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· The clinical utility of most analgesic drugs is altered in the presence of patients with impaired renal or hepatic function not simply because of altered clearance of the parent drug, but also through production and accumulation of toxic or therapeutically active metabolites. Some analgesic agents may also aggravate pre-existing renal and hepatic disease.
· The properties of most pain medications, including their distribution, clearance, and excretion are affected by renal and hepatic insufficiency. The magnitude of the effect of renal insufficiency on drug metabolism varies depending on the agent itself, its metabolite, and the extent of renal failure. Multiple factors should be considered when prescribing pain medications for patients on dialysis, including the properties of the parent drug and its metabolites.
· ESRD (dialysis)-analgesic properties:
· Primary metabolism in liver-dialysis has little effects.
· Smaller molecule-more dialyzable
· More water soluble-more dialyzable
· More protein binding-less dialyzable
· Larger volume of distribution-less dialyzable

· Acetaminophen (APAP)
· APAP has been implicated in analgesic nephropathy: only in the case of prolonged use of compound analgesics containing at least two antipyretic agents along with caffeine or codeine. 
· The resultant nephropathy has been linked to the synergistic effect of inhibition of prostaglandin synthesis and glutathione depletion in this situation.
· Paracetamol is associated with less risk of acute renal failure than NSAIDS or COX-2 inhibitors, and is the simple analgesic of first choice in the patient with renal dysfunction. 
· It may accumulate in uremic patients due to effects on hepatic blood flow. In this situation it would be wise to limit doses to the above figure of 40 mg/kg/day, and monitor hepatic function frequently during initiation of therapy.
· Hepatic toxicity is a known consequence of paracetamol overdose.Liver enzyme inducers such as alcohol or barbiturates may increase the risk for toxic metabolite formation, and in the presence of hepatic cirrhosis, the prolongation of paracetamol clearance renders the patient more susceptible to toxic effects. In the presence of cirrhosis, drug dosage should be reduced, although in the presence of moderate to severe liver failure, it should be avoided altogether.
· NSAID’s
· This class is traditionally associated with the risk of precipitating acute renal failure due to inhibition of prostaglandin production, and consequent renal afferent arterial vasoconstriction with the potential to reduce glomerular filtration rate.
· Some studies have found no significant effect in patients with normal renal function, but there appears to be a small risk of idiosyncratic reaction, even in this group. The onset of acute renal failure due to this class of drug is usually associated with oliguria and increased serum urea, creatinine, and potassium levels, which necessitates cessation of the agent responsible.
· There is no strong evidence that any one NSAID is safer in terms of renal side-effects when equipotent doses are used. 
· The COX-2 inhibitors are pharmacodynamically similar in their effects on the renal vascular bed, and have similar renal side-effects. 
· The use of NSAIDs, aspirin or COX-2 specific inhibitors for analgesia should be avoided in the presence of chronic renal failure, due to the likely impairment of potassium handling, and the increased risk of acute renal failure or bleeding. 
· Elevated liver function tests have been reported in up to 15% of patients taking NSAIDs and should lead to cessation of the drug if they occur. 
· In all cases of hepatic insufficiency where NSAIDS are considered, regular monitoring of liver function should occur to allow cessation in the event of deterioration.
· Ketorolac:
· accumulates in RI/RF; contraindicated in RI/RF patients
· not removed by dialysis
· in the presence of liver cirrhosis, clearance is slightly prolonged.
· dosage reduction is also necessary.

· OPIOIDS
· The majority of biotransformation is liver-dependent, including that for the short acting agents. Minimal evidence exists to guide the appropriate use of opioids in the presence of hepatic failure. 
· Titration to effect should be more cautious than usual with all opioids in the presence of liver failure.
· A small number of case reports link opioid usage with acute renal failure, reversible with naloxone.

Morphine
· The parent drug undergoes normal biotransformation in the presence of renal failure, however the clearance of one of the active primary metabolites morphine-6-glucuronide (M6G) is highly renal dependent, and its consequent accumulation may cause a prolonged clinical effect. 
· The half-life of M6G is prolonged from a normal value of 2.1 hours, up to as much as 27 hours in end stage renal failure. 
· The other major metabolite, Morphine-3-glucuronide (M3G) also accumulates with renal failure: it may decrease the seizure threshold however, so morphine should probably be avoided where epilepsy and renal failure co-exist.
· As M3G and M6G are products of morphine breakdown, it must be remembered that equivalent oral doses of morphine which are higher than parenterally administered morphine, will produce a greater metabolite load.
· Morphine and its metabolites are usefully removed during haemofiltration (47-100%) and haemodialysis (24-84%), they are not significantly cleared by continuous ambulatory peritoneal dialysis.
· Morphine use in hepatic failure does not appear to have been usefully studied.
· Renal Failure: Do not use Morphine, due to the difficulty of managing the complicated adverse effects of the metabolites.
· Dialysis: Both the parent compound and the metabolites can be removed by dialysis but be alert for “rebound” as drugs and/or metabolites re-equilibrate between CNS and plasma.
· Metabolites would accumulate in between dialysis sessions, and extra dosing may be needed during or after dialysis. There are better alternatives, so morphine is best avoided in dialysis patients.

Hydromorphone
· Hydromorphone is a semi-synthetic derivative of morphine, metabolized in part to hydromorphone-3- glucuronide (H3G), which is present at a steady state concentration approximately 27 times that of the parent drug in normal patients. 
· H3G has been shown to accumulate in the presence of renal failure to a level approximately four times higher. It is postulated as the cause for neuroexcitation and cognitive impairment which has been reported with this drug in the presence of renal failure and is a reason to consider an alternative agent if these symptoms should occur.
· The drug undergoes a high first pass metabolism and will be subject to increased bioavailability in the presence of hepatic impairment. Thus, the dosing reduction must be considered.
· Renal Failure-Use carefully. Although the 3- glucuronide metabolite is neuro-excitatory and can accumulate in renal failure, hydromorphone has been used in renal failure patients with no adverse effects.
Fentanyl
· Fentanyl is subject to a high hepatic extraction ratio, which may lead to decreased clearance values in the presence of altered hepatic blood flow during uremia. 
· Fentanyl has no active metabolites and has been shown in some pharmacokinetic studies to have no significant change in clinical effects, with normal clearance values in the presence of chronic renal failure. 
· It does have a prolonged clearance (half-life up to 25 hours) in the critically ill patient which must be taken into consideration.
· Considering the lack of active metabolites, fentanyl is an ideal agent for use in renal failure; with the provision that high levels of uremia may significantly prolong clearance and require a decrease in dosage.
· The available data suggests 1/2 to 1/3 of usual commencement doses may be required in this case.
· ESRD-Dialysis-It is not dialyzable so in most cases, no dose adjustments have to be made for dialysis patients. However, caution is needed in titrating these drugs in renal failure/dialysis patients, and close monitoring is advised for a protracted period of time.
· Hepatic failure is likely to impair fentanyl clearance and require a dosage reduction, however no data was found to guide this specifically.

Oxycodone
· Oxycodone is eliminated mainly through hepatic metabolism to noroxycodone and oxymorphone, and some effect has been attributed to metabolite activity.
· Oxycodone has a lower hepatic clearance than morphine, and it was considered that some of the variation in the latter group may be accounted for by alterations in hepatic blood flow with uremia.
· If used in patients with renal failure, administer with great caution and careful monitoring. 
· The active metabolite, free oxymorphone, is produced in very small amounts, but does accumulate, along with the parent drug, in renal failure. There is an anecdotal report of its toxic and CNS-depressant effects in patients with renal failure.

                Hydrocodone

· Metabolized to hydromorphone and H3G active metabolites.
· Excreted renally along with the parent compound.
· Accumulation in RF and leads to neuro-excitation.
· Dialyzable but accumulates between treatments so dosing adjustment might be needed.

Tramadol
· Tramadol is primarily metabolized in the liver to substances including the only pharmacologically active metabolite; O-desmethyltramadol (M1), which contributes toward its analgesic effect. 
· Both the parent drug and its metabolites undergo primarily renal excretion, and hence are subject to accumulation in the presence of renal failure.
· The dosage intervals should be increased to every 12 hours where creatinine clearance is less than 30 ml/min (24 hours for slow-release formulation), and that the drug should be avoided where creatinine clearance is less than 10 ml/min34. 
· In the presence of severe hepatic insufficiency where its use is contemplated, only the 50 mg immediate release formulation should be used, with cautious titration to clinical effect. 
· Dosage intervals will need to be extended, and the patient should be observed for signs of serotonergic syndrome; if these occur the drug should be ceased, and the syndrome appropriately managed as per product.

Codeine
· Approximately 10% of codeine is metabolized to morphine, which provides the majority of its clinical effect. 
· Most ingested codeine is converted to codeine- 6-glucuronide which is then renally excreted.
· Although many opioids have been associated with central nervous system (CNS) excitation and seizures at higher doses, codeine appears to have a lower therapeutic ratio, and may cause these effects when the standard daily dose is exceeded. It has been reported to cause prolonged sedation in the presence of renal failure, with a beta half-life of up to 27 hours in dialysis dependent patients.
· The available evidence does not support clinical use in the presence of renal or hepatic failure.
Methadone
· The drug has a long half-life and is therefore not suitable for the initial management of acute pain.
· It has a high oral bioavailability of around 80% of the ingested dose. 
· Renal excretion of the unchanged drug accounts for approximately 20% of the total dose, whilst the majority of clearance occurs through the gastrointestinal tract after hepatic transformation to predominantly inactive metabolites.
· It is generally recommended that lower starting doses be used when initiating therapy for the patient with renal failure, with subsequent doses titrated to effect.
· It is contraindicated in the presence of severe liver disease.
· Buprenorphine
· 
· This drug undergoes liver metabolism followed by primary biliary excretion.
· Metabolite levels are increased four-fold in the presence of renal failure, but this is unlikely to have clinical consequences. 
· It may be given in standard doses in the presence of renal failure.

Local Anesthetics


· In general all local anesthetics will be subject to decreased clearance with hepatic failure, and may be associated with a higher risk of side-effects in the presence of renal failure due to altered protein binding and volume of distribution.
· Lidocaine has been shown to have impaired clearance in patients with hepatic disease, after hepatectomy, and with viral hepatitis. 
· Lower dose range should be used cautiously in patients with hepatic impairment.
· Lidocaine also gives rise to some active metabolites which will be less rapidly cleared in the presence of renal failure and may increase the risk of toxicity with prolonged infusions.
· TCA
· This drug class undergoes primarily hepatic metabolism. 

· Amitriptyline is most commonly used, and undergoes conversion in the liver to nortriptyline, the active agent. 
· Little indication for dose reduction in renal failure
· Both amitriptyline (2-10% incidence of elevated liver function tests) and nortriptyline have been associated with acute fulminant hepatic failure, 
· They both require ongoing monitoring to exclude abnormalities in liver function during introduction, in which case the drug should be discontinued.

                   Ketamine
· Animal studies found the drug to undergo mostly hepatic elimination and did not show evidence of renal blood flow alteration53. 
· dose adjustment is unnecessary in the presence of renal failure.
· No data to guide the appropriate use of low dose ketamine in the presence of hepatic failure.
· Gabapentin
· Gabapentin undergoes primarily renal excretion in unchanged form and has an approximate elimination half-life of 132 hours in dialysis dependent patients. 
· Gabapentin requires dose reduction in renal failure according to creatinine clearance.
· This drug was not found to be associated with hepatic failure.
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