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Absence of effect of dipyridamole on renal and
platelet function in diabetes mellitus

D M Gibb, D Dunger, M Levin, D Grant, P Jones, T M Barratt

Abstract
We evaluated the effect of dipyridamole
(5 mg/kg/day) for 12 months on renal and
platelet function in 53 children with insulin
dependent diabetes mellitus (IDDM) in a
prospective double blind placebo controlled
trial. Urine albumin excretion (expressed as
the geometric mean albumin to creatinine
concentration ratio (UA/UC) was measured
every three months throughout the study. At
12 months, the geometric mean UA/UC was
no different in diabetic children receiving
dipyridamole, 0-60 mg/mmol, when compared
with those receiving placebo, 0-87 mg/mmol.
Glomerular filtration rate, urinary excretion
of retinol binding protein, and N-acetyl-,B-D-
glucosamidase (NAG), blood pressure, and
spontaneous platelet aggregation in response
to stirring whole blood did not differ between
the two groups at 12 months. Subgroup analy-
sis to include only those children with high
UA/UC before entry into the study also failed
to show an effect of the drug on UA/UC.

Eleven children had either persistently high
UA/UC (n=8: four on dipyridamole, four on
placebo) or progression to high UA/UC (n=3:
two on dipyridamole, one on placebo). These
children had significantly higher urinary
excretion of retinol binding protein and NAG,
bigger kidneys, and higher diastolic blood
pressure both before and after treatment than
the remaining 42 children, whereas there was
no difference in spontaneous platelet aggrega-
tion between the two groups. These observa-
tions on the associations between UA/UC and
other paremeters of renal function suggest
that measurement of 'tubular' proteins and
diastolic blood pressure as well as UA/UC
may contribute to the identification of those at
risk of developing nephropathy.

It has been suggested that platelet activation
contributes to the pathogenesis of both the
macrovascular and the microvascular complica-
tions of diabetes mellitus. '- Shortened platelet
survival,4 increased platelet aggregation in
vitro,5 and release of intraplatelet substances5 6
have all been reported in adults with established
microvascular complications. In those without
complications the studies have been conflicting,
however, with some7 8 but not others9l
reporting abnormalities of platelet function.
Futher evidence linking platelet activation with
diabetic nephropathy comes from a study using
the specific inhibitor of thromboxane syn-
thetase, UK-38,485, in which 30 patients with
microalbuminuria had significantly reduced

urine albumin excretion rates after 16 weeks of
treatment with this drug compared with
placebo, and albumin rebounded to pretreat-
ment concentrations after its discontinuation.'2

Dipyridamole, a commonly prescribed anti-
platelet drug used in combination with aspirin
as an antithrombotic agent,'3 14 has been
reported to reduce urine albumin excretion and
to increase platelet survival in different glo-
merulopathies in both adults and children.'5 16
In combination with aspirin, it has also been
reported to decrease urine albumin excretion in
studies of adults with established diabetic
nephropathy.17-20 Although it has been pro-
posed that this effect is mediated by a change in
platelet function, there is also experimental evi-
dence suggesting that it may reduce proteinuria
by causing efferent arteriolar dilatation, with a
resulting decrease in hyperfiltration. 2
The studies undertaken so far have been in

patients with established or incipient nephro-
pathy and it is unknown whether these drugs
may be effective in the primary prevention of
nephropathy. In a previously reported cross
sectional study of children and adolescents with
insulin dependent diabetes mellitus (IDDM),
we observed a small but significant increase in
platelet aggregation in whole blood in vitro
compared with normal children. We also
observed increases in both urine albumin excre-
tion and glomerular filtration rate and noted a
threshold association between the two, those
children with high urine albumin excretion also
having a high glomerular filtration rate and
larger than average kidneys.23 We now report
the results of a placebo controlled trial of the
effect of dipyridamole taken for 12 months on
renal and platelet function in these same chil-
dren with IDDM. In addition, over this time
period, we investigated the evolution of the
association between renal and platelet function.

Subjects and methods
SUBJECTS
Sixty children with IDDM were recruited from
the diabetic clinics of the Hospitals for Sick
Children, London. Their mean (SD) age was
13-1 (3-5) years and the mean (SD) duration of
diabetes was 7-0 (4-3) years; there were 33 girls
and 27 boys. Two children were receiving anti-
convulsant drugs (carbamazepine and sodium
valproate); the remainder were receiving no
other treatment except insulin and had no signi-
ficant disease other than diabetes. None of the
children had taken aspirin during the two weeks
before entry into the trial and all were given oral
and written instructions to avoid taking aspirin
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like drugs throughout the trial period. No child
had evidence of urinary tract infection or renal
abnormality on ultrasound at entry into the
study.

TRIAL DESIGN
The trial was a double blind placebo controlled
study with the randomisation stratified for urine
albumin excretion. The primary end point was
to ascertain whether dipyridamole modified
urine albumin excretion in childhood diabetes.
Secondary endpoints were to observe whether
there was any effect of the drug on platelet func-
tion and other indices of renal function.
We wished to detect a 30% difference

between treatment and placebo groups at 12
months, assuming a standard deviation of 35%.
To give 80% power at the 95% level of signifi-
cance 20 patients per group were required.

Urine albumin excretion was measured
within the three months before, and again at
entry to the trial. In addition, urinary excretion
of retinol binding protein, N-acteyl-,3-D-
glucosaminidase (NAG), renal size, blood
pressure, glycated haemoglobin (HbA1I), and
platelet aggregation were measured in all
children at entry to the trial. Measurements of
glomerular filtration rate were available on 41
children only. The children were then randomly
allocated to receive either dipyridamole, S mg/
kg body weight/day, or matching placebo in a
twice daily dosage. Unmarked preparations
were provided by Boehringer Ingelheim and the
randomisation schedule was kept in the hospital
pharmacy. All children were followed up by the
same investigator and neither she nor the
patients were aware of the treatment each child
was receiving.
Measurements of blood pressure, pubertal

state, urine albumin excretion, 'spontaneous'
platelet aggregation, and HbAjc were made at
intervals of three months. In addition, renal size
and tubular proteins were measured at comple-
tion of the study at 12 months, and glomerular
filtration rate was remeasured in the 41 children
initially studied. Final estimations of blood
pressure, HbA,c, urine albumin excretion, and
platelet aggregation were undertaken three
months after discontinuing the drug.
The study had the approval of the ethics com-

mittee of the Hospital for Sick Children, Great
Ormond Street, London.

ANALYTICAL METHODS
Urinary albumin (UA) was measured by
radioimmunoassay using a commercial kit
(Diagnostic Products (UK) Ltd, sensitivity 0-5
mg/l, intra-assay and interassay variability 4%
and 5% respectively). Urinary retinol binding
protein (URBP) was measured by an enzyme
linked immunosorbent assay (ELISA) techni-
que using rabbit antisera (Dako Ltd).24 Urinary
NAG (UNAG) was measured by an automated
colorimetric method using p-nitrophenyl-N-
acetyl-j-D-glucosamide (Sigma Chemical Co) as
substrate.25 Urine creatinine (UC) was
measured by the Jaffe reaction. Urinary excre-
tion of protein was expressed as the geometric
mean of the ratio of the protein concentration to

that of creatinine in two consecutive overnight
urine samples (UA/UC (mg/mmol), URBP/UC
(,ug/mmol), UNAG/UC (Qmol p-nitrophenyl
(pnp) hour/mmol)). The upper limit of normal
was defined as the upper 95% tolerance limit in
45 normal children calculated from log data.
This was 1-17 mg/mmol for UA/UC, 15-0 [ig/
mmol for URBP/UC, and 25 0 [tmol pnp hour/
mmol for UNAG/UC.26 We have previously
shown that a UA/UC value of 1-17 mg/mmol is
equivalent to a urine albumin excretion rate of
8-2 Rg/min/173 m2 surface area.27

Glomerular filtration rate was measured
during a constant infusion of 51-chromium
edetic acid (5"Cr-EDTA) under conditions of
water diuresis by standard renal clearance tech-
niques with spontaneous voiding of urine. The
upper 95% tolerance limit in 15 adult controls
was 135 ml/min/1-73 m2 surface area.23

Renal length was measured by ultrasono-
graphy with the child in the prone position and
was related to normal data for right and left kid-
ney lengths plotted against body height.28 The
standard deviation (SD) score for each kidney
was calculated from the formula: SD score=
(measurement-mean)/SD. Data on the diabetic
children was expressed as the mean of the right
and left kidney length SD scores, compared
with these normal published sonographic
growth charts.28

Blood pressure was measured using a random
zero sphygmomanometer with the child seated.
Results are presented both as raw data and SD
scores calculated from the American Task Force
Data for blood pressure in normal children.29
HbAjc was measured by electrophoresis

(normal range 5-8%).
Platelet aggregation was measured in whole

blood in response to stirring using the Ultraflo
100 whole blood platelet counter.30 A sample
of S ml blood was taken into a polypropylene
syringe using a 19 gauge needle and immedi-
ately transferred into a polystyrene tube con-
taining 0 5 ml 3 8% trisodium citrate dihydrate.
A 0 5 ml aliquot was then stirred in a plastic
tube at 1000 rpm at 37°C. A 20 [tl aliquot was
taken two minutes after stirring had started,
and immediately fixed with 40 ,d of formalin-
edetic acid solution to prevent further aggrega-
tion or disaggregation before counting. All
samples were counted in tripicate and the mean
taken. Aggregation was expressed as the per-
centage fall in platelet count at two minutes
compared with the count in an aliquot taken
immediately before stirring.30 All experiments
were performed between one and three hours
after venepuncture as, in agreement with
Saniabadi et al, we have found that aggregation
after venepuncture increases over the first hour
and then stabilises.3' The upper 95% tolerance
limit for spontaneous aggregation in 26 normal
children was 27% at two minutes.23 Aggregation
in response to platelet activating factor was also
measured at the three month visit. After one
minute stirring, 4 ,ul of 500 nM platelet acti-
vating factor was added to 500 p1 whole blood
(making a final concentration of 4 nM platelet
activating factor) and aliquots taken as descri-
bed above at 15 seconds, 30 seconds, one
minute and two minutes later.
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STATISTICAL METHODS
Withdrawals from the study were excluded
from the analysis; all occurred in the first three
to six months.

Before analysis, it was decided that the
following covariates should be considered: base-
line values, age, Tanner puberty stage in three
groups (stage 1, stages 2 and 3, stages 4 and 5),
duration of diabetes, and sex. Age and duration
of diabetes were particularly important because
the children treated with dipyridamole were on

average 1-7 years older and had a disease dura-
tion of 2-6 years longer than those treated with
placebo.

All covariates were tested with the primary
and secondary end points; only age and baseline
values indicated a consistent effect and hence
only these were included in the final model.

Analysis of variance tests were used at each
visit, but significance was only attached to the
12 months result. In cases where UA/UC data
(n=5) or platelet aggregation data (n=4) at 12
months were missing, the previous recorded
reading at nine months was used. UA/UC,
URBP/UC, and UNAG/UC were log trans-
formed before analysis; all tests indicated that
the data (transformed as appropriate) did not
deviate appreciably from normality.

Results
WITHDRAWALS AND SIDE EFFECTS
Seven children withdrew from the study (four
defaulted and three developed headaches: two
on dipyridamole and one on placebo). Ten
others reported mild headaches (four on

dipyridamole and six on placebo); a temporary
reduction in dose followed by a gradual increase
back to 5 mg/kg/day alleviated headaches in
these children regardless of treatment.

BASELINE DATA
Excluding withdrawals, the 28 children in the
placebo group were younger and had a shorter
duration of diabetes than the 25 children taking
dipyridamole (table 1). The results of UA/UC,
tubular protein excretion, blood pressure,

HbAic, glomerular filtration rate, and platelet
aggregation at baseline were similar in both
groups.

URINE ALBUMIN EXCRETION
There was no evidence of treatment differences
over the 15 months. During the first nine
months, the placebo group had slightly lower
UA/UC, but at 12 months this was reversed and
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Geometric mean and 95% confidence intervals (only one
shownfor clarity)for UAIUC in diabetic children treated
with dipyridamole (-@*) or placebo (0-O).

those on dipyridamole had a geometric mean
(95% confidence interval) UA/UC of 0-60 (042
to 0O85) compared with that of 0-87 (0-62 to
121) in the placebo group (p=0-14). At 15
months, both groups had similar UA/UC
(figure). The seven children who withdrew
from the trial had UA/UC readings at the time
of withdrawal that were similar to those who
completed.

Seventeen children had UA/UC values above
normal at screening (eight on dipyridamole and
nine on placebo). Analysis indicated that those
with original high UA/UC tended to maintain
higher values throughout the study, but there
was no evidence that the treatment worked
better in this subgroup (the subgroup treatment
interaction ranged from p=0-09Q0-71 for
months three to 15).

SECONDARY END POINTS

HbAic and glomerular filtration rate were

similar in both groups throughout the study
(table 2). Thirteen children had a high glomeru-
lar filtration rate (>135 ml/min/1-73 m2, 95%
tolerance level in controls) at the beginning of
the study (six on dipyridamole and seven on

placebo). At 12 months, glomerular filtration
rate was lower in these children by 9% (95%
confidence interval 4 to 13%) but this difference
was the same in both the dipyridamole (9%,
95% confidence interval 2 to 21%) and the
placebo treated groups (9%, 95% confidence
interval 2 to 15%). Of the four withdrawals who
had glomerular filtration rate measurements
performed, two had high and two had normal

Table I Characteristics of diabetic children who completed the study and withdrawals

No of children Agek (years) Duration of diabetes- (years) Sex

Children who completed study:
Dipyridamole 25 13-6 (3-4) 8-2 (4 7) 14M, 11F
Placebo 28 119 (3-4) 5-6 (3-3) 11M, 17F
All 53 12-7 (3-4) 6-8 (4-2) 25M, 28F

Withdrawals:
Dipyridamole 4 14, 15, 16, 18 2, 6, 10, 16 IM, 3F
Placebo 3 12, 16, 18 7, 8, 9 IM, 2F

*For children who completed the study the results are mean (SD).
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glomerular filtration rate values at baseline. One
child had a glomerular filtration rate of 60 ml/
min/1-73 m2 at 12 months, having had a glomer-
ular filtration rate of 145 ml/min/1i73 m2 at
baseline. Her diabetic control was very poor

throughout the trial (HbAic 17-18-8%) and
she developed oedema, hepatomegaly, micro-
albuminuria, and a high URBP/UC between
nine and 12 months while taking dipyridamole.
As on the residual plot the 12 month glomerular
filtration rate value was clearly an outlier, she
was omitted from the 12 month analysis for this
variable alone.
There was no evidence of a treatment effect

on blood pressure, renal size, tubular proteins,
or platelet aggregation (table 2). At three
months the mean (95% confidence interval)
percentage fall in platelet count in response to
platelet activating factor at 15 seconds was
similar in the dipyridamole treated children,
42-5% (34-7 to 50 3), compared with the chil-
dren receiving placebo, 39 3% (31-3 to 47 3).

CHILDREN WITH HIGH UA/UC

Twenty four children (13 on dipyridamole and
11 on placebo) had at least one value above
normal during the course of the study; three
children (two on dipyridamole and one on
placebo) progressed from normal UA/UC to
high UA/UC, defined as at least three consecu-

tive UA/UC >1 17 mg/mmol; and eight
children (four on dipyridamole and four on

placebo) had readings persistently above this
level. Of these eight children with persistently
high UA/UC, four had values consistently above

2 5 mg/mmol (equivalent to a urine albumin
excretion rate of 20 ,tg/min/I .73 i2)27; two were
on placebo and two on dipyridamole treatment.
As no signficant treatment effects were

observed during the trial, data from all 53
patients completing the trial were pooled and
the associations between indices examined at
baseline and at 12 months. The 11 children with
high UA/UC throughout the trial had higher
URBP/UC, UNAG/UC, diastolic blood pres-
sure SD scores, and mean kidney length SD
scores at both baseline and at 12 months than
the rest of the children, irrespective of treat-
ment group (table 3). Although there was a
tendency for systolic blood pressure scores to be
higher in the children with high UA/UC, the
differences were not significant. Glomerular
filtration rate was measured at baseline in only
six of the 11 children with high UA/UC; values
were higher than the rest of the children at base-
line. At 12 months, however, one child
described above had a dramatic fall in glomeru-
lar filtration rate, and the mean glomerular fil-
tration rate in the other five children was not
significantly greater than that of the remaining
children.

Platelet aggregation results throughout the
study were consistently above normal in only
one patient. She was taking dipyridamole and
had normal UA/UC and glomerular filtration
rate throughout the study. If platelet aggrega-

tion in the 11 children with persistently high or

progression to high UA/UC were compared
with the rest of the children, although higher
throughout the study, the differences were not

Table 2 Comparison of indices of renal and platelet function in children on dipyridamole compared with placebo. Results at
12 months are adjusted for age and baseline values and are expressed as mean and 95% confidence interval

Baseline (n=53) 12 Months

Dityridamole (n=25) Placebo (n=28)

HbAIc (%) 11-8 (11-2 to 12-4) 11-5 (10-7 to 12-3) 11-5 (10-7 to 12-2)
Renal size (SD score) 0-25 (-0-07 to +0-57) 0-12 (-0-3 to +0 54) 0-13 (-0-31 to +0-57)
URBP/UC (g/mmol) 8-2 (5 9 to 11-2) 14-5 (9 3 to 22-8) 10.9 (7-2 to 16-5)
UNAG/UC (Wlmol pnp/hr/mmol) 38-1 (28-2 to 504) 60-9 (46-3 to 800) 63-2 (49-2 to 81-1)
Systolic blood pressure 110 (108 to 113) 113 (109 to 117) 112 (108 to 115)
Diastolic blood pressure 70 (67 to 73) 73 (69 to 77) 71 (67 to 74)
Spontaneous platelet aggregation
(% fall at 2 min) 17-9 (15-4 to 20 4) 13-5 (10-6 to 16-3) 12-3 (9-6 to 14-9)

n=36 n= 18 n= 18
Glomerular filtration rate
(ml/minl/-73 mi2) 129 (123 to 135) 128 (123 to 133) 124 (118 to 129)

Table 3 Comparison ofrenal and platelet function in children with persistently high or progression to high UAIUC and those
with normal UA/UC. Results expressed as mean (SEM) or geometric mean (95% confidence interval) from log data.

High UAIUC (n=ll) Normal UAIUC (n=42) p Value

Age (years) 14-1 (0-93) 12-4 (0 52) 0 11
Disease duration (years) 7-5 (1 10) 6-7 (0-66) 0 54
Sex 9F, 2M 19F, 23M 0 07
HbA,c (%) Baseline 13-1 (0-60) 11-5 (0-30) 0-02

12 Months 13-4 (0 80) 11 0 (0 30) 0-005
Renal size (SD score) Baseline 1-01 (0 38) -0 05 (0-15) 0-007

12 Months 1-25 (0-39) -0-20 (0-17) 0 0001
URBP/UC ([tg/mmol) Baseline 16-4 (12-4 to 21-7) 9-2 (6-8 to 12-4) 0-002

12 Months 30-6 (10-4 to 36-0) 6-6 (4-8 to 9-1) 0-004
UNAG/UC (pmol pnp/hr/mmol) Baseline 67-3 (36-0 to 126-0) 33-0 (24-7 to 67 8) 0 07

12 Months 95-7 (70 5 to 130-0) 56 0 (43-9 to 71-3) 0-004
Systolic blood pressure (SD score) Baseline 0-26 (0-17) 0-16 (011) 0-62

12 Months 0 49 (0-26) 0-10 (0-13) 0-16
Diastolic blood pressure (SD score) Baseline 1-02 (0-22) 0-35 (0-12) 0-007

12 Months 1-02 (0 27) 0 40 (0-12) 0 04
Platelet aggregation Baseline 22-3 (3-3) 16-6 (1-6) 011

12 Months 10-9 (1-6) 13-7 (1-3) 0-37

Glomerular filtration rate Baseline 142-7 (5 1) 126-3 (3-4) 0-007
12 Months 130-4 (6 8) 124-9 (2 9) 0-48
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significant (table 3). There was a tendency for
platelet aggregation results to be lower at the
end compared with the beginning of the trial in
both groups and there was no evidence of dipyr-
idamole affecting platelet aggregation.

Discussion
In this study we observed no effect of dipyrida-
mole on urine albumin excretion in children
and adolescents with IDDM, irrespective of
whether urine albumin excretion at the start of
the study was normal or high. In addition there
were no appreciable changes in glomerular fil-
tration rate, blood pressure, or tubular proteins
in the treatment group compared with those
taking placebo. The treatment and placebo
groups were well matched for degree of meta-
bolic control, and age was controlled for in the
analysis.
The effects of dipyridamole on renal function

are not understood; experimentally it has been
reported to decrease the filtration fraction and
cause efferent vasodilatation,2' possibly
mediated via intrarenal adenosine.22 This could
result in a decrease in proteinuria, which may
be independent of an antiplatelet action.32
Dipyridamole has been reported to reduce pro-
teinuria in a variety of both childhood and adult
renal disease, but these studies were
uncontrolled.'6 33 In a placebo controlled study
of antiplatelet treatment in membranoprolifera-
tive glomerulonephritis, dipyridamole in com-
bination with aspirin stabilised the glomerular
filtration rate but interestingly, had no effect on
proteinuria.15 In diabetic nephropathy most
studies have been undertaken on adults with
established nephropathy and in all, dipyrida-
mole was taken in combination with aspirin.
Thus Hopper et al reported a decrease in pro-
teinuria but also a decrease in creatinine clear-
ance in 16 adults with established diabetic
nephropathy; the study had a crossover design
and patients took the active drugs for a period of
six weeks."7 Christopher et al reported a
decrease in albumin excretion and stabilisation
in glomerular filtration rate over a two year
period in seven adults with established diabetic
nephropathy compared with six who took
placebo.'8 Most recently, Donadio and
colleagues reported the results of treatment with
aspirin and dipyridamole for 4-3 years on urine
albumin excretion, glomerular filtration rate,
and platelet survival in 28 diabetic adults with
established nephropathy.20 They reported that
seven of the 28 patients had a decrease in urine
albumin excretion and stabilisation of renal
function, with decline in glomerular filtration
rate occurring at the rate of 6 ml/min/year in
this group. It is unclear, however, how these
seven patients were selected for separate analy-
sis, which appears to have been undertaken
retrospectively rather than prospectively. In
addition, the study was uncontrolled and
although not significant, basal rates of urine
albumin excretion were lower and glomerular
filtration rate was higher in patients who
'responded'. Platelet survival improved and
urinary thromboxane 12 excretion decreased on
treatment, but not necessarily in those patients

who had a more stable renal course. In a sub-
group of patients treated at the beginning of the
study with dipyridamole alone, the decrease in
thromboxane 12 over a four week period was not
significant. The conclusion that a combination
of aspirin and dipyridamole reduces urine albu-
min excretion and stabilises renal function in
diabetic nephropathy still requires confirmation.

In the only other study to investigate the
effect of dipyridamole on renal function earlier
in diabetes, the drug was again taken in com-
bination with aspirin. Hopper et al measured
the effect of a combination of aspirin and dipyr-
idamole on exercise induced albuminuria in
adults early in the disease.34 Only six patients
were studied, however, and albumin excretion
rates in the treated group were significantly
reduced only when expressed as ratios of results
collected after exercise to those collected
immediately before exercise.
The role of platelets in the pathogenesis of

diabetic nephropathy is unclear. Whereas there
are reports of increased platelet activation
in the presence of established microvascular
complications,4-6 the role of platelets in the
pathogenesis of complications is much less
secure. Two recent studies using sensitive tech-
niques failed to show any abnormalities in plate-
let aggregation, or excretion of urinary metabo-
lites of thromboxane synthesis in diabetic
adults without evidence of microvascular
complications.9 '0 Hendra et al observed no
differences in platelet aggregation in platelet
rich plasma or whole blood diabetic adults with
short disease duration.'0 Platelet aggregation in
whole blood has the advantage of not requiring
centrifugation, which may result in loss of the
more active platelets as well as removing red
and white cells which can liberate platelet active
substances.30 35 Indeed, strong circumstantial
evidence suggests that 'spontaneous' platelet
aggregation in stirred whole blood is a reflection
of the aggregating effect of adenosine diphos-
phate released by erythrocytes by mechanical
stirring.35 Dipyridamole, which requires high
concentrations to inhibit platelet aggregation in
platelet rich plasma,36 37 has been found to
inhibit both spontaneous aggregation and aggre-
gation in response to platelet activating factor in
whole blood in vitro.340 In this study,
however, we were unable to detect any differ-
ences in either spontaneous or platelet activat-
ing factor induced aggregation in diabetic chil-
dren taking dipyridamole compared with those
on placebo treatment. The children had taken
their morning dipyridamole three to six hours
before having blood taken and it may be that
blood concentrations were no longer in the
therapeutic range. Mahony et al, however, have
suggested that because of the enterohepatic cir-
culation, there is no need for dipyridamole to be
taken more frequently than twice daily.4' The
other possible explanation is that the aggrega-
tion experiments were performed too long after
venepuncture. Saniabadi et al, using a rolling
rather than stirring model to induce 'sponta-
neous' aggregation, observed significant inhibi-
tion by dipyridamole only if the aggregation
was initiated within three minutes after
venepuncture.3
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In this study there were a total of 11 children
who either had persistently high UA/UC or
progressed to high UA/UC. Four of these chil-
dren had UA/UC equivalent to >20 ig/min!
1-73 m2 throughout the study (two on placebo
and two on dipyridamole treatment): a value
which has been the consensus definition of
microalbuminuria. In comparison with the
remaining 42 children, the 11 children with
high UA/UC had higher HbAlc, bigger kidneys,
higher 'tubular' protein excretion rates, and
higher diastolic blood pressure both at baseline
and 12 months later; the values in the four chil-
dren with highest UA/UC were even higher for
all these parameters. The results for glomerular
filtration rate are difficult to interpret because
only six of the 11 had this measured; although
values were higher in children with high UA/
UC at baseline, the difference was not signifi-
cant at 12 months.

In conclusion, we have shown that dipyrida-
mole taken over a 12 month period has no signi-
ficant effect on urine albumin excretion,
'tubular' protein excretion, glomerular filtration
rate, blood pressure, or platelet aggregation in
whole blood in children with IDDM. Children
with levels of urine albumin excretion above the
normal range also have consistently higher
HbAlc, increased tubular protein excretion,
larger kidneys, and higher diastolic blood press-
ure, but no consistent increase in platelet aggre-
gation. Much longer follow up is required to
observe whether the values of UA/UC above the
normal range but less than 20 [tg/min/1-73 m2
are predictive for nephropathy, and whether
other indices of renal function may contribute
to the identification of patients at risk of
nephropathy.
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