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Analgesic nephropathy in the United Kingdom:
incidence, clinical features and pathogenesis
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Phenacetin came into use in 1887, just 10 years after
the first case of renal papillary necrosis was
reportedl 2 but the association between the excessive
use of phenacetin-containing analgesics and the
development of renal damage was not recognised
until 1953,3 since when there has been gradual
recognition that excessive analgesic consumption is a
major cause of chronic renal disease in many parts of
the world.
The initial emphasis on phenacetin has given way

to the realisation that many analgesic mixtures are
nephrotoxic. Such mixtures are readily available to
the public and are widely advertised, not just for pain
relief, but as tonics and general panaceas. Despite
restrictions on the sale of phenacetin and its major
metabolite paracetamol in several countries, abuse of
analgesic mixtures has continued and there is no
definite evidence that the incidence of analgesic
nephropathy is declining.
Renal damage in analgesic nephropathy is due to a

combination of renal papillary necrosis and chronic
interstitial nephritis. In many cases the disease runs a
rapidly progressive course with death from renal
failure within a few years of the initial presentation.

This paper is based on a study carried out in
Nottingham, and outlines the major features of
analgesic nephropathy in the United Kingdom. The
clinical features of analgesic nephropathy are now
widely recognised yet many patients have already
developed severe renal failure by the time the history
of analgesic abuse is obtained.4 5 Unless the asso-
ciation with a high analgesic consumption is
recognised, the renal damage is often attributed to
bacterial infection and the condition labelled
"pyelonephritis." Several studies have shown, how-
ever, that bacterial urinary tract infection in the adult
rarely leads to end-stage renal failure,5 6 and
Heptinstall has emphasised that the small, scarred
kidney often labelled "chronic pyelonephritis" is the
end result of many different pathological processes;
in many cases the original disease cannot be
determined.7

Early diagnosis of analgesic nephropathy is

important since complete withdrawal of analgesics
before significant renal damage has occurred will
result in improvement in renal function.

Renal papillary necrosis

Necrosis of the renal papillae was first reported by
von Friedreich in 1877 in the kidneys of an elderly
man with hydronephrosis secondary to prostatic
hypertrophy. He postulated that the increased pres-
sure in the renal pelvis led to flattening of the papilla
and kinking of the papillary vessels, resulting in
local ischaemia.2 One hundred years later the exact
mechanisms responsible for renal papillary necrosis
remain uncertain, but local ischaemia is believed to
play an important role.
Most of the early cases of papillary necrosis were

described in patients with urinary tract obstruction
or diabetes mellitus, but in the 1950s a "new" form of
renal papillary necrosis was reported from Switzer-
land and Sweden8 associated with the consumption
of large quantities of phenacetin-containing
analgesics.

First reports of "phenacetin nephropathy" in the
United Kingdom came in 1964. Sanerkin and
Weaver9 emphasised that the chronic interstitial
nephritis of phenacetin abuse was essentially
indistinguishable from chronic non-obstructive
pyelonephritis, except for the presence of papillary
necrosis, and that the apparent scarcity of the
condition in the United Kingdom might reflect the
failure of clinicians and pathologists to recognise it.
They suggested "that particular enquiry should

always be made into phenacetin intake in all
patients with chronic pyelonephritis and at necropsy
special attention should be paid to the renal
papillae."

In 1966 Dawborn et al.'0 presented convincing
evidence that renal papillary necrosis was the
primary lesion with cortical changes occurring as a
secondary event; these included tubular dilatation,
interstitial nephritis and a decrease in the size of the
kidneys.
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Between 1953 and 1970 there was a marked rise in
the number of diagnosed cases of renal papillary
necrosis, particularly in Scandinavia, Switzerland
and Australia. This probably reflected both a true
increase in incidence of the disease and increased
awareness of it.

INCIDENCE IN THE UNITED KINGDOM

After the initial reports of analgesic nephropathy in
Britain in 1964, several larger series were reported,
mainly from Scotland. In 1970 Koutsaimanis and de
Wardener,11 on the basis of 16 patients seen at one
London hospital, estimated that the incidence of
analgesic nephropathy in England and Wales
would be around 500 new cases per year.
A survey of chronic renal disease in Nottingham in

1973 suggested that analgesic nephropathy might
account for at least 10% of cases of chronic renal
failure.12 This survey was subsequently extended to
include all reported cases of renal disease seen at the
two major Nottingham hospitals between 1970 and
1975. Information about the patients came from
four sources:

(1) Patients referred to the nephrologists for
investigation or treatment.

(2) Survey of chronic renal disease, 1973.
(3) Survey of case notes of patients with renal

disease.
(4) Survey of all necropsies performed in the two

hospitals 1970-5.
In all cases where analgesic nephropathy was
suspected, or renal papillary necrosis was present,
case notes and radiographs were carefully examined
and the patient and relatives questioned about
analgesic intake. The reasons for any excessive
analgesic consumption were documented and
changes in renal function correlated with the
quantity of analgesics consumed. By the time the
diagnosis was made, in all cases, more than 1 kilo-
gram of analgesics had been taken and in the
majority more than 2 kilograms equivalent to 6
tablets a day for 5 years.
As part of the survey 20 229 necropsy reports

were examined for the presence of renal disease. The
necropsy rate in the Nottingham hospitals was 65 %,
which is higher than that reported in many other
series.13 14 Nevertheless the survey probably under-
estimated the true incidence of papillary necrosis, for
in only about half of the necropsy reports was there
evidence that the papillae had been examined.

Table 1 indicates the causes of renal papillary
necrosis in the Nottingham survey. The incidence is
similar to that in other series from Europe and the
UK which ranges from 0-16-1-7 .1516 Gloor reported
a significant increase in the incidence of papillary
necrosis from 0-94 o of all necropsies in 1939-50 to

Table 1 Causes of renal papillary necrosis: necropsy
study, Nottingham hospitals 1970-5

Nco of necropsies
Total number of necropsies in surves 20 229

Renal papillary necrosis, tottl 83 (0-41 )
unilateral I01
bilateral 73f

Attributed to:
diabetes mellitus 30
obstruction --
analgesic nephropathy 20
acute pyelonephritis 7
other 4

1 71 % in 1951-62, which he attributed to an increase
in cases of analgesic nephropathy.17 During the same
period the incidence of papillary necrosis due to
diabetes and urinary tract obstruction remained
unchanged.

Tables 2 and 3 list the major necropsy series
reporting renal papillary necrosis in various coun-
tries. The incidence in these countries differs largely
as a result of the presence of analgesic nephropathy
and can be related to the per capita consumption of
analgesic preparations, estimated to be at least four
times as high in Australia as in the United States or
Great Britain. One necropsy series in Australia sug-
gested an incidence of renal papillary necrosis as high
as 11 % of women who lived in Brisbane;23 the same
authors claimed that one third of all deaths from
renal disease were due to analgesic abuse. A similar
study from Sydney showed that analgesic nephro-
pathy accounted for 25 % of patients with non-
terminal renal failure during 1976.24

It is clear that this condition has now reached
epidemic proportions in many parts of the world and
the evidence from Nottingham suggests that in the
UK analgesic nephropathy accounts for at least 12 ,'
of cases of chronic renal failure. Unfortunately,
although the condition is potentially curable, many
patients still die before the association with analgesic
ingestion is recognised. Unless a careful drug history
is taken and the clinical features recognised the
diagnosis will be missed.

Clinical features of analgesic nephropathy

Apart from the history of analgesic abuse there may
be little to distinguish the clinical picture from other
forms of renal disease. For this reason the history
from any patient presenting with renal problems
should include a careful enquiry into the intake of
tablets, powders and medicines. Particular attention
should be paid to a history of headache, migraine or
arthritis, and a list compiled of all medications,
especially those bought "over-the-counter."

There are a number of features which should make
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Table 2 Incidence of renal papillary necrosis (RPN) in Europe, USA and UK necropsy series 1947-75

Authors Dates of survey Country No ofnecropsies % incidence RPN

Heptinstall' 1947-61 USA 11000 0-23
Schourup'l 1951-55 Denmark 5000 105
Gloor2" 1955-64 Switzerland 18810 1.0

1968-72 Switzerland 9795 1.0
Davies et al'l 1964-69 UK 18 866 0-16
Cove-Smith & Knapp' 1970-75 UK 20229 0-41

Table 3 Estimated annual per capita consumption ofphenacetin and incidence of analgesic nephropathy in
different countries

Country Phenacetin consumption g/yr Analgesic nephropathy as a cause % incidence RPN
of chronic renalfailure

Australia 40 gl 30% 3-00-1100 (Brisbane)"
25% 8-40 (Sydney)"4

Denmark 25 gl8 _ 1-0511
Switzerland 23 g19 - 1.00"r
South Africa 12-5 g20 20%"
Scotland 12 g21 25-5%2? 060"1

054"
England and Wales 8 gll 12%' 0-41'
USA 10 g22 7%' 0 237
Canada 6-7 g22 5-5%9'

RPN = renal papillary necrosis.

Table 4 Clinical features of analgesic nephropathy in
the UK

Women: Men 4:1 Anaemia
Age >30 yr Sterile pyuria
Excessive analgesic consumption Recurrent urinary infections
Headaches Uraemia
Premature ageing Passage of papillae
Psychiatric disturbance Haematuria
Dyspepsia Renal colic

the clinician suspect analgesic abuse (see Table 4).
The typical patient is a sallow, middle-aged house-
wife who complains of persistent headaches and
recurrent ill health. Marital and psychiatric prob-
lems are common. Most patients readily admit
taking tablets, but only careful questioning reveals
the full extent of the "analgesic abuse." Many
obtain a psychological "lift" from the tablets as well
as pain relief, and intakes of 20-50 tablets daily are
not uncommon.
Most patients present with symptoms and signs of

chronic renal failure, but a few present acutely with
renal colic, urinary infections or dyspepsia. Rapid
deterioration in renal function may follow an
episode of dehydration, or ureteric obstruction due
to the separation of a calcified papilla or of papillary
fragments.

Clinical examination is often unhelpful. Anaemia
may be more severe than expected from the degree of
renal failure; this has been attributed to chronic
gastrointestinal bleeding due to a high salicylate

intake. Hypertension is uncommon and proteinuria
is moderate or absent in the early stages.

Examination of the urine typically reveals numerous
leucocytes with or without bacterial infection. A
persistent sterile pyuria should alert the clinician to
the possibility of analgesic nephropathy, but many
patients also suffer from recurrent urinary tract
infections. Occasionally the passage of debris may
indicate shedding of a papilla; in this case the urine
should be strained and any tissue sent for histo-
logical examination.
Haematuria may indicate active papillary necrosis,

but can also herald the development of a transitional
carcinoma of the renal pelvis, which occurs in about
10% of cases of analgesic nephropathy.30 Regular
cytological examination of the urine may help in the
early detection of these tumours.31

A very useful technique both for diagnosis and for
following patients with analgesic nephropathy is to
examine a sample of urine for salicylates and
paracetamol: one method involves saturating the
urine sample with salt, after which the urine is
extracted with ether and scanned under ultraviolet
light.32 "Phenistix" (Ames) can be used as a simple
screening test and will detect salicylates in the urine
for up to 48 hours after ingestion.33

Radiological appearances reflect the pathological
changes. In the early stages intravenous urography
may be normal. Typical x-ray changes of papillary
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necrosis are seen in only 20-30% of cases. The com-
monest finding is reduction in size of both kidneys
with irregularity of the outline due to shallow scars,
which may often be misinterpreted as "chronic
pyelonephritis."

Renal biopsy is generally unhelpful since it merely
shows interstitial nephritis without indicating the
cause. Lee et al.34 suggested that demonstration of a
lipofuscin pigment in the tubules should arouse
suspicion of analgesic abuse but this occurs in other
conditions and an accurate drug history should
already have alerted the clinician to the possibility of
analgesic damage.

Management consists of total avoidance of analgesics,
careful long-term supervision of hypertension, salt
and water balance and urinary tract infections, and a
constant awareness and early detection of serious
complications such as urinary tract obstruction and
transitional cell carcinoma. Evidence of cessation of
analgesic abuse should be obtained by routine
screening of urine for salicylates and paracetamol.

Analgesic nephropathy and "chronic pyelonephritis"

The chief difficulty in diagnosing analgesic nephro-
pathy has been to distinguish it from chronic
pyelonephritis. For many years the term "chronic
pyelonephritis" was applied by pathologists and
radiologists to any small scarred kidney, particularly
if inflammatory cells could be demonstrated in the
renal parenchyma. It is now realised that scarring and
contraction of the kidney, with interstitial inflam-
mation and fibrosis, are the end result of many
different processes including damage due to ischaemia
and drugs.7 The term "chronic pyelonephritis" should
probably be reserved for cases in which renal damage
can be attributed to bacterial invasion of the renal
tissue. Careful examination of cases of chronic non-
obstructive pyelonephritis in Britain suggests that
there are only two major causes:

(1) Damage associated with vesico-ureteric reflux
during childhood or pregnancy (reflux
nephropathy).

(2) Analgesic nephropathy.
According to the proceedings of the European
Dialysis and Transplant Association (1970-77),
chronic pyelonephritis accounts for about 200% of
patients referred to dialysis/transplantation pro-
grammes.35 Analgesic nephropathy appeared as a
separate cause of renal failure for the first time in
1975. Before this it had been included in "drug-
induced pyelonephritis," accounting for some 3 % of
cases. The results of the Nottingham necropsy study
suggest that renal failure due to chronic pyelone-

phritis is a relatively uncommon cause of death in
patients under 65 years of age, and that analgesic
nephropathy may have been seriously under-
diagnosed,36 because of the lack of a careful enquiry
into analgesic consumption and the problem of
establishing the presence of papillary necrosis by
intravenous urography.
The importance of making a distinction between

analgesic nephropathy and chronic pyelonephritis
has been emphasised by Gower.37 In a series of
patients with radiological evidence of pyelonephritis
he observed that deterioration in renal function
occurred more rapidly in the group taking analgesics.
Most of the patients with papillary necrosis in his
series had a history of analgesic abuse and their
survival rate was 56°, at 10 years, compared with
86", for those without papillary necrosis. In the
Nottingham series the survival rate was only 440"O at
5 years, reflecting the poor renal function of most
patients at presentation. The prognosis was especially
poor if the serum creatinine found at the time of
diagnosis was greater than 400 tumol/l, and the
mortality rate could be related both to the degree of
renal failure and the estimated total consumptioni of
analgesics.

Pathogenesis of analgesic nephropathy

Burry refers to three stages of papillary necrosis *3'8
namely, early, intermediate and total.

In the early stage only the papillary tip appears to
be affected, with yellow coloration and some pale
streaking of the pyramid; the cortex is normal.

In the intermediate stage the papillae are intact but
shrunken and pale with radial streaks marking the
upper zone of degeneration. The cortex is often
coarsely scarred but of normal thickness.
The group with total necrosis shows a range of

changes. In the most severely affected kidneys the
cortical surface is slightly irregular with raised areas
corresponding to the "renal columns". The kidney
is often reduced in size, with scars overlying necrotic
papillae. The papillae are brown and withered, some-
times remaining in situ, sometimes separated or
absent altogether. Calcification may be present in the
pyramids.
On microscopy, the necrotic areas are structure-

less and often lack the clear line of demarcation with
a zone of leucocytes which is usually seen in the
acute lesion associated with diabetes or obstruction.

Cortical changes in total papillary necrosis
include atrophy and loss of the convoluted tubules
with increased interstitial fibrosis and variable
numbers of chronic inflammatory cells. The glomerul i
are usually spared.
The absence of cortical changes in the early stages
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of papillary necrosis and the sparing of the columns
of Bertin indicate that papillary necrosis is the
primary lesion with cortical damage occurring as a
secondary event. Burry considers that this sequence
of changes is best explained by a direct toxic effect on
the tubules but others suggest that interference with
the papillary blood supply is the primary event.39
There is evidence to support both theories, but so far
the agent responsible for the damage has not been
identified. The early emphasis on phenacetin may
have been premature; it was a common constituent
of many widely used analgesic preparations,
together with aspirin, caffeine, codeine and phena-
zone, but early attempts to produce papillary
necrosis in animals with phenacetin alone were
unsuccessful. However, medullary damage was later
induced by massive doses.40 In rats papillary
necrosis is more readily and predictably induced by
aspirin but many studies have now demonstrated
that mixtures of aspirin and phenacetin are more
nephrotoxic than either drug alone and the lesion
produced by such mixtures is identical with that seen
in man.16
The difficulty of establishing the substance or

substances responsible for papillary necrosis in man
can be largely attributed to species differences.
Experiments in animals cannot readily be extra-
polated to man and there are variations even
between different strains of rat. In man phenacetin is
rapidly and almost totally metabolised to para-
cetamol. A number of other metabolites have been
identified but little is known about their renal
toxicity. Bluemle and Goldberg4l showed that
paracetamol is concentrated in the renal medulla and
papilla with tissue: plasma ratios similar to those
achieved for urea; salicylates on the other hand are
distributed evenly throughout the kidney although
concentrations are considerably higher than in the
plasma.4' Recent studies suggest that phenacetin or
its metabolities or both cause direct oxidative
damage in the renal papillary cells. This action may
be potentiated by salicylates, which inhibit glucose-6-
phosphate dehydrogenase (G6PD), an enzyme
involved in the defence of tissues against oxidative
damage.42

Electron microscopy studies by Molland have
shown damage to medullary interstitial cells in rats
following chronic ingestion of aspirin, and it is sug-
gested that this drug may produce medullary
ischaemia through inhibition of prostaglandin
synthesis.43 Prostaglandin PGE2, which is synthesised
in the renal medulla, is believed to act locally as a
vasodilating hormone.44 Thus, salicylates may
potentiate the effect of the toxic metabolites of
phenacetin or paracetamol in the renal papilla. In
animals this damage is increased by dehydration,

which may also play an important part in man.
Aspirin or paracetamol alone have only been

incriminated in a few cases of analgesic nephro-
pathy, since most patients take analgesic mixtures.
Chronic ingestion of paracetamol alone appears to
have few harmful effects on the kidney,45 and despite
the vast quantities of aspirin consumed throughout
the world only a handful of cases can be attributed to
its use. A study of patients taking large doses of
aspirin for rheumatoid arthritis showed no increased
incidence of papillary necrosis.46 Other drugs which
inhibit prostaglandin synthesis, such as indo-
methacin and phenylbutazone, have been incrimi-
nated in a few cases of analgesic nephropathy.47

It is now accepted that in the majority of cases
analgesic nephropathy results from the excessive
consumption of analgesic mixtures, usually con-
taining aspirin with either phenacetin or para-
cetamol. The synergism between aspirin and phe-
nacetin may be the result of some complex metabolic
interaction, but it seems likely that the inhibition of
prostaglandin synthetase in the renal medulla by
aspirin causes relative ischaemia and that, par-
ticularly in the presence of dehydration, toxic
metabolites of phenacetin, which probably include
paracetamol, are concentrated in the renal papilla
and damage the ischaemic tissue.

Phenacetin has recently been replaced by para-
cetamol in many analgesic mixtures available "over-
the-counter." It is too early to say whether this will
lead to a reduction in the incidence of analgesic
nephropathy.

In summary, analgesic abuse remains an important
cause of renal damage which is still commonly
missed. The diagnosis depends on a high index of
suspicion and a careful search for the features of
analgesic nephropathy. Early diagnosis is important
since cessation of analgesic intake may result in
improvement in renal function.
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