NONSTEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDs)

Aspirin was the first NSAID commercially marketed in 1899 by the Bayer Company in Germany.  This was discovered to be an analgesic and anti-inflammatory derivative of willow bark.  It was the primary therapy for all types of arthritis until the introduction of gold shots for rheumatoid arthritis in the 1930s.  The next NSAID was Phenylbutazone which was marketed in 1957.  This was a very popular NSAID whose use is now limited by its bone marrow toxicity.  Indomethacin was introduced in 1965.  At least 20 major NSAIDs have been released since the 1970s.  The primary action of NSAIDs is the inhibition of prostaglandin synthesis by the interaction of cyclo-oxygenase.  Cox-2 inhibitors are the newer NSAIDs specifically designed to inhibit cyclooxygenase-2 (Cox-2) without inhibiting Cox-1.  Both Cox-1 and Cox-2 isoenzymes transform arachidonic acid to prostaglandin, but differ in their distribution and their physiologic role.  Cox-1—the predominant form of the enzyme, is expressed throughout the body and performs a number of homeostatic function such as maintaining normal gastric mucosa and influencing renal blood flow and platelet aggregation.  In contrast, the inducible form (Cox-2) is expressed in response to inflammatory and other physiological stimuli and growth factors, and is involved in the production of the prostaglandin that mediates pain and support the inflammatory process.  All the classic NSAIDs inhibit both Cox-1 and Cox-2 at the standard anti-inflammatory doses.  The beneficial anti-inflammatory and analgesic effects are based on the inhibition of Cox-2, but the gastrointestinal toxicity and the mild bleeding diathesis are a result of the concurrent inhibition of Cox-1.  Agents that inhibit Cox-2 while sparing Cox-1 represent cause less GI upset, by several were removed from the market due to risk of MI. 

NSAID TOXICITY

I. Gastropathy

Although half of the patients receiving NSAIDS on a chronic basis have gastritis on endoscopy, though symptoms of dyspepsia develop in less than one fourth.  Furthermore, of the patients with dyspepsia, up to half do not have significant mucosal abnormalities.  Given the frequency of dyspeptic symptoms in patients taking NSAIDs, it is neither feasible nor desirable to investigate all such patients.  Symptoms may improve with the discontinuation of the agent, reduction to the lowest effective dose, or administration with food.  The risk of NSAID complications is greater with higher NSAID dosage during the first three months of administration, with advanced age, and with prior history of ulcer disease, concomitant corticosteroid administration, or serious medical illness.  NSAID gastric toxicity may be reduced with sucralfate 1 gm four times a day, with H2 receptor antagonist given twice daily or with proton pump inhibitors once daily. There is no proven screening test which is sensitive, specific, and inexpensive.  Occult fecal blood testing is relatively insensitive to upper GI blood loss as opposed to lower GI blood loss.  In the elderly patients on NSAIDs, the significance of a positive hemoccult is the same as non-NSAID users, i.e. an equal incidence of colonic neoplasms.  An abnormal CBC should result in the discontinuation of NSAIDs and consideration for further work-up.  An abnormal hemoccult should also result in the discontinuation of the NSAID while an evaluation of the upper and perhaps lower colon is pursued depending on the patient’s age and risk factors.  A CBC and P7 should be done approximately every six months if a patient is on continuous dosing.

Although the use of NSAIDs and H-pylori infection are independent risk factors for the development of PUD, the use of NSAIDs increases the risk of PUD and ulcer bleeding in patients with H-pylori infections. Therefore patients needing chronic NSAID use with a history of dyspepsia should be screened for the presence of H-pylori and treated if positive. 

II. Renal Toxicity

NSAIDs can induce acute renal failure due to the renal vasoconstriction in patients who depend on prostaglandin induced vasodilatation.  Patients with congestive heart failure, cirrhosis, or volume constriction have stimulated renin angiotensin systems resulting in the increased angiotensin which can result in renal constriction.  They also have increased secretion of norepinephrine with similar effects.  The renal vasoconstriction is blocked by prostaglandins.  The use of NSAIDs removes this blockage and results in decreased renal flow and acute renal failure.  Chronically, patients can develop papillary necrosis, interstitial nephritis or nephrotic syndrome from NSAIDs though these are quite uncommon.  Patients can also develop sodium retention since NSAIDs decrease renal blood flow resulting in decreased filter load of sodium along an increased tubular reabsorption of sodium.  Hyperkalemia can occur due to the blockage of angiotensin, and   patients can develop water retention due to the increased effect of ADH.  Patients at high risk for renal toxicity include the elderly, those on diuretics, those with pre-existing renal disease and those with renal hypoperfusion as noted above.  There appears to be no difference in the renal toxicity of Cox-2 versus nonselective NSAIDs.  Any patient at high risk should have an electrolyte panel performed within one to two weeks of initiation of therapy to assure that there has not been a deleterious effect.

III. CNS Toxicity

There is a low incidence of mild CNS toxicity with all NSAIDs.  Aseptic meningitis has been reported in lupus patients with Ibuprofen.  Indomethacin can cause headaches, confusion and psychosis probably due to its mimicking of serotonin.  This is a relatively frequent occurrence with Indomethacin and any patient begun on it should be warned of the potential mild to moderately severe CNS symptoms.  Tinnitus can occur with any of the salicylate compounds and is also common with Naprosyn.

IV. Hematological

Aspirin permanently inhibits platelet function due to the irreversible binding to cyclo-oxygenase resulting in approximately 12 days of platelet dysfunction until there is adequate turnover of the new uncoated platelets.  Other NSAIDs reversibly bind to cyclo-oxygenase resulting in platelet inhibition for several half lives, i.e. 2-5 days.  Non-acetylated salicylates and Cox-2 NSAIDs have minimal effect on platelets.  Aplastic anemia has rarely occurred with Phenylbutazone and has been described with other NSAIDs.

V. Pulmonary Toxicity

Pulmonary toxicity is unusual.  Patients have developed pulmonary edema and hypersensitivity pneumonitis.  More common is the hypersensitivity reaction to NSAIDs particularly in patients with a history of asthma and nasal polyps.  These patients can develop hives and wheezing.  This is not an allergy to NSAIDs but rather is thought to be a shunt of arachidonic acid precursors to the leukotriene pathway rather than the cyclo-oxygenase pathway.

VI. Dermal Toxicity

Patients commonly develop a variety of rashes which are generally benign.  Patients on Piroxicam and naproxen can develop photosensitivity reaction.

VII. 
Cardiovascular risk

There is a small risk of CV events – MI, HF, CVA with most NSAIDS. The risk seems lowest with Naprosyn, highest with diclofenac. Lower doses and shorter courses are indicated for patients as risk.
VII. Geriatric Use

Since NSAIDs are commonly used in the geriatric population, it is worth noting that GI toxicity and renal toxicities are generally increased in the elderly.  CNS toxicity is also notable with increased confusion with Indomethacin and tinnitus with salicylates.  Due to the decreased protein binding in the elderly, Naprosyn and Dolobid should have a 50% reduction in dosage.  There is also a decreased effect of diuretics and beta-blockers due to the NSAIDs in the elderly, as well as an increased effect of hypoglycemics, Coumadin, Dilantin and Lithium.

VIII. NSAID Selection

NSAIDs are indicated for relief of pain due to a variety of conditions.  Although there are a dozen NSAIDs available, most of them are more similar than alike.  Indomethacin and high dose aspirin are the most potent anti-inflammatories but also have the most side effects.  Trilisate and Disalcid are the least potent with the least side effects.  Patients who have high risk for side effects due to peptic ulcer disease, congestive heart failure, or renal disease should generally avoid any NSAID and Cox-2 inhibitor. The Cox-2 inhibitors lack the anti-platelet effect of aspirin; however, their risk of renal toxicities is similar to other NSAIDs.  In general, younger patients who will require NSAID therapy intermittently should be started on the less expensive NSAIDs such as Naproxen, Ibuprofen, or Voltaren.  For patients who will require long term NSAID therapy or who are at risk for gastrointestinal ulceration, Cox-2 inhibitors or salsalate, are the drugs of choice.

Useful Nonsteroid Anti-inflammatory Drugs:

	Drug
	Usual Dose for Adults
	Comments

	Acetaminophen (Tylenol)
	650 mg every four hours or 

970 mg every six hours
	Not an NSAID because it lacks peripheral anti-inflammatory effects.  Equivalent to aspirin as analgesic and antipyretic agent.

	Celecoxib (Celebrex)
	200 mg every day (osteoarthritis)  100-200 mg b.i.d. (rheumatoid arthritis)
	Cyclo-oxygenase II inhibitor (COX-2).  No antiplatelet effect.  Lower doses for elderly who weigh less than 50 kg.  Lower incidence of endoscopic gastrointestinal ulceration

	Diclofenac (Voltaren or Cataflam)
	50-75 mg b.i.d. to t.i.d.
	May impose higher risk of the hepatotoxicity and CV events.  Lower incidence of gastrointestinal side effects.  Enteric coated product, slow onset.

	Diflunisal (Dolobid)
	500 mg every 12 hours
	Fluorinated acetylsalicylic, acid derivative.

	Etodolac (Lodine)
	200-400 mg every 6-8 hours
	Perhaps less gastrointestinal toxicity.



	Ibuprofen (Motrin, Advil, Rufen)
	400-800 mg every 6 hours
	Relatively well tolerated.  Less gastrointestinal toxicity.  Less expensive.

	Indomethacin (Indocin and Indometh)
	25-50 mg b.i.d. to t.i.d.
	Higher incidence of dose related toxic effects, especially gastrointestinal, renal and bone marrow effects. Short term use only

	Ketoprofen (Orudis or Oruvail)
	25-50 mg every 6-8 hours, maximum is 300 mg a day
	Lower doses for elderly.

	Nabumetone (Relafen)
	500-1,000 mg once daily, maximum dose 2,000 mg a day
	May be less ulcerogenic than Ibuprofen.

	Naproxen (Naprosyn, Anaprox, Aleve
	200-500 mg every 6-9 hours
	Generally well tolerated.  Lower doses for elderly. Less CV risk

	Salsalate (Disalcid)
	1000-1500 mg b.i.d.
	See Trilisate.



	Sulindac (Clinoril)
	150-200 mg twice a day
	May cause higher rate of hepatotoxicity and gastrointestinal bleeding.  May have less nephrotoxic potential.

	Meloxicam (Mobic, Mobicox)
	7.5-15 mg once daily
	Better GI profile. Once a day convenience
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