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This review covers the problem of analgesic nephropathy
(AN) In two sectlions: Part | describes the features of "classi-
cal™ AN which has been observed with over-the=-counter combina-
tion analgesics. In Part |l, the nephrotoxic syndromes recog-
nized to be associated with the non-steroidal anti-inflammatory
drugs (NSAIDs) are dliscussed.

l. "CLASSICAL"™ AN
A. General Comments

Nonprescription antipyretic analgesics have been in wuse
for over a century. The first report linking habltual analgesic
consumption came from Switzerland In 1953 and was wrlitten by
Spuhler and Zollinger (1). This report noted that 14 of 44
patients wlith chronic Interstitial nephritis had a history of
consumption of combination analgesics containing phenacetin,
amidopyrine, Isopropylantipherine, caffeine, and persedon. Simi-
lar reports form Scandinavia and Australlia soon followed, and a
general trend toward Increasing consumption of analgesics was
noted. Initlally, the syndrome was described as a chronlc Inter-
stitlal nephritis, but 1In subsequent reports this lesion was
recognized to occur with paplillary necrosis. Papillary necrosis
has become recognized as the characteristic pathologic finding
In the syndrome.

The early reports |Ilinking analgesics and renal dlsease
were generally found In patients who consumed combinatlion pro-
ducts contalining phenacetin. This fact focused attention on
phenacetin as the primary cause of the syndrome, and phenacetin
was offlclally removed from non-prescription analgesics In
Sweden and Denmark (1961), Finland (1965), Canada (1973), United
Kingdom (1975), and the U.S (1975). Phenacetin was removed from
prescriptlion products In the U.S. In 1986. Significantly, the
removal of phenacetin has not been usually followed by the ex-
pected reduction In the Incidence of AN,

B. Syndrome of Habitual Analgesic Consumption

AN occurs In patients who consume analgesics dally (usual-
ly for headaches or to Improve work productivity), is more com-
mon in women (by a factor of 2 fo 6 fold), and has a peak Incli-
dence at age 53. Moderate to low proteinuria and "sterlle
pyuria"™ are common; +tubulointerstitial nephritis 1Is seen on
renal biopsy (possibly secondary to renal papillary damage).
Occasionally hematuria and loin paln are noted, but non-specific
complaints and findings such as malalse, welight loss, anemla,
peptic ulcer, and hypertension occur. Loss of maximum urinary
concentrating ability, renal tubular acidosis, and a salt=-losing
state are occasionally described. These clinical findings are
summarlized In Table 1.



Table 1: Clinical Features of AN

§ Affected

Urinary Tract Symptoms 70

Sterlile Pyuria 47

Bacterurla 36

Renal Collc or Hematurla 32

GFR Reductlion 92

IVP Changes 90

Hypertension 32

Dyspepsia 86

Prior Gl Bleeding/Operation 36

Anemia 60

Hemolytic 17

Iron Deflicliency 20

Several llnes of epidemiologic evidence point to analge-
sics as a causative factor In the syndrome. In one study of 698

patients (2), dally consumption of phenacetin In combination pro-
ducts resulted In a higher Incidence of renal Impairment, par-
tlcularly In patients who consumed dally analgesics for over 10
years (Table 2),

Table 2: Analgesic Consumption and Renal Function

|
No. of % of No. of pavents

pauvents total with reduced
renal function (%)

No phenaceun consumption 337 48.3 29 (8.6

Penodic consumption of phenacetin 156 223 17 (10.5)

Daily consumplion of phenaceun 205 29.4 68 (23.2)

b.

Daily consumption Duraton No. of No. of patients :
of phenacetin (y) patents wth reduced i

renal function (%)|

Under 1g 0-5 56 9(16.1)
1g or more 0-5 g1 14 (27.3)
Under 1g 6-10 18 5 (27.8)
1g or more 6-10 N 10 (32.3) i
Under Ig Over 10 30 15 (50.0) I

1g or more Over 10 19 15 (78.9)
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Retrospective analyses Iindicate that a cumulative dose of
2 to 3 kg has been Ingested prior to developing the syndrome.
In general, there Is a correlation between the prevalence of
habltual consumption and the prevalence of nephropathy as shown
In Figure 1 and Table 3 (3), Table 3 also polnts out the enor-
mous varlablility In Inclidence of the syndrome worldwlide.

Figure 1: Consumption vs Nephropathy

in Habitual C

(%)

"
2

Table 3: Consumption vs Nephropathy

Estimated Anaigesic
Per Capita RPN Nephropathy % of Cases
Consumption (% of Cases Resulting (% of Cases With ESRD Resulting

Country Phenacetin (g/yr) From Anaigesic Abuse) With RPN) From AN
Australia 40 57-94 63 15-20
Sweden 25 79 60-86 10
Switzerland 22 30 - 20
Scotiand 12 - 30 4-8
USA 10 15 26 2-10
Canada 6-7 - 68 35

From Reference 3
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Similarly, there Is also a clear-cut reglonal frequency of
the prevalence of AN and uroeplithelial tumors which correlates
with the consumption of analgesics. Pommer et al have recently
surveyed analgesic consumption In West Germany and have shown a
marked dlifference In the Incidence of tumors depending upon geo-
graphical region, The northern regions of Germany have far
greater-combination analgesic consumption and a much greater
Incidence of uroepithellial abnormalities. (Table 4).

Table 4: Analgesic Consumption and Incidence of Tumors

Analgesic nephropathy* Urinary bladder tumors®
pmp- "u mean e ot new ncidence
age paucnts™©©
Berlin (W) 37.37 10.26 59.44 16.1 921
Hamburg 26.25 242 59.72 12.0 9.15
Bremen 20.00 422 57.9% 4.55 8.03
Niedersachsen 17.95 6.85 59.46 4.61 7.06
Hessen 14.64 4.94 60.52 5.32 6.50
Nordrhein-Westfalen 13.59 4.96 58.36 6.42 397
Baden-Wirttemberg 10.22 3.38 60.28 41.8 5.43
Schleswig-Holstein 8.C8 5.18 57.95 5.45 s.10
Rheinland-Pfale 722 3.39 60.86 1.42 7.63
Bavern 5.55 232 58.54 2.63 5.77
Saarland 0.00 0.00 - 0.00 5.69
All pauents with AN (N = 774) 12.57 4.66 59.30 5.40 7.40

per million population.  percentage of patients with AN in the regional end-stage renal population, *** incidence, based on all
paticnts accepted for treatment in 1983, * EDTA-rewmstry [ 1983 unpublished ], * Becker ot al. [1982) Jaca in standard morzality rates (per |
100.000 inhabitants).

Only one study surveying this problem has been performed
prospectively (5). In this study, the authors screened 7,311
women (ages 30-49) In northwest Switzerland for regular Intake
of phenacetin by chemical examination of +the urline for N=-
acetyl-para-aminophenol (NAPA), +the major phenacetin metabo-
lite. High and low NAPA groups were Identified based on the
absolute amounts of NAPA In the urine; the high group was shown
to Ingest greater than 1.25 g/d of phenacetin. An Initial study
revealed that phenacetin consumers are more |lkely to have a his-
tory of proteinuria, kidney disorders, and abnormal concen-
trating abillty than controls, but the serum creatinines were
similar 1In both groups. However, the high NAPA group had a
higher prevalance of elevated creatinine compared to the low
NAPA and control group (Tables 3 and 4). These 623 worklng
women were assessed 6 ftimes over an 11 year period. The conclu-
sion from thls study was that heavy users of analgesics have a
higher Incidence of both abnormal kidney function and kidney-
related mortality than do casual users and nonusers.




Table 5: Tests of Table 6: Serum
Specific Gravity Creatinine
Distribution of Subjects with Normal Urinary Specific
D s e 1 Sarum  Gravity on inkial Examinetion, ACOrdng 1o Number of Aors
Creatinine on Initial Examination, According 1o Number of Reeults on Subsequent Examinations
mal Results (Elevated Levels) on Subsequent Examinations. 3
[ No. or Aswosstar REsATS : Geove No. 07 Aswosseat Resuamy
ToTaL (] 1 »2 | i ToTAL 0 1 22
H . of mbyects com
-D’Irﬁlmn:‘ f - 2 *ﬂ’%:‘”
" Stady group 3 20 105 92
Seudy group G ’: : ::‘:o :, High-NAPAP sbgrowp W M el Masan
High-NAPAP subgrowp w0 S Low-NAPAP subgrowp AT 48 @ 3s1sy
Low-NAPAP subgroup 214 1Ly 14 (e :
v 2 7 o 409 Coatrol group 476 338 » 3267
- Py | *Siguiicansy difierses tem congels (P<0.001).
w'w&-u—:-‘-ﬂml)-i*hh*ﬂﬂﬁﬂl ana———umo.uu-_uw»*
P<0.001). -
e e $Significansly diffeamt frem csssnhs (P = 0.047).
Relatlively IIfttle Information exists regarding AN preva-
lence In the U.S. In one study performed In Philadelphia (6),

6% of a hospital population consumed analgesics dally for more
than a year, although an additlonal 4% had consumed analgesics
dally for periods of 30 days to one year. Two recent studles
which surveyed the U.S. concluded between 20 and 32% of patients
with Interstitial nephritis had analgesic consumption as the
cause (7,8). Just as noted above in the West German study, sig-
nificant reglonal differences of Incldence also appear to exlst
In the U.S. For example, the use of combinatlion analgesics Is
more common In the Southeastern U.S., and the Incidence of AN Is
3-5 tlImes as common a cause of end-stage-renal-disease In North
Carolina compared to Philadelphia. A recent NIH concensus panel
(9) concluded that the overall Incidence of AN in the U.S. was
more congruent with the Northeastern sector of the country than
with the patterns of consumption noted In the Southeast In gen-

eral and North Carolina in particular. Overall estimates for
the country are that between 2 and 4% of all ESRD may be attrib-
utable to hablitual analgesic consumption. The NIH concensus

panel also recommended that serious consideration be glven to
the elimination of combination analgesic preparations (9).

C. Which Analgesic Is Responsible for AN?

Pommer has recently pointed out (10) that beginning In the
1960's In West Germany phenacetin has been gradually replaced
with acetaminophen In combination products. Further, the per
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capita consumption of phenacetin has decreased from 3.43 grams
(In 1976) to 1.73 grams (In 1983). In the same perliod, acet-
aminophen consumption Increased from 2.19 to 4.48 grams. About
two-thirds of analgesic consumption Is self-medication, and 80%
of the more than 400 avallable analgesic compounds are mixture
products. Despite the replacement of phenacetin with acetameno-
phen, the Inclidence of AN In the ESRD population Is about 13%
(up to 50% In some northern reglons) In Germany, suggesting that
the use of combination products Is as Important as whether the
compound contains phenacetin. A similar finding has been re-
ported from Australia (Table 7).

Other recent epldemliologic Incldence has favored a speci-
fic role for compound analgesic mixtures In the AN syndrome.
Korcok (11) reports that the overall Inclidence of AN has fallen
by about 50% after a 1972 ruling which removed phenacetin and
mixture compounds from over-the-counter sales.

Table 7: Trends in Prevalence of AN In ESRD In Australlia

Dates Prevalence (1%)
1967%-68 33
1968=-69 23
1969=-70 27
1970=71 29
1971-72 30
1972-73 36
1973-74 30

*¥ The year Phenacetin was restricted

The above data from Australia are difficult to Interpret.
On the one hand, these studies show a fallure of phenacetin re-
striction to lower the prevalence of AN as a cause of ESRD.
However, the Incldence of renal papillary necrosis at autopsy
has been diminished by the phenacetin restriction. Further
studles are required to clarify this Issue.

Phenacetin has historically always been used In comblina=-
tlon products, and no cases of AN have been reported with solo
use of the product. That phenacetin compounds can. clearly
affect renal function over time Is Illustrated by a summary of
studies which have compared phenacetin compounds vs. aspirin
alone In rheumatology populations (3). These results are shown
In Table 7A.

PR



Table 7A: Rheumatology Clinic Studies

Prevalence
Comparison o
Consumers Controlsi
Renal score >8°
Phenacetin compounds vs. aspinn alone
Brishane, Australia 267 7.8t
New Zealand 6.25 46
Autopsy diagnosis of papillary necrosis
Ph in vs. ph in-free pound: 29.7 8.3t
Clinical di is of papillary
Ph in pounds vs. aspirin alone l
New Zealand 9.4 0.30t
Brisbane. Australia 133 0.97¢
Autopsy di of non-obstructive pyel hritis
Ph in vs. ph in-free pound 64.9 20.8¢
Aspinn alone vs. controlsf 21.7 9.0§
* Scoring sy (1-10) for specificity of clinical evidence of AN.
+ Significantly different by chi square (p < 0.05).
$ Control population without rheumatoid arthritis whose analgesic consumption was unknown.
§ Significantly different when 7 patients with diabetic renal di were d from the | population

| Consumers of aspirin alone or ph in-free pounds except where indicated.

While these studles highlight the key role of combination
products as a cause of AN, they also suggest a more central role
for phenacetin as a pathogenic factor. As phenacetin continues
to become l|less common worldwide, the preclise Importance of the
compound In classical AN will become clearer.

Attempts to produce renal lesions with phenacetin alone
have been largely unsuccessful. Rats given 300 to 600 mg/kg/d
have developed only tfubular degenerative changes. The use of
1,000 to 3,000 mg/kg/d for perliods of two to 15 months has led
to more severe tubulointerstitial nephritis with frank paplillary
necroslis In one-third (particulary 1f +t+he rats were dehy-
drated). Simllarly, large doses of acetaminophen (900 to 3,000
mg/kg/d) produce paplllary necrosis In 40 to 60% of animals.
Studies In the dog have shown that dehydration produces ex-
tremely high concentrations of acetaminophen 1In the paplillary
tip. Summaries of the experimental results of studies with
phenacetin, acetaminophen (paracetamol), and aspirin alone are
shown In Tables 8,9, and 10 below (14),



Table 8: Experimental Analgesic

10

Nephropathy~Phenacetin

Dose Duration
Animal mg/kg/day (mo) Renal Lesion
Cat 50 55 None
Dog 225 210 None
Rabbit 1,000-2,000 120 None
Rat 300 1.0 TIN
Rat 500 5.0 TIN in 35%
Rat 1,000 15.0 TIN in 1009, RPN |
Rat 400 10.0 TIN |
Rat 300-600 1.0 TIN, RPN in 8%
Rat 2% Diet 4.0 None
Rat 750-1,300 18 None
Rat 500 -9 None
Rat-De 3,000 2-5 RPN in 37.5%
Rat-Hy 3,000 2-5 None
Rat-De 130-250 9-12 RPN in 80%
Rat-Hy 230 2-5 None

Abbreviations: TIN, tubulointerstitial nephritis; De, dehydrated rats; Hy, hydrated rats.

Table 9: Experimental Analgesic Nephropathy-Paracetamol

Animal mo/kg/day (mo) Renal Lesion |
Rat 100-300 1.0 TINIn30% |
Cat 50 55 None
Rat 2% Diet 4.0 None

Rat-De 3,000 2-5 RPN in 43%

Rat-Hy 3,000 2-5 None :

Rat-De 900 9-12 RPN in 60%

Rat-Hy 900 12.0 None

Table 10: Experimental

Analgesic Nephropathy-Aspirin

Dose Duration

Animal mg/kg/day (mo) Renal Lesion

Cat 50 55 None

Rat 250 5.0 None
Rabbit 1,000 120 TIN

Rat 500 6-9 TIN, RPN in 33%

Rat 500 6.0 None

Pig 1,000 10.0 None

Rat 25-175 5.0 None

Rat 300 9-12 TIN in 33%, RPN in 75%
Rat-De 200 25-165 RPN in 54.8%
Rat-Hy 200 25-165 None
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One feature of experimental AN Is that mixtures containing
asplirin, phenacetin, or acetamenophen result In a higher inci-
dence of papillary necrosis than when each drug is administered
Individually. In contrast to the data In the prior tables the
doses of analgesics In the mixture preparations shown below are
closer to the therapeutic range. These data are shown In Table
11 below.

Table 11: Experimental Analgesic Nephropathy-Analgesic Mixtures

Duration

Mixture Animal (mo) Renal Lesion
A&Ph Rat 15.0 TIN, RPN
A&Ph Rat 6-9 TIN, RPN in 60%
A &Ph Rat 9-12 TIN in 80%, RPN in 100%
A&P Rat 9-12 TIN in 100%, RPN in 100%
A&Ph Rat-De 2-5 RPN in 37.5%
A&Ph Rat-Hy 2-5 None
A&P Rat-De 3-75 RPN in 37.5% :
A&P Rat-Hy 3-75 RPN in 22% )

A, aspirin; P, paracetamol; Ph, phenacetin

D. Mechanisms of AN and of Renal Papillary Necroslis

The appearances of AN and paplllary necrosis are sald to
be consistant with an Ischemic process and endothelial necrosis,
vascular obliteration and narrowing, platelet aggregation in the
vasa recta, and generallized microangliopathy. Necrosls of the
ascending |Imb of Henle and the associated perlitubular capil-
laries has also been described. Clearly, dehydration potenti-
ates the nephrotoxliclity of combinatlion analgesics In experimen-
tal studles. As mentioned above, combination analgesics have
far greater renal toxlclity than any Individual agent. An impor-
tant Ingredient 1In +the toxicity of mixed analgesics 1Is n-
acetyl-p-aminophenol (NAPAP), a major metabollite of phenacetin.
Phenacetin Is no longer avallable as an over the counter agent
or prescription drug In the U.S., having been replaced usually
with acetaminophen. Phanacetin undergoes extensive (79%) and
rapid flirst pass metabolism In the |lver to paracetamial (aceta-
minophen), which Is then further metabolized and excreted In the
urine. Phenacetin Is only weakly bound to plasma proteln, under-

goes glomerular filtration, and 1Is passively reabsorbed by
tubules. No corticomedullary concentration gradient for phenace-
tTin Is achleved In klidney. Only a small percentage of aceta-

minophen Is excreted as the parent compound. Over 80% is ex-
creted as the glucuronide or sulphate conjugate. The conjugates
of mercapturic acld and cysteine are small and depend on the
dose administered. The outline of thls metabolic pathway Is
shown below.



Figure 2
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Evidence has been accumulated which relates the toxic
effects of acetaminophen to oxidation and Iits activation to a
reactive Inftfermediate In the renal cortex and medulla. If glu=-
tathlione supply Is depleted, these metabolites become cytotoxlic
by virtue of thelr ability to Induce free radical or oxldative
InjJury. Oxldation of acetaminophen by the cytochrome P450 mixed
functlion oxldases has been shown to be responsible for hepatic
toxliclty. The renal activity of cytochrome P450 Is located In
the renal cortex and (possibly) outer medulla. The renal paplli-
la contalins no cytochrome P450, Thus, metabollism of acetamino-
phen to an activated compound by prostaglandin endoperoxidase
synthetase has been proposed as a mechanism for acetaminophen
activation to an as yet unidentiflied nephrotoxic radlical in the
paplilla. Aspirin may have a further deleterious effect on aceta-
minophen toxlIcity because: 1) aspirin does not slow acetamino-
phen metabollsm; 2) aspirin acetylates a varlety of renal pro-
telns; 3) the ablility of sallcylate to reduce renal glutathione
levels. Several recent studies have been congruent with this
mechanism. There are a number of compounds now Identified with
the ability to cause renal paplllary necrosis In vivo, and these
are listed below:

ovte
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Table 12: Therapeutically administered analgesics, NSAID and
other drugs Implicated with a direct papillotoxic potential

Aclofenac Fenoprofen Niflumic acld
Aminopyrine Flufenamic acld Oxyphenbutazone
Antipyrine Glaphenine Paracetamol
Asplirin Ibuprofen Phenacetin
Aspirin, Phenacetin Indomethacin Phenylalkanate
and Codelne

Asplirin, Phenacetin 4-1sopropylbiphenyl Phenylbutazone
and Caffelne

Aspirin, and Pentazocine Ketophenbutazone Sudoxlicam
Bucloxlic aclid Ketoprofen Tol fenamic acid
Cyclophosphamlide Meclofenamic aclid Tolmetin
Dapsone Mefanamic aclid

Dextropropoxyphene Naproxen

The nephrotoxiclity of «combination analgesics probably
depends In part on the metabolism of acetaminophen to free radi-
cals, strongly electrophilic Intermediates, or to chemically
unstable metabolites which give rise to reactive Intermedliates.
Normally the Intracellular presence of excesslive amounts of nu-
cleophiles (reduced glutathione among others) combine with these
reactlive Intermediates and prevent the disruption of cellular
functions. |f, however, these scavengers are not present In suf-
ficient supply to buffer the reactive Intermediates, they will
bind to other nucleophilic reglons (including sites on macromole-
cules much as proteins and nucleic aclds) leading fto blochemical

dysfunction or even cell death. The generation of 1lpid free
radicals (lipid peroxidation) may lead to the generation of other
lipid=-free radlicals and an autocatalytic chaln reactlion, A
scheme Integrating several of these concepts Is Illustrated below:

Figure 3: Hypothetical Scheme for Nephrotoxicity
From Reference 14

P :
Falty Acid Cyclooxygenase E?t:llg::.

Lipoxygenase Non-Enzymatic

I Prostaglandin G S q
Autooxidation b 2 3 Degr
Tissue Damage Lipid Ceroxides Products
Membrane NADH oxidase 2
'/ A??S?Zafg’i’afn?'.-i’y
A'ﬂgﬂ :’.o-'-'-d.‘-’-. g Inactivation
/-
1
Activation i

Covalent Binding

Nephrotoxicity




The evolving stages of renal
trated In Figures 4 through 6:

Filgure 4:

Analgesic nephropa-
thy: early renal lesions. Sche-
matic representation of the
early pathologic lesions of
analgesic nephrotoxicity.

Figure 5:

From Reference 14
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Figure 6: Late Papillary Necrosis
From Reference 14

g'i.',- HYPERTROPHY OF MEDULLARY RAYS
x

“:/ 4 CORTICAL SCARRING
7 Interstitial Fibrosis
Tubular Atrophy
Periglomerular Fibrosis
Mononuclear Cell Infiltration

TOTAL NECROSIS AND ATROPHY wsiasts: i

OF PAPILLA phropathy: advanced renal
lesions. Schematic repre-
sentation of the late patho-
logic lesions of analgesic
nephrotoxicity.

The concentration of salicylate and acetaminophen Is 2 to 5-
fold that of cortex. The Initial lesions are patchy and consist
of necrosis of Interstitial cells, thin loops of Henle, and capil-
larles. Later, cortical scarring, characterized by Interstitial
fibrosls, tubular atrophy, and periglomerular fibrosis develop
over necrotic medullary segments. The fact that the leslions
begin In the paplllary tip Is belleved to be due to the concentra-
tion of the drugs and thelr metabolites. Also, the blood supply
of the terminal calyx Is provided by progressively thinner vasa
recti and the branches of arterles from the terminal portion of
the pyramids. At the papillary tIp only single blood vessels
remain, and the net effect Is that the papillary blood supply Is
poor when compared to the rest of the medulla. Excellent [llus-
trations of paplllary necroslis by radlographs are avalilable (19).
While the bulk of clinical cases associated with AN and paplillary
necrosis, It Is clear that NSAIDs may also be assocliated with the

lesion, although far less frequently. One particularly dis-
turbing report documented papillary necroslis In children freated
with Juvenlle rheumatold arthritis with NSAIDs (20). In this

report, the finding of microscopic or gross hematurlia was an
Important clue to the presence of renal papillary necroslis.

The role of peroxidase-mediated carcinogenesis Is unclear
at present. It has been shown that NSAID pretreatment can In-
hibit metabolism of benzidine In dog bladder (21). Several Impor-
tant carclnogens are metabolized to form protein, DNA, and tRNA
In the presence of an arachidonic aclid-dependent microsomal sys-
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tem. The prostaglandin endoperoxidase system has also been shown

to be capable of generating mutagenic products In the Ames test
(22,23).

E. Prognosis

The response of renal functlion to the dliscontinuation of
analgesics Is mixed. Linton (24) reported that renal function
stabilized or Improved In most patients (see Figure 7). Cer-

talnly the experience of Schreliner et al (25) Is mixed in this
regard.

Figure 7: Outlook for patients who contlinue (right pance) and
discontinue (left pance) Analgesics (From Reference 24)

—Filtration rates in patients who continued and in those who ceased ingestion of
analgesics (adapted from Linton®).

Creal:nine Clearance mlimin

Time. yr
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Il NEPHROTOXICITY ASSOCIATED WITH NONSTEROIDAL
ANTI-INFLAMMATORY AGENTS

A. General Comments Anti-Inflammatory Drugs

Reports of adverse renal effects of nonsterolidal anti-
Inflammatory drugs (NSAIDs) have grown remarkably 1In recent
years. Nephrologists report that NSAIDs are among the most fre-
quent reasons for a renal consultation regarding an acute reduc-

tlon In renal functlion. In fact In one recent European study
(26) NSAID-assoclated renal fallure accounted for 37% of +the
drug-assoclated acute renal fallure and about 7% of all cases of

acute renal fallure. The recognition that NSAIDs are a major
cause of acute renal fallure In the U.S. Is due to several fac-
tors: (1) It has been estimated that between 20 and 40 milllon
people In the United States have a potential therapeutic Indica-
tlon for the drugs (27), so the population at potentlal risk Is
huge; (2) many of the NSAIDs are relatively new to the market
and the reporting of adverse clinical experlences has naturally
lagged behind the Initial distribution of the drugs; and (3) the
routine determination of the serum creatinine as a part of the
SMA 12 or SMA 18 profile has enabled physiclans to detect signi-
flcant decrements In renal functlon earller and more rellably
than previously.

The following sectlon provides a brief review of renal
prostaglandin physiology In order to provide a background for
understanding the renal effects of prostaglandin syntheslis Inhi=-
bition with NSAIDs. Next, a pharmacologlic classiflication and
list of NSAIDs Is presented, followed by a discusslion of the
types of NSAID nephrotoxicity encountered In humans. Finally,
the sectlon concludes with specific gulidelines and recommenda-
tlions for the clinical use of NSAIDs.

B. Renal Prostaglandin System

Prostaglandins are a group of ubiquitous substances formed
from endogenous polyunsaturated fatty acids. In the klidney pros-
taglandins are synthesized from arachidonlc acld, a 20 carbon
fatty aclid. Prostaglandins are synthesized In both the renal
medulla and cortex. A greater amount of prostaglandins are syn-
thesized in the renal medulla while metabolism of prostaglandins
occurs primarily In the renal cortex (28). The major prostaglan-
dins made In the kidney are PGE; and PGFz . Thromboxane Az (a
vasoconstrictor) and PGl (a vasodilator) are also syntheslized
In the kidney In lesser quantities.

Renal prostaglandins (notably PGEp) are acknowledged to be
potent vasodilators In the renal clirculatlion. When infused
directly into the klidney, renal blood flow sharply Increases as
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renal vascular resistance decllines. When a vasoconstrictive
stimulus (norepinephrine Infusion, angliotensin |l 1infusion, or
renal nerve stimulatlion) Is directed to the renal circulation,
the synthesis and release of renal prostaglandins dramatically
Increase, and act to oppose the vasoconstrictive stimulus. The
Importance of +this vasoconstrictor-vasodilator (prostaglandin)
relationship has been demonstrated In a number of experimental
studies In vivo In which renal vasoconstrictive stimull have
been appllied flirst In the presence of Intact prostaglandin syn=-
thesls and then following prostaglandin syntheslis Inhibition
with a NSAID prostaglandin synthesls Inhibitor. |In these experi-
mental models of renal Ischemic stress, the Inhibition of pros-
taglandin synthesis results In enhanced renal Ischemia slince
vasoconstrictive forces are wunopposed by the vasodllatory
Influence of prostaglandins. This sequence of events has oc-
curred durlng experimental acute reductions In cardlac output
(29), hemorrhage (30,31), endotoxemia (32), and clrrhosis (33).
Each of these pathophysiologic conditions have Iin common the
ablillty to induce renal Ischemia and produce renal vasoconstric-
tlon.

Several examples of a compensatory vasodilatory role for
renal prostaglandins also exist In humans. For example Zla and
colleagues have documented a close correlation between plasma
renin actlivity, an index of relative renal Ischemia, and 24-hr
urinary PGE excretion (34), In thelr study, the highest PGE
excretions were observed In patients with cirrhosis and ascltes
(34). A similar evaluation of the 24=hr urinary PGE excretion
has been reported In a patlient with congestive heart fallure by
Walsh and Venuto (35). In this case Indomethacin treatments
resulted In a decline In renal function. Further studles In cir-
rhotic patients have demonstrated that augmentation of PGE and
sodlum excretlon occurs during the central blood volume expan=

slon maneuver of water Immersion to the neck (36). These
studlies suggest that PGE Is a determinant of renal function In
patlients with compromised blood volumes. Further support for

this relatlonship Is provided by other neck Immersion studlies In
which the administration of Indomethacin blunted the natriuresis
assoclated with neck Immersion In sodium depleted but not sodium
repleted subjects. Taken together, these studies suggest that
PGE excretlon Is markedly enhanced under conditlions of effective
volume depletion, sodium restriction or other high=-renin condi-
tlons. Under these conditlions prostaglandin synthesis Inhibli-
tion results In an antinatriuretic effect. Under euvolemic con-

ditlons with normal renal function, litftle or no change in renal
function occurs following prostaglandin synthesis Inhibition
(37,38). Only where a vasoconstrictive stress or underlying

renal disease Is present has prostaglandin synthesis Inhibition
resulted In decrements In renal functlion.

Other known effects of prostaglandins on renal function
Include marked effects on the renin-angiotensin system as well
as alterations In renal water excretlion. Prostaglandin in=
fusions are known to stimulate renin release In man and prosta-
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glandin Inhibitlon Is assocliated with a lowering of basal plasma
renin activity, probably via effects on the renal baroreceptor
and macula densa pathways to renin release (39-41)., Prostaglan-
dins also play a role In renal water excretion by exerting a
negative feedback on the hydro-osmotic effect of an antidiuretic
hormone. Thus, In the presence of prostaglandin synthesis Inhi=-
bition, the water reabsorption stimulated by AVP has been demon-
strated to be enhanced In vivo (42).

Finally, renal prostaglandins may modulate renal blood
flow during the development of acute renal fallure suggesting
that the hemodynamic effects of prostaglandins are of more than

theoretical Importance. Studles by Mauk et al demonstrated no
protective effect of PGE administration to alter acute renal
fallure Induced by the nephrotoxin uranyl nitrate (43). In con-

trast, the administration of PGE prior to Intra-arterlial norepi-
nephrine as assocliated with preservation of glomerular filtra-
tion rate compared to kidneys not Iinfused with PGE. Subsequent
studlies by Patak et al (44) Implicated the increase In osmolar
excretlon secondary to PGE; Infusion as a mechanism of primary
protective Importance In +this Ischemic model of acute renal
fallure. PGEy Infuslions have also been shown to protect agalinst
the development of acute renal fallure In other experimental
models such as glycerol (45). Conversely, Inhibitlon of prosta-
glandin syntheslis may enhance the Inclidence of and severlity of
glycerol=Induced renal fallure (46).

C. Classification of NSAIDs

Table 13 provides a list of NSAIDs according to the chemi-
cal derivative structure of the agents. Of particular clinical
Intferest on the |Ist are the carbo- and heterocycllic acetlc aclid
derivatives which Include Indomethacin (Indocin), sulindac (clin-
orll), and tolmetin (folectin). The most extensive clinical ex-
perlience exlsts with Indomethacin, which I[Is antipyretic, anti-
Inflammatory, and may have analgesic effects as well. It Is
rapldly converted by the I|lver fto Inactlive metabollites. Indo~-
methacin Is the most potent prostaglandin synthesis Inhibitor In
this group of drugs.

Table 13: Families of Nonsteroidal Anti-inflammatory Drugs

l. Carboxylic Acids
A. Salicylic Acids and Esters
1) Aspirin

2) Diflunisal
3) Benorylate
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Table 13 Continued
B. Acetic AcidS
1) Phyenylacetic Aclds
a) Diclofenac
b) Alclofenac
c) Fenclofenac

2) Carbo-and Heterocyclic Acetic Aclds

a) Indomethaclin c) Tolmetin
b) Sullindac d) Zomeplirac

3) Proprionic Acids

1) lbuprofen 6) Fenoprofen
2) Naproxen 7) Indoprofen
3) Flurbiprofen 8) Ketoprofen
4) Fenbufen 9) Pilirprofen
5) Benoxaprofen 10) Suprofen

D) Fenamic acids

1) Flufenamic 3) Meclofenamic
2) Mefenamic 4) Niflumic

Il. Enolic Aclids

A.Pyrazolones

Oxypenbutazone 3) Apazone
2) Phenylbutazone 4) Feprazone
B.1) Plroxlcam 3) lIsoxlcam
2) Sudoxicam 4) CP-14, 304

The group of phenyl=-proprionic acids consisting of Ibuprofen
(motrin), fenaprofen (nalfon), and naproxen (naprosyn) were
Introduced as anti-Inflammatory agents In 1974 and 1975. These
drugs are highly bound to protein and are slowly excreted In the
urine as Inactive metabolites. All are potent prostaglandin syn-
thetase Inhibitors, but have been reported to have lower Incl-
dences of gastrointestinal side effects. The anthranilic acld
derivatives Include mefanamic acid (ponstel) and meclofenemate
(medomen). They are derived from the ancine analog of sallicylic
aclid. These drugs have been less popular clinically because of
the higher Inclidence of gastrointestinal side effects, notably
diarrhea.
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D. Nephrotoxicity of NSAIDs

The most commonly recognized clinical syndromes of nephro-
toxicity of NSAIDs are listed Iin Table 14, The most Important of
these recognized syndromes are renal insufficlency due to PG syn-
theslis Inhibition and drug-associated Interstitlial nephritis.
These disorders are dliscussed herein,

Table 14: Clinical Syndromes of Nephrotoxicity with NSAIDs

1) Renal Insufficiency: PG synthesls Inhibitlon leads +to
enhanced renal vasoconstriction often In the context of
diminished basal renal blood flow (e.g., congestive
heart fallure, volume depletlion, clrrhosis, nephrotoxic
syndrome, shock states, pre-existent renal disease,
advanced age).

2) Interstitial Nephritis: Direct nephrotoxiclity; often
results In heavy, nephrotic-range protelnuria.

3) Hyperkalemia: PG syntheslis Inhibition leads to suppres-
silon of renin release which |leads to hyporeninemic
hypoaldosteronism and resultant hyperkalemia.

4) Sodium and Water Retention: Dluretic resistance due +to
aldosterone-llke effect of NSAID as well as antinatri-
uretic effect of PG synthesis Inhibition; water reten-
tion In part secondary to PG syntheslis Inhiblition and
enhanced effect of arginine vasopressin.

5) Anaphylaxis: Often after a second exposure; analphy-
lactold reactlion; more |likely to occur 1In Indlividuals
with aspirin sensitivity and nasal polyps.

D-1. Renal Insufficlency

The greatest number of reported cases of renal Insufficliency
have occurred with Indomethacin, which Is probably related In
part to the length of time the drug has been avallable for use
compared to new preparatlions. _Several of the most frequent fea-
tures of NSAID-Induced acute renal fallure are listed In Table
15. Several of the most convincing reports have documented uri-
nary prostaglandin levels (40-47). However, numerous other per-
suaslve ancedotes exlist (48-54), As noted In Table 15, the popu-
lation of patients at greatest risk to develop renal fallure
from Indomethacin therapy share a number of predisposing fac-
tors. The greatest of these risk factors appear to be a high
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renin state and/or a decrease In renal function. As noted pre-
viously, this clinical finding Is analagous to the experimental
work which provided evidence that renal prostaglandins are Impor-
tant protective physiologic factors during Ischemic stress.

Table 15: Clinical Features of NSAID-Induced Renal Failure

1) Dosage of NSAID often high

2) Ollguria Initlally, then an olliguric or non=-ollguric
course possible

3) Predlisposing factors:

a) Volume depletion, shock, sepsis

b) Concommitant diuretic therapy

c) Congestive heart fallure

d) Clrrhoslis

e) Underlying renal dlsease

f) Post-op patlents with "third-space" fluld sequestra-
tlon

g) Advanced age (possibly)

4) Usually reversible, does not require dlalysis 1In the
majority of cases.

Reversible acute renal fallure syndrome has been associated
with other drugs in the carbo-hetero-cycllic acetic acid class as
well as drugs in other chemical derivative classes of NSAIDs.
For example, zomeplirac (53), proprlionic acld derivatives such as
ibuprofen (54-32), fenoprofen (58) and the fenamic acid derlva-
tlve meclofenamic aclid have all been assoclated with acute renal

fallure syndromes. It Is also of Interest that sallcylic aclds
(aspirin) and the enolic aclid derivative phenylbutazone are
capable of Inducing renal Ischemic |eslons, particularly In
patlents with pre-existent renal dlisease (59-71), In some

patients, It may be argued that phenacetin or other analgesic
use In addlftion to aspirin 1Is required to produce Ischemic
leslons, particularly In patients without underlying renal dls-
ease (72,73).

Suprofen (suprol) Is a new phenylpropionic acld derlivative
NSAID released In January of 1986 which requlres speclial men=
tion. Since Its release this drug has been assoclated with a
peculiar syndrome of flank pain and acute renal fallure
(74,75). This syndrome has led some to postulate that the drug
preclipitates an acute urlc acld nephropathy because of the urico-
surlc actlions of the drug. At least 16 patients have been re-
ported to develop this syndrome within the first several months
of the drug's release. These reports have led the FDA (76) to
make a labelling change with suprofen so that the drug Is no
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longer considered as Initlal treatment for either of Its primary
indications: mild to moderate pain and dysmenorrhea.

An area of continuing debate centers on the "renal-sparing"
effect of sullndac. Several Investigators have reported a di-
minished renal effect of the drug as compared to other NSAIDs
(77,78,79). The metabollism of sulindac 1Is unique among the
NSAID's (80) requliring activation of a prodrug (sulfoxide) +to
the active (l.e., cyclooxygenase Inhibitor) sulflide 1In +the
liver. The kldney converts the sulflde back to the sulfoxide or
to another 1Inactive product (sulfone) via mixed function oxI-
dases whlich reside In the renal cortex. Thus, the medulla of
the kidney may not be exposed to high concentratlions of active
sulfide In every case. Cautlion with the use of sullindac Is
stlll warrented, however, since some studles have shown an ablilli-
ty of the drug to exascerbate renal Ischemia (81).

Another Interesting aspect of this problem regarding renal
fallure and NSAIDs Is the fact that Ibuprofen was released as an
over-the-counter drug In 1984. This drug was released as a 200
mg (In contrast to the usual 400 mg dosage) tablet, with a maxi-
mum recommended dose of 1200 mg per day. The drug Is to be used
for shorter lengths of time. Since Its release, very few ad-
verse reports have been returned to the FDA regarding kidney

toxlicity (personal communication, Dr. John Harter). However,
three recent communications (82,83,84) have pointed out that
toxiclty Is still possible with this formulation of Ibuprofen,
and that caution Is still Indlicated. Whether or not long-term
renal sequelae will result Is unknown.

D-2: Interstitial Nephritis

Most of the NSAIDs have been assocliated with a reversible
clinical syndrome of heavy proteinuria and renal Insufficlency.
The Incldence of this syndrome Iis unknown, but It Is much less
common than renal Insufficlency In high-renin conditions. Clini-
cal features of thls disorder are provided In Table 16. Of In-

terest Is the fact that the glomerull are relatively normal on
biopsy 1In the majority of these cases desplite heavy pro-
telnuria. |In some cases, corticosterolds have alded In the reso-

lution of renal fallure and proteinurlia. Exposure fo the drugs
has been over a variable length of time In most cases; flank
paln has been a prominent feature In several cases. While the
pathogenesis of the lesion Is not known, Torres has recently pos-
tulated that prostaglandin Inhibition may lead to a cycle of
Immunologic events culminating In enhanced lymphokine production
and thereby allow a delayed hypersensitivity reactlon to proceed
unchecked (85).
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Table 16: Interstitial Nephritis Associated With NSAIDs;
Clinical Features

1) Heavy proteinuria.

2) Tubulo-interstitial nephritis on biopsy; glomerull often
have only minimal changes.

3) Nonollgurlc course commonly.
4) Flank paln, hematuria and eoslinophilia In some cases.

5) Rapld decline In renal functlon; sterolds may have alded
resolution In some cases.

6) Time to development highly variable.

Drugs frequently assocliated with this type of renal Insuf=-
ficlency Include Indomethacin (86), tolmetin (87,88), sulindac
(89), fenoprofen (90-94), naproxen (90), benoxaprofen (95), and
zomepirac (96-97). The Interstitial nephritis reaction and the
previously noted Ischemic acute renal Insufficlency account for
the majorlity of morbidity reported thus far with the use of
NSAIDs. A recent review of Interstitial nephritis (98) has
pointed out that fenoprofen accounts for about 60% of the cases
described in the |lIterature. Tables 17 and 18 list the assocl-
ated drugs and clinical presentations from that study.

Table 17: Agents Assoclated with Nonsteroidal Anti-inflammatory
Drug-Induced Interstitital Disease

Number (%)
Proprionic acld derlvatives
Fenoprofen 22 (61)
Ibuprofen 2
Naproxen e [
27 (75)
Other agents
Zomeplirac 3
Sulindac 1
Tolmetin sodium 2
Indomethacin 2
Phenylbutazone P
_9_(25)
Total 36 (100)

Only those agents currently avallable In the U.S. are Included
in this analyslis.,
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Table 18: Clinical Presentation of Nonsteroidal Anti-
inflammatory Drug-Induced Glomerular and Interstitial Disease

Number  Age Drug Peak serum Unnary Systemic
years exposure creatimine  protein hypersensitivity
months mg/dl g24 h reaction®
A) Nephrotic syndrome and renal fallure  * 26 65=1.98 5.7=0.8 6.1=0.65 13.2=z148 3
[3, 8. 12, 16. 18. 52-57)
B) Nephrouc syndrome without renal failure 4 [ER BN 11364 105012 “38§=27% 0
[18. 54. 58. 39}
C) Renal failure without nephrotic syndrome? 6 62.7=9.7 L2208 10=13 - 4
[13. 19, 60-63]

Data expressed as mean = SEM where appropnate.
Drug fever. skin rash. blood cosinophilia. or eosinophiluna.
Documented by renal biopsy (4] or associated systemic hypersensitivity response 12).

The pathogenesis of an Interstitial nephritis which Is manli-
fest as a heavy proteinuric syndrome Is obscure. Normal serum
complement |evels and negative Immunofluorescence and electron
microscopy accompany the syndrome. A direct toxic effect of the
NSAID 1Is possible, but Is unlikely. The ability of NSAIDs +to
alter arachlidonic acid metabolism has been suggested as a poten-
tlal contftributor to the syndrome by affecting renal blood flow
or renal blood flow distribution. A delayed hypersensitivity
response to an NSAID may be pathogenic in some, and may be sug-
gested by the predominately T cell Infiltrate In the Intersti-
tium, Inflltrating lymphocytes may release a varlety of sub-
stances Including lymphokines and vascular permeablility factor.
Both of these substances may participate In glomerular protein-
urla. In addition to causing prostaglandin synthesis Inhibi-
tlon, NSAIDs may alter production of other metabollites of arachi-
donic acld metabollism of arachldonic aclid via the Ilpooxygenase
pathway to polyenoic acid, Including leukotrines. Synthesls of
polyenolc aclds and |eukotrines may be Increased by some
NSAIDs. These |lpooxygenase metabolites are potent medlators of
Inflammation and may also Induce vasoconstriction, Increase vas-
cular permeability to macromolecules, and Increase chemotaxis
for white blood cells Including T Ilymphocytes and eoslinophlils.
Whether or not these |lpooxygenase metabollites are produced
locally or are produced by Infiltrating T |lymphocytes Is
unknown. At present, the role of cell mediated Immunity Is
unknonw In this syndrome. A dlagram depicting this overall
scheme Is shown In Figure 8.
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Figure 8
From Reference 98

NONSTEROIDAL

ANTI-INFLAMMATORY
DRUG THERAPY
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I 1
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SYNDROME
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i
Potential pathogenetic mechanlisms of nonsterolidal anti-
inflammatory drug glomerular and interstitlial disease.
+ = facllitation: - = Inhibition

D-3: Hyperkalemia

The Inhibition of prostaglandin synthesis results In a decre-
ment In renin release. This decrease In renin has lead +to
hypoaldosteronism and hyperkalemia In susceptible patients, par-
ticularly those with pre-existent renal Insufficlency. Most of
the reports have focused attention on Indomethacin with respect
to this slide effect (54,99,102), but hyperkalemia remalins a
potential adverse effect 1In patients exposed to any of the
NSAIDs.

D-4: Sodlum and Water Retention

This side effect of NSAIDs Is of lesser severity In most
patients. However, In patients with tenuous sodium balance sus-
ceptible to congestlive heart fallure, the use of NSAIDs may pre-
cipitate symptoms (103). These effects on sodium excretion may
be related to an aldosterone-like effect (considered unllikely by
some), to redistribution of renal medullary blood flow, or to a
direct antlinatriuretic effect on prostaglandin synthesis Inhibi-
tion. The enhanced end-organ effects of AVP and resultant water
retentlion tendency assoclated with NSAIDs should be '‘conslidered
In the dlfferential dlagnosis of hyponatremia In affected
patients. Nles and colleagues have also described a mechanism
to explain the diuretic reslistance seen with NSAID's (104).
These authors postulate that NSAIDs ablate the Iincrease In renal
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blood flow seen with potent loop diuretics, and that this |Is
most pronounced under clircumstances In which the kidney Is avid
for sodlium. The loss of renal vasodilation leads ‘to a blunted
natriuretic effect of the dluretic.

D-5: Anaphylactic Reactlons

One of the most striking and worrisome reactlons assoclated
with these agents has been the growing number of reports of ana-
phylactic reactions assoclated with NSAIDs (105). Tolmetin,
Ibuprofen, zomepirac, Indomethacin, aspirin, and sullindac have
most frequently been assoclated with this serious adverse re-
action. Most of these reactlions have occurred within one hour
of Ingesting the drug. A previous brief exposure to the drug
was common In tolmetin cases. Tolmetin and zomeplirac are simi-
lar structurally, and the clustering of anaphylactic reactions
with use of these two drugs suggests a common pathogeneslis.
Prlor aspirin sensitivity and the presence of nasal polyps are
further clues to patients at risk for this effect.

E: Summary and Recommendations

With regard to the classical type of AN, It Is clear that
the elimination of phenacetin from the over the counter and pre-
scription markets has not significantly reduced the Incidence of
the disease In many Instances. Most of the experimental evi-
dence Implicates +the habitual use of combination analgesics
(usually containing acetaminophen, aspirin, and possibly caf-
feine) as the most Important predictive risk factor. If future
epldemiologic studies confirm the work showing that 20-30% of
Interstitlal nephritis Is secondary to combination analgesic con=-
sumption, then It 1Is |lkely the combination products wlill be
elther restricted or eliminated.

It Is also clear that the spectrum of adverse renal reac-
tions to NSAIDs Is rapidly evolving. Investigations In experi-
mental animals have accurately predicted the observed clinical
occurrence of exacerbated acute reductions In renal blood flow
and glomerular flltration rate when prostaglandin syntheslis Inhi-
bitlon occurs during any renal Ischemic stress. The Inter-
stitlal nephritis and renal fallure noted with these agents may
also be a prostaglandin metabolIsm-related process, although the
exact pathogenesis Is unlcear as yet.

In view of these considerations, a logical approach +to
patlients requiring exposure to these drugs would dictate that
patients at risk to developing renal Insufficlency have renal
functlion assessed prlor to and after starting the agents. Ac-
cordingly, patients with high renin states (l.e., heart faillure,
volume depletlion, nephrotic syndrome, cirrhosis, or taking high
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dluretic doses etc.), pre-exlistent renal Insufficlency or taking
other analgesics should have serum creatinine monitored during
therapy. Second, patients should be advised of the symptoms of
the Interstitial nephropathy (l.e., back pain, polyuria, a
change In urine color, and edema) so that the drug may be
stopped Immediately should these symptoms occur and renal func-
tlon assessed. Flinally, physicians need to be cognizant of the
possibility of anaphylactic reactions assoclated with these
drugs, particularly when restarting the drugs after a nontreat-
ment Interval,
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