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4.1| Paracetamol

Paracetamol and its intravenous prodrpgopacetamolare the only remaining aniline derived
drugs used in clinical practice; it is an effective analgesic (see below) and antipyretic. It is
absorbed rapidly and wigfrom the small intestine after oral administration with a bioavailability

of between 63 and 89%0Décier 200NR). It can also be given rectally and IV (see below and
Chapter 5).

4.1.1| Mechanism of action

Despite extasive use since its discovery in the18entury the mechanism of action of
paracetamol is still not fully understoodin 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 forZ@¥aham 2013AR). Given its
limited peripheral actions the most liketgechanism is a central effect and may involve multiple
pathways:

w When paracetamol is dacetylated to paminophenol it can undergo conjugation with
arachidonic acid by fatty acid amide hydrolase to AM404 in the GNSém 2016\R).
AM404 has multiple potential mechanisms of action in the CNS. Firstly, it is a weak
cannabinoid receptor agonist agell as a reuptake inhibitor of the endocannabinoid
anandamide. Secondly, it is a potent TRPV1 receptor agonist and a TRPV1 mutation is
associated with paracetamol nenesponsiveness in healthy humans volunte@iskering
2020Level lIEH n=47, JS}¥

w Paracetamol has been shown to prevent prosaaglin production at the cellular
transcriptional level predominantly in the CNS, independent of COX adtitdheini 2003
B9. This may also be AM404 mediated as AM404 reduces2R€lEase from activated
microglia Galiba 201B9. This effect is independent of cannabinoid and TRPV1 receptor
effects.

w Indirect effecs on the serotonergic system appears to be important. In volunteers,
coadministration of tropisetron or granisetron blocked the analgesic effects of
paracetamol(Pickering 200€EH Pickering 200&€H. In children undergoing tonsillectomy
who all eceived paracetamol, a fixed dose of morphine and betamethasone,
administration of ondansetron was associated with significantly mow@phine in
recovery vadroperidol but no change in codeine over the first 2{Ramirez 201%evel |)
n=69, JS}

4.1.2| Hficacy

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 atithr analgesic medicines
such as codeine, are discussed and in Chapter 5 and listed in Table 5.1.

There is no good evidence for a dedependent analgesic effect of oral paracetamol; the
effects of 500 mg (NN3.5; 95%CI 2.7 to 4.8), 600/650 mg (NNT 4.6; 95%CI 3.9 to 5.5) and
1,000mg (NNT 3.6; 95%CI 3.2 to 4.1) show no statistically significant diffe(@ooes 2015b
Level I[Cochrane], 53 RCTs, n=557Paracetamol by all routes of administration has an opioid
sparing effect on PCiorphine consumption(MD over 24 h-6.3mg; 95%CH9.0 to -3.7),
although this effect is inferior to nsNSAIDs and coxiligufd 2011 Level | 60 RCTs,

n unspecified.
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Oral paracetamol 500 mg and 1,000 mg given 1 h prior to surgery reduceaithetensity
of propofol injection for 500 mg (median NRS of 2/10; IQR 0 to 3] and for 1,00010gZ40 5)
vs placebo (A0; 7 to 10) Nimmaanrat 2019 evel 1) 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 B3 (95%CI 4.2 to 6.7) over §Tortzopoulou 2011evel I[Cochrane],

36 RCTs, n=3,886When paracetamol is useds an adjunct to opioid analgesia, opioid
requirements are reduced by 30% over 4 h after a single 1V dose. For hip and knee arthroplasty,
there is a reduction in pain scorés each of the first 3 POFRPOD 1: WME0.95; 95%C1L.2 to
-0.7)and opioid congmption (POD 1: WMEB.1; 95%CH#.1 to-2.1)(Yang 2017&evel [PRISMA],

4 RCTs, 1865).

IV paracetamol given perioperatively reduces PONV when administered before recovery
from anaesthesiaApfel 2013Level I[[PRISMA], 30 RCTs, n=2,36Bhis 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 ({B0; 95%Ci0.98 t0-0.02) and
2 h (MD-0.34; 95%Cl0.67 t0-0.01), 24 h opioid consumption (SMD 0.98%0C}0.98 t0-0.06)
and PONVRR 0.50; 95%CI 0.31 to 0.8%)leman 2015lhevel [PRISMA], 7 RCTs, n=544)

Paracetamol is superior to placebo for migraine (NNT 12 for-fo@énresponse at 2 h) and
reaches the efficacy of sumatriptan when camdd with 10 mg metoclopramideDérry 2013a
Level I[Cochrane] 11 RCTs, n=2,9%2In episodic tensiotype headache (TTH), paracetamol is
mildly effective at 2 hNNT formild pain or pain fred.0; 95%CI 7.9 to }4Stephens 2016evel |
[Cochrane], 23 RCTs, n=8,p7@aracetamol is also superior to placebo for postpartum perineal pain
(OR2.14; 95%CI 1.59 to 2.8%)Hou 2013 evel | 10 RCTs, n=1,3ybut less effective than NSAIDs
(Wuytack 2018.evel I[[Codrane], 3 RCTs, n=342Paracetamol does not appear to be effective for
acute low back paifsaragiotto 201&.evel [[Cochrane], 3 RCTs, n=1,825

The combination of paracetamol and NSAIDs\ise effective than either paracetamol or
NSAID alonéMartinez 217 Level I[NMA], 2 RCTs, n=85 [paracetamol/NSAID]; 60 RCTs, n=3,259
[NSAIDs]; 20 RCTs, n=699 [paracetarfiyj 2010 evel | 21 RCTs, n=1,909This in particular is shown
for the combination of paracetamol and ibuprofen in the setting of wisdom tooth rem®adik{
2013Level [Cochrane], 7 RCTs, n=2,241

A combination 0f1,000 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_evel [QUOROM], 8 RCTs, n=2,510

Combinations of paracetamol with opioids suchcadeine, tramadol or hydrocodone show
increased efficacy (see Sectibri.31.).

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 frontherapeutic doses (maximum 4 g/24 h) is not supported by
current data Dart 2007Level IV SR791 studies, n=40,202The 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 paediapidat@®n with no casesf 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 effewtnds 2010
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Level IV SR62 studies, n=32,4)4 In conclusion,hepatotoxicity from therapeutic doses of
paracetamol is extremely rar€gparrotta 2018R Graham 2013&R).

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, f Yy dzi NA G A2y X DAf 6 SNI Qa
6-phosphate dehydrogenase deficiendyPE& MedicineWise 20161 Queensland Health 20161,

NSV TAG 2008L); however, consistent evidence of increased risk in these settings is lacking
(Caparrotta 2018\R Graham 2013&IR). Therapeutic doses of paracetamol are an unlikely cause of
hepatotoxicity in patients who ingg moderate to large amounts of alcohol. $abjects who
consume alcohol, no elevation afanine aminotransferaskevels was noted with up to 4 g/d of
paracetamol for at least 4 dR@mack 2012evel I[PRISMA], 5 RCTs, n=E5m00 cags 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 functiorDart 2010Level I} n=142, JS)5

There is no evidence that patients who have depleted glutathione stores (eg patients who
are malnourished or who have diosis, hepatitis C or HIV) are at increased risk of liver
dysfunction when exposed to therapeutic doses of paracetar@apdrrotta 2018NR Graham
2013aNR). However, there is a potential association between acute liver failure and therapeutic
paraceamol doses in paediatric patients with myopathi€€lie 2011 evel IV n=2.

Paracetamol overdose is a common cause of acute liver failga(rotta 2018\R Graham
2013aNR); in the USA 30,000 patients are hospitalised every year for paracetamol overdose, of
which >5@6 are unintentional and 17% result in hepatotoxicitjeden 201ANR). In a multiethnic
Asian population, the hepatotoxicity rate was lower at 7.3%rtilawati 2012 evel IV n=1,023.
Treatment should be with acetylcysteine; there is no obvious advantage of IV over oral
administration Green 2013Level |13 SR 16 studies, n=5,164 Treatment delays increase the
incidence of hepatotoxicity; a detailed systematic review on interventions for treatment of
paracetamol poisoningChiew 2018 evel I[Cochrane], 1 RCTs, n=7Q0and treatment guidelines
have been publishedChiew 202GG1).

4.1.3.2| Renal effects

Newly diagnosed chronic kidney disease patients had an increased risk-sfeagedrenal disease
with paracetamol use (OR 2.92; 95%CI 2.47 to 3.45) and higher risk with increasing dose exposure
(Kuo 201Qevel 142, 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 severg| gHughes 2011 evel IV SF5 studiesn unspecified.

There is also a potential association between premature closure of ductus arteriosus and
maternal paracetamol use in pregnan¢iilegaet 2019 Level IV SR12 studies, n=25) Given
paracetamol has been shown to be as effective as ibuprofen for closure of a patent ductus
arteriosus in preterm neonate®ftlsson 2018evel [Cochrane], 8 RCTs, n=9li6gseems reasonable
to recommend that (as with all medicationgse 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 studiesi(studies, n=155,9)Ghow a variable association between pegtamol use
and increased hypertension but RCBSRCTSn=152 have inconsistent resultsTirtle 2013
Level I13 SR 6 RCTs and 4 studies, n=156)062

For information on IV paracetamol and hypotension of Seetion5.2.1
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4.1.3.4] Respiratory effects

In children, exposure to paracetamol wassasiated with an increasethcidence of asthma
(pooled ORL.63; 95%CI 1.46 to 1.7 Bthinan 2009 evel 143 SR 19 studies, n425,14Q. 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 7)ZFan 2017 evel 143 SR 13 studies, n=1,043,199For

details see Section 10.4.1.3.

4.1.3.5| Carcinogenic effects

A review of epidemiological studies of paracetamol and cancer founddmsixelies with respect
to renal cell carcinoma and very limited positive studies with plasma cell disorders aadrigak
and otherwise a null effect on other types of can¢#kiss 2018R).

4.1.3.6] Neurodevelopmental effects

Epidemiological studies show an association between paracetamol usage in pregnancy and
ADHD, use of paracetamo2% 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 1.0QYystrom 2017 evel 143, n=112,973) For details se&ection 9.1.1.1.

Caution should be used with interpretation aif 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 effect
comparable to placebdJ) (Level [[Cochrane Review]).

2. Paracetamol given in addition to PCA opioids reduces opioid consumption but does
result in adecrease in opioigdelated adverse effectd) (Level ).

3. Hepatotoxicity with therapeutic doses of paracetamol is extremely rdjdlevel 1V
and not associated with alcohol consumptiadd) (Level [PRISMA]).

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

R Emerging evidence suggests that maternal paracetamol use may influence prematt
closure of the fetal ductus arteriosyh!).

5t Edition | Acute Pain Management: Scientific Evidenceb



4.2| Nonselective NSAIDs and coxibs

4.2.1| Systemic nonselective nonsteroidal amilammatory drugs

The term NSAIDefers to both nonselectiveNSAIDENSNSAIDAnd coxibs (COX selective
inhibitors). NSAIDs have a spectrum of analgesic;iafiimmatory aml 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 2006NR. 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 enzyrostaglandin endoperoxide synthase,
which has both COX and hydroperoxidase sites. Subtypes of the COX enzymigebave
ARSYUAFTASRT (KB & @Ry & KES( dzi; L@8xbesnbt Sppear tplay

a significant role ifiever or inflammation in humangam 200NR Botting 2006NR Gajraj 2005

NR Simmons 2004R).

Prostaglandins regulate many physiological functions including gastric mucosal
protection, bronchodilation, renal tubular function and intrarenal vasodilatiéGtroduction
of endothelial prostacyclin leads to vasodilation and prevents platelet adhesion, whereas
thromboxane, produced from platelets by COX, results in platelet aggregation and
vasoonstriction. With the exception of prostacyclin synthesis (mediated largely through
COX2), such physiological roles are mainly regulated by-C@d this is the basis for many
of the adverse effects associated with nsNSAID use. Tissue damage induces COX
production leading to synthesis of prostaglandins that result in inflammation, peripheral
sensitisation of nociceptors and consequently increased pain perception-2003uction
within the spinal cord plays a role in central sensitisation. @0ay alg 6 S aO2y a i A d
in some tissues, including the kidney, cardiovascular system and brain and is overexpressed
in some cancersk@m 200NR).

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 Wi minimal inhibition of endothelial prostacyclin;
this confers cardiovascular protection at low dosages of aspiih.{ ! L5&8 | NB day 2y &
COX inhibitors that inhibit both C&Xand COx. The coxibs have been developed to inhibit
selectively, but nbspecifically, COX (Botting 2006NR Gajraj 2000NR Simmons 2004AR).

4.2.1.1| Efficacy

Single doses of oral nsSNSAIDs are effective in the treatment of pain after sgvigerg 2015b
Level | [Cochrane], RCT$460, F p n 3.nkon a list of NNTs for aeh 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 p&iepéda 200%.evel I) n=1,003,
JS 5.

They are also effective analgesics in chronichak pain Enthoven 2018 evel I[Cochrane],
13 RCTs, n=4,807), renal colic Afshar 2015 Levell [Cochrane], 50 RCTs, n=5,y34orimary
dysmenorrhoea Nlarjoribanks 2015Levell [Cochrane], 80 RCTs, n=532@nigraine Rabbie 2013
Level I[Cochrane], RCTs, n=4,4J3Derry 2013bLevel I[Cochrane], 5 RCTs, n=1,35@cute ankle
sprains yan den Bekerom 201Eevel | 28 RCTs, n unspecifjedviliary colic €olli 2012 evel | 11 RCTs,
n=1,07§ and acute musclmjury (Morelli 2018Level [PRISMA], 41 RCTs,5343).

For more information on use in migraine sgection8.6.5.2 andn paediatrics Sectior10.9.3.
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Nonselective NSAIDs are integral components of multimodal analgésiag( 2012NR
Buvanendran 2008R Kehlet 1997NR). When given in combination with IV PCA morphine after
surgery, nsNSAIDs result in better analgesia, redugéoicoconsumption (MD over 24 410.2
mg; 95%C111.7 to-8.7) and a lower incidence of PONV (OR 0.70; 95%CI 0.53 toNdag8y (
2011Level ] 60 RCTs, n unspecifle®imilar findings were made in the paediatric settiMichelet
2012Level | 27 RCTs, n=985

The combination of paracetamol and NSAIDsise effective than paracetamol or NSAID
alone (Martinez 2017Level I[NMA], 2 RCTs, n=85 [ParacetanNfAID]; 60 RCTs, n=3,259 [NSAIDs]; 20
RCTs, n=699 [paracetamdllng 2010_evel | 21 RCT$1=1,909. This is particularly well documented
for the combination of paracetamol and ibuprofen in the setting of wisdom tooth rem®aéley
2013Level [Cochrane], 7 RCTs, n=2,241

Administration of ketorolac to patients withib fractures reduced the incidence of
pneumonia (OR 0.14; 95%CI 0.04 to 0.46) and reduced requirements for ICU admission and
ventilation (vang 2014.evel 42, n=619. The perioperative use of NSNSAIDs, predominantly rectal
diclofenac and indomethacin, for endoscopic retrograde cholangiopancreatography (ERCP)
reduces the isk of postERCP pancreatitigsplaceboww n ®p n T ¢ p:){uoldev@imn p G 2
[PRISMA], 19 RCTs, n=5)031

In cancer surgery, initial data suggested benefifsintraoperative use of nsNSAIDs in
breast cancer patients (reduced recurrence rate and lower mortality) and in lung cancer
patients (lower metastases risk and longer survivBbrdet 2013Levellll-2, n=72Q. In breast
cancer surgery, intraoperative administration of nsNSAIDs (ketorolac or diclofenac) was
associated with an improved diseafee survival (HR 0.57; 95%CI 0.37 to 0.89) and better
overall survival (HR.35; 95%CI 0.17 to 0.7(ofget 2014Level 1142, n=720. However, a more
recent case control study found an effect with ketorolac, but not diclofgbasmedt 2018 evel
-2, n=1,834) Despite epidemiological associations with NSAIDs reducing prostate cancer risk,
pre-operative courses of celecoxib 400mg BD did not appedmncrease tumor cell apoptosis
in surgical specimengFlamiatos 2017Level I} n=28, JS 5)NSAID administratiofprimarily
ibuprofen) after colorectal surgery was associated with a reduced recurrence in a historical
case series (@R 0.84; 95%Cl 0.72 to 0.99¢hack 201@evel 1143, n=2,308.

4.2.1.2| Adverse effects

Adverse effectof nsNSAIRre more common with lorgerm 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
heaing and peptic ulceration or bronchospasm in individuals at risk. Certain risks are
accentuated in the perioperative period because of -présting comorbidities, concurrent
medications, haemodynamic disturbances, fluid shifts, activation of the neurohalnstress
response and deficient enteral feeding.

In general, the risk and severity of nsNSA#3ociated adverse effects is increased in elderly
people (uhlin 2009 evel 1] n=14, JS ®ilotto 2003Level 142, n=2,25). For this reason, opicidare
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 fractulespital admission and athuse
mortality in the opioid cohort and similar or higher rates of cardiovascular, renal and
gastrointestinal adverse effectS¢lomon 2010 evel 112; n=12,849. Overall the nsNSAID cohort
appeared to have theolvest 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 effe¢Bhala 2013Level | 754 RCTs, n=353,80HlIl longterm
nsNSAID regimens increase the risk of upper gastrointestimaplications (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%Cl 2.71 to
6.56) The combination of an nsNSAID with an SSRI further increases the risk of upper
gastrointestinal bleeding Apglin 2014Level IH2 SR 19 studies, n$93,269. In patients with
rheumatoid arthritis, ster@s and NSAIDs appear to be additive in increasing gastric ulceration
(Tsujimoto 2018 evel 142, n=1,704)

Acute gastroduodenal damage and bleeding aso occur with shorfterm nsNSAID use; the
risk is increased with higher doses, a history of peptic ulceration, use for >5 d and in elderly
people Gtrom 1996Level 1113, N=10,272 [uses of parenteral ketorolpcAfter 5 d of naproxen and
ketorolac use in healthy elderly subjects, ulcers were found on gastroscopy in 20 and 31% of
cases respectivelyGpldstein 2003 evel I} n=168, JS Htoltz 2002Level || n=94, JS;4Harris 2001
Level 1] n=17 [terminated due to high incidence of gastrointestinal ulcers in both nsNSAID groups], JS 4).
Importantly, such endoscopic findings do not correlate with dyspeptimptoms; these
consequently cannot be relied upon as an indicator of potential habih 2014Level 142,
n=1,23).

The relative risk of hospital admiesi for perforations, ulcers and bleeds associated with
nNsNSAIDs is estimated as 5.3 vs people not consuming nsNS#i&s2003 evellll-2, n=3,532.
Use of ketorolac and piroxicam carried the highdsk. Concurrent use of a protggump
inhibitor (PPI) significantly reduced the incidence of nsN$élHled peptic ulcer disease
(Targownik 2008 evel 1142, n=35,339. However, concurrent use of a RPd 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 toChé&) £010b_evé Il, n=4,484, JS)5
Suppression of gastric acid by PPI to reduce nsNifAlRBed gastropathy may increase the risk
of enteropathy lower in the gastrointestinal trad@léckler 2014AR), possibly from changes gut
flora (Minalyan 201MR.

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(0Bra 2014 evel 142 SR6 studies, r52,000.

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 vasocaostrictors. 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 |1, noeditieeand
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 nsSNSAID administratiom¢Dowell 201ANR).

In patients with normal preoperative renal function, NSAIDs vs placebo may slightly increase
serum creatinine (MD 3.23 micmol/L; 95%@.B0 to 7.26), however effects on acute kidney
injury and need for renal replacement therapy are unceri@ell 2018_evel I[Cochrane], 26 RCTs,
n=8,943. The risk of adverse renal effects of nsSNSAIDs and coxibs is increased in the presence of
factors such as prexisting renal impairment, hypovolaemia, hypotension, use of other
nephrotoxic agents including angiotensionverting enzyme (ACE) inhibitogsiflin 2009_evel 1)
n=14, JS 4JV contrast media and aminoglycosideSA 1998evel I\). Of note, a trial of naproxen
following cardia surgery was stopped because of an increased rate of renal failure (7.3 vs 1.3%)
(Horbach 2011 evel I) n=161, JS)5This is confirmed by an alysis of a French pharmacovigilance
database, which showed thacute renal failure caused by drug interactions between NSAIDs
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and ACE inhibitors, angiotensieceptor blockers or diuretics was a common isstinier 2014
Level IV n=11442natifications of adverse drug reactions]

After nephrectomies, evidence is limited and contradictory with a contirsumfusion of
ketorolac for 24 h after laparoscopic donor nephrectomy having no significant effect on renal
function for up to 18 mth postoperativelyG(imsby 2014 evel 1) n=111, JS 3put a retrospective
case series of donor nephrectomies found a reduction in renal function at 12 mth despite less
pain and a shorter LQ$akahashi 201evel 142, n=251) Another retrospective case series found
no associations at 1 wk, 1 y or Bnabrizian 2012evel 142, n=862).

In the PRECISION trial, letegm 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(liBsen 201@evel I] n=24,081, JS 5)

Overal 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.{Bang 20174 evel I#3 SR 10 studies, nt,609,163.

For more information on paediatric effects see Sectifm.2.3.

Cardiovascular effects

Most publications looking at the risk o&rdiovascular 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 asptatelet
COX1l and may abrogate the protective effect of aspirldugson 2005Level 42, n=18,503;
MacDorald 2003Level 142, n=7,107. Subsequent research indicates that a degree of inhibition may
occur with most nsNSAIDs and even some coxibs; while not blocking, G2y may block
aspirin from reaching itNalamachu 2014R). 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/celecoxibIR 1.27; 95%CI 1.06 to 1.5Rged 2018 evel 42, n=23,953) Impaired gpirin
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, aadinhibition was seen with
diclofenac, etoricoxib, ketorolac, ketoprofen, meloxicam or paracetamalkih 2013 evel 1112;
Meek 2013EH Saxena 201&H. The FDA issued a caution specifically about the concomitant use
of aspirin and ibuprofen, which states that ibuprofen shouldbiren at least 8 hours before or
at least 30 minutes after immediate release asgi(FDA 2006L).

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 shovessentially no antiplatelet activity€ott 201489.

More recent studies antheta-analysesseem to show less impact of nsSNSAIDs on bleeding
compared to older ones, perhaps reflecting improvements in surgical technique and reduced
total blood loss. A recent metanalysis fand no increased haematoma risk in plastic surgery
(OR 1.39; 95%CI 0.82 to 2.8Walker 2019 evel [PRISMA] 15 studiess8,064)and in another meta
analysis perioperative ketorolac did not increase the rate of postoperative bled@Rg1.1;
95%CIl 0.61 to 2.06)G6bble 2014Level | 27 RCTs, n=2,314n a cohort study in paediatric
neurosurgery ketorolac was not associated with an increaseciimically signifiant bleeding
events (OR 0.69; 95%CI 0.15 to 3.1) or radiogra@@mbrrhage (OR 0.81; 95%CI 0.43 to 1.51)
(Richardson 2016evel 42, n=1,451). In contrast, in a previouseta-analysis the rate of surgery
related bleeding was 2.4% after nsNSAIDs vs 0.4% with pladumd 2011Level | 6 RCTs
[bleeding], n=69% In another metaanalysighe use of nsNSAIDs showed a significant increase in
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risk of severe bleedingdm 0 to 1.7% vs placebo (NNH 58Ija2005Level | 52 RCTs, n=4,893A
retrospective analysis using data from 2003 to 2016 looking at transfusion ribkpféractures
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 1.18pésou 2018evel 1142, n=74,79). Other older evidence showing an
increased risk of bleeding includes ibuprofen in total hip arthroplasty (THbhs€n 2006 evel 1)
n=902, JS)5 tenoxicamin otorhinolaryngological surger§erry 2004Level 1) n=1,001, JS)5and
diclofenac vs rofecoxib igynaecological and breast surgere(i 2004 evel 1] n=50, JS)5

Bleeding after tonsillectomy is of clinical significance but occurs infrequamNSAID use
and post tonsillectomy bleeding remaigsntroversial and the evidence conflicting. The most
recent metaanalysis dund no statistically significant increase of any outcome related to
bleeding with the perioperative use of nsNSAIDs in tonsillectdRiggin 2013 evel | 36 RCTs,
n=3,193. This was found fomost severe bleeding outcome (OR 1.30; 95%CI 0.90 to 1.88),
bleeding requiringeoperation (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 increasied bleed
outcome in the paediatric subgroup of this medaalysig19 RCTs, n=1,74&hich is in line with
another metaanalysis in children only (OR 1.69; 95%CI 0.71 to 4.6dis(2013 evel [[Cochrane],
15RCTs, n=1,191see also Section 10.43Zor details).However, neither of these metanalyses
include a subsequent multicentre RCT which was unable to shovinfenmority of ibuprofen to
paracetamol with respect to bleeding requiring surgery in paediatric patients (1.2% vs 2.9%;
p=0.12 for noinferiority) (Diercks 2012evel || n=741, JS)5 The above metanalysisRiggin 2013
Level | 46 RCTs, n=4,8r8ould not identify a specific risk for any nsNSAID including ag¢@iRn
4.23; 95%CI 0.64 to 27.68)RCTs, n=1,610and ketorolac (OR 2.01; 95%CI 0.62 to 6 SR(Ts;
n=579. These findings are contradicted by a previous larger raatdysis on aspn (OR1.94;
95%CI 1.09 to 3.4ZKrishna 2003 evell, 7RCTs, n=1,3¢&nd a systematic review on ketorolac
(Chan 2014 evel 112 SHPRISMA], 16tudies, n=1,35) 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 15.28udies, n=24pbut not in children (RR 1.39; 95%CI 0.84
to 2.30)(7 studies, n=1,1101

For more informéon on paaliatric effects see Sectioh0.4.2.3and on posttonsillectomy
painsee Sectioi8.6.7.3

Hypersensitivity and NSAHEXacerbated respiratory disease (NSERD)
NSAIDs, especially nsNSAIDs, are one of the most common causes éhddoegl
hypersensitivity reactions. Acute reactions include rhinitis, asthunécaria, angioedema and
anaphylaxis, while delayed reactions include fixed drug eruptions, Steadmson syndrome,
toxic epidermal necrolysis, maculopapular reactions, pneumonitis, nephritis or aseptic
meningitis Kowalski 201%1). This guideline advises olassification, diagnosis and management.
NSAIEERD has a community prevalence of 1.8% and affeeB)%of adults with asthma
and 5% of children with asthm@&owalski 201%1). Bronchospasm usually occurs within 1 to 2 h
of exposure and precipitation is related to GDactivity with both COR selective NSAIDs
(egcelecoxib and etoricoxitgnd COX preferential inhibitorgeg nimesulide and meloxicgm
being usually well tolerated. See also Section 4.2.2.2 below.

Bone and ligament healing

Ever since the firsttgdy 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 me&nalysis of cohort studieshows an association between leng

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 1.20¥heatley 2019 evel I#2 SR 19 studies, nt5,242 bones)Given the non
randomised cohort nature of this evidence it may well be that patients are taking NSAIDs for
longer for a painful nothealing fracture rather than NSAIDs being a causative agent and a firm
conclusion is unlikely without a large and wadlsgned randomised control trial.

In a metaanalysis which included primarily anterior cruciate ligament (ACL) reconstructions
(93%) no difference in surgical failure was seen (3.6 vs 30@Mgténtinescu 201Revel 12 SR
4 studies, n#,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 humangKlein 2012B9. The two most recent metanalyses of primarily cohort studies
(Modasi 2019 evel 112 SRPRISMA], 8 studies, n=9,83fang 2018 evel 142 SR 17 studies, n=26,098
(overlap 4 studiesshow an increased anastamotic leak rate with nsNSAIDs (OR 2.02; 95%Cl 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 C&Xnhibitors (OR 1.17; 95%CI 0.50 to 2.74) or ketor¢2R
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 (MDM T ®T 0  K2L.26d0p14.19), stool (MDh P p H  K-T4.74tpx4.79),
and oral feeding tolerance (MM H ® n 1 K18.01doep 4 diThapiman 2018evel [PRISMA],
6 RCTs, n=563NSAIDs also reduce the recurrencesratf colorectal adenomas after endoscopic
resection (RR 0.68; 95%CI 0.63 to 0.W&)ng 2015d.evel | 9 RCTs, n=8,5p1

Central nervous system effects

CNS effects of NSAIDs are poorly defined, but range from symptomatic adverse effects such as
KSI RIOKS 2NJ RATTAyS&aa G(GKNRdAK (2 Ll2aairoftsS RAA
disease and dementia(riel 2014\NR). Evidence on effects on cognitive decline is conflicting with
longterm NSAID use showing a small protective effect in one metanalysis of cohort siRies (

0.87; 95 %CIl 0.8fb 0.94) (Wang 2016bLevel 1#2 SR[PRISMA], 11 studies, 86,165, but no

protective effect in another looking at low dose aspitireronese 2017 evel II-2 SR[PRISMA],

3 RCTs & 5 studies, 36;196)

4.2.2| Systemic cyclooxygenageselective inhibitors (Coxibs)

Coxibs selectively inhibit the inducible COX enzyme;Z@Xd relatively spare constitutive

Q0X1 (see abve). The coxibs available at present are celecoxib, etoricoxib, polmaaaxib
parecoxib (the injectable prodrug of valdecoxib). By sparing physiological tissue prostaglandin
production while inhibiting inflammatory prostaglandin release, coxibs offeiptitential for

effective analgesia with fewer adverse effects than nsNSAIDs. However, as noted above, some
constitutive physiological synthesis of prostaglandins is also mediated througi2 GOX

coxibs may still inhibit C@Xto some extent.

4.2.2.1] Efficacy

Coxibs are as effective as nsNSAIDs for postoperative(jaéme 2015bLevel I[Cochrane]F460
RCTs,f p n 3,/0steoarthritis(Smith 2016_evel I[[PRISMA], 9 RCTs, n= 2,98@y chronic lowback

pain (Chung 2013 evel I[PRISMA], 25 RCTs, n=5036NTs 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 nsM8Ds KD over 24 h10.9 mg; 95%C12.8 t0-9.1)but no significant
reductions in pain scores or opieidlated adverse effectsMaund 2011 Levell, 60RCTs,

n unspecified. When given as a single dose preoperatively, coxibs provide a reduction in mean
postoperative amalgesic requirements at 24 (MD -0.68; 95%1-0.95 t0-0.33) (Nir 2016Level |
[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 rangetafn without increased
blood loss(in 2013 evel | 8 RCTs, n=5y.1Continuation of coxibs for 6 wk postoperatively resulted
in ongoing improved analgesia and reduced opioid consumption with improved rehabilitation
conveying benefits on kreeflexion for up to 1 ySchroer 2011 evel 1| n=107, JS)5The riskbenefit
ratio for coxibs as a discharge medication after orthopaedic surgery is superior to that for
NSNSAIDRpberts 2012 evel [PRISMA], 23 RCTs, n unspecjfied

Pain relief at rest and on movement and satisfaction were improved when oral celecoxib
was added to thoracic PCEA using local anaesthetic and op@idrd 201Qevel I) n=40, JS)5

Celecoxib given preperatively is effective at reducing 24 h parenteral MED consumption
(MD 4.13 mg; 95%CI 5.58 to 2.67), pain scores at 24 h-1MR/10; 95%Ci1.54 to-0.50)and
reducing postoperative nausea and vomiting by 44% and 38% respectbealy 2016.evel |
14 RCTs, n=994)

A metaanalysis of parecoxib in orthopaedic surgery in elderly patients shows a reduction in
perioperative cgnitive dysfunction up to 7 (RR 0.32; 95%CI 0.16 to 0,83ut not at 3 mthRR
0.40; 95%CI 0.16 to 1.pMHuang 2019 evel I[PRISMA], 2 RCTs,208), these results should be
viewed with caution as outcome measures were not robust. A similar effect was shown with
celecoxib after arthroplast@hu 20184 evel 1) 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 8 angl
naproxen/esomeprazole (HR 0.51; 95%CI 0.32 to @¥8gmans2018 Level I) n=24,081, JS).
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 Gl (#ad2017 Level I} n=514, JS).
Rebleed ates 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 Gl event rdRR 0.67; 95%CI 0.600.76)(Feng 2018 evel |
[PRISMA], 9 RCTs, n=39,442)

Shortterm use of parecoxib/valdecoxib, as required to treat acute pain, results in
gastroscopic ulcer rates similar to placebo in elderly patients at increaseGusktein 2003
Level 1] n=168, JS &toltz 2002Level 1) n=94, JS;Harris 2001Level I} n=17 [terminated due to high
incidence of gastrointestinal ulcein both nsNSAID groups], JSBhis contrasts with increased rates
of ulceration with nsNSAIDs in the same setting.

Despite relative safety in comparison to nsNSAIDs, long term usage <f i@filitors is still
associated with an increased Gl eventeran cohort studies of nowise 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%ClI
1.19 to 1.97)Martin Arias 2019 evel 1112 SRPRISMA], 28 studies, n=1,255,40Lhese results might
be unexpected givethat both rofecoxib and etoricoxib are more GQXelective tha celecoxib,
however current understanding of gastrointestinal injury includes multiple mechargsieis as
mitochordrial uncoupling and iotrapping that may be unrelated to COX inhibitiBjarnason
2018 NR. In a pooled analysis of C@Xinhibitor use in osteoarthritis an increase in
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gastrointeginal events is seen vglacebo (RR 1.19, 95% CI 1.03 to 1.88)ti6 2019Level |
[PRISMA], 40 RCTs, n unspecjfied

Renal effects

COX2 is constitutively expressed in thké@ney and is highly regulated in response to alterations
in intravascular volume. C@Xhas been implicated in maintenance of renal blood flow,
mediation of renin release and regulation of sodium excreti®inefig 200AR Kramer 200NR).

A metaanalysis of perioperative parecoxib found no inceeas renal failure vplacebo
((Schug 201Tevell, 26 RCTs, n=9,282) contrast (andas with nsNSAIDs) statistically significant
increased risk of rendilure was reported following administration of coxibs in cardiac surgery
patients (NNH 73)Hia 2003_evel | 3 RCTs [cardiac surgery], n=803)

In the PRECISION trial loteym 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%CIl 0.56 to 1(M@&sen 201G evel || n=24,081JS 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 200&.evel | 114 RCTs, n=116,094

A subsequent metanalysis of cohort studies of the general populatieimowed a non
statistically significant trend ta lower AKlincidencewith COX2 selectivity (OR 1.84; 95%ClI
1.54 to 2.19[no COX2 selectivity] vs OR 1.41; 95%CI 1.07 to 1.87 {£6&ectivity])(Zhang
2017alevel 142, 10 studies, nt,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 ysieen 201\NR).

In acute pain management, shetdrm use of parecoxib after noncardiacrgary does not
increase the risk of cardiovascular adverse effestsifg 201Zevell, 26 RCT®=9,282. Similarly,
shortterm use of other NSAIDs (meloxicam, ketorolac, celecoxib for a mean of 3 d) after lower
limb total joint replacementid not increase the risk of myocardial infarction postoperatively vs
nonuse (aOR.95; 95%CI 0.5 to 1.8)iu 2012Level 142, n=10,873. However, an inease in the
incidence of cerebrovascular and cardiovascular events has been reported in patients given
parecoxib, then valdecoxib, after CABG surgeuyberg 200%.evel | 2 RCTs, n=2,0p8 he FDA has
contraindicated the use of all NSAIDs in the immediate postoperative period following CABG
surgery EDA 2007GL). A subsequently performed retrospective observational study with
ketorolac has not confirmethese concernsliveri 2014Level 142, n=1,309.

Absolute longterm cardiovascular risk with chronic usage of NSAIDs remains unclear as the
recent large prospective studies were ninferiority 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 nsNSAIQSunter 2017Level 112 SR 26 studies, n=228,389)n the PRECISION trial in
patients with arthritis, there was no difference in cardiovascular event rates betherpterm
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(R&sen 201G.evel I) n=24,081, J5). 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 201,.evel I) n=7,297, JS 3)

A Bayesiarmeta-analysis found odds ratios for myocardial infarctiorlf4 (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 t@Rrbidoxib
(Bally 2017 evel 142, n=446,763 [61 460nyocardial infarctions]) This data directly conflicts with a
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previous metaanalysis that found no increased cardiovascular risk ndproxen, diclofenac or
etoricoxib {relle 2011 evel | 31 RCTs, n=116,429

Once daily administration of celecoxib eg 400 (R 1.1; 95%CI 0.6 to 2v@3s associated
with a lower cardigascular risk than giving 400 mg as divided doses of 200 mg twicgRIRily
1.8; 95%CI 1.1 to 3.{Jolomon 2008 evel | 6 RCTS, n=7,960

All NSAIDs approximately double the risk of congestive heart fgiitieda 2013 evel | 54 RCTs,
n=353,809. However, this analysis pooled all coxib dedethat data from rofecoxib and celecoxib
was not differentiated. A subsequent megmalysis of coxibs which looked at heart failure in
osteoarthritis found no increase in congestive heart fail(iRiR 1.18; 95%CI 0.24 to 5.71), but
increased risk of peripdral oedema (RR 1.61; 95%CI 1.09 to 2.40) and generalized oedema (RR
1.91; 95%CI 1.08 to 3.3@urtis 2019 evel [PRISMA], 40 RCTsymspecified. In a nested cohort study
which  matched 92,163 heart failure admissions with 8,246,403 controlsll
NSAIDs except celecoxib were associated with an increased risk of heart(fai&2616 evel 1H2,
n=8,566,95h

A small increase in thiésk of atrial fibrillation with NSAID usage (RR 1.12; 95%CI 11063p
has been documente(Krijthe 2014 Level 42, n=8,423.

In comparison with a historical cohort, the use over a 10 mth period of parecoxib and
valdecoxib 40 mg daily forg3 wk was associated with an increase in the rate of vascular free
flap failure from €29%,then falling to 4% after these medicines were no longer ugé8uykhun
2006 Level 143, n=18(). These retrospective data, which are subject to potent@mhifounding
factors, are supported by one study in rats showing a harmful effect of parecoxib on flap survival
(Ren 201389, which did not occur with celecoxiivax 2007B9. A retrospective cohort study
using ketorolac after head and neck free flaps found no bleeding complisagind no increased
risk of free flap failureqchleiffarth 2014.evel 1142, n=13 [free flaps).

Platelet effects and bleeding

Platelets express only CXnot COX, and as a consequence, coxibs do not impair platelet
function Munsterhjelm 2006Level Il EHn=18, JS)4 This $ consistent with a study on platelet
aggregometry with meloxicam and celecoxib show essentially no antiplatelet a¢8vity 2014

BY9. COX selective NSAIDs show no difference in the risk of postoperative bleeding events (RR
0.92; 95%CI 0.63 to 1.33), intraoperativedid loss (WMD4.38 ml; 95%Ci14.69 to 5.92),
postoperative blood loss (WMEL3.89 ml; $%CI-30.24 to 2.47), and 24 postoperative
haemoglobin loss (WMD 0.47 g/dL; 95%CI 0.14 to ¥$NSAIDs, other analgesics, or placebo
(Teerawattananon 201evel | 16 RCTs, n=1,704)

Allergic reactions and NSA&Racebated respiratory disease
Patients with anaphylactoid reactions to dipye and nsNSAIDs (mainly propyphenazone and
diclofenac) tolerated oral challenges with rofecoxib and celec@ilrglte 2004Level 1V n=33.

Coxibs, administered at analgesic doses, do not produce bronchospasm in patients with
NSAIBexacerbated respiratory diseasddrales 2013 evel [PRISMA], 14 RETh=428.

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 remodellingurmis 2012NR B% Celecoxib after THA
reduced the frequency and severity of heterotopic bdaemation Lavernia 2014evel 112, n=170Q

Oni 2014Level 142, n=219. There is no good evidence of any clinically significant inhibitory effect
of coxibs on bone healing(¢rmis 201NR Gerstenfeld 200NR Bandolier 200NR).

In a small single centre trial of celecoxib, ibuprofen or tramadol féatoo cuff repairs
celecoxib was associated with an increased rate gbaes (11/30 [37%]) vs ibuprofen (2/27
[7%]) and tramadol (1/25 [4%]) grouf8h 2018Level 1] n=180, JS 5)This mathes animal model
data from rabbitgLu 20158S).
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Anastomotic leakage

There is no increased leakage rate with perioperative coxosidsi 2019 evel [142 SR[PRISMA],
8 studies, n=9,83%1uang 2018 evel I#2 SR17 studies, n=26,098overlap 4 studies See 4.2..2 for
more detail.

KEY MESSAGES

Efficacy of systemic NSAIDs

1. Nonselective NSAIDs are effective in the treatment of acute postoperative pain, ren
colic, migraine, primary dysmenorrhoeg (Level [Cochrane Review]), acute muscle
injury N) (Level [PRISMA]) and chronic lelack pain () (Level [PRISMA]) and acute
ankle sprainl)) (Level ).

2. Coxibs are as effective as nonselective NSAIDs in the treatment of acute pain (inclu
postoperative @in) © (Level [[Cochrane Review]), chronic ldvack pain J) (Level |
[PRISMA]) and osteoarthritibl (Level [PRISMA])

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

4. The riskbenefit ratio for coxibs as a discharge medication after orthopaedic surgery
superior to that for nonselective NSAIRS (Level [PRISMA]).

5. Nonselective NSIDs given in addition to PCA opioids reduce opioid consumption an
the incidence of nausea and vomitirid) (Level ).

6. Coxibs given in addition to PCA opioids reduce opioid consumption but do not resul
decrease in opioidelated adverseffects () (Level ), except after total knee
arthroplasty, where they reduce pain scores and adverse effects and improve outco

(V) (Level).

7. Celecoxib given as a single qmgerative dose is effective at reducing opioid usagenp
scores at 24 howrand posbperative nausea and vomitin§yl) (Level ).

Adverse effects of systemic NSAIDs

8. In patients with normal preoperative renal function nonselective NSAIDs slightly inci
serum creatinine, but effects on acute kidney injury and needdoal replacement
therapy are uncertain due to lack of evident®)((Level I[Cochrane Review]).

9. Nonselective NSAIDs may increase the risk of any bleediatpd outcome after
tonsillectomy in adultsy) (Level ); however, not in paediatric patientt)) (Level |
[Cochrane Review]) except in a large fAnferiority RCT where need for surgical
intervention was increased with ibuprofen versus paraceta(@l(Level I). There is an
increase in bleeding complications with aspirin in adults and childdg(Lével ) and
with ketorolacin adults only ) (Level 112 [PRISMA]).

10.Nonselective NSAIDS, but not coxibs may cause bronchospasm in individuals know
have NSAl@xacerbated respiratory diseasd)((Level [PRISMA]).

11.Coxibs andhonselective NSAIDs exert individual and Hotass effects on the
cardiovascular system with rofecoxib appearing to be worse than other coxibs and
nonselective NSAIDKIY (Level ). Celecoxib is no worse than naproxen or ibuprofén (
(Level 1) andbetter than ibuprofen when combined with aspiriN)((Level I).
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12.Shortterm use of parecoxibSj (Level ) and other NSAID&JY (Level 1#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 therefc
contraindicated () (Level ).

14.Perioperative nonselective NSAIDs mayeéase the rik of minor and major bleeding
after surgery compared with placeb@/j (Level).

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

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

17.NSAIDs hasten bowel recovery after colorectal surgeyylevel ).

18.With regard to renal function, celecoxib is safer than ibuprofen with {@mmm use N)
(Level I).

19.Shortterm use (g7 days) of coxibs results in gastric ulceration rates similar to placet
and lower than nonselective NSAIDS (Level ).

20.The protective effects of lowlose aspirin are reduced by concomitant administration
some NSAIDs, in particular ibuprofé (Leel II).

21.Nonselective NSAIDs, but not coxibs increase the riakagtomoticeak after colorectal
surgery N) (Level 1142).

22.NSAIDs taken for less than 2 weeks or in low dose or in paediatrics do not increase
risk of malunion after fractureN) (Level 142).

23.Chronic administration of both nsNSAIDs and coxibs is associated with an increase
of renal impairmentI{) (Level I3 SR.

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

R The risk ofidverse renal effects of nonselective NSAIDs and coxibs may be increase
the presence of factors such as ggisting renal impairment, hypovolaemia,
hypotension and use of other nephrotoxic agents including angiotermaverting
enzyme inhibitors\{).

5 Edition | Acute Pain Management: Scientific Evidence



4.0|] ANALGESIC MEDICINES N

4.2.3| Nonsystemic nonsteroidal artflammatory drugs

Local NSAIDs by any route (transdermal patch or gel, wound infiltration) fepplothalmic
surgery as part of multimodal analgesic regimens may improve pain control astdpeoative
function placebo or systemic administration based on low to modergtality evidence
(Brubaker 201@&evel [PRISMA], 9 RCTs, n=h32

4.2.3.1| Intra-articular

Following arthroscopy, intrarticular (IA nsNSAIDs such as tenoxicam and ketorolac result in
improved pain relief after surgerRémsing 200Qevel | 16 RCTs, n=844 [7 RTAR. Compared with
systemic administration, 1A nsNSAIBRCTsshowed a pain reduction 002100 (95%CI 13 to
26) and a 50 t®5% reduction in supplementary analgesic requirements over 24 h. In contrast,
when IA nsNSAIDs were coanpd 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 chondrocytesingledose equivalent corentrationsof ketorolac caused significant
chondrotoxicity Abrams 2018B9. Intraarticular ketorolac for THIR showed no increased risk of
loosening, even with lagterm follow-up (mean 7.3 y(Nizam 2018 evel IV n=100.

4.2.3.2] Wound infiltration

Infiltration of the surgical wound with local anaesthetic/nsNS&#docal anaesthetic and IV
nsNSAID showed no difference in analgesia in three of five RCTs (overall6ALRD 95%CI
-19 to 6); similarly, wound infiltration with local naesthetic/nsNSAID vslocal
anaesthetic/placebo showed no analgesic benefifdar of five studies Romsing 200Q.evel |
16 RCTs, n=844 [10 R@M=ind]). This lack of a local effect was confirmed inrengecent studies,
eg with lornoxicam after thyroidectom¥ilbas 201%.evel 1) n=80, J8).

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 anzalpha
agonist/vasoconstrictor, an opioid and/or an aiflammatory 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 maalso use
catheterd | & SRdzIi 2 NS IAYSya 2F GINBAYy3a O2YLRAAGAZ2Y «
comparators further complicates analysis of the role of the individual components. Ketorolac is
the most frequently used nsNSAID in the LIA mixtureyséematic review identified no RCTs
enabling a comparison of the efficacy of systemic vs periarticular administration of nsSNSAIDs as
a component of LIA in THAndersen 2014aevel [PRISMA], 27 RCTs [hip], n=}56

The peak plasma conctations of ketorolac after use of 30 mg as a component of LIA were
comparable to those of similar doses administered IMQ23mg/L) Affas 2014PK).

4.2.3.4] Intravenous regional analgesia

Ketorolac 60 mg in combination with dal anaesthetic for IV regional analgesia (IVRA)
demonstrated longer time to firsanalgesia request viocal anaesthetic IVRA with either IV
ketorolac or 1V placebo following minor upper limb proceduRsupen 1995 evel || n=60, JS)2
However, pain scores were low overall and this study was not blinded. Kato8ol 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 {Beuben 199&.evel 1) n=60, JS)3 Again, pain
scores were low for all groups and theresmao separate parenteral dose of ketorolac. When
varying doses of ketorolac were added to IVRA for hand surgery, a linearrahpsmse
relationship from 5 to 20 mg was found; between 20 and 60 mg, there appeared to be no
additional analgesic benefisteinberg 1998evel 1| n=75, JS)3With IM\v! R2 & S& 2dBesx H n
<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 ldeawn 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/parecoxib (iu 2013 evel 1| 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 inddimecin are effective vslacebo,
whereasbenzydamine is not significantly better than placelmerfy 2015alLevel |[Cochrane]
61 RCTs, n=8,38@)opical compounds with good efficacy are diclofenac with an NNT (for 50% pain
reduction over placebo) &.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). Differemilitions 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 02e5dP5%CI 2.0 to 3.4)he rate
of systemic adverse effects with the topiddBAIDs 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-hortfunctioral
improvement for up to 2 wKPattanittum 2013 evel [[Cochrane], 8 RCTs, n=30The overall quality
of included studies was poor afiddings 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 pairRéelofs 200& evel [Cochrane]65 RCTs, n=11,287

Topical applicon of diclofenac results in tissue levels that are higher and plasnesslévat
are lower vsoral administration Zacher 2008.evel | 19 RCTs, n>3,000Topical NSAIDs were
associated with fewer gastrointestinal adverse effects but more local skin irritation than systemic
NSAIDsKlinge 2013 evel | 6 RCTs, n=6{0

Ophthalmological applications

There is no strong evidence fomip reduction with topical NSAIDs for traumatic corneal
abrasions, but some evidence for a reduced requirenfentescue analgesia at 244s a proxy

for pain reduction (RR 0.46; 95%CI 0.34 to 0\MWhk&i 20171evel [Cochrane], 9 RCTs, n=G3After
cataract surgery, topical NSAIDs reduce anterior chamber inflammaiial thereby provide
postoperative analgesi@Duan 2017Level I[PRISMA]19 RCTs, n=7,2B4diclofenac, 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 contaiing 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 2018evel 1] n=373, JS)5Flurbiprofen spray (8.75 mg) rapidly reduced symptoms of
sore throd and provided significantly more relief for tip six h vplacebo, with naifference in
adverse effects vglacebo over 3 dde Looze 2016evel I) n=505, JS)5similar results (noinferior

to the spay) were found ith use of a 8.75 mg flurbiprofen lozendgeatikova 201Zevel 1] n=440,

JS 5. Flurbiprofen was also useful in pdsnsillectomy pain with reduobin in pain scores and
reduced requirement for additional analgeshuderris 2016Level || n=84, JS}¥

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 sup#iacy
over creams9 (Level [Cochrane Review]).

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

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

4. The efficacy of NSAIDs for pedi intra-articular injection as a component of local
infiltration analgesia compared with systemic administration remains uncldatével |
[PRISMA]).

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

6. Flurbiprofen spray (or lozenges) provide ldagting pain relief for sore throat after
upper respiratory tratcinfection (N) (Level 1).
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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, irdagticular).

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 alteintgeactions with opioid
receptors Raffa 2014aNR0 @ ¢ KS FANRG 2F GKA& Oflaa G2 oS
tramadol with its effects on noradrenergic and semergic inhibitory systems on top of a weak
mu-agonism (by an active metaboliteRdffa 1992B9. The term atypial opioids (although
Fy20KSNI G§SNY aYdzZ (A 3S aReQdizzi Jr ROINB is IndreasnglypuSed §6r a dz3 3
buprenorphine, cebranopadol, tapentadol and tramadati{ug 2019R); of these cebranopadol
is undergoing early clinical investigatiorisarfibert 2015NR B, 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 199NR), although accurate determination of equianalgesic doses is difficult due
to interindividual variabilities in kinetics and dynamicsafimaitoni 2003NR). Equianalgesic
conversion dose tables are often used to assist in the change from one opioid to another.
However, such tables are baseddaly on singlelose studies in opioidaive 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 -totexmnce and
patient-specific factorsWeschules 2008&R). Care must be taken when opioid rotations are
undertaken based on such tables alone without consideration of clinical factors because this
carries asignificant risk of toxicity and even fatalityvébster 2012NR. When healtleare
professionals (physicians, pharmacists, and nurse practitioners/physician assistants) were
surveyed, there was a large variation in mean opioid conversiemick 2016evel IV n=319. A
detailed analysis of equianalgesic doses anggestions for opioid rotations based on these
calculations has been publishetrdillet 2018Level IVSR 20 studies, n unspecifigd FPMANZCA
provides an opioid calcator including references and background material on a website
(FPMANZCA 20198, whik A& Fftaz2 F@rAftrotS Fa Fy LWL 6ah
Opioid rotations to methadone require particular care due to the risk of accumulation and
subsequent toxicityMicLean 201% evel IVSR 25 studies, n=1,229

In general, there is little evidence, anpopulation 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 othereasons, some opioids may be better in some patiewsodhouse
1999L evel 1] n=82, J8). Comparisons of thdfferent 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 evel 1#2 SR 31 studies, mnspecifiedQuigley 2004.evel IVSRCochrane] 52 studies,
n unspecified, it may be a useful strategy in the management of acute pain in patients with
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intolerable opioidrelated 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 ietdil 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 weedceptor agonist ad

its analgesic action depends on the metabolism of about 10% of the dose to morphine, via the
CYP2D6 cytochrome P450 isoenzybwsth 2000NR).

Over 100 allelic variants of CYP2D6 have been identified, resulting in wide variability in
enzyme activity omogyi 200MR). Individuals carrying two wiltype alleles display normal
enzyme activity and are known as extensive metabolisers; intermediate metabolisers are
heterozygotes with two variant allelesnéwn to decrease enzymatic capacity; and poor
metabolisers have no functionally active alleles and have minimal or no enzyme a&taityer(
2007aNR). In Caucasian populations; 3% of people are poor metabolisers; howevetp 5%
are ultrarapid metabolisersMadadi 2009Level 142, n=72; Stamer 2007aNR). Those who are
ultrarapid metabolisers (carriers of th@YP2Dgene duplication) have significantly higher levels
of morphine and morphine metabolites after the same dose of codé{inehfieiner 2001.evel V,
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 AsiaBgarger 2007bNR); the proportion of poor
metabolisers is lower in Asians and African Americafez (2013bLevel IV n=75; Holmquist
2009NR).

I OFasSnO2yGNRBf &aidzRé AyOfdzZRAYy3a | OFasS 27F |
codeine has highlighted that breastfed infants of mothers who are ultrarapid metabolisers are
atincreaSR NRA &1 2F A TSl KMNBadie®Y § ¢ It nFIHLA nunBdrINS & & A
of similar cases have been reported and hegitiofessionals and mothers of breastfeeding
infants should be aware of this riskiddadi 2008Level IV n=35. CYP2D6 genotyping predicts
subjects with reduced or increased metabolism to morphine but must be combined with
additional phenotyping to accurately predict patienat risk of morphine toxicityLétsch 2009
[ SOSfn=87)L L mtH

Death or OIVI has occurred after codeine treatment. Although rarerileis highest in
children who are ultrarapid metabolisers, after they have undergone tonsillectomy,
adenoidectomy, or both, as many of these have sldiordered breathing and are therefore
more sensitive to opioid§Friedrichsdorf 2012 evel IV n=3;Kelly 2012 evel IV n=4;Racoosin 2013
NR. The USA-ood and Drug AdministratiofFDA) now requires a boxed warning of the risk
posed by codeinafter a child has undergone tonsillectomy or adenoidectoyA 2013GL).

The European Medicines Agency has responded similak Q013GL); as has the WHO in
removing codeine from its tiered algesic ladder for treatment of (persistent) pain in children
(WHO 2012GD). Guidelines a this issue have been publishedr¢ws 201451). e also Sections
1.7.32and 10.4.4.5

The principal metabolite of codeinededeine6-glucuronide, which has a similar low potency
to the parent medicine and is renally excretedtéch 200NR).
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Dextropropoxyphene

Oral dextropropoxyphene 65 mg ale is a poorly effective analgesic in postoperative pain (NNT
7.7) Collins 200@.evel [[Cochrane], 6 RCTs [dextropropoxyphene only], n¥4B@xtropropoxyphene

is often used in combination with paracetamol but this combination does not leadtter pain
relief vsparacetamol alone and increasdhe incidence of dizzineski (Wan Po 199Tevel |

26 RCTs, n=2,2B1

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 usBafkin 2006NR). These include Qinterval prolongation
and possibility of Torsadedes 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 demssion Davies 1996NR. However, in therapeutic doses (128% mg) no
prolongation of the Qinterval >500 ms was observede{ler 2018 evel IV n=9J).

In line with many other developed countriggcluding New Zealandhe Therapeutics Goods
Administration (TGA) in Australia decided in November 2011 to removedtistration of
dextropropoxypheneBuckley 2013\R). Despite anumber of appeals by the manufacturer, the
medicationhas since been withdrawn frosale inAustralia

Diamorphine

Diamorphine (diacetylmorphine, heroin) iapidly hydrolysed to monoacetylmorphine (MAM)
and morphine Kiyoshi 200INR); diamorphine and MAM are more lipgbluble than morphine

and penetrae 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 surg@&gb{nson 1991 evel 1] n=40, JS)4and between
parenteral diamorphie and pethidine for labour analgesisvée 2014Level || n=484, JS)4
Epidurally administered diamorphine resulted in a longer time to first PCA use and lower total
24 h mophine requirements vs the same dose givgyintramuscular (IM) injectionGreen 2007
Level I) n=60, JS)4 Intranasal (IN) diamorphine has been usedan analgesic for acute pain in
children attending ED&éndall 201%.evel I\ n=226. Here peak morphine plasma concentrations
were higher and occurred earlier when diamorphine was administered IV vKidi Z009
Level 41, n=29.

Dihydrocodeine

Dihydrocodeine is a semisynthetic derivative of codeine and has simitaproid agonist activity.
However, unlike codeine, inhibition of CYP2D6 by quinine does not alter its analgesic effect, even
though the CYP2B#ependant active metabolite, dihydromorphine, has a much higheopiaid
receptor affinity than the parent medite (otsch 2005R). Orally administered, it has around twice

the potency of codeine and ora@xth the potency of morphine.¢ppert 2010NR).

Fentanyl

Fentanyl is a highly potent phenylpiperidine derivativeusturally 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 d& of active metabolites and fast onset of action may be of clinical
benefit Grape 2010NR. The fast onset is the result in particular of its high lipophilicity
(octanol:water partition coefficient >700); this leatls a transfer haHife of 4.7 t06.6 min
between plasma and CNSofsch 201NR (see also Section 5.4.1). The pharmacokinetics of
fentanyl are influenced by impaired liver function and CYP3A4 inhibitor and induceKuipe (
2017NR). Data on fentanyl causing opieitduced hyperalgesia (OIH) are limited and conflicting
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with 4 RCTs supporting the induction and 2 RCTs opposirgoits(2015Level | 6 RCT,
n unspecified).

There is insufficient evidence to jgd the efficacy of fentanyl in neuropathic paidefry 2016b
Level I[Codirane], 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 countriedapinetto 201NR). This is paralleled by an increase in fentanyl
overdose deaths; irhie USA there was a 72% increase from 2014 to 2015 reaching 9,580 deaths
caused by synthetic opioids, primarily fentanyl (including illicity 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 fertanyhining
medication Kuczynska 2018R). In 2015, a cluster of fentardced heroin deaths was reported
in Melbourne, Ausalia, the first report of this nature outside North AmericRofilda 2017
Level IV n=9 [fentanyl related deaths out oft,000 deaths investigate}]

Hydromorphone

Hydromorphone is a derivative of morphine that is approximately five times as potent as
morphine. The main metabolite of hydromorphone is hydromorph@aglucuronide (H3G), a
structural analogue of morphing-glucuronide (M3G). Like M3G (see below), H3G is dependent
on the kidney for excretion, has no analgesic action and can lead tedigemdent neurotoxic
effects Emith 2000NR Wright 200INR Murray 2005NR).

Hydromorphone is an effective strong opioid analgesichvgimilar efficacy and adverse
effects as other strong opioid®igley 2002.evel |[Cochrane], 36 RCTs {g#e pain], n=2,52). It
provides slightly better clinical analgesia than morphine with similar adverse effetisrf{ 2011
Level | 8 RCTs, n=1,0p4Iin cancer pain, its efficacy was similar to oxycodone and morpBate (
2016 Level I[Cochrane], 4 RCTs, n=504&There is insufficient evidence to judge the efficacy of
hydromorphone in neuropathic pairsfannard 201@.evel I[Cochrane], 4 RCT, n=§04

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 commercabylable as a
racemic mixture of Rand Lenantiomers but it is the nantiomer that is responsible for
most, if not all, its meopioid receptormediated analgesic effectsedheim 2008\R Lugo
2005NR).

It has good oral bioavailability (70 t80%), high potency and long duration of action and a lack
of active metabolitesLugo 2003\R). It is also a weak NMB&ceptor antagonist and monoamine
(5HT and noradrenaline [norepinephrine]) reuptake inhibitor and has a long and unpredictable
halflife (mean of 22 h; range 4 to 190 h) leading to an increased risk of accumulatisnh(iles
2008bNR). Therefore, it is of limited use for acute pain treatment. Its use as an analgesic in general
requires caution and guidelines have been publishe@MT 216 GL). Recommendations include
that it should not be prescribed on an-aseded 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 followup ECG a80 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 comersion is complex and depends on many factors including absolute doses of other
opioids and duration of treatmentMcLean 2014 evel IVSR 25 studies, n=1,239 In cancer pain
management, methadone has similar analgesic effects to morphitiehdlson 2017Level |
[Cochrane], 6 RCTs, n=38&ee also 10.4.4.9). There is very limited, very-domlity evidence
supporting the efficacy and safety of methadone for chronic neuropathic paiNi¢ol 2017 evel |
[Cochrane], 3 RCTs, n=)05
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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 akab@BR(INR). Over
50 drugdrug interactions with methadone are describedoncurrent administration of other
medicines that are CYP450 inducers may increase methadone metabolism and lower methadone
0f22R tS@Sta 06S3 OFNDI YT SLA Y SiyperiblimperforatlihO A y =
and some antiretroviral agents) leadirtg potential reduced efficacy or even withdrawal.
Conversely, medicines that inhibit CYP450 (eg other antiretroviral agents, some selective
serotoninreuptake inhibitors [SSRIs], grapefruit juice and antifungal agents) may lead to raised
methadone levelsand an increase in adverse effects or overddsedheim 200NR See al
Section 8.6.2 for interactions in patients with huan immunodeficiency virus (HLV)

Methadone use, but not use of other opioids, was associated with an increased incidence of
hypoglycaemia in a dosgependent fashion (for doses > 80 mg/d OR 3.1; 95266 3.6) Flory
2016Level 142, n=64). This was also found in an analysis of repodsifii K S  Fdod a@ddiDrug
Administration Adverse Event Reporting System, which showed an association between
methadone use and hypoglycaemia in comparison to all other opioids except tranvetkainfs
2019Level I\ n=12,004,55p

Highdose methadone has been associated with prolonged QT intervals and othéacard
complications (Torsade de pointes, changes in QT dispersion, pathological U wavebsUiadu
syndrome (stress cardiomyopathy), Brugdidte syndrome, and coronary artery diseases)
(Alinejad 2013\R) (see below).

In the setting of postoperative pain, methadone was associated with high rates of
postoperative complicatios with the use of a mean dose of 0.14 + 0.07 mgfxgn§ 2018
Level IV n=1,478. Respiratory depression was recorded in 36.8%, hypoxemia in 79.8% and 1.5%
required reintubation. QTc prolaation 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. Morghine
glucuronide (M6G) and M3G, the main metabolites of morphine, are fdriog morphine
glucuronidation, primarily in the liver. M6G is a +fopioid receptor agonist that crosses the
blood-brain barrier more slowly than morphin®¢ Gregori 201&R. It contributes such a large
extent to morphine analgesia in pants 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 MBG(as 201ANR). M6G also has other morphine
like effects including respiratory depressiomr{ Dorp 2006INR Dahan 2008MNR. 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
hyperafesia, allodynia and myoclonus, sometimes associated with high doses of morphine
(Lotsch 200:R.

Clinical trials have investigated M6G as an analgesic agent after a variety of different types of
surgery. It was more effective than placel®m(th 2009 evel 1) n=201, JS Bomberg 200TLevel I
n=42, JS)3and in some trials as effective as morphigar(n 2002evel || n=144, JS Hanna 2005
Level I} n=100, JS)3 although withdrawal due to insufficient analgesia was higher in another
(Binning 2011 evel I} n=249, JS)5this 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 evel IV n=214, which is an effective approach to early postoperative
pain @ubrun 2012NR).
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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 (10teoéspiratory
depression (9 td.2 h after the dose was given) requiring treatment with naloxone, and a high
incidence of nausea (€88%) and vomiting (6®4%) Grace 199@.evel I) 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 morphin@ipining 2011 evel I) n=249, JS &ann 2002evel I 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 (§f@omberg 2008 evel 141 EH.

Both M6G and M3G are dependent on the kidney for excretion. Impaired renal function, the
oral route of administration (firspass metabolism), higher doses and increased patient age are
predictors of higher M3G and M6G camirations Faura 1998 evel IV PK SR7 studies, n=1,232;
Klepstad 2008evel IV n=30Q with the potential risk of severe loAgsting sedation and respiratory
depression.

There is insufficient evidence to judge the efficacy of morphine in neuropathic Paopdr
2017 Level I[Cochrane], 5 RCTs, n=23®ral morphine is effective in treating cancer paiithw
similar efficacy vether opioids Yiffen 2016Level I[[Cochrane], 62 RCTs, n=4,241

Oxycodone

Oxycodones a semisynthetic opioid and directtpntributes the majority of drug effedtself
while being metabolised primarily to noroxyamne by CYP3IAF45%)and by CYP2D6 to
oxymorphone £19%)(Kinnunen 201NRPK. Oxymorphone is more potent than oxycodone as a
mu-receptor agonist (14 times) and has a higher receptor affididytimes) and may contribute
to the overall analgesic effect of oxycodorgaer 2010hevel Il EHn=10 [5arm cross over], J9;5
noroxycodor, the major metabolite, is only a weak meceptor agonistl(alovic 2008\R Coluzzi
2005NR).

The dependence of oxymorphone concentrations on CYP2D6 activity and its high potency
SELX FAya (GKS AYLIOG 2F / ,tH5c LRfaY2NLIKAAY
pharmacokinetics Jamer 2010k.evel Il EHn=10 [Sarm cross over], JS).5Ultrafast metabolisers
experience better analgesic effects and higher toxicity, while poor metabolisers experience less
andgesic effect. However, in acute postoperative pain, CYP2D6 genotype had no influence on
oxycodone requirementZ(visler 201Qevel 1#3; Crews 20145L).

These findings mean also that drdgug interactions can influence the efficacy of oxycodone
(Samer 201a Level Il EHN=10 [cross over], J9.5This 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 @YR3A 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 le(@strom 200&PK); this may
explain the discrepancies between its poorer-neeeptor affinity compared to morphine but its
higher potency @lkkola D13NR). 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 morphibieafg 201Qevel 1] n=54, J3).

Overall oxycodone has a faster onset of action than morphine, bettak bioavailability,
longer duration of action, fewer concerns about metabolites atholwer rate of adverse effects
(Olkkola 2013NR). There is increasing use of oxycodone in the perioperative settingdbais
these pharmacological propertiekdkki 2012NR). With regard to analgesic efficacy in acute pain,

IV oxycodone seems superior to fanyl 6 RCTsand sufentanil{ RCTsand comparable to
morphine @ RCTs but these results may partially reflect use of doses which were not
equianalgesicRaff 2019 evel | 11RCTs, n=721The incidence of adverse effects was lower with
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oxycodone vs fentanyl (possibly also a reflection of-egnianalgesic doses) and comparable
for oxycodone vs morphine and sufentanil. Patient satisfaction was comparable for all opioids
exceptfor sufentanil, which showed consistently lower patient satisfaction vs oxycodone. Similar
results are reported by a parallel systematic review which also acknowledges similar limitations
(Tan 2018Level | 8 RCTs, n=506(6 RCTs overldp In cancer pain management, oxycodone is
comparable in efficacy and adverse effects to other strong opioids; venlehsl evidence
suggests lower risk of hallucinations with oggone vs morphineSchmidiHansen 2018 evel |
[Cochrane], 23 RCTs, n=2,144ith regard to adverse effects in the setting of cancer pain
treatment, there were no differences between oxycodone vhentopioids except for less
sleepiness with oxycodone vs morphinda(2016aLevel I[PRISMA], 11 RCTs, n=1P18 RCTs
overlap). In neuropathic pain, there is very leyuality evdence that oxycodone is effective in the
treatment of painful diabetic neuropathy RCTs, n=63and postherpetic neuralgia RCT, n=50
(Gaskell 2016hevel I[Cochrane], 5 RCTs, n=687

Pethidine
Pethidine (meperidine) is a synthetic opioid with decreasing use worldwide due to multiple
disadvantages compared to other opiojdsd equally effective analgesic alternativBgspite a
common belief thatt is the most effective opioid in the treatment of renal colic, it was no better
than morphine @©'Connor 200Qevel 1) n=103, JS)%r hydromorphoneJasani 1994evel Ij n=73, JS}¥
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 cioditta(2002NR).

Pethidine induced more nausea and vomiting than morphine when used parenterally in the
ED §ilverman 2004.evel 143, n=193 and in the first 2 h after gynaecological surgegyri(2002
Level 1] n=200, J94 Pethidine use postoperatively was associated with an increased risk of
delirium in the postoperative period in comparison to othepioids Gwart 2017Level 142 SR
3 studies [pethidine], =897

Accumulation of its active metabolite, norpethidine (normeperidine), is associated with
neuroexcitatory effects that range fno nervousness to tremors, twitches, multifocal myoclonus
and seizuresSimopoulos 2002evel IV n=355. Impaired renal function increases the hkilé 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.

Oveunll, the use of pethidine should be discouraged in favour of other opioids in adaits (
2002NR) and in the paediatric settinggénner 201INR).

Remifentanil

Remifentanil is an unusual opioid willvery fast onsebf effect (<1 min) andnextremely short
duration of action due to rapid metabolism by nonspecific esteraBasghchanka 2014R). It is
mainly used as a component of anaesthesia and carregharisk of OIHfs use as an analgesic
has primarily been studied in the setting of labour analgeBévdbhakthuni 2018IR) (see Section
9.1.3.1).

Sufentanil

Sufentanil (a derivative of fentanwith 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 R&G#jton 2016\R) (see Section
6.5.3.
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4.3.13| Atypical opioids

Buprenorphine

Buprenorphine is a semisynthetic derivative of thebaine, an alkaloid of opium and a potent, but
in vitro partial, muopioid receptor agonistRaffa 2014iNR) with high receptor affinity and slow
dissociation from the mueceptor and different downstream effects (G protein and
adenylcyclase activation) than conventional opioisri{ch 201NR Davis 201NR Pergolizzi 2010

NR). Furthermore, buprenorphine is a potent kapppioid receptor antagonist, an agonist at the
nociceptin or opioiereceptorlike 1 (ORI1) receptor and binds to the dehapioid receptor.
Buprenorphine, in pdicular the SL formulation, is increasingly used in the setting of acute pain
managementlacintyre 2017NR).

Buprenorphine shows biphasic pharmacokinetics with an initial distributiorlifelfof
around Z3 h and a terminal halife of around 24 h; twehirds of the medicine is excreted
unchanged, mainly in faeces, while the remag onethird is metabolised predominantly in the
liver and gut wall via glucuronidation to an inactive metabolite, buprenorpiggucuronide,
and via CYP3A4 to norbuprenorphine, which hastimBs less analgesic effect than
buprenorphine Kress 2009NR). However, in line with findings ianimal experiments, an
exploratory clinical investigation found respiratory depression more strongly associated with
norbuprenorphine than with buprenorphinesfrang 201&HPK n=11). Onset of effect is slower
than for many other opioids; using experimental pain siiinthe time to peak effect after
administration of an 1V bolus dose of buprenorphine was9m0min {rassen 200&evel I#3 EH.

The debate on buprenorphine being a partial or full-opioid receptor agonisin clinical
practice continues Holyoak 201NR) and is complicated by its multiple mechanism of action.
While in-vitro experimens have characterised buprenorphine as a partial agonist, clinically it
behaves like a full mreceptor agonist; in 23 of 24 studies identified in a systematic review,
buprenorphine achieved analgesia comparable to fullopioid agonists (morphine, fentahy
sufentanil and oxycodonelRéffa 2014k.evel | 24 studies, n unspecifigdThe authors conclude that
in clinically relevant doses, buprenorphine behaves like a fulbpiaid receptor agonisin-vivo.

A subsequent systematic review found SL buprenorphimeparable to IM or IV morphine in
acute pain management without any differences in pain control achieved, need for rescue
analgesia or secondary outcomeégok 2019 evel I[PRISMA], 9 RCTs, n=RZbhis is confirmed in a
paediatric population with 1V buprenorphine vs IV morphine showing similar analgesic effects,
but a longer duration of analgesia with buprenorphiméufray 2018Level | 4 RCTs, n=193An
overarching meteanalysis of buprenorphine vs morphine by any route of administration in any
population finds no dference in pain intensity at kh (WMD 0.18; 95%C0.45 to 0.81),
conflicting evilence for other points of time (1 to 48 h) and no difference overall at all time points
combined (WMD 0.29; 95%@.62 to 0.03) \(hite 2018Level I[PRISMA], 28 RCTs, n=2,2{#l 9
RCToverlapwith Vlok 2019ndall 4 RCTs witMurray 2019. 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 magonist medicines and combined use should be effective
(van Niel2016 NR Pergolizzi 2010IR). 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 madgbiessor
test) Huhn 2019 evel IIEH n=17, JS)4In contrast, patients on OST wi#iL buprenorphine (2 to
22 mg/d achieved no relief of experimentpain (cold pressor or electrical stimulation) with 1V
Morphine (55 mg achieving plasma concentrations of 92 to 201 ng/mL), but reduced respiratory
rates @thanasos 201@evel IIEH n=12, JS)2
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There is a ceiling effect foespiratory depression but not for analgesia in healthy volunteers
(in the dose range tested of 200 to 400 mddat{an 2008 evel 112 EH Dahan 2003 evel |42 EH.

In clinical practice, transdermal (TD) buprenorphine has not been associated with any fatality in
the National Poison Data System of the AJEoplan 2017Level Iy. When used for OST,
methadone use increased the risk of overdose death vs buprenorphine (RROB%E&I 4.79 to

8.10) (arteau 2015Level 1142, n=2,418 [overdose deaths] in=19,935,537 [prescriptions] However,

even with buprenorphine the overdose death rate was not zero, but 0.022/1000 prescriptions
(vs 0.B7/1000 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 fosethién 2012evel IV n=97). Similarly,

in elderly opioidnaive 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 witholtaufatane;

all patients had risk factors such as advanced age, concurrent comorbidities, or the ingestion of
other potential central nervous system depressamiljards 201Zevel IV n=6. A metaanalysis
comparingbuprenorphine 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. Mh(te 2018Level I[PRISMA], 28 RCTs, n=2,210

Should buprenorphinénduced respiratorydepression occur, then complete reversal with
naloxone is possiblé>érgolizzi 2010lR), although higher than usual doses and rager duration
infusion of naloxone are requiredign Dorp 2006d.evel 142 EH Yassen 200&evellll-3 EH Boom
2012NR). This ionfirmed in the case series referred to above, were naloxone bolus doses up
to 2.2 mg and infusions for up to 20 h were usRitifards 201Tevel IV n=6).

In animal models of pain, buprenorphine appears to have gefidacy for neuropathic pain
(Hans 200NR). In the clinical setting, case reports have suggested that buprenorphine is effective
in peripheral (icina 2013Level IV n=4 and central neuropathic painG(etti 2011 Level V.
However, a specific effect cannot be supported or refuted based on current evid@ritfen(
2015Level I[Cochrane], 0 RCTs, =0

Buprenorphine may also have a reduced tendency to cause opiditced hyperalgesia

(OIH) Lee 201INR. In patients in opioigsubstitution programs, buprenorphine reduced pain
thresholds less than methadon€gmpton 2001Level 112 EH n=54. Using experimental pain
stimuli in humanshuprenorphine, unlike conventional reopioid agonists, has been shown
to be antihyperalgesic, which may be related in part to its kapp#id antagonist activity
(Koppert 2005Level Il EHn=15, J8). During major lung surgery under remifentanil infusion,
perioperative buprenorphine infusion (25 mcg/h for 24 h) vs equianalgesic morphine infusion
resulted in lessyperalgesia and allodynia around the incision and longer time until rescue
analgesia requirements with no lortgrm benefits at 3 mth Nlercieri 2017Level 1] 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 agsitpeffets; only IV buprenorphine
(0.6 mg) enhanced the descending nociceptive inhibitory contRavf 2013 evel IIEH n=32,
JS 5. Similarly, patients on OST wish. buprenorphine (2 to 22 mg/evere hyperalgesic irhe
cold pressor test vsontrols (buprenorphine 12 s vs control 34 s) (Athanasos 201%evel II
EH n=12, JS)2

Withdrawal symptoms, which may be seen if the medicine is ceased aftertdomg

GNBFGYSYGs FNB YAfRSNI FyR Y2NB fkbdsPogo®Rnay 2y a

direct comparisorof buprenorphine vs morphine withdrawal, withdrawal symptoms were far
less with buprenorphine (subjectively and objectivelygnipkins 2014.evel 141, n=7). There is also
less neonatal abstance syndrome (NAS) in babies of mothers under buprenorphine vs
methadone substitutiondones 201RIR. 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, pregiption adjusted rates for abuse were much higher for TD fentanyl vs TD
buprenorphine &RR 10.8; 95%CI 4.46 to 25@)flan 2017 evel IV n= 2,687 [call3]

Buprenorphine can be safely used in patients with renal impairment and has less
immunosuppressive effect in animal experiments than pure-apioid agonists Mavis 2012NR
Pegolizzi 2010NR). However, buprenorphine has the potential to prolong the QT intekialryi 2018
NR). High doses of buprenorphine patch (above 40mcg/h) may cause QT wave prolongation that is
reversible with MORntagonist; clinical significance of this is uncl&@niirta 2015Level 141, n=110.

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

Tapentadol
Tapentadol is a combined rmagonist and noradrenalineeuptake inhibitor Tzschentke
2014NR). In contrast to tramadol, it has no relevant functional seroterénptake inhibition
and no active metabolitesR@ffa 2012NR). Therefore, serotonin syndrome with its use alone
has not been reported in 2 systematic reviev@hgnnell 2018 evel IVSR 13 RCTs & 3 studies &
8 CRs, n unspecifie@ressler 20171.evel IVSR 13 RCTs & 9 studies, n=12,138ignificant overlap.
However, in spontaneous adverse drug event (ADE) rappith the TGA 16 cases consistent
with serotonin syndrome were reported (14 with coadministration of serotonergic
medications) Abeyaratne 2018 evel 1V n=104 [reports for tapentad}). A probable serotonin
syndrome in the setting of tapentadol overdose in combination with amitriptyline and
duloxetine hasalsobeen published\Walczyk 201&€R. There is no effect on heart rate or blood
pressure due to noradrenalineeuptake inhibition in doses up to the maximum recommended
500 mg/d, even in patients with hgptension and/or on antihypertensives8ipndi 2014 evd |,
3 RCT§post hocanalysis], n=1,464

Elimination is by glucuronidation; severely impaired hepatic function may require dose
adjustment Ku 2010PK).

Although in humans tapentadol has-id@d lower affinity for the mureceptor than morphine,
it is only three timedess potent as an analgesic due to its dual mechanism of action with synergy
shown in sitespecific administration studie<kristoph 201389. With regard to tapentadol, the
O2y OS LI 220 TRéa Yoda KS 272 O2 y (i NA 0 drlihe adyerse dffectinfaghitugle A 2 A R
relative to a pure/classical mopioid at equianalgesic doses) has been discussed, suggesting that
while conventional opioids have by definition a#mad of 100%, gpical opioids have a rdoad
<100%; for tapentadol usingrespiratory depression and constipation the #oad is
OF f Odzt | R&fAR0OINR.N /K2 0

Theeffect of tapentadol as a noradrenalingtake inhibitor on descending pathways of pain
inhibition has been confirmed in diabetic neuropathy, where tapentadol use increased
conditioned pain modulationNjesters 2014hevel I n=24, $ 5. This mechanism of action suggests
benefits in neuropathic painv(nik 2014Level 1] n=318, JS Freo D19 NR), but tapentadol also
showed efficacy in nociceptive and inflammatgrgin models $chiene 201INR including
postopemtive pain (ee 20144 evel 1) n=352, JS)5and cancer painMercadante 2017.evel IVSR
8 studies, n=79R 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%CIl 1.09 to 4.42) and constipation (OR 3.16; 95%CI 1.421%0eéAch in3 RCTs(Hartrick 2010
Level | 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 mgiéo 2017Level [PRISMA}, 9 RCTs, 186l) (4 RCTS overlapThe 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%CIl 0.32 to 0.62) was lower with tapentadol IR 50 mg and nausea (R&690€1;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 advef§ects such as nausea,
vomiting and constipation leading to reduced rates of treatment discontinuati(sma 2011
Level | 42 RCTs, n unspecifledn a network metanalysis of opioids for chronic pain treatment,
tapentadol was identified as topanking due to low rates of overall adverse effects, in particular
constipation, and lowest withdrawal rate for adverse effediterfg 2017Level I[PRISMA] [NMA],

32 RCTs, n unspecified

Despite increasing use of thisalgesic 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 201&evel IVSR 13 RCTs, 3uslies &8 CRs, n unspecifipdRelative safety of tapentadol vs
conventional opioids has been confirmed by data from the USA Researched Abuse, Diversion and
AddictionRelated Surveillance (RADARSystem Poison Center Program; there was no reported
deathdue 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) Nlurphy 2018 Level IV n=64,538 [reporty] Postmarketing surveillance by the
manufacturer could also not identify any overdoses with fatal outcontsli¢nwerk 2018
Level IV n=10,758 [case repor{s]In an experimental setting, tapentadol (100 mg) vs oxycodone
(20 mg) (equianalgesitoses) had less respiratory depressant effects, but not 150vargder
Schrier 2017 evel IIEH n=18, JS)5

Although acontrolled medicine in all countries, tapentadol shows a lower rate of abuse and
diversion than oxycodone and hydrocodone and a rate comparable to tram&dal Z012
Level IV. Diversion rates of tapentadol in the USA corrected for use (monitored by RARARS
lower for tapentadol IR (0.03/1,000 prescriptions) and tapentadol CR (0.016) than scheduled oral
opioids (0.172)Bart 2016Level 1142, n=38,388 [casesf 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 (tramadolred hydrocodone being lower)Vésburg 2018 evel 143, n multiple
denominatory. Rates of doctor shopping were higher for oxycodone vs tapentadol (OR 3.5; 95%ClI
2.8 to 4.4) Cepeda 2013hevel 1#2) and rates of abuse lower for tapentadol vs oxycod¢Q&

0.35; 95%CI 0.21 to 0.5&)gpeda 2013kevel 1112).

Tramadol

Tramadol is commonly referred to as an atypical centrally acting analgesic because of its
combined effects as an opioid agonist and a serotoaimd roradrenalinereuptake inhibitor
(Bravo 201™R Raffa 2012NR Raffa 199ANR). 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 doseehévenin 2008 evel 11i1). However, compared to a
variety of strong opioids (morphine, fentanyl, oxycodone, pethidine) when administered by PCA,
tramadol had comparable analgesic efficdsyurphy 2010Level ] 12 RCTs, n=782As discharge
medication after surgery, the risk of prolonged tramadol use was similar, if not slightly higher
than other short acting opioidSfiels 2019 evel 12, n= 44,764).

Limited lowlj dz f A 1@ S@ARSYOS &adzLILR2 NI A GNI YIR2f Qa
is not as effective as morphine in this indicatiaviffen 2017bLevel I[Cochrane], 10 RCTs, n=958
Tramadol is an effective treatment for neuropathic pain with NNH#.4f(95%CI 2.9 to 8.8)
(Duehmke 201Tevel I[Cochrane], 6 RCTs, n=338

IV tramadol/I[V morphine vs Imorphine has a minor opioidparing effect (WMD 6.9 mg;
95%Cl 211.3 to 22.5), but does not reduce pain intensity (\AMI»00; 95%CH{.2 to 5.2) nor
adverse effects (hausea, vomiting, sedaticvutinez 2015_evel [PRISMA], 14 RCTs, n=).13
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The (+) enantiomer of tramadol is the stronger inhibitor of serotonin reuptake and-}he (
enantiomer the more potent inhibitor of noradrenaline reuptake; tramadol is metabolised by
CYP2D6 and the resultaactive metabolite @lesmethyltramadol (M1) is a more potent mu
opioid receptor agonist than the parent druigeé 199NR). Patients who are poor metabolisers
get less analgesic effect from tramadstgmer 2002 evel I1+2), while ultrarapid metabolisers may
be at increased risk of opicidduced adverse effects includi@VI(Desmeules 1996evel I n=10,

JS 3Stamer 200&R. See also Sectiod.7.32.

Coadministration with other medicines that inhibit CYP2D6 may also influence the
effectiveness of tramadol. For example, pretreatment with paroxetine in healthy extensive
metabolisersreduced the hypoalgesic effect of tramadol in an experimental pain model
(Laugesen 200Bevel Il EHn=16 [4way cross over], J3.9nhibition of 5SHIreceptors by ondansetron
also decreased the analgesic effect of tramadol, as measured by increased tramadol
requirements, in particular earlyfter ondansetron administrationSgevers 2015Level I[[PRISMA]

6 RCTs, n=330although this may also be a pharmacokinetic interactitamn{nonds 200NR). This

has been confirmed in a subsequent RCT in hemithyroidectomy patients; hadngaistration

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 16449 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 2015Level I) n=134, JS)4

¢ NI YI R2f cefiect lprifi@ $sNilif&ent from other opioids. In thRADARSSystem
Poison Center Program, tramadol had the sectowlest rates of overdose deaths, major
medical effects, serious adverse events and hospitalisations (data corrected for amounts
dispensed) Nlurphy 208 LevellV, n=64,538 [reportg} The risk of respiratory depression is lower
than with conventional opioids at equianalgesic doseih 1999Level || EHn=8 [cross over], JS 5;
Tarkkilal998Level 1) n=36, JS &arkkila 199Tevel I, n=36, JS)&nd it does not depress the hypoxic
ventilatory responseWarren 2000Level Il EHn=20 Eross over], JS)5However, in a large series of
tramadol overdoses in Iran, mainly due to deliberate -balfm or abuse, 3.6% experiernte
apnoea and required respiratory support or naloxone usasganiasMoghaddam 2013 evel IV
n=525 [overdose$] The mean time t@resentation was 7.7 h (range 1 84 h); the mean dose
causingapnoea was 2,125 mg (range 2004®00 mg), significantly higher than in those not
experiening apnoea (1,383 mg; range 10066®00 mg). One death in each group was reported.

A further series of tramadol overdoses reported hypertension (38.4&6hycardia (24.8%),
respiratory depression (20%) (median dose 2,750 mg), seizure (14.5%) and no serotonin toxicity
(Habibollahi 2019Level IV n=359 [overdose}] Similar finihgs 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 toxiityn(201% evel 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 MAafnung 199TR.

There is a risk of inducing serotonin toxicity when tramadol is combined with other
serotonergic medicines, in pactilar SSR(slelson 2012 evel IV SRL study & 9 CR, n=L4owever,
despite the widespread use of both medicines, there are only very few case répdrtaises in
above SRpn this interaction. The interaction might be complex, as SSRIs are often CYP2D6
inhibitors (eg sertraline, paroxetine and fluoxetine) andn cthereby increase tramadol
concentrations Miotto 2017NR). This might also mean thaoor CYP2D6 metabolisers are at an
increased risk of this interactiorNélson 2012 evel IV SR1 study & 9 CR,=i14). Furthermore,
administration of tramadol to elderly patients in the postoperative period was a risk factor for
delirium Swart D17 Level 142 SR 1 study [tramadol]Brouquet 201Q.evel IV n=133.

Tramadol has less effect on gastrointestinal motor function than morphiine Z001Level I)
n=101, JS SVilder-Smith 1999t evel |) n=62, JS WWilder-Smith 19994 evel || n=30, JS 3Vilder-Smith
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1997Level 1] n=10 [cross over], JS. jJausea and vomiting are the most common adverse effects
and occur at rates similar to morphinkirq 2001Level 1] n=101, JS Radbruch 199&R), although

an increased rate in comparison to a variety of strong opioids (morphine, fentanyl, oxycodone,
pethidine) occurs with PCA ugeR 1.52; 95%CI 1.07 to 2.1Mufphy 2010Level ] 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 studiesGasse 200Qevel 142, n=11,383Jick 1998 evel 142, n=10,91%. Seizures
were reported in tramadol intoxication, mainly due to deliberate-belfm or abuse, with recurrent
seiares in 7 and 11.7% of patientsassaniatMoghaddan?013Level IV n=525;Shadnia 2012evel 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 (iotto 2017 NR). Calls to the National Poison Data System of the American Association
of Poison Contl Centers were more likely to report seizures with tramadol vs tapentadol (RR 7.94;
95%CI 2.99 to 20.91)qutaoka 201%evel 142, n=8,783 [call3] The low rate of recurrence does not
justify the prophylactic use of an anticonvulsant after an initial seizsiednia 2012evel IV n=100.

An analysis of reports from United States Food and Drug Administration Adverse Event
Reporting System showed aassociation between tramadol use and hypoglycaemia in
comparison to all other opioids except methadoméakunts 2019 evellV, n=12,004,55p

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 thaescribed with venlafaxine withdrawal); gradual tapering is
recommended and treatment with lorapam and clonidine if necessaiyi¢tto 2017NR).

Finally, tramadol has a lower abuse and misuse potential than conventional opioids, as
reconfirmed by an expert committee on drug abuse of the German governrRadbfch 2013
GWT GKAA A& Ay tAYS GAGK LINBGA2dza FTAYRAY3IA
countries. However, in countries with low availability of conventional opioids, tramadol has a
higher rate of abuse. This has been reported from Chivian{ 20184_evel 142 SR 80 studies, n=
118904) and Africa $almReifferscheidt 2018IR) (eg Egyp[Bassiony 2018evel I\ n=1,13%, Ghana
[Fuseini 201%R and Nigerialfowu 2018Level IV n=249). A detailed assessment of issues related
to tramadol use and abuse internationally has been releasethé®WHO (WHO 2018\R).

4.3.14| Determinants of opioid dose

Interpatient opioid requirements vary greatlyécintyre 1996 evel Iy and opioid doses therefore
need to be titrated to suit each patient. Reasons for variatizeilide patient age and gender,
genetic differences and psychological factors as well as opioicatuter

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 magement of acute pain. There is clinical and
experimental evidence of a twinld to four-fold decrease in opioid requirements as patient age
increases Gagliese 2008evel 1V n=246;Coulbault 2008_evel IV n=74;Gagdiese 2000Level I\ n=99;
Macintyre 199d_evel IV n=1,0D; Burns 1989 evel IV n=10Q. The decrease in opioid requirement is
not associated witlieports of increased paiMacintyre 1996 evel I\ n=1,0108urns 1989 evel I\
n=100.

This ageelated decrease in opioid requirement appears inty due to differences in
pharmacodynamics or brain penetration rather than systemic pharmacokinetic fad¥ims (
1997Level IV n=65;Scott 1987 evel IV PKMacintyre 2008iNR). e also Section 9.2.3
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Gender

In general, females report more severe pain than males with similar disease pesces in
response to experimentgain stimuli Hurley 2008NR). This is more complicatedhdn initially
thought; in experimentapain settings, women have lower pressure pain thresholds than men
with no difference for cold and ischaemic pata¢ine 2012aevel IV SRL22 studies, mnspecified.
Temporal summation, allodynia asdcondary hyperalgesia may be more pronounced in women
than in men Racire 2012bLevel IV SR129 studies, n unspecifipdln acute pain, there is more a
difference in pain perception than pain sensitiviagn 2012.evel IV EHn=100.

Evidence for diffeences of opioid responses in the acute pain setting varies. Across all studies
in acute clinical pain with mapioids there is no association between gender and opioid response,
however with PCA use there is greater analgesfect in women (ES.22; 95%1 0.02 to 0.42)
(Niesters 201@evel | 25 RCTs, n unspecifled he effect is even more pronounced with morphine PCA
(ES 0.36; 95%CI 0.17 to 0.56) and is similar in experimaitatettingdES 0.35; 95%CI 0.01 to
0.69). Likely explanations are interactions between oestrogen and opioid recejpera0l3mR).

This is supported by preclinical data which show that hormones interact with the opioid system
and that these interactions may produce meaningful-baged differences in the subjective
experience of opioids, but the direction of et is variable and inconsistemiuhn 2018S SR

While response to opioids may differ, both the degree and direction of variation depend on
many variablesGampesi 201AR Dahan 20084\R). This variation as wlehs 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 eghsid alteration and confirms
the need to titrate doses to effect for ehgatient.

Genetics
DSYySGAO GIFNAIFIOATAGeE YIe faz2z FFSOG I LI GASYD

Psychological factors

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

4.3.15| Adverse effects of opioids

Common opioidrelated adverse effects are sedation, pruritus, nausea, vomiting, slowing of
gastrointestinalfunction and urinary retention. Metanalyses 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 incrkas@atients
using PCAHudcova 200&evel [Cochrane] 55 RCTs, n=3,861

Howe\er, there may be differences in the routine clinical settibglin 2005Level IV SRL65
studie€ Y F H@aZhman/2004evel IV SRL65s dzR A S & X). The followingiincidences (means)
were associated with the use of PCA ag#o respiratory depression 1.2 th1.5% (using
decreased respiratory rate and oxygen desaturation, respectively, as indicators), nausea 32%,
vomiting 20.7%, prurnits 13.8% and excessive sedation 5.3%. The incidences reported for IM
opioid analgesia ere: respiratory depression 0.8 7% (using the same indicators), nausea
17%, vomiting 21.9%, pruritus 3.4% and excessive sedation 5.2%.

Clinically meaningful opioitklated adverse effects are doselated. There was an increased
risk of 0.9% for nausea and 0.3% for vomiting for every 1 mg increase im&@hAine
consumption after surgeryMarret 2005Level | 22 RCTs, n=2,3p1n a later progective evaluation
of the incidence of nausea and vomiting in elderly surgical inpatients (requiring a length of stay
(LOSP2d and no PONV prophylaxis), there was also a direct correlation between increasing
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opioid dose and the incidence of both nausaadasvomiting Roberts 2009 evel IV n=193. In
patients after laparoscopicholecystectomy once a threshold dose was reachef fmg
MED/d), every further 84 mg incease of MERI was associated withree additional meaniniyl
adverse effect or patientlay with such an evenghao 2004.evel I} n=193, JS)5
Opioidrelated adverse effects in surgical patients were associatet mitreased LOB
hospital and total hospital costs; the use of opigighring techniques can be cesffective
(Oderda 2007 evel 11#2; Barletta 2012NR Philip 2002NR). Postsurgical patientsho 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 mortalkgssler 2013 evel 1142, n=37,03).
Similar results were found in the analysis of a large national hospital databaieedd 2013
Level 12, n=319,898. More specific information was found in a subsequent study; 10.6% of
surgical patients experiencechapioidrelated adverse eventshafi 2018 evel 1142, 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). Opig&lated adverse eventsave 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; 968 £0P.higher rate
of 30 dreadmission (OR.3; 95%CI 1.2 to 1.4) and US$ 8,225 per event increase in cost. Similarly,
in previously opioiehaive patients receiving opioids after surgery 9.1% experienced epioid
related adverse effects with an increased risk with prolonged IV administration andeck$uil
29% higher costs of hospitalization, 55% longer postoperaf¥®29% lower odds of discharge
home and 2.9 times the odds of deatbrfhan 2019 evel 142, n= 12,218 [patients receiving opioils]
Identifying patients at high risk obpioid-related adverse effects usinglinical and
demographic parameters is possiblgirtkowitz 20144 evel IIF2, n=6,285Minkowitz 2014b_evel I}
3, n=3,697; identification of such highisk patients enabled reduction of adverse effects and
hospital costs.

Opioidinduced ventilatory impairment

OlIVI is a more appropriate term tiescribe the effects of opioids on ventilation than respiratory
depression aloneMacintyre 2011NR). It encompasses the respiratory depression caused by
opioids (decreased central @f@sponsiveness resulting in hypoventilation) and elevated partial
pressure of carbon dioxide in arterial blood [Palf@oom 2012NR) but also the depressed
consciousness (decreased arousal and protection) and the subsequent upper airway obstruction
(associated with lower airway motor tone) resoy 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, reniaipairment, 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 egme polymorphisms, but patients without such risk factors can also develop OIVI
(Gupta 2018bLevel IVSR 13 studies, n=871,912verdyk 2014Level IV n=134 [case reportk]
Postoperative OIVI occurred in 5/1,000 cases with 85% in the first 24 h (95% CI 4.8GoE4l) (
2018alevel IVSR[PRISMA], 12 studies, n=841,32Mncreased risk is linked to cardiac dise(B&

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%ClI 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. biased claims study of postoperative

OlVI, 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%§¢ @015H evel I\ n=92 [episodes of OIYI|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 evel 142, n=134 [naloxone administrations]81% (34% within 6 h)
(Ramachandran 201Level IV n=33 [episodes of OlYland 78% (57% within 12 hjaflor 2005
Level 112, n=62 [episodes of OIYI]

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 bppropriate 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 bmited valueand that hypoxaemic episodes often occur in
the absence of a low respiratory ratkl(ger1992Level 1112, n=40;Wheatley 1990 evel I}2, n=30;

Catley 1983 evel 142, n=32;Jones 1990IR). As respiratory depression is almost always preceded
by sedation, the best early clinical indicator is increasing sedatiomg@uist 201NR Macintyre
2011NR Vila 200NR Ready 1988IR). This las also been acknowledged in recommendations of
current guidelinesJungquist 202@L; Chou 2016GL).

Introduction of a numerical pain treatment algorithm in a cancer setting was followed by a
review of opioidrelated adverse effectd/(la 2003._evel 1113, n=25) Use of this algorithm, in which
opioids were given to patients in order to achieve satisfactory pain scores, resulted infaltivo
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 theadtiction of the algorithm),
only 3 had a respiratory rate of <12 breaths/min but 27 (94%) had a documented decrease in
their level of consciousnes¥ila 2005Level 1113, n=29. This study highlights the risk dafrating
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 examinedagintyre 2008aNR). It would appear that the development of
respiratory depression might have &e missed because of an apparent oveliance 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 rpkef,
respiratory depression was defined as a respiratory rate of <10 breaths/min and/or a sedation
302NB8 2F H ORSTAYSR I a Gl aftSSL) odzi SFaAfe NERc
with respiratory depression, 11 had sedation scoresabfleast 2 and, in contrast to the
statements above, all had respiratory rates of <10 breaths/mhapiro 200%.evel IV n=700Q. In a
closed claims report, 62% of patients with postoperative OIVI (with 77% fatality or severe brain
injury) experiencedsomnolence before the eventge 20150 evel IV n=92 [events of OIl]the
authors emphasise that assessment of sedation levels by nurses needs to be improved; 97% were
judged preventable with better monitoring and response. Thaselies confirm that assessment
of sedation is a more reliable way of detecting opimiduced respiratory depression, although
monitoring respiratory rate is still important.

Oxygen saturation levels may not be a reliable method of detecting respirdépmession in
the postoperative setting. In addition to the use of supplemental oxydgtaying OIVI diagnosis
there may be reasons other than opioids for hypoxaemia. For example, when measurement of
oxygen saturation was used as an indicator of respiyatiepression, the incidence was reported
to be 11.5% in patients receiving PCA and 37% in those given IM ogiaitenén 2004evel IV
SR wmcp & i dzRAHoiveverythed samer 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 opioid3o(in 2002Level IVSR Mc p & (i dzRACDALRUOYSF H 1 X 1 N
pulse oximetry I RCT, 3 studigsmproves recogition of desaturations (< 90%PR 15.7; 95% ClI
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10.6 to 23.2)with a nonsignificant decrease imansfers to the ICU (RR 0.66; 95%CI 0.42 to 1.01)
(Lam 2017 evel IVSR[PRISMA}, 2 RCTs, 7 studies, n unspetified

Increases in PaG@re the most reliable way of detecting respiratory depression. Continuous
monitoring of transcutaneous G@br 24 h after major abdominal surgery showed that patients
given IV PCA morphine had significantly highes le@els than those receiving epidural local
anaesthetic/fentanyl infusionsMcCormack 2008 evel 112, n=30; Kopka 2007Level Il12, n=29.
Continuous capnography vs continuous pulse oximatiQT & 2 studigsdentifies more events
of respiratory depression (OR 5.83; 95%CI 3db9.63) (11.5% vs 2.8%)af 2017 evel IVSR
[PRISMA}, 2 RCTs & 7 studies, n unspetified

Alternative monitors includeontinuous noAnvasive respiratoryrolume monitoring, which
was described as identifying atsk patients with a significant drop in minute ventilation or
apnoeic/hypopnoeic episodes with high sensitivity (93%) and specificity (86%6ppoulos 2014
Level IV n=132.

Pharmacological strategies to reduce OIVI without affecting analgesia, eg by respiratory
stimulants, have been investigateiifiura 201ANR van der Scier 2014NR).

Cardiac effects

The use of methadone has been linked to the development of prolonged QT interval with a risk
of TdP and cardiac arrestlinejad 2015\NR Mujtaba 2013NR). Methadone has this effect due to
inhibition of the cardiagon channel KCNH226 and the effect is ddependent. Most case
reports of TdP in patients taking methadone have identified the presence of at least one other
risk factor in addition to methadonelsto 2008.evel IV n=40 [TdP cases in 14 report§iedheim
2008NR). Risk factors include femte 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
hypokalaemiaNiujtaba 2013\NR Fredheim 2008\R.

Of patients under substitution therapy receivingcd@0 mg/d methadone, 23% developed
prolonged QT interval during treatment vsione of the luprenorphine patients taking 16 to
32mg 3 times/wk YWedam 2007Level 1] n=165, JS)5In the methadone group, the QT interval
continued to increase over time, even with stable doses.

There is as yenho 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 methadom@uciani 2008\R). Overall, guidelines targetinthe
prevention of death from methadone can only offer weak recommendations due to lack of good
data (Chou 2014GL); a Cochrane review was unable to identify any studies suitable for inclusion
(Pani 2013 evel l[Cochrane] 0 RCTs, )=0

The use of dextropropoxyphene also carries a risk of Bdikif 2006NR) (see above).
Similarly, higher doses of oxycodone were linked to prolonged QT interFat®e( 2009
Level 112). Beside these opioids, buprenorphine and pethidine have also been associated with
prolonged QT intervalK(ivinyi 2018\R).

Nausea and vomiting

Nausea and vomiting are frequeadverse effect 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 addpsedent

manrer (Marret 2005Level | 22 RCTs, n=2,3(Rpberts 200&evel IV n=193, although many other more
relevant risk factors for PONV have also been identifi@te( 2012 evel IV SR2 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
biologicalmechanisms of PONV have not yet been completely unraveélted 2014NR).

Guidelines on the prevention and management of PONV have been publshedq14L).

Medicines used as components of multimodal analgesia and that are egpaidng may also
reduce PONV. Opioisbaring and a reduction in PONV has been shown with concurrent
administration of gabapenti(Grant 2016H_evel [PRISMA], 44 RCTs, n=3,489) pregabln (Grant
2016a Level | [PRISMA], 23 RCTs, n=1)%98SNSAIDsMaund 2011 Level | 43 RCTs [PONV],

n unspecified) ketamine (Assouline 2016 evel I[PRISMA], 19 RCTS, n&B4and lidocaingWeibel
2018Level I[Cochrane], 68 RCTs, n=4,52%e also se@ns covering these medications

Opioidsparing with no decrease in PONV is reported for paracetambkcoxibsNlaund 2011
Level ] 43 RCTs [PONV], n unspecifiedHowever, paracetamol given IV preoperatively or
intraoperatively reduces PONUhis effect is associated with improved analgesia, not reduced
opioid requirements Apfel 2013 evel [PRISMA], 30 RCTs, n=2 Bdreoperative vs postoperative
paracetamol reduces postoperative vomiting (RR 0.50; 95%CI 0.31 to Dd@&hndn 2015b
Level I[PRISMA], 7 RCTs, n=b4{gee also Section 4.1).

Eight medicines effettely prevent PONV vplacebo: droperidol, metoclopramide,
ondansetron, tropisetron, dolasetron, dexamesumne, cyclizine and granisetro@aflisle 2006
Level I[Cochrane],737 RCTs, n=103,237The authors conclude that evidence fdifferences
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 raetdysis on the efficacy of
antiemetics, in particular the efficacy of granisetron and ramosetron is overestimated by
inclusion of 168 fraudulent RCTs by his groGarl{sle 2012 evel | 534 RCTs, n unspecifled
Ramoseton remains effetive vsplacebo (but less than reported previously) and maintains a
statistical, but clinically questionable, advantage over ondansetxtnata 2013Level | 12 RCTs,
n=1,379.

The efficacy of various single compounds in reducing incidence of PONV in the first 24 h has
been confirmed in updated metanalyses; dexamethasonezimg IV (NNT 3.7)¢80 mg IV (NNT
3.8) e Oliveira 2013hevel [PRISMA], 60 RCTs, n=6)@foperidoPkm Y 3 L + Gddstigh o ®p
risk patients) $chaub 2012evel | 25 RCTs, n=2,95Mmetoclopramide 10 mg IV (NNT 7.Bg(Oliveira
2012bLevel [PRISMA], 30 RCTs, n=3)328rphenazine $chnabel 2010evel | 11 RCTs, n=2,0815HE-
antagonists ondansetron, granisetron, tropisetron and dolasetrtend 2012Level | 85 RCTs,
n=15,269, palonosetron $ingh 2016a.evel | [PRISMA], 22 RCTs, n unspecifiathd TD hyoscine
(scopolanine) @pfel 2010 evel | 25 RCTs, n=3,2p&All 5HTz antagonists are superior to placebo in
reducing incidence of PONY26 RCTs, n=16,667 patientdricco 2015aLevel I[NMA], 450 RCTs,
n=80,410.

NK1 receptor antagonistsre alsoused in treatment and prophylaxis of PON3é¢rge 2010
NR). Aprepitant (80 mg) reduces the incidence of nausea vs placebo (pooled RR 0.60; 95%ClI
0.47 to 0.75) RCTs, n=224nd vomiting (pooled RR 0.13; 95%CI 0.04 to O0BRL{Ts, n=224
(Liu2015Level I[PRISMA], 14 RCTs, n unspecjfigdowever, netter 40 mg § RCTs, n=1,1yhor
125 mg 2 RCTs, n=1,08&re superior to ondansetron (4 mg). After craniotomy, 1V fosaprepitant
(150 mg) was significantly more effective than IV ondansetron (4 mg) (6 vs 50% vomiting)
(Tsutsuni 2014Level || n=64, JS)5and more effective than Idroperidol (1.25 mg)Atsuta 2017
Level 1) n=200, JS)%

Propofol (1 mg/kg) close to the end of surgery redic®NYV significantly y#acebo Kim
2014aLevel 1) n=107, JS)4Caffeine (500 mg IV) was ineffective in preventing PONV and increased
rates of nauseaSteinbrook 2013 evel 1] n=136, JS)3

Combinatons of antiemetics may be more effective than one medicine given alone.
Prophylaxis with the combination of a 5#Eceptor antagonist and dexamethasone was
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associated with lower use of rescue antiemetics than HidG@eptor antagonist or
dexamethasone alam (Tricco 20154 evel I[NMA], 450 RCTs, n=80,4X¥0pvac 2006 evel | 49 RCTs,
n=12,752, also after strabismus surgery in childr&hén 2014 evel | 13 RCTs, n=2,0p6Similarly,

the combination of droperidol and ondansetron was additiGhgn 2006.evel 1) n=400, JS)5
Other combinations that were more effective than either medicine given alone were cyclizine
and granisetronJohns 2004 evel 1] n=960, JS)5dexamethasone and haloperida@hu 2008 evel

I, n=400, JS)5and dexamethasone and dolasetrdtuéch 200LZevel 1] n=242, JS)5The addition of
metoclopramide to deamethasone also led to better PONV prophylaxis but, compared with
dexamethasone &g alone, only if doses of 25 mg and 50 mg metoclopramide were used, not
10 mg Wallenborn 2006Level I] n=3,140, JS)4 Oral aprepitant 80 mg added to ondansetron
reduced the rate of postoperative vomiting in bariatric surgery patients for 78ifth§ 2014
Level I) n=125, JS).

Droperidol and, to a lesser extent, ondansetron may lead to prolonged QT intervals. Concerns
about the potential for serious cardiaarrhythmias secondary to QT prolongation associated
GAOGK FTRYAYAAGNr GA2y 2F RNBLISNAR2f SR (2 | ao
this there has been a significant reduction in the use of this medicine, even though the warning
was felt ty many to be unwarrantedHabib 2008bNR). 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/fiite 2005Level 1) n=120, JS)5 Similarly, 1.25 mg
droperidol did not prolong QT intervatdyoda 2013 evel || n=72, JS)3 A large reviewNuttall 2007
Level 143) of surgical patients in the periods 3 y befone139,932 and 3 y after{=151,25¢ the
FDA black box warning merged anaesthesia database information with information from ECG
YR 20KSNJ RrdlolrasSa Fa ¢Sftf Fa Lsiwh& yfada Q O
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, ventricubghycardia, or death within 48 h of
surgery and no clearly identified case of TdP related to use of dropeNdthi{ 2007Level 113).

The authors concluded that for ledose droperi@ f = G KS 0t | O] exdessie agd- Ny A Y
unnecessay @ ¢ KS aAO0OASYGAFTFAO o6l &ara 2F GKS RSOA&AZY
guestioned as a range of data show that the incidence of QT prolongation and TdP development

is similar for lowdose doperidol and other compounds used to treat PONMIlpran 201(NR).

The authors of guidelines for the management of PONV also express concerns about the FDA
Ol dzii A 2 y dugt&thes2(0 bla8k baxarning, droperidol is not the first choice for PONV
prophylaxis in many countri€sGan 2014GL).

Haloperidol has also been associated with QT prolongation andHedi® 008aNR). Using
data from studies published up until 1988, a metaalysis showed that haloperidol &so an
effective antiemeticButtner 2004Level | 23 RCTs, n=1,4p&bsequent studies have confirmdd
effectiveness velacebo Aouad 2007evel 1) n=93, JS)4 ondansetron (no diffiences in efficacy,
adverse effects or QT interval®)osow 2008 evel || n=244, JS Zouad 20071 evel 1] n=93, JS 4;ee
2007 Level 1} n=90, JS)5and droperidol (equally effective)Mang 2008Level 1) n=150, JS)5
Haloperidol/ondansetron was more effective than ondansetron aldhedu 2008 evel I} n=%8,

JS 3 and haloperidol/dexamethasone was also more effective than either medicine given alone
(Wang 2012 evel 1] n=135, JS Thu 2008 evel || n=400, JS 5pgain with no difference in adverse
effects or QT intervals. Compared with droperidol, the only advantage of haloperidol may be
c¢that there is no black box warniagLudwin 2008\R).

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 @Ablongation Health Canada 200BL). This age restriction is not
limited to Canada but applies in a number of otheuntiies 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) f=1,429 (Obal 2014 evel 143, n=1,429; a case of prolonged QT interval has been
reported dter overdose Rochford 200CR. More patients receiving grasgtron/dexamethasone
experiencean arrhythmia vs lacebo (OR 2.96; 95 %CI 1.11 to 7.94), ondansetron (OR 3.23; 95
%Cl 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% C1i19.34) {ricco 20150 evel |
[NMA], 31 RCTs, n=6,623

Lowdose naloxone (1 mcg/kg/h reduces opioidelated postoperative nausea (RR 0.80;
95%CIl 0.67 to 0.95), but has noeeff on vomiting (RR 0.83; 95%CI 0.63 to 1.BQjr¢ns 2017
Level [PRISMA], 9 RCTs, n=p46

Mirtazapine vs placebo reduces PONV (RR 0.44; 95%CI 0.32 t@®R62xénd has similar
effects to ondansetron1( RCY, while it also reducesrxiety Bhattacharjee 201%evel I[[PRISMA],
7 RCTs, n=581

Supplemental 1V crystalloid infusions reduce the risk of PONV and the need for rescue
antiemetics Jewer 2019 evel [[Cochrane], 41 RCTs, n=4,42l/ dextrose perioperatively vs control
does not reduce the risk of PONV,thlloes reducehe need for rescue antiemetic&im 20B
Level [PRISMA], 7 RCTs, n=y01

Supplemental oxygen (Fi®0%) in the postoperative period does not reduce PODMaf
Sungur 2008 evel | 10 RCTs, n=1,7R%ut high inspired oxygen concentrations intraoperatively
reduce PONV in patients receiving inhalational anaesthetics without prophylactic antiemetics
(Hovaguimian 2018evel | 22 RCTs, n=7,0Dp1

PC6 acupoint stimulation (by any means: acupuncture, eletupuncture, transcutaneous
electrical acupoint stimulation, transcutaneous nerve stimulation, laser stimulation, capsicum
plaster, acestimulation device, and acupressure) reduces the incidence of nausea (RR 0.68;
95%CI 0.60 to 0.773q RCTs, n=4,7%42vomiting (RR 0.60; 95%CI 0.51 to 0.4%)RCTs, n=5,147
and rescue antiemetic requirements (RR 0.64; 95%CI 0.55 to B/ BLC({s, n=4,62based on
low quality evidencelfe 2015a evel |[Cochrane], 59 RCTs, n=7,h6Compared to antiemetics
(metoclopramide, cyclizine, prochlorperazine, droperidwidansetron and dexamethasone) the
effects on all three above outcomes were similar. Acupuncture/acupressure is the only
nonpharmacological intervention included in the PONV management guideline dedabgthe
Sociey for Ambulatory Anesthesiologgndorsed by ANZC&#n 2014GL).

Ginger Zingiber officinalée NB RdzOSa (KS aS@SNAGR WA @sbn b O
the incidence of PONW ¢th 2018Level [PRISMA], 10 RCTs, n=p18

Aromatherapy vs placebo has no effect on incidence of PONV, but may reduce need for
rescue antiemetic requirements; both statements are based ondowality evidenceHines 2018
Level 141 SHCochrane], 16 RCTs and CCTs, n=),036

Impairment of gastrointestinal motility
Opioids are well described as inducing constipatidih chronic useAhmedzai 2008IR). Opioids
impair return of bowel function after surgerdrletta 2012NR). A daily dose of hydromorphone
IV >2 mg was the most obviouskifactor for postoperative ileuBérletta 2011Level I\ n=279.
Other risk factors were longer IV opioid use and postoperative ileus was a cigk far
prolonged hospital LOSAfter laparotomy and lapaszopic cholecystectomy and colectomy,
LI GASyida 6A0K LIRaG2LISNI 6ABS Af Sdza NBOSAGSR KA
in postoperative patients with an ileus, opioid doses above the median were associated with
increased LOS (3.8 d to 7.1 thtal costs (US$ 8,458 to 19,562), and readmission after
laparoscopic surgeries (4.8% to 5.2%gr( 2019 evel I3, n= 138,068

Overall, treatment of opioidnduced constipation due to chronic intakeith opioid
antagonists (methylnaltrexone, naloxone, naloxegol, alvimopan, axelopran, or naldemedine)
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(NNT 3.4 to 7)28 RCT)ds more effective thataxatives (lubiprostoneNNT 1% or prucalopride)
(4 RCTHNee 2018 evel I[PRISMA], 27 RCTs, n=8 88he effects othe various opioid antagonists
are similar, while the two laxatives are only slightly better than placebo. A network-amatlysis
identified SC methylnaltrexone as the most effective opioid antagonist to treat cepiditted
constipation 6ridharan 201&evel I[NMA], 23 RCTs, n unspecifjdd7 RCTs overlap

The peripherahcting opioid antagonists alvimopan and methylnaltrexone arectiffe in
reversing opioienduced slowing of gastrointestinal transit time and constipation and alvimopan
is an effective treatment for postoperative ileugdNicol 2008 evel [QUOROM]22RCTs, n=2,358
(4 RCTs overlap witiiee 201§, 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 2010NR). After radical cystectomiyn an RCT not included in any of the above
systematic reviewsalvimopan resulted in fder gastrointestinatecovery, shorter hospital LOS
and reduced incidence of postoperative ileus/§726%) with reduced resulting morbidity (8.4 vs
29.1%) without increased adverse effedtsd 20144 evel 1| n=280, JS)3

A combined formulation of controlletklease (CR) oxycodone and naloxdm@vailable in
many jurisdictionsCompared with CBxycodone alone in patients with chronic nonmalignant
pain, the combinatia formulation resulted in similar analgesic efficacy but less bowel
dysfunction Lowenstein 201Qevel ll[pooled analysis of 2 RCTs], n=578, JSIthas been suggested
that these benefits were transferable to acute pain settingaugniemi 2012NR). This was not
confirmed after laparoscopic hysterectomy where oxycodone/naloxone CR had no beneficial
effect on constipation or other opioid adverse affe vsoxycodone CRCpmelon 2013.evel ||
n=85, JS% IV administration of the crushed combination resulted in reduced drug liking and other
subjective effectsolucci 2014.evel Il EHn=24, JS)3

Urinary retenton
Opioids cause urinary retention due to presumed central and peripheral mechanisms. Opioid
antagonists reverse this effect; naloxone reversed opindiiced urinary retention in 100% of
patients, while the peripheral opioid antagonist methylnaltrexoivewas effective in 42% of
study participants Rosow 2007 evel 11 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 (NNip@ar{a
2007 Level [QUOROM], 22 RCTs, n=10%his effect is most likely related to the opigigaring
effect ofgabapentin.

Pruritus
The mechanism of opiocithduced pruritus, which is particularly common after neuraxial opioid
administration, is not fully understood but central rayioid receptormediated mechanisms
are thought to be the primary caus&#nesh 200RR). However, a serotonergic mechanism has
also been suggestedly 2018Level 11,n=40, JS}(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 unkndijellberg 2001Level |
22RCTs, 5477 patient; doses >2 mcg/kg/h of naloxone are more likely to lead to reversal of
analgesic effects. Lodose continuous naloxone (0.2bmcg/kg/h) hashe best evidencaMiller
2011NR). Nalbuphine specifically is more effective than placeb&¢Ts control 8 RCTsand
diphenhydramine 1 RCTin reducing pruritusJannuzzi 2016evel | 9 RCTs, n=1,1p8Furthermore,
ondansetron reduces the incidence of opigidiuced pruritus a#r neuraxial administration
only in nonrobstetric patients (RR 0.63; 95%CI 0.45 to 0.8® Ts, n=235but not in obstetric
patients (RR 0.84; 95%CI 0.69 to 1.03RTs, n=5J@wang 2017k.evel [PRISMA], 10 RCTs, n=g11
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Coghnitive function and confusion

While opioids can be the cause of cognitive dysfunction, confusion and delirium, it is surprising
that, after cardiac surgeryM morphine 5 mg was superior 1 haloperidol 5 mg in treating
delirium (Atalan 2013Level 1) 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 postopertive delirium Gieber 2011 evel IV n=23§.

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 natés of
confusion between morphine and fentanyl (14.3 vs 14.3%) but there was less depression of
cognitive function with fentanylHerrick 1996Level 1) n=96, JS)2 No differences in cognitive
function were reported in patienteeceiving tramadol veorphine(Silvasti 200Qevel 1) n=60, JS)4
or fentanyl g 2006Level 1] n=30, JS)5but cognition has been found to be poorer with
hydromorphone venorphine Rapp 199@.evel 1] n=61, JS)4

Pethidine use postogratively was associated with an increased risk of delirium in the
postoperative period in comparison to other opioidsvart 20171evel 142 SR 3 studies [pethidine],
n=877). Tramadol hadveen identified as a risk factor for postoperative delirium in the elderly
following abdominal surgeryS(vart 2017 evel 112 SR 1 study [tramadol]Brouquet 2010 evel 1142,
n=118§.

Tolerance and hyperalgesia

In the absence of disease progression, a decreaskeeireffectiveness of opioid analgesia has
traditionally been attributed to opioid tolerance. It is now known that administration of opioids
can lead to both opioidolerance (a desensitisation of antinociceptive pathways to opioids) and,
paradoxically, toOIH (a sensitisation of pronociceptive pathways leading to pain hyper
sensitivity) and that both these phenomena can significantly reduce the analgesic effect of
opioids Mao 2015NR Low 2012NR Lee 201INR). 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 systemrdqut 2015 BSNR as well as peripheral maopioid
receptors Weber 201™NR).

LG YIe 0S dzaS¥dZ KSNB G2 RA atdldrahcddas definedirLIK | NI
Section9.®mM G GKS LINBRAOGIOGES FyR LIKeaAazf23A0lf RS
GF LI NByid G2fSNIyO0Sés gKSNBE o62i0K G2t SNIyOS
effectiveness of opioidsChang 200NR Mao 2008NR. 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 impssible, to determinelow 2012NR. 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 opioidMase (
2008NR Chu 2008\R Chang 200RR).

A formal diagnosis of hyperalgesia may require QST, that is, serial assessment of the
responses to varying intensities of a nociceptive stimutusrder to determine pain thresholds
(Mitra 2008 NR. QST before and after starting chronic opioid therapy may assist in the
differentiation between OIH and pharmacological toleranceu 2008NR) but this is unlikely to
become common pragate 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 mater)

(Higgins 2019 evel 143 EH SR[PRISMA], 26 studies, n=2,j0ain detection thresholds remain
unchanged. However, an attempt to identdh QSTethod to detect hyperalgesia in chronic pain
patients on longerm opiods failed, as none of the measures could be used as a definitive
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standard Katz 20159 evel IVEHSR 14 studies, n unspecifigdThe pain typednvestigated 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 opioidWeber 201™R). Psychological factors such as pagfated
distress and dastrophising might also affect pain sensitivity in those taking opioids for chronic
pain Edwards 2011evel 112, n=276;Eyler 2013R). lllicit substance use, affective characteristics,
or coping styles may also play a role herigdins 2019 evel 113 EHSR[PRISMA], 26 studies,
n=2,709. Additionally, increasing opioid dose will worsen Ggblvin 201NR). Practical clinical

OKItftSy3asa AyOtdRS t10] 2F O2yalSyada ey aiKS:é

withdrawal and neuropathic pain.

It is probable that the degree of OIH varies betwempioids. Remifentanil in particular
(Fletcher 2014Level |[PRISMA], 27 RCTs, n=1,48dm 2014bLevel IV EH SFumber of studies
unspecified, n unspecifiedivosecchi 2014evel IVSR 35 studies, n unspecifigdsignificant overlap
between all three SRsbut also morphineni 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 madeAngst 2006NR). Similarly, it appears that opioids differ in their ability to
induce tolerance. Medicines such as methadonatdayl 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 200MR). The difference between opioids is one reason why opiotdtion
may be a useful strategy in the clinical setting iteatpts to improwe pain relief (see Section
9.7.6.9.

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%CIl 4.4 to 14.5), 4 h
(MD7.1/100; 95%CI 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 1F&tHer 2014 evel I[[PRISMA], 27 RCTs,
n=1,49). Theg results are mainly influenced by remifentanil due to limited data with other
opioids. Overall, the effect of remifentanil is dose dependamigét 201NR).

From a target concentration 2.5 ng/ml of a remifentanil infusion for 30 miadygal
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.evel IIEH n=19, JS)5 This was confirmed in a clinical setting of thyroidectomy,
where gradual tapering of a remifentanil infusion (from 0.3 to 0.4gfkg/min over at least
30 min) reduced postoperative pain at 1 and 2 h and rescue analgesia requirerdanta0(L5
Level 1| n=62, JS)%

NMDAreceptor antagonists (mainly ketamin@ RCT}sbut also magnesiums[RCTsand
amantadine { RC}) reduce the development of acute tolerance/OIH associated with
remifentanil use \Wu 2015Level [QUOROM], 14 RCTs, n=y.2Bregabalin had an attenuating effect
(Lee 2013devel 1] n=93, JS 5lo 2011l evel ] n=60, JS)5as did propofol in a subgroup analysis
(6 RCTs, n=331f a systematic reviewFletcher 2014 evel I[PRISMA], 27 RCTs, n=1ahnd NO
(Wehrfritz 2016Level IIEH n=21, JS FEchevarria 2011evel I, n=50, JS)4 Lowdose naloxone (0.25
mcg/kg/h intraoperatively) also reduced postoperative opioid requirements when combined
with high dose remifentanil (and improved time to bowel recoverjad 2015 evel I n=75, JS)5
In an experimental setting, propranolol infusion reduced the size of area of secondary
hyperalgesia induced by remifentanil to beingt significantly different from controlqhu 2012
Level Il EHn=10 [cross over], J$.4n animal experiments, the effects of gabapentin and ketamine
on fentanytinduced hyperalgesia were supaalditive (Van Elstraete 20189.
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The challenge faced by theealth 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 2019NR Huxtable 201INR Mao 2008NR). 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 daSkeafg 200TCR Angst
2006CR; there are no data in the acufmin 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 anleation of the patient and in the absence
of evidence to the contrary, is a trial of higher opioid dos@s{able 201INR Chang 200NR). 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 ofoGdhg(200NR).
Fortunately, some of the strategies that may be tried in an attempt to attenuate opatedance
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 comptations, major psychological distress and aberrant eseigking behviours
(see Sections.9and 9.8 (Edwards 2011 evel I#2; Macintyre 2015NR Gourlay 2008\R).

The clinical relevance of the phenomena of opioid tolerance and OIH in the setting of
perioperative analgesia remains under discussioolin 2019NR) (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 andespiratory depression can occur reasonably rapidly but there is little, if any, change
in miosis or constipationrOhang 200NR).

KEY MESSAGES

1. Dextropropoxyphene has low analgesiticacy U) (Level [Cochrane Review]).
2. Tramadol is an effective treatment for neuropathic pa8h (Level [Cochrane Review]).

3. Droperidol, metoclopramide, ondansetron, tropisetron, dolasetron, dexamethasone,
cyclizine, granisetrorl)) (Level [Coclrane Review]), supplemental crystalloid
infusions N) (Level [[Cochrane Review]), palonosetron and mirtazapiNge((evel |
[PRISMA]) are effective in the prevention of postoperative nausea and vomiting.

4. PC6 acupoint stimulation by multiple techniquesluces postoperative nausea and
vomiting © (Level [[Cochrane Review]).

5. Neurokininrl receptor antagonists aprepitang)((Level [PRISMA]) and fosaprepitant
(U) (Level 1) are effective in the prevention of postoperative nausea and vomiting.

6. Opioids m high doses, in particular remifentanil, can induce hyperalgesia and/or acut
tolerance § (Level [PRISMA]).

7. Propofol J) (Level [PRISMA]), NMD#£eceptor antagonistslf) (Level [QUOROM]),
pregabalin ) (Level I), nitrous oxide ) (Level I) andgradual tapering ofemifentanil
dose () (Level I) attenuate acute tolerance and/or hyperalgesia induced by
remifentanil.
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8. NSAIDs, gabapentin, pregabalin, systemic lidocaine and ketamine are-spéidg
medications and reduce opioietlated adverse #ects § (Level [PRISMA]).

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

10.Opioidantagonists (methylnaltrexone, naloxone, naloxegol, alvimopan, axelopran, o
naldemedine) are effective (more so than laxatives) and safe to treat opiditced
constipation § (Level [PRISMA]).

11.Alvimopan is an effective treatment for postoperativeus ) (Level [QUOROM]).

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

13.The incidence of clinically meaningful adverse effects (hausea, vomiting) of opioids
doserelated U) (Level ).

14.Paired combinations of 5SH&ntagonists, droperidol or dexamethasone provide
superior prophylaxis of postoperative nausea and vomiting than either compound
alone Q) (Level).

15.Naloxone, naltrexone, nalbuphine and droperido¢ effective treatments for opioid
induced pruritus () (Level ).

16.0Opioids administered by PCA, in particular morphine, show higher analgesic efficac
females than in malesJj (Level ).

17.Tapentadol has similar efficacy tonventionalopioids with areduced rate of
gastrointestinal adverse effects (nausea, vomiting, constipati§nj_ével ).

18.Tramadol has a lower risk of respiratory depression and impairs gastrointestinal mo
function less than other opioids at equianalgesic dosggl(evel I).

19.Pethidine is not superior to morphine or hydromorphone in treatment of pain of rena
colic V) (Level I).

20.Morphine-6-glucuronide is an effective analgesid) (Level I).

21.In the management of acute pain, one opioid is not superior to othersbmrte
opioids are better in some patientd)) (Level I).

22.High doses of methadone can lead to prolonged QT intet)al_evel |).

23.0pioid antagonists are effective treatments for opididiuced urinary retentionly)
(Level IH1).

24.Pethidine use iassociated with an increased risk of delirium in the postoperative
period compared to other opioids (Level 112 SR.

25.1n clinically relevant doses, there is a ceiling effect for respiratory depression with
buprenorphine but not for analgesid)) (Leel I1I-2).

26.Tapentadol has lower rates of abuse and doctor shopping than oxyco8ohe\el 142).
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27.0Opioidrelated adverse effestin the postoperative periodra associated with
increased inpatient mortality, length of hospital stay, costs and ratesadmission 9
(Level IH2).

28.Assessment of sedation is a more reliable way of detecting early ejpidicted
ventilatory impairment than a decreased respiratory ra& (Level [143).

29.The evidence for significant QT prolongation and risk of caatitythmias following
low-dose droperidol, haloperidol and dolasetron is wellk (Level 1143).

30.0pioidinduced ventilatory impairment occurs in particular in the first 24 h after
surgery and important risk factors are cardiac and pulmonary disease uchig# sleep
apnoea and use of higher opioid dosd8 (Level IV SFPRISMA]).

31.Continuous pulse oximetry in patients receiving opioids postoperatively increases
detection rate of desaturation, but continuous capnography is superi@entifying
episodes of opioidnduced ventilatory impairmentN) (Level IV SIPRISMA]).

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

33.Impaired enal function and the oral route of administration result in higher levels of
the morphine metabolites morphin&-glucuronide and morphiné-glucuronide with
increased risk of sedation and respiratory depressidn((evel IV.

34.CYP2D6 ultrarapid metalisers are at increased risk of codeine toxidiy (Level IV.

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

R Opioidinduced ventilatory impairment is a more appropriate term to describe the
effects of opioids on ventilation as it encompasses the central respiratory depressio
caused by opioids and also the depressed consciousness and the subsequent uppe
airway obstruction resulting from excessive opioid udg (

R The use opethidine and dextropropoxyphene should be discouraged in favour of otr
opioids §.

4.3.2| Neuraxial opioids

Opioid receptors were described in the spinal cord of the rat in 186 (976B9 and the ame

year a potent analgesic effect of directly applied IT morphine was reported in these animals
(Kontinen 2019NR Yaksh 19789. Opioid analgesia is spinally mediated via presynaptic and
postsynaptic receptors in the substantia gelatinosa in the dorsal hoaksh 198BS. Spinal
opioid receptors are 70% mu, 24% delta and 6% kapgaéan 200NR); with 70% of all mu and
delta receptors being presynaptic (predominantly small primary afferents) and commonly co
located, with kappa being more commonly postsynapfipioidmediated antinociception may

be further augmented by descending inhibition from fopioid-receptor activation in the
periaqueductal area of the brain, which may be potentiated by neuraxial opioids. In addition to
this, a local anaesthetic action hdsen described for pethidine (meperidine) that may
contribute to the clinical effect when administered Ukffe 199689. The first clinical use of IT
morphine was for analgesia in cancer patiem&ig 1979 evel V.
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The use of neuraxial opioids has been reviewed in paediatric patiBatgef 201NR) (see
sections 10.6.4 for use in paediatric cardiac and generagesyrand section 10.6.6 for use in
paediatricscoliosis surgejyand obstetric populationsA(mstrong 2018R). Its use is widespread
in the obstetric and gynaecological setting for provision of analgesia in laBaasarean section
and hysterectomyHein 2017Level I\ n=32 [obstetric units in Swedén]See also Section 9.133

Althoughdoseresponse analyses are not always clear, it is suggested that neuraxial opioids
have a ceiling effect for analgesia, with optimal sirgjection morphine dosebalancing risk
benefit) of 50 to 150 mcg IT and 2.53/5 mg via epidural routeSéltan 201NR).

4.3.2.1] Efficacy of intrathecal opioids

IT opioids have been used for surgical procedures rarfging lower limb orthopaedic surgery
to CABG surgery because of their ability to provide prolonged postoperative analgesiangllo
a single dose vsystemic administration. IT opioids may be given alone or in conjunction with a
local anaesthetic. In acutpain, 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, hydrphone) have a slower onset
of action and longer halives in CSF with greater dorsal horn bioavailability and greafsnalad
migration vdipophilic opioids (eg fentanylB@jedo 201/NR Bernards 2003IR).

Single injection IT opioids

Early clinical studieslza SR @SNE KAIK L¢ Y2NLIKAYS R2aSa
postoperative analgesia with fewer adverse effects may be obtained with significantly less
morphine; although at lower doses there is not a clear dasgonse relationship for pain relief

or some adverse effects (see beloweflan 2009 evel | 27 RCTs, n=1,205

Low doses of IT morphine are effective in prolonging local anaesthetic block or reducing the
dose of local anaebttic required for spinal anaesthesia with reduced adverse effects and
improved recoveryPopping 2013 evel I[PRISMA], 28 RCTs; n=1,308pping 2012 evel I[PRISMA],

55 RCTs; n=3,338)

When combined with lowdose bupivacaine for Caesarean section, &@@ IT morphine
produced analgesia comparable with doses as high as 400 mcg, with significantly less pruritus
(Girgin 2008Levelll, n=100, JS)4 A single dose of IT morphine (1®@g) added to a spinal
anaesthetic for Caesarean section prolongs the time to first postoperative analgesic
administrationby 16 to 20 hahl 1999 evell, 15 RCTs, n=585Sufentanil ¥ RCTsand fentanyl
(8 RCTeshowed little or no analgesic benefit in doses of 25 mcg or less. No differences in pain
reported or anajesia use was detected when comparing 100 mcg to 50 mcg IT morphine for
Caesarean section, although pruritus was more common in the hiddss group €arvalho 2013
Level 1) n=130, JS)4

IT morphine added to bupivacaine for postoperative analgesia following abdominal
hysterectomy reduced IV PCA morphine consumption vs placebo, witiemefit of 300 mcg vs
200 mcg Klein 2012 evel 1) n=144, JSp

The addition of IT fentanyl 25 mcg to la@se spinal bupivacaine for anorectal surgery
resulted in more pruritus but lower mean recovery and discharge times, with fewer analgesic
requests in the fentanyl groupG(rbet 2008Levelll, n=40, JS)3 Tramadol (10 and 25 mg)
administered IT with bupivacaine produces extensionspfnal analgesia and prolonged
postoperative analgesia similar to cparative doses of fentanyl (10 a2% mcg) for Caesarean
section Gubedi 2012 evel I} n=80, JS)sand appendectomyAfolayan 2014 evel 11, n=186.

IT sufentanil dose provided shortpostoperative analgesia (mean 6.3 h) than IT morphine
dose (mean 19.5 h) with no difference in adverse effectgaman 200&evelll, n=54, J94
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In a nonblinded comparisorof 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 prutussr
2007 Levelll, n=60, JS)2 IT mthidine 25 mg added to lidocaine with adrenaline for spinal
anaesthesia had quicker onset with higher sensory block and more prolonged time to significant
LI Ay 6 xn k lilfedtangl @5dmcg (B h) & flacebo (2.1Aay4i 2014.evel 1) n=195, JS)5

Combination IT opioids

The addition of 10 mcg sufentand 400 mcg IT morphine did not potentiate postoperative
analgesia or reduce intraoperative opioid requirements in patients undergoing major colorectal
surgery Culebras 200Zevel || n=80, JS)5

IT opioid infusions
In the ICU, IT infusion of morpla has been reported as a method to control burns pain and
thereby avoiding the adverse effects of systemic opiokiglfl 2018CR. IT morphine has also
been administered in bolus doses via a@2T catheter placed at L 3/4 to provide analgesia after
thoracotomy (nean dosever 48 h 2.56 mg §D 0.88) with no serious complications or sequelae
at 6 mth followup (Ward 2014Level I\ n=84.

Forfurther details on effectiveness and adverse effects related to the use of IT opioids see
Sectiord.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. &ergr
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 C8Erfards 2003R). Lipophilic opioids (efgntanyl) have a
faster onset but shder duration of action véydrophilic opioids (eg morphinei§jedo 201ANR
Bernards 2004R de LeonCasasola 1998R).

A metaanalysis of randomised studies involvingdepal 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 fentanly(Youssef 2014.evel I[PRISMA], 24 RCTs;13513. 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 tharmorphine and penetrate the CNS more
rapidly, although it is MAM and morphine that are thought to be responsible for the analgesic
effects of diamorphineMiyoshi 200INR). Epidural administration of diamorphine is common in
the UK and is effective whether administered by intermittent bolus dose or infusicrepd 2005
Level I) n=62, JS)5

Epidural fentanyl

The evidencehtat 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 200ANR Wheatley 200INR. 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 ldge of fentanyl produces
analgesia by a selective spinal mechani€indsar 2003 evel IVEH n=1(Q. 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 supdditive effect possibly via both
pharmacokinetic (via vasoconstriction, increasamgount of epidural fentanyl available to spinal
cord site of action) and pharmacodynamic (via ahaadrenoceptor antinociceptive)
mechanismsNiemi 2013NR). Less intraoperative fentanyl is required when administered via a
thoradc epidural catheter v8V administration for colon surgery, with longer time to first
postoperative analgesia requesigdirni 2013Level 1] n=30, JS)}4 There is no evidence of benefit

of epidural vs systemic administration of alfentanil or sufenteglfards 200NR).

Epidural hydromorphone

The quality of epidural analgesia with hydromorphone is similar to morphiap{an 1992
Level I} n=55, JS)5In a comparison of epidural and IV hydromorphone, patients required twice
asmuch IV hydromorphone to obtain the same degree of analgesia$93 evel 1] 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 Qousns 1984NR and the highest bioavailability in the spinal cord after
epidural administration&ernards 200AR). 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 daggimens de LeorCasasola 19968/R). 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 evel I} n=55, JS)3

Extendeerelease epidural morphine

An extendedelease (ER) suspension of morphine Heeen developed for epidural use
05SLI2RddINMUO O2yaradAiay3a 2F Y2NLIKAYyS Y2t SOdzZ Sa
ER epidural morphine (EREM) has beermshtw be effective vs placebo after THhMartin 2006

Level I) n=126, JS %iscusi 200%.evel ) n=200,JS%6 | Y RY dzaAy 3 R2a Satter2 F xmn
pain relief vsstandard epidural morphine (4 or 5 ta@nd a reduction in the need for
supplemental analgesicspuo 48 h after THAViscusi 2006.evel 141, n=39, lower abdominal
surgery(Gambling 200%evel 1] n=541, JS)&and Caesarean sectioBarvalho 200Zevel | =70, JS 5;
Carvalho 20053.evel 1) n=79, JS)3 A pooled analysis of six clinical studies described consistent
prolonged pharmacokinetics vstandard epidural morphinewith 25% higher peak plasma
concentrations in women, mainly explained by differences in body weitusi 2009K).

EREM has providesuperior analgesia wontinuous femoral nerve block (BN after TKA
however, only at rest at 24 hi¢hnson 2011 evel 1) n=65, JS)3 There were no differences in
functional outcomes and adverse effects except for more pruritus with EREM but patients
reported greater sasfaction with EREM. In two patients, EREM was used successfully after
multiple rib fractures Ford 2012Level I). After lumbar spinal surgery, EREM provided similar
analgesia with fewer adverse effects thandyral morphine Yineyard 2014.evel 1) n=60, JS)3IT
morphine (7.5 mcg/kg) vs EREM (150 mcg/kg) had similar time to first PCA use and similar
postopeative morphine IV use 0 to 48 h in children (&#y) undergoing posterior spinal fusion
for scoliosis repairohen 2017 evel I) n=71, JS 4). Pain scodiffered relating to the kinetics of
the epidural preparation and werlower with IT morphine from 0 to 4 h, similar from 824 h,
and lower with extended Hease epidural morphine from 28 &6 h.

OIVI is more likely with EREM than IV PCA opioids .({@R¥%%CI 1.08 to 30.%umida 2009
Level | 3RCTs, n=4p4it has beenrecom®y RSR (KF G GKS fAL2az2YS LINB L]
be administered while local anaesthetics are present in the epidural space as this may cause
early release of the morphiné/iscusi 200K. When Deg RdzNm &1 & | RYAY A & SNE
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