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Objective: To make recommendations for the long-term use of nonsteroidal anti-inflammatory drugs
(NSAIDs) in primary care practice, particularly for patients at high risk for NSAID-induced complications.

Options: The use of misoprostol to prevent gastrointestinal ulceration and other unwanted NSAIDs ef-
fects was considered. The role of cyclooxygenase-2 (COX-2) versus COX-1 inhibiting agents was also
examined.

Outcomes: Reduction of complications associated with long-term use of NSAIDs.

Evidence: Evidence was gathered in late 1995 from published research studies and reviews. Position pa-
pers were prepared by faculty and advisory board members and discussed at the Canadian NSAID
Consensus Symposium in Cambridge, Ont., Jan. 26 and 27, 1996.

Values: Recommendations were based on randomized, placebo-controlled clinical trials (level I evidence)
and case—control studies (level Il evidence) involving NSAID use when such evidence was available.
When the scientific literature was incomplete or inconsistent in a particular area, recommendations re-
flect the consensus of the participants at the symposium (level Il evidence). Physicians were recruited
from across Canada for their expertise in rheumatology, gastroenterology, epidemiology, gerontology,
family practice, and clinical and basic scientific research.

Benefits, harms and costs: Although a reduction in complications due to inappropriate NSAID use should
reduce costs of additional investigations, admissions to hospital and time lost from work, definitive cost
analysis studies are not yet available.

Recommendations: Currently, no NSAID is available that lacks potential for serious toxicity; therefore, long-
term use of NSAIDs should be avoided whenever possible, particularly in high-risk patients (e.g., those
who are elderly, suffer from hypertension, congestive heart failure, renal or hepatic impairment or volume
depletion, take certain concomitant medications or have a history of peptic ulcer disease) (level I evi-
dence). If NSAID:s are to be used in patients with gastric or nephrotoxic risk factors, the lowest effective
dose of NSAID should be used (level Il evidence); NSAIDs that are weak COX-1 inhibitors may be pre-
ferred (level Il evidence). In addition, concomitant administration of misoprostol is recommended in pa-
tients at increased risk for upper gastrointestinal complications (level | evidence). However, the clinical
judgement of the practising clinician must always be part of any therapeutic decision.

Dr. Tannenbaum is director of the Rheumatic Disease Centre of Montreal, associate professor of medicine, McGill University, and senior physician, Montreal General Hospital, Montreal, Que.;

Dr. Davis is assistant dean, professor of medicine and director of the Division of Continuing Medical Education, University of Alberta, Edmonton, Alta.; Dr. Russell is professor of medicine,
University of Alberta, Edmonton, Alta.; Dr. Atkinson is professor and head, Division of Rheumatology, Clinical Immunology and Dermatology, University of Calgary, Calgary, Alta.; Dr. Maksymowych
is associate professor of medicine, Division of Rheumatology, University of Alberta, Edmonton, Alta.; Dr. Huang is clinical associate professor, Division of Rheumatology, University of British
Columbia, and attending physician, St. Paul’s Hospital and the Arthritis Centre, Vancouver, BC; Dr. Bell is assistant professor, Department of Medicine, University of Toronto, Toronto, Ont., and
assistant professor, Department of Clinical Epidemiology and Biostatistics, and assistant clinical professor, Department of Medicine, McMaster University, Hamilton, Ont.; Dr. Hawker is assistant
professor, Department of Medicine, University of Toronto, and staff rheumatologist and research director of the Multidisciplinary Osteoporosis Program, Women's College Hospital, Toronto, Ont ;

Dr. Juby is assistant clinical professor, Division of Geriatric Medicine, Department of Medicine, University of Alberta, and is with the Caritas Health Group, Edmonton, Alta.; Dr. Vanner is associate
professor, Division of Gastroenterology, Hétel Dieu Hospital, Queen’s University, Kingston, Ont.; and Dr. Sibley is professor of medicine (rheumatology), University of Saskatchewan, Saskatoon, Sask.

*Participants are acknowledged at the end of the text.
Correspondence to: Dr. Hyman Tannenbaum, Rheumatic Disease Centre of Montreal, 740—4060 St. Catherine St. W, Montreal QC H3Z 223

Reprint requests to: Keithcore International Inc., 207-550 Alden Rd., Markham ON L3R 6A8

This report has not been peer reviewed. CAN MED ASSOC J @ JULY 1, 1996; 155 (1)

1



Validation: These recommendations are based on the consensus of Canadian experts in rheumatology,
gastroenterology and epidemiology, and have been subjected to external peer review.
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are
among the most frequently prescribed medica-
tions.' They account for about 4.5% of all prescriptions
in addition to significant over-the-counter (OTC) sales.
Wilcox and colleagues® examined the prevalence of pre-
scribed and OTC NSAID use in patients admitted to an
inner-city hospital in the United States for upper gas-
trointestinal (Gl) hemorrhage. They found that, on ad-
mission, 35% of these patients were using OTC acetyl-
salicylic acid (ASA) and 9% were using non-ASA
NSAIDs, but only 14% were using prescribed ASA and
6% prescribed NSAID:s.

Among NSAID users, 40% to 60% are over 60 years of
age.* In this age group, the use of medications may cause a
higher incidence of adverse effects because of changes in
renal and liver function and an increased likelihood of
concomitant medical conditions and polypharmacy.>*

Concern about overuse of NSAIDs stems from the
potential toxicity of these agents, particularly with re-
spect to Gl complications. A meta-analysis of 16 con-
trolled studies® demonstrated that NSAID users had a
higher risk of GI complications than nonusers, which led
to increased use of anti-ulcer and gastroprotective
agents. However, Canadian data from 1991 showed
that only 3.5% of those prescribed an NSAID were con-
comitantly prescribed the cytoprotective agent, miso-
prostol. In patients treated with NSAIDs, the overall in-
cidence of symptomatic or endoscopic Gl toxicity is
approximately 20%;*"" the incidence of life-threatening
Gl bleeding or perforation is 1% to 3%.""3

Other effects include impairment of renal or liver
function and hematologic abnormalities. Although these
occur in fewer than 1% of NSAID users, they may also
be life threatening. Less severe effects, including
headache, rash, edema, pruritus, nausea and diarrhea, oc-
cur in 1% to 5% of people taking NSAIDs."

NSAIDs are clearly more toxic in the elderly.**"*5 In
addition to the increased risk of gastric and renal effects,
NSAIDs may cause confusion in the elderly. The relative
risk of central nervous system toxicity seems to vary
among NSAID medications; the greatest risk is associ-
ated with indomethacin.'s

Appropriate use of NSAIDs in the elderly has been
the subject of many studies. The Alberta Blue Cross data-
base' revealed that although people 65 years of age and
over who were prescribed an NSAID were more likely to
be prescribed anti-ulcer or gastroprotective agents, they
were also more likely to be prescribed medications with

the potential for adverse interactions with NSAIDs, such
as warfarin, diuretics and oral corticosteroids.

A retrospective study using provincial databases in
Quebec estimated the prevalence of questionable pre-
scribing of NSAIDs among the elderly. Of the 63 268 el-
igible patients studied, 56.2% had received a prescrip-
tion for an NSAID during 1990. The most common
questionable combination consisted of two NSAIDs
(5.3% of patients). Other than the use of low-dose ASA
as an antithrombotic agent along with an NSAID as an
anti-inflammatory or analgesic, the rationale for pre-
scribing more than one NSAID concurrently is unclear.

Utilization rates for NSAIDs based on number of pre-
scriptions may not reflect the volume of NSAIDs actu-
ally consumed. A New Zealand study' examined com-
pliance with NSAIDs compared with “prophylactic”
drugs in an elderly population (70 years of age and
over). Prophylactic drugs were defined as those that pro-
vided no immediate relief of symptoms and that had to
be taken regularly to be effective (e.g., cholesterol-low-
ering medications). Compliance with NSAIDs was 59%,
as compared with 94% for prophylactic medications.
Most patients taking NSAIDs regarded them as anal-
gesics and, as a result, noncompliance was high. If pain
relief alone is the intent, simple analgesics and local
measures are safer than NSAIDs.

In summary, NSAIDs are commonly prescribed med-
ications, particularly among the elderly. NSAIDs are
most frequently prescribed for degenerative arthritis, for
which they are often not the most appropriate agents.
NSAIDs are often used as analgesics and in many cir-
cumstances could be replaced by a simple analgesic. Be-
cause of the frequency of NSAID use and the significant
risk of GI and other side effects, recommendations for
prescribing these medications were deemed necessary to
decrease NSAID-induced complications and their im-
pact on the health care system.

PROCESS

On Jan. 26 and 27, 1996, a group of rheumatologists
and related physicians met to discuss the use of NSAIDs
at a consensus symposium in Cambridge, Ont. The ob-
jective was to develop recommendations surrounding
long-term NSAID use to reduce inappropriate use and
decrease or prevent NSAID-induced complications and
their associated morbidity and mortality.

Before the symposium, physicians were selected for
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their expertise in rheumatology, gastroenterology, epi-
demiology, gerontology, and clinical and basic science
research to review the appropriate literature and write
position papers on specific topics. The papers were re-
viewed in small group sessions, then presented to the en-
tire faculty and participants at the symposium. The
group provided input and voted on key recommenda-
tions. The applicability of recommendations to clinical
practice was explored in case-based workshops. After
the symposium, the position papers were revised by the
individual experts and coalesced into a single document,
which was extensively reviewed by all participants and
external reviewers.

When possible, recommendations were based on ran-
domized, placebo-controlled clinical trials (level I evi-
dence)® and case—control studies (level Il evidence) in-
volving NSAID use. If published reports were
incomplete or inconsistent in a particular area, the rec-
ommendations reflected the consensus of the partici-
pants at the symposium (level Ill evidence).

The recommendations may not be appropriate for use
in all circumstances. The judgement of the practising
clinician, the availability of resources and the circum-
stances of individual patients must always be incorpo-
rated into any therapeutic decision.

MINIMIZING THE ADVERSE EFFECTS
OF NSAIDs

Adverse effects and drug interactions associated with
NSAID use may be limited, in part, by careful prescrib-
ing and monitoring of drugs, particularly in high-risk pa-
tients. There is clear evidence of increased toxicity due
to NSAIDs in certain patient groups, especially the el-
derly (Table 1).#9"'415 The most common indication for
NSAID use in this age group is degenerative arthritis,?
despite a lack of convincing evidence of superior benefit
over simple analgesics for this condition '

DIFFERENCES AMONG TRADITIONAL NSAIDs

There has been considerable controversy over the rel-
ative toxicity of various NSAIDs. NSAIDs appear to
share a mechanism of action involving prostaglandin
synthetase inhibition (Fig. 1). Historically, there has
been little compelling evidence to suggest that the vari-
ous "“traditional” NSAIDs (those available before 1993)
have different risks for Gl or other toxic effects.?** Re-
ported differences in toxicity must be interpreted in light
of the possibility of different use patterns for different
NSAIDs and inter-subject variability.

One study,” using the pharmacy records of health
maintenance organizations, examined the frequency of,
and reason for, switches in NSAID prescription to find

patterns that might yield useful information about the
relative benefits or risks of various NSAIDs. Switching
occurred in about 8% of prescriptions; the primary rea-
son for switching — inefficacy (32.7%) — was cited 2.5
times more often than adverse reactions. No specific
NSAID could be identified with either greater inefficacy
or side effects.

A retrospective cohort study* using Saskatchewan
Health databases compared the rate of admission to hos-
pital for Gl problems of users of specific NSAIDs and
nonusers between 1982 and 1986. Although variations
were seen among the various NSAIDs, no rate was signif-
icantly different from the overall rate for NSAID users.

Several strategies have evolved to circumvent the ad-
verse effects of inhibition of prostaglandin production.
Attempts to reduce Gl effects, including enteric coating,
nonacidic formulations and pro-drugs, have not had a
significant impact.®

CYCLOOXYGENASE ISOENZYMES

All NSAIDs appear to inhibit prostaglandin synthesis
by blocking cyclooxygenase (COX) activity (Fig. 1).
However, there may be some important differences. In
the 1990s, two isoforms of COX were identified.?**
COX-1 is present in the stomach and kidneys of healthy
people, mediating the production of prostaglandin,
which may protect the stomach and kidneys. The larger,
cytokine-induced COX-2 enzyme is induced in the
joints of people with inflammatory arthritis, mediating
the production of prostaglandin that may cause or ag-
gravate inflammation.®*' In theory, NSAIDs that “selec-
tively” inhibit COX-2 without any inhibition of COX-1
should have anti-inflammatory activity without Gl and
renal toxic effects.*

All NSAIDs that are currently available in Canada
block both COX-1 and COX-2, but there are differ-
ences in their relative selectivity for the two isoforms.?®
Some current evidence points toward etodolac and
nabumetone as NSAIDs with the highest COX-2 to
COX-1 inhibition ratios.?* This relative selectivity is

Table 1: Conditions associated with risk for toxic effects
from nonsteroidal anti-inflammatory drugs (NSAIDs)

Elderly

Hypertension

Congestive heart failure

Renal failure

Hepatic failure

Volume depletion (e.g., hemorrhage)
Prior peptic ulcer disease

Concomitant medications (e.g., diuretics, ACE* inhibitors)

*ACE = angiotensin converting enzyme.
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mainly due to a significant decrease in COX-1 inhibi-
tion, coupled with a somewhat marginal increase in

COX-2 inhibition.

POTENTIAL CLINICAL RELEVANCE OF COX-2
INHIBITION

Many studies®*** have shown that the newer NSAIDs
are significantly better than traditional NSAIDs in terms
of reduced microbleeding and endoscopically demon-
strable Gl lesions and ulcers.”# Furthermore, postmar-
keting surveillance has shown that these NSAIDs (at
current therapeutic doses) are safer and are associated
with fewer side effects defined by multiple criteria in-
cluding clinical ulceration.*# Results of long-term con-
trolled clinical trials to assess whether relatively selective
COX-2 inhibitors can reduce clinically important upper
GI complications are not yet available.

Further support for the relevance of COX selectivity
can be seen in the experiences with the prostaglandin E,
analog, misoprostol. When administered with an
NSAID, this agent counteracts the inhibition of the pro-
tective gastric prostaglandin. In clinical trials it has been
shown to reduce the frequency of NSAID-induced en-
doscopically demonstrable upper Gl ulcers.’4 Silver-
stein and coworkers” recently confirmed that reduction
of endoscopic ulcers translates into reduction of clini-
cally important GI hemorrhage and perforations.

The nonacetylated salicylate, salsalate, may have a

prostaglandin-independent mechanism of action. It ap-
pears to be a weak prostaglandin inhibitor, and reduced
Gl toxicity has been demonstrated.*

THE FUTURE

More potent, truly selective COX-2 inhibitors, some
with COX-2 inhibiting effect 300 times their COX-1 in-
hibiting effect, will be available soon. Incorporating the
NSAID molecule into a nitric oxide generating moiety is
also being studied. Other new NSAIDs with different
mechanisms of action, such as cytokine inhibition and
lipoxygenase inhibition, are also being developed and
tested. Despite the theoretical importance of these agents,
conclusions regarding their use must await the results of
clinical trials demonstrating their effectiveness and safety.

RECOMMENDATIONS

® Avoid chronic use of NSAID:s if possible, particularly
in high-risk patients (Table 1) (level | evidence).

¢ If pain relief alone is the intent, simple analgesics and
local measures are safer than NSAIDs (level Il evi-
dence).

® For most patients with degenerative arthritis, simple
analgesics are preferable to NSAIDs, unless an in-
flammatory component is clearly present (level II ev-
idence). '

¢ When NSAID therapy is indicated in high-risk pa-

Phospholipid

Inflammatory stimuli

Phospholipase A,

Corticosteroid
block here

Arachidonic acid

COX-1
Constitutive enzyme

Prostaglandins

'

Physiology

Stomach
Kidney

\ NSAIDs block here /

COX-2
Inducible enzyme

Prostaglandins

'

Pathology

Sites of inflammation
Macrophages
Synoviocytes

Fig. 1: New paradigm for prostaglandin biosynthesis. COX = cyclooxygenase, NSAIDs = nonsteroidal anti-inflammatory drugs.
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tients, NSAIDs that are weak inhibitors of COX-1
may be safer (level Il evidence).

NSAID-RELATED GASTROINTESTINAL
EFFECTS

NSAIDs and Helicobacter pylori underlie almost all cases
of peptic ulcer disease. Over 95% of duodenal ulcers
have been associated with H. pylori. However, for gastric
ulcers, where there is a significant association with
NSAID use, the prevalence of H. pylori is only 60% to
80%.* Therefore, although eradication of H. pylori holds
great promise, NSAIDs continue to be a major cause of
clinically important peptic ulcer disease. In reviewing
studies of NSAID toxicity, careful distinction must be
made between reported endpoints of endoscopically ob-
served acute erosions and clinically important disease
(i.e., bleeding, perforation, ulcer or death).

INHIBITION OF GASTRIC PROSTAGLANDIN SYNTHESIS

Strategies to reduce NSAID toxicity in the Gl tract
have largely focused on two pathogenic mechanisms:
topical irritation of the mucosa, and inhibition of gastric
prostaglandin synthesis. Evidence strongly suggests that
inhibition of gastric prostaglandin production is largely
responsible for clinically important peptic ulcer disease.”
Consequently, strategies to reduce topical irritation,
such as enteric coating, nonacidic formulations or pro-
drugs whose active metabolites inhibit COX activity,
have not had a major impact on reducing Gl toxicity.?®

Prostaglandin E, analog

A strategy to counteract the NSAID-induced inhibi-
tion of gastric prostaglandin synthesis has been the co-
administration of a prostaglandin E, analog, misoprostol.
This agent is known to reduce acute gastric damage sig-
nificantly and, in a large placebo-controlled, double-
blind study, has been shown to reduce the incidence of
complicated peptic ulcer disease by 40%. As in previous
studies, this benefit is offset by dropout due to misopros-
tol-related diarrhea and cost—benefit issues. Misoprostol
at 200 pg three times daily appears to be as effective as it
is four times daily and has fewer side effects.’>*

An additional theoretical concern has been the po-
tential for prostaglandin E, analogs to promote colonic
polyp growth. Sulindac has been shown to reduce the
size and numbers of polyps in familial polyposis syn-
dromes, and case—control studies suggest that ASA and
NSAIDs decrease the risk of polyps and cancer.®® The
mechanism by which this occurs is unknown and may
not simply involve inhibition of prostaglandin synthesis.
There is currently insufficient evidence to suggest that

this factor provides a contraindication to the use of
misoprostol.

Lower risk NSAIDs

In clinical studies, newer drugs such as etodolac and
nabumetone, which have a higher degree of activity with
COX-2 than with COX-1,2*' have been associated with
a significant reduction in endoscopically identified ulcers
compared with other NSAIDs whose actions with COX-
1 predominate.**23 Small, short-term trials of these drugs
have also shown a greater than 50% decrease in clinically
important peptic ulcer disease compared with other
NSAIDs *%* Long-term, open-label studies provide simi-
lar promising data,*** but well-designed, long-term stud-
ies are lacking. Preliminary results of a recent meta-analy-
sis suggest that Gl complication rates are similar among
the currently available lower-risk NSAIDs >

NSAID—nitric oxide compounds

The most recent strategy has been to incorporate the
NSAID molecule into a nitric-oxide-generating moiety.?
These NSAID-nitric oxide compounds exhibit similar
anti-inflammatory properties to those of other NSAIDs
but display markedly reduced ulcerogenic action in ani-
mal models.’**”” These agents are thought to act by in-
creasing gastric blood flow and inhibiting neutrophil ad-
herence, presumably through the release and actions of
nitric oxide.?® Clinical trials with this agent have yet to
be completed.

ROLE OF H. PYLORI IN NSAID-INDUCED
ULCEROGENESIS

The cellular pathways underlying NSAID- and H. py-
lori-induced ulcers have been shown to be independent;
H. pylori does not confer a greater risk of NSAID-induced
toxicity.®® However, patients with previous peptic ulcers
secondary to H. pylori are at high risk of relapse,® and
NSAIDs may well complicate these lesions. In addition,
in patients presenting with a symptomatic peptic ulcer
who are H. pylori positive and are taking NSAIDs, it is not
always clear which is the precipitating agent. Therefore,
although this has not been studied in clinical trials, H. py-
lori should be eradicated in patients taking NSAIDs.

NSAID TOXICITY IN SMALL AND LARGE INTESTINES

NSAIDs are now recognized as also causing signifi-
cant toxicity in the small and large intestines.® In the
small intestine, an enteropathy characterized by occult
blood, protein loss or both has been demonstrated in as
many as 70% of cases, although this is usually subclini-
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cal.® None the less, this may well account for a number
of previously undiagnosed cases of iron-deficiency ane-
mia caused by NSAID:s. Intestinal perforations and stric-
tures have also been reported, and, although the colon is
rarely affected, NSAIDs may cause acute colitis.®

Case—control studies and anecdotal reports have im-
plicated NSAIDs in complicated diverticular disease.
Small case series have also suggested that NSAIDs can
reactivate inflammatory bowel disease, but direct proof
of this association is lacking.s"s* Thus, there are insuffi-
cient data to suggest that NSAIDs are contraindicated in
this group, but clinicians must be aware of this associa-
tion. The mechanism underlying intestinal damage is un-
clear but appears to involve interaction with bile salts 2"
Sulfasalazine, misoprostol and metronidazole have been
shown in small studies to decrease the degree of small-
intestine damage caused by NSAIDs,*¢ but in patients
with clinically important small-intestine damage, there is
no evidence indicating that they confer sufficient pro-
tection to prevent ongoing NSAID damage.

RECOMMENDATIONS

¢ Currently, no NSAID lacks the potential for serious
toxicity in the GI tract; therefore, long-term use of
these agents should be avoided whenever possible
(level I evidence).

¢ When NSAID therapy is indicated for high-risk pa-
tients (elderly patients, those with previous peptic ul-
cer or cardiovascular disease, concomitant with corti-
costeroid use), NSAIDs should be used at low doses
and a prostaglandin E, analog (misoprostol) should
be co-administered (level I evidence); a weak COX-1

inhibitor may be preferred (level Il evidence).

* H. pylori should be eradicated in patients with prior
duodenal or gastric ulcer (level | evidence).

¢ NSAIDs should be avoided in patients who have previ-
ously developed clinically important peptic ulcer
disease while receiving misoprostol (level Il evidence).

RENAL EFFECTS OF NSAIDs

NSAID blockage of COX activity with a resultant
decrease in production of prostaglandins leads to de-
creased renal blood flow and glomerular filtration rate
(GFR), decreased chloride and sodium excretion, lower
renin production with a decrease in aldosterone and a
rise in antidiuretic hormone levels to prevent volume
contraction (Fig. 2).%% The adverse effects may include
acute renal failure, reduced efficacy of antihypertensives
and diuretics, and interstitial nephritis. In most people,
the risk of NSAID nephropathy is low. Mild fluid reten-
tion occurs in fewer than 5% of NSAID users and other
renal function abnormalities in fewer than 1%.5¢.7
However, certain at-risk patients can be readily identi-
fied. Other than interstitial nephritis, the risk of NSAID
renal toxicity is greatest in patients with pre-existing re-
nal disease, renal hypoperfusion or concomitant drug
therapy (Table 2).557-2

INHIBITION OF PROSTAGLANDINS

Prostaglandins play an important role in the regula-
tion of renal blood flow and of sodium and water resorp-
tion, particularly in the presence of reduced renal blood
perfusion or chronic renal failure. Interstitial nephritis

Arachidonic acid

+ Prostaglandins

NSAID
~—ff—— COX

+Renal blood flow Chloride absorption
in loop of Henle

+GFR ——>+Sodium retention

BUN Edema
Creatinine Hypertension

Renin +ADH effect

Aldosterone

*Potassium retention Water retention

Hyperkalemia Hyponatremia

Fig. 2: Renal effects of NSAIDs. ADH = antidiuretic hormone, GFR = glomerular filtration rate, BUN = blood urea nitrogen.
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appears to be an idiosyncratic allergic reaction. All other
renal adverse effects of NSAIDs are thought to be due to
their inhibition of prostaglandin production.®s7+7 Of
the two isoforms of COX, COX-1 is thought to be in-
volved in autoregulation of renal perfusion.”

COX-2 selective NSAIDs

Although all currently available NSAIDs are capable
of inducing NSAID nephropathy, NSAIDs that block
COX-2 predominantly, while sparing COX-1, would be
expected to cause less nephrotoxicity than nonselective
NSAIDs. Confirmation of this hypothesis and its clinical
importance require further study. '

Other NSAIDs

The nonacetylated salicylate, salsalate, is a weak
prostaglandin inhibitor and appears to cause less renal
insufficiency than traditional NSAIDs.#7 Similarly, the
pro-drug, sulindac, has been reported to cause less renal
insufficiency in patients with very mild pre-existing renal
disease, but this remains controversial 7%

Prostaglandin E, analog

Studies using supplemental misoprostol for the pre-
vention of NSAID nephropathy have yielded promising
but conflicting results. Supplemental misoprostol ap-
peared to be helpful in both elderly® and hypertensive®
patients and in patients with diabetes.® It does not appear
to protect renal function in patients with rheumatoid
arthritis treated with cyclosporin A * but if misoprostol is

Table 2: Risk factor
Pre-existing renal disease
Nephrosclerosis (e.g., hypertension, diabetes)
Glomerulonephritis (e.g., autoimmune disease)

Nephron drop out (é'.vg., hlgh ége, previous renal diseasé)

Renal hypoperfusion
Low-output cardiac disease
Liver disease 3
Hypovolemia

Sodium depletion
Hypoalbuminemia
Hyperfension

Diuretic therapy

Extreme exercise

Concomitant drug therapy

Diuretics

Antihypertensives (e.g., ACE inhibitors)
Cyclosporin A

commenced at the same time as cyclosporin A in patients
receiving a renal transplant, there is enhanced preserva-
tion of renal function and prolonged renal graft survival.*

RECOMMENDATIONS

e Alternative therapy should be considered in patients
with nephrotoxic risk factors (level Il evidence).

¢ If nephrotoxic risk factors are present and therapy
with NSAID:s is felt to be warranted, the lowest ef-
fective dose of NSAID should be used (level III evi-
dence); concomitant therapy with other potentially
nephrotoxic medications should be avoided (level I
evidence); blood pressure and serum creatinine and
electrolyte levels should be checked 1 to 2 weeks af-
ter starting NSAID therapy and as clinically war-
ranted thereafter (level Il evidence).

® Treatment of NSAID nephropathy is currently lim-
ited to withdrawal of the NSAID and correction of
any blood volume, blood pressure and electrolyte ab-
normalities (level Il evidence).

NSAID-RELATED DRUG INTERACTIONS

Adverse drug reactions involving NSAIDs account for
over 25% of all observed drug reactions.® In the United
States, about 50 million people consume an NSAID-re-
lated product daily; this means that one in every five US
citizens is at daily risk of an NSAID-related adverse
event.” Many of these people are elderly and are taking
additional medications that may interact with NSAIDs.
Studies have shown that the average number of prescrip-
tions increases with age, 75% of ambulatory commu-
nity-dwelling elderly people take at least one prescrip-
tion medication, and the average number of drugs
consumed per day is 12 to 15 including OTC drugs.®#

The prevalence and incidence of adverse drug interac-
tions involving NSAIDs remains unknown but, in general,
if a patient is taking two medications, drug interactions
occur in 6% of cases. The rate of interactions increases to
50% of cases among people taking five prescribed drugs,
and 100% if eight prescribed drugs are taken.®

OVER-THE-COUNTER MEDICATIONS

Prescriber and consumer ignorance are likely to be
major determinants in many observed adverse events.
Lamy* found that the extent of nonprescription drug use
is often inadequately determined by the physician, thus
increasing the risk of drug interactions. In fact, 40% to
60% of drugs consumed are OTC medications, most of-
ten analgesics (particularly ASA), laxatives and vita-
mins.® OTC analgesics can interact with other medica-
tions or with herbal treatments.”” In the United States,
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ASA, ibuprofen, naproxen and ketoprofen are available
OTC, but only ASA and ibuprofen are available in
Canada. The potential for patients consuming both

OTC and prescribed NSAIDs can be expected to result
in a greater frequency of NSAID-related adverse events.

SIGNIFICANT ADVERSE DRUG INTERACTIONS

Adverse drug interactions involving NSAIDs may be
limited by careful prescribing and monitoring of drugs,
particularly in patients who are at risk for NSAID-in-
duced adverse effects (Table 1). NSAID use should be
restricted in patients who are taking oral anticoagulants,
as the combination increases risk of hemorrhage 13-
fold.”* Patients receiving corticosteroids and NSAIDs are
at 15 times greater risk for peptic ulcer disease than are
people receiving neither drug® (Table 3).

NSAIDs inhibit the renal clearance of lithium,
digoxin and aminoglycosides, particularly in elderly pa-
tients.’ Serum levels of these substances should be mea-
sured in all patients using these medications in combina-
tion with NSAIDs. Triamterene and NSAIDs,
particularly indomethacin, can lead to an increased risk
of renal failure. Ibuprofen may displace phenytoin from
albumin, but unbound levels rise only if phenytoin me-
tabolism is saturated or if folate depletion occurs. This
may necessitate measuring phenytoin levels and reduc-
ing the dosage if necessary.* Cholestyramine binds to
acidic drugs including NSAIDs and may reduce their ab-
sorption rate. Cholestyramine also enhances the elimina-
tion of piroxicam and tenoxicam by interrupting the en-
terohepatic cycle.®

ANTIHYPERTENSIVE AGENTS

NSAIDs interfere with the actions of thiazide and

Dfug Adverse event
OTC* NSAIDs Increased NSAID toxicity
Anticoagulants Hemorrhage
Corticosteroids Peptic ulcer

Diuretics Decreased blood pressure control

Antihypertensives
ACE inhibitors
High-dose methotrexate

Decreased blood pressure control

Acute renal failure

Increased toxicity

(> 15 mg/wk)
Lithium Decreased renal clearance
Digoxin Decreased renal clearance

Aminoglycosides Decreased renal clearance
Phenytoin

Antacids

Decreased albumin binding
Decreased NSAID levels

*OTC = over the counter.

loop diuretics, diminishing their effectiveness as antihy-
pertensive agents.®* Under normal physiological cir-
cumstances, the inhibiting effects of NSAIDs on renal
prostaglandin synthesis have little effect on GFR. In pa-
tients with preexisting volume contraction (renal, he-
patic or congestive heart failure), introduction of an
NSAID causes reduced production of vasodilating
prostaglandins, which results in exaggerated renal vaso-
constriction and a decreased GFR.

Patients with hypertension are frequently pre-
scribed diuretics or drugs that inhibit angiotensin-
converting-enzyme (ACE) inhibitors. ACE inhibitors
counteract the vasoconstrictive properties of an-
giotensin, and in the presence of a concomitantly ad-
ministered NSAID they place patients at markedly in-
creased risk for acute renal impairment.®* Physicians
should be wary when prescribing an NSAID for a
muscle strain or arthritis if patients are taking antihy-
pertensive medications. Consideration should be
given to using a calcium-channel blocker or a B-
blocker rather than an ACE inhibitor if NSAIDs will
be used for extended periods. Blood tests for renal
function should be obtained 1 to 2 weeks after an
NSAID is prescribed in patients who are at risk for
NSAID toxicity (Table 2).

METHOTREXATE

NSAIDs may interfere with methotrexate pharmaco-
kinetics. Low doses of methotrexate (in the range of 7.5
mg per week) cause no problems when co-administered
with NSAIDs. In patients receiving more than 15 mg
methotrexate per week, NSAID use may result in de-
creased creatinine clearance and decreased renal clear-
ance of methotrexate.®** However, in clinical practice,
there have been no reported problems associated with
the chronic use of NSAIDs in patients receiving doses of
methotrexate of up to 15 mg per week. Physicians may
receive cautionary advice from local pharmacists regard-
ing important drug interactions with methotrexate and
NSAIDs (especially salicylates); however, this combina-
tion is used frequently, and generally the benefits out-
weigh the risks.

ANTACIDS

Antacids and NSAIDs interact in a variety of ways;
adverse effects can be avoided if these medications are
taken at different times. Aluminum hydroxide antacids
reduce the absorption of naproxen, and increased doses
of naproxen may be required for therapeutic effect.
Antacids in large doses can reduce serum salicylate levels
by 25%, by increasing urinary pH and renal elimination
of salicylates.
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RECOMMENDATIONS

¢ NSAIDs should be avoided, if possible, in elderly pa-
tients with congestive heart failure or hepatic or re-
nal impairment who are taking other medications
(level Il evidence).

e NSAIDs should be avoided, if possible, in patients
taking oral anticoagulants or corticosteroids (level I
evidence).

e Doses of lithium, digoxin, aminoglycosides and
phenytoin may require adjustments if NSAIDs are
added (level Il evidence).

¢ Concomitant use of NSAIDs and triamterene should
be avoided, if possible (level Il evidence).

¢ NSAIDs can be used safely by patients receiving low
doses of methotrexate (less than 15 mg per week)
(level Il evidence).

e [f NSAIDs are used by patients receiving antihyper-
tensive agents, blood pressure and creatinine and
electrolyte levels should be monitored in high-risk
patients (level Il evidence), and a calcium-channel
blocker or B-blocker should be considered rather
than an ACE inhibitor (level Il evidence).

® Antacids and NSAIDs should be taken at different
times (level 1l evidence).

® More than one NSAID should not be prescribed
concurrently, except for low-dose ASA as an an-
tithrombotic agent with an NSAID as an anti-inflam-
matory or analgesic agent (level Il evidence).

¢ Patients should be cautioned to avoid concomitant
OTC NSAID use when using prescription NSAIDs.

¢ Physicians should ask patients, particularly elderly
patients, about the use of concomitant medications,
especially OTC NSAIDs, at every visit.

NSAIDS AND BLOOD COAGULATION

PLATELETS

Thromboxane is the chief product of the action of
platelet COX on arachidonic acid. Thromboxane causes
secondary platelet aggregation and is pivotal in coagula-
tion. ASA causes irreversible acetylation of COX. The
platelet has no way of regenerating this enzyme, and thus
the effect of ASA lasts for the life of the platelet (7 to 10
days).” All other NSAIDs cause reversible inhibition of
platelet COX, which disappears when the NSAID is re-
moved from the system. The preferential inhibition of
COX-2, rather than COX-1, by nabumetone and etodolac
may result in a minimal effect on platelets by these agents
and is one way of testing for COX inhibition

For most patients, the antiplatelet activity of tradi-
tional NSAIDs is of no clinical significance, but occa-
sionally adverse effects are seen (Table 4).

CLOTTING FACTORS

Although most NSAIDs can result in transient eleva-
tion of liver transaminase levels, they rarely compromise
hepatic function significantly and, with the exception of
high-dose ASA, have no influence on the production of
vitamin-K-dependent clotting factors. Through this
mechanism, high-dose ASA can lead to a bleeding
diathesis.*

WARFARIN

Warfarin exists as two enantiomers, R and S, which
occur in equal proportions in commercial preparations.
The S enantiomer is the more potent form. Its metabo-
lism can be altered by phenylbutazone, which decreases
its clearance and results in a net increase in anticoagulant
effect.® So far, no other NSAID has demonstrated signif-
icant effects on warfarin metabolism.

About 99% of warfarin is protein bound. NSAIDs are
weak organic acids that are also bound to albumin to a
high degree. NSAIDs can displace warfarin from albu-
min, thereby increasing the concentration of free war-
farin and enhancing the drug's anticoagulant effect.
However, although the concentration of free warfarin is
increased, more of the drug is available for elimination,
and a new steady-state is soon reached.

RECOMMENDATIONS

¢ Concomitant use of ASA in anti-inflammatory doses
and warfarin should be avoided at all costs (level Il
evidence).

¢  Concomitant use of NSAIDs and warfarin should be
avoided if possible (level Il evidence).

e If NSAIDs are deemed necessary in patients receiv-
ing warfarin, the international normalized ratio
(INR) should be monitored, as the dose of warfarin
may require adjustment (level Il evidence).

¢ If NSAIDs are introduced in patients receiving war-
farin, physicians should consider one with weak
COX-1 activity to minimize the effect on platelets
(level III evidence), a nonacetylated salicylate that
has little effect on either COX-1 or COX-2 (level III
evidence), or the concomitant use of misoprostol to
protect the gastric mucosa (level Il evidence).

Table 4: Potential antiplatelet effects of NSAIDs
Sypontya‘n;eous epistaxis :

Easy bruising

Bleediné peptic ulcer

Maternal and neonatal bleeding at delivery

Excessive bleéding at surgery
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SUMMARY

NSAIDs alone can have multiple deleterious effects,
particularly on GI and renal systems. These effects are
more common in patients who are at risk because of age,
congestive heart failure or renal or hepatic impairment.
The risks are further compounded by interactions of
NSAIDs with a variety of other drugs. The increased avail-
ability of OTC NSAIDs will likely result in an increased
frequency of NSAID-related adverse events. Safer NSAIDs
are needed. Perhaps future NSAIDs with selective COX-2
inhibition activity will diminish the frequency of NSAID-
related adverse events and drug interactions.

The following were participants in the Canadian NSAID Consensus
Symposium: C. Alderice, MD, FRCPC, associate professor of medicine,
Memorial University of Newfoundland, and director, Rheumatic Disease
Unit, St. Clare's Mercy Hospital, St. John's, Nfld.; M. Camerlain, MD,
FRCPC, Centre universitaire de santé de I'Estrie, Centre hospitalier de
Granby, Québec, Que.; L. Duchesne, MD, associate professor of medi-
cine, University of Montreal, Hépital Maisonneuve-Rosemont, Mon-
treal, Que.; A. Fam, MD, FRCPC, professor of medicine and head, Divi-
sion of Rheumatology, Sunnybrook Health Science Centre, University
of Toronto, Toronto, Ont.; C. Flanagan, MD, FRCPC, assistant profes-
sor of medicine, McGill University, Royal Victoria Hospital, Montreal,
Que.; K. Glaser, PhD, Abbott Laboratories, Department of Immuno-
sciences, Chicago, IIl.; A.V. Jovaisas, MD, FRCPC, assistant professor,
Division of Rheumatology, Department of Medicine, University of Ot-
tawa, Ottawa General Hospital, Ottawa, Ont.; W.F. Kean, MD, clinical
professor, rheumatology, and head service rheumatologist, McMaster
University Medical Centre, Hamilton, Ont.; E. Keystone, MD, FRCPC,
professor of medicine, University of Toronto, and director, Smythe Di-
vision of Advanced Therapeutic Studies, Arthritis and Autoimmunity Re-
search Centre, Wellesley Hospital, Toronto, Ont.; J. McSherry, MB,
ChB, FCFP, professor of family medicine, University of Western On-
tario, and chief of family medicine, London Health Sciences Centre
(South Campus), London, Ont.; H.A. Ménard, MD, FRCPC, professor
of medicine and cell biology, CUSE and Université de Sherbrooke,
Sherbrooke, Que.; D. Myhal, MD, FRCPC, associate professor, Univer-
sité de Sherbrooke, staff rheumatologist, Centre universitaire de santé de
I'Estrie, consultant, Peripheral Hospitals, director, Osteoporosis Clinic,
Sherbrooke, Que.; P.M. Peloso, MD, MSc, FRCPC, assistant professor,
Department of Medicine, University of Saskatchewan, Saskatoon, Sask.;
L. Picard, FRCPC, CSPQ, internist and rheumatologist, Hopital
Georges L. Dumont, Moncton, NB; J.E. Pope, MD, MPH, FRCPC, assis-
tant professor of medicine (rheumatology), University of Western On-
tario, London, Ont.; E. Sutton, MD, FRCPC, program director, Division
of Rheumatology, Postgraduate Education, Dalhousie University, lec-
turer, Dalhousie Department of Medicine, undergraduate education di-
rector, Division of Rheumatology, Queen Elizabeth I Health Science
Centre, Halifax, NS.

The preparation and publication of these recommendations were
sponsored by an unrestricted educational grant from Procter & Gamble
Pharmaceuticals.

References

1. Roth SH: Nonsteroidal anti-inflammatory drugs: gastropa-
thy, deaths and medical practice. [editorial] Ann Intern Med
1988; 109: 353-354

2. Elashoff JD, Grossman MI: Trends in hospital admissions
and death rates for peptic ulcer in the United States from
1970 to 1978. Gastroenterology 1980; 78: 280285

3. Wilcox CM, Shalek KA, Cotsonis G: Striking prevalence of

10.

11.

12.

13.

14.

15.

18.

19.

20.

21.

22.

23.

over-the-counter nonsteroidal anti-inflammatory drug use in
patients with upper gastrointestinal hemorrhage. Arch Intern
Med 1994; 154: 42-46

. Gurwitz JH, Avorn J: The ambiguous relation between ag-

ing and adverse drug reactions. Ann Intern Med 1991; 150:
841-845

. Levy M, Lipshitz W, Eliakim M: Hospital admissions due to

adverse drug reactions. Am J Med Sci 1979; 227: 49-56

. Seidl LG, Thornton GF, Smith JW et al: Studies on the epi-

demiology of adverse drug reactions: Ill. Reactions in pa-
tients on a general medical service. Bull Jobns Hopkins Hosp
1966; 19: 299-315

. Nolan L, O'Malley K: Prescribing for the elderly. Part 1:

Sensitivity of the elderly to adverse drug reactions. [review]
J Am Geriatr Soc 1988; 36: 142—-149

. Grymonpre RE, Mitenko PA, Sitar DS et al: Drug-associated

hospital admission in older medical patients. J Am Geriatr Soc
1988; 36: 1092-1098

. Gabriel SE, Jaakkimainen L, Bombardier C: Risk for serious

gastrointestinal complications related to use of nonsteroidal
anti-inflammatory drugs. Ann Intern Med 1991; 115: 787-796
Hogan DB, Campbell NRC, Crutcher R et al: Prescription
of nonsteroidal anti-inflammatory drugs for elderly people
in Alberta. Can Med Assoc J 1994; 151: 315-322

Griffin MR, Piper JM, Daugherty JR et al: NSAID use and
increased risk for peptic ulcer disease in elderly persons. Ann
Intern Med 1991; 114: 257-263

Silverstein F, Graham D, Senior J et al: Misoprostol reduces
serious gastrointestinal complications in patients with
rheumatoid arthritis receiving nonsteroidal anti-inflamma-
tory drugs. Ann Intern Med 1995; 123: 241-249

Kaplan B, Swain RA: NSAIDs. Are there any differences?
Arch Fam Med 1993; 2: 1167-1174

Guess HA, West R, Strand LM et al: Fatal UGI hemorrhage
or perforation among users and nonusers of NSAIDs in
Saskatchewan, Canada, 1983. J Clin Epidemiol 1988; 41: 35-45
Armstrong CP, Blower AL: NSAIDs and life threatening
complications of peptic ulcerations. Gut 1987; 28: 527-532

. Montanat S, Cusak B: Overcoming problems with polyphar-

macy and drug misuse in elderly. Clin Geriatr Med 1992; 8:
143-158

. Tamblyn RM, McLeod PJ, Abrahamowicz M et al: Ques-

tionable prescribing for elderly patients in Quebec. Can Med
Assoc J 1994; 150: 1801-1809

Knight JR, Campbell AJ, Williams SM et al: Knowledgeable
non-compliance with prescribed drugs in elderly subjects —
a study with particular reference to non-steroidal anti-in-
flammatory and antidepressant drugs. J Clin Pharm Ther 1991;
16 (2): 131-137

Goldbloom R, Battista RN: The periodic health examina-
tion. 1. Introduction. Can Med Assoc J 1986; 134: 721-723
Murray MD, Brater DC: NSAIDs. Clin Geriatr Med 1990; 6:
365-441

Dieppe PA, Frankel SJ, Toth B: Is research into the treat-
ment of osteoarthritis with NSAID misdirected? Lancet 1993;
341: 353-354

Bradley JD, Brandt KD, Katz BP et al: Comparison of an anti-
inflammatory dose of ibuprofen, and analgesic dose of ibupro-
fen, and acetaminophen in the treatment of patients with os-
teoarthritis of the knee. N Engl J Med 1991; 325: 87-91

Caruso I, Bianchi Porro G: Gastroscopic evaluation of anti-

CAN MED ASSOC J  1°" JUILL. 1996; 155 (1)




24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

inflammatory agents. BMJ 1980; 280: 75-78

Garcia Rodriguez LA, Walker AM, Perez Gutthann S: Non-
steroidal antiinflammatory drugs and gastrointestinal hospi-
talizations in Saskatchewan: a cohort study. Epidemiology
1992; 3: 337-342

Levy RA, Smith DL: Clinical differences among NSAIDs.
Drug Intell Clin Pharm 1989; 23: 7685

Avorn J: Reporting drug side effects: signals and noise. [edi-
torial] JAMA 1990; 263: 1823

Walker AM, Chan KWA, Yood RA: Patterns of interchange
in the dispensing of nonsteroidal anti-inflammatory drugs. J
Clin Epidemiol 1992; 45 (2): 187-195

Wallace J: Mechanisms of nonsteroidal anti-inflammatory
drug induced gastrointestinal damage — potential for devel-
opment of gastrointestinal safe NSAIDs. Can J Physiol Phar-
macol 1994; 72: 1493—1497

Rosen GD, Birkenmeier TM, Raz A et al: Identification of a
cyclooxygenase-related gene and its potential role in
prostaglandin formation. Biochem Biophys Res Commun 1989;
164: 1358-1365

Kujubu DA, Fletcher BS, Varnum BC et al: TIS10, a phorbol
ester tumor promoter-inducible mRNA from Swiss 3T3
cells, encodes a novel prostaglandin synthase/cyclooxyge-
nase homologue. J Biol Chem 1991; 266: 12866—12872
Masferrer JL, Zweifel BS, Manning PT et al: Selective inhi-
bition of inducible cyclooxygenase 2 in vivo is anti-inflam-
matory and nonulcerogenic. Proc Natl Acad Sci U S A 1994,
91: 3228-3232

Meade EA, Smith WL, DeWitt DL: Differential inhibition
of prostaglandin endoperoxidase synthetase (cyclo-oxyge-
nase) isozymes by aspirin and other non-steroidal anti-in-
flammatory drugs. J Biol Chem 1993; 268: 8610-8614

Adams L, Neuman RG, Sachs J et al: Efficacy and gastric
safety of etodolac as determined in cultured human gastric
and synovial cells. Gastroenterology 1984; 98 (suppl 5)

Jeremy JY, Mikhailidis DP, Barradas MA et al: The effects of
nabumetone and its principal active metabolite on in vitro
human mucosal prostanoid synthesis and platelet function.
Br J Rheumatol 1990, 29: 116119

Laneuville O, Breuer DK, DeWitt DL et al: Differential inhi-
bition of human prostaglandin endoperoxide H synthases-1
and -2 by nonsteroidal antiinflammatory drugs. J Phamacol
Exp Ther 1994; 27: 927-934

Glaser K, Sung ML, O'Neill K et al: Etodolac selectively in-
hibits human prostaglandin G/H synthase 2 (PGHS-2) ver-
sus human PGHS-1. Eur J Pharmacol 1995; 281: 107-111
Glaser KH: Cyclooxygenase selectivity and NSAIDs: cy-
clooxygenase-2 selectivity of etodolac (Lodine). Inflam-
mopharmacol 1995; 3: 335-345

Bianchi Porro G, Caruso I, Petrillo M et al: A double-blind
gastroscopic evaluation of the effects of etodolac and
naproxen on the gastrointestinal mucosa of rheumatic pa-
tients. J Intern Med 1991; 229: 5-8

Roth SH: Endoscopy-controlled study of the safety of
nabumetone compared with naproxen in arthritis therapy.
Am J Med 1987; 83 (suppl 4B): 25-30

Lanza FL, Arnold JD: Etodolac, a new nonsteroidal anti-in-
flammatory drug: gastrointestinal microbleeding and endo-
scopic studies. Clin Rheumatol 1989; 8 (suppl 1): 5-15

Roth SH, Tindall EA, Jain AK et al: A controlled study com-
paring the effects of therapy with nabumetone, ibuprofen,

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

or concomitant ibuprofen/misoprostol on the upper gas-
trointestinal mucosa of patients with osteoarthritis. Arch In-
tern Med 1993; 153: 2565-2571

Lanza FL: Gastrointestinal toxicity of newer NSAIDs. Am J
Gastroenterol 1993; 88: 1318-1323

Laine L, Sloane R, Ferretti M et al: A randomized, double-
blind comparison of placebo, etodolac, and naproxen on
gastrointestinal injury and prostaglandin production. Gas-
trointest Endosc 1995; 42: 428-433

Roth S: Upper gastrointestinal safety with nabumetone. J
Rbeumatol 1992; 19 (suppl): 74-79

Serni U: Global safety of etodolac: reports from worldwide
postmarketing surveillance studies. Rbeumatol Int 1990: 10
(suppl): 23-27

Graham DY, Agrawal NW, Roth S: Prevention of NSAID-
induced gastric ulcer with misoprostol: multicentre, double-
blind, placebo-controlled trial. Lancet 1988; 2: 1277-1280
Fries JL, Williams CA, Bloch DA et al: The relative toxicity
of nonsteroidal antiinflammatory drugs. Arthitis Rbeum 1991,
34: 1353-1360

Bélanger D: Helicobacter pylori. New knowledge is changing the
face of peptic ulcer disease. Pharm Prac 1995; 11 (8): 65-72
Raskin J, White R, Jackson ] et al: Misoprostol dosage in the
prevention of nonsteroidal anti-inflammatory drug-induced
gastric and duodenal ulcers: a comparison of three regimens.
Ann Intern Med 1995; 123; 344-350

Eberhart C, Dubios R: Eicosanoids and the gastrointestinal
tract. Gastroenterology 1995; 109: 285-301

Lancaster L: Effective non-steroidal anti-inflammatory drugs
devoid of gastrointestinal side effects: Do they really exist?
Dig Dis 1995; 13 (suppl): 40—47

Russell R: Endoscopic evaluation of etodolac and naproxen,
and their relative effects on gastric and duodenal
prostaglandins. Rbeumatol Int 1990; 10 (suppl): 17-21
Eversmeyer W, Poland M, DeLapp R et al: Safety experi-
ence with nabumetone versus diclofenac, naproxen, ibupro-
fen, and piroxicam in osteoarthritis and rheumatoid arthritis.
Am J Med 1993; 95 (suppl 2A): 10s—18s

Bernhard G: Worldwide safety experience with nabume-
tone. J Rbeumatol 1992; 19 (suppl): 48-56

Ferraz M, Maetzel A, Bombardier C: Meta-analysis compar-
ing the effects of low risk nonsteroidal anti-inflammatory
drugs (NSAIDs) on the gastric and duodenal mucosa. [ab-
stract] Arthritis Rbeum 1995; 38 (suppl): S261

Wallace J, Reuter B, Cicala C et al: Novel nonsteroidal anti-
inflammatory drug derivatives with markedly reduced ulcero-
genic properties in the rat. Gastroenterology 1994; 107: 173-179
Elliott S, McKnight W, Cirino G et al: A nitric oxide-releas-
ing nonsteroidal anti-inflammatory drug accelerates gastric
ulcer healing in rats. Gastroenterology 1995; 109: 524-530
Kim J, Graham D, Misoprostol Study Group: Helicobacter py-
lori infection and development of gastric or duodenal ulcer
in arthritic patients receiving chronic NSAID therapy. Am J
Gastroenterol 1994; 89: 203-207

Tytgat G, Noach L, Rauws E: Helicobacter pylori infection and
duodenal ulcer disease. Gastroenterol Clin North Am 1993, 22:
127-140

Bjarnson I, Hayllar J, Macpherson A et al: Side effects of
nonsteroidal anti-inflammatory drugs on the small and large
intestine in humans. Gastroenterology 1993; 104: 1832—1847
Kaufman H, Taubin H: NSAIDs activate quiescent inflam-

CAN MED ASSOC J @ JULY 1, 1996; 155 (1)

87



62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

matory bowel disease. Ann Interm Med 1987; 107: 513-516
Rampton D, McNeil N, Sarner M: Analgesic ingestion and
other factors preceding relapse in ulcerative colitis. Gut
1983; 24: 187189

Bjarnson I, Hopkinson N, Zanelli G et al: The treatment of
NSAID induced small intestinal inflammation. Gut 1990; 31:
777-780

Bjarnson I, Hayllar J, Smethurst P et al: Metronidazole re-
duces inflammation and blood loss in NSAID enteropathy.
Gut 1992; 33: 1204—-1208

Pirson Y, van Ypersele de Strihou C: Renal side effects of
nonsteroidal antiinflammatory drugs: clinical relevance. Am J
Kidney Dis 1986; 8: 338-344

Nies AS: Renal effects of nonsteroidal anti-inflammatory
drugs. Agents Actions 1988; 24 (suppl): 95-106

Whelton A, Hamilton CW: Nonsteroidal anti-inflammatory
drugs: effects on kidney function. J Clin Pharmacol 1991; 31:
588-598

Carson JL, Willett LR: Toxicity of nonsteroidal anti-inflam-
matory drugs. An overview of the epidemiological evidence.
Drugs 1993; 46 (suppl 1): 243-248

Mene P, Pugliese F, Patrono C: The effects of nonsteroidal
anti-inflammatory drugs on human hypertensive vascular
disease. Semin Nephrol 1995; 15: 244-252

Murray MD, Black PK, Kuzmik DD et al: Acute and chronic
effects of nonsteroidal antiinflammatory drugs on GFR in el-
derly patients. Am J Med Sci 1995; 310: 188—197

. Altman RD, Perez GO, Sfakianakis GN: Interaction of cy-

closporin A and nonsteroidal anti-inflammatory drugs on re-
nal function in patients with rheumatoid arthritis. Am J Med
1992; 93: 396—402

Agmon Y, Brezis M: Effects of nonsteroidal anti-inflamma-
tory drugs upon intrarenal blood flow: selective medullary
hypoperfusion. Exp Nephrol 1993; 1: 357-363

Zambraski EJ: The effects of nonsteroidal anti-inflammatory
drugs on renal function: experimental studies on animals.
Semin Nephrol 1995, 15: 205213

Patrono C: The role of prostaglandin synthesis inhibition in
the renal syndromes associated with non-narcotic anal-
gesics. Med Toxicol 1986; 1 (suppl): 23-33

Dunn M: The role of arachidonic acid metabolites in renal
homeostasis. Non-steroidal anti-inflammatory drugs renal
function and biochemical, histological and clinical effects
and drug interactions. Drugs 1987; 33 (suppl 1): 5666
Brater DC: Clinical aspects of renal prostaglandins and
NSAID therapy. Semin Artbritis Rbeum 1987; 17 (suppl 2):
17-22

Smith WL, DeWitt DL: Biochemistry of prostaglandin en-
doperoxide H synthase-1 and synthase-2 and their differen-
tial susceptibility to nonsteroidal anti-inflammatory drugs.
Semin Nepbrol 1995; 15: 179—194

Clive DM, Stoff JS: Renal syndromes associated with nons-
teroidal anti-inflammatory drugs. N Engl J Med 1984; 310:
563-572

Ciabattoni G, Cinotti GA, Pierucci A et al: Effects of sulin-
dac and ibuprofen in patients with chronic glomerular dis-
ease: Evidence for the dependence of renal function of
prostacyclin. N Engl J Med 1984; 310: 279-283

Quintero E, Gines P, Arroyo V et al: Sulindac reduces the uri-
nary excretion of prostaglandins and impairs renal function in
patients with cirrhosis and ascites. Nephron 1986; 42: 298—303

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Nesher G, Sonnenblick M, Dwolatzky T: Protective effect
of misoprostol on indomethacin induced renal dysfunction
in elderly patients. J Rbeumatol 1995; 22: 713-716

Weir MR, Klassen DK, Hall PS et al: Minimization of in-
domethacin-induced reduction in renal function by miso-
prostol. J Clin Pharmacol 1991; 31: 729-735

Bakris GL, Starke U, Heifets M et al: Renal effects of oral
prostaglandin supplementation after ibuprofen in diabetic
subjects; a double-blind placebo-controlled, multicenter
trial. J Am Soc Nephrol 1995; 5: 1684—1688

Weinblatt ME, Germain BF, Kremer JM et al: Lack of a re-
nal-protective effect of misoprostol in rheumatoid arthritis
patients receiving cyclosporin A. Results of a randomized,
placebo-controlled trial. Arthritis Rbeum 1994; 37: 1321-1325
Moran M, Mozes M, Maddux MS et al: Prevention of acute
graft rejection by the prostaglandin E, analogue misoprostol
in renal transplant recipients treated with cyclosporin and
prednisone. N Engl J Med 1990; 322: 1183-1188

Johnson AG, Seidmann P, Day RO: NSAID-related adverse
drug interactions with clinical relevance. Int J Clin Pharmacol
Ther Toxicol 1994; 32: 509-532

Whelton A: Renal effects of over-the-counter analgesics. J
Clin Pbarmacol 1995; 35: 454—463

Lamy PP: Pharmacotherapeutics in the elderly. Morbid Mortal
7 1989; 38: 144146

Kaspar JA: Prescribed medicines: use, expenditures and
sources of payment. In National Health Care Expenditures Study
Data Preview No. 19 [DHHS publ (PHA) 82-3320], US De-
partment of Health and Human Services, Washington, 1982
Chien CP, Townsend EJ, Ross-Townsend A: Substance
abuse among the community elderly: the medical aspect.
Add Disorders Int ] 1978; 3: 357-372

Gertner E, Marshall PS, Filandrinos D et al: Complications
resulting from the use of Chinese herbal medications con-
taining undeclared prescription drugs. Arthritis Rbeum 1995;
5:614-617

Shorr RI, Ray WA, Daughtery JR et al: Concurrent use of
nonsteroidal anti-inflammatory drugs and oral anticoagu-
lants places elderly persons at high risk for hemorrhagic
peptic ulcer disease. Arch Intern Med 1993; 153: 1665—-1670
Piper JM, Ray WA, Daughtery JR et al: Corticosteroid use
and peptic ulcer disease: role of nonsteroidal anti-inflamma-
tory drugs. Ann Intern Med 1991; 114: 735-740

Houston MC: Nonsteroidal anti-inflammatory drugs and an-
tihypertensives. Am J Med 1991; 90 (suppl 5A): 425-47S
Delmas PD: Non-steroidal anti-inflammatory drugs and re-
nal function. Br J Rheumatol 1995; 34 (suppl 1): 25-28
Kremer J, Hamilton RA: The effects of nonsteroidal anti-in-
flammatory drugs on methotrexate (mtx) pharmacokinetics:
impairment of renal clearance of methotrexate at weekly
maintenance doses but not at 7.5 mg. J Rbeumatol 1995; 22:
2072-2077

Roth GJ, Stanford N, Maserus PW: Acetylation of
prostaglandin synthetase by aspirin. Proc Natl Acad Sci USA
1975; 72: 3073-3076

Dukes MNG: Acetylsalicylic acid and related compounds.
In Dukes MNG (ed): Meyler's Side Effects of Drugs, 11th ed, El-
sevier, Amsterdam, 1988: 159

Lewis RJ, Trager WF, Chan KK et al: Warfarin: stereochem-
ical aspects of its metabolism and the interaction with
phenylbutazone. J Clin Invest 1974; 53: 1607-1617

CAN MED ASSOC J @ 1¢" JUILL. 1996; 155 (1)




