, n=204, JS 3).   

4.14.2 | Herbal Medicines 

A meta-analysis on oral homeopathic St John’s wort (Hypericum perforatum) showed no 
significant benefit on dental pain; the meta-analysis was limited by marked heterogeneity and 
poor study quality (Raak 2012 Level I [QUOROM], 4 studies, n=325).  A subsequent review on topical 
application of Hypericum perforatum found studies on improved pain relief for acute otitis 
media, herpes skin lesions and wound pain after Caesarean section and suggests that this may 
be due to its anti-inflammatory effects (Galeotti 2017 NR). Oral Hypericum perforatum affects the 
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metabolism of oxycodone through induction of cytochrome P450 3A (CYP3A) and leads to a 
significant reduction of plasma concentration and half-life reducing efficacy (Nieminen 2010  
Level II, n=12, JS 3). 

Homeopathic preparations of Arnica montana (containing sesquiterpenes) in acute 
postoperative pain have shown variable results.  A systematic review and other studies 
concluded that homeopathic arnica vs placebo is not effective for pain relief after orthopaedic 
surgery (Roberts 2012 Level I [PRISMA], 3 studies (arnica), n=181), hallux valgus surgery (Karow 2008 
Level II, n=88, JS 4) and abdominal hysterectomy (Hart 1997 Level II, n=93, JS 5). In contrast, some 
other studies have reported that homeopathic arnica provides a significant reduction in pain 
after tonsillectomy (Robertson 2007 Level II, n=190, JS 5), although a large number of patients in 
this study were lost to follow-up, while another reported greater reduction in pain in the arnica 
group after varicose vein surgery (Wolf 2003 Level II, n=60, JS 5). A subsequent review (covering 
many of the studies above) concluded that arnica in homeopathic dilutions has high tolerability 
and may have effects in treating inflammation (Iannitti 2016 NR).  The authors argue that 
variations in formulation affects the quantity of active sesquiterpenes and hence result in 
variable clinical effects. Traumeel S (an over-the-counter homeopathic highly diluted preparation 
of extracts from a combination of plants [including arnica] and minerals) was also ineffective 
following foot surgery (Singer 2010 Level II, n=80, JS 4).   

A systematic review of the efficacy and safety of Damask rose (Rosa damascena Mill) suggests 
safe use with some pain relief in acute settings (3 RCTs) (Nayebi 2017 Level I, 12 RCTs, n=748).  
Although most of the studies compared topical or inhalational (aromatherapy) applications, one 
study used oral extract and found that pain relief after Caesarean section was greater than in the 
placebo group. The group also experienced a longer delay before requesting rescue analgesia, 
while total analgesic consumption was lower (Gharabaghi 2011 Level II, n=92, JS 3).   

Zingiberaceae include turmeric (Curcuma longa), ginger (Zingiber officinale), Javanese 
ginger (Curcuma zanthorrhiza) and galangal (Alpinia galanga).  Curcumin (diferuloyl methane) 
is the principal curcuminoid of Indian spice turmeric, while the anti-inflammatory components 
of ginger are gingerol and zingerone. Extracts of Zingiberaceae reduce pain intensity in a mix 
of acute and chronic pain states (SMD -0.67; 95%CI -1.13 to -0.21) (Lakhan 2015 Level I [PRISMA], 

8 RCTs, n=734). Curcuminoids are effective in reducing pain vs a pooled control group of placebo 
or NSAID (SMD -0.57; 95%CI -1.11 to -0.03), but not vs either placebo or NSAID in a mix of 
acute and chronic pain states (Sahebkar 2016 Level I [PRISMA], 8 RCTs, n=606) (2 RCTs overlap).  The 
effect was greater when a bioavailability enhancer such as piperine was administered (SMD -
0.98; 95%CI -1.81 to -0.15); however, only three RCTs in the review evaluated the effectiveness 
of curcuminoids in acute pain and were not separately analysed. A combination nutritional 
supplement containing Boswellia serrata (30% boswellic acid) and Curcuma longa (95% 
curcuminoids) in patients after arthroscopic supraspinatus tendon repair found that the 
compound lowered pain and tramadol rescue requirements only in the first postoperative wk 
vs placebo (Merolla 2015 Level II, n=104, JS 3). A subsequent RCT found ginger powder 500 mg as 
effective as ibuprofen 400 mg and superior to placebo with regard to pain relief and rescue 
analgesic requirements POD 1 in patients after wisdom tooth extraction (Rayati 2017 Level II, 

n=67, JS 4).  
There is weak evidence for a reduction of rescue analgesia requirements (RR 0.5; 95%CI 0.1 

to 2.1) with use of Damask rose (Rosa damascena) and ginger vs placebo after laparoscopic and 
obstetric/gynaecological surgery (Arruda 2019 Level III-1 SR [PRISMA], 10 RCTs & 1 study, n=693).   

A transdermal preparation of Fenugreek seeds 10% (Trigonella foenum-graecum L.) applied 
topically for open hernioplasty reduced pain intensity and rescue analgesics consumption when 
vs placebo patch and in the first 6 h vs diclofenac patch (Ansari 2019 Level II, n=90, JS 4). 



4.0 | ANALGESIC MEDICINES 

   5th Edition | Acute Pain Management: Scientific Evidence  121 

 

Saffron (Crocus sativus) 250 mg as a syrup taken together orally with date-juice vs saffron 
with artificial sugar and placebo reduced pain intensity and anxiety during labour in primiparous 
women (Mohammadierad 2018 Level II, n=96, JS 5). 

Herbal medicines (White willow bark [Salix alba] and Devil’s claw [Harpagophytum 
procumbens]) for non-specific low-back pain (a mix of acute, subacute and chronic back pain) 
result in short-term improvement vs placebo (Gagnier 2016 Level I [Cochrane], 14 RCTs, n=2,050).  
The review also reported on the effectiveness of several topical preparations of herbal plaster 
and ointment-based applications including Cayenne (Capsicum frutescens), Comfrey root extract 
(Symphytum officinale) and Brazilian arnica (Solidago chilensis).  However, the quality of 
evidence was poor.  Side effects were usually mild and transient. 

Herbal and dietary supplement combinations are commonly prescribed in CAM treatment.   
A study using a mixture of homoeopathic preparations (arnica, Bryonia alba, Hypericum 
perforatum, Ruta graveolens) did not show any benefit in postoperative pain relief and morphine 
consumption after knee ligament reconstruction surgery (Paris 2008a Level II, n=158, JS 4).  There 
is also no clear evidence that the combination of oral arnica with Hypericum perforatum is 
effective in pain relief after dental procedures (Galeotti 2017 NR).  Another herbal combination 
consisting of anise (Pimpinella anisum), celery (Apium graveolens) and saffron (Crocus sativus) 
(referred to as PAC), when compared to mefenamic acid, was shown to have greater pain 
reduction and faster onset in patients with post-partum pain in a single-blind study (Simbar 2015 
Level II, n=108, JS 2).   

Puerarin, a Chinese herb extract, was found to be analgesic and anti-inflammatory for burns 
dressing changes. However, the control group received no analgesia (Zhang 2013 Level II, n=32, 

JS 5). 
Rhubarb combined with trypsin inhibitor versus trypsin inhibitor alone improved outcome of 

acute pancreatitis including abdominal pain (Hu 2018b Level I, 16 RCTs, n=912). 
Probiotics reduce the pain and symptom severity in IBS vs placebo (Didari 2015 Level I, 15 RCTs,  

n=1,793). 
For dysmenorrhoea, a Cochrane review investigated twelve different herbal medicines 

German chamomile (Matricaria chamomilla, M recutita, Chamomilla recutita), cinnamon 
(Cinnamomum zeylanicum, C. verum), Damask rose (Rosa damascena), dill (Anethum 
graveolens), fennel (Foeniculum vulgare), fenugreek (Trigonella foenum-graecum), ginger 
(Zingiber officinale), guava (Psidium guajava), rhubarb (Rheum emodi), uzara (Xysmalobium 
undulatum), valerian (Valeriana officinalis), and zataria (Zataria multiflora) and five non-herbal 
supplements (fish oil, melatonin, vitamins B1 and E, and zinc sulphate) in a variety of 
formulations and doses (Pattanittum 2016 Level I [Cochrane], 27 RCTs, n=3,101). Very limited 
evidence of effectiveness versus placebo or no treatment was found for fenugreek (1 RCT, n=101), 
fish oil (1 RCT, n=120), fish oil plus vitamin B1 (1 RCT, n=120), ginger (4 RCTs, n=335), valerian (1 RCT, 

n=100), vitamin B1 alone (1 RCT, n=120), zataria (1 RCT, n=99), and zinc sulphate (1 RCT, n=99). Very 
limited evidence was found that chamomile was more effective than NSAIDs (1 RCT, n=160), while 
no difference versus NSAIDs was found for dill (1 RCT, n=47), fennel (1 RCT, n=59), guava (1 RCT, 

n=155), rhubarb (1 RCT, n=45), valerian (1 RCT, n=99) and Damask rose (1 RCT, n=92). Comparisons 
between CAM for dysmenorrhoea showed that Vitamin B1 may be more effective than fish oil  
(1 RCT, n=120). Subsequent systematic reviews emphasise again the limited quality of the 
evidence, the high risk of bias and the difficulties to draw definitive conclusions on efficacy. One 
systematic review analysed results for fennel (Foeniculum vulgare) (4 RCTs, n=295), chamomile 
(Matricaria chamomilla) (3 RCTs, n=220) and zataria (Zataria multiflora) (3 RCTs, n=302) (Sharghi 

2019 Level I, 17 RCTs, n unspecified). Another identified only one RCT with low risk of bias to be 
considered supportive evidence for use of Damask rose (Rosa damascena) (Pellow 2018 Level I 
[PRISMA], 22 RCTs, n unspecified). 
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4.14.3 | Aromatherapy 

Aromatherapy describes the inhalation (or sometimes administration to the skin) of essential oils 
as part of herbal medicine, possibly affecting emotions through the neuroendocrine and 
autonomic nervous system.  

Aromatherapy (oil inhalation and oil massage) reduces pain of dysmenorrhoea vs no 
treatment or placebo treatment; however, there is a high risk of bias weakening these results 
(Lee 2018d Level III-1 SR, 19 studies, n=1,787; Song 2018 Level III-3 SR [PRISMA], 9 RCTs & 12 studies,  

n unspecified) (13 studies overlap). 
There is no sufficient evidence to support the use of aroma therapy for the treatment of 

postoperative pain (Dimitriou 2017 Level I, 9 RCTs, n=644). 
Aroma therapy may reduce pain, anxiety and improve sleep quality in burns patients, but the 

low quality of trials with regard to randomisation and bias does not permit a conclusion (Choi 

2018 Level I [PRISMA], 4 RCTs, n=248). The addition of aroma therapy (lavender) to standard 
treatment of renal colic with parenteral diclofenac improved pain scores at 30 min, but only in 
female patients (Irmak Sapmaz 2015 Level II, n=100, JS 0). 

4.14.4 | Melatonin 

An experimental study on volunteers observed a dose dependent effect on pain threshold and 
pain tolerance after sublingual melatonin (0.15mg/kg or 0.25mg/kg) vs placebo (Stefani 2013  
Level II EH, n=61, JS 5). Two preoperative melatonin doses (5 mg) led to lower pain and anxiety 
scores in the first 24 h (NNT 2.20 and 2.53) and reduced IV PCA morphine usage after abdominal 
hysterectomy (Caumo 2007 Level II, n=35, JS 5). Melatonin (6 mg) reduced pain and patient-
controlled morphine consumption and supplementary doses of diclofenac in patients after major 
abdominal surgery (Lafli Tunay 2020 Level II, n=165, JS 5).  Melatonin was also found to reduce pain 
during blood taking in children (Marseglia 2015 Level II, n=60, JS 5).   

4.14.5 | Honey 

Oral administration of honey has been associated with improved pain relief (3 RCTs, n=201) and 
reduced need for analgesic intake after tonsillectomy vs placebo, especially in the early 
postoperative period based on RCTs of poor methodological quality (Lal 2017 Level I [PRISMA],  

8 RCTs, n unspecified; Hwang 2016 Level I, 4 RCTs, n=264) (all 4 RCTs overlap). An RCT not included in 
the meta-analyses found that onset to pain relief was faster, pain severity was lower and the 
need for rescue analgesia was less in the honey group than in the control group (Mohebbi 2014 
Level II, n=80, JS 2).    
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KEY MESSAGES 

1. White willow bark (Salix alba) and devil's claw (Harpagophytum procumbens) are 
effective in treating acute episodes of low-back pain (U) (Level I [Cochrane Review])  

2. A variety of complementary medicines may show efficacy in prevention and treatment 
of primary dysmenorrhoea based on very limited evidence (W) (Level I [Cochrane 
Review]), including aromatherapy (N) (Level III-1 SR). 

3. Curcuminoids and extracts of Zingiberaceae may reduce pain intensity in acute and 
chronic pain states compared to placebo (N) (Level I [PRISMA]). 

4. Oral administration of honey versus control reduces postoperative pain and analgesic 
use after tonsillectomy (N) (Level I [PRISMA]). 

5. Vitamin C reduces postoperative opioid requirements (N) (Level I [PRISMA] and 
postoperative pain compared to placebo (N) (Level IV SR [PRISMA]). 

6. Aromatherapy (N) (Level I), homeopathic preparations of arnica (Arnica montana) (U) 
(Level I [PRISMA]) and St John’s wort (Hypericum perforatum) are not effective in 
treating acute postoperative pain (U) (Level I [QUOROM]). 

7.  St John’s wort (Hypericum perforatum) induces metabolism of oxycodone reducing its 
plasma concentrations and efficacy (U) (Level II). 

The following tick box represents conclusions based on clinical experience and expert 
opinion: 

 There is some evidence that some complementary and alternative medicines may be 
effective in some acute pain states. Adverse effects and interactions with medications 
have been described with complementary and alternative medicines and must be 
considered before their use (U). 

 The evidence on complementary and alternative medicines is characterised by small 
sample sizes and study designs prone to bias and caution is urged in interpreting 
results. Additionally, the safety and potential drug interactions of many complementary 
and alternative medicines have not been adequately assessed (N). 
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