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Long term renal outcome of childhood haemolytic uraemic syndrome

Margaret M Fitzpatrick, Vanita Shah, Richard S Trompeter, Michael J Dillon, T Martin Barratt

Abstract

Objective—To evaluate the long term outcome of
renal function in infants and children after diarrhoea
associated haemolytic uraemic syndrome.

Setting—The Hospital for Sick Children, Great
Ormond Street, and the Royal Free Hospital,
London. ’

Subjects—103 children with the syndrome who
presented between 1966 and 1985; 88 attended for
follow up investigations (40 male, 48 female) with a
mean age 11-6 (range 5-2-22-6) years and a mean
duration of follow up of 8-5 (range 5-1-21-3) years.

Main outcome measures—Blood pressure, ratio of
early morning urine albumin to creatinine concentra-
tion, glomerular filtration rate, and plasma renin
activity.

Results—The mean (SD) systolic blood pressure
standard deviation score was 0-38 (0-67) and dia-
stolic blood pressure SD score was 0-10 (0-76). The
geometric mean ratio of overnight urine albumin to
creatinine concentration was 1-27 (range 0-03-48-2),
significantly higher than the value observed in
77 normal children (0-32 (0-05-1-95), p<0-0001).
Glomerular filtration rate estimated from the
plasma clearance of chromium-51 EDTA was 95-1
(22-7) ml/min/1-73 m? surface area, and 16 children
had a rate of <80 ml/min/1-73 m’. Significant
negative correlations were found between glo-
merular filtration rate and urinary albumin to creati-
nine ratio (r=-0-41, p<0-0001) and glomerular
filtration rate and systolic blood pressure SD score
(r=-0-48, p<<0-0001). A significant positive corre-
lation was found between urinary albumin to creati-
nine ratio and systolic blood pressure SD score
(r=0-25, p=0-02).

Conclusions— After an acute episode of diarrhoea
associated haemolytic uraemic syndrome 31%
(27/88) of children had an increased albumin excre-
tion, 18% (16/88) had a reduced glomerular filtration
rate and 10% (9/88) had both, in association with a
higher systolic blood pressure, indicating consider-
able residual nephropathy in this group.

Introduction

The haemolytic uraemic syndromes are a hetero-
geneous group of disorders characterised by haemo-
lytic anaemia, thrombocytopenia, and renal failure.'
Two main subgroups are now recognised: the first is
associated with a diarrhoeal prodrome and is a major
cause of acute renal failure in children in Britain,
whereas the second, which is rare in childhood, has no
antecedent diarrhoea.’ During the past decade, with
the discovery that Escherichia coli producing verocyto-
toxin are an important cause of diarrhoea associated
haemolytic uraemic syndrome,* there have been con-
siderable advances in understanding the aetiology and
pathogenesis of this disorder. The long term outcome
for renal function in those patients who survive the
acute phase of the illness is, however, incompletely
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documented. This paper reviews the long term out-
come of renal function in 88 infants and children
evaluated five to 21 years after the acute phase of the
syndrome.

Methods

From 1966 to 1985 a total of 120 infants and children
with haemolytic uraemic syndrome were admitted to
the Hospital for Sick Children, Great Ormond Street,
and the Royal Free Hospital, London. One hundred
and three had a “typical” enteropathic illness with a
diarrhoeal prodrome and 17 an “atypical” presentation
without diarrhoea. A follow up study was undertaken
of the children whose illness had the diarrhoeal pro-
drome. Ethical approval for this study was obtained
from the ethics committee of the Hospital for Sick
Children, Great Ormond Street.

Of the original 103 children with diarrhoea asso-
ciated haemolytic uraemic syndrome (table I), 15 were
not included in the study. Eight had died, five during
the acute phase of the illness, and three had progressed
to end stage renal failure after their initial presentation
and died after dialysis or transplantation (table II).

TABLE 1—Children with diarrhoea associated haemolytic uraemic
syndrome included and not included in study. None presented in 1967
and 1970

No No No
presenting  followed up died

No not
Year available
1966
1968
1969
1971
1972
1973
1974
1975
1976
1977
1979
1980

1982
1983
1984
1985
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Seven other children were not available for study
because they lived abroad (two), were unwilling to
cooperate in the study (two), or could not be located
(three). Of the 88 patients who attended for follow up
investigations, 40 were male and 48 female; they had a
mean age of 11:6 (range 5-3-22:6) years. The mean
duration of follow up was 8-5 (5-1-21-3) years.

The patients were reviewed as day cases, bringing
with them an early morning urine sample in which the
ratio of urinary albumin to creatinine concentration
was measured. Blood pressure was measured using a
random zero sphygmomanometer.’ Blood samples
were taken for estimation of glomerular filtration rate
and plasma renin activity.

Blood pressure was measured in the right arm
with the patient seated, by using a random zero
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TABLE 11— Characteristics of eight patients with diarrhoea associated haemolvtic uraemic syndrome who died

Death
White blood Duration of Time after
Year of cell count dialysis presentation
Sex presentation  Age (years) (<101 (days) (months) Cause
M 1966 06 276 14 0-5 Cerebral
F 1966 1-1 329 48 1-6 Septicacmia
F 1969 0-2 267 0-2 Cerebral
F 1971 0-5 14-8 56 6 Cerebral
F 1978 11 22:9 28 55 Cardiac
M 1978 1 41-3 28 84 Septicacmia
M 1980 2 37-4 6 0-2 Colitis
F 1985 3 229 9 0-3 Cerebral

TABLE 111 —Standard deviation
scores for systolic blood pressure
in 88 patients with diarrhoea
assoctated haemolytic uraemic
syndrome

Standard
deviation No of
score patients
—10- 7
—~0-5- 22
0- 21
0-5- 19
1-0- 13
1-5-2-0 6

sphygmomanometer, the arm being supported in a
semidependent position. No strenuous exercise was
taken in the two hours before the measurements. After
inflation of the cuff three readings of Korotkoff sounds
I and V were taken and the means used for analysis.
The fifth (instead of the fourth) Korotkoff sound was
used because it is more reliably heard.’ All measure-
ments were made by the same observer throughout the
study. Data were normally distributed and results were
expressed as standard deviation scores by reference to
age and sex matched 1987 Task Force standards, by
using the formula SD score=(measurement—mean)/
standard deviation, where the mean and standard

TABLE 1V — Characteristics of 16 patients with glomerular filtration rate <80 ml/min/1-73 m’ surface area at

review
Urinary
White blood  Duration of Age at albuminto  Systolic blood
Age cell count dialysis follow up Glomerular creatinine ratio  pressure

Sex (years) (x10"1) (days) (years) filtration rate  (mg/mmol) (SD score)
F 15 276 12 14:6 15 1147 1-87
F 0-6 20-0 68 144 37 134-S 1-24
M 30 17-2 16 80 52 81-3 1-98
M 1-3 10-1 14 8-4 55 69 079
F 2:5 213 17 85 56 139-8 1-50
M 1-3 22:0 24 65 60 151-8 1-18
M 2:3 29-5 17 7-4 62 0-8 1-40
F 11 196 5 66 63 0-7 1-72
F 0-3 20-3 16-8 65 9-0 1-06
F 1-3 25-3 11 10-7 68 09 169
F 2'5 180 8 11-5 72 0-5 1-22
M 3-0 249 15 119 74 0-3 0-38
M 0-6 14-2 12 18-8 74 0-2 1-02
M 1-2 435 12 61 75 9-0 1-20
M 0-3 21-0 16-2 80 0-3 0-16
F 5-8 114 12 126 80 7-0 0-66
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deviation were those of the normal sex and age matched
population.®

Urine—The early morning urine sample was col-
lected in a plastic bottle containing merthiolate
1:10 000 to prevent bacterial growth. The urine creati-
nine concentration (mmol/l) was measured by an
autoanalyser Jaffe reaction with an intra-assay coeffi-
cient of variation of 3%. Urine albumin concentration
(mg/l) was measured by double antibody radio-
immunoassay with a commercially available kit (Diag-
nostic Products Corporation, Los Angeles, California,
USA) with a sensitivity of 0-5 mg/l, an intra-assay
coefficient of variation of 4%, and an interassay
coefficient of 5%. The ratio of urinary albumin to
creatinine concentration was expressed as mg/mmol
and was log transformed before statistical analysis;
results were expressed as the geometric mean and
range (2 SD) calculated on log data.

Glomerular filtration rate was estimated from the
plasma clearance of chromium-51 EDTA by single
compartmental analysis’ and the results expressed in
ml/min/1-73 m’ surface area.

Plasma renin activity—One ml of venous blood was
taken from the patients after they had rested supine for
two hours. Plasma renin activity was measured with
a semimicro radioimmunoassay’® and expressed as
ng angiotensin I l/hour. Interassay and intra-assay
coefficients of variation were 10% and 5% respectively.

As for blood pressure, SD scores were calculated for
plasma renin activity compared with age matched
controls."

Statistical analysis—A one sample 1 test was used
to compare systolic and diastolic blood pressure SD
score and plasma renin SD score with the notional
value of zero. The geometric means of the urinary
albumin to creatinine ratio were compared by an
unpaired ¢ test on log transformed data. The inter-
relations between glomerular filtration rate, blood
pressure, SD score, and urinary albumin to creatinine
ratio were examined by linear regression and Pearson’s
correlation coefficients. The ages and durations
of dialysis for the children in two outcome groups
(defined according to glomerular filtration rate) were
compared with the Mann-Whitney test for comparison
of two values, and the geometric means of the total
white cell counts in the two groups were compared by
using an unpaired ¢ test on log transformed data.

Results

The mortality during the acute phase of the disease
was 3/35 (9%) before 1980 and 2/68 (3%) after 1980
(table I). The overall mortality between 1966 and
1985 was 8/103 (8%). Three children went into end
stage renal failure without recovering function. Two
children had neurological sequelae: one had a left sided
hemiparesis and the other had spastic diplegia and
cortical blindness. .

In the 88 children followed, the mean (SD) systolic
blood pressure SD score was 0-38 (0-67) significantly
greater than zero (1=5-28, p<0-001), but no child
had a score greater than 2-0 (table III). The mean
diastolic score was 0-10 (0-76), which was not signifi-
cantly different from zero (1=1-23, p=0-22). The
geometric mean ratio of albumin to creatinine in
the early morning urine sample was 1:27 (range
0-03-48-2), significantly higher than the value of 0-32
(0-05-1-95) (1=5-97, p<0-0001) in 77 normal children
(fig 1).° Of the 88 children with diarrhoea associated
haemolytic uraemic syndrome 27 (31%) had a ratio
>2 SD above the normal mean. The mean glomerular
filtration rate was 95-1 (22-7) ml/min/1-73 m’ surface
area (range 15-160 ml/min/1-73 m?), and 16 of the
patients had a rate <80 ml/min/1:73 m’ (table IV).
Nine of these children had both a glomerular filtration
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FIG 1 — Urinary albumin to creatinine ratio in children with diarrhoea
associated haemolytic uraemic syndrome and normal controls
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FIG 2— Relation between glomerular filtration rate and urinary albumin to creatinine ratio at follow up in
88 children with diarrhoea associated haemolytic uraemic syndrome

TABLE V—Glomerular filtration
rate (GFR) and dialysis in
patients with diarrhoea
associated haemolytic uraemic
syndrome

No of patients

Duration
of GFR
dialysis <80 m/min/1-73 m’
(days) Total surface area

0 20 2

1-5 12 1

6-10 21 1
11-15 21 7
16-20 8 3
21-30 3 3

>30 3 2
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FIG 3—Relation berween glomerular filtration rate and systolic blood

pressure SD score at follow up in 88 children with diarrhoea associated
haemolytic uraemic syndrome

rate <80 ml/min/1-73 m’ and a urinary albumin to
creatinine ratio >2 SD above the normal mean. Data
on plasma renin activity were available in only 41
children. The mean (SD) plasma renin SD score
was 0-60 (0-97), which was significantly greater than
zero (1=3-9, p<<0-001). We found significant negative
correlations between glomerular filtration rate and
urinary albumin to creatinine ratio (r=-0-41,
p<<0-0001) and glomerular filtration rate and systolic
blood pressure SD score (r=—0-48, p<0-0001) (figs 2
and 3) and a significant positive correlation between
urinary albumin to creatinine ratio and systolic blood
pressure SD score (r=0-25, p=0-02) (fig 4). No
correlation was found between plasma renin SD score
and any of the other variables measured.

The patients were divided into two groups: group 1
included 16 who at follow up had a glomerular
filtration rate <80 ml/min/1-73 m’ surface area, which
is considered to be the lower limit of normal, and three
who had died after end stage renal failure; group 2
consisted of 72 patients with a glomerular filtration rate
>80 ml/min/1-73 m? at the time of reinvestigation.
We found no significant difference in the age at
presentation: in group 1 the mean age was 2-1
(0-25-11-0) years compared with 35 (0-4-14-0) years in
group 2 (z=0-86, p=0-38). Children in group 1 had a
significantly higher total white blood cell count at
presentation (geometric mean 209 (range 10-5-41-6) X
10°/1) than those in group 2 (15-1 (5-0-45-7)x10%/1;
t=—24, p=0-01). The duration of dialysis was also
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significantly longer in group 1 (21-1 (17) days) than in
group 2 (91 (6-0) days; z=2-91, p<0-001); this
analysis excludes the 22 children (24%) who were not
receiving dialysis at the time of presentation. Eight
(57%) of the 14 patients who received dialysis for 16
days or more had a reduced glomerular filtration rate,
whereas only 11 (14%) of the 74 receiving dialysis for
less than 16 days had a glomerular filtration rate
<80 ml/min/1-73 m* at follow up (table V).

Discussion

Diarrhoea associated haemolytic uraemic syndrome
is one of the major causes of acute renal failure in
childhood. The immediate prognosis has improved
substantially over the past two decades as short term
dialysis has become a widely available and safe form of
treatment. Most recent series report an acute fatality
rate of 5-10%'*"; in our study the mortality during the
acute phase was 5:0%. The long term consequences
of haemolytic uraemic syndrome are, however,
less well documented, with various outcomes being
reported from different centres and regions.''" '+
The aim of this study was to assess renal function in a
large group of children with a minimum follow up of
five years, after an acute episode and to provide more
reliable data on the long term prognosis of the
condition.

In this series 3/103 (3%) of patients did not
recover renal function after presentation and 34/88
(39%) had some abnormality of renal function at
the time of follow up. Eighteen per cent had a
glomerular filtration rate <80 ml/min/1-73 m? and 31%
had significant microalbuminuria. Three per cent of
patients became hypertensive after their acute illness
and were taking antihypertensive drugs at follow up.
The remainder had systolic blood pressure SD score
<2, but the mean systolic blood pressure SD score for
the group as a whole was significantly greater than
zero. The mean plasma renin activity SD score was also
greater than zero. We found that a lower glomerular
filtration rate, microalbuminuria, and a higher systolic
blood pressure were associated.

We divided our survivors into two groups on the
basis of glomerular filtration rate: <80 (group 1) and
>80 ml/min/1-73 m* (group 2). There was no differ-
ence in the age at presentation between the two groups,
but patients in group 1 had a significantly higher white
blood count at presentation and a significantly longer
duration of dialysis. Recent publications analysing
prognostic features in haemolytic uraemic syndrome
have produced variable results with regard to the
significance of age at presentation, the duration of
anuria or dialysis, and the presence of central nervous
system involvement," " but polymorphoneutrophil
leucocytosis is consistently related to poor outcome. ™
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Follow up studies published over the past vears have
produced conflicting results with regard to renal out-
come after an episode of haemolytic uraemic syndrome.
The largest series, published before the widespread
availability of acute dialysis, is from Argentina, where
haemolytic uraemic syndrome is common.’” Of 124
survivors followed for a minimum of five years, only 60
(48%) made a full recovery; 23 (18%) progressed to end
stage renal failure. More recent data have pointed to a
better outcome. Van Dyck ez al added their findings to
those from studies in Utrecht, London, and Paris, and
in a total of 258 patients from western Europe found an
acute mortality of 9%, progression to end stage renal
failure in 9%, chronic renal failure in 4%, late sequelae
in 12%, and complete recovery in 66%." The data from
these different centres are, however, difficult to inter-
pret. In these series no clear distinction has been
made between haemolytic uraemic syndrome with and
without the diarrhoeal prodrome and it is now known
that most children with no antecedent diarrhoea have a
poor prognosis.”** Different methods of assessing
renal function were used in the different centres and
the duration of follow up was inadequate in some
instances. In comparison with Van Dyck et al’s results
we found a lower acute mortality (5%) and fewer
children progressing to end stage renal failure (3%) but
a higher proportion of children with renal sequelae
(39%). In a recent publication from the Argentinian
group, Perelstein et al found that children with a
history of haemolytic uraemic syndrome and normal
renal function, as determined by standard diagnostic
procedures, had a loss of normal renal functional
reserve after a protein load when compared with
normal controls.* This suggests that the extent of
residual renal problems following diarrhoea associated
haemolytic uraemic syndrome may have been under-
estimated.

Most of our patients had been discharged from
hospital follow up and were not under regular medical
review. In view of the substantial number of patients
with renal sequelae we suggest that children who have
had an episode of diarrhoea associated haemolytic
uraemic syndrome be kept under medical review
with blood pressure measurement and urine testing.
Because of the positive correlation between micro-
albuminuria and systolic blood pressure and the
negative correlation of microalbuminuria and
glomerular filtration rate, patients with noticeable
microalbuminuria on routine testing should be more
closely monitored, with measurement of glomerular
filtration rate. Milford er al have suggested measure-
ment of the ratio of protein to creatinine in an early
morning sample of urine as an effective means of
monitoring the progress of patients after an episode of
diarrhoea associated haemolytic uraemic syndrome.”
They examined the prognostic value of changes in
these ratios in 40 children one year after diagnosis and
found that 87% of those who seemed to have fully
recovered had normal ratios, compared with none of
those with poor outcomes.*

Diarrhoea associated haemolytic uraemic syndrome

is now emerging as an important clinical and public
health problem, and there is evidence that its incidence
is increasing, particularly in young children.”" "' This
study shows it is associated with substantial morbidity,
and a considerable number of patients have evidence of
occult nephropathy at follow up. The abnormalities in
many patients are subtle and the long term implica-
tions unclear; some may show further decline in renal
function or become hypertensive. This disease may
consequently have an increasing impact in adult
nephrology.
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ONE HUNDRED YEARS AGO

A Handbook to London has been presented to all the
members of the Congress. The English and French
versions appear side by side on the same page. The
information supplied appears to be of a thoroughly
reliable and practical character, and the maps must
have been of great assistance to persons unfamiliar
with London; in addition to the ordinary guidebook

maps, there are others showing the situations of the
hospitals of London, of the cemeteries and prisons—
a lugubrious collocation—and, out of compliment to
the demographers, a chart is added showing the gross
present population of the metropolitan parishes and the
number of persons per acre.

(British Medical fournal 1891;1i:391)
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