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tT tHE  nons te ro ida I  an t i i n f l ammato ry  d rugs

I INSAIDs) are very commonlv prescribed. This

fact reflects the high prevalence of rheumatic diseases;

approximately B percent of people have a rheumatic

symptom at any one time. In 1984, it was estimated

that nearly one in seven Americans was treated with

an NSAlD,r and in 1986 100 mil l ion prescript ions

were writ ten for these drugs.2 During the past 30

vears. there has been a substantial increase in the

number of NSAIDs, but their avai labi l i ty varies

markedly between countr ies.3 In the United States, at

least until recently, salicylates were the most com-

mon treatment for rheumatologic diseases,+ and l+

NSAIDs are now avai lable. In contrast, 7 NSAIDs are

avai lable in Sweden, and 17 in l taly. Few data are

avai lable on the number of NSAIDs that are needed

fbr the optimal treatment of patients with rheuma-

tologic disorders. In a recent study of prescribing

patterns of rheumatologists in the United States,

B NSAIDs were found to have been used in 70 percent

of the patients, whereas 14 preparations were pre-

scribed for 90 percent.s These results are consistent

with the data of Dukes and Lundeb indicating that l0

to t5 NSAIDs are needed to provide a reasonable

choice and that the variat ions in avai iabi l i ty of

these drugs in different countries reflect regulatory

di{Ierences rather than differences in rheumatologic

practice.
Patients, physicians, regulatorY agencies, and drug

companies all have considerable interest in the ques-

tion, Do NSAIDs really differ? As a group, these drugs

have antiinflammator/, analgesic, antipyretic, and

platelet-inhibitory actions. Although NSAIDs certain-

ly do differ chemically, pharmacokinetically, and at

least to some extent pharmacodynanrically, the real

question is, Are these diflerences of any consequence?

Put another way, is variability in responsiveness
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PrrysrcocuEMrcal DrrrrnrNcEs BETwnnN Vlmous
NSAIDS

NSAIDs currently available come from a variety
of chemical classes (Table I ). Their physicochemi-
cal properties determine their distribution in the
body, and thus diflerences in these properties may
lead to variable therapeutic performance. The more
lipid-soluble NSAIDs penetrate the central nervous

system more effectively and may have greater central

effects. The central side effects of NSAIDs include
mild changes of mood, cognition, and perception
and are more common in the more lipid-soluble
NSAIDs.T'8

The vast majority of these drugs are weakly acidic,
with ionization constants (pKu) ranging from 3 to 5-

The proportion of an NSAID that is not ionized at a

particular pH is a matter of considerable importance,
t..ur.,r. it influences the distribution of these drugs

in tissues (Fig. l). Acidic NSAIDs become seques-

tered preferentialty in the synovial tissue of inflamed
jointsf 0 which may be of potential advantage during

episodes of arthrit is. Some NSAIDs, such as sulindac,
aie pro-drugs, with the active drug being produced in

vivo. It has been suggested that because sulindac does

not seem to a{Iect the renal synthesis of prostaglandins
as much as other NSAIDs, it should be prefà:'red in

patients with renal disease or threatened rerrzri perfu-

i ion, such as those who are hypovolemic.l l 'r: '  '--rr-hers,

however, have failed to demonstrate an adv;':rtage for

sulindac in these situations.r3-rs

MecHe'NrsM oF AcrroN or NSAIDs: Do Tsrv

Drrrsn?

Inhibition of CYcloorygenase

The major mechanism of action of NÍi ' \IDs is

the inhibition of cyclooxygenase activity and tirerefore

the synthesis of prostaglandins.16 The rank "rcler 
of

potency of NSAIDs as inhibitors of prost"qlandin

synthesis in vitro tends to reflect their antiin{lamrna-
tory potency rn vivo.rT The mode of inhibit iori of the

cyclooxygenase enzyme is complex and varii.;.; amolìg

NSAIDs. 'B
Careful studies relating the degree of NSAID-in-

duced inhibition of prostaglandin synthesis to anti-

inflammatory efficacy in individual subjects, are rìot

available. The doses of NSAIDs, notably aspirin, that

r,re required to srppress inflammation mal well e::-

ceed tÉe doses required to inhibit prostaglandin syn-

thesis substantialiy, at least in plasma're These and

other data have led to the suggestion that these drugs

have other mechanisms of action, particuiariv ibr

their anti inflammatory actionsre'20 (Table 2)' In sup-

port of this suggestion,, salicylate, which rs a weak

inhibitor of .ycloo*ygenase activity, appears.to be as

eflective as aspirin, a potent inhibitor of cvclooxyte-
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Table 1. Chemical Classification of NSAIDS'

CarboxYlic acids

ft :',''Ji :[i"; T'lni 
" "" 

s a I i c v I a te o'o ::,1111 ; . T " iii:ll*' ii? ll[i"ii "
cylamide',at ity tat" * it"n- ;;;;;t ; salicv late' lalsalate' and sodium

o..,,tjtiiljltl diclofenac,* indomethacin'* tolmetin'* sulindac'* and eto-

p.ooilo,]ffo.iOs - ibuprofen'* naproxen-'* fenoprot'en'* pirprofen' indoprofen'

tiaprofenic u"'o' 
"*ìoto't""rtii"pl.,il"'* 

fenbufen' flurbiprofèn' carprofen'

F""^ll,: ;:rJ:Y flufenamic acid, merènamic acid,* meclofenamic acid'* and

niflumlc acid
Enolic acids - oxyphenbutazone' phenylbutazone'* piroxicam'* sudoxicam'

tenoxicam, and isoxtcam

Nonacidic conrpounds _ nabumetone' prqìuazone, and butèxamac

kinetics of diflèrent NSAIDs t"uv :lpfuiii:*: ?l:n'
i.,i^uli,y ii rl.,:::p*. j:):ftf\Siil, il:;;
prostaglandin inhibitorv actrons

rarely been demo"'i'utta in humans in vivo' nor have

il;t;; found t. relate to a person's respon::-:: ""

NSAID or to explain the variability in responsrveness

between subjects'

LymPhocYte Function

NSAIDs mav also unmask T-cel l-suppressor act iv-

ity, thereby ,"pplt'l'ff* production of rheumatoid

rJor.Jt" S.,.'rt^ effects-have previously been assocrat-

ed only with so-calted disease-modifying antirheumat-

i ;J;;At, such as gold or penici l lamine'

Prrex'uecoKrNETr

There are both similarities and diflerencet ̂ 11o"'q
the NSAIDs in ,i,.il pr,"r*acokinetic properties. In

{eneral, NSAID; ;e' absorbed almost completely'

Éuu. low non-d;;p;"at"t hepatic clearance and

low to nonexistent f ir it-pass metabolism' are highly

albumin-bound, 

^;; 
f'u'ut small v'lumes of distri-

bution.

Dose-ResPonse Effects

Naproxen,3n 
36 carp1ofen,37 and ibuprofeltB nil:."0

parentlv linear antii;flammatory actions that depend

on the dose or plasma concelìtration in patients with

if,."*",oid arthritis' The relation b.etween t"."li.l-tti-

tion and eflèct does not e^1niaf1 all the vanatron rn

responses to tf'tiit*; ;-'* indicating that some- v a ri-

abilitv ir, ..rpot;;;j;;tmacokinetic-in 
origin' lt has

been diflìcult to demonstrate relations between the

plasma .or,tt" ' iui""t ""a 
toxicitv of'NSAlDs in hu-

mans. althougkr ti"tut relations between plasma con-

Figure 1. lon Trapping of Weak Acids in an Acidic Milieu'

The proportion of the nonionized -form of a weak acid (HA) is

hiqher in an acidic t""iii""étilr"ttl1L"1 in a more neutral envi-

ro-nment, such as th"t *titi;;ìrà ti'ghtl Because the nonionized

form of the ctrug 'n"iOé i" equilibriùm across the cell membrane

(large arrow), tne.totarlntl"t"itut"' drug concentration (HA + A-)

must De iiónèiinun that outside the cell'
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*Available in the United States

nase activi ty, in control l ing inf lammation in patients

*l iù .n""matoid arthri t is '2r

lnhibition of LiPoxYgenase

Arachidonic acid can also be, metabolized'-to an

^ÍÍay of l ipoxygenase products that have an lmpor-

tant role in inf lammatory responses'22 A nr11*: t t

xsnro, inhibit  various l i ,poxygenase enzymes ln vrtro

;X;';;;1, 
' ' ' 'zì'jese incluAe diclofenac and indo-

methacin, both of which decrease the production of

leukotrien.. u'-'ipro'iogtut'di"1 frol léukocvte::"d

svnov ia l  ce l ls  by 's t imiat ing the re incorpt - r ra t ion o f

ìl#u,i: t'ii;;i'' u'i't i"tu triglv cerid es' 2'''u

Cell-Membrane Processes

NSAIDs interfere with a variety of membrll l :1tto-

ciated pro.."t', ì"tf 
"Ji"g',ht 

utiit'it1t of NADPH ox-

idase in neutropnit"t u'-'i, the activity' of phospholip-

ase  C in  - t ; ; i l ^ * t t ' ' " . ^  number  o f 'NSAIDs '

including i 'domethuóirt, piroxicam, ibuprofet:..  ̂td

ther salicvlates' inhibit neutrophil function'r"' i" Ai-

; i l ;" i l ; i l  NSAIDs afrect some neutrophil functious'

such as ..tt-tttt ug.gregatiox' other functions of these

cells respo"d ";;;Ì;-lv 
ià ainttent NSAIDs' Piroxicam

but not it up'oit" inhibits the seneration of'hvdrogen

peroxicle fiom 
"tut'opi'ils. 

exposed to phorbol mvris-

tate aceta,. t" t^J'itu"lt'uti" À in vitro'2:ì'3o These data

led Abramson and Weissman to postulat^e..*îj.to-'

XÉnfDt inhibit cellular processes bv uncouplrng pro-

tein-prot"i" í;;;;;i;il within the lipid bilaver of

the plasma membrane' including the processes regu-

lated bY G Protern"-
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Other Nonprostaglandin Processes

Although NSAIDs inhibit the biosynthesis of 
'Plos-

,^ni""Jtr* at low doses, high (anti inflammatory) dos-

.r";;;;; in addition'wiih processes not dependent

;; ' ;;;;;"glandins, such.ut iht. activitv of enzvmes

it.. i 'on.t"o["up*L 
cl, the synthesis of proteoglycan

by chondrocyttJ;; t#""'-tt"rbrane ion fluxes' and

.Jff-..ff bi, lúi"g' Since these.eflects are concentra-

tion-dependent' the variations in dose and pharmaco-
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centrat ions of sal icylate and ototoxicity were recently
demonstrated,+o and a large record-l inkage study re-
vealed a relat ion between the NSAID dosage u.rd ,rp-
per sastrointestinal bleeding.a'

The suggestion that the pharmacokinetics of NSAIDs
in patients who respond to therapv and in those who do
not respond may differ has not been supported by the
results of studies involvine indomethacin and flurbi-
proflen.a2'a3 It has been hypóthesized that a relation be-
tween plasma concentration and response is discernibre
amons patients who respond to a particular NSAII),
whereas failure to respond can be explained pharmaco-
dynamically.+'t

Timing of Dose

Circadian rhythms have been demonstrated for
both pain and inf lammation.4:, Thus, there mav be
prelerable t imes for the administrat ion el,en of sus-
tained-release preparations. a{ì

Plasma Half-Lives

NSAIDs tend to divide into two sroups on the basis
of their plasma el imination half- l ives - those with a
short half- l i fe ( less than 6 hours) and those with a lone
one (more than l0  hours)a7 (Table  3) .  Because s teadv l
state plasma concentrat ions are achieved after a peri-
od of dosine exrendins lor three to f ive halÈl ives,
NSAIDs with long halÈl ives do not achieve plateau
concentrat ions in plasma and maximal cl inical effects
as fast as NSAIDs with short half- l ives unless a load-
ins-dose regimen is used.

Synovial Drug Concentrations

The concentrat ions of l{SAIDs in sr.novial f luid are
important, because this compartment is close to the
most  l ike ly  s i te  o f 'ac t ion o f  the druss.  Because of '  the
relat ively skrw transfbr rate of NSAIDs into and out ol-
the svnovial compartment, there is a discrepanc,u. be-
tween plasma and synovial f luid in the t ime course of
the drug concent ra t ions in  the case o l 'NSAIDs rv i th
shor t  ha l f - l i ves (F ig .  2) . t7 ' fhe mean to ta l  drue concen-
t ra t i on  (boL rnd  p lus  unbound )  i n  svnov ia l  f l u i d  w i t h i n
a dosing inten'al is approximatelv 60 percent of '  the
mean concentrat ion in plasma ovcr that Jleriod, re-

Table 2. Processes Influenced bv NSA|Ds.

Prostaglandin production
Leukotriene synthesis
Superoxide generation
Lysosomal enzyme release
Neutrophil aggregation and adhesion
Cell-membrane functions

Enzyme activi ty (NADPH oxidase,
phospholipase C)

Transmembrane anion transport
Oxidative phosphorylatron
Uptake of arrchidrxate

t-ymphocyte function
Rhcumatoit l  factor prot luct ion
Cart i lape nretabol ism

Table 3. Mean (tSD) Ptasma Half-Lives of
Different NSAlDs.*

Dnuc

Short half-life

Aspirin
Diclofenac
Etodolac
Fenoprofen
Flufenamic acid
Flurbiprofen
Ibuprofen
Indomethacin
Ketoprofen
Pirprofen
Tiaprofenic acid
Tolmetin

Long half-life

Apazone
Dif lunisal
Fenbuf'en
Nabumetone
Naproxen
Oxaprozin
Phenylbutazone
Piroxicam
Salicylate
Sulindac (sulf ide)
Tenoxicam

HALT . -L IFE  (HR)

0.25 -+ 0.03
l . l  - ' - 0 . 2

3 . 0 ; 6 . 5 + 0 . 3 t
2 . 5 + 0 . 5
1 . 4 ;  9 . 0 f
3 . 8 +  1 . 2
2 . 1 - t -  0 . 3
4 . 6 + 0 . 7
1 .8- ' -0 .4
3 . 8 ; 6 . 8 1
3 . 0 + 0 . 2

1 . 0 + 0 . 3 ;  6 . 8 1  l . 5 t

l 5  + 4

l 3 t - 2
l  l . 0

2 6 + 5
14+2
5 8 +  l 0
ó 8 + 2 5
57 -r22

2_15Í
l4 -È 8
6 0 1 1 I

*Adapted from Day et al.a7 with the pcrmission of the pub-
I  isher .

iElimination of this drug crccurs in rwo phases (indicated by
semicolon), of which the first is generally the most importanÉt

{Elimination of this drug is dose-dependent.

sardless of the el imination half- l i fe,+7 and the concen-
trat ion varies l i t t le between patients.aT'Ihe lower con-
centrat ion of 'NSAID in the synovial f luid is a resulr of
the lower albumin concentrat ion in synovial f luid as
compared wi th  p lasma.

Because of reported problems with compliance, sus-
ta ined-re lease preparar ions of  NSAIDs wi th  shor t
halÈl ives, such as ketoprofen and indomethacin, have
been developed. 

' l 'hese, 
theoretical ly, should provide

susta ined p lasma concent ra t ions throuehout  a  2+-
hour period, but this is not always the case. '+lr For
short-halÈl i fe NSAIDs such as keroprofen, however,
prof i les of the concentrat ion in svnovial f luid should
not be altered much as the result of the drus's f trrmu-
lat ion as a slow-release preparation.

Protein Binding

l\{ost NSAIDs are bound extensively (more than 95
percent) to albumin, and the free lract ion o[ drug
is usuallv increased in patients with hypoalbumine-
mia, as mav occrlr in patients with active rheumatoid
arthri t is.50 Protein bindine is saturable in the usual
dose ranse for some NSAIDs, including naproxen:,
phenylbutazone) and ibuprofèn, so that an increas-
ing dai ly dose leads to less than proport ional increas-
es in trough steaclv-state concentrat ions+7; unbound
drug concerìtrat ions inr:rease proport ional ly with the
close. Unbound corìcentruìt ions of 'r laproxerì are hieh-
er in elderly patients: ' l  arrcl those lvi t tr  act ive rheuma-
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R and active ,S enantiomers (racemic mixtures). A

unique unidirectional conversion of the arylpropionic

acid NSAIDs from the ^R to the S form occurs to a

variable degree in vivo,5'2 depending on the drug and

the individual subject.: ' : ì  Thus, the .R enantiomer of

fenoprofen is converted almost totally to the S form,

whereas little if any R-ketoprofen or R-flurbiprofen is

converted to the S form.

Enterohepatic Recycling

Studies of the enterohepatic circulat ion of NSAIDs

are l imited, but the avai lable results suggest that there

is substantial bi l iary excretion of indomethacin and

sulindac.sa

Urinary Excretion

Although a small  proport ion of most NSAIDs are

excreted unchanged in the urine, the clearance of ke-

toprofen, fenoprofen, naproxen, and carprofen is de-

creased to a variable degree in patients with renal

lai lure or those taking probenecid, because the acyl-
glucuronide metaboli tes of these druss are retained

and hydro lyzed to  re form the parent  compound.- t
' Ihis 

recycl ing is one reason NSAIDs should be used

cautiously in patients with renal impairment.r"

CrrNrcar EvronNcn or VanraBrlrrY rN

AuruNrrAMMAToRv RnspoNsEs ro NSAIDs

T'he many comparative tr ials of NSAIDs have rare-

ly revealed cl inical ly important dif ferences between

these agerìts. The absence of dif ference may be due in

part to inadequate tr ial  designs, insensit ive measure-

ments, or suboptimal methods of data analvsis.: '7 In-

deed, there is evidence of overt or hidden bias in a

larqe number of the reported studies, to such an extent

that a rel iable meta-analvsis may be impossible.: '8 I t

seems most l ikelv, however,,  that there are no substan-

t ive dif ferences in the responses to average doses of

NSAIDs amons patients with rheumatoid arthri t is or

osteoarthri t is. 
' fhe 

fìrst suggestion that there might be

individual dif lerences in responses to NSAIDs was

made bv Huskisson et al. ,51r who compared fìxed doses

of- ibuprofèn. fenoprofen, ketoprofen, and naproxen

in 105 patients with rheumatoid arthri t is. Although

only minor cl i f ferences in the mean values lor varia-

bles of disease activi ty were demonstrated between

the druss. r-t ìere was marked variat ion in individual

responses and preferences lor these NSAIDs. The pa-

t ients at either end of the response spectrum were

termed "nonresponders" or "responders" to part icular

NSAIDs. ' ; ( 'Gal l  e t  a l . ( ì r  and Scot t  e t  a l . , t '2  in  t r ia ls  us ins

f lexible doses, encountered similar dif f icult ies in dis-

t inguishing between a panel of NSAIDs on the basis

of group data, but again noted marked differences in

response between patients. Wasner et al. t ì3 compared

several NSAIDs in patients with rheumatoid arthri t is

and ankylosine spondyl i t is; they also found notable

individual prefèrences fbrr various NSAIDs and a
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Pr ak and trc , -, rlrug concentrations in synovial fluid vary little
o ìrr a dosage rnterval at steady state, but plasma concentrations
vary markedlv r'NSAlDs with short half-lives, such as S-ibupro-
fe:, (Panel A1, :nd those with long half-lives, such as tenoxicam

(Panel B).

t r . ,d  ar thr i t is t "  than in  o ther  pat ients  wi th  s imi lar
tutal concentrat ions.

Eirantiomeric f,lSAlDs
' l 'he 

cl isi :*si t ion of 'some NSAIDs is complicated by

ttre lact that they exist as two clptical isomers or enan-

tr.{)mers. Naq:roxen is marketed as the S enantiomer,

n,nit i r  intr ibi ts cvclooxygenase, but the other arylpro-
picnic acids, such as ibuprofèn, ketoprofen, and f lurbi-

profèn, are avai lahle as equal mixtures of- inactive
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sl ightly dif lèrent order of overal l  prefèrence, depend-
ins on which disease the patients had.

If  patients with rheumatoid arthri t is are alvare that
a var ie ty  o f 'NSAIDs are ava i lab le  to  them,  they are
less l ikely to comply with a resimen invol ' , ' ins one
drug and wil l  wish to try another NSAID in an at-
tempt to gain greater rel ief '  l rom pain." l  Thus, pa-
t ients'  responses. or at least their persistence r,vi th a
drug resimun. are inf luenced b1' fàctors other than
symptom re l ie f  .  ln  fàc t ,  the durat ion o f ' t reatment  lv i th
an individual NSAII) has been used to measure the
ef l ìcacv and to lerab i l i tv  o f ' that  NSAID, ' ; ]  but  the re-
su l ts  o f  such s tud ies should  be in terpreted verv  cau-
t iousl,v.

\A'hat is the origin of '  the variabi l i ty between pa-
t ients in responsiveness and prefèrence lor dif lerent
NSAIDs? Could the var iab le  responses be due to  the
well-known f luctuations in the intensitv of inf lamma-
torv and noninfìammatory rheumatologic diseases
that  might  co inc ide wi th  the exposure to  a  par t icu lar
NSAID? Al thoush a ba lanced,  randomized compar i -
son of- NSAIDs should compensate for such f luc-
tuat ions wi th  respect  to  mean resu l ts ,  cons iderab le

variabi l i ty amons individuals would general ly be ex-
pected.  Hence,  the impor tance of  s tud ies that  incorpo-
rate a bl inded rechallenge with apparentlv more ef i-
cacious or preferred NSAIDs to test i ,vhether eff icacv
arrd  preferen( 'cs  are susta ined. 'u ' ' " ]

CuNrcel DrrrrnnNcEs BETwnnN NSAIDs

Dif lèrences between NSAIDs in their phvsicochem-
ical propert ies, mechanisms of '  act ion, pharmacokinet-
ics, and pharmacodvnamics mav explain the dif fer-
ences in cl inical responses to dif ferent drues. Even so,

se lect ins  an NSAID f i r r  an ind iv idua l  pat ient  remains
more an ar t  than a sc ience. t 'n

Inflammatory Arthropathies
' l 'here 

has been a substantial trend tor,vi trd the earlv
use of 'd isease-modi fv ing asents  in  pat ients  wi th  rheu-

mato id  ar thr i t is  that  mav reduce t l ' re  requi rements  fbr

NSAIDs. ( t1 'A lso,  w i th  respect  to  dose.  Seideman and

tnLf elander'70 {bund that lclw doses ol ' indometl i :rcin and

acetaminr.rphen were as effèct ive as high doses of indo-

methac in  in  pat ients  wi th  rheumato id  ar thr i t is .  Er -en

thot rsh asp i r in  is  s t i l l  used extens ive lv  to  t reat  rhet t -

matoloeic condit ions, i t  is tolerated less well  th;rn oth-

e r  NSAIDs )  as  i s  bo rne  ou t  b l ' an  a t rah ' s i s  o f  103

control led tr ials comparine the ef l ìcacv ancl tolerance

of 'NSAIDs wi th  those of  asp i r in .Tr  There is  sonte ev i -

dence t l iat indomethacin is the most prefèrred NSAII)

f trr treating ankvlosing spondvl i t is.

Osteoarthritis
' [ 'he 

use ol 'NSAIDs in clsteoarthri t is is more conten-

t ious,  a l thoush over  ha l f  o f  NSAID prcscr ip t ions are

lor this indicatior-r.  which explains the heavv use of '

t l iese druss hi '  the elderl ,v. Osteoarthri t is commonlv

ht is  an i t r l lamrnatorv  component .  ar td  NSr \ l l )s  have
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been shown to be better than simple analgesics in re-

lieving pain72 and providing a better quality of life73 in

this disorder. Although NSAIDs have proved efEcacy

in short-term studies in patients with osteoarthri t is
and musculoskeletal disorders such as back pain, their

value over long periods is uncertain. Their contintrous

use may not be necessary, education, programs of

phvsical therapv, and the intermittent administrat ion

of 'simple analsesics beins very effect ive in a substan-

t ial  proport ion of patients. In addit iott ,  in vi tro studies

and studies in animals, although they are usually done

with very larse concentrat ions of NSAIDs, susgest

that some of these drugs have a deleterious effect on

chondrocyte function.T+ Whether this is an important

action in humans is uncertain, but i f  i t  is, the result

could be accelerated joint fai lure.T: ' '76 A recent studvTT

suggested that the deteriorat ion of joints was fàster in

patients takins a potent inhibitor of prostaglandin

svnthetase (diclofenac) than in those taking a relat ive-

l ,v mild prostaelandin inhibitor (apazone, or azapro-

pazone). 
' I 'hese 

data should be interpreted with cau-

t ion, however) since pain scores dif lered signif icantly

between the treatment sroups at the end of the study,

suggesting that the groups were not comparable. I t

has been sugeested that ef lect ive pain rel ief for pro-

longed periods mav lead to the excessive use of an

a l readv s t ressed . jo in t .

Practical Prescribing

From a practical point of view, i t  is important to

consider whether an NSAID is indicated fbr a part icu-

lar musculoskeletal problem and then to select a suit-

able drug, takine into account the diagnosis and the

previous experiences of '  the ph,vsician and the pa-

t ient.78 The dose catr be increased to the recommended

maximum over a period of one to two weeks, i f  need-

ed. I f '  the results are disappoint ing, an alternative

NSAID can be t r iec l .  In  pat ients  wi th  osteoar thr i t is  or

nonin f lammatorv  musculoske le ta l  syndromes,  such as

back pa in ,  ph1 's ica i  therapv and analges ic  agents  such

as acetaminophen should be prescribed init ial ly. The

use and dose of 'NSAIDs should  be t i t ra ted against

svnÌptonìs; doine so gives patients an obvit lus way of

managing their own therapv.

DrrrunrNcEs IN Anvnnsn RrecrroNs

One quarter of al l  adverse drug reactions reported

to the Committee on Safetv of 'Medicines in the Unit-

ed Kingdom several vears ago were due to NSAII)s,7t '

and t l ie spectrum of reactions was broad.t lO't ìr  The

most { iequent problems are gastrointestinal,  the most

common being dyspepsia. Peptic ulceration and i ts

complications are much less common. Renal adverse

eflbcts are the l ìext most common, and in addit ion they

are probabl,v often overlooked. Skin reactions are also

relat ively f iequent, lol lowed bv central nervous svstem

reactions. 
' fhere 

are a number of rare adverse reac-

t ions. including blood dyscrasias; skin reactions, suctt

as er,vthema mult i forme. t tr t icaria, and f ixed drug
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eruptions; hepatic syndromes; pneumonit is; and neu-
rologic problems, such as headaches, aseptic menin-
g i t is ,  d izz iness,  and nausea.so Some of  the rarer  s ide
effècts, such as aseptic meningit is, have been reported
only with a few NSAIDs, such as ibuprofen, sul indac,
and tolmetin.sO On the other hand, other rare effècts,
such as aplastic anemia, have been reported with most
NSAIDs. Hepatic reactions are more commonly re-
pclrted with the pyrazolone, indole, and propionic acid
classes of NSAIDs,B0 and diclofenac is now beine rec-
ognized as a rare cause of acute hepatocel lular dam-
age.n '

Gastrointestinal Effects

Since prostaglandins have a major role in the main-
tenance of normal gastrointestinal physiology, i t  is not
surprisine that drues that inhibit  the formation of
prostaelandins interfere with normal sastrointestinal
funct ion.  A l l  NSAIDs cause dyspeps ia ,  but  i ts  occur-
rence does not predict anv part icular eastr ic patholog-
ic  e f fec t .  The sast ro in test ina l  e f fbc ts  o f  NSAIDs
include gastr ic erosion, peptic-ulcer formation and
perforat ion,s2 major upper gastrointestir-ral hemor-
rhaee, and inf lammation and change in the perme-
abi l i ty  o f ' the in test ine and lower  bowel .B3 I t  has been
hard to estimate the true relat ion between NSAID use
and pept ic  u lcerat ion.  Est imates o f  the absolu te  r isk
varl '  from approximatelv two cases of '  NSAID-in-
duced serious upper gastrointestinal adverse ef lects
per 10,000 person-months of prescript ions8a to a sev-
enfbld increase in the r isk of hospital izat ion in pa-
t ients with rheumatoid arthri t is.s5 Prospective, con-
trol led studies have sussested relat ive r isks of around
1.5 for  the per forat ion or  hemorrhaee of  a  pept ic  u lcer
as a  resu l t  o f  NSAID therapr ' .8* ì87 whereas prospect ive
case-control studies have denronstrated a rerlat i 'n 'e r isk
for these serious upper sastrointestinzrl  adverse ef lbcts
that  is  between three and lour  t imes h igher .n2 '88

In a  un ivar ia te  analvs is  o f  2400 pat ients  lv i t t r  rheu-
matoid arthri t is who were fòlkrwecl prospectiveh' l i rr
ern average period ol 3t/z years, Fries et a1.85 demon-
st ra ted a hazard ra t io  (an approx imat ion of  the re la-
t ive r isk)  fbr  hosp i ta l izat ion due to  sast ro in test ina l  ad-
' .e rse ef lècts seven t imes that of patients nclt  treated
wi th  NSAIDs.  

' fhese 
resu l ts  lec l  these invest isators  to

sussest  that  in  thc  Uni ted States the svndrome of
NSAID-assoc ia ted gast ropathv accounts  fbr  a t  least
2600 deaths and 20,000 hospital izat ions each vear irr
patients with rheumatoid arthri t is alone. 

' [ 'he 
results

of  th is  s tudr  and others  sussest  that  t t re  pat ients  a t
part icular r isk fbr the d.- 'velopment of '  NSAID-a'rssoci-
ated peptic ulceration or substantial upper sastroin-
test ina l  compl icat ions,  inc lud ing death,  are  the e lder lv
and those rvith a histnrv of '  peptic ulccrat ion.ss Brr

' I 'o 
date. thc're is no str ikins er, ' ic lence that clcar-

lr , '  di f lèrentiates roughlv ec1 uipotent anti inf lammator\,
, i . ,r . ,  of '  orte NSATD f iorir  another with respcìct to
th t '  r ' i s k  o f  

' se t ' i o r r s  
L r l ) p ( ' r  g i r s t r o i n t t ' s l i na l  s i d t '  e [ f e t ' l s . 1 l

r\ l t l iough t l ie rclat ive ar.rcl  ubsolutc r isks of ' t l -rr^se par-

t icular side effects are not high, in communit ies
in which NSAID use is high (and l ikely to increase
with our aging populat ion), this level of r isk would
mean that NSAIDs were the direct cause of 20 to 30
percent of al l  cases of complications of peptic ulcer
disease .82

The question of prophylaxis for NSAID-associated
peptic ulceration is a difficult one and has recently
been reviewed extensively.e0'er Histamine-Hr-antaeo-
nist drues reduce the incidence of gastroscopically di-
agnosed NSAID-induced duodenal ulcers.e2 Omepra-
zole reduces the formation of gastr ic ulcers, and the
prostaglandin analogue misoprostol inhibits both gas-
tr ic and duodenal ulceration.e4'e5 Whether the reduc-
t ion in ulcer formation in patients taking NSAIDs is
reflected in a decrease in rates of perfioration, bleed-
ing, or other serious complications is not yet known. I f
misoprostol is ef lect ive in preventine bleeding, i t
misht be cost effect ive in patients with a history of

sastrointestinal bleeding.eb Just how long antiulcer
preparat ions should  be prescr ibed together  wi th
NSAIDs is  a lso not  c lear ,  but  some s tud ies suggest
that adaptation to the antiulcer drug may occur, thus
negating any benefi ts of long-term use.Bn'e"

Renal Effects

The other major, potential ly serious side effects of
NSAIDs are those affect ing the kidney.r Prostaglan-
dins part icipate in the autoregulat ion of renal blood
flow and slomerular f i l t rat ioneT'e8 and also inf luence
the tubular transport of ions and water.ee'r0o NSAIDs
can cause reversible impairment of slomerular f ì l tra-
t ion, acute renal fai lure, edema, interst i t ial  nephrit is,
papi l lary necrosis, chronic renal lai lure, and hyperka-
lemia. 

' fhey 
are part icularlv l ikelv to decrease glomer-

ular f i l t rat ion in patients with hypovolemic states due
to salt  deplet ion or hvpoalbuminernia and in those
lvith preexist ing renal impairment due to age, athero-
sclerosis, hvpertensive renal disease. or other intr insic
renal disease. A recent study suggesting that these
eflects arc more l ikelv to occur in patients treated with
ibuprofèn than in those treated with piroxicam or su-
l indacr"r has been cri t icized for f laws in experimental
des ign. r ( '2  l l ie re  is  senera l  asreement  that  no NSAI I )
can be prescribed with absolute safèty with respect to
renal adverse ef lects. Although acute interst i t ial  ne-
phrit is and acute tubular necrosis are much rzrrer than
renal  dysf  unct ion due to  the inh ib i t ion o l ' rena l  prosta-
glandin s,vnthesis, the fìrst tr .r 'o ef lbcts have been re-
ported occasional ly with most I \SAIf)s, most often
lènoprrolen. r() ' l

Hypertensive Effects

Prostaslandins have a role in modulat ing vascular
tonc. and some antihypertensive ancl diuret ic zrgents
mal '  s t imulate  the re lease o{ 'prostag landins.  ì ' )a  For  ex-
anrpr le .  th iaz ide d iuret ics ,  in  adc l i t ion to  inh i t i i t ing rc-
ni i l  tuhular resorption ol '  sodium and chlr. ,r ide, rn;ry
s t inru la te  the proc luct ion o [ '  prostuc ' r ' r ' l in . r " r  anc l  the
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Table 4. Interactions of NSAIDs with Other Drugs.

June 13,  l99 l

Digoxin Al l

Aminoglycosides All

Other drug affectìng NSAID
Antacids Indomethacin

Others

Dnuc ArrecrEo NSAID lupr- rcereo

Pharmacokinetic interactions

NSAID afecting other drug
Oral anticoagulants Phenylbutazone

Oxyphenbutazone
Apazone

Errecr

Inhibition of metabolism of S-warfarin, increasing
anticoagulant effect

Inhibition of renal excretion of lithium, increasing
plasma lithium concentrations and risk of
toxicity

Inhibition of metabolism of sulfonylurea drugs,
prolonging their half-life and increasing
the risk of hypoglycemra

Inhibition of metabolism of phenytoin, increasing
plasma phenytoin concentration and risk
of toxici ty

Displacement of phenytoin from plasma protein,
reducing total concentration for the same
unbound (active) concentrat ion

Reduced clearance of methotrexate (by un-
known mechanism), increasing plasma
methotrexate concentration and risk
of toxici ty

Inhibition of valproate metabolism, increas-
ing plasma valproate concentration

Potential reduction in renal function (particu-
larly in very young and very old patients),
reducing digoxin clearance and increasing
plasma digoxin concentration and risk of
toxicity (no interaction if renal function
normal)

Reduction in renal function in susceptible per-
sons. lowering aminoglycoside clearance
and increasing plasma aminoglycoside
concentration

Variable effects of different preparations:
rate and extent of absorption of indo-
methacin reduced by aluminum-contain-
ing antacids, but increased by sodium
bicarbonate

Reduction in metabolism and renal clearance of
NSAIDs and acyl glucuronide metabolites,
which are hydrolyzed back to parent drug

lncreased metabolic clearance of NSAID

Increased rate of absorption of aspirin
Anion-exchange resin binding of NSAIDs in

gut. reducing rate (and possibly extent) of
absorption

lncreased rate and extent ol absorption of
uspir in in patients with migraine

Reduction in hypotensive effect, probably re-
lated to inhibition of prostaglandin synthesis in
kidneys (producing retention of salt and water)
and blood vessels (producing increased vaso-
constr ict ion)

Reduction in natriuretic and diuretic effects; may
exacerbate congestive cardiac failure

Damage to mucosa of gastrointestinal tract and
inhibition of platelet aggregation, both in-
creasing risk of gastrointestinal bleeding
in patients taking anticoagulants

Potentiation of hypoglycemic effects (by unknown
mechanism)

Combination associated with increased risk of
hemodynamic renal tàilure

Potentiation of nephrotoxicity, even in subjects
with ntrrmal renal function

Potassium rctention and hyperkalemia

APPROACH To MANAGEMENT

Avoid NSAID if possible, or use careful moni-
toring.

Use sulindac or aspirin if NSAID must be used.
Monitor lithium concentration carefully
and make appropriate dose reduction.

Avoid these NSAIDs if possible; if not, monitor
blood glucose level closely.

Avoid these NSAIDs if possible; if not, intensify
therapeutic-drug monitoring.

Interpret total plasma concentration of phenytoin
carefully; measuring the unbound concentra-
tion may be helpful.

Simultaneous dosing is contraindicatcd. Use of
NSAIDs between cycles of chemotherapy is
probably safe. Interaction not seen with
rheumatologic doses of methotrexate.

Avoid aspirin; monitor plasma valproate con-
centration closely if another NSAID is used.

Avoid NSAIDs if possible; if not, measure
plasma digoxin and creatinine concentra-
tions frequently.

Monitor plasma aminoglycoside concentration
closely and adjust the dose accordingly.

No action required unless markedly reduced
absorption results in a poor response to the
NSAID; dose may need to be increased. Rate
of absorption of other NSAIDs can be slowed
by antacids.

May require higher doses of phenylbutazone.

No action required.
Separate dosing times by 4 hr; may need

larger-than-expected doses of
NSAID.

Avoid all NSAID use in patients receiving treat-
ment fbr hypertension if possible; if not, use
sulindac preferentially. Check blood pres-
sure measurements repeatedly after start-
ing NSAID. Additional antihyper-
tensive therapy may be needed.

Avoid NSAID use in patients with cardiac fail-
ure, if possible; use sulindac and monitor
cl inical signs of f luid retention.

Avoid al l  NSAIDs, i f  possible.

Monitor blood glucose level.

Avoid combination if possible.

Combination contraindicated.

Avoid combination; monitor plasma potassium
lcve l .

Lithium

Oral hypoglycemic
agents

Phenytoin

Methotrexate (high,
nonrheumatologic
dose)

Sodium valproate

Probenecid

Barbiturates

Caffeine
Cholestyramine

Meto,clopramide

Diuretics

Anticoagulants

Hypoglycemic agents

Triamterene

Potassiurn-sparing

Probably all (except
possibly sulindac
and aspirin)

Phenylbutazone
Oxyphenbutazone
Apazone
Phenylbutazone
Oxyphenbutazone

Others

Probably all

Aspirin

Probably all

Phenylbutazone,
possibly others

Aspirin
Naproxen and prob-

ably others

Aspirin and others

Indomethacin
Others (possibly ex-

cept sul indac)
Ail

Salicylate (high
dose)

Indomethacin

AI I

Pharmacodynamic interactions

NSAID aJfecting other drug
Antihypefensive agents

Beta-blockers Indomethacin
Diuretics Others (possibly ex-
Angiotensin-convert- cept sulindac)

ing-enzyme
inhibitors

Combination with increased risk of toxicin
I)iuretics

General Al l
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action of loop diuretics such as furosemide is prosta-

glandin-dependent.r06 It  is not surprising, therefore,

ihat interactions between these agents and NSAIDs

are common. Al l  NSAIDs, and indomethacin in par-

t icular, can interfere with the pharmacologic control

of hypertension and cardiac lai lure in patients receiv-

ing beta-adrenereic antagonists, diuret ics, or angio-

tens in-conver t ing-enzyme inh ib i tors ,  a l though as

noted in a recent review, many of these studies were

poorly designed.r0T It  is also apparent that the average

effects of NSAIDs on blood-pressure control, for ex-

ample, may be quite small ,  but that variabi l i ty be-

tween subjects is substantial '

DrrrunrxcEs rN lNrrnecrroNs or NSAIDs

Since elderly people are the most l ikely to have mul-

t iple organ dvsfunction and NSAIDs are most com-

monly used in this group, there is an enormous poten-

t ial  for interactions between NSAIDs and other drugs'

These interactions were reviewed recentlv '108 and the

common ones are summarized in' Iable 4. Some inter-

actions occur with specifìc NSAIDs (..g.,  that be-

tween phenvlbutazone and oral anticoagulants),rOe

but most can occur with any NSAID. Although cer-

tain NSAIDs are mentioned in Table 4, often this is

because they are the ones for which the interaction has

been studied.

CoNcr,usroNs

There does seem to be variabi l i ty in the response of

patients to NSAIDs, in terms of both rel ief from

symptoms and the occurrence of adverse drus reac-

t ions. Furthermore, dif ferent NSAIDs do have subtle

dif lerences in their phvsicochemical propert ies, phar-

rìacokinetics, and mechanisms of act ion, i1 addit ion

to their common property of interfering with the pro-

duction of prostaglandins, but there is l i t t le evidence

of substantial dif lerences in their ef lects in patielts,

and the side effects and interactions of these drugs are

general ly not unique to any one of them.

The indications fur NSAIDs are increasing rapid-

ly, so that they now include postoperative analgesia,

cancer-associated pain. the treatment of proteinuria

and dysmenorrhea, and the prevention of thrombo-

sis. With the broadenins ranse of use, dif lerences

may emerge between the dif lèrent NSAIDs' Linre-

solved issues include the rcl le of prostaglandin-in-

dependent mechanisms in the action of indiviclual

NSAIDs, the proof of the assert ion that some patients

.,  respond to part icular^NSAIDs whereas others do not,

. . f  / '  th; documentarion of potential deleterious ef lects on
'1, 

r ' i , : lcart i lase in vivo, and the determination of the optimal

.{titt- ,-,umbe", and types of'NSAIDS required for the eflec-
Ì!  t ive management of acute pain and inf lammation in

patients with musculoskeletal disorders. Final lY, we

neecl more knowledge of '  the r isk of serious adverse

effects in various c.atesories of '  users of NSAIDs,

a.l6ng n,i th better appreciat ion 9f-rvl iat consti tutes the

rational use of '  these valuable clrugs in the various

inci icat ions fur rvhich tht 'v areì prescribed'
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