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Abstract
Objective-To determine the age related

incidence of severe acute renal failure in adults in
two health districts in England.
Design-Prospective study of patients identified

as having severe acute renal failure within a two year
period; subsequent monitoring of outcome for a
further two years.
Setting-Two health districts in Devon.
Subjects-Those adults in a population of 444971

who developed severe acute renal failure (serum
creatinine concentration > 500 ,umoVI) for the first
time during two years, with subsequent fall of the
serum creatinine concentration below the index value.
Main outcome measures and results-125 adults

(140 per million total population yearly, 172 per
million adults) developed severe acute renal failure,
of whom 90 (72a/a) were over 70. Age related
incidence rose from 17 per million yearly in adults
under 50 to 949 per million yearly in the 80-89 age
goups. In 31 patients (25a/.) the cause was prostatic
disease, which was related to a good prognosis (84%/
(26) alive at three months). Overall survival was 54%Yo
(67) at three months and 34%/ (42) at two years and
was not significantly age related. 18 per million total
population yearly (22 per million adult population)
received acute dialysis. Referral rate for specialised
opinion was 51 per million total population yearly
with an estimated appropriate referral rate of 70 per
million per year.
Conclusions-The incidence of severe acute renal

failure in the community is at least twice as high as
the incidence reported from renal unit based studies.
Prostatic disease, a preventable and treatable prob-
lem, is the most common cause. Survival figures
indicate that age alone should not be a bar to
specialist referral or treatment.

Introduction
There seems to have been little improvement in

survival in patients with acute renal failure in the past
20 years.' 2 This has often been attributed to changes in
the characteristics of the population studied.23 Com-
parison among studies is hampered by use of different
definition criteria, selection criteria, or population
base.' Data collected from a renal unit do not give a
true reflection of need as general practitioner and
consultant referral rates may be influenced by their
perceptions of the services available.4" This study
looks at true population incidence rates, referral rates,
and survival in adults, particularly with respect to age
and underlying diagnosis. An estimate of workload
implications is made.

Patients and methods
The study covered two health districts with a

combined population of 444 971 each with a stable

population and negligible cross boundary flow. Each
district had only one biochemical pathology labora-
tory, which always measured serum creatinine concen-
tration whenever electrolyte or other biochemical
investigations were requested. The laboratories carried
out all work for general practitioners, National Health
Service, and private hospitals in the area.
Over two years starting 1 January 1986 all serum

creatinine concentration measurements were scruti-
nised and any patient with a concentration greater than
500 ,molV identified. The notes were studied subse-
quently, or in cases of blood tests initiated by general
practitioners these doctors were contacted for further
information. Patients not living in the two health
districts were excluded. The last follow up was made
on 1 March 1990. Patients living within the defined
geographical area were considered to have severe acute
renal failure if the serum creatinine concentration rose
above 500 pumol/l for the first time and then returned to
below that level and remained there or if the patient
died during the acute illness and the history or
necropsy confirmed acute renal failure. Patients whose
serum creatinine concentration did not subsequently
fall below 500 ,umol/l were defined as having chronic
renal failure; those in whom acute renal failure was part
of any underlying terminal disease (usually malignant)
were also excluded. There was no cardiac surgery unit
in the two districts studied. This definition would not
identify severe renal failure in children. Throughout
the paper the term adult means over the age of 15.
Haemoglobin, serum potassium, and serum bicar-

bonate concentrations and the presence or absence of
oliguria (less than 400 ml urine in 24 hours) were
ascertained retrospectively.

Confidence intervals for incidence rates were asses-
sed by reference to the Poisson distribution. Compari-
son between outcomes was performed by X2 test with
Yates's correction. The population estimates and
distribution by age were taken from the Office of
Population Censuses and Surveys report for 1988.6

Results
Altogether 125 patients were identified during the

two years, giving an overall incidence of severe acute
renal failure of 140-5 (95% confidence interval 11 7-0 to
172-0) cases per million total population yearly and an
annual incidence of 172-5 (144-1 to 205 5) cases per
million adult population.

AGE AND SEX INCIDENCE

Ninety (72%) patients were over 70, although only
14% ofthe population studied were above this age. The
incidence of severe acute renal failure increased with
age from 17-1 cases per million population per year in
adults under 50 to 949 cases per million per year in the
80 to 89 age group (table 1). A significant rise with age
remained even when prostatic disease (which is largely
associated with age) was excluded from the analysis.
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There was a significant difference in incidence
between the sexes, 90 men and 35 women being
identified (X2=29 16; df=1). The annual incidence of
severe acute renal failure was 259-4 (208-6 to 318-9)
cases per million adult males and 92-6 (64-5 to 128-8)
cases per million adult females (p < 0-00 1). The differ-
ence remained significant (59 men, 35 women;
x2=8-39, df=1, p<0-01) when cases of prostatic
disease were excluded.

Survival at either three months or two years was not
significantly related to age (X2 for trend=0 000,
p=0-984; and 0 03, p=0-863 respectively). The
apparent higher percentage survival rate at two years in
the under 50 group (table II) and in those over 80, even
after exclusion of patients with prostatic disease, was
not significant (XI for trend=0 132 and 0-49 respec-
tively).

DIAGNOSIS

The largest single category of patients was those with
prostatic disease (n=31), which included both benign
and malignant prostatic obstruction. More than one in
three men over 70 with acute renal failure had prostatic
disease as a cause (27 out of 72). Medical diagnoses
covered a range of conditions, including dehydration
(11 patients), sepsis (13), intrinsic renal disease
(seven), and haematological disease (eight), or a com-
bination of these in a few cases. Cardiovascular disease
was defined as such when the renal failure was
secondary to an acute event in the cardiovascular
system, usually myocardial infarction. Obstruction
covered all mechanical obstruction to the urinary tract,
excluding prostatic disease. Most patients in this
category had renal stones. Surgical causes were mostly
postoperative but some were in the category of acute
surgical admissions. Results are given in table III.

Diagnosis influenced survival both at three months
and at two years (table IV). Prostatic disease was
significantly associated with good survival and cardio-
vascular disease with poor survival. Patients with
prostatic disease were removed from the survival
figures to see if they were a confounder for age;
although overall survival was worse in the remainder,
there was still no association with age (table II).

RECOVERY OF RENAL FUNCTION

Recovery of renal function was examined in patients

TABLE I-Age related annual incidence ofsevere acute renalfailure in adults

All Excluding prostatic obstruction

Rate per Rate per
million 950/0 million 95%

Age group No of population Confidence No of population Confidence
(years) cases yearly interval cases yearly interval

16-49 7 17-1 6-9to35-2 7 17-1 6-9to35-2
50-59 8 82-7 351 to 163-3 8 82-7 351 to 1633
60-69 20 185-9 113 5 to 288-4 16 148 9 84-6 to 242-0
70-79 53 660-3 493 3 to 864-6 39 485-9 345 0 to 666-5
80-89 35 949 0 661-6 to 1323-1 23 623-6 395-9 to 935-4

> 89 2 NC NC 1 NC NC

NC=Not calculated.
Total incidence (a) per million total population yearly= 140-5 (95% confidence interval 116 9 to 171 9), (b) per
million adult population yearly=-1724 (95% confidence interval 144-1 to 205 5).

TABLE ii-Age related survival ofpatients with severe acute renalfailure

No (%) of patients alive No (%) of patients alive
No of cases at three months at two years

Excluding Excluding Excluding
Age group prostatic prostatic prostatic
(years) All obstruction All obstruction All obstruction

0-49 7 7 5 (71) 5 (71) 5 (71) 5 (71)
50-59 8 8 4 (50) 4 (50) 2 (25) 2 (25)
60-69 20 16 9 (45) 7 (44) 5 (25) 3 (19)
70-79 53 39 26 (49) 13 (33) 15 (28) 6 (15)
80-89 35 23 23 (66) 13 (57) 15 (43) 9 (39)

>89 2 1 0 0 0 0

Total 125 94 67 (54) 42 (45) 42 (34) 25 (27)

TABLE III-Diagnoses in patients with severe acute renalfailure

No (%) of
patients

Cardiovascular 16 (13)
Surgery 17 (14)
Other obstetric 14 (11)
Prostatic obstruction 31 (25)
Medical 42 (34)

Miscellaneous 13 (31)
Toxins 3 (7)
Renal 7 (17)
Volume loss 11 (26)
Haematological 8 (19)

Unknown 5 (4)

Total 125 (100)

TABLE iv-Sur1val by diagnostic category

No of No (%) ofpatients No (%) ofpatients
Diagnosis cases alive at three months alive at two years

Medical 42 22 (52) 15 (36)
Prostatic disease 31 26 (84)* 17 (55)t
Surgical (excluding

prostate) 17 6 (35) 5 (29)
Obstruction 14 9 (64) 3 (21)
Cardiovascular event 16 0* 0*
Unknown 5 4(80) 2(40)

*x2= 16-02, df= 5; p< 0-01. tX2= 10-38, df= 5; p< 0-01.

who survived more than three months. The lowest
recorded serum creatinine concentration was used, and
figures were available for 59 of the 67 patients. In only
21 (36%) did the serum creatinine concentration fall to
normal (<110 I,molll). In all five patients under 50
creatinine values returned to normal. In 12 patients
(20%) the serum creatinine concentration did not
return to below 300 ,umol/l; one of these had a
subsequent deterioration in renal function and two
years later had started dialysis.

PROGNOSTIC FACTORS

Retrospective analysis of prognostic factors at
presentation identified oliguria as the only factor
significantly associated with death at three months. Of
patients with oliguria, 23% (13/57) survived more than
three months compared with 63% (25/40) of the others
(x2= 17-14, df= 1, p< 0-001). Hyperkalaemia (X2=0- 18,
df=1, p<0 75), degree of acidosis (X2=2-O5, df=l,
p < 025), and the presence of anaemia (haemoglobin
concentration <110 g/l; X2=0 79, df=1, p<0 5) were
not related to survival. Fifty nine patients (47%) were
anaemic at first presentation.

REFERRAL PATTERNS AND WORKLOAD

Only 45 patients (36%) were referred for a nephro-
logical opinion, an annual rate of 51 (95% confidence
interval 32-8 to 60 2) per million total population, or
62-1 (45 3 to 83-1) per million adults. Only 18% of
patients (5/28) living in the district with no renal unit
were referred compared with 41% (40/97) of those
living in the Exeter district (P<0 05, X2=6 3, df=l;
p < 0 02). On scrutinising the notes of the 80 patients
not referred for a specialist opinion we concluded that
a nephrological opinion might have helped manage-
ment in 17 cases. This subjective review gives a
potential referral rate to nephrologists of 70 patients
(95% confidence interval 53-4 to 89-3) per million
population per year or 85-4 (65-5 to 109-5) per million
adults per year.

Sixteen patients received acute dialysis or haemo-
filtration-a rate of 18 cases (10-3 to 29 2) per million
population per year or 22 1 (12-6 to 35-8) per million
adults per year; eight of these patients survived three
months and four survived two years.
Of the 16 dialysed patients, seven had sepsis as a

major contributory factor to their acute renal failure;
only one survived more than three months. Seven of
the nine dialysed patients without sepsis survived
longer than this (p=0 04; Fisher's exact test).
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Discussion
A problem in studying acute renal failure is the lack

of a clearly agreed definition.2 Our definition is prag-
matic, chosen such that the renal failure is severe
enough to influence patient survival and morbidity,
may need specialist advice, and may have workload
and planning implications. The definition is not
equivalent to acute tubular necrosis; indeed, the study
emphasises that many other renal insults cause severe
acute renal failure. The incidence found was probably
an underestimate of true community incidence as the
protocol did not pick up those people in whom, for
whatever reason, the clinicians caring for them did not
measure the serum electrolyte values. There is likely to
be an excess of elderly people in this category. In
addition, cardiac surgery was not carried out in the two
districts studied. Any renal unit serving a district with
cardiac surgery facilities would have significantly more
patients developing acute postoperative renal failure.
Our study also underestimates the incidence of acute

renal failure in one other way. Some patients who
present with acute renal disease as an emergency to a
renal unit, often with forms of rapidly progressive
glomerulonephritis, do not subsequently recover renal
function. Although acute and an emergency at presen-
tation, they do not fall within the definition used here
of acute renal failure as they do not have adequate
recovery.

Included in our definition were people who had mild
chronic renal failure who suffered an acute or chronic
deterioration of function and then made some
recovery. It is unlikely that many had progressive
chronic renal failure, as at two year follow up only one
patient had subsequently deteriorated and needed long
term dialysis. We do not, however, have the diagnoses
of all patients who died between three months and two
years, and it is possible that chronic renal disease was a
factor in some of these.
With one exception7 previous studies of acute renal

failure were renal unit based`3 8-13 and did not include
those patients who were not referred for specialist
opinion. Such studies do not give a true reflection of
population needs, nor may the clinical indices used to
predict survival9 or estimates of prognosis'0 be applic-
able in the wider population of patients with severe
acute renal failure. The influence of age on survival is
not clear; some studies8 12 show an adverse effect
whereas others7 1011 do not.

EFFECTS OF AGE AND SEX

The lack of effect of age on survival in our study has
significant implications for workload as it confounds
the view that treatment of elderly people with severe
acute renal failure is not indicated. Furthermore, as the
numbers of elderly people in the population increase so
will the incidence of severe acute renal failure. Our
current estimate of 70 cases per million population per
year is certainly the minimum for the reasons des-
cribed. This study shows that some patients are not
referred for specialist opinion, the shortfall being
mainly among elderly people. If other practitioners'
perception of the value of treatment of severe acute
renal failure in elderly people changes nephrologists'
workload will increase. The study also confirms that
referral rates are lower in areas where there is no local
renal unit nearby.
The excess of male patients was unexplained.

Although this excess seems to be a constant feature of
all studies of acute renal failure,' 7-14 it has not been
commented on before. This study shows that prostatic
disease explains only part of the increased male inci-
dence. Sacks et al highlighted the importance of pros-
tatic disease as a preventable and treatable caus'e of
renal failure.'5 The high incidence of prostatic obstruc-
tion in this study emphasises that finding a raised

creatinine concentration in any male necessitates care-
ful palpation of the abdomen and prostate. Many
undiagnosed patients with prostatic obstruction were
referred to the renal unit.
Other studies have also shown that oliguria'0l' and

sepsis89'3 are associated with a poor outcome. The
finding of anaemia at presentation in almost half our
patients is worth noting as it is still widely taught that
this is an indicator of chronic rather than acute renal
failure.'6 These results show it has little discriminatory
value.
Most patients did not make a full renal recovery. In

some cases this is probably because the cause of acute
renal failure itself was associated with a degree of
permanent damage, and elderly people (who formed
the bulk of our patients) may have less renal reserve
and be less able to make a full recovery after an acute
insult. Kjellstrand et al showed that incomplete
recovery from acute tubular necrosis was common in
patients over 55,17 the age range ofmost of our patients.
There will also be a large number of people with
already impaired renal function as these are probably
more susceptible to further insults than people with
normal, healthy kidneys. Whatever the reason for the
failure of full recovery sufficient patients remain with
significant renal impairment that mid-term to long-
term follow up of patients after an episode of severe
acute renal failure is indicated.

This prospective community based study has given
estimates of the incidence of acute renal failure in an
unselected population, indicates a potential workload
for renal services, and highlights the importance of
preventable and treatable acute renal failure in the
form of prostatic disease.
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