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Back to the future: postoperative pain managementé&yond
COX-2 inhibitors

Ole Naesh

Abstract

In the aftermath of the heated dispute on COX-2ctele nonsteroidal anti-
inflammatory drugs (NSAID) that led to the natioaald international withdrawal of
several of the recently introduced coxibs a baldmtiscussion of pros and cons for
their short term use is warranted. Further debaderasearch has highlighted risks
with both classical NSAIDs and coxibs when admarstl to patients with cardio-
vascular disease. For several decades discussmom iabications, risks and
contraindications for the perioperative use ofsilza NSAIDs has been ongoing. The
COX debate has further added some uncertainty ash@ngctitioners. With a vast
amount of research available on this topic, it sthdwwever be feasible to reach
some consensus for the perioperative use of NSAtDsell as for coxibs. This

would ensure that the right patients take advanthgerr present knowledge of
NSAIDs as part of a multimodal and balanced periaipes analgesic regimen and at
the same time that the patients at risk are naicpiteed such drugs. Rational use of
NSAIDs in the perioperative period would benefrhajor group of patients who at
present are deprived of such therapy due to unfedifigars of side effects and lack of
knowledge among prescribers. This review highligioise of the aspects of short
term (i.e. less than 5 days) perioperative use®ANDs.

Recent debate has highlighted severe cardiovassideffects from COX-2
selective nonsteroidal anti-inflammatory drugs (G@Xhibitors or coxibs). This has
let to a withdrawal from the New Zealand (NZ) mar&erofecoxib and valdecoxib in
accordance with international recommendations.

The bulk of evidence for the potentially harmfuleets of COX-2 inhibitors is based
on long-term trials in rheumatoid populations. Atemsive database is available on
the analgesic efficacy of COX-2 inhibitors for pmyserative pairt. While only a few
studies have focused on adverse effects of the-sdran perioperative use (1-5 days)
of these drugs, the main impression seems to behafh general tolerability apart
from a cluster of cardiovascular adverse eventsrte@ after coronary by-pass
surgery?°

Anaesthetists have been advocates of the COX-Bitohs as they have allowed more
patients to get the benefits from a nonsteroidatiaflammatory drug (NSAID) as
part of a multimodal perioperative analgesic regira#fering superior analgesia with
opioid sparing effect and reduced opioid-relatek sffects.

In the aftermath of the recent COX-2 debate itowéwver appropriate to revisit the
rationale perioperative use of NSAIDs. The extgaruthe prolonged use of NSAIDs
outside the perioperative period will not be elabed.
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Pharmacology

The synthesis of prostaglandins is the primaryetaod all NSAIDs. Prostaglandins

are known to be involved in numerous physiologsyatems (Table 1). The

regulation of vascular tone and platelet aggregati@ffected by endothelial
prostacyclin and platelet-derived thromboxane. fagiandins of the E-series exert
protective effects on the gastric muc4saProstaglandins are also of major
importance in the regulation of the inflammatorgaade and they act as sensitisers of

peripheral nociceptors.

The synthesis of prostaglandins (PG-series), thoxaie, and the leucotrienes is
initiated (e.g. after tissue trauma) by the coneersf arachidonic acid to
intermediate PG&and PGH which areghe substrates for the several other

prostaglandins (Figure 1).

The two first metabolic steps are catalysed byagslygenase (COX) which is the
enzyme responsible for the velocity of the reactiod thus the rate limiting factor.
Cyclo-oxygenase is known to be present in at le@sisomeric forms (COX-1 and
COX-2) with different physiological effects?

Table 1. Prostaglandins: their organ-specificity ad effects

Prostaglandin type | COX-1 | COX-2 | Organ specificity Effects
PGE ++ + CNS / peripheral nerves Sensitisation and hyperalgesia
++ + Gl-tract Motility, mucosa protection
++ ++ Kidney Medullary blood flow, N&K* exchange
- ++ Peripheral tissues Inflammatory response
PGE ++ + CNS / peripheral nerves Sensitisation and hyperalgesia
- ++ Peripheral tissues Inflammatory response
- + Gl-tract Mucosa protection, Hsecretion
++ ++ Uterus Labour onset
PGl - ++ Vessel wall Smooth muscle relaxation
++ ? Coagulation Fibrinolysis , platelet aggregation
++ + Gl-tract Mucosa protection, Hsecretion
++ ++ Kidney Cortical and glomerular blood flow
TXA, ++ - Platelets Pro-aggregatory
++ + Vessel wall Contraction
++ - Kidney GFR regulation
PGR, - ++ Uterus Contractility in labour
- ++ Kidney Na'/water excretion

The predominant COX-enzyme involved in their metalbois marked ++; + indicates that the
enzyme is present but in lower concentrations undemal non-inflammatory conditions;
GFR=glomerular filtration rate; Gl=gastrointestin@NS=central nervous system.

COX-1 is a costitutive enzyme (i.e “daily houseliplhd is involved in the
production of "physiological” prostaglandins. COXsZlassically described as
inducible and is expressed in inflamed/traumatissdies, but is lacking in others
(e.g. platelets) (Figure 2). Recent evidence, h@nguwints to a more complex
picture, with the COX-2 enzyme being constitutivel§pressed in several tissues as
e.g. brain and kidney (cf. Table 1). A third isommdorm (COX-3) has recently been
proposed as being expressed in the restitutioredepbf inflammatior®
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The classic, non-selective NSAIDs are not more iipdor either isomeric form of

the COX enzyme as opposed to the newer and saeC@®X-2 inhibitors. A
hydrophilic side-pocket unique to the COX-2 isoaneyallows the active site to
accommodate only the coxibs due to their addeddhden. Classic NSAIDs block
arachidonic acid access to both isoforms. Howdwedegree of COX-1 or COX-2
selectivity (i.e. COX-1: COX-2 inhibitory ratio) wiants caution in the interpretation
due to methodological differences of currently &alae test systems, of which
biological models have more clinical relevancetil@f various coxibs, celecoxib has a
ratio of 1:30 whereas rofecoxib, for example, haat@ of 1:276 and lumaricoxib a
ratio of 1:433.

The analgesic effects of NSAIDs are ascribed piiigpnay COX-2 inhibition, whereas
several adverse effects are believed to be medmt€DX-1 inhibition The

inhibition of COX-1 prolongs the bleeding time dwean inhibition of TXA

synthesis from platelets and may lead to the faonaif gastric ulcerations due to
PGE inhibition. COX-1 inhibition may, under certaimaumstances, decrease renal
glomerllilar filtration rate. COX-2 selectivity mayeoretically attenuate such adverse
effects:

Figure 1. Tissue injury activates the arachidonic eid cascade through membrane bound
phospholipase A2 (PA2).Through the action of cyclogigenase various prostaglandins
(PG) are formed according to tissue specific pathwe. Nonsteroidal anti-inflammatory
drugs (NSAIDs) inhibit the COX enzyme.
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—
Cell damage Cyclooxygenase
NSAID - l """"" @ (COX1/COX2
Prostaglandins
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Figure 2. Cyclo-oxygenase (COX) exists in at leasto forms (COX-1/ COX-2). In a
simplified model, various normal physiological stinuli induce COX-1 activity and
inflammation induces COX-2 activity. By the enzymait action of COX, arachidonic
acid is converted into prostaglandins (TXA=thromboxane; PGl,=prostacyclin;
PGE=prostaglandin E)

Cyclooxygenase (COX

Physiological stimulus Inflammatory Stimulus

COX 1 COX 2

? Arachidonic Acid @

TXA, (platelet aggreg., vasoconstriction) Inflammatory site
PGl, (vasodilation, GI-mucosal protection) (PGE,)
PGE, / PGE, (kidney, Gl-tract, CNS) (pain sensitization,vasodilation)

Inhibition of COX-3 by the non-selective NSAIDs mtngoretically interfere with
restitution after tissue trauma but the clinicéévance remains to be elucidaféd.
The above mentioned pharmacological effects of NIsAdre widely accepted.
Central (CNS) effects have recently been suggdsiethe exact mechanism has not
been fully clarified. NSAIDs are strongly ionizetiysiological pH, and have
difficulties passing the blood-brain barrier. Howeendothelial cells in the brain
were recently shown to possess interleukin recemoupled to COX-2 activity.

Provided the proper stimulus (e.qg. interleukinslich receptors would allow PGs to
be expressed in the brain. An inhibition by NSAH4ghis level could explain an
intracerebral effect. Finally, an interaction witpioid receptors in the CNS has been
suggested®®

Selective COX-2 antagonism affects the balance &&tmP Gl and TXA in favour of
TXA,, and might thus act as a prothrombotic principle uenopposed inhibition of
endothelial PGI***° Early warnings of this potential mechanism weregiby
several groups but it took larger patient matefiaksrder to realize that COX-2
antagonism might increase cardiovascular everpsadisposed patients.
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Several recent large-scale studies have unravieieditle effect and have led to a
heated debate on the use of these new drugs dhd vathdrawal of some (but not

all) coxibs®*™%®

The inherent potential for serious cardiovascwamngs with the use of coxibs seems
to be a class effect but may still differ among ¢b&ibs (e.g. rofecoxib >> celecoxib).
However, as would be expected, it becomes evidepaiients at risk of such events.

Recent debate has focussed on an interferenceitfsceith the mechanisms of
myocardial preconditioning (i.e. a preceding mirszhaemic episode offering
protection towards a following ischaemic event) andhe impact of coxibs on renal
physiology as underlying coxib-induced adverse icaabcular event&' Indeed, the
increased cardiovascular risks are acknowledgéueimecent national and
international recommendations on the continuedofi€20X-2 inhibitors?®

To paraphrase George Orwelll NSAIDs are not created equahdeed, possibly due
to several variant forms of the COX enzyM&SAIDs differ in their effects and side
effects profile. Of the four major pharmacologigabups of classical NSAIDs
(salicylic acid, propionic acid, acetic acid, andcams), there are differences in
platelet inhibitory activity (e.g. diclofenac beitess active than comparator NSAIDS)
and in gastrointestinal side effects profile (ébgprofen showing best Gl
tolerability) 22

Interaction (e.g. decreased effect) with low-dasgimens of salicylic acid is seen
with some but not with others (e.g. ibuprofen magiact whereas e.g. diclofenac
does notf® Furthermore, NSAID-induced side effects show arsjrdose, time, and
age dependence.

Clinical use of COX-2 inhibitors

So in which patients are COX-2 inhibitors indicafedperioperative pain
management?

As an inflammatory tissue response to surgeryvslued in sensitisation of
peripheral and central pain pathways, NSAIDs / bsxhould be used as facilitating
analgesics as part of a multimodal regimen. Cositzsild be used at the lowest
recommended dosage and for short periods of time(ba. < 5 days). A lower
“ulcerogenic” potential and a platelet-sparing effeust be taken into consideration.

Where the nature of the surgical intervention “cainidicates” use of classic NSAIDs
due to risk of bleeding (e.g. ENT surgery, plasticgery, or neurosurgery) coxibs
may well be used’

There is, however, no valid evidence for any supernalgesic benefits of the coxibs
as opposed to the classic NSAIDs in the majoritywfjical patients>—*

In NZ, there is access to five COX-2 selective NBg&lImeloxicam, etoricoxib,
lumericoxib, celecoxib, and parecoxib. The latsefor parenteral use and is the only
available intravenous (iv) COX-2 inhibitor in NZrilarily used by anaesthetists
during the immediate perioperative period, it hasproven superior to any classical
iv NSAIDs.

Meloxicam has a long record as anti-inflammatonygdwith a relatively long half-life
(~20 h) and a favourable gastrointestinal (Gl) peqiulcerogenicity and Gl bleeding)
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in long-term studies in osteoarthritis. The datelfas its perioperative use is limited,
and its COX-2 selectivity at clinically relevantrpgerative doses has been
guestioned (Virtual Anaesthesia Textbobkp://www.virtual-anaesthesia-
textbook.con.

Etoricoxib has not been trialled in the periopemsetting. Lumericoxib was recently
introduced, but is only scarcely documented fotguoerative pain.

This leaves us with celecoxib as the only availahle COX-2 selective, oral NSAID
for perioperative analgesia. A one-off premedicatiose of 400 mg (as opposed to
200 mg) of celecoxib (eliminatiomt~ 4-8 hr), followed by 200 mg once to twice
daily for postoperative analgesia, has recentiyntzglyocated as optimal in adults (cf.
Straube et al 2005). Intraoperatively, the onlyilabée intravenous COX-2 inhibitor

is parecoxib (elimination 1J,~ 8 hr) at a normal adult dose of 40 mg. No further
NSAIDs should be administered until after at le&stours.

Contraindications and adverse effects of NSAIDs

Anecdotes and myths are often quoted when disay$8AIDs. Clear and upated
guidelines for the perioperative use of NSAIDs [{iiwiicng COX-2) are imperative to
ensure that patients get the full benefit of tieciusion into a multimodal analgesic
regimen. There are, however, some clear contratidits to the use of NSAIDs and
some more controversial relative contraindicatiQreble 2).

The national advisory board of NZ (Medsdii&p://medsafe.govt.nz/hot.hjmin
agreement with international consensus, recommigrad<OX-2 NSAIDs are
contraindicated in patients undergoing cardiacascular surgery, and in patients at
high risk of cardiovascular disease (including @atis with diabetes, ischaemic heart
disease, cardiac failure, hyperlipidaemia, hypesiten or smokers) who are
undergoing major surgery.

Table 2. Absolute contraindications to NSAIDs

Ischaemic cardiovascular disease

Severe hypertension

Severe liver disease

Severe diabetes

Allergy to NSAIDs / (sulphonamide ~ COX-2)
Peptic ulcer disease (COX-1)

There is, however, no indications as to the seyefisuch risk factors and the
perioperative team is left with a recommendatiowéagh the risks and benefits in
each individual case and an obligation to infore platient of any intended
perioperative use of coxibs.

It is worth remembering that all NSAIDs hold a putal to aggravate any pre-
existing heart failure and hypertension due tadfi@tention through renal effects. It is
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also worth noting that patients should continue-tivge acetylsalicylic acid if a
COX-2 inhibitor is prescribed to maintain a carditective / antiplatelet effect, as
this is not offered by COX-2 inhibitors.

Ibuprofen and indomethacin may impede access afiasp platelet COX-1 enzyme
and inhibit this protective effect. Furthermoreg tiddition of low-dose acetylsalicylic
acid will remove any “gastroprotective” effect et COX-2 inhibitor.

Patients with a history of peptic ulcer disease malf benefit from the perioperative
use of coxibs if a NSAID is indicated. An alterwatiapproach to coxib prescription
for the patient with gastrointestinal intoleranceNlSAIDs is the concomitant use of a
proton inhibitor or misoprostol as mucosal proteuf® Patients on continued
perioperative acetylsalicylic acid should also ree@astroprotection during COX-2
inhibitor treatment.

Another major concern of perioperative NSAID usthis potential for renal
impairment. Both COX-1 and COX-2 activity is exped in the kidney, and in the
marginally failing kidney, any class of NSAIDs meguse deterioration of such
failure. It has been stated that the physiolodigattion of COX-1 in the kidney is
mainly in maintaining the glomerular filtration eafGFR), whereas COX-2 is
primarily involved in water and electrolyte haenamsis>®

Side effects such as acute renal failure, papilt@grosis, and nephrotic syndrome are
extremely rare with NSAID therapy in the uncomprsed patient. Although mild

side effects such as hyperkalaemia and fluid retepand minor increases in blood
pressure, are seen they are readily reversibledigdontinuation of the drug.
Furthermore, interactions with antihypertensives diuretics warrant caution in
patients concomitantly treated with these drugs.

Patients who should not receive either non-selectr COX-2 selective anti-
inflammatories are the ones with preoperative redgafunction or a renal perfusion
compromise (e.g. hypovolaemia, severe liver ortifedure, and advanced
hypertension or diabetes).

Continuous perioperative monitoring of creatinimel area during NSAID therapy is
warranted in patients with hypertension and mikbétes and also in the very elderly.
There are some indications, however, that COX-bitdrs may prove safer in these
patient groups, but more data is needed beforeempymmendations can be made.

NSAIDs are contraindicated in patients with a knadlergy to this group of drugs.
As celecoxib and parecoxib contain a sulphonamidiythey are contraindicated in
patients with a known allergy to sulphonamidesth@fasthmatic population, only
10-15% are actually reactive to the effect of NS#lpartly related to their diversion
of the arachidonic acid cascade towards bronchogctosy leucotrienes®

A simple questioning of the patient prior to suggef any NSAID usage in the past
will often solve the concern. If the patient isasthmatic and never challenged with
NSAID, the perioperative period is perhaps notitleal time to test the system. In
addition, COX-2 selectivity does not seem to comfey advantage in these patients.

The use of NSAIDs in orthopaedic surgery is corgreial—some experimental work
points to NSAIDs having an inhibitory effect on eonealing. However long
experience and a widespread use of NSAIDs aftetura surgery has not highlighted
any clinical problem.
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Some evidence points to a negative impact of NSAlfer spinal fusion surgery but
most of the scarce literature has not correcteddafounders such as smoking which
has a major impact on bone and soft tissue he&ifitWhilst awaiting prospective,
randomised clinical trials, no clear recommendatioan be given, although the
prudent healthcare professional might considercaingiNSAIDs in orthopaedic cases
involving bone grafting

As the coxibs may interfere with the cytochromed®-énzymatic system, other drugs
depending on this enzyme for their metabolism mapdiversely affectet.
Anticoagulation therapy with warfarin can thus lmegmtiated and the dosage may
have to be adjusted in those cases where a NSAIX(Q) is deemed of major
benefit—but the classic NSAIDs are contraindicatad to their antihaemostatic
effect.

The risk of haematoma formation with the use ofraeial blocks (i.e. spinals and
epidurals) and the concomitant use of NSAIDs hanlzematter of concern.
International consensus holds that non-selectivalRS (including acetylsalicylic
acid) do noper secontraindicate neuraxial techniques. But as coptbimith low-
molecular weight heparins and/or other “weak” avdgulants, the risks of bleeding
does increase.

Full anticoagulation (e.g. coumarins) contraincecaeuraxial techniques irrespective
of NSAIDs. Combination of NSAIDs and the newer gittelet drugs (e.g.
clopidogrel, ticlopidine) markedly increase thekrig perioperative bleeding and
should be avoided. Interestingly, several compldargrand alternative medicines
(e.g. garlic, ginko, ginseng) are platelet inhikstso it is currently recommended that
their use is stopped before surgery and that th@air used together with classic
NSAIDs*

Perioperative use of classic NSAIDs

NSAIDs are an integral part of a multimodal andverdive, perioperative analgesic
regimen. It is, however, only a relatively smalbportion of patients who will benefit
from selective COX-2 inhibition for perioperativaagesia.

Gastric ulcer disease (Gl intolerance to non-selediSAIDS) or surgical request for
minimal platelet inhibition (e.g. plastic surgengurosurgery, ENT surgery) may
warrant the use of perioperative selective COXHhition. The combined use of
NSAIDs and paracetamol has proven highly cost-&ffeand with a desirable opioid
sparing effect, not least in day-case surdéfy**°

Of the classic NSAIDs, ibuprofen in appropriatel al@se (i.e. 400-800 mg tds),
diclofenac (50 mg tds), and iv tenoxicam (e.g. ZDAW intraoperatively) have a long
and well-established place in perioperative angégd®gether with paracetamol, a
NSAID can be incorporated into a cost-effectiveketdnome pack” for day-case
surgical patients (e.g. paracetamol 1 g gid witipiofen 400 mg tds for 3 days’ use).

It is notable that merely being a child is no camdication to the use of NSAIDs.
Indeed, no evidence suggests that paediatric supgeients tolerate NSAIDs to any
lesser extent than adults; otherwise healthy okiladnay well benefit from the
perioperative use of NSAIDs, often in combinatioittmparacetamol.
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Judicious consideration of indications, side eeand contraindications is as
appropriate as in the adult surgical patfrt.Interestingly, a recent study showed
less analgesic efficacy of a COX-2 inhibitor (radgib) than ibuprofen in a paediatric
tonsillectomy population although any potentialrnastatic advantage of a COX-2
inhibitor was not further discussé84COX-2 selective NSAIDs are currently not
recommended in NZ for age groups under 18 duectodavalid data on dose-effect
relations.

Supplemental drugs such agsagonists (e.g. clonidine), NMDA receptor antagtmis
(e.g. ketamine), tramadol, and gabapentin are engees facilitating perioperative
analgesics and their possible combination with N&Aik under intense scrutiny. A
more procedure-specific approach to perioperatnadgesia has recently been
suggested? Eventually, recommendations for analgesic reginienslving or not
involving NSAIDs or COX-2 inhibitors may emerge.

We may have gone two steps forward and one stdp batthe judicious use of the
entire group of NSAIDs (selective and non-selegtimgpostoperative pain remains to
be determined in the future.
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